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Hybotidae fly species, also known as dance flies, in Cretaceous ambers have been
described from Lebanon, France, Myanmar, Russia, and Canada. Here we describe
Grimaldimyia coelica n. gen. et sp., and recognize other two species, remaining without
name, in Spanish amber from the middle Albian El Soplao and lower Cenomanian La Hoya
outcrops. The fore tibial gland is present in the new genus, which is characteristic of the
family Hybotidae. We compare Grimaldimyia coelica n. gen. et sp. with the holotypes of
Trichinites cretaceous Hennig, 1970 and Ecommocydromia difficilis Schlüter, 1978, and
clarify some morphological details present in the former two species. Further taxonomic
placement beyond family of the here described new genus was not possible and remains
incertae sedis within Hybotidae until extant subfamilies are better defined. We provide
new paleoecological data of the hybotids, together with paleogeographical and life
paleoenvironmental notes. A table with the known Cretaceous Hybotidae is provided.
Furthermore, the La Hoya amber-bearing outcrop is described in detail, filling the
information gap for this deposit.
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31

32 Abstract

33

34 Hybotidae fly species, also known as dance flies, in Cretaceous ambers have been described from 

35 Lebanon, France, Myanmar, Russia, and Canada. Here we describe Grimaldipeza coelica n. gen. 

36 et sp., and recognize another two un-named species, in Spanish amber from the middle Albian El 

37 Soplao and lower Cenomanian La Hoya outcrops. The fore tibial gland is present in the new genus, 

38 which is characteristic of the family Hybotidae. We compare Grimaldipeza coelica n. gen. et sp. 

39 with the holotypes of Trichinites cretaceous Hennig, 1970 and Ecommocydromia difficilis 

40 Schlüter, 1978, and clarify some morphological details present in the latter two species. Further 

41 taxonomic placement beyond family of the here described new genus was not possible and remains 

42 incertae sedis within Hybotidae until extant subfamilies are better defined. We provide new 

43 paleoecological data of the hybotids, together with paleogeographical and life paleoenvironmental 

44 notes. A table with the known Cretaceous Hybotidae is provided. Furthermore, the La Hoya amber-

45 bearing outcrop is described in detail, filling the information gap for this deposit. 

46

47 Keywords

48 Amber, new species, new genus, amber-bearing outcrop, Trichinites, Ecommocydromia
49

50 Introduction

51

52 The Empidoidea Latreille, 1809 (Insecta: Diptera) contain more than 10,000 described species 

53 (Pape et al., 2011), representing a diverse lineage within the 166,859 described species in the 

54 order Diptera (Evenhuis and Pape, 2022). The Empidoidea (dance flies and long-legged flies) 

55 consist of five families: Empididae Latreille, 1809; Hybotidae Fallén, 1816; Atelestidae 

56 Henning, 1970; Dolichopodidae Latreille, 1809; and Brachystomatidae sensu Sinclair and 

57 Cumming, 2006 (Sinclair and Cumming, 2006). However, Wahlberg and Johanson (2018) 

58 returned the latter family to a lineage of the Empididae and elevated Ragadinae Sinclair, 2016 to 

59 family rank. A couple of additional families are sometimes also recognized in the Empidoidea 

60 (Pape et al., 2011). The fossils studied here belong to the Hybotidae, a well-defined 

61 monophyletic group (Sinclair and Cumming, 2006; Wahlberg and Johanson, 2018) within the 

62 Empidoidea.
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63

64 Most dance flies today are generalist predators, feeding on insects, but some also feed on dead 

65 insects (necrophagous). In addition, many species visit flowers and are known to feed on pollen 

66 and nectar (Downes and Smith, 1969). This behavior is also observable through the fossil record 

67 (Grimaldi and Engel, 2005). Predator insects can be abundant in Defaunation resin, copal and 

68 amber because they are attracted by arthropod or vertebrate trapped by the resin (Solórzano 

69 Kraemer et al., 2015, 2018).

70

71 The Hybotidae currently include seven subfamilies: Trichininae Chvála, 1983; Ocydromiinae 

72 Schiner, 1862; Oedaleinae Chvála, 1983; Tachydromiinae Meigen, 1822; Hybotinae Meigen, 

73 1820; Stuckenbergomyiinae Sinclair, 2019; and Bicellariinae Sinclair and Cumming, 2006 

74 (Sinclair and Cumming, 2006; Wahlberg and Johanson, 2018; Sinclair, 2019). The subfamily 

75 Trichininae remains poorly defined and its relationships with the Oedaleinae, Ocydromiinae or 

76 Bicellariinae, or even its position within the Hybotidae, need to be further evaluated (Sinclair and 

77 Cumming, 2006; Wahlberg and Johanson, 2018). 

78

79 The fossil record of the Cretaceous Hybotidae or related species described in previous publications 

80 as incertae sedis is not extensive but diverse. Fossil species as bioinclusions have been described 

81 in amber from France, Lebanon, Myanmar, Russia, and Canada. Conversely, only one species 

82 based on a compression fossil is known from Orapa, Botswana (see Table 1).

83

84 The species here described shares characters with the genera Trichinites Hennig, 1970 and 

85 Ecommocydromia Schlüter, 1978. Trichinites cretaceous Henning, 1970 was described from 

86 Lebanese amber, which is Lower Cretaceous (Barremian, ~128 Ma) in age (Maksoud and Azar, 

87 2020). It was described by Hennig (1970) based on a single female and placed as a stem-group to 

88 the subfamily group Ocydromioinea [Ocydromiinae+Hybotinae+Tachydromiinae], mainly based 

89 on wing characters. The position of the genus is currently assigned as the stem-group to the 

90 Hybotidae (Chvála, 1983; Grimaldi and Cumming, 1999). 

91

92 Ecommocydromia difficilis Schlüter, 1978 was described in amber from Bezonnais, France, which 

93 is Cenomanian (~100 Ma) in age (Schlüter, 1978; Perrichot et al., 2007). The most important 
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94 characters of this genus are the costa not circumambient, cell dm emitting three veins, and legs 

95 with pronounced setation. The fossil was placed within the Ocydromiinae, which at the time 

96 included all Hybotidae genera exclusive of Hybotinae and Tachydromiinae (Schlüter, 1978). Both 

97 Lebanese and French ambers were characterized within the group of Agathis-like (Araucariaceae) 

98 resins (Perrichot et al., 2007; Azar et al., 2010)

99

100 The specimens studied in this work come from the El Soplao and La Hoya amber-bearing outcrops 

101 (Fig. 1A), in Spain. The El Soplao outcrop is located in the western margin of the Basque-

102 Cantabrian Basin (northern Iberian Peninsula). It belongs to the Las Peñosas Formation, dated as 

103 lower�middle Albian based on foraminifera (García-Mondéjar, 1982), and the amber is most 

104 probably middle Albian in age. The sedimentary environment is related to a delta-estuary under 

105 marine influence (Najarro et al., 2009). El Soplao amber has been extensively studied and is one 

106 of the richest in bioinclusions in the Iberian Peninsula, yielding a diverse arthropod fauna (Najarro 

107 et al., 2010). The La Hoya locality (not to be mistaken with the Barremian compression outcrop 

108 of Las Hoyas, also in Spain) has been mentioned in several congress communications and scientific 

109 publications (Delclòs et al., 2007; Peñalver et al., 2007, 2010; Peñalver and Delclòs, 2010; Menor-

110 Salván et al., 2016; Murillo-Barroso et al., 2018; Rodrigo et al., 2018; McCoy et al., 2021; Santer 

111 et al., 2022), but no detailed introduction has been published so far. 

112

113 Here we describe more accurately the La Hoya outcrop together with a new genus and three species 

114 within Hybotidae are recognized, but only one species is named. We compare our specimens with 

115 the holotypes of Trichinites cretaceous and Ecommocydromia difficilis, and clarify some 

116 anatomical details of these species. Finally, we discuss their position within the Empidoidea.

117

118 Materials & Methods

119

120 Six specimens of dance flies included in amber have been examined for this work. From the El 

121 Soplao amber-bearing outcrop (Cantabria Autonomous Community, Spain): CES.404.1  

122 CES.404.2  CES.439 , CES.372 ; housed at the Colección Institucional del Laboratorio de 

123 la Cueva El Soplao in Celis, Cantabria (Acronym for the collections is CES); permissions of 

124 excavations PFC 83/08 and PFC 33/09 (Consejería de Cultura, Turismo y Deporte del Gobierno 
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125 de Cantabria). From the La Hoya amber-bearing outcrop (Castellón Province, Spain): MGUV-

126 16348 (sex unknown) and MGUV-16349  housed at the Museu de la Universitat de València 

127 d�Història Natural (Burjassot, Valencia Province, Spain) (Acronym for the collections is 

128 MGUV); permission of excavation 2003/0593-V (Conselleria d�Educació, Cultura i Esport de la 

129 Generalitat Valenciana). Amber pieces were cut and embedded in synthetic epoxy resin (EPO-

130 TEK 301) and then polished (Corral et al., 1999; Nascimbene and Silverstein, 2000; Sadowski et 

131 al., 2021). Color photographs and Z-stack images were performed under a Nikon SMZ25 

132 microscope, using Nikon SHR Plan Apo 0.5x and SHR Plan Apo 2x objectives with a Nikon DS-

133 Ri2 camera and NIS-Element software (version 4.51.00 www.microscope.healthcare.nikon.com) 

134 and a digital camera attached to an Olympus BX51 compound microscope. Black White 

135 (Infrared reflected photomicrographs) were taken with a Nikon Eclipse ME600D (see Brocke 

136 and Wilde, 2001 for precise technical information). Photographs were Z-stacked using the NIS-

137 Element software. Drawings were made with the aid of an Olympus U-DA drawing tube 

138 attached to an Olympus BX50 compound microscope and digitized using a Wacom drawing 

139 tablet. Figures were assembled using Adobe Photoshop software (CS6 version 13.0 

140 www.adobe.com).

141

142 The electronic version of this article in Portable Document Format (PDF) will represent a 

143 published work according to the International Commission on Zoological Nomenclature (ICZN), 

144 and hence the new names contained in the electronic version are effectively published under that 

145 Code from the electronic edition alone. This published work and the nomenclatural acts it 

146 contains have been registered in ZooBank, the online registration system for the ICZN. The 

147 ZooBank LSIDs (Life Science Identifiers) can be resolved and the associated information viewed 

148 through any standard web browser by appending the LSID to the prefix http://zoobank.org/. The 

149 LSID for this publication is: [LSID urn:lsid:zoobank.org:pub:D36ECF93-C05E-4A9C-8AA2-

150 C799ED04346D]. The online version of this work is archived and available from the following 

151 digital repositories: PeerJ, PubMed Central SCIE and CLOCKSS.

152

153 Synchrotron Radiation micro-Computed Tomography  scans were carried out; however, 

154 the specimens did not produce enough signal, and segmentation of the reconstructed scans was not 

155 successful.
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156

157 The Fourier Transform Infrared Spectroscopy (FTIR) analysis of La Hoya amber was obtained 

158 using an IR PerkinElmer Frontier spectrometer that utilizes a diamond ATR system with a 

159 temperature stabilized DTGS detector and a CsI beam splitter at the Molecular Spectrometry Unit 

160 of the CCiTUB (University of Barcelona, Spain).

161

162 The anatomical terminology of the specimens follows Cumming and Wood (2017). 

163

164 Results

165

166 Systematic paleontology

167 The specimens are placed in the family Hybotidae, based on the following apomorphic ground 

168 plan characters: l) Costa runs to just below the apex of the wing, ending near or beyond distal end 

169 of M1 or M1+2; 2) Sc incomplete, not reaching the wing margin, ending freely in wing membrane; 

170 3) R4+5 unbranched; 4) fore tibial gland present; 5) stylus with bare, terminal sensillum.

171

172 Order DIPTERA Linnaeus, 1758

173 Superfamily Empidoidea (sensu Chvála, 1983)

174 Family HYBOTIDAE Meigen, 1820

175

176 Grimaldipeza n. gen. (Figs. 2�5, 7, and 8)

177 LSID urn:lsid:zoobank.org:act:23818B66-56D4-4D7B-BFA5-1EB7D6995462 
178  

179 Type species. Grimaldipeza coelica n. sp. 

180

181 Etymology. The genus name is in honour of David A. Grimaldi (American Museum of Natural 

182 History, USA) for his persevering and remarkable legacy work on fossil insects, principally on 

183 Diptera and the suffix myia, meaning fly in Greek. The gender is feminine.

184

185 Diagnosis. Eyes meeting above antennae (holoptic) in males and dichoptic in females. Antenna 

186 with long, arista-like stylus, longer than postpedicel. R2+3 straight to costa. Cell dm slightly larger 

187 than cell cua, apices in same plane or linear. Cell dm with M1, M2 and M4 extending to wing 
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188 margin. Thoracic setae long and strong. Fore and hind tibiae more or less of the same thickness. 

189 Longitudinal furrow on mid and hind femora and tibiae. Fore tibial gland present. Symmetrical 

190 male hypopygium, slightly rotated. Hypandrium apically narrowly bilobed, with posterior apices 

191 pointed.

192

193 Grimaldipeza coelica n. sp. (Figs. 2�4, and 5A�C)

194 LSID urn:lsid:zoobank.org:act:9028DF70-F0B3-4A2C-B677-64F51C8CEC33 
195

196 Etymology. After the locality of Celis, close to the outcrop El Soplao in Cantabria Autonomous 

197 Community, Spain.

198

199 Diagnosis. As for the genus.

200

201 HOLOTYPE: CES.404.1  Housed at the Colección Institucional del Laboratorio de la Cueva El 

202 Soplao in Celis (Cantabria, SPAIN). 

203 PARATYPES: CES.404.2 ♂, CES.439 ♂ 

204

205 Description

206

207 Body: Holotype male CES.404.1 (Fig. 2A�C) body length about 1.79 mm, wing 1.57 mm. 

208 Paratype male CES.404.2 (Fig. 2A right) body length 1.74 mm, wing 1.53 mm. Paratype male 

209 CES.439 (Fig. 4A�G) body length 1.78 mm, wing 1.42 mm. 

210

211 Head. Eyes meeting above antennae (holoptic) (Fig. 3B); eyes do not meet below antenna (Fig. 

212 3A); ommatrichia absent. Face flat level with eyes. Gena not extended below eye; ventral surface 

213 of head, posterior to mouth opening clothed in long, pale setulae. Two pairs of fine ocellar setulae, 

214 directed more upward than forward. One pair of outer vertical setae and one pair of inner vertical 

215 setae. Antenna inserted above middle of head; scape small, devoid of setulae; pedicel globose 

216 bearing long setulae; scape and pedicel similar in length; postpedicel pointed ovate to conical, 

217 apically tapered gradually to point, with two-articled apical arista-like stylus (Fig. 3A�C), longer 

218 than postpedicel; stylus 0.22 mm, pubescent with bare, terminal sensillum. Labrum large, almost 
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219 as long as proboscis, apex of labrum rounded. Proboscis half as long as head. Palpus round, bearing 

220 3�4 long setae; palpifer not visible or not present. Labellum covered with short setae on base and 

221 4 strong, short setae visible in specimen CES.439 (Fig. 4C and D).

222

223 Thorax. Notum humpbacked (Fig. 2B), notum with 4 irregular rows of acrostichal and 

224 dorsocentral setulae; 2 pairs of larger dorsocentral setae posteriorly. One long, strong supra-alar 

225 seta, 2 long, strong notopleural setae, and 1 postalar seta on each side (Fig. 3F). Scutellum with 2 

226 pairs of long setae. Legs long and unmodified, hindlegs longest; none of legs raptorial. Fore and 

227 hind femora slightly thicker than mid femur. Mid and hind femora and tibiae with longitudinal 

228 furrow (Fig. 4F). All femora and tibiae armed with rows of long, strong setae (Figs. 2A and B, 

229 3G). Tarsus of all legs bearing short, strong setae. Fore tibia with posteroventral gland (Fig. 5).

230

231 Wing. Hyaline; with fine microtrichia over entire membrane. Pterostigma absent. Costa 

232 terminates between R4+5 and M1 (Fig. 4G); Sc apically evanescent, ending slightly before costal 

233 margin; Rs arising distant from level of humeral crossvein; R1 ending at or slightly beyond mid-

234 length of wing; R2+3 straight to C, ending closer to apex of R1 than R4+5; R4+5 unbranched, 

235 parallel to M1; cell dm slightly larger than cell cua, emitting three veins: M1, M2, and M4; M1 and 

236 M4 only moderately divergent; CuA straight, aligned with apex of cell bm; apex of cell cua 

237 slightly truncate or acute. Anal lobe broad, well developed.

238

239 Abdomen. Abdomen scarcely broader near base, laterally compressed. Tergites and sternites 

240 bearing long, strong setae. Hypopygium symmetrical, slightly rotated (Figs. 3H�J, 4E and F). 

241 Hypandrium apically narrowly bilobed, with posterior apices pointed (Fig. 3H�J). Epandrium with 

242 pair of articulated surstyli; left surstylus slightly elongate, with inner long, strong setae. Cercus 

243 short, unmodified with pubescence. 

244

245 Remarks. The description of Trichinites cretaceus was based on a female in Barremian amber 

246 from Jezzine (Lebanon) and is housed at the Staatliches Museum für Naturkunde (Stuttgart, 

247 Germany) (Holotype Nummer LB-617) (Fig. 6D). This holotype specimen was re-examined. 

248 Grimaldipeza n. gen. can be distinguished from Trichinites by the following combination of 

249 characters: position of vein r-m close to base of cell dm, R2+3 longer than in Trichinites and 
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250 extending straight to wing margin (T. cretaceus is sharply curved prior to joining costa, Fig. 6A). 

251 Apices of cell bm and cua are alignment in Grimaldipeza n. gen. In contrast, the apex of cell cua 

252 is obliquely projecting in Trichinites. Trichinites has an extra cell at the bifurcation of M1 and 

253 M2, but this is most probably an aberrant feature, thus it is not a diagnostic feature of the species, 

254 and is absent in all other specimens studied here. In the new genus, the fore tibia is slightly 

255 broader than the mid and hind tibiae and the fore tibial gland is present, distinguishable in three 

256 of the four specimens (Fig. 5). Furthermore, Trichinites lacks the fore tibial gland and is larger 

257 than the new species here described (body length 2.99 mm), including the telescopic abdomen, 

258 whereas the maximum length of Grimaldipeza coelica n. gen. et n. sp. is 1.79 mm. The thorax of 

259 the paratype CES.439 appears somewhat flat, however, this is not considered here a differential 

260 character and could be due to the fossilization process.

261

262 Grimaldipeza species 1

263 (Fig. 7)

264

265 Female. Piece CES.372  Body length 1.68 mm. Wing 1.22 mm. Stylus 0.22 mm. Postpedicel 

266 0.16 mm. Similar to Grimaldipeza coelica n. gen. et n. sp. male holotype, except for the following 

267 characters: eyes dichoptic (Fig. 7A and B); setae shorter and finer on thorax, abdomen and legs; 

268 labrum curved bearing pseudotracheae (Fig. 7C); proboscis 1/3 longer than head; thorax setae 

269 appears with seriated rings (Fig. 7B), possibly artifact of preservation; tergites bearing several 

270 shorter setae in comparison with males, first tergite with cluster of about 5 long setae on each side; 

271 apical abdominal segments exposed, gradually telescopic; cercus cylindrical, bearing 3 long 

272 setulae (Fig. 7F).

273

274 Grimaldipeza species 2

275 (Fig. 8)

276

277 Female. MGUV-16348 (sex unknown), MGUV-16349  Part of the abdomen of MGUV-16348 

278 is not preserved; however, all other characters, such as the length of the proboscis, which is as long 

279 as the head, and dichoptic eyes indicate that it could be a female. Specimen MGUV-16349 only 

280 shows the end of the abdomen, which is telescopic, and one wing partially and badly preserved. 
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281 MGUV-16348 and MGUV-16349 are included in the same amber piece as syninclusions. Similar 

282 to the male holotype of Grimaldipeza coelica n. gen. et n. sp. except for the following characters: 

283 stylus 0.19 mm; postpedicel 0.10 mm; eyes dichoptic (Fig. 8D); setae long, strong on thorax, 

284 abdomen and legs, somewhat longer than in Grimaldipeza sp. 1; labrum curved; proboscis 1/4 

285 longer than head (Fig. 8D); tergites and sternites bearing several long setae; setae on anal lobe of 

286 wing longer than in Grimaldipeza sp. 1; apical abdominal segments exposed, gradually telescopic; 

287 cercus short, cylindrical.

288

289 Remarks. Grimaldipeza sp. 1 can be distinguished from Grimaldipeza sp. 2 by the tergites bearing 

290 several shorter setae and the proboscis 1/3 longer than head. Grimaldipeza sp. 2 can be 

291 distinguished from Grimaldipeza sp. 1 by the long and strong setae on the thorax, abdomen and 

292 legs, somewhat longer than in species 1 and the proboscis is as long as the head. As the females 

293 do not appear in any of the pieces containing males we cannot describe these as new species and 

294 they will remain unnamed until more specimens are found, that can be associated to the species 

295 with confidence.

296

297 Ecommocydromia difficilis Schlüter, 1978

298 (Fig. 9)

299

300 Additional information to the original description: 

301

302 Head. Antenna inserted above middle of head. Right antenna broken, only scape, pedicel and part 

303 of postpedicel preserved. Left antenna preserved but base not visible. Scape longer than pedicel; 

304 pedicel short, slightly broader than scape with one long seta visible; postpedicel on one side 

305 appears pointed ovate to conical, however (as described by Schlüter, 1978) left postpedicel conical, 

306 with two-articled apical arista-like stylus (Fig. 9E and F).

307

308 Thorax. Laterotergite bare. Presence of tibial gland on foreleg not possible to ascertain. On right 

309 fore tibia, gland appears present, in abnormal position (Fig. 9H), but could be artifact due to 

310 preservation. On left foreleg, gland not visible, or absent. Fore tibia with anterodorsal row of strong 

311 setae, nearly as long as width of tibia (Fig. 9G).
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312

313 Abdomen. Shorter than thorax. Tergites and sternites bearing long, strong setae. Hypopygium 

314 nearly symmetrical, not rotated (Fig. 9C and D). Hypandrium apically narrowly bilobed, with 

315 posterior apices pointed (Fig. 9D). Epandrium with left surstylus broader, not articulated; long 

316 postgonites or phallic process (Fig. 9D). Cercus short, unmodified.

317

318 Remarks. In the original publication, the holotype of E. difficilis has the collection number Emp 

319 Ce Bez 1 (Paläontologisches Institut, FU-Berlin) (Fig. 9I). However, the holotype has been 

320 transferred to the Natur Museum für Naturkunde in Berlin, Germany under the Number 

321 MB.I.7927.

322

323 La Hoya amber-bearing outcrop

324 The La Hoya amber-bearing outcrop is located in the Penyagolosa Sub-basin within the 

325 Maestrazgo Basin in the eastern Iberian Peninsula (Salas and Guimerà, 1996). More than 30 amber 

326 outcrops have been reported in this basin, although only four of them are fossiliferous (Peñalver 

327 and Delclòs, 2010; Álvarez-Parra et al., 2021): Ariño, San Just, Arroyo de la Pascueta and La 

328 Hoya. The amber outcrop of La Hoya is close to the Cortes de Arenoso town (Castellón Province, 

329 Valencian Community) and was named after the Font de l�Hoya ravine, where it is located. The 

330 Arroyo de la Pascueta amber outcrop is only a few kilometers from La Hoya (Fig. 1A). The oldest 

331 mention of amber in the Valencian Community corresponds to Cavanilles (1797), who indicated 

332 the presence of �succino� near the Quesa town (Valencia Province); since then, the number of 

333 amber outcrops detected in the region has increased. The amber of this area was traditionally used 

334 as incense by shepherds, but the livestock grazing has declined in the last decades, furthermore the 

335 access to the outcrop is difficult, so this locality could be currently free of anthropic alteration 

336 (Rodrigo et al., 2018). The La Hoya amber outcrop was discovered in 1998 and the first 

337 paleontological excavation took place in October 2003. La Hoya amber corresponds to the only 

338 known fossiliferous amber from the Valencian Community, including: two cockroaches 

339 (Blattodea), one platygastrid (Hymenoptera), one chironomid (Diptera), two hybotids (Diptera) 

340 here studied, and a few undetermined insect remains.

341
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342 Geologically, the La Hoya amber outcrop is located at the top of the Cortes de Arenoso section 

343 (Barrón et al., submitted). This section has been dated as upper Albian�lower Cenomanian based 

344 on stratigraphic and palynological data, while the amber-bearing level is most probably lower 

345 Cenomanian (Upper Cretaceous) (Barrón et al., submitted). Therefore, La Hoya corresponds to the 

346 only known fossiliferous Cenomanian amber outcrop from the Iberian Peninsula, providing an 

347 interesting comparison framework with the Albian fossiliferous ambers from Iberia and with other 

348 Cenomanian ambers, such as those from the Hukawng Valley (Myanmar) and Charente-Maritime 

349 (France) (Grimaldi et al., 2002; Perrichot et al., 2007). The amber outcrops of San Just, Arroyo de 

350 la Pascueta, and La Hoya were initially assigned to the Escucha Formation (Delclòs et al., 2007), 

351 but they actually correspond to the Utrillas Group (Barrón et al., submitted). The amber-bearing 

352 level of La Hoya is a grey-black mudstone rich in organic matter about 50 cm thick at the top of 

353 grey mudstone about three meters thick (Fig. 1B). Below the grey mudstone there is a sandstone 

354 level, while above the amber-bearing level there are sandstone and limestone levels (Fig. 1B). The 

355 amber-bearing rock is tough, and the amber pieces are usually broken and crumbled, so amber 

356 extraction is challenging (Fig. 1C). The aerial amber pieces (related to resin produced in branches 

357 or trunks) are scarcer than the nearly rounded kidney-shaped pieces (related to resin produced in 

358 roots). The aerial amber mainly corresponds to flow-shaped pieces, instead of droplet- or 

359 stalactitic-shaped morphologies. The color of the amber pieces is reddish-yellow.

360

361 The FTIR spectrum of the aerial amber from the La Hoya outcrop (Fig. 10) shows the typical 

362 characteristics of the amber (Grimalt et al., 1988): carbon-hydrogen stretching band about 2950 

363 cm�1, a prominent carbonyl band about 1700 cm�1, and bending motions carbon-hydrogen bands 

364 about 1470 cm-1 and 1380 cm-1. There are also hydroxyl bands about 3500 cm-1. The absence of 

365 exocyclic methylenic bands at 1640 cm-1 and 880 cm-1 indicates a high degree of maturation, 

366 related to the Cretaceous age of the amber (Alonso et al., 2000). The molecular composition of the 

367 La Hoya amber (through gas chromatography-mass spectrometry) was classified as Type 3, based 

368 on an absence of abietane type diterpenoids and higher proportion of amberene with relatively 

369 lower homoamberene (III) and trimethyltetralin (II) than the Type 1 amber (Menor-Salván et al., 

370 2016). The amber Type 3 is compatible with an Araucariaceae origin (Menor-Salván et al., 2016; 

371 McCoy et al., 2021).

372
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373 Finally, it is important to note that the La Hoya amber-bearing outcrop is designated as a LIG 

374 (Lugar de Interés Geológico, Site of Geological Interest), and it is protected under legislation for 

375 paleontological heritage (Rodrigo et al., 2018).

376

377 Discussion

378

379 Systematic position 

380 Trichinites has been proposed as the sister group of the hybotids in which the fore tibial gland was 

381 not developed (Chvála, 1983). Trichinites was described from a single female with the following 

382 characters: arista-like stylus longer than postpedicel, with two, possibly three articles [Hennig 

383 (1970) suspected the distal basal article was an artifact and we can here confirm that the arista-like 

384 stylus of Trichinites consists of one basal article]. Fore tibial gland absent or not visible; notum 

385 with four irregular rows of acrostichal and dorsocentral setulae; two pairs of larger dorsocentral 

386 setae; wing with costal vein ending beyond apex of M1; Sc incomplete; R4+5 not forked; cell dm 

387 with veins M1, M2 and M4 branching separately off apex of cell, reaching wing margin; cell cua 

388 moderately long, subequal to length of cell bm, truncate apically; CuA projecting slightly 

389 obliquely; CuA+CuP reaching wing margin but becoming evanescent; anal lobe large. Terminal 

390 segments of female telescoping, without acanthophorite spines; cerci long. 

391

392 We compared the female of T. cretaceus with Grimaldipeza spp. and noticed several differences: 

393 fore tibial gland present (absent or not visible in Trichinites), terminal abdominal segments 

394 telescoping but compact in comparison with Trichinites, tergite 8, syntergite 9+10 and cerci are 

395 half as long as in Trichinites (Fig. 6A). The wings also present some differences, including the 

396 length and apex of cell cua and the setae in the anal area are much larger in Grimaldipeza n. gen. 

397 than in Trichinites, principally in Grimaldipeza sp. 2. Accordingly, the specimens described herein 

398 could not be classified within Trichinites. 

399

400 The most distinctive features of this new fossil genus are: three veins emitted from cell dm; 

401 unbranched R4+5; truncate cell cua which is subequal in length with cell bm, both cells being 

402 apically aligned; and presence of the fore tibial gland. Furthermore, male specimens have 

403 symmetrical terminalia, which appears to be at most only slightly rotated. The presence of the fore 
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404 tibial gland immediately assigns the genus to the Hybotidae, along with the slender apical 

405 sensillum on the stylus. The genus is excluded from the subfamilies Hybotinae and 

406 Tachydromiinae by the presence of cell dm emitting three veins. The long cell cua and the linear 

407 alignment with cell bm, excludes it from the Ocydromiinae, but it is most similar to the genera 

408 Bicellaria Macquart, 1823 (Bicellariinae) and Trichinomyia Tuomikoski, 1959 (Trichininae) 

409 (Chvála, 1983; figs 204, 206). These two genera also have similar nearly symmetrical male 

410 terminalia. The Bicellariinae is a distinct monophyletic lineage, defined on the basis of the loss of 

411 cell dm and the branches of M evanescent near mid wing, whereas the Trichininae is defined on 

412 the basis of symplesiomorphies (Sinclair and Cumming, 2006): dichoptic females, antennal stylus 

413 about half as long or shorter than the postpedicel, cell dm emitting three veins, proboscis short and 

414 directed downwards, ventral apodeme and postgonites absent. The subfamily contains only two 

415 genera, Trichina Meigen, 1830 and Trichinomyia. However, the position of Trichininae within 

416 Hybotidae remains unresolved. Grimaldipeza spp. remains apart from this lineage on the basis of 

417 the elongate mouthparts and antennal stylus longer than the postpedicel. Furthermore, 

418 Grimaldipeza n. gen. can be separated from Trichinomyia by the thoracic hairs and slender bristles, 

419 and wings without pterostigma. The male terminalia of Trichina is somewhat similar to 

420 Grimaldipeza coelica n. gen. et n. sp., however the hypandrium in the latter seems to be 

421 symmetrically bilobed. Wing venation and mouthparts are similar to Oedaleinae; however, our 

422 genus can be excluded from the subfamily because of the long, apical antennal stylus, which is 

423 usually greatly shortened (shorter than postpedicel) in Oedaleinae.

424

425 The genus Apterodromia Oldroyd, 1949 was transferred from the Tachydromiinae to the tribe 

426 Ocydromiini (now subfamily Ocydromiinae) (Sinclair and Cumming, 2000) and excluded from 

427 Trichininae with the argument that an elongated cell cua represents the ground plan condition of 

428 the hybotid lineage and the male terminalia characters should be used. The male hypopygium of 

429 Grimaldipeza coelica n. gen. et n. sp. is symmetrical, not rotated, yet the genus Trichinomyia, 

430 classified in Trichininae by Sinclair and Cumming (2006) is hypothesized to be the sister group to 

431 the remaining Hybotidae on the basis of its symmetrical male hypopygium. Thus, we can assume 

432 that symmetrical male hypopygium and the absence of genital rotation in Ecommocydromia 

433 difficilis and Grimaldipeza coelica n. gen. et n. sp. are primitive conditions. A similar condition 
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434 has recently been described in the Ocydromiinae genus Pseudoscelolabes Collin, 1933 (Barros et 

435 al., 2022).

436

437 The phylogenetic position of Ecommocydromia difficilis remains uncertain in part mostly because 

438 several important characters are not visible, e.g., apex of the arista-like stylus, basal portion of the 

439 wings, and mouthparts. However, the wing venation possibly indicates a close relationship with 

440 Grimaldipeza n. gen. and Trichinites.

441

442 Ecology

443 The eyes of Grimaldipeza n. gen. are holoptic in males, and dichoptic in females; this condition 

444 indicates that males probably formed aerial mating swarms (Chvála, 1976). The form of the 

445 females� mouthparts differs from that of males. This could be because of a natural dimorphism, 

446 common in Empidoidea, where the females have more prominent mouthparts than the males 

447 (Bletchly, 1954). We cannot exclude that the females belong to different species because they are 

448 found in separate amber pieces. Consequently, they are not described here as new species. 

449 However, the morphology of the mouthparts indicates the well-known predatory feeding habits of 

450 the empidoids. Diptera are very abundant in Defaunation resin, copal, and amber, and Empidoidea 

451 are among the most abundant Diptera within Cretaceous ambers (e.g., Grimaldi and Cumming, 

452 1999; Sinclair and Grimaldi, 2020; Ngô-Muller et al., 2021). We know that selected taxa trapped 

453 in resins represent the fauna living in and around the resin-producing tree and appear in resins 

454 because of their ecology and behavior (Solórzano Kraemer et al., 2018). In the case of the here 

455 described specimens, their capture in resin is most probably due to swarming and predator 

456 behaviors (Chvála, 1976; Daugeron, 1997).

457

458 The presence of Grimaldipeza n. gen. in the amber-bearing outcrops of El Soplao and La Hoya 

459 points out to a wide distribution of the genus in the Cretaceous Iberia Island, along the northern 

460 and eastern coasts. This kind of distribution is compatible with that of other taxa found in amber 

461 from the Maestrazgo Basin (such as San Just) and in amber from the Basque-Cantabrian Basin 

462 (such as El Soplao and Peñacerrada I). Species of Psocodea, Coleoptera, Hymenoptera, and 

463 Diptera have been found in San Just and amber-bearing outcrops of northern Iberia (Arillo et al., 

464 2008; Ortega-Blanco et al., 2011a, b; Peris et al., 2014; Álvarez-Parra et al., 2022). Thus, these 
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465 paleogeographical distributions may indicate that the resiniferous forests in the Iberia Island 

466 were at least partly connected, not independently isolated, allowing the movement of 

467 entomofauna along the coastal forest environments. Furthermore, the finding of Grimaldipeza n. 

468 gen. in the El Soplao amber middle Albian in age, and La Hoya amber most probably lower 

469 Cenomanian in age, shows that this genus inhabited the Iberia Island for an interval of about 

470 seven million years (~107�100 Ma). The finding of nearly rounded kidney-shaped amber pieces 

471 in the same level together with aerial amber pieces in La Hoya amber-bearing outcrop implies a 

472 parautochthonous accumulation in a transitional environment (Álvarez-Parra et al., 2021), 

473 similarly to El Soplao (Najarro et al., 2010). The La Hoya FTIR spectrum (Fig. 10) does not 

474 show significant differences with the spectra of other ambers from the Maestrazgo Basin, such as 

475 San Just and Ariño (Álvarez-Parra et al., 2021). The molecular composition of the amber from 

476 La Hoya, San Just, and Ariño relates the resin-producing tree to the Araucariaceae (Menor-

477 Salván et al., 2016; Álvarez-Parra et al., 2021). Thus, the paleoenvironment could be similar in 

478 the three areas (Barrón et al., submitted). Interestingly, the geochemical analysis of the El Soplao 

479 amber linked it to a resin-producing tree related to Cupressaceae or the extinct 

480 Cheirolepidiaceae, maybe the genus Frenelopsis (Menor-Salván et al., 2010). Therefore, the 

481 genus Grimaldipeza n. gen. could inhabit in forests with different plant compositions.

482

483 Conclusions

484

485 The relevance of the new findings consists in providing new characters to the fossil character-

486 pool of Hybotidae. Furthermore, a new genus and species are described, highlighting the 

487 diversity of the family during the Cretaceous. This is critical in understanding the evolution of 

488 the family. The positions of Grimaldipeza n. gen., Trichinites, and Ecommocydromia remain 

489 unresolved until the extant subfamilies are better defined and more specimens in Cretaceous 

490 amber are discovered that could provide more key information. Because Empidoidea, especially 

491 Hybotidae are frequent in amber, it is probably only a matter of time before new findings are 

492 discovered. Furthermore, delving into taphonomical, geochemical, and paleobotanical data of the 

493 amber-bearing outcrops in which these insects are found provide key information about their 

494 paleoenvironment and paleoecology.

495
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496 The search for new characters in the fauna included in amber is supported by technologies such 

497 as µ-CT or  However, not all the inclusions in the different ambers offer good results. In 

498 the case of the amber studied here,  which normally offers a better contrast than µ-CT, 

499 did not provide any signal. This made the segmentation and therefore the visualization of the 

500 specimens impossible, thus the character search was limited to light microscopy.

501
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722 TABLE AND FIGURE LEGENDS
723

724 TABLE
725

726 Table 1. Checklist of the known Cretaceous Hybotidae and related genera (Diptera: Empidoidea), 
727 with indication of the provenance and age. The new taxa here described are in bold. The genus 
728 Cretoplatypalpus is doubtfully assigned to Empidoidea sensu Jouault et al. (2020). The genus 
729 Ecommocydromia difficilis was originally assigned to Ocydromiinae but later to the Empididae 
730 s.s. by Grimaldi and Engel (2005) and as incertae sedis within Empidoidea sensu Ngô-Muller et 
731 al. (2021) and in the present work. * Trichinites has been here proposed as the sister group of the 
732 hybotids, it is here included for practical reasons.
733

734 FIGURE LEGENDS
735

736 Figure 1. The lower Cenomanian (Upper Cretaceous) amber-bearing outcrop of La Hoya 
737 (Maestrazgo Basin, Castellón Province, Spain). (A) Geographical location within the Iberian 
738 Peninsula of the El Soplao (middle Albian) and La Hoya amber outcrops, and geological location 
739 of the La Hoya outcrop; Cortes de Arenoso village and the fossiliferous Arroyo de la Pascueta 
740 amber outcrop (late Albian) are also indicated in the geological map. (B) Amber-bearing level of 
741 the La Hoya outcrop, constituted by grey-black mudstone rich in organic matter, at the top of the 
742 Cortes de Arenoso section (Barrón et al., submitted). (C) An amber piece in the rock of the La 
743 Hoya outcrop. Geological map in A modified and simplified from Almera et al. (1977).
744

745 Figure 2. Grimaldipeza coelica n. gen. et sp. (Diptera: Hybotidae), holotype male CES.404.1 

746 and paratype male CES.404.2, from El Soplao outcrop, Cantabria, Spain (middle Albian in 

747 age). (A) Piece showing two specimens (holotype, left; paratype, right). (B) Habitus of holotype 

748 CES.404.1, lateral view. (C) Habitus of holotype CES.404.1, dorsal view. Scale bars 0.5 mm.

749

750 Figure 3. Important characters of Grimaldipeza coelica n. gen. et sp. (Diptera: Hybotidae), 
751 holotype male CES.404.1 and paratype male CES.404.2, from El Soplao outcrop, Cantabria, 
752 Spain (middle Albian in age). (A) Head of holotype CES.404.1, ventral view. (B) Head of 
753 paratype male, dorsal view. (C) Antennae of holotype. (D) Thorax of holotype, dorsal view. (F) 
754 Drawing of thorax of holotype, dorsal view. (G) Hindlegs of holotype. (H) Male terminalia of 
755 holotype, lateral view. (I) Male terminalia of holotype, Ia laterodorsal right, Ib lateroventral left. 
756 (J) Male terminalia of paratype male. Scale bars A�C and H�J, 0.1 mm, D�G 0.5 mm. 
757 Abbreviations: cerc= cercus, dc s= dorsocentral setae, hypd= hypandrium, hyprct= hypoproct, lbr= 
758 labrum, ph= phallus, spal s= supra-alar seta, styl= stylus, sur= surstylus.
759
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760 Figure 4. Grimaldipeza coelica n. gen. et sp. (Diptera: Hybotidae), paratype male CES.439, 
761 from El Soplao outcrop, Cantabria, Spain (middle Albian in age). (A) Habitus, lateral view. 
762 (B) Drawing of habitus, lateral view. (C) Head, ventrolateral view. (D) Mouthparts. (E) Male 
763 terminalia, laterodorsal view. (F) Photo of male terminalia, laterodorsal view and hindleg. Black 
764 arrows show the longitudinal furrow on hind femur and tibia. (G) Reconstruction of wing. Scale 
765 bars A, B and G 0.5 mm, C�F 0.1 mm. Abbreviations: bm= basal medial cell, cua= anterior cubital 
766 cell, CuA+CuP= anterior branch of cubital vein + posterior branch of cubital vein, dm= discal 
767 medial cell, M= medial vein, R= radial vein, Sc= subcostal.
768

769 Figure 5. Fore tibial gland in Grimaldipeza coelica n. gen. et sp. (Diptera: Hybotidae), from 
770 El Soplao outcrop, Cantabria, Spain (middle Albian in age). (A) Holotype CES.404.1, with 
771 close-up of gland. (B) Paratype CES.439, with close-up of gland. (C) Paratype CES.404.1. (D) 
772 Female, CES.372. Scale bars A�C 0.5 mm, a, b and D 0.1 mm. Abbreviation: gl= gland. 
773

774 Figure 6. Trichinites cretaceus Hennig, 1970, holotype Number LB-617, from Jezzine 
775 outcrop, Lebanon (Barremian in age). (A) Scutum and wing, dorsal view. (B) Thorax, oblique 
776 lateral view. (C) Antenna with one basal article. (D) Holotype with labels. Scale bars A, B, C 0.5 
777 mm, D 10 mm. Abbreviation: styl= stylus.
778

779 Figure 7. Female Grimaldipeza sp. 1. (Diptera: Hybotidae), female CES.372, from El Soplao 
780 outcrop, Cantabria, Spain (middle Albian in age). (A) Habitus. (B) drawing of habitus with 
781 photo showing thoracic setae with apparent seriated rings (scale bar 0.1 mm). (C) Mouthparts. (D) 
782 Antennae. (E) Anterior part of wing. (F) Terminalia. Scale bars A, B, and E 0.5 mm; C, D and F 
783 0.1 mm. Abbreviations: cerc= cercus, lbl= labrum psdtrch= pseudotrachea, R= radial vein, Sc= 
784 subcostal, tg= tergite. 
785

786 Figure 8. Grimaldipeza sp. 2. (Diptera: Hybotidae), MGUV-16348 (sex unknown), from La 
787 Hoya outcrop, Castellón, Spain (early Cenomanian in age). (A) Habitus, lateral view right. (B) 
788 Habitus, lateral view left. (C) Drawing of habitus, lateral view. (D) Head, laterofrontal view. (E) 
789 Wing reconstruction. (F) Antenna. Scale bars A�E 0.5 mm; F 0.1 mm. Abbreviations: CuA+CuP= 
790 anterior branch of cubital vein + posterior branch of cubital vein, dm= discal medial cell, M= 
791 medial vein, R= radial vein, Sc= subcostal.
792

793 Figure 9. Ecommocydromia difficilis Schlüter, 1978, from Écommoy, France (Cenomanian 
794 in age). (A) Habitus in left lateral view. (B) Habitus in right lateral view. (C) Terminalia in left 
795 lateral view. (D) Drawing of terminalia in left lateral view. (E) Antenna. (F) Drawing of antenna. 
796 (G) Foreleg. (H) Forelegs photographed with infrared camera, red arrow indicates possible 
797 posteroventral gland, however it could also be an artifact. (I) Holotype with labels. Scale bars A�
798 B 0.5 mm, C�H 0.1 mm, I 5 mm. Abbreviations: cerc= cercus, hypd= hypandrium, pgt= 
799 postgonite, ph process = phallic process, sur= surstylus.
800
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801 Figure 10. Infrared spectroscopy spectrum (FTIR) from an aerial amber piece of La Hoya 
802 outcrop (Castellón Province, Spain). Resolution = 4 cm-1.
803
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Table 1(on next page)

Table 1.

Checklist of the known Cretaceous Hybotidae and related genera (Diptera: Empidoidea), with
indication of the provenance and age. The new taxa here described are in bold. The genus
Cretoplatypalpus is doubtfully assigned to Empidoidea sensu Jouault et al. (2020). The genus
Ecommocydromia difficilis was originally assigned to Ocydromiinae but later to the
Empididae s.s. by Grimaldi and Engel (2005) and as incertae sedis within Empidoidea sensu

Ngô-Muller et al. (2021) and in the present work. * Trichinites has been here proposed as the
sister group of the hybotids, it is here included for practical reasons.
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1 TABLE

2

Subfamily Genus and 

species

Provenance Age Reference

Incertae sedis Grimaldipeza 

coelica n. gen. et n. 

sp.

El Soplao. Amber. middle Albian 
(Early Cretaceous)

This paper

Incertae sedis Grimaldipeza n. 

sp. 1

El Soplao. Amber. middle Albian 
(Early Cretaceous)

This paper

Incertae sedis Grimaldipeza n. 
sp. 2

La Hoya. Amber. early Cenomanian 
(Late Cretaceous)

This paper

Incertae sedis *Trichinites 

cretaceous Hennig, 
1970

Jezzine (Lebanon). 
Amber.

Barremian (Early 
Cretaceous)

Henning (1970); 
Grimaldi and 
Cumming (1999)

Incertae sedis Ecommocydromia 

difficilis Schlüter, 
1978

Écommoy 
(France). Amber.

Cenomanian (Late 
Cretaceous)

Schlüter (1978)

Hybotinae Pseudoacarterus 

orapaensis Waters, 
1989

Orapa (Botswana). 
Compression.

Turonian (Late 
Cretaceous)

Waters (1989)

Ocydromiinae Pouillonhybos 

venator Ngô-
Muller, Engel and 
Nel, 2021

Hukawng Valley 
(Myanmar). 
Amber.

early Cenomanian 
(Late Cretaceous)

Ngô-Muller et al. 
(2021)

Archiplatypalpus 

cretaceous 
Kovalev, 1974

Yantardakh, 
Taimyr (Russia). 
Amber.

Santonian (Late 
Cretaceous)

Kovalev (1974); 
Grimaldi and 
Cumming (1999)

Cretoplatypalpus 

americanus 
Grimaldi and 
Cumming, 1999

Cedar Lake 
(Canada). Amber.

Campanian (Late 
Cretaceous)

Grimaldi and 
Cumming (1999)

Cretoplatypalpus 

archaeus Kovalev, 
1978

Nizhnyaya Agapa 
(Russia). Amber.

late Cenomanian 
(Late Cretaceous)

Kovalev (1978); 
Grimaldi and 
Cumming (1999)

Electocyrtoma 

burmanica 
Cockerell, 1917

Hukawng Valley 
(Myanmar). 
Amber.

early Cenomanian 
(Late Cretaceous)

Cockerell (1917); 
Grimaldi and 
Cumming (1999)

Tachydromiinae

Mesoplatypalpus 

carpenteri 
Grimaldi and 
Cumming, 1999

Cedar Lake 
(Canada). Amber.

Campanian (Late 
Cretaceous)

Grimaldi and 
Cumming (1999)

3

4 Table 1. Checklist of the known Cretaceous Hybotidae and related genera (Diptera: Empidoidea), 
5 with indication of the provenance and age. The new taxa here described are in bold. The genus 
6 Cretoplatypalpus is doubtfully assigned to Empidoidea sensu Jouault et al. (2020). The genus 
7 Ecommocydromia difficilis was originally assigned to Ocydromiinae but later to the Empididae 

PeerJ reviewing PDF | (2022:09:77358:0:1:NEW 21 Sep 2022)

Manuscript to be reviewed



8 s.s. by Grimaldi and Engel (2005) and as incertae sedis within Empidoidea sensu Ngô-Muller et 
9 al. (2021) and in the present work. * Trichinites has been here proposed as the sister group of the 

10 hybotids, it is here included for practical reasons.
11
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Figure 1
Figure 1.

The lower Cenomanian (Upper Cretaceous) amber-bearing outcrop of La Hoya

(Maestrazgo Basin, Castellón Province, Spain). (A) Geographical location within the
Iberian Peninsula of the El Soplao (middle Albian) and La Hoya amber outcrops, and
geological location of the La Hoya outcrop; Cortes de Arenoso village and the fossiliferous
Arroyo de la Pascueta amber outcrop (late Albian) are also indicated in the geological map.
(B) Amber-bearing level of the La Hoya outcrop, constituted by grey-black mudstone rich in
organic matter, at the top of the Cortes de Arenoso section (Barrón et al., submitted). (C) An
amber piece in the rock of the La Hoya outcrop. Geological map in A modified and simplified
from Almera et al. (1977).
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Figure 2
Figure 2.

Grimaldipeza coelica n. gen. et sp. (Diptera: Hybotidae) , holotype male CES.404.1

and paratype male CES.404.2, from El Soplao outcrop, Cantabria, Spain (middle

Albian in age). (A) Piece showing two specimens (holotype, left; paratype, right). (B)
Habitus of holotype CES.404.1, lateral view. (C) Habitus of holotype CES.404.1, dorsal view.
Scale bars 0.5 mm.
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Figure 3
Figure 3.

Important characters of Grimaldipeza coelica n. gen. et sp. (Diptera: Hybotidae),

holotype male CES.404.1 and paratype male CES.404.2, from El Soplao outcrop,

Cantabria, Spain (middle Albian in age). (A) Head of holotype CES.404.1, ventral view.
(B) Head of paratype male, dorsal view. (C) Antennae of holotype. (D) Thorax of holotype,
dorsal view. (F) Drawing of thorax of holotype, dorsal view. (G) Hindlegs of holotype. (H) Male
terminalia of holotype, lateral view. (I) Male terminalia of holotype, Ia laterodorsal right, Ib
lateroventral left. (J) Male terminalia of paratype male. Scale bars A–C and H–J, 0.1 mm, D–G
0.5 mm. Abbreviations: cerc= cercus, dc s= dorsocentral setae, hypd= hypandrium, hyprct=
hypoproct, lbr= labrum, ph= phallus, spal s= supra-alar seta, styl= stylus, sur= surstylus.
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Figure 4
Figure 4.

Grimaldipeza coelica n. gen. et sp. (Diptera: Hybotidae), paratype male CES.439,

from El Soplao outcrop, Cantabria, Spain (middle Albian in age). (A) Habitus, lateral
view. (B) Drawing of habitus, lateral view. (C) Head, ventrolateral view. (D) Mouthparts. (E)
Male terminalia, laterodorsal view. (F) Photo of male terminalia, laterodorsal view and
hindleg. Black arrows show the longitudinal furrow on hind femur and tibia. (G)
Reconstruction of wing. Scale bars A, B and G 0.5 mm, C–F 0.1 mm. Abbreviations: bm=
basal medial cell, cua= anterior cubital cell, CuA+CuP= anterior branch of cubital vein +
posterior branch of cubital vein, dm= discal medial cell, M= medial vein, R= radial vein, Sc=
subcostal.
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Figure 5
Figure 5.

Fore tibial gland in Grimaldipeza coelica n. gen. et sp. (Diptera: Hybotidae), from

El Soplao outcrop, Cantabria, Spain (middle Albian in age). (A) Holotype CES.404.1,
with close-up of gland. (B) Paratype CES.439, with close-up of gland. (C) Paratype CES.404.1.
(D) Female, CES.372. Scale bars A–C 0.5 mm, a, b and D 0.1 mm. Abbreviation: gl= gland.
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Figure 6
Figure 6.

Trichinites cretaceus Hennig, 1970, holotype Number LB-617, from Jezzine

outcrop, Lebanon (Barremian in age). (A) Scutum and wing, dorsal view. (B) Thorax,
oblique lateral view. (C) Antenna with one basal article. (D) Holotype with labels. Scale bars
A, B, C 0.5 mm, D 10 mm. Abbreviation: styl= stylus.
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Figure 7
Figure 7.

Female Grimaldipeza sp. 1. (Diptera: Hybotidae), female CES.372, from El Soplao

outcrop, Cantabria, Spain (middle Albian in age). (A) Habitus. (B) drawing of habitus
with photo showing thoracic setae with apparent seriated rings (scale bar 0.1 mm). (C)
Mouthparts. (D) Antennae. (E) Anterior part of wing. (F) Terminalia. Scale bars A, B, and E 0.5
mm; C, D and F 0.1 mm. Abbreviations: cerc= cercus, lbl= labrum psdtrch= pseudotrachea,
R= radial vein, Sc= subcostal, tg= tergite.
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Figure 8
Figure 8.

Grimaldipeza sp. 2. (Diptera: Hybotidae), MGUV-16348 (sex unknown), from La

Hoya outcrop, Castellón, Spain (early Cenomanian in age). (A) Habitus, lateral view
right. (B) Habitus, lateral view left. (C) Drawing of habitus, lateral view. (D) Head,
laterofrontal view. (E) Wing reconstruction. (F) Antenna. Scale bars A–E 0.5 mm; F 0.1 mm.
Abbreviations: CuA+CuP= anterior branch of cubital vein + posterior branch of cubital vein,
dm= discal medial cell, M= medial vein, R= radial vein, Sc= subcostal.
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Figure 9
Figure 9.

Ecommocydromia difficilis Schlüter, 1978, from Écommoy, France (Cenomanian in

age). (A) Habitus in left lateral view. (B) Habitus in right lateral view. (C) Terminalia in left
lateral view. (D) Drawing of terminalia in left lateral view. (E) Antenna. (F) Drawing of
antenna. (G) Foreleg. (H) Forelegs photographed with infrared camera, red arrow indicates
possible posteroventral gland, however it could also be an artifact. (I) Holotype with labels.
Scale bars A–B 0.5 mm, C–H 0.1 mm, I 5 mm. Abbreviations: cerc= cercus, hypd=
hypandrium, pgt= postgonite, ph process = phallic process, sur= surstylus.
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Figure 10
Figure 10.

Infrared spectroscopy spectrum (FTIR) from an aerial amber piece of La Hoya

outcrop (Castellón Province, Spain). Resolution = 4 cm-1.
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