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Abstract: Silurian myodocopes have been demonstrated to be the pioneer pelagic 25 

ostracods. Their ecological shift into the water column, during the middle Silurian (Wenlock-26 

Ludlow), is now well documented from sites around the world, but the evolution of this fauna 27 

during the late Silurian (Pridoli) remains little studied. We recognise, for the first time, two 28 

ecologically distinct myodocope ostracod faunas from the same late Pridoli horizon (possibly 29 

?Wolynograptus bouceki - Skalograptus transgrediens Biozones) of southern Spain 30 

(Alcaracejos, province of Córdoba). One fauna, associated with black shales, comprises five 31 

species belonging to three myodocope families (bolbozoids, entomozoids and cypridinids). 32 

The other fauna, recovered from large dark-reddish calcareous nodules and associated with 33 

the planktonic crinoid Scyphocrinites elegans, comprises seven myodocope species belonging 34 

to same three families and include one new species, Calocaria callundosa sp. nov. Although 35 

the shale and nodule faunas have two species in common, they are clearly different in terms 36 

of diversity, abundance and size of the specimens. The discrepancies between these two 37 

assemblages could either be explained by sampling or taphonomic bias, or because they 38 

represent faunas with different ecologies. In the latter hypothesis, the myodocope association 39 

in the shales could represent the “background” planktonic fauna, while the fauna in the 40 

nodules could have lived in the water column in the vicinity of the Scyphocrinites “floating 41 

islands”, or scavenge around the dead crinoids on the sea floor. These two diverse 42 

assemblages also allow discussions on the temporal and palaeogeographical distributions of 43 

these late Silurian myodocope ostracods. 44 

 45 

Résumé : Il est aujourd’hui communément accepté que les myodocopes du Silurien étaient 46 

les premiers ostracodes pélagiques. Si leur colonisation de la colonne d'eau, au cours du 47 

Silurien moyen (Wenlock-Ludlow), est maintenant bien documenté dans des sites du monde 48 

entier, l'évolution de cette faune à la fin du Silurien (Pridoli) reste peu étudiée. Nous 49 
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décrivons ici, pour la première fois, deux faunes d'ostracodes myodocopes écologiquement 50 

distinctes provenant du même horizon du Pridoli supérieur (possiblement dans les Biozones 51 

?Wolynograptus bouceki - Skalograptus transgrediens) du sud de l'Espagne (Alcaracejos, 52 

province de Cordoue). L’une des faunes, associée aux schistes noirs, comprend cinq espèces 53 

appartenant à trois familles de myodocopes (bolbozoïdés, entomozoïdés et cypridinidés). 54 

L'autre faune, trouvée dans de grands nodules calcaires rouge foncé et associée au crinoïde 55 

planctonique Scyphocrinites elegans, comprend sept espèces de myodocopes appartenant aux 56 

trois mêmes familles et inclut une nouvelle espèce, Calocaria callundosa sp. nov. Bien que 57 

les faunes des schistes et des nodules présentent deux espèces en commun, elles sont 58 

clairement différentes en termes de diversité, d'abondance et de taille des spécimens. Les 59 

divergences entre ces deux assemblages pourraient s'expliquer soit par des biais 60 

d'échantillonnage ou taphonomiques, soit elles pourraient représenter des faunes aux 61 

écologies différentes. Dans cette dernière hypothèse, la faune de myodocope des schistes 62 

pourrait représenter la faune planctonique « classique », tandis que la faune des nodules aurait 63 

vécu dans la colonne d'eau à proximité des « îles flottantes » de Scyphocrinites, ou bien se 64 

serait nourrie de manière nécrophage de ces crinoïdes morts une fois qu’ils auraient atteint le 65 

fond de la mer. Ces deux assemblages diversifiés ont également permis de discuter les 66 

distributions temporelles et paléogéographiques de ces ostracodes myodocopes du Silurien 67 

terminal. 68 

 69 

Key words: Ostracoda, Myodocopa, paleoecology, plankton, late Silurian, Spain 70 

Mots clés : Ostracoda, Myodocopa, paléoécologie, plancton, Silurien supérieur, Espagne 71 

 72 
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1. Introduction 74 

 75 

The last decades of the 20th century saw the emergence of the idea that myodocope 76 

ostracods had colonised pelagic niches during the Silurian and therefore represented the 77 

earliest known record of zooplanktonic ostracods (Siveter 1984; Siveter et al. 1987, 1991; 78 

Siveter and Vannier 1990; Vannier and Abe 1992; see also Perrier et al. 2015). More recent 79 

studies focused on their systematics, functional morphology, habitats, lifestyles, 80 

biostratigraphy and palaeobiogeography (Perrier et al. 2007, 2011, 2014a-c, 2019a-c; Perrier 81 

2012; Perrier and Siveter 2013; Mikhailova et al. 2020; Siveter et al. 2022). These studies 82 

concentrated on the colonization event itself, focusing mainly on Wenlock and Ludlow strata 83 

from various regions worldwide (UK, France, Czech Republic, Poland, Sardinia, Australia, 84 

Central Asia, Arctic Russia). Still, little is known about the latest Silurian (Pridoli) 85 

myodocopes with only a handful records in France, Czech Republic and possibly Sardinia 86 

(Perrier et al. 2011). This paper, which concentrate on a new Pridoli myodocope bearing 87 

locality, is the first of a series exploring the Silurian myodocope faunas of the Iberian 88 

Peninsula. 89 

Myodocope ostracods, and ostracods in general, are rare fossils in the Silurian of the 90 

Iberian Peninsula, where only few species were recorded (Robardet and Gutiérrez-Marco, 91 

2002, p. 65). They were first identified by Delgado (1908) in the late Silurian strata of the 92 

Bussaco (Sazes Formation) and Valongo areas (‘Xistos Carbonosos’ Formation) of the 93 

Portuguese part of the Central Iberian Zone, where this author mentioned Bolbozoe anomala 94 

Barrande, ‘B. bohemica’ Barrande and Beyrichia? sp. from several horizons of shales, 95 

sandstones and fossiliferous nodules. Outside of the Iberian Massif, ‘B. bohemica’ was also 96 

cited in the late Silurian of the Spanish Pyrenees (Dalloni, 1930; Schmidt, 1931), from an area 97 

where ostracods were described and illustrated fifty years later by Dégardin and Lethiers 98 
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(1982). This study focussed on a single Pridoli locality in the central Pyrenees and recorded 99 

11 poorly preserved ostracod species, among which two are myodocopes (i.e. Entomozoe 100 

(Richteria) cf. angelini Jones and Entomozoe (R.) sp.). 101 

Simon (1951, p. 39) discovered a different assemblage of Silurian ostracods from a thin 102 

“orthoceratid limestone” overlying graptolite shales in the Valle syncline, north of the Seville 103 

province (Ossa-Morena Zone, SW Spain). The identified taxa include Leperditia sp., 104 

Kloedenia cf. obscura Ulrich & Bassler, K. intermedia marginata Jones & Hall and 105 

Ctenobolbina cf. punctata Ulrich. These taxa form a strange ‘American assemblage’ 106 

associated with diverse cephalopods, Bohemian-type bivalves, gastropods, brachiopods, 107 

crinoids and abundant Wenlock graptolites. A review of the Silurian succession from this 108 

locality couldn’t identify with certainty the level of provenance of the Simon’s fossils, but 109 

Robardet et al. (2000, p. 270) cited the occurrence of Bolbozoe sp. in the “Scyphocrinites 110 

limestone” (Pridoli) of the Valle syncline.     111 

Additional records of unidentified Silurian ostracods in the Iberian Massif come from 112 

different areas of the northern part of the Central Iberian Zone, such as, the Moncorvo 113 

synclinorium in NW Portugal (Sarmiento et al. 1999, p. 760), derived from Pridoli beds 114 

correlated to the “Scyphocrinites limestone”, or a Ludfordian black orthoceratid limestone in 115 

the Caurel-Peñalba syncline, NW Spain (Gutiérrez-Marco et al. 2001, p. 250). In the Obejo-116 

Valsequillo Domain of the SW Iberian Massif, the first reference to these fossils are the 117 

unidentified bolbozoids occurring in a Pridoli fossiliferous olistolith redeposited in the 118 

Guadalmellato Carboniferous basin east of Adamuz (province of Córdoba: Gutiérrez-Marco 119 

et al. 2014, p. 32). Within the same domain, the recent paper of Lorenzo et al. (2020) points 120 

out the existence of two other fossil localities placed in two abandoned open-pit mines to the 121 

SW and S of Hinojosa del Duque (province of Córdoba), from where they identified and 122 
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figured the species Bolbozoe anomala Barrande and Sineruga insolita Perrier (locality Mina 123 

Luisa), and Silurocypridina calva Perrier, Vannier & Siveter (locality Mina Las Angosturas). 124 

 125 

In the present paper, we report a new ostracod bearing locality in Mina Guillermín (Obejo-126 

Valsequillo Domain of the Iberian Massif), where a new upper Silurian section provides 127 

abundant and well-preserved myodocope ostracod faunas. With ten myodocope ostracod 128 

species, this locality provides a unique window on the latest Silurian representative of the 129 

group allowing discussion about their systematics, palaeobiogeography and palaeoecology. 130 

 131 

 132 

2. Geological Setting 133 

 134 

The studied material comes from a small Silurian section located in the Obejo-Valsequillo 135 

Domain, a complex area regarded either as the northernmost part of the Ossa-Morena Zone or 136 

as the southernmost part of the Central Iberian Zone of the Iberian Massif (see Fig. 1 and 137 

discussion in San José et al. 2004). The Domain has been recently ascribed to the Ossa-138 

Morena Complex (Díez-Fernández and Arenas 2015), belonging to a group of allochthonous 139 

terranes of the new Galicia-Ossa-Morena Zone exposed in the southern branch of the 140 

Variscan Orogen (Arenas et al. 2016). According to this model, the Obejo-Valsequillo 141 

Domain would represent the upper allochthonous units of a large peri-Gondwanan domain, 142 

contrasting with the Central Iberian Zone that was part of the autochthonous Gondwanan 143 

marine platform (Arenas et al. 2016; Díez Fernández et al. 2016). 144 

Sparse and isolated Silurian exposures within the Obejo-Valsequillo domain occur in less 145 

than a dozen localities, usually highly tectonised and scarcely fossiliferous (Palacios et al. 146 

2013; Lorenzo Álvarez 2015; Aragonés-Illanas 2015; Lorenzo et al. 2020). Silurian rocks are 147 
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also recognized as small olistoliths incorporated to a Carboniferous olistrostrome in the 148 

eastern part of the domain (Gutiérrez-Marco et al. 2014). As in the remaining Ossa-Morena 149 

Zone, the Obejo-Valsequillo Domain records the development of calcareous facies 150 

(orthoceratid and scyphocrinoid limestones) in Ludfordian and Pridoli strata, which strongly 151 

contrast with the contemporaneous but much shallower siliciclastic facies and faunas of the 152 

southern Central Iberian Zone. 153 

The Silurian section studied here rests in tectonic contact on Ordovician sandstones and 154 

comprises approximately 50m of weathered black to reddish shales intercalated with thin 155 

sandstone layers, which are only frequent in the lower and upper parts of the succession. 156 

Towards the middle part of the sequence (i.e. 15-20m above the base of the section), thin 157 

calcareous lenses and reddish calcareous nodules become locally abundant. These very 158 

fossiliferous nodules contain articulated remains of scyphocrinoids, orthoconic nautiloids, 159 

bivalves, gastropods, phyllocarids and myodocope ostracods. These nodules are embedded in 160 

black/reddish shales containing graptolites, orthoconic nautiloids and myodocope ostracods.  161 

From the biostratigraphic point of view, the record in the nodules of the cephalopod 162 

Kopaninoceras fluminese (Meneghini), and in the shales of abundant poorly preserved 163 

remains of Skalograptus cf. transgrediens (Perner), are indicative of the upper Pridoli 164 

(?Wolynograptus bouceki - S. transgrediens Biozones), a range that could be correlated to the 165 

proposed Bohemian Radotinian stage (see Manda et al. 2023). Geographically, the Mina 166 

Guillermín section studied herein is located on the eastern margin of the Cañada Real Soriana 167 

(an old track for transhumance cattle) near the Guillermín mine, 7 km northeast of Espiel and 168 

2.13 km south-southeast of Puerto Calatraveño (km 380.5 of the National Road N-502), 169 

within the municipality of Alcaracejos (province of Córdoba). The geographical coordinates 170 

for the main bed with fossiliferous nodules is Lat. 38º14´17.9˝N, Long. 4º58´11.8˝W. 171 

 172 
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 173 

3. Material and Methods 174 

 175 

In Mina Guillermín the myodocopes occur in two different lithologies, altered 176 

black/reddish shales and reddish calcareous nodules preserving internal and external moulds 177 

and, in some rare cases, the remnant of the carapace. Rock matrix was removed from the 178 

specimens mechanically using fine needles. Casts of external moulds of all of the ostracods 179 

recovered were made with latex rubber using the technique of Siveter (1982). Specimens and 180 

casts were coated with a thin layer of ammonium chloride and photographed using a Canon 181 

MPE 65 lens mounted with a Canon EOS 5DSR camera. Stereo-pairs were extensively used. 182 

Specimens were measured using a Zeiss Discovery V8 binocular with the Axiovision 40 4.8 183 

2.0 software.  184 

Silurian myodocopes typically have a presumed weakly calcified bivalved carapace with a 185 

probable ligamentous dorsal connection (Perrier 2012). The internal mould of each valve in 186 

many specimens preserves an adductor muscle scar/spot subcentrally, corresponding to the 187 

site of internal attachment of the adductor muscle. The surface of the carapace may be smooth 188 

or have a range of types of ornament, including reticulation, corrugation and punctuation. The 189 

surface of the carapace in some cases shows post-mortem diagenetic features (‘rosettes’; 190 

Siveter et al. 1987). The morphological terminology used herein follows that of Siveter et al. 191 

(1987) and Perrier (2012). 192 

Repositories for the ostracods are: Université Claude Bernard Lyon 1, France (FSL); 193 

Université de Rennes, France; (IGR); Museo Geominero/IGME-CSIC, Madrid, Spain 194 

(MGM); Národní Museum, Prague, Czech Republic (NM); Université de Brest, France; 195 

(LPB); Oxford University Museum of Natural History (OUMNH). 196 

 197 
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 198 

4. Systematic Palaeontology 199 

 200 

Class OSTRACODA Latreille, 1802 201 

Subclass MYODOCOPA Sars, 1866 202 

Superfamily BOLBOZOOIDEA sensu BOLBOZOACEA Bouček, 1936 203 

Family BOLBOZOIDAE Bouček, 1936 204 

 205 

Genus Bolbozoe Barrande, 1872 206 

 207 

Type species. Bolbozoe anomala Barrande, 1872; subsequent designation by Bassler and 208 

Kellett, 1934. Ludlow Series, Silurian, Czech Republic. 209 

Other species. Bolbozoe acuta Perrier, Vannier & Siveter, 2011, Bolbozoe beccata Perrier, 210 

Siveter, Williams & Lane, 2014c, Bolbozoe largiglobosa Wang & Zhang, 1983, Bolbozoe 211 

parvafraga Perrier, Vannier & Siveter, 2011, Bolbozoe psittaca Perrier, Siveter, Williams & 212 

Palmer, 2019a, Bolbozoe rugosa Perrier, Vannier & Siveter, 2011, Bolbozoe sp. nov. A of 213 

Perrier et al. 2019a, Bolbozoe sp. nov. B of Perrier et al. 2019a and possibly Bolbozoe jonesi 214 

Barrande, 1872.  215 

Diagnosis. Bolbozoidae with a single, anterior sulcus. Anterodorsal bulb large, occupies 216 

20–25% of valve lateral surface area, tends to fuse with rostrum. Rostrum prominent or 217 

reduced. Pointed caudal process present or absent. Hinge line short, situated anterodorsally 218 

above bulb. Adductor muscle scar area large, rounded or reniform, with a single or double 219 

series of scars. Valves tuberculate, reticulate/corrugate or smooth (Perrier et al. 2011). 220 

Stratigraphic and geographic range. Upper part of the Wenlock Series, Silurian, to Emsian 221 

Stage, Devonian; Czech Republic (Perrier et al. 2011), France (Perrier et al. 2011), Sardinia 222 



10 

 

(Gnoli et al. 2009), China (Wang 2009), Australia (Perrier et al. 2014c), Wales and England 223 

(Perrier et al. 2019a), Poland (Perrier et al. 2019b) and Uzbekistan (Mikhailova et al. 2020). 224 

 225 

Bolbozoe anomala Barrande, 1872 226 

Figs 2A-C, 3A-E. 227 

 228 

2019a Bolbozoe anomala Barrande, 1872 - Perrier et al., pl. 3, figs 1-18 (see p. 26 for full 229 

synonymy). 230 

2019b Bolbozoe anomala Barrande, 1872 - Perrier et al., fig. 2A, B. 231 

2019c Bolbozoe anomala Barrande, 1872 - Perrier et al., fig. 7C. 232 

2020 Bolbozoe anomala Barrande - Lorenzo et al., fig. 1T. 233 

2020 Bolbozoe anomala Barrande - Mikhailova et al., fig. 2D, H, I; fig. 3C, G, K, O, S. 234 

2021 Bolbozoe anomala Barrande, 1872 - Mikhailova & Siveter, fig. 11m. 235 

 236 

Type material. Lectotype (designated Přibyl 1988, p. 119), a right valve (NM-L 23572, ex. 237 

CE1194) figured by Barrande (1872, pl. 24, figs 29, 30) and Perrier et al. (2011, pl. 1, fig. 1). 238 

Paralectotype (designated Přibyl 1988, p. 119), a left valve (NM-L 13993) figured by 239 

Barrande (1872, pl. 24, figs 27, 28) and Perrier et al. (2011, pl. 1, fig. 2). 240 

Type locality and horizon. Lochkov suburb of Prague, Czech Republic. Požáry Formation, 241 

Pridoli Series, stratigraphical division e2 of Barrande 1872 (Kříž 1992).  242 

Material and measurements (mm). 338 specimens from the shales (280 specimens) and 243 

nodules (58 specimens) of Mina Guillermín, Spain; Pridoli, Silurian. Size range: 244 

L=2.23/H=1.59 to L=8.24/H=5.58. Lectotype: L=8.50/H=5.95. 245 

Diagnosis. Smooth Bolbozoe with sub-ovoid lateral outline and rounded posterior margin 246 

lacking a caudal process. Bulb prominent. Rostrum tiny to obsolete. Adductor muscle scar 247 
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consists of single series of inclined individual scars including about six furrows (after Perrier 248 

et al. 2011).  249 

Description. Adult valve sub-ovoid, slightly tapering posteriorly. Anterior third of valve 250 

mostly occupied by a large hemispherical bulb forming c. 20–25% of valve area; bulb-centre 251 

lies just above valve mid-height and well above other surface areas of valve. Maximum valve 252 

length is just above bulb mid-height; maximum valve height is at mid-length and maximum 253 

valve width is at central part of bulb. A deep, narrow sulcus surrounds the bulb posteriorly 254 

and ventrally. An adductor muscle scar occurs at mid-length within the sulcus and consist of 255 

five-six ridges and six-seven furrows. Rostrum is small, in some cases beak-like or absent. 256 

Early ontogenetic stages are more rounded in valve outline and the bulb is relatively larger 257 

than in adults. 258 

Occurrence. Upper Wenlock to at least the middle Pridoli series; possibly also upper 259 

Pridoli Series and Lower Devonian of Czech Republic, France, Sardinia, Poland, Wales, 260 

England, Uzbekistan and Spain. If B. jonesi is conspecific with B. anomala the species range 261 

would extend into the Devonian (see Perrier et al. 2019a, c for references).  262 

 263 

Bolbozoe aff. B. rugosa Perrier, Vannier & Siveter, 2011  264 

Fig. 3F-I 265 

 266 

Type material of B. rugosa. Holotype: a flattened right valve (FSL 710540) figured by 267 

Perrier et al. (2011, pl. 2, figs 5, 9–10). 268 

Type locality and horizon of B. rugosa. Les Buardières, Mayenne, France (locality 7 of 269 

Perrier et al. 2011); upper Wenlock to middle Ludlow series. 270 
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Material and measurements (mm). Five specimens from the nodules of Mina Guillermín, 271 

Spain; Pridoli, Silurian. Most complete specimen (Fig. 3F-I): L= more than 7,87/H=5,58. 272 

Holotype: L=4.32/H=3.45. 273 

Description. Valve is sub-ovoid tapering posteriorly in lateral outline. A large 274 

hemispherical bulb occupies most of anterior third of valve, with its highest point at valve 275 

mid-height. Maximum valve height is at mid-length. A narrow sulcus surrounds the bulb; it is 276 

widest near adductorial muscle scar region. Ornament covers all valve external surface except 277 

upper part of bulb; it consists of series of relatively long, possibly concentric, in some cases 278 

bifurcated, ridges and furrows, each one about 300 µm wide. 279 

Remarks. The type material from B. rugosa is from the Wenlock-Ludlow (Colonograptus 280 

ludensis to Lobograptus scanicus Biozones; Perrier et al. 2011). The main difference between 281 

the type material and the Spanish specimens is the ornament organization: on the French 282 

material, ridges and furrows are oriented obliquely from anterodorsal to posteroventral on the 283 

whole valve surface; on the Spanish specimens, the ornament is mostly parallel to the edge of 284 

the carapace (ventrally, dorsally and posteriorly) and thus seem concentric, turning into 285 

reticulations in the centre of the posterior part of the carapace. This difference in ornament 286 

organization may be intraspecific or may represent a new species. 287 

Occurrence. Upper Wenlock to at least the middle Ludlow series of France (Perrier et al. 288 

2011); if the Spanish material is conspecific with B. rugosa the species range would extend 289 

into the late Pridoli. 290 

 291 

Superfamily ENTOMOZOIDEA sensu ENTOMOZOACEA Přibyl, 1950 292 

Family ENTOMOZOIDAE Přibyl, 1950 293 

 294 
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Remarks. Kozur (2004) changed the name Entomozoacea into Bouciacea n.nom. within the 295 

Entomozocopina. Herein the concept of the ‘Entomozoacea’ is used in its widespread and 296 

traditional sense, even though the type species of the type genus of the ‘Entomozoidae’, 297 

namely Entomozoe tuberosa (Jones, 1861) from the Silurian of Scotland, is known to be an 298 

entirely different form of ostracod (assigned to the myodocope superfamily Bolbozoacea 299 

Bouček, 1936; see Siveter & Vannier 1990 for discussion and recommendations). 300 

 301 

Genus Nudator Perrier, Siveter, Williams & Palmer, 2019 302 

 303 

Type species. Nudator inflatus Perrier, Siveter, Williams & Palmer, 2019a, Ludlow Series, 304 

Silurian, Wales.  305 

Other species. Nudator angiportatus Perrier, Siveter, Williams & Palmer, 2019a, Nudator 306 

artumatus Perrier, Siveter, Williams & Palmer, 2019a, Nudator elegantulus Perrier, Siveter, 307 

Williams & Palmer, 2019b and Nudator sp. nov. A of Perrier et al., 2019a. 308 

Diagnosis. Entomozoidae with bean-shaped to ovoid lateral outline, dorsal margin slightly 309 

rounded. Adductorial sulcus narrow, well developed, extending up to ¾ of valve height. 310 

Prominent postadductorial node present in type species only. Faint indentation in anterior 311 

valve margin (Perrier et al. 2019a). 312 

Remarks. Nudator differs from other entomozoid genera in having unornamented valves. 313 

Sineruga and Nudator differ mainly in the valve outline in lateral view and in the positions of 314 

tubercles. 315 

Stratigraphic and geographic range. Homerian, Wenlock Series to Pridoli Series, Silurian 316 

of England, Wales (Perrier et al. 2019a), Poland (Perrier et al. 2019b) and Spain; possibly also 317 

present in the late Wenlock to upper Ludlow series of France (Perrier et al. 2019c). 318 

 319 
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Nudator angiportatus Perrier, Siveter, Williams & Palmer, 2019 320 

Fig. 2G 321 

 322 

2019a Nudator angiportatus sp. nov. - Perrier et al., pl. 14, figs 1-15. 323 

2019b Nudator angiportatus Perrier, Siveter, Williams, and Palmer, 2019 - Perrier et al., 324 

fig. 2G, H. 325 

2019c Nudator angiportatus Perrier et al., 2019a - Perrier et al., fig. 7N. 326 

 327 

Type material. Holotype: a laterally compressed left valve (OUMNH 35267) figured by 328 

Perrier et al. (2019a, pl. 14, figs 5-8, 14, 15). 329 

Type locality and horizon. Long Mountain (loc. 56 of Perrier et al. 2019a), Wales; Lower 330 

Irfon Formation, Lobograptus scanicus Biozone, Gorstian stage, Ludlow Series. 331 

Material and measurements (mm). Six specimens from the shales of Mina Guillermín, 332 

Spain; Pridoli, Silurian. Most complete specimen (Fig. 2G): L=1,47/H=1,19. Holotype: 333 

L=2.70/H=2.35. 334 

Diagnosis. Entomozoidae with bean-shaped to ovoid lateral outline, dorsal margin slightly 335 

rounded. Adductorial sulcus narrow, well developed, extending up to ¾ of valve height. Faint 336 

indentation in anterior valve margin (after Perrier et al. 2019a). 337 

Description. Carapace bean-shaped in lateral outline. Greatest length around mid-height; 338 

greatest height just in front of the adductorial sulcus. Valve outline in lateral view is slightly 339 

concave dorsally, ventrally and posteriorly is evenly rounded, anteriorly above mid-height is 340 

more sharply rounded, and anteriorly has a weak indentation. Valve surfaces gently inflated 341 

overall, lacking distinct or discrete lobes. Adductorial sulcus narrow, occurs just in front of 342 

mid-length and curves forward from dorsal margin to just below mid-height ending with the 343 

adductor muscle spot. Anterior-anteroventral valve margin appears slightly concavely 344 
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indented in lateral view and has an apparent indentation. A simple elliptical adductor muscle 345 

scar occurs at the slightly widened ventral extremity of the sulcus. Valves smooth. 346 

Remarks. The Spanish material outline is slightly more rounded and the indentation more 347 

pronounced than in the British specimens. 348 

Occurrence. Upper Wenlock to Ludlow Series of Poland, Uzbekistan, Wales and England 349 

and Pridoli Series of Spain. Possibly also present in the late Wenlock to upper Ludlow series 350 

of France (Perrier et al. 2019c). 351 

 352 

Genus Sineruga Perrier, 2012 353 

 354 

Type species: Sineruga insolita Perrier, 2012; late Wenlock to early Pridoli Series, 355 

Silurian, France. 356 

Other species. Sineruga is currently regarded as monotypic. 357 

Diagnosis. Entomozoidae with reniform outline, rounded to flattened anterior margin, 358 

rounded ventral margin, slightly pointed posterior margin and straight dorsal margin. Anterior 359 

half of valve less prominent than posterior. Sinusoidal adductorial sulcus with simple 360 

elliptical adductor muscle spot. Valves connected above adductorial sulcus. In many cases a 361 

tubercle is present ventrally and posterodorsally. Valves smooth (after Perrier 2012). 362 

Stratigraphic and geographic range. Late Wenlock to Pridoli Series, Silurian of France 363 

(Perrier 2012), England, Wales (Perrier et al. 2019a) and Spain. 364 

 365 

Sineruga insolita Perrier, 2012 366 

Fig. 2J 367 

 368 

2012 Sineruga insolita sp. nov. - Perrier, pl. 14, figs 2-5, 7I, J, N. 369 
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2020 Sineruga insolita Perrier - Lorenzo et al., fig. 1V. 370 

 371 

Type material. Holotype: a right valve preserved in 3D (FSL 710900) figured by Perrier 372 

(2012): figs. 2F, 3A). Paratype: a left valve preserved in 3D (FSL 710893) figured by Perrier 373 

(2012): fig. 2A.  374 

Type locality and horizon. Les Chevrolières, St. Denis−d’Orques, Sarthe, France. Le Val 375 

Formation; uppermost Ludlow to lower Pridoli. 376 

Material and measurements (mm). Three specimens from the shales of Mina Guillermín, 377 

Spain; Pridoli, Silurian. Most complete specimen (Fig. 2J): L=2,67/H=2,04. Holotype: 378 

L=2.91/H=1.75; Paratype: L=3.19/H=1.96. 379 

Diagnosis. Same as genus. 380 

Description. Reniform valves. Maximum valve length is across the posterior tubercle; 381 

maximum valve height at approximatively mid-length (ventral tubercle); maximum valve 382 

width across the centre of the posterior half of the carapace. Straight to gently curved dorsal 383 

margin. Anterodorsal part of valve flat, rounded to flattened in lateral outline, without rostrum 384 

or rostral incisure. Ventral margin evenly rounded. Two small tubercles are present in many 385 

specimens, situated posterodorsally and ventrally. Posterior margin slightly pointed with 386 

tubercle or rounded if tubercle lacking. Adductorial sulcus prominent, originates dorsally just 387 

before mid-length, is concave forward in its dorsal part, and ventrally is concave backward. A 388 

single reniform adductor muscle spot occurs at the inflection point of the sulcus. Valves 389 

smooth.  390 

Remarks. Only three incomplete specimens of Sineruga insolita were recovered in the 391 

studied locality. However, the unique shape of sulcus, the position of the tubercles and the 392 

presence of the species in contemporaneous strata from the same region in Spain (Lorenzo et 393 

al. 2019) concur to the identification of Sineruga insolita. 394 
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Occurrence. Upper Wenlock to Pridoli Series of France (Perrier 2012) and Spain, and 395 

possibly England and Wales (Perrier et al. 2019a). 396 

 397 

Genus Boucia Agnew, 1942 398 

 399 

1936 Basslerella n. g. - Bouček, p. 60. 400 

1942 Boucia n. subst. - Agnew, p. 757. 401 

 402 

Type species. Boucia ornatissima (= Basslerella ornatissima Bouček, 1936; non 403 

Basslerella Kellett, 1935); Pridoli Series, Silurian of Czech Republic. 404 

Other species. Boucia is currently regarded as monotypic. 405 

Diagnosis. Entomozoidae with bean-shaped valves. Two sulci present: posteroventral 406 

sulcus curved and lightly marked; adductorial sulcus longer, deeper and showing the muscle 407 

spot near its ventral extremity. Ornament consist of densely arranged very thin ridges 408 

recalling the finger prints. 409 

Remarks. The genus Boucia was created by Agnew (1942) in place of the invalid synonym 410 

name Basslerella Bouček, 1936 already used by Kellett (1935) for a different ostracod (B. 411 

crassa = Cytheridae, Pennsylvanian-Permian). Only one species was placed in this genus: 412 

Boucia ornatissima. Přibyl (1950) established a new sub-family (Bouciinae) for this genus 413 

and placed it within the Entomozoidae. Herein, we consider the erection this monotypic sub-414 

family unnecessary and leave Boucia as a Genus within the Family Entomozoidae.  415 

Stratigraphic and geographic range. Pridoli Series, Silurian of Czech Republic (Bouček 416 

1936) and Spain. 417 

 418 

Boucia ornatissima (Bouček, 1936)  419 
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Figs 4, 5 420 

 421 

1936 Basslerella ornatissima n. sp. - Bouček, p. 61, pl. 6, fig. 1; text-fig. 3. 422 

1950 Boucia ornatissima (Bouček) - Přibyl, p. 129, pl. 1, fig. 5. 423 

1958 Boucia ornatissima (Bouček) - Pokorný, p. 315, text-fig. 1043. 424 

1960 Boucia ornatissima (Bouček) - Zanina et Polenova, p. 442, text-fig. 837. 425 

1988 Boucia ornatissima (Bouček, 1936) - Přibyl, p. 90, fig. 5.3; pl. 7, fig. 2. 426 

2007 Boucia ornatissima (Bouček, 1936) - Perrier, p. 113, fig. 64. 427 

2019c Boucia ornatissima (Bouček, 1936) - Perrier et al., p. 307, fig. 6. 428 

 429 

Type material. Holotype: a right valve preserved in 3D (NM-L 14021) figured by Bouček 430 

(1936, text-fig 3a), Přibyl (1950, pl. 1, fig. 5), Přibyl (1988, fig. 5.3) and herein, Fig. 4F. 431 

Paratype: a left valve preserved in 3D (NM-L 14041) figured by Bouček (1936, text-fig 3b) 432 

and herein (Fig. 4E).  433 

Type locality and horizon. Abandoned Quarry near Praha-Velká Chuchle village (Czech 434 

Republic); Pridoli (e2), Silurian. 435 

Material and measurements (mm). Four specimens from the nodules of Mina Guillermín, 436 

Spain and 12 additional specimens from a small quarry near Praha-Velká Chuchle, Prague 437 

Basin, Czech Republic collected by V.P. in 2004 (= loc. 3 in Perrier et al. 2011, text-fig. 1B); 438 

Pridoli, Silurian. Most complete specimen from Spain (Fig. 4A-B), size range: 439 

L=1,65/H=1,01 to L=1,66/H=1,01. Holotype: L=1.75/H=1.05 (Fig. 4F); paratype: 440 

L=2.17/H=1.15 (Fig. 4E); new specimens from Czech Republic, size range: L=2,38/H=1,44 441 

to L=2,59/H=1,55 (Fig. 4G-L). 442 

Diagnosis. Same as genus. 443 
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Description. Carapace bean shaped and elongated; posterior and anterior margins convex; 444 

ventral margin slightly convex; dorsal margin straight, even slightly concave at the level of 445 

the adductorial sulcus. Anterodorsal part of the valve shows a slight depression followed by a 446 

weak (eye?) tubercle just before the adductorial sulcus. No rostrum nor rostral incisure but a 447 

slight indentation above the anteroventral depression. Adductorial sulcus situated in the 448 

central part of the valve, appearing along the dorsal margin and curved frontward; 449 

posteroventral sulcus originate near the dorsal connection in the posterior part of the carapace 450 

and curves frontward almost reaching the ventral margin. Adductorial muscle spot small, 451 

rounded or elliptical, situated near the extremity of the adductorial sulcus, another tiny 452 

elliptical muscle spot situated slightly higher in the adductorial sulcus. Ornament consist of 453 

very thin ridges and furrows, often bifurcated, recalling the finger prints; ridges thin, densely 454 

packed and sub-vertical in the anterior and central part of the valve and broader and 455 

concentric in the posterodorsal part of the carapace; ridges width around 10-15µm, furrows 456 

around 20-25µm. 457 

Remarks. Boucia ornatissima is very different from the other Silurian entomozoids as it 458 

bears two sulci and has a unique fingerprint ornament. Morphologically, the closest species 459 

with vertical ribbing pattern is the younger Monosulcoentomozoe monosulcata Wang, 1989 460 

from the Early Devonian (late Lochkovian to Pragian) of China; it differs from Boucia in 461 

having only one sulcus. The Chinese Early Devonian Trisulcoentomozoe Wang, 1989 differs 462 

in the ribbing pattern and by having a very unusual third sulcus. Bisulcoentomozoe 463 

tuberculata Wang & Zang, 1983 (fig. 2-3, pl. 2, fig. 5-9) from the Early to Middle Devonian 464 

of Guangxi Province, China bears a fine ornament close to that of B. ornatissima, but has a 465 

shallow anteroventral sulcus. In addition, B. tuberculata displays a posterodorsal spine and 466 

the disposition of its ornament is quite different (i.e. sub-horizontal for Bisulcoentomozoe and 467 

sub-vertical for Boucia). The holotype of Bisulcoentomozoe tuberculata Wang and Zang, 468 
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1983 was refigured by Groos-Uffenorde and Rabien (2014, fig. 5a) and compared with 469 

Entomis (Richeria) n.sp. (aff. torta) Kegel 1934 from the Early Devonian of the northern Harz 470 

Mountain, Germany. The other Bisulcoentomozoe species described by Wang and Zang 471 

(1983), B.? kurtis (pl. 1, fig. 15-17) and B.? sp. 1 (pl. 3, fig. 8-9), are also different from B. 472 

ornatissima (organization of the ornament and sulcus shape). Because of the resemblances 473 

between the Czech and Chinese species we favour the interpretation that part of the Devonian 474 

entomozoids may derive from B. ornatissima, one of the evolution possibilities shown in fig. 475 

2 of Groos-Uffenorde et al. (2000, p. 102). 476 

Occurrence. Late Pridoli Series, Silurian of Czech Republic and Spain. 477 

 478 

Superfamily CYPRIDINOIDEA sensu CYPRIDINACEA Baird, 1850 479 

Family CYPRIDINIDAE Baird, 1850 480 

 481 

Genus Silurocypridina Perrier, Vannier & Siveter, 2011 482 

 483 

Type species. Silurocypridina retroreticulata Perrier, Vannier & Siveter, 2011 from the 484 

Silurian of France. 485 

Other species. Silurocypridina variostriata Perrier, Vannier & Siveter, 2011 and 486 

Silurocypridina calva Perrier, Vannier & Siveter, 2011.  487 

Diagnosis. Cypridinidae with valves broadly ovoid in lateral outline and a gently dome-488 

like relief. Anterodorsal part of the carapace inflated in some 3D specimens. Rostrum and 489 

rostral incisure well developed, rostrum protrudes well beyond anterior valve margin. 490 

Adductor muscle scar small, subcentral, generally crescent-shaped. Valves are smooth 491 

anterodorsally and mostly reticulate or corrugate elsewhere or entirely smooth (modified after 492 

Perrier et al. 2011). 493 
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Remarks. The Spanish specimens of Silurocypridina show a slightly inflated anterodorsal 494 

part of their carapaces just above the rostrum and the rostral incisure (see e.g. Fig. 6E). This 495 

feature, which may be related to vision (eye tubercle?), is not visible on flattened specimens. 496 

Although it was not noted by previous studies it is probably present in other S. calva 3D 497 

specimens such as those from France and Sardinia (see Perrier et al. 2011, pl. 5, figs 8-11). 498 

Stratigraphic and geographic range. Upper Wenlock to Pridoli Series, Silurian of Czech 499 

Republic (Perrier et al. 2011), France (Perrier et al. 2011), Sardinia (Gnoli et al. 2009), Wales 500 

and England (Perrier et al. 2019a), Poland (Perrier et al. 2019b), Uzbekistan (Mikhailova et al. 501 

2020) and Spain. 502 

 503 

Silurocypridina calva Perrier, Vannier & Siveter, 2011 504 

Figs 2D-F, 6 505 

 506 

2019a Silurocypridina calva Perrier, Vannier & Siveter, 2011 - Perrier et al.  pl. 17, figs 1-507 

5, 8-11 (see p. 49 for full synonymy). 508 

2019b Silurocypridina calva Perrier et al., 2011 - Perrier et al., fig. 2L. 509 

2019c Silurocypridina calva Perrier et al., 2011 - Perrier et al., fig. 7T. 510 

2020 Silurocypridina calva Perrier, Vannier & Siveter - Lorenzo et al., fig. 1U. 511 

2020 Silurocypridina calva Perrier et al., 2011 - Mikhailova et al., fig. 2J, K; fig. 3D, H, L, 512 

P, T. 513 

2021 Silurocypridina calva Perrier et al., 2011 - Mikhailova and Siveter, fig. 11p. 514 

 515 

Type material. Holotype: a three-dimensionally preserved left valve (LPB 18926) figured 516 

by Perrier et al. (2011, pl. 5, figs 8, 9). 517 
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Type locality and horizon. Les Chevrolières, St. Denis-d’Orques, Sarthe, France. Le Val 518 

Formation; uppermost Ludlow to lower Pridoli.  519 

Material and measurements (mm). 374 specimens from the shales (124 specimens) and the 520 

nodules (250 specimens) of Mina Guillermín, Spain; Pridoli, Silurian. Size range: 521 

L=1,05/H=0,87 to L=3,66/H=3,12. Holotype: L=2,38/H=1.48. 522 

Diagnosis. Silurocypridina with unornamented valves. 523 

Description. Valve dome-like, with sub-ovoid lateral outline; hinge short. Rostrum well 524 

developed, representing 10–20% of valve length, protruding distinctly forward beyond 525 

anteroventral margin of valve. Anterodorsal part of the carapace inflated in some 3D 526 

specimens. Rostral incisure well developed, rounded to angular in lateral outline. Adductor 527 

muscle scar small, subcentral, crescent-shaped and convex anteriorly. Valves smooth. During 528 

ontogeny valve shape changes from almost circular to sub-ovoid.  529 

Remarks.  The cosmopolitan species S. calva displays considerable variation in valve 530 

outline and rostrum shape, especially when comparing 3D and flattened specimens from 531 

different localities. 532 

Occurrence. Upper Wenlock to Pridoli series of Czech Republic, France, Poland, Wales, 533 

England, Uzbekistan, Spain and possibly Sardinia (see Perrier et al. 2011, 2019a-c for 534 

references). 535 

 536 

Silurocypridina variostriata Perrier, Vannier & Siveter, 2011  537 

Fig. 2H, I 538 

 539 

2011 Silurocypridina variostriata sp. nov. - Perrier et al., p. 1386, pl. 4, figs 8-16, text-figs 540 

6, 8A, 9I 541 

2022 Silurocypridina variostriata Perrier et al. 2011 - Siveter et al., pl 1. fig. o. 542 
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 543 

Type material. Holotype: flattened right valve, FSL 710480a figured by Perrier et al. 2011: 544 

pl. 4, fig. 10. 545 

Type locality and horizon. Les Buardières, Mayenne, France (locality 7 of Perrier et al. 546 

2011); upper Wenlock to middle Ludlow series. 547 

Material and measurements (mm). 25 specimens from the shales of la Mina Guillermín, 548 

Spain; Pridoli, Silurian. Size range: L=3,00/H=2,49 to L=4,17/H=3,20. Holotype: 549 

L=4,08/H=2,80. 550 

Diagnosis. Silurocypridina species with corrugate valve ornament.  551 

Description. Carapace with subovoid lateral outline; hinge short. Rostrum well developed, 552 

long, representing c.a. 20% of valve length, protruding prominently anteriorly in front of 553 

anteroventral margin of valve. Rostral incisure well developed, wide and generally rounded in 554 

lateral outline. Adductor muscle scar small, subcentral, crescent-shaped and convex 555 

anteriorly. Posterior and ventral part of valves are corrugated, with series of fine, sinuous and 556 

bifurcated ridges that are sub-vertical across centre of valve, curved backward ventrally and 557 

becoming more horizontal in the posterior half of the carapace. Both ridges and intervening 558 

grooves are 50–100 µm wide. Ridges converge to form a well-developed ridge along ventral 559 

margin of the valve. Ornament is absent in anterodorsal part of valves (less than 20% of 560 

lateral valve area). 561 

Remarks.  This is the first occurrence of S. variostriata outside France. The Spanish 562 

material differ slightly from the French one in the organization of the ornament. 563 

Occurrence. Upper Wenlock to Pridoli Series of France (see Perrier et al. 2011) and Spain. 564 

 565 

 566 
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Genus Calocaria Vannier, 1987 567 

 568 

Type species. Calocaria maurae Vannier, 1987, from the Silurian of Morocco. 569 

Other species. Calocaria robusta Perrier et al., 2011 and Calocaria callundosa sp. nov. 570 

Diagnosis. Cypridinidae with subcircular to ovoid valve outline. Well-developed rostrum 571 

and rostral incisure protruding beyond anteroventral valve margin. Adductor muscle scar 572 

small, subcentral, crescent-shaped, convex anteriorly. Most of valve surface is corrugated, 573 

consisting of sinuous and bifurcated sub-vertical to sub-horizontal ridges. In the type species, 574 

the corrugation transforms posteriorly into more or less coalescent tubercles. Ornament absent 575 

in the inflated anterodorsal part of the valves (after Perrier et al. 2011).  576 

Remarks. Calocaria species differ from Silurocypridina by a smaller size, a generally more 577 

rounded outline and a more prominently inflated anterodorsal part of the valves (see Fig. 7B, 578 

8A, 9F). This inflated anterodorsal part of the valves may be related to vision (possibly being 579 

the site of the lateral eyes) and strongly resembles that of Cypridinelliformidae such as the 580 

Devonian Cypridella ortelii (see Becker and Bless, 1987) or the Permian Cypridinelliforma 581 

rex (see Kornicker and Sohn, 2000). 582 

Stratigraphic and geographic range. Wenlock (-Ludlow?) Series of Morocco (Vannier 583 

1987) and Pridoli Series of France (Perrier et al. 2011) and Spain.  584 

 585 

Calocaria maurae Vannier, 1987 586 

Fig. 7 587 

 588 

1987 Calocaria maurae sp. nov. - Vannier, p. 45-48, pl. 14 589 

 590 
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Type material.  Holotype: a flattened right valve, IGR 33100 figured by Vannier 1987: pl. 591 

14, 46, figs 1-3. 592 

Type locality and horizon. Siltstones and mudstones (Wenlock - Ludlow?) in the 593 

Talmakent section near Talmakent, High-Atlas, Morocco (Vannier 1987). 594 

Material and measurements (mm). 85 specimens from the nodules of Mina Guillermín, 595 

Spain; Pridoli, Silurian. Size range: L=2,20/H=1,72 to L=3,25/H=2,44. Holotype: 596 

L=3,05/H=2,61. 597 

Diagnosis. Calocaria with corrugation transforming posteriorly into more or less 598 

coalescent tubercles. 599 

Description. Valve with sub-circular outline; length slightly greater than height. Rostrum 600 

well developed and protruding anteriorly from rest of valve in lateral outline. Rostral incisure 601 

well developed, with curved outline. Adductor muscle scar subcentral, small, vaguely 602 

crescent shaped, convex anteriorly. Most of valve surface covered with corrugations, 603 

consisting of sub-vertical ridges anteriorly, curving posteriorly to become sub-horizontal and 604 

transforming into more or less coalescent tubercles. Ridges are 100-200 µm wide, separated 605 

by 100-300 µm wide grooves. More or less individualised tubercles diameter varies from 100-606 

300 µm. The posterior ornament appears to swirl away from the region of the adductor 607 

muscle scar. Ornament absent in the inflated anterodorsal part of the valves (c.a. 15% of 608 

lateral valve area). 609 

Remarks. C. maurae differs from other Calocaria species by its partly tuberculate 610 

ornament.  611 

Occurrence. Wenlock – (Ludlow?) Series of Morocco (Vannier 1987) and Pridoli series of 612 

Spain. 613 

 614 

Calocaria robusta Perrier, Vannier & Siveter, 2011 615 
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Fig. 8 616 

 617 

2011 Calocaria robusta sp. nov. - Perrier et al., p. 1388, pl. 5, figs 15–17, 20, 21; text-618 

figs 6, 8A. Non pl. 5, figs 18, 19 (= C. callundosa sp. nov.) 619 

 620 

Type material. Holotype: a flattened left valve, FSL 710684 figured by Perrier et al. 2011: 621 

pl. 5, fig. 21. 622 

Type locality and horizon. Saint-Sauveur-le-Vicomte, Manche, France (locality 11 of 623 

Perrier et al. 2011); lower Pridoli Series. 624 

Material and measurements (mm). 92 specimens from the nodules of Mina Guillermín, 625 

Spain; Pridoli, Silurian. Size range: L=1,73/H=1,54 to L=3,04/H=2,42. Holotype: 626 

L=2,12/H=1,65. 627 

Diagnosis. Calocaria with strongly marked ornament (12-18 ridges); ridges widening 628 

toward posterior end and abruptly ending before posterior margin. 629 

Description. Valve with sub-circular outline; length slightly greater than height. Rostrum 630 

well developed and slightly protruding anteriorly from rest of valve in lateral outline. Rostral 631 

incisure well developed, with curved outline. Adductor muscle scar subcentral, small, vaguely 632 

crescent shaped, convex anteriorly. Most of valve surface covered with strongly marked 633 

corrugations (12-18 ridges), consisting of sub-vertical ridges anteriorly, curving posteriorly to 634 

become sub-horizontal. Ridges widening toward posterior end and abruptly ending before 635 

posterior margin. Ridges are 100 µm wide, separated by 200-300 µm wide grooves. The 636 

posterior ornament appears to swirl away from the region of the adductor muscle scar; the 637 

first 2-3 anteroventral ridges converge to form a single ridge along ventral margin of the 638 

valve. Ornament absent in the inflated anterodorsal part of the valves (c.a. 15% of lateral 639 

valve area). 640 
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Remarks. C. robusta differs from C. maurae by the absence of tuberculate ornament and 641 

from C. callundosa sp. nov by it ornament consisting of fewer (12-18 vs 22-26 respectively) 642 

and more strongly marked ridges and furrows.  643 

Occurrence. Pridoli Series of France (Perrier et al. 2011) and Spain. 644 

 645 

Calocaria callundosa Perrier, sp. nov.  646 

Fig. 9 647 

 648 

 2011 Calocaria robusta sp. nov. - Perrier et al., pl. 5, figs 18, 19 649 

 650 

Derivation of name. From latin callus ‘hard skin’ and undosus ‘billowy, full of waves’ 651 

alluding to the external ornament of the carapace. 652 

Type material. A slightly flattened right valve, MGM-8071S; Fig. 9A-B. 653 

Type locality and horizon. Alcaracejos (Córdoba, Spain), Mina Guillermín section; Pridoli 654 

Series. 655 

Material and measurements (mm). 22 specimens from the nodules of Mina Guillermín, 656 

Spain; Pridoli, Silurian. Size range: L=1,93/H=1,45 to L=3,09/H=2,38. Holotype: 657 

L=2,24/H=1,65. 658 

Diagnosis. Calocaria with densely packed, faint, ridges and furrows (22-26 ridges). 659 

Description. Valve with sub-circular to ovoid outline; length slightly greater than height. 660 

Rostrum well developed and protruding anteriorly from rest of valve in lateral outline. Rostral 661 

incisure well developed, with curved outline. Adductor muscle scar subcentral, small, vaguely 662 

crescent shaped, convex anteriorly. Most of valve surface covered with faintly marked 663 

corrugations (22-26 ridges), consisting of sub-vertical ridges anteriorly, curving posteriorly to 664 

become sub-horizontal. Ridges are 100 µm wide, separated by 50-100 µm wide grooves. The 665 
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posterior ornament appears to swirl away from the region of the adductor muscle scar; the 666 

first 2-3 anteroventral ridges converge to form a single ridge along ventral margin of the 667 

valve. Ornament absent in the inflated anterodorsal part of the valves (c.a. 15% of lateral 668 

valve area). 669 

Remarks. C. callundosa sp. nov. differs from C. maurae Vannier, 1987 by the absence of 670 

tuberculate ornament and from C. robusta Perrier et al., 2011 by its ornament consisting of 671 

more numerous (22-26 vs 12-18 respectively) and less marked ridges and furrows. Two of the 672 

Calocaria specimens figured by Perrier et al. (2011) are herein placed within C. callundosa 673 

sp. nov. based on their densely packed and faint corrugations. 674 

Occurrence. Pridoli Series of France (Perrier et al. 2011) and Spain. 675 

 676 

5. Discussion 677 

 678 

5.1. Shales and nodules ostracod assemblages from Mina Guillermín 679 

 680 

With 954 specimens belonging to ten species, the Spanish fauna is by far the most diverse 681 

myodocope fauna known during the Pridoli. However, when looking into the details of Mina 682 

Guillermín fauna, two different assemblages (shales vs nodules), with different species 683 

composition, can be identified (Fig. 10). 684 

The shales assemblage consists of 438 specimens belonging to five species: B. anomala 685 

(280 spec.), S. calva (124 spec.), S. variostriata (25 spec.), N. angiportatus (6 spec.) and S. 686 

insolita (3 spec.). Two species, B. anomala and S. calva, represent more than 90% of this 687 

assemblage. Apart from S. variostriata, all the species in the shales assemblage have already 688 

been recorded in Pridoli strata. 689 
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The nodules assemblage consists of 516 specimens belonging to seven species: S. calva 690 

(250 spec.), C. robusta (92 spec.), C. maurae (85 spec.), B. anomala (58 spec.), C. callundosa 691 

sp. nov. (22 spec.), B. aff. rugosa (5 spec.) and B. ornatissima (4 spec.). Four species 692 

dominate this assemblage: S. calva, C. robusta, C. maurae and B. anomala. Apart from C. 693 

maurae, C. callundosa sp. nov. and B. aff. rugosa, all the species in the nodules assemblage 694 

have already been recorded in Pridoli strata. 695 

Only the two most abundant species are present both in shales and nodules: B. anomala 696 

which dominate the shale assemblage (63,9% of spec.) and S. calva which dominate the 697 

nodule assemblage (48,4% of spec.). When looking at the size of the specimens of these two 698 

species, it appears that both juvenile and adults of B. anomala are present in the shales and the 699 

nodules, while it is not the case for S. calva for which only small specimens have been 700 

recovered in the nodules and bigger ones in the shales (Fig. 11). 701 

Several hypotheses can explain the discrepancies between these two assemblages: 702 

 703 

5.1.1. Sampling bias.  704 

Although we did our best to collect specimens from nodules and shales in the same 705 

horizon, it is still possible that these two lithologies are not exactly contemporaneous. As the 706 

shales are highly tectonised in this area, it is imaginable that our specimens could be a few 707 

centimetres or decimetres apart stratigraphically. Even if it is very difficult to evaluate time of 708 

deposition in such context, these few centimetres or decimetres could easily represent several 709 

thousand or tens of thousands of years. If this is the case, we would be dealing with two 710 

different faunas of slightly different ages that succeeded in time in the same area. 711 

 712 

5.1.2. Taphonomic bias. 713 
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 We could also be facing a taphonomic bias related to the different preservation pathways 714 

of nodules and shales. The formation of the nodules was probably triggered by the decaying 715 

remains of Scyphocrinites thus creating a microenvironment in its surrounding (Raiswell and 716 

Fisher 2000; Yoshida et al. 2018). This chemically different microenvironment could have 717 

affected, in an unknown way, the preservation of the ostracod valves thus allowing the 718 

preservation of different taxa or different valve sizes in distinct environmental conditions. 719 

 720 

5.1.3. Different ecologies. 721 

These two assemblages could also reflect two different faunas with distinct ecologies. The 722 

vast majority of Silurian myodocopes are recovered in rocks such as black shales, siltstones 723 

and mudstones (see e.g. Perrier et al. 2019c). They are interpreted as being planktonic, living 724 

in the open ocean in the pelagic environment (Siveter et al. 1991; Perrier et al. 2015). Based 725 

on the same lines of evidence (depositional setting, associated fauna, functional morphology 726 

and palaeogeographic distribution, see Siveter et al. 1991), it would also be the case for the 727 

shale assemblage of Mina Guillermín. Thus, the nodules assemblage may not represent the 728 

‘background planktonic fauna’, but possibly a specific assemblage associated with living or 729 

dead Scyphocrinites.  730 

Since Haude (1972) demonstrated that the loboliths of Scyphocrinites are buoy structures, 731 

this genus is widely accepted as a, possibly mid-water, pelagic floater (e.g. Hess 1999; 732 

Seilacher and Hauff 2004). As it was probably the case for pseudoplanktonic crinoid such as 733 

the Holzmaden crinoid raft colonies (Hunter et al. 2020), the Scyphocrinites colonies would 734 

probably have attracted a wide range animals searching for food or refuge (Carlton et al. 735 

2017). It is possible that the nodules ostracod assemblage represents free swimming species 736 

that lived in close association or around the Scyphocrinites colonies (Fig. 12) and thus were 737 

fossilized with them in the nodules. These species could have fed either on the crinoid itself 738 
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or on the crinoid’s food. In the case of Silurocypridina calva, the floating crinoid may have 739 

acted as a ‘nursery’ for juveniles, which could explain the peculiar size discrepancies of this 740 

species specimens in the shales and in the nodules.  741 

Another explanation for this peculiar association could be that the ostracods were 742 

scavenging on the decaying crinoids once they reached the sea floor after their death. 743 

Scavenging is a frequent feeding behaviour in Recent nektobenthonic cypridinid myodocopes 744 

(e.g. Vannier et al. 1998). This feeding strategy was also proposed in the fossil record for 745 

association of myodocopes with cephalopods (Gabbott et al. 2003; Perrier et al. 2011; 746 

Weitschat 1983) and shark remains (Wilkinson et al. 2004; Wilby et al. 2005). If this is the 747 

case, the nodules myodocope assemblage would consist of either nektobenthonic or demersal 748 

species living close to the sea floor. This would be in contradiction with the absence of 749 

benthonic species (except for one bivalve species, Panenka sp.; Lorenzo Álvarez 2015) at this 750 

locality, possibly indicating a sea floor improper to benthonic life, and with the transoceanic 751 

distribution of several of these myodocopes species (e.g. B. anomala and S. calva; see Perrier 752 

et al. 2019c). 753 

 754 

5.2. Temporal and palaeogeographical distributions 755 

 756 

Pridoli myodocope ostracods are scarce in the fossil record. They have only been 757 

recovered in the Czech Republic (B. ornatissima and possibly B. anomala, N. angiportatus 758 

and Rhomboentomozoe rhomboidea), France (S. insolita, C. robusta, C. callundosa sp. nov. 759 

and possibly B. anomala and S. calva) and Sardinia (B. anomala, Parabolbozoe bohemica, N. 760 

angiportatus, Richteria migrans and S. calva; Fig. 13A; see details and references in Perrier et 761 

al. 2019c).  762 
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Calocaria maurae is only known from poorly dated (Wenlock or Ludlow?) strata of 763 

Morocco (Vannier 1987). S. variostriata and B. rugosa latest occurrence were in middle 764 

Gorstian strata (Lobograptus scanicus Biozone) of France. B. anomala, S. calva and N. 765 

angiportatus were only known with certainty from the lowermost Pridoli strata (Skalograptus 766 

parultimus Biozone) of the Czech Republic, France and Sardinia. S. insolita, C. robusta and 767 

C. callundosa sp. nov. uppermost occurrences reached the end of the S. parultimus-ultimus 768 

Biozones in France. B. ornatissima was already known within the ?Wolynograptus bouceki - 769 

S. transgrediens Biozones of the Czech Republic. The new findings in Mina Guillermín 770 

extend the temporal distribution of all these myodocope species to the uppermost Pridoli (?W. 771 

bouceki - S. transgrediens Biozones; Fig. 13A). These new occurrences raise the question of 772 

the temporal extension of some these myodocope species. For example, B. anomala and N. 773 

angiportatus are now known from the base of the Homerian (i.e. middle part of the Wenlock 774 

stage) till the latest Pridoli, which represents a time interval of more than 20 My. The fact that 775 

most of these long-ranging species bear few diagnostic characters (e.g. simple adductorial 776 

muscle scars, unornamented carapaces) and show some small morphological variations 777 

through time may indicate a cluster of morphologically similar species. 778 

All the Pridoli myodocope ostracod records are situated on a small area of the North 779 

Gondwanan margin around 30°S of latitude. The most distant outcrops are the Spanish and 780 

Czech ones separated by, at most, a few 1000s of km (Fig. 13B). This pattern strongly 781 

contrasts with that of Ludlow myodocopes species which clearly have a transoceanic 782 

distribution (see Perrier et al. 2019c). This Pridoli palaeogeographic range restricted to 783 

European countries possibly reflects a sampling bias, the species only being known in areas 784 

extensively mapped and sampled for fossils. Though we cannot rule out the possibility of 785 

such faunas not being preserved or not being present for various reasons, another explanation 786 

for this restricted distribution could be linked to changes in the environments of older 787 
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myodocope bearing localities. For example, the UK, which bear the most diverse myodocope 788 

fauna for the mid Silurian (20 species; Perrier et al. 2019a), sees its depositional environment 789 

changing from open marine settings during the Ludlow, to shallow marine or even continental 790 

settings during the Pridoli.  791 

 792 

6. Conclusion. 793 

 794 

We describe herein, two distinct myodocope ostracod faunas from the same horizon (late 795 

Pridoli, possibly ?Wolynograptus bouceki - Skalograptus transgrediens Biozones) of Mina 796 

Guillermín (Alcaracejos, province of Córdoba, southern Spain).  797 

- The fauna recovered in the black shales, comprises five species (by abundance: B. 798 

anomala, S. calva, S. variostriata, N. angiportatus and S. insolita) belonging to three 799 

myodocope families (bolbozoids, entomozoids and cypridinids).  800 

- The fauna recovered in the large dark-reddish calcareous nodules and associated with the 801 

planktonic crinoid Scyphocrinites elegans, comprises seven myodocope species including one 802 

new to science (by abundance: S. calva, C. robusta, C. maurae, B. anomala, C. callundosa sp. 803 

nov., B. aff. rugosa and B. ornatissima). 804 

Although the shales and nodules faunas have two species in common (B. anomala and S. 805 

calva), they are clearly different in terms of diversity, abundances and size of the specimens. 806 

The discrepancies between these two assemblages could either be explained by sampling (not 807 

exactly the same horizon) or taphonomic (microenvironment related to the decaying remains 808 

of Scyphocrinites) bias, or because they represent faunas with different ecologies. If the latter 809 

hypothesis is true, the myodocope fauna in the shales could represent the ‘background’ 810 

planktonic fauna, while the fauna in the nodules could have lived either in the water column 811 
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in the vicinity of the Scyphocrinites ‘floating islands’, or on the sea floor, scavenging around 812 

the dead crinoids.  813 

With ten species, the Spanish fauna is by far the most diverse myodocope fauna known 814 

during the Pridoli. Among these ten species, four (S. variostriata, C. maurae, C. callundosa 815 

sp. nov. and B. aff. rugosa) are recorded in Pridoli strata for the first time. All the Pridoli 816 

myodocope ostracod records are situated on a small area of the North Gondwanan margin 817 

around 30°S of latitude. This peculiar restricted palaeogeographic distribution possibly 818 

reflects a sampling bias around European countries, the species only being known in areas 819 

extensively mapped and sampled for fossils.  820 
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 1042 

 1043 

Figures explanation 1044 

Fig. 1. Geographic location and lithology of Mina Guillermín locality, Alcaracejos, 1045 

province of Córdoba, Andalusia, southern Spain. A.  Location of the studied area in the 1046 

Iberian Peninsula within Spain. B. Geological map of the area showing the three mains 1047 

geological domains of the Córdoba region. C. Extract of the 1:50 000 geological map of 1048 

Espiel with the precise location of the outcrop. D. General stratigraphic log and lithology of 1049 

the Calatraveño anticline. E-G. Lithology of the Mina Guillermín outcrop. E. General view of 1050 

the outcrop. F. Detail of the Scyphocrinites bearing nodules. G. Detail of the black/reddish 1051 

shales. A-D, Star indicating the position of the locality; B-D, after Mapa Geológico de España 1052 

1: 50 000, sheet 880, Espiel (Apalategui Isasa et al. 1985). 1053 

 1054 

Fig. 2. Lateral views of selected myodocope specimens from the shales of Mina 1055 

Guillermín locality, Alcaracejos, Córdoba province, southern Spain; Pridoli Series, Silurian. 1056 

A. MGM-8043S, Bolbozoe anomala, left valve. B. MGM-8044S, B. anomala, right valve 1057 
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showing post-mortem diagenetic features. C. MGM-8045S, B. anomala, right valve. D. 1058 

MGM-8046S, Silurocypridina calva, right valve. E. MGM-8047S, S. calva, left valve. F. 1059 

MGM-8048S, S. calva, right valve. G. MGM-8049S, Nudator angiportatus, left valve. H. 1060 

MGM-8050S, S. variostriata, right valve. I. MGM-8051S, S. variostriata, right valve. J. 1061 

MGM-8052S, Sineruga insolita, right valve. All are light pictures; A, B, E-I are latex casts of 1062 

external moulds.  1063 

 1064 

Fig. 3. Selected Bolbozoe specimens from the nodules of Mina Guillermín locality, 1065 

Alcaracejos, Córdoba province, southern Spain; Pridoli Series, Silurian. A. MGM-8053S, 1066 

Bolbozoe anomala, left valve, lateral view. B-D. MGM-8054S, B. anomala, left valve. B. 1067 

lateral view; C. lateroventral view; D. detail of the adductorial muscle scar. E. MGM-8055S, 1068 

B. anomala, left valve, lateral view. F-I. MGM-8056S, B. aff. rugosa, left valve. F. lateral 1069 

view; G. dorsolateral view; H. lateral view of a cast of the counterpart; I. detail of the 1070 

adductorial muscle scar. All are light pictures; F, G are stereopairs; H, I are latex casts of 1071 

external moulds.  1072 

 1073 

Fig. 4. Selected Boucia ornatissima specimens from the nodules of Mina Guillermín 1074 

locality (A-C), Alcaracejos, Córdoba province, southern Spain and from the Prague Basin (D-1075 

L), Czech Republic; Pridoli Series, Silurian. A. MGM-8057S, left valve, lateral view. B. 1076 

MGM-8058S, right valve, lateral view. C. MGM-8059S, incomplete left valve, lateral view. 1077 

D. NM-L 28477, open carapace in butterfly position, lateral view.  E. NM-L 14041, Paratype, 1078 

left valve, lateral view. F. NM-L 14021, Holotype, right valve, lateral view. G, H, K. FSL 1079 

71798, left valve. G. lateral view; H. detail of the ventral margin; K. detail of the 1080 

posterodorsal margin. I, J, L. FSL 71797, right valve. I. lateral view; J. detail of the dorsal 1081 
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margin; K. frontal view.  All are light pictures; A, B, G-L are stereopairs; C is a latex cast of 1082 

an external mould.  1083 

 1084 

Fig. 5. Idealised reconstructions of Boucia ornatissima.  1085 

 1086 

Fig. 6. Selected Silurocypridina calva specimens from the nodules of Mina Guillermín 1087 

locality, Alcaracejos, Córdoba province, southern Spain; Pridoli Series, Silurian. A. MGM-1088 

8060S, right valve, frontal view. B. MGM-8061S, right valve, lateroventral view. C-E. 1089 

MGM-8062S, right valve. C. lateral view; D. frontal view; E. lateroventral view. F. MGM-1090 

8063S, right valve, lateral view. All are stereopairs of light pictures; A-E are latex casts of 1091 

external moulds.  1092 

 1093 

Fig. 7. Selected Calocaria maurae specimens from the nodules of Mina Guillermín 1094 

locality, Alcaracejos, Córdoba province, southern Spain; Pridoli Series, Silurian. A, B. MGM-1095 

8064S, right valve. A. lateral view; B. ventral view. C-D. MGM-8065S, right valve. C. lateral 1096 

view; D. frontal view. E, F. MGM-8066S, left valve. E. lateral view; F. frontal view. G. 1097 

MGM-8067S, left valve, posterior view. All are stereopairs of light pictures; C, D are latex 1098 

casts of external moulds.  1099 

 1100 

Fig. 8. Selected Calocaria robusta specimens from the nodules of Mina Guillermín 1101 

locality, Alcaracejos, Córdoba province, southern Spain; Pridoli Series, Silurian. A, D. MGM-1102 

8068S, right valve. A. lateral view; D. detail of the anterior part of the valve in lateral view. 1103 

B. MGM-8069S, incomplete right valve, posterior view. C, E. MGM-8070S, incomplete left 1104 

valve. C. lateral view; E. detail of the ventral part of the valve in lateral view. All are light 1105 

pictures of latex casts of external moulds; A-C are stereopairs.  1106 
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 1107 

Fig. 9. Selected Calocaria callundosa sp. nov. specimens from the nodules of Mina 1108 

Guillermín locality, Alcaracejos, Córdoba province, southern Spain; Pridoli Series, Silurian. 1109 

A, B. MGM-8071S, Holotype, right valve. A. lateral view; B. lateroventral view. C-G. 1110 

MGM-8072S, left valve. C. frontal view; D. lateral view; E. dorsal view; F. lateroventral 1111 

view; G. posterolateral view. All are stereopairs of light pictures; A, B are latex casts of 1112 

external moulds.  1113 

 1114 

Fig. 10. Shales and nodules myodocope assemblages of Mina Guillermín locality, 1115 

Alcaracejos, Córdoba province, southern Spain; Pridoli Series, Silurian. 1116 

 1117 

Fig. 11. Measurements (length/height) of B. anomala and S. calva specimens from the 1118 

shales and nodules assemblages of Mina Guillermín locality, Alcaracejos, Córdoba province, 1119 

southern Spain; Pridoli Series, Silurian. 1120 

 1121 

Fig. 12. Artistic reconstruction of the possible late Silurian pelagic ecosystem at Mina 1122 

Guillermín locality. The Scyphocrinites are represented within the upper part of the water 1123 

column following the hypothesis of Seilacher and Hauff (2004). Drawing and 1124 

conceptualization by VP.   1125 

 1126 

Fig. 13. Stratigraphical and palaeogeographical distribution of Pridoli myodocope faunas 1127 

from Spain, France, Sardinia and Czech Republic. A.  Stratigraphical distribution of Pridoli 1128 

myodocope species. B. Palaeogeographical position of Pridoli myodocope-bearing outcrops 1129 

and close up on the North Gondwanan margin (420Ma). B, map after Scotese (2016) and 1130 
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approximate latitude from Torsvik and Cocks (2013). Lud. = Ludlow; Ludf. = Ludfordian; 1131 

Jarov. = Jarovian; Rado. = Radotinian. 1132 
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C, S. variostriata
D, N. angiportatus
E, S. insolita
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central Spain.  
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