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Phorid flies are an abundant and diverse dipteran family in modern faunas, yet poorly represented in the fossil record. Here, we describe the first fossil species of the millipede parasitizing genus Myriophora, M. asiatica n. sp., and three new fossil species of the ant parasitizing genus Apocephalus, A. miocenus n. sp., A. dominicanus n. sp., and A. chiapanecus n. sp. discovered in Miocene amber deposits from China, Dominican Republic, and Mexico.

Moreover, we add details on the previously described species Apocephalus succineus Brown, previously described in Dominican amber, with the description of a new specimen. We also include a dichotomous key for all Apocephalus species described in the fossil record.

Introduction

The family Phoridae contains more than 4400 described species within about 250 genera (www.phorid.net/pcat/ visited in April 2021), probably representing only a small fraction of its true diversity [START_REF] Gaston | The magnitude of global insect species richness[END_REF][START_REF] Heraty | Parasitoid biodiversity and insect pest management[END_REF][START_REF] Srivathsan | Rapid, large-scale species discovery in hyperdiverse taxa using 1D MinION sequencing[END_REF]. They are a cosmopolitan group and are among the most diversified families of Diptera in terms of morphology, dietary resources, and hosts [START_REF] Disney | Scuttle Flies: the Phoridae[END_REF]. The group comprises tiny flies from 0.4 mm to 6 mm, characterized by a humped thorax that gave them the nickname of "Humpbacked flies". Some of them also have the habit of fleeing by running instead of flying.

This behavior gave them the other nickname of "scuttle flies".

The most ancient fossils of the family belong to the genus Prioriphora [START_REF] Mcalpine | Systematics of Sciadoceridae and relatives with descriptions of two new genera and species from Canadian amber and erection of family Ironomyiidae (Diptera: Phoroidea)[END_REF], and are found in the Cedar Lake amber in Canada [START_REF] Brown | Three new fossil phorid flies (Diptera: Phoridae) from Canadian Late Cretaceous amber[END_REF], the Albian amber deposits of Archingeay in France [START_REF] Perrichot | Early Cretaceous amber from south-western France: insight into the Mesozoic litter fauna[END_REF][START_REF] Solórzano Kraemer | A new species of the Cretaceous genus Prioriphora (Diptera: Phoridae) in French amber[END_REF], and from the lower Cretaceous amber deposits of Álava in Spain [START_REF] Arillo | A new genus of Prioriphorinae (Diptera, Phoridae) from the Lower Cretaceous amber of Alava (Spain)[END_REF]. They are also found in Paleogene compression deposits, but they are mostly found in fossil resin deposits [START_REF] Evenhuis | Catalogue of the Fossil Flies of the World (Insecta: Diptera)[END_REF][START_REF] Brown | Re-evaluation of the fossil Phoridae (Diptera)[END_REF] being one of the most abundant insects in fossil and Recent resins (Solórzano Kraemer et al., 2018).

Among the numerous described species, at least 611 are parasitoids. Parasitoid species are found mostly in four genera: Pseudacteon [START_REF] Coquillett | A new phorid genus with horny ovipositor[END_REF], Melaloncha Brues, 1904, Apocephalus Coquillett, 1901, and Myriophora Brown, 1992. The specimens described in this work belong to the last two.

The genus Apocephalus contains 343 described species classified in subgenera and species groups, based principally on abdominal and ovipositor characters [START_REF] Brown | Revision of the Apocephalus mucronatus group of ant decapitating flies (Diptera: Phoridae)[END_REF][START_REF] Brown | Revision of the Apocephalus analis group of ant-decapitating flies (Diptera: Phoridae)[END_REF]Brown et al., 2018a). They are found in both the Nearctic and Neotropical regions in the New World [START_REF] Disney | Scuttle Flies: the Phoridae[END_REF]Brown et al., 2018aBrown et al., , 2018b)). The genus is also known by the nickname "Ant-decapitating flies" because many species are parasitoids of ants, within which the larva develops and eventually makes the head of the host fall off (Brown et al., 2018a).

However, Apocephalus species also parasitize stingless bees, carpenter bees, cantharoid beetles, and honey bees (Brown, 1996a(Brown, , 1996b;;[START_REF] Core | A new threat to honey bees, the parasitic phorid fly Apocephalus borealis[END_REF]. The fossil record is limited to the Miocene Dominican amber. It is only represented by the species A. succineus [START_REF] Brown | Revisión del grupo "Apocephalus miricauda" de moscas parasitoides de hormigas (Diptera: Phoridae) [Revision of the "Apocephalus miricauda-Group" of ant-parasitizing flies (Diptera: Phoridae)][END_REF], which belongs to the A. miricauda species group [START_REF] Brown | Revisión del grupo "Apocephalus miricauda" de moscas parasitoides de hormigas (Diptera: Phoridae) [Revision of the "Apocephalus miricauda-Group" of ant-parasitizing flies (Diptera: Phoridae)][END_REF] and several nondescribed specimens found also in the Dominican amber [START_REF] Brown | Generic revision of Phoridae of the Nearctic Region and phylogenetic classification of Phoridae, Sciadoceridae, and Ironomyiidae (Diptera: Phoridea)[END_REF][START_REF] Brown | Revisión del grupo "Apocephalus miricauda" de moscas parasitoides de hormigas (Diptera: Phoridae) [Revision of the "Apocephalus miricauda-Group" of ant-parasitizing flies (Diptera: Phoridae)][END_REF].

A. succineus was described together with living Apocephalus of the miricauda-group.

However, the diversity within the genus during the Miocene appears to be higher than expected. In order to differentiate the previously described A. succineus from new species, we add here a more detailed description, pictures, and drawings that can help future works.

Many Myriophora species were previously described in the genus Plastophora Brues, 1905 (Hash and[START_REF] Hash | Revision of the New World species of the millipede-parasitic genus Myriophora Brown (Diptera: Phoridae)[END_REF]. The type-species of the genus Plastophora was P. beirne [START_REF] Brues | Phoridae from the Indo-Australian Region[END_REF]; however, the holotype was lost during the Hungarian revolution [START_REF] Borgmeier | Revision of the North American phorid flies. Part I. The Phorinae, Aenigmatinae and Metopininae, except Megaselia (Diptera, Phoridae)[END_REF]. The genus diagnosis has also been greatly widened since 1905 and the genus was eventually synonymized with Megaselia Rondani, 1856 [START_REF] Disney | A new species of afrotropical Megaselia (Diptera: Phoridae), with a reevaluation of the genus Plastophora[END_REF]. Then, [START_REF] Brown | Generic revision of Phoridae of the Nearctic Region and phylogenetic classification of Phoridae, Sciadoceridae, and Ironomyiidae (Diptera: Phoridea)[END_REF] defined the genus Myriophora using P. aequaliseta [START_REF] Borgmeier | Revision of the North American phorid flies. Part I. The Phorinae, Aenigmatinae and Metopininae, except Megaselia (Diptera, Phoridae)[END_REF] as the type-species and included some other species formerly classified in Plastophora in the newly created genus.

The genus is cosmopolitan and contains 65 described species [START_REF] Hash | Revision of the New World species of the millipede-parasitic genus Myriophora Brown (Diptera: Phoridae)[END_REF] and an estimated diversity of about 200 extant species [START_REF] Hash | Phylogeny, host association and biogeographical patterns in the diverse millipede-parasitoid genus Myriophora Brown (Diptera: Phoridae)[END_REF]. Extant species of Myriophora are parasitoids of polydesmidan and juliform millipedes [START_REF] Hash | Phylogeny, host association and biogeographical patterns in the diverse millipede-parasitoid genus Myriophora Brown (Diptera: Phoridae)[END_REF]. In the fossil record, the genus has only been reported in the Early Miocene Dominican amber [START_REF] Brown | Re-evaluation of the fossil Phoridae (Diptera)[END_REF]. Thus, the specimen described here is the first report from the Miocene of another locality. No older specimen has been found until today [START_REF] Hash | Phylogeny, host association and biogeographical patterns in the diverse millipede-parasitoid genus Myriophora Brown (Diptera: Phoridae)[END_REF].

Geological setting

The specimen of Myriophora described here comes from the Zhangpu amber deposits of the Fotan group in the Fujian Province, China, dated from Middle Miocene to Late Miocene [START_REF] Zheng | Age constraints on a Neogene tropical rainforest in China and its relation to the Middle Miocene Climatic Optimum[END_REF] and reconstructed as a megathermal seasonal rainforest [START_REF] Wang | Zhangpu biota reveals the richest Cenozoic rainforest biome[END_REF]. No radiological dating has been performed yet on rocks of the Fotan group, but the studies of [START_REF] Ho | 40 Ar-39 Ar dating and geochemical characteristics of late Cenozoic basaltic rocks from the Zhejiang-Fujian region, SE China: eruptionages, magma evolution and petrogenesis[END_REF] on basalts from nearby localities showed an age of 14.8 ± 0.6 Ma.

Later, [START_REF] Wang | Zhangpu biota reveals the richest Cenozoic rainforest biome[END_REF] confirmed an age between 14.8 ± 0.6 Ma and 14.7 ± 0.4 Ma. The study of the terpenoids composition in Zhangpu amber showed that the resin must have been produced by trees from the family Dipterocarpaceae Blume, 1825. These results were supported by the co-occurring fruits belonging to this family (Shi et al., 2014a(Shi et al., , 2014b;;[START_REF] Jacques | A tropical forest of the middle Miocene of Fujian (SE China) reveals Sino-Indian biogeographic affinities[END_REF].

Four specimens of Apocephalus are also described, three of them found in amber from the Dominican Republic, which is located in the eastern Greater Antilles archipelago, in the Hispaniola Island. These deposits date from the Early Miocene to the early Middle Miocene (~16 Ma) and are principally found in La Toca and Yanigua formations (Iturralde-Vinent and McPhee, 1996). The resin-producing tree is a Fabaceae Lindley, 1836 described under the species name Hymenaea protera [START_REF] Poinar | Hymenaea protera sp. n. (Leguminosae, Caesalpinioideae) from Dominican amber has African affinities[END_REF]. The fourth specimen is included in Mexican amber from La Quinta Formation, Simojovel, Chiapas. The age of Mexican amber has been argued similar to Dominican amber [START_REF] Solórzano Kraemer | Systematic, palaeoecology, and palaeobiogeography of the insect fauna from Mexican amber[END_REF]. However, [START_REF] Perrilliat | Miocene mollusks from the Simojovel area in Chiapas, southwestern Mexico[END_REF] and [START_REF] Serrano-Sánchez | The aquatic and semiaquatic biota in Miocene amber from the Campo La Granja mine (Chiapas, Mexico): Paleoenvironmental implications[END_REF] argued an age of 22.8 Ma for La Quinta Formation based on the biostratigraphy of corals, molluscs, microfossils, and strontium. Both ambers come from similar environments. The amber-producing tree species of the Mexican amber also belongs to the genus Hymenaea [START_REF] Linnaeus | Species plantarum: exhibentes plantas rite cognitas, ad genera relatas, cum differentiis specificis, nominibus trivialibus, synonymis selectis, locis natalibus, secundum systema sexuale digestas[END_REF], with H. mexicana Poinar and Brown, 2002and H. allendis Calvillo-Canadell et al., 2010. 

Material and methods

The described specimens comprise three phorids contained in pieces of amber coming All the amber pieces have been prepared (cut and polished) in order to get the best view of each inclusion. The Zhangpu amber piece NIGP177329 has been embedded in clear resin to avoid the stickiness of the amber that could have troubled the observations by catching dusts and debris, which would have required re-polishing.

The specimens were observed under a stereomicroscope Leica MZ12 with cold light, and the drawings were produced using a camera lucida (Leica 1446193) and the software Adobe Illustrator. The photographs and Z-stacks images were performed under a Nikon SMZ25 microscope, using Nikon SHR Plan Apo 0.5x and SHR Plan Apo 2x objectives with a microscope camera Nikon DS-Ri2 and the NIS-Element software.

Specimen MNHNSD FOS 17.02 was analysed using synchrotron-radiation based X-ray microtomography (SRμCT). The imaging was performed at the Imaging Beamline -IBL P05 -PETRA III at Deutsches Elektronen Synchrotron (DESY) in Hamburg, Germany operated by the Helmholtz-Zentrum Hereon [START_REF] Greving | P05 imaging beamline at PETRA III: first results[END_REF][START_REF] Wilde | Micro-CT at the imaging beamline P05 at PETRA III[END_REF], with a photon energy of 18 keV, and a sample to detector distance of 0.3 m. X-ray projections were recorded using a custom developed 20 MP CMOS camera system [START_REF] Lytaev | Characterization of the CCD and CMOS cameras for grating-based phase-contrast tomography[END_REF] with an effective pixel size of 0.64 µm. Three thousand six hundred one equally spaced projections between 0 and π were recorded for a tomographic scan. Tomographic reconstruction has been done by applying a transport of intensity phase retrieval approach and using the filtered back projection algorithm (FBP) implemented in a custom reconstruction pipeline [START_REF] Moosmann | Time-lapse X-ray phase-contrast microtomography for in vivo imaging and analysis of morphogenesis[END_REF] using Matlab (Math-Works) and the Astra Toolbox [START_REF] Palenstijn | Performance improvements for iterative electron tomography reconstruction using graphics processing units (GPUs)[END_REF][START_REF] Van Aarle | The ASTRA Toolbox: A platform for advanced algorithm development in electron tomography[END_REF][START_REF] Van Aarle | Fast and flexible X-ray tomography using the ASTRA Toolbox[END_REF]. For the processing raw projections were binned for further processing two times resulting in an effective pixel size of the reconstructed volume of 1.28 µm. The specimens were segmented in three dimensions using region-growing techniques in VGStudioMax (Volume Graphics, Heidelberg, Germany).

Morphological nomenclature follows the Manual of Central American Diptera (Brown et al., 2010), Brown andKung (2007, 2010), and [START_REF] Cumming | Adult morphology and terminology [chapter 3[END_REF].

Systematic palaeontology

Order Diptera [START_REF] Linnaeus | Systema naturae per regna tria naturae, secundum classes, ordines, genera, species, cum characteribus, differentiis, synonymis, locis[END_REF] Family Phoridae [START_REF] Curtis | British entomology, being illustrations and descriptions of the genera of insects found in Great Britain and Ireland[END_REF] Genus Myriophora [START_REF] Brown | Generic revision of Phoridae of the Nearctic Region and phylogenetic classification of Phoridae, Sciadoceridae, and Ironomyiidae (Diptera: Phoridea)[END_REF] Type species: Myriophora aequaliseta [START_REF] Borgmeier | Revision of the North American phorid flies. Part I. The Phorinae, Aenigmatinae and Metopininae, except Megaselia (Diptera, Phoridae)[END_REF].

The following species described here belongs to the genus Myriophora based on the following characters in the single female specimen, following [START_REF] Brown | Generic revision of Phoridae of the Nearctic Region and phylogenetic classification of Phoridae, Sciadoceridae, and Ironomyiidae (Diptera: Phoridea)[END_REF] and [START_REF] Hash | Revision of the New World species of the millipede-parasitic genus Myriophora Brown (Diptera: Phoridae)[END_REF]:

Frons with 4-4-4 arrangement of setae; wings present; vein R2+3 present. Segment 7 with extremely elongate tergite and sternite, downturned at tip; sternite 8 elongated; elongate ovipositor markedly shaped and compressed; oviscape with strongly sclerotized sternite and tergite; oviscape membrane longitudinally striated; cerci large, pointed ventrally, cercal setae significantly reduced. Bourdeau and Brown,n. sp. (Figs. 1,2) LSID: urn:lsid:zoobank.org:act:E7BDE3FE-6F7A-44D3-A2D7-BEEFAF20F825.

Myriophora asiatica

Etymology:

The specific epithet asiatica refers to the ancient origin in the Asian continent.

Holotype: NIGP177329, housed in the collection of the NIGPAS, adult female in Zhangpu amber, without syninclusions.

Diagnosis (female):

Anepisternum bare, lateral margin of tergite 2 without large setae, short anterior scutellar setae, long tubular oviscape with large cercus and tubular hypoproct bearing long thin setae on its apex.

Description:

Female. (Fig. 1A,B). Head: setae in 4-4-4 pattern (Fig. 2G); broad frons with 2 pairs of supra-antennal setae; lower supra-antennal setae less than 1/2 the length of upper pair; supraantennal setae proclinate and almost parallel (Figs. 1C,D,2G); 1 pair of post-ocellar setae, 1 pair of outer vertical setae; ~25-30 ommatidia aligned in eye maximum length; flagellomere rounded; sensilla of flagellomeres uniformly distributed; 5 strong setae on palpus. Thorax: anepimeron-katepisternum suture roughly linear; anepisternum bare; posterior anepisternal crest wide; 3 pairs of notopleural setae; 1 pair of supra-alar setae; 1 pair of post-alar setae; 2 pairs of setae on the scutellum; anterior scutellar setae less than 1/2 the length of posterior pair (Fig. 1E,F); base of halter close to the wing base; halter large. Wings: 2 strong setae on the basicosta; 3 strong setae on the tegula (Fig. 2B); costal vein less than half of the wing length; costa with short, thick, spine-like setae; costa extends to R4+5; R1 reaches proximal third of the wing; R2+3 present (Fig. 2A,H); vein M1 attached to R2+3 -R4+5 junction; vein A1 seem to reach distal part of wing. Legs: midtibia bare; hind coxa with scattered setae on ventral half; hind coxa with 2 setae on lateral part; hind femur with 5 strong setae on proximal half of posterior face; hind tibia with 1 setae palisade; hind tibia with 1 spur on distal end; hind tarsomere 2 with 1 spur on distal end. Abdomen: no seta on lateral margin of tergite 2 (Figs. 1E,2C); membrane of segments of terminalia with longitudinal striation; dorsal surface of tergite 3 without dots; lateral margin of segments 3-5 bare; lateral face of segments 5-6 membranous; posterior margin of tergite 5 flat and bare; tergite 6 entire without setae.

Genitalia: oviscape elongated and tube-like (Fig. 2D-F); sclerites of oviscape greatly fused; membrane of oviscape with parallel longitudinal striation; cercus covered with short setae; hypoproct elongated and bearing long thin setae on distal end (Fig. 2F).

Male unknown.

Measurements: Body length (head to end of terminalia) 2.2 mm. Head: length (dorsoventrally) 0.31 mm, width 0.42 mm. Scutum: length 0.34 mm, width 0.36 mm. Wing: length 1.25 mm, costal length 0.44 mm, costal index 0.35, costal sector ratio 8:2:1. Oviscape: length 0.58 mm.

Remarks:

Following the species key provided by [START_REF] Hash | Revision of the New World species of the millipede-parasitic genus Myriophora Brown (Diptera: Phoridae)[END_REF], M. asiatica n. sp. can be differentiated from other species with similar morphology. There are no setae on lateral margin of tergite 2, like M. alienipennis Hash and[START_REF] Hash | Revision of the New World species of the millipede-parasitic genus Myriophora Brown (Diptera: Phoridae)[END_REF]M. pectinata Hash and[START_REF] Hash | Revision of the New World species of the millipede-parasitic genus Myriophora Brown (Diptera: Phoridae)[END_REF]. However, M. asiatica n. sp. differs from M. alienipennis by having a significantly longer terminalia compared to the body length. M. asiatica n. sp. also differs from M. pectinata by having a bare anepisternum and lacking strong, long setae on the posterior margin of tergite 6. According to the key to the New World female Myriophora published in [START_REF] Hash | Revision of the New World species of the millipede-parasitic genus Myriophora Brown (Diptera: Phoridae)[END_REF], M. asiatica n. sp. is anatomically close to the extant species M. sinesplendida [START_REF] Hash | Revision of the New World species of the millipede-parasitic genus Myriophora Brown (Diptera: Phoridae)[END_REF]. However, the two species differ from each other by several characters. M. sinesplendida bears strong setae on the lateral margin of tergite 2, absent in M. asiatica n. sp.; its terminalia are smaller compared to the body length, contrary to M. asiatica n. sp.; and the end of its oviscape is thinner than in the species described here.

Occurrence: Langhian; Fotan group, Zhangpu County, Fujian Province, China. The ages of basalt samples underlying and overlying the fossil layers are 14.8 ± 0.6 Ma and 14.7 ± 0.4 Ma, respectively [START_REF] Wang | Zhangpu biota reveals the richest Cenozoic rainforest biome[END_REF].

Genus Apocephalus [START_REF] Coquillett | The Ant Decapitating Fly[END_REF] Type species: A. pergandei [START_REF] Coquillett | The Ant Decapitating Fly[END_REF] All the following species belong to the genus Apocephalus based on the following characters mentioned by [START_REF] Brown | Taxonomy and preliminary phylogeny of the parasitic genus Apocephalus, subgenus Mesophora (Diptera: Phoridae)[END_REF][START_REF] Brown | Revision and new species of the Apocephalus (Mesophora) truncaticercus-infragroup (Diptera: Phoridae)[END_REF]Brown ( , 1996a)): Lower interfrontal setae divergent or parallel, close to midline. Notopleural cleft absent. Anepisternum divided, without setae. Distinctive ovipositor present; anterior margin of ovipositor usually with dark periphery in dorsal view; species with a uniformly darker ovipositor lack middle and lower frontal orbital setae. Segments posterior to segment 7 withdrawn inside segment 7 at rest in female.

The various species groups of Apocephalus are being revised by Brown (summarized by [START_REF] Brown | Revision of the Apocephalus mucronatus group of ant decapitating flies (Diptera: Phoridae)[END_REF][START_REF] Brown | Revision of the Apocephalus analis group of ant-decapitating flies (Diptera: Phoridae)[END_REF]Brown et al., 2018a).

Apocephalus miocenus Solórzano-Kraemer, Bourdeau and Brown, n. sp.

(Fig. 3) LSID: urn:lsid:zoobank.org:act:0B52913F-4FED-4F97-9FD7-F28933B71104.

Etymology: the specific epithet miocenus refers to the geological epoch in which the amber piece originated.

Holotype: Do-369-K, housed in the collection of the SMNS, adult female included in Dominican amber, 4 syninclusions (3 Chalcidoidea Latreille, 1817, 1 Thysanoptera [START_REF] Haliday | An epitome of the British genera, in the Order Thysanoptera, with indications of a few of the species[END_REF].

Diagnosis (female):

One pair of supra-antennal setae, narrower oviscape that flaring out in a rounded lobe posteriorly.

Description:

Female. (Fig. 3A). Head: frontal setae in 4-4-4 pattern; 1 pair of proclinate supra-antennal setae; fronto orbital and ventral interfrontal setae divergent; dorsal interfrontal reclinate (Fig. 3B,F); ~18-20 ommatidia aligned in eye maximum length; first flagellomere roughly rounded; sensilla of 1st flagellomere uniformly distributed. Thorax: suture dividing anepimeron and katepisternum roughly linear; surface of anepisternum bare; anterodorsal extension of anepimeron flat; 1 postpronotal setae; 1 strong notopleural setae; 1 long, strong supra-alar setae; scutellum with 2 pairs of setae; median scutellar setae less than 1/2 length of lateral scutellar setae. Wings (Fig. 3C,G): 2 strong setae on the distal margin of the tegula; costal vein not inflated; costal setae short, thick and spine-like; costa extends to R4+5; Sc not visible; R1 reaching most proximal third of the wing; R2+3 present; R4+5 not connected to costal vein and ending before the distal third of the wing length; M1 appearing to be attached to R4+5; M2 roughly linear; A1 not visible (Fig. 3G). Legs: hind coxa with scattered setae on the ventral half; distal portion of anterior face of hind femur with a distinct brown patch.

Abdomen: dorsal surface of tergite 3 without spot; posteroventral margins of abdominal segments bare, with striation; no seta visible on lateral margin of the tergites; abdominal segment 6 elongated (Fig. 3D). Genitalia: oviscape elongated and dorsoventrally curved, strongly sclerotized; with posteriorly pointed anterior section, darkened lateral margin, and rounded posterior lobe.

Male unknown.

Measurements: Body length 2.6 mm. Head: length 0.38 mm, width 0.52 mm. Scutum: length 0.44 mm, width 0.40 mm. Wing: length 1.66 mm, width 0.7 mm, costal length 0.8 mm, costal index 0.46, costal ratio 5.5:2:1. Oviscape: length 0.28 mm.

Remarks: Apocephalus miocenus n. sp. differs from A. succineus by having only one pair of supra-antennal setae, and a narrower oviscape that flares out in a rounded lobe posteriorly.

Based on the shape of the oviscape, it belongs to the A. miricauda group (revised by [START_REF] Brown | Revisión del grupo "Apocephalus miricauda" de moscas parasitoides de hormigas (Diptera: Phoridae) [Revision of the "Apocephalus miricauda-Group" of ant-parasitizing flies (Diptera: Phoridae)][END_REF] but to a different subgroup than that to which A. succineus belongs. Based on the shape of the oviscape, it is especially similar to A. annulatus [START_REF] Brown | Revisión del grupo "Apocephalus miricauda" de moscas parasitoides de hormigas (Diptera: Phoridae) [Revision of the "Apocephalus miricauda-Group" of ant-parasitizing flies (Diptera: Phoridae)][END_REF], which belong to an unknown subgroup [START_REF] Brown | Revisión del grupo "Apocephalus miricauda" de moscas parasitoides de hormigas (Diptera: Phoridae) [Revision of the "Apocephalus miricauda-Group" of ant-parasitizing flies (Diptera: Phoridae)][END_REF].

Occurrence: Burdigalian-Langhian; La Toca Formation, Dominican Republic. The age is considered 20 Ma to 15 Ma (Iturralde-Vinent and [START_REF] Iturralde-Vinent | Age and paleogeographical origin of Dominican amber[END_REF][START_REF] Iturralde-Vinent | Remarks on the age of Dominican amber[END_REF][START_REF] Iturralde-Vinent | Geology of the amber-bearing deposits of the Greater Antilles[END_REF].

Apocephalus succineus Brown, 2000 (Figs. 4, 5) Type: Holotype LACM-IP 12785, female, included in Dominican amber from Santiago/Puerto Plata area. The holotype is deposited in The Natural History Museum of Los Angeles County's Invertebrate Paleontology collection (LACMIP) (Brown, 2000, pp. 17-18). Do-1059-K is presented here as an additional specimen to Apocephalus succineus [START_REF] Brown | Revisión del grupo "Apocephalus miricauda" de moscas parasitoides de hormigas (Diptera: Phoridae) [Revision of the "Apocephalus miricauda-Group" of ant-parasitizing flies (Diptera: Phoridae)][END_REF], adult female included in Dominican amber (Fig. 4A,B), two syninclusions (1 Lepidoptera Linnaeus, 1758, 1 Formicidae Latreille, 1809).

The assignment to the species is based on the following characters mentioned by [START_REF] Brown | Revisión del grupo "Apocephalus miricauda" de moscas parasitoides de hormigas (Diptera: Phoridae) [Revision of the "Apocephalus miricauda-Group" of ant-parasitizing flies (Diptera: Phoridae)][END_REF]: Two pairs of supra-antennal setae (Figs. 4C,E,5D); palpus regular and small; anterior scutellar setae enlarged, longer than 1/2 posterior setae; mean costal length 0.44 to 0.45 wing length (Figs. 4D,5C); abdomen without dense lateral setae; ovipositor broad.

Additional description to Brown (2000):

With a new, well preserved, female exemplar (Do-1059-K) of the species A. succineus (holotype LACMIP) we add the following characters to the original description by [START_REF] Brown | Revisión del grupo "Apocephalus miricauda" de moscas parasitoides de hormigas (Diptera: Phoridae) [Revision of the "Apocephalus miricauda-Group" of ant-parasitizing flies (Diptera: Phoridae)][END_REF]. Head: broad frons; anterior supra-antennal setae close to posterior supra-antennal setae; 1 pair of post-ocellar setae; ~25-30 ommatidia aligned in eye maximum length; first flagellomere rounded; 4 strong setae on the palpus (Fig. 5D).

Thorax: 1 pair of strong, long anterior post-pronotal setae; 1 pair of strong, long notopleural setae; 1 pair of strong, long supra-allar setae; 1 pair of strong, long post-allar setae; 2 strong anterior tegular setae; posterior part of the tegula with a row of strong setae. Wing: 3 strong alular setae. Legs: hind tibia with one setal palisade. Abdomen: 3 pairs of setae on lateral margin of tergite 2; venter of segment 6 with long, scattered setae absence of long, scattered setae on the venter of the lateral margin of tergite 5. Genitalia: ovipositor dorsoventrally flat; sclerites clearly visible (Fig. 5A,B).

Measurements: Body length 2.8 mm. Head: length 0.36 mm, width 0.55 mm. Scutum: length 0.5 mm, width 0.55 mm. Wing: length 1.4 mm, costal length 0.57 mm, costal index 0.4, costal ratio 5:3:1. Oviscape: length 0.6 mm.

Remarks:

The specimen from Do-1059-K does not have long, scattered setae on the venter of the lateral margin of tergite 5, contrary to the holotype of A. succineus. However, this could only be a variation within the species. Do-1059-K contains an unidentified Formicidae belonging to the subfamily Formicinae Latreille, 1809; however not in the same layer of resin as the A. succineus. Thus, it can not a priori be considered as a host for the phorid. Moreover, A. miricauda [START_REF] Borgmeier | Further studies on phorid flies, mainly of the Neotropical Region (Diptera, Phoridae)[END_REF] group members, which A. succineus belongs to, are parasitoids of injured ants from the subfamily Ponerinae Lepeletier de Saint-Fargeau, 1835. Therefore, inferring a host-parasite relationship would be speculative. Also, 3 Chalcidoidea have been found in the piece of amber Do-369-K and may be interesting for further studies, as well as the Formicidae.

Occurrence: Burdigalian-Langhian; La Toca Formation, Dominican Republic. The age is considered 20 Ma to 15 Ma [START_REF] Iturralde-Vinent | Geology of the amber-bearing deposits of the Greater Antilles[END_REF]MacPhee, 1996, 2019;[START_REF] Iturralde-Vinent | Geology of the amber-bearing deposits of the Greater Antilles[END_REF]. n. sp. (Figs. 6,7) LSID: urn:lsid:zoobank.org:act:23827544-EAAF-4AB0-9992-C8D447EF5DAC.

Apocephalus dominicanus

Etymology:

The specific epithet dominicanus refers to the origin of the amber piece in the Dominican Republic.

Holotype: MNHNSD FOS 17.02, housed in the collection of the MNHNSD, adult female included in Dominican amber, 4 syninclusions (1 Pseudomyrmecinae [START_REF] Smith | The correct name for the group of ants formerly known as Pseudomyrma (Hymenoptera)[END_REF], genus Pseudomyrmex Lund, 1831worker;2 Myrmicinae Lepeletier de Saint-Fargeau, 1835, genus Carebara Westwood, 1840both males;1 Araneae Clerck, 1757).

Diagnosis (female):

Strong and invaginated abdominal constriction after segment 6, parasitictype terminalia, segment 7 (oviscape) tubular, broadening posteriorly and folding above ovipositor, pulvillus bearing long tenent hairs with sole like spatulate tips visible on mid-and hind leg.

Description:

Female. (Figs. 6A,7A,B,D,E). Head: frons broad, interorbital distance subequal to total face length (Fig. 6B,G); 4-4-4 frontal setae pattern, reclinate; ventral interfrontal setae slightly convergent, situated midway between eye margin and midline; 1 pair of supraantennal setae, proclinate; ~20-21 ommatidia aligned in eye maximum length; all ommatidia subequal in size and shape; flagellomere 1 globular; arista thin, longer than flagellomere 1; proboscis short. Thorax: anepisternal furrow present (proepimeron greatly expanded); anepisternum bare; 1 strong seta on postpronotum; 1 seta on paratergite; 2 long setae on ventral side of proepisternum; 2 pairs of strong scutal setae; scutellum with 2 pairs of setae, subequal in size. Wings: membranous, well-developed (Fig. 6C,H); R1 reaching proximal third of wing; Rs forked (R2+3 + R4+5); R4+5 and C joining just before respective apices, ending at same level; R1 and R4+5 posteriorly divergent; M1 attached to R4+5; A1+CuA reaching distal part of the wing; 1 long alular seta. Legs: one dorsal setal palisade on hind tibia (Fig. 7C), posterodorsal row of setulae present (Fig. 6D); foretibia without dorsal setal palisade; distitarsus of every leg subequal in thickness to other tarsomeres; dorsal longitudinal row of 3 spinelike setae along each hind leg tarsomeres, with the exception of basitarsus bearing more than 3 spinelike setae; hind femur without dark spot; ventral isolated spinelike setae at distal apex of hind leg tarsomeres; pulvillus bearing long tenent hairs with solelike spatulate tips on mid-and hind leg (Fig. 6E). Abdomen: tergite 2 anterodorsally elongated; sternites inconspicuous; lateral side of segment 5 (continuing until segment 2, decreasing gradually) bearing deep longitudinal striations; strong constriction after segment 6; end of segment 6 invaginated (Fig. 7). Genitalia: segment 7 (oviscape) of parasitic-type, broad, tubular, posteriorly enlarged and folded (Fig. 6F); segment 6 proximal part setulose, ending inside segment 5; ovipositor sharp, stylet-shaped, postero-dorsally pointed, emerging from under the oviscape posterior fold; 1 pair of minute sclerites under the ovipositor (ventral side).

Male unknown.

Measurements: Body length (head to end of terminalia) 1.3 mm. Head: length 0.22 mm, width 0.35 mm. Scutum: length 0.28 mm, width 0.3 mm. Wing: length 1 mm, width 0.37 mm, costal length 0.45 mm, costal index 0.45, costal ratio 6:1.5:1. Oviscape: length 0.28 mm.

Remarks:

The combination of characters showed here does not allow to assign the species to a specific subgroup. With the study of new specimens, this open question could be resolved.

The Pseudomyrmecinae and Myrmicinae syninclusions could involve a parasitic relationship with Apocephalus dominicanus n. sp. However, as the specimens are not being displayed interacting closely in the amber piece, the hypothesis remains speculative.

Occurrence: Burdigalian-Langhian; La Toca Formation, Dominican Republic. The age is considered 20 Ma to 15 Ma [START_REF] Iturralde-Vinent | Geology of the amber-bearing deposits of the Greater Antilles[END_REF]MacPhee, 1996, 2019;[START_REF] Iturralde-Vinent | Geology of the amber-bearing deposits of the Greater Antilles[END_REF]. 

Apocephalus chiapanecus

Description:

Female. (Fig. 8A). Head: 2 pair of proclinate supra-antennal setae; first flagellomere roughly rounded; sensilla of 1st flagellomere uniformly distributed; arista thin, longer than flagellomere 1; proboscis short. Wing: membranous, well-developed; short costa; costal setae thick and spine-like, about 10 pairs (Fig. 8C); R2+3 extremely weak. M1 not attached to R4+5; A1+CuA reaching distal part of the wing. Legs: one dorsal setal palisade on hind tibia, posterodorsal row of setulae present; foretibia without dorsal setal palisade. Abdomen: female abdomen with tergite 5 shorter than tergite 4; sternite 6 with more than 10 ventral setae.

Genitalia: ovipositor depressed, parasitic type.

Male unknown.

Measurements: Body length 0.96 mm. Wing: length 0.75 mm, costal length 0.2 mm, costal index 0.26, costal ratio 3.5:2:1.

Remarks:

The state of conservation does not allow an exhaustive description of the specimen, but some characters can be used for its identification. Thought it was deformed during the fossilization process the diagnosis characters on the abdominal segments and the ovipositor are well visible. It has been included in the Apocephalus grandipalpis-group [START_REF] Borgmeier | Novos subsidios para o conhecimento da familia Phoridae (Dipt.)[END_REF] group because of the short ovipositor (Fig. 8E)whose dorsal sclerite is narrower than the ventral sclerite (e.g., Borgmeier, 1969, fig. 39) (Fig. 8F)the frontal setal pattern (Fig. 8B) (e.g., Borgmeier, 1925, fig. 22) (Fig. 8D), the beaklike oviscape, and the bowed anterior processes of the stylet [START_REF] Brown | Revisión del grupo attophilus del género Apocephalus de moscas decapitadoras de hormigas (Diptera: Phoridae) [Revision of the Apocephalus attophilus-group of ant-decapitating flies (Diptera: Phoridae)][END_REF]. The A. grandipalpis-group was hypothesized to be monophyletic [START_REF] Brown | Revisión del grupo attophilus del género Apocephalus de moscas decapitadoras de hormigas (Diptera: Phoridae) [Revision of the Apocephalus attophilus-group of ant-decapitating flies (Diptera: Phoridae)][END_REF] and later confirmed as a strongly supported clade (Brown et al., 2018a). Most species have been found to be parasitoids of the enormous ant genus Pheidole Westwood, 1839, including some that are parasitoids of ant larvae or pupae [START_REF] Brown | Baby killers: documentation and evolution of scuttle fly (Diptera: Phoridae) parasitism of ant (Hymenoptera: Formicidae) brood[END_REF]. Besides the type species of the group (A. grandipalpis Borgmeier), some species are known from South America and the USA. The group is in need of revision, however, and there are numerous, perhaps hundreds of undescribed species. We doubt that any of them could be conspecific with A. chiapanecus, however, given the great period of time that has elapsed since this specimen was alive.

Occurrence: Aquitanian; La Quinta Formation, Simojovel, Mexico. The age is considered 22.8 Ma [START_REF] Perrilliat | Miocene mollusks from the Simojovel area in Chiapas, southwestern Mexico[END_REF][START_REF] Serrano-Sánchez | The aquatic and semiaquatic biota in Miocene amber from the Campo La Granja mine (Chiapas, Mexico): Paleoenvironmental implications[END_REF]. 

Discussion

In amber, Phoridae are among the most common inclusions in Mexican and Dominican ambers [START_REF] Solórzano Kraemer | Entrapment bias of arthropods in Miocene amber revealed by trapping experiments in a tropical forest in Chiapas, Mexico[END_REF]. However, parasitic phorids are not as abundant as groups that have many scavengers like Megaselia, Dohrniphora Dahl, 1898, or Puliciphora (Solórzano Kraemer andBrown, 2018;Solórzano Kraemer et al., 2018). Nowadays, in tropical forests, Megaselia is the most abundant and diverse phorid genus (Brown et al., 2018a), and Miocene amber forests do not seem to be any different. Parasitic phorids have specific hosts such as bees, wasps, or millipedes. All known hosts are well represented in fossil resins; thus, it is probably only a matter of time before finding more parasitic phorids in amber deposits. For example, the females of the Apocephalus miricauda group are attracted to injured hosts [START_REF] Brown | Revisión del grupo "Apocephalus miricauda" de moscas parasitoides de hormigas (Diptera: Phoridae) [Revision of the "Apocephalus miricauda-Group" of ant-parasitizing flies (Diptera: Phoridae)][END_REF], so it is not surprising that the majority of the fossil species belong to this group. Trapped hosts would emit alarm pheromones, which would be highly attractive to these flies [START_REF] Feener | Specialized parasitoid attracted to a pheromone of ants[END_REF]. [START_REF] Hash | Phylogeny, host association and biogeographical patterns in the diverse millipede-parasitoid genus Myriophora Brown (Diptera: Phoridae)[END_REF] raised the hypothesis that the Asian Myriophora should have originated from a single dispersal event during the Miocene, coming from the Nearctic region.

This hypothesis was strongly supported by their work on the molecular-only phylogenic tree for the genus. The discovery of M. asiatica n. sp. in the Miocene of China supports this dispersal scenario. Myriophora has also been recorded from Dominican amber [START_REF] Brown | Re-evaluation of the fossil Phoridae (Diptera)[END_REF], which is dated from Early Miocene (Iturralde-Vinent and MacPhee, 1996), hence strengthening the single dispersal from the New World hypothesis. Furthermore, those new occurrences in the fossil record bring new calibration points for future phylogenetic studies of the Phoridae family. [START_REF] Borgmeier | Novos subsidios para o conhecimento da familia Phoridae (Dipt.)[END_REF], male, original description (Borgmeier, 1925, fig. 22). (F) Ovipositor of Apocephalus mexicanus [START_REF] Borgmeier | New or little-known phorid flies, mainly of the Neotropical region (Diptera: Phoridae)[END_REF](Borgmeier, 1969, fig. 39) length 0.39 mm. Scale bar: 0.1 mm for (A, C); 0.05 mm for (B, E); without scale in the original figure for (D, F). Abbreviation: spant s = supra-antennal setae.

Figures captions
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  La Toca Formation in Dominican Republic. Collection numbers Do-369-K and Do-1059-K, and one phorid in Mexican amber from Simojovel, Chiapas with the collection number Mx-443 are housed at the amber collection of the Stuttgart State Museum of Natural History (SMNS). The Dominican amber piece MNHNSD FOS 17.02 was donated by Jorge Caridad to the Museo Nacional de Historia Natural "Prof. Eugenio de Jesús Marcano", Santo Domingo (MNHNSD), Dominican Republic. One phorid contained in amber is from the Fotan group in Zhangpu County, Fujian Province, under the collection number NIGP177329. This piece is housed at Nanjing Institute of Geology and Palaeontology, Chinese Academy of Sciences (NIGPAS).

  Solórzano-Kraemer and Brown, n. sp. (Fig. 8) LSID: urn:lsid:zoobank.org:act:716CC25F-8EFE-4848-BBAB-22DDC1708CB2. Etymology: The specific epithet chiapanecus refers to the origin of the amber piece in Chiapas, Mexico. Holotype: Mx-443, housed in the collection of the SMNS, adult female included in Mexican amber, with 19 identified insect syninclusions + dematiaceous hyphomycetes and plant remains: holotype of Mastigolejeunea extincta Heinrichs et al., 2015; holotype of Ceratolejeunea sublaetefusca Heinrichs et al., 2015; 17 insects [13 Diptera: 10 phorids of the genus Megaselia (males and females), 1 Puliciphora Dahl, 1897 (male), 1 Cecidomyiidae Newman, 1834 (male), 1 Psychodidae Newman, 1834 (female, probably of the genus Psychoda Latreille, 1796); 4 Hymenoptera Linnaeus, 1758, of which one is a male representative of Mymaridae Haliday, 1833, genus Alaptus Westwood, 1839]. Diagnosis (female): Costa short, wing vein R2+3 extremely weak, anepisternum bare. Female abdominal segments one and two constricted, tergite 5 short. Sternite 6 bearing ventral setae.

  Key to described Apocephalus fossil species (female): 1. Two pairs of supra-antennal setae ………………………………………………… 2 --One pair of supra-antennal setae ………………………………………………….. 3 2. Oviscape broad, straight, tubular (Fig. 5A, B) … Apocephalus succineus Brown, 2000 --Oviscape narrow, depressed, short (Fig. 8E) … Apocephalus chiapanecus Solórzano-Kraemer and Brown, n. sp. 3. Strong invaginated constriction after abdominal segment 5; ovipositor straight, narrow, stylet-shaped (Fig. 6F) …………………… Apocephalus dominicanus Solórzano-Kraemer, Rosse-Guillevic and Brown, n. sp. --No such abdominal constriction after segment 5; ovipositor dorsoventrally curved, not stylet-shaped (Fig. 3E) …………………...…… Apocephalus miocenus Solórzano-Kraemer, Bourdeau and Brown, n. sp.

Fig. 1 .

 1 Fig. 1. Myriophora asiatica n. sp., holotype NIGP177329 (♀) in Zhangpu amber. (A) Habitus, lateral right view. (B) Habitus, ventral view. (C) Head, frontal view. (D) Head, dorsal view. (E) Thorax, dorsal view. (F) Scutellum, dorsal view. Scale bar: 0.5 mm for (A, B); 0.1 mm for (C-F). Abbreviations: a sctl s = anterior scutellar seta; l infr s = lower interfrontal seta; p sctl s = posterior scutellar seta; o vt s = outer vertical seta; poc s = postocellar seta; spant s = supra-antennal seta.

Fig. 2 .

 2 Fig. 2. Myriophora asiatica n. sp., holotype NIGP177329 (♀) in Zhangpu amber. (A) Wing (right, basal part), dorsal view. (B) Wing (right, basal part), lateral view. (C) Habitus, dorsal view. (D) Genitalia, dorsal view. (E) Genitalia, ventral view. (F) Ovipositor (apex). (G) Head, latero-frontal view, line drawing. (H) Wing (right), dorsal view, line drawing. Scale bar: 0.1 mm for (A, B, E, F); 0.5 mm for (C, H); 0.2 mm for (D); 0.25 mm for (G). Abbreviations: ar = arista; b cost = basicosta; C = costal vein; flgm 1 = flagellomere 1; M = medial veins; ml = midline; om = ommatidium; R = radial veins; spant s = supra-antennal seta; teg = tegula.

Fig. 3 .

 3 Fig. 3. Apocephalus miocenus n. sp., holotype female Do-369-K (♀) in Dominican amber. (A) Habitus, lateral right view. (B) Head, latero-frontal view. (C) Wing (left), lateral view. (D) Abdomen, lateral view. (E) Abdomen, dorsal view. (F) Head, latero-frontal view, line drawing. (G) Wing (left), line drawing. Scale bar: 0.5 mm for (A-E, G); 0.2 mm for (F). Abbreviations: ar = arista; C = costal vein; flgm 1 = flagellomere 1; frorb s = fronto orbital seta; h = humeral crossvein; M = medial veins; ml = midline; om = ommatidium; R = radial veins; spant s = supra-antennal seta; u infr s = upper interfrontal seta.

Fig. 4 .

 4 Fig. 4. Apocephalus succineus Brown, 2000, paratype Do-1059-K (♀) in Dominican amber. (A) Habitus, lateral right view. (B) Habitus, lateral left view. (C) Head, lateral view. (D) Wing (left). (E) Head, frontal view. Scale bar: 0.5 mm for (A, B, D, E); 0.1 mm for (C).

Fig. 5 .

 5 Fig. 5. Apocephalus succineus Brown, 2000, paratype Do-1059-K (♀) in Dominican amber. (A) Genitalia, lateral right view. (B) Oviscape, lateral left view. (C) Abdomen, dorsal view. (D) Head, frontal view, line drawing. (E) Wing (left), lateral view, line drawing. Scale bar: 0.5 mm for (A, C, D); 0.1 mm for (B); 0.2 mm for (E). Abbreviations: ar = arista; C = costal vein; flgm 1 = flagellomere 1; M = medial veins; ml = midline; om = ommatidium; R = radial veins; spant s = supra-antennal seta.

Fig. 6 .

 6 Fig. 6. Apocephalus dominicanus n. sp., holotype MNHNSD FOS 17.02 (♀) in Dominican amber. (A) Habitus, lateral left view. (B) Head, frontal view. (C) Wings, dorsal view. (D) Hind leg, lateral left view. (E) Tenent hairs, lateral left view. (F) Terminalia, lateral left view. (G) Head, frontal view, line drawing. (H) Wing (right), dorsal view, line drawing. Scale bar: 0.5 mm for (A, C, H); 0.1 mm for (B, G); 0.2 mm for (D); 0.02 mm for (E); 0.125 mm for (F). Abbreviations: A = anal vein; ar = arista; C = costal vein; CuA = anterior branch of cubital vein; dor s pal = dorsal setal palissade; flgm 1 = flagellomere 1; M = medial veins; ml = midline; om = ommatidium; ovp = ovipositor; ovscp = oviscape; pdor spl s = posterodorsal spinelike seta; R = radial veins; spant s = supra-antennal seta; t h = tenent hairs.

Fig. 7 .

 7 Fig. 7. Virtual representation of Apocephalus dominicanus n. sp., holotype MNHNSD FOS 17.02 (♀) in Dominican amber. (A) Habitus, lateral right view. (B) Habitus, lateral left view. (C) Hind leg (left), lateral view. (D) Habitus, dorsal view. (E) Habitus, ventral view. Scale bar: 0.5 mm. Abbreviation: dor s pal = dorsal setal palisade.

Fig. 8 .

 8 Fig. 8. (A-C, E) Apocephalus chiapanecus n. sp., holotype Mx-443 (♀) in Mexican amber from Simojovel, Chiapas; (A) habitus, dorsal view; (B) head setae; (C) wing (right, basal parts); (E) terminalia, dorsal left view. (D) Head setae from Apocephalus grandipalpis
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