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Taxonomic additions to the pelecinid wasps (Hymenoptera, Pelecinidae) of the 'mid-Cretaceous' Burmese amber
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A new species of pelecinid wasp, Eopelecinus inopinatus sp. nov., is described and figured from Cenomanian Burmese amber based on a single female specimen. Additionally, the examination of a new, well preserved specimen of Zoropelecinus periosus Guo, Shih & Ren 2016, allows to emend the diagnosis of this species. These discoveries confirm that Pelecinidae were clearly highly diverse during the Cretaceous. We provide a list of Eopelecinus species with their respective metasomal ratio.

While the extant parasitoid wasp superfamily Proctotrupoidea is modest in diversity compared to the mega-diverse Ichneumonoidea, the former group currently comprises no less than 99 species during the Cretaceous (http://fossilworks.org). This superfamily comprises several unplaced genera (viz. †Amitchellia, †Hemerocynipites, †Paraulacus, †Sinocynipites) and the families Austroniidae, Heloridae, Jurapriidae, Mesoserphidae, Peleserphidae, Peradeniidae, Proctotrupidae, Roproniidae, and Pelecinidae.

Pelecinidae have a fossil record dating back to the Jurassic, with four species described from [START_REF] Shih | The earliest fossil record of pelecinid wasps (Insecta: Hymenoptera: Proctotrupoidea: Pelecinidae) from Inner Mongolia, China[END_REF][START_REF] Rasnitsyn | Hymenopterous insects (Insecta: Vespida) in the Upper Jurassic deposits of Shar Teg, SW Mongolia[END_REF]. The family was most diverse during the Cretaceous with more than 48 described species. Following this relative diversity, the Pelecinidae gradually decreased in taxa number and currently comprise only three described species in the sole extant genus Pelecinus Latreille 1800, distributed in North, Central, and South America [START_REF] Johnson | Revision of the proctotrupoid genus Pelecinus Latreille (Hymenoptera: Pelecinidae)[END_REF]. Pelecinid wasps are easily distinguishable from all other Hymenoptera in having a long, thin, pluri-segmented metasoma with elongated segments (conspicuous on female specimens). Females are glossy wasps and possess a very long (up to 7 cm) abdomen, used to lay eggs directly on scarab larvae buried in the soil [START_REF] Mason | Structure and movement of the abdomen of female Pelecinus polyturator (Hymenoptera: Pelecinidae)[END_REF][START_REF] Johnson | Revision of the proctotrupoid genus Pelecinus Latreille (Hymenoptera: Pelecinidae)[END_REF]. Extinct pelecinids are mostly documented from rock imprints or compression fossils, while six species only have been described from amber. Fossil taxa are known from the Eocene Baltic amber [START_REF] Brues | The parasitic Hymenoptera of the Baltic amber. Part 1[END_REF][START_REF] Engel | The fossil pelecinid Pelecinopteron tubuliforme Brues in Baltic amber (Hymenoptera: Pelecinidae)[END_REF], Eocene Sakhalin amber [START_REF] Kozlov | Аn early Cretaceous ichneumon of the family Pelecinidae (Hymenoptera, Pelecinoidea)[END_REF][START_REF] Johnson | The fossil pelecinids Pelecinopteron Brues and Iscopinus Kozlov (Hymenoptera: Pelecinidae)[END_REF] Eocene of Montana [START_REF] Greenwalt | A diminutive pelecinid wasp from the Eocene Kishenehn Formation of northwestern Montana (Hymenoptera: Pelecinidae)[END_REF], Turonian New Jersey amber [START_REF] Engel | A diminutive pelecinid wasp in Cretaceous amber from New Jersey (Hymenoptera: Pelecinidae)[END_REF], Cenomanian Burmese amber [START_REF] Engel | Zoropelecinus zigrasi, a pelecinid wasp in mid-Cretaceous amber from Myanmar (Hymenoptera: Pelecinidae)[END_REF]Guo et al., 2016a) and Cretaceous of Russia and China [START_REF] Zhang | Pelecinid wasps (Insecta: Hymenoptera: Proctotrupoidea) from the Cretaceous of Russia and Mongolia[END_REF][START_REF] Rasnitsyn | Hymenopterous insects (Insecta: Vespida) in the Upper Jurassic deposits of Shar Teg, SW Mongolia[END_REF][START_REF] Feng | New male pelecinid wasps (Hymenoptera: Pelecinidae) from the Yixian formation of western Liaoning (China)[END_REF][START_REF] Shih | Morphology, phylogeny, evolution, and dispersal of pelecinid wasps (Hymenoptera: Proctotrupoidea: Pelecinidae) over 165 million years[END_REF]Guo et al., 2016b). Recently, [START_REF] Engel | Zoropelecinus zigrasi, a pelecinid wasp in mid-Cretaceous amber from Myanmar (Hymenoptera: Pelecinidae)[END_REF] synonymized Iscopininae with Pelecinidae, this synonymization being accepted by Guo et al. (2016a,b) and by us. With the growing number of studies on Burmese amber and re-cent publications describing new families and genera [START_REF] Ross | Burmese (Myanmar) amber checklist and bibliography 2018[END_REF], discoveries of new pelecinid taxa seem inevitable.

In this paper, we report a new species, Eopelecinus inopinatus sp. nov., based on one inclusion from the amber collection of the Geological Department and Museum (IGR) of the University of Rennes, France. We also propose an emended diagnosis of Zoropelecinus periosus Guo et al., 2016a.

Material and methods.

The two amber pieces containing the specimens studied herein derive from the deposits of Noije Bum in the Hukawng Valley (26° 29′ N, 96° 35′ E), Kachin State, northern Myanmar (see detailed map in Grimaldi and Ross, 2017: fig. 2). Radiometric data established an Early Cenomanian age (98.79 ± 0.62 Ma) for Kachin amber, based on zircons from volcanic clasts found within the amberbearing sediments [START_REF] Shi | Age constraint on Burmese amber based on U-Pb dating of zircons[END_REF]. Some ammonites found in the amber-bearing bed and within amber corroborates a late Albian-early Cenomanian age [START_REF] Cruickshank | Geology of an amber locality in the Hukawng Valley, northern Myanmar[END_REF][START_REF] Yu | An ammonite trapped in Burmese amber[END_REF]. Remark. This fossil is extremely similar to the holotype of Zoropelecinus periosus, in the body shape and proportion (Fig. 1A), wing venation and even in the typical pattern of coloration of legs and metasomal segments, which are basally clear and distally darkened (see Guo et al., 2016a: fig. 4). We can thus safely attribute this new specimen to the same species. Guo et al. (2016a: 89) had some doubt about the exact number of antennomeres (indicated 14?). Zoropelecinus zigrasi has 14 antennomeres in females. Engel et al. (2013: 4) indicated the 'combined lengths of scape and pedicel as slightly greater than length of first flagellomere' in this last species. Our fossil clearly shows 14 antennomeres (see Fig. 1B), with a scape twice as long as pedicel and a pedicel slightly shorter than first flagellomere. It thus shows that Zoropelecinus periosus differs from Zoropelecinus zigrasi in the antennal structure. Nevertheless, the number of antennomeres is variable among species of some other pelecinid genera, thus this difference cannot support a generic separation between the two species of Zoropelecinus.

The holotype of

We emend the diagnosis of Zoropelecinus periosus as follows: antenna 14-segmented with scape twice as long as pedicel, short pedicel slightly shorter than first flagellomere. Etymology. From the Latin word inopinatus, meaning "unexpected". The epithet refers to the rather unexpected nature of the discovery of Eopelecinus in Burmese amber.

Genus

Diagnosis. Eopelecinus inopinatus sp. nov. differs from all known Eopelecinus species in having a unique metasomal segment ratio (for the three preserved segments): 1.0; 1.25; 0.85, the pronotal and mesonotal lateral surfaces areolate; and the propodeum coarsely and regularly reticulate. It also differs from other Eopelecinus known from compression fossil in having its relatively smaller size and its 14-segmented antennae.

Description. Female; male unknown. Head (Fig. 2A,D). Hypognathous, ovoid (CI: 88), wider than high, widest above mid-length in full face view; mandibles dentate, oriented ventrally; eyes large, nearly oval; vertex with 3 ocelli forming an equilateral triangle. Antennae 14-segmented (Fig. 2D), filiform; scape 0.16 mm long x 0.06 mm wide, pedicel 0.8 x 0.06 mm, F1 0.08 x 0.04 mm, F2 0.08 x 0.05 mm, F3 0.08 x 0.05 mm, F4 0.10 x 0.05 mm, F5 0.07 x 0.05 mm, F6 0.08 x 0.05 mm, F7 0.07 x 0.05 mm , F8 0.08 x 0.05 mm, F9 0.08 x 0.05 mm, F10 0.08 x 0.05 mm, F11 0.07 x 0.06 mm, F12 0.14 x 0.05mm;scape narrow basally, widened apically, 2.6x longer than wide, longer than the others segments; pedicel globular, narrower basally, about as long as wide; first flagellomere narrower basally than pedicel apex, gradually increasing in width apically, twice as longe as wide; second flagellomere less than twice as long as wide, gradually increasing in width apically; remaining flagellomere similar to second one except tenth through apical one cylindrical slightly long than wide; apical flagellomere longer than wide, rounded apically. Mesosoma (Fig. 2A,C) 0.9 mm long, rectangular, convex in lateral view; pronotum extremely short; mesonotum nearly straight; notauli not clearly visible, metanotal suture conspicuous; mesonotum and propodeum separated by a deep constriction; pronotum and mesonotum with lateral surfaces areolate; propodeum coarsely and regularly reticulate (Fig. 3). Fore and mid legs short. Hind leg with larger coxa; trochanter small; femur swollen medially; tibia nar-row basally, gradually broadened apically and slightly longer than femur; basitarsomere 0.19 mm long and more than twice as short as tibia; second tarsomere 0.07 mm long and more than twice as short as basal tarsomere; third 0.06 mm long, slightly shorter than second; fourth 0.04 mm long, shortest and half as long as third; fifth slightly clavate and sub-equal to second tarsomere. Tarsal claws unarmed. Fore wing 1.3 mm long, with broad costal area; pterostigma short and broadest in its apical third, with posterior margin arched. Hind wing not visible.

Metasoma elongated and pluri-segmented (Fig. 2A,B). First metasomal segment 0.75 mm long, elongated, trapezoidal and broadest slightly before its mid-length; tergite and sternite of first metasomal segment convex laterally and dorso-ventrally, slightly shorter than mesosoma and slightly broader basally than apically, without conspicuous sculpture; second and third metasomal segments tubiform, slender and arched medially.

Color pattern. Colors black to dark brown (as preserved in amber). Tibiae, tarsi and basal 2/3rd of metasomal segments 2-3-4 (assumed) lighter than the rest of the body; apical third of metasomal segments 2-3-4(assumed) with a dorsal darker area.

Measurements (in mm): HL 0.4; HW 0.57; HH 0.5; AL 1.22; ED 0.25; PW 0.53; ML 0.9; WH 0.45; MIL 0.75; MIH 0.34; MIIL 1; MIIH 0.12; MIIIL 0.88; MIIIH 0.12 ; CI 88; AI 214; OI 62.

Discussion

Although only partially preserved, Eopelecinus inopinatus sp. nov. possesses a fore wing only with veins C and R present; the pterostigma short; the pronotum short medially; the propodeum reticulate, and the metasoma with one basal segment wide and remaining tubular. Among Eopelecinus species, E. inopinatus sp. nov. can be easily distinguished by the metasomal ratio (see differential ratio for all species in tab. 1) is one of the major criteria used in the species diagnoses [START_REF] Zhang | Pelecinid wasps (Insecta: Hymenoptera: Proctotrupoidea) from the Yixian Formation of western Liaoning, China[END_REF][START_REF] Zhang | Pelecinid wasps (Insecta: Hymenoptera: Proctotrupoidea) from the Cretaceous of Russia and Mongolia[END_REF][START_REF] Zhang | Eight new species of the genus Eopelecinus (Hymenoptera: Proctotrupoidea: Pelecinidae) from the Laiyang Formation, Shandong Province, China[END_REF][START_REF] Duan | A new species of Pelecinidae (Insecta, Hymenoptera, Proctotrupoidea) from the Lower Cretaceous Jiufotang Formation of western Liaoning[END_REF][START_REF] Liu | New pelecinid wasps (Hymenoptera: Proctotrupoidea: Pelecinidae) from the Yixian Formation of western Liaoning, China[END_REF].

In addition to these data (Tabl. 1), Eopelecinus inopinatus sp. nov. differs from E. giganteus, E. mecometasomatus, E. mesomicrus, E. pusillus and E. laiyangicus in its smaller size (about three times as short as E. giganteus), different metasomal proportions, and 14-segmented antennae. It differs from E. leptaleus in its smaller head (0.4 mm vs. 1 mm) and mesosoma (0.9 mm vs. 2.5 mm), and in antennae with 14 segments vs. 15-segments. Eopelecinus inopinatus sp. nov. differs from E. hodoiporus in its metasomal proportions, a smaller size and a thinner mesosoma. It also differs from E. eucallus in its metasomal proportions, mesonotal lateral surfaces, and propodeum coarsely and regularly reticulate. Eopelecinus inopinatus sp. nov. differs from E. minutus, E. fragilis and E. tumidus in its larger size and higher metasomal proportions; and from E. yuanjiawaensis, E. similaris, E. shangyuanensis, E. vicinus, E. huangi, E. exquisitus, E. scorpioideus, and E. rudis its smaller size and metasomal proportions [START_REF] Zhang | Pelecinid wasps (Insecta: Hymenoptera: Proctotrupoidea) from the Yixian Formation of western Liaoning, China[END_REF][START_REF] Zhang | Pelecinid wasps (Insecta: Hymenoptera: Proctotrupoidea) from the Cretaceous of Russia and Mongolia[END_REF][START_REF] Zhang | Eight new species of the genus Eopelecinus (Hymenoptera: Proctotrupoidea: Pelecinidae) from the Laiyang Formation, Shandong Province, China[END_REF][START_REF] Duan | A new species of Pelecinidae (Insecta, Hymenoptera, Proctotrupoidea) from the Lower Cretaceous Jiufotang Formation of western Liaoning[END_REF][START_REF] Liu | New pelecinid wasps (Hymenoptera: Proctotrupoidea: Pelecinidae) from the Yixian Formation of western Liaoning, China[END_REF]. Eopelecinus inopinatus sp. nov. only shares with E. mecometasomatus Zhang 2005 a second metasomal segment longer than the first one. This characteristic suggests a close phylogenetic relation between these two species.

The current fossil record of pelecinid wasps suggests an Asian origin for the family, more precisely around China, and a later spreading to Europe through Central and Eastern Asia. Pelecinids are only known today in the Americas, having probably migrated from Eurasia to North America through one of the 'routes' that existed between these regions (Beringia) present from the Late Cretaceous till the Paleocene, as this wasp family is present in the Eocene North America and Baltic amber in the Eocene [START_REF] Sanmartin | Patterns of animal dispersal, vicariance and diversification in the Holarctic[END_REF][START_REF] Shih | The earliest fossil record of pelecinid wasps (Insecta: Hymenoptera: Proctotrupoidea: Pelecinidae) from Inner Mongolia, China[END_REF][START_REF] Brikiatis | The De Geer, Thulean and Beringia routes: key concepts for understanding early Cenozoic biogeography[END_REF]. [START_REF] Shih | Morphology, phylogeny, evolution, and dispersal of pelecinid wasps (Hymenoptera: Proctotrupoidea: Pelecinidae) over 165 million years[END_REF] highlight this hypothesis by comparing the distribution of pelecinid wasps during geological times.

The recent studies of [START_REF] Zhang | Hymenoptera (wasps, bees and ants) in mid-Cretaceous Burmese amber: A review of the fauna[END_REF] and [START_REF] Westerweel | Burma Terrane part of the Trans-Tethyan arc during collision with India according to palaeomagnetic data[END_REF] suggest an island endemism for the Burmese amber biota. These new data have to be taken into consideration to explain possible speciation and therefore the establishment of a unique Burmese fauna. We can assume that Eo-pelecinus inopinatus sp. nov. comes from a radiation of the genus Eopelecinus from the Cretaceous Asian terrane.

According to a phylogenetic analysis based on wing venation, [START_REF] Shih | The earliest fossil record of pelecinid wasps (Insecta: Hymenoptera: Proctotrupoidea: Pelecinidae) from Inner Mongolia, China[END_REF] proposed Allopelecinus as the sister lineage of Eopelecinus. The description of Eopelecinus inopinatus sp. nov. as the youngest representative of the genus seems to corroborate this result. Eopelecinus inopinatus sp. nov. possesses the typical wing venation of the genus and allows us to say that the reduced wing venation of the Eopelecinus species was maintained at least until the Cenomanian.

Conclusion

As aforementioned in the introduction, only six species of Pelecinidae were previously described in amber [START_REF] Brues | The parasitic Hymenoptera of the Baltic amber. Part 1[END_REF][START_REF] Engel | A diminutive pelecinid wasp in Cretaceous amber from New Jersey (Hymenoptera: Pelecinidae)[END_REF][START_REF] Engel | Zoropelecinus zigrasi, a pelecinid wasp in mid-Cretaceous amber from Myanmar (Hymenoptera: Pelecinidae)[END_REF]Guo et al., 2016a). Eopelecinus inopinatus sp. nov. is the first record of this genus in amber, which is otherwise known as imprints from n species from China and Russia. This also highlights the underestimated diversity of pelecinid wasps in Burmese amber and a possible origin from Asian biota.

Table . 1. List of world species of Eopelecinus spp. with data on their metasomal ratio (X: refers to incomplete data). 

  China and Mongolia: Archaeopelecinus jinzhouensis Shih, Liu & Ren 2009, Archaeopelecinus tebbei Shih, Liu & Ren 2009, Cathaypelecinus daohugouensis Shih, Liu & Ren 2009, Praescopinus excellens Rasnitsyn 2008

  Eopelecinus inopinatus sp. nov. is embedded in a piece of dark orange amber. It contains a nearly complete individual with some metasomal segments missing. The new Zoropelecinus is complete and embedded in a piece of clear yellow amber. The holotype of Eopelecinus inopinatus sp. nov. is housed in the amber collection of the Geological Department and Museum (IGR) of the University of Rennes, France, under the collection number IGR.BU-007, while the new specimen of Zoropelecinus (Pouillon number 6) is deposited in the Musée of Colmar, France. The specimens were examined with a Leica MZ APO stereomicroscope and a Nikon SMZ25. Photographs were made using a Canon EOS 5D mark II mounted on a Leica MZ APO stereomicroscope and a Nikon D800. All images are digitally stacked photomicrographic composites of several individual focal planes, which were obtained using HeliconFocus 6.7 and Nikon Capture NXD. The figures were composed with Adobe Illustrator CC2018 and Photoshop CC2018 softwares. Acronyms for measurements and indices are listed below: HL: maximum head length measured laterally from anteriormost point of head capsule to posteriormost point of vertex; HW: maximum head width measured at eyes level (eyes included); HH: maximum head height measured at midlength; AL: antennal length; length of all antennomeres combined; ED: maximum diameter of eye as measured in lateral view of head to show full surface of eye; PW: pronotum width in dorsal view; ML: mesosomal length measured in lateral view from anterior surface of pronotum to posterior extension of propodeum; WH: mesosoma height; in side view, maximum height measured from lowermost point of mesopleuron (in front of middle coxa) to dorsal edge of mesosoma; MIL: maximal length of first metasomal segment; MIH: maximal height of first metasomal segment; MIIL: maximal length of second metasomal segment; MIIH: maximal height of second metasomal segment; CI: cephalic index (HH/HWx100); AI: antennal index (AL/HW x 100); OI: ocular index (ED/HL x 100).
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 1 Fig. 1. Zoropelecinus periosus Guo, Shih & Ren 2016, MHNE.2019.X.1, collection J.-M. Poullion,
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 2 Fig. 2. Eopelecinus inopinatus sp. nov., holotype IGR.BU-007. A, habitus in dorso-lateral view. B,
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 3 Fig. 3. Line drawing of Eopelecinus inopinatus sp. nov., holotype IGR.BU-007. Habitus in lateral
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