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First records of the subfamilies Bethylinae (Hymenoptera: Bethylidae) and Cleptinae (Hymenoptera: Chrysididae) in Upper Cretaceous amber from France
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Two new genera and species of fossil chrysidoid wasps belonging to the families Chrysididae and Bethylidae are described from Charentese (Fouras Bois-Vert and Archingeay) lower Upper Cretaceous amber of France. New taxa include: Sphaerocleptes neraudeaui n. gen. et sp., and Nucifrangibulum carentonensis n. gen. et sp. A new bethylid wasp is also described but left in open nomenclature. These findings are the first records of the subfamilies Cleptinae and Bethylinae in these deposits and time interval. The implications of these discoveries, and the features shared with previously known taxa are discussed.

Introduction

The family Chrysididae is relatively diverse and comprises approximately 3,000 modern species. Their distribution is cosmopolitan but shows a maximum of diversity in temperate deserts [START_REF] Finnamore | Superfamily Chrysidoidea[END_REF]. These wasps are known to be parasites or kleptoparasites of lepidopterans, phasmatodeans, symphytans, vespids and apoids (Kimsey and Bohart, 1991). The Cretaceous fossil record for this group is very partial, there are only a few taxa described: two species by [START_REF] Evans | Cretaceous aculeate wasps from Taimyr, Siberia (Hymenoptera)[END_REF] from Taimyr (Siberian) amber (one of them was redescribed by Krombein, 1986), one new genus and species from the Transbaikalia by [START_REF] Rasnitsyn | Late Mesozoic insects of Eastern Transbaikalia[END_REF], and three species from Canadian amber [START_REF] Evans | Three new Cretaceous aculeate wasps (Hymenoptera)[END_REF]McKellar and Engel, 2014). In addition, a few undescribed specimens were reported from Spain (Martínez-Delclòs et al., 1999;Peñalver and Delclòs, 2010), Lebanon (Poinar and Milki, 2001) and the USA. [START_REF] Rasnitsyn | Sequence and scale of changes in the terrestrial biota during the Cretaceous (based on materials from fossil resins)[END_REF] kept a record of the number of Chrysididae found in various deposits in the world throughout the Cretaceous. The Cenozoic fossil record is also sparse, with only a few species described from Eocene Baltic amber (e.g. Krombein, 1986), three from the Ukrainian Eocene Rovno amber (Perkovsky and Rasnitsyn, 2013) and one from the Dominican amber [START_REF] Engel | A new cuckoo wasp of the genus Ceratochrysis in amber from the Dominican Republic (Hymenoptera: Chrysididae)[END_REF]. Two species have also been described based on compression fossils from Florissant, Colorado, USA [START_REF] Cockerell | Some fossil arthropods from Florissant, Colorado[END_REF] and one from Oligocene of Brunstatt, France [START_REF] Förster | Die Insekten des "Plattigen Steinmergels" von Brunstatt[END_REF].

The parasitoid family Bethylidae is also diverse in modern settings, with 2,481 extant species and 102 genera occupying a cosmopolitan distribution but concentrated in the tropics [START_REF] Alencar | Reclassification of Epyrini (Hymenoptera: Bethylidae): a tribal approach with comments on their genera[END_REF]. Modern species use a sting to paralyze their prey, and host taxa consist of larvae of Coleoptera, Lepidoptera and rarely Hymenoptera. According to studies based on molecular [START_REF] Carr | Phylogeny of bethylid wasps (Hymenoptera: Bethylidae) inferred from 28S and 16S rRNA genes[END_REF] and morphological characters [START_REF] Brothers | Phylogeny of Aculeata: Chrysidoidea and Vespoidea (Hymenoptera)[END_REF],

M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT

this family is the monophyletic sister group to Chrysididae. Although they are not frequent in the fossil record, the Bethylidae are known from a range of deposits and ages. Specimens have been identified in Lower Cretaceous Charentese amber, France (Perrichot et al., 2010) and Upper Cretaceous New Jersey amber, USA (Grimaldi and Nascimbene 2010). Species have been described from the Lower Cretaceous amber of Myanmar (Cockerell 1917a, b;[START_REF] Ross | Burmese amber[END_REF], Lebanon [START_REF] Azevedo | A new fossil subfamily of Bethylidae (Hymenoptera) from the Early Cretaceous Lebanese amber and its phylogenetic position[END_REF][START_REF] A N U S C R I P T A C C E P T E D Accepted Manuscript | A new bethylid wasp in Lebanese Early Cretaceous amber (Hymenoptera: Chrysidoidea), with comments on other Mesozoic taxa[END_REF]Spain (Ortega-Blanco andEngel, 2013), as well as from Upper Cretaceous ambers of Siberia [START_REF] Evans | Cretaceous aculeate wasps from Taimyr, Siberia (Hymenoptera)[END_REF][START_REF] Rasnitsyn | Late Mesozoic insects of Eastern Transbaikalia[END_REF] and Canada (McKellar and Engel, 2014). The family is also known from Cenozoic deposits, such as the Eocene, Baltic, Oise and Rovno ambers (e.g. Brues, 1933, De Ploëg and[START_REF] De Ploëg | A new bethylid wasp from the Lowermost Eocene amber of France (Hymenoptera: Bethylidae: Bethylinae)[END_REF]Perrichot and Nel, 2008;[START_REF] Barbosa | Two new species of Laelius Ashmead (Hymenoptera, Bethylidae) from Upper Eocene Rovno amber[END_REF][START_REF] Ramos | Revision of Bethylinae fossils (Hymenoptera: Bethylidae) from Baltic, Rovno and Oise amber, with comments on the Tertiary fauna of the subfamily[END_REF], the Eocene Chinese amber [START_REF] Hong | Amber insects of China[END_REF], Oligocene Mexican amber, and Miocene Dominican amber [START_REF] Sorg | Zur Phylogenie und Systematik der Bethylidae (Insecta: Hymenoptera: Chrysidoidea)[END_REF]Terayama, 2004). Some compressions also contribute to the fossil record of this family.

Herein, we describe new species and genera of chrysidoid wasps from the subfamilies Cleptinae (family Chrysididae) and Bethylinae (family Bethylidae). The specimens come from the lower Upper Cretaceous Charentese amber. Two samples (IGR. originate from Fouras (Charente-Maritime, southwestern France; Fig. 1A). These amber deposits, from the lower Cenomanian sub-unit B2ms (Fig. 1B), are present in fossil wood deposits accumulated in the form of two lenses on the tidal flat. The first is primarily composed of lignite and contains pluridecimetric fragments. Their preservation suggests a low transport from the botanical source. The study of these wood fragments under SEM identified four taxa:

Agathoxylon (the most abundant, 50% of the samples), Podocarpoxylon, Brachyoxylon, and Ginkgoxylon (identified with a single sample) (Néraudeau et al., 2003). The second lens contains smaller fragments, centimetric to decimetric in size. This difference of element sizes could be
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explained by sorting due to different current speeds during deposition. Thus, the second lens is thought to be associated with an estuary setting that is less energetic.

The other specimen (IGR.ARC-419.1) described in this paper is from the uppermost of two amber strata that have been exposed in the Font-de-Benon quarry between Archingeay and Les Nouillers (Charente-Maritime, southwestern France; Fig. 1A). Contrary to the amber of the lowermost stratum (sub-unit A1sl-A, uppermost Albian) which provides an abundant fauna (Néraudeau et al., 2002;Perrichot et al., 2010), that of the uppermost stratum (sub-unit A2sm1-2, lowermost Cenomanian; Fig. 1B) contains only a few inclusions of fossil arthropods. Amber from the sub-unit A2sm1-2 is found in a clay lens with abundant botanical remains, mostly of conifers (Frenelopsis, Glenrosa, cf. Brachyphyllum, and Nehvizdya) and also with rare angiosperms (cf. Myrtophyllum), that accumulated in a mangrove-like brackish environment [START_REF] Gomez | Diversity and histology of a plant litter bed from the Cenomanian of Archingeay-Les Nouillers (southwestern France)[END_REF].

Material and methods

The specimens were originally preserved in two large pieces of amber containing several other inclusions of arthropods as well as plant remains (see Table 1 for detailed list of syninclusions). Each piece was cut in smaller fragments for an optimal examination and description of the organic inclusions, using a scalpel blade as a microsaw. The resulting fragments were prepared using standard techniques for the preparation of fragile ambers (following Nascimbene and Silverstein, 2000). The fragments of amber were embedded in mineralogical-grade epoxy (Epotek-301) using a vacuum chamber. They were then cut and polished to remove excess material and provide a clear view. Observations were made using a
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stereomicroscope (Leica MZ12.5) and a compound microscope (Olympus CH30). Photographs were prepared using a Visionary Digital macrophotography station (a Canon EOS 5D DSLR camera equipped with a Canon MP-E-65 mm lens on a motorized stand). A series of pictures at various focal lengths were combined using Helicon Focus software in order to provide increased depth of field. Specimen illustrations were completed using a graphic tablet, Sketchbook Pro, and Adobe Photoshop software, in order to trace anatomical features directly from specimen photographs.

Measurements are given in millimetres and were obtained with an ocular micrometre. 

Systematic palaeontology

Suborder Apocrita Gerstaecker Superfamily Chrysidoidea Latreille
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Holotype. Specimen IGR.ARC-419.1 from lower Cenomanian amber of Archingeay (Charente-Maritime, southwestern France; lithological sub-unit A2sm1-2). Originally found in a cylindrical piece of brown, turbid amber containing six other arthropods (see Table 1 for detailed list of syninclusions), then cut into five smaller fragments for optimal examination and description. Specimen now in a small, flat piece of yellowish to brown amber rich in particulate inclusions, embedded in epoxy block measuring 12.5 x 6.4 x 2.4 mm.

Diagnosis. As for genus (see above).

Description:

Head. Largely spherical in shape, hypognathous, with no evidence of occipital carina.

Narrow median sulcus extending from clypeus, most of distance to median ocellus (reaching mid-length of compound eye). Ocelli are poorly preserved, apparently situated behind posterior margin of compound eye. Antennae with short compact flagellomeres. Scape elongate, subcylindrical, with slightly expanded apex extending above compound eye; pedicel elongate.

Flagellomeres poorly visible due to orientation and bubble clouding in amber, but generally compact, with lengths half that of pedicel; apparently with eleven flagellomeres; ultimate flagellomere slightly longer than penultimate, with rounded apex; antennal setae short inclined and sparse. Maxillary palpus four-segmented, labial palpus three-segmented; mandibles short and thick, bearing three apical teeth on each side. Holotype. Specimen IGR.FRS-7.28a, in lower Cenomanian amber from "Plage de la Vierge" (also named "plage du Bois Vert") at Fouras (Charente-Maritime, southwestern France; lithological sub-unit B2ms). Originally found in a piece of yellow, transparent amber containing 55 other arthropods (see Table 1 for detailed list of syninclusions), then cut into 35 fragments for optimal examination and descriptions; specimen now in a smaller fragment with another wasp from the family Scelionidae, the fragment embedded in epoxy block measuring 49.5 x 26.2 x 4.9 mm. Amber also with many debris, organic matter, wood fibers, and conifer twigs.

Diagnosis. As for genus (see above).

Description: Setation quite developed and observable on antennae, mandibles, clypeus, legs and metasoma. Mesosoma seems to be glabrous. Wing. Not preserved.

Legs. Middle and hind legs cut at tibia. All femora massive, broad. Femur and tibia with thick setae; all femora with rows of erect setae on ventral margin, and tibiae with field of inclined setae along entire ventral surface; protibia with apical collar of short spicules. Tibial spurs not preserved, except for single, robust, long spur on metatibia.

Metasoma. Petiole short and concealed. Torn, with only three first tergites preserved. TI -TIII increasing in width. TII and TIII with dark brown transverse band.

Measurements. HL: 0.54; HW: 0.74; MsL: 1.10; PBL: 1.28.
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Etymology. The specific epithet is derived from 'Carentonia', Latin name for the Charente river.

Subfamily indet.

Genus and species indet. Material. Specimen IGR.FRS-7.34a, in lower Cenomanian amber from "Plage de la Vierge" (also named "plage du Bois Vert") at Fouras (Charente-Maritime, southwestern France; lithological sub-unit B2ms). Originally preserved in the same piece with N. carentonensis described above, as well as other syninclusions listed in Table 1; now in a smaller fragment (dimensions: 20.7 x 18.5 x 1.5 mm) with a scelionid wasp and frass pellets. Amber yellow and very clear, platygastroid wasp and frass pellets present as syninclusions.

Description. Setation well-developed, with erect setae observable on mandibles, compound eyes, antennae, ventral parts of mesosoma and legs. Dorsal surface of specimen poorly preserved. 
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Discussion

Sphaerocleptes neraudeaui matches well with the diagnosis of the Cleptinae despite some differences in characters. The occipital carina seems to be absent, as do the parapsidal lines, and the grooves or pits of the pronotum are not visible. However, these apparent character differences should be interpreted with caution: the metasoma is not very well-preserved and is dark, while the pronotum is very pale, with nearly transparent preservation. Some of these features may be present but not observable. One of the most important characteristic features of the Cleptinae, the medial carina dorsal to the clypeus is present, and it is followed dorsally by a fine medial sulcus. Furthermore, four segments are visible within the metasoma. Consequently, in all likelihood, S. neraudeaui belongs to the subfamily Cleptinae.

Among the cleptine genera, S. neraudeaui shares common features with the fossil genus Protamisega and the extant genus Cleptes. The wing venation is quite similar to that of Protamisega. However, unlike Protamisega, the marginal cell is absent, and there is no visible apical abscissa of M. In addition, the propodeum has a steep posterior slope, the notauli are deeply impressed, and the scape of the antennae is very long. Like Cleptes, the new species has tarsal claws bearing a small, perpendicular, medial tooth, eyes that are quite small and follow the head contours, and short mandibles that are quite robust with three teeth. The new taxa has a short pronotum and doesn't seem to present particular details such as a furrow. On the contrary, Hypocleptes and Procleptes have a rather long pronotum, with a deep transverse furrow in Hypocleptes. Also, contrary to S. neraudeaui, these two taxa have simple claws. In addition, Procleptes shows a propodeum with acute process on each side; this structure is absent in Nucifrangibulum carentonensis is partial: most of the antennae are missing as well as the wings, and the metasoma is torn. However, based on some features of the propodeum and the metasoma, the specimen is placed confidently within the subfamily Bethylinae. Features that support placement within Bethylinae include the rounded clypeus with a fine carina continuing dorsally, and the absence of occipital carina. The new taxon has a unique propodeum: large, subrectangular, with an ornamentation (areolate-rugose type) and without carinae. Like Prosierola the new genus has a mandible with four apical teeth and large glabrous eyes. But the new genus can be easily differentiated by a few features, such as the presence of well-marked notauli (usually absent or weak in Prosierola), a scutellum without anterior pits (present in Prosierola), and the propodeal disc without any pits (presence of a pair of rounded or elliptical pits in Prosierola). Lytopsenella also exhibits a mandible with four apical teeth, but differs from the new genus by having hirsute eyes, the presences of notauli and parapsidal lines (notauli visible only in Nucifrangibulum), and the absence of a petiole. The genera Sierola and Afrobethylus, differ by the absence of notauli (present in the new genus). The propodeum of the
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new genus, without any particular carinae, allows it to be differentiated from the genera Odontepyris and Eupsenella (having a median longitudinal carina on the propodeum). The genus Bethylus is characterized by a propodeum without carinae, like the new genus, but also by the absence of a frontal streak (structure present in the new genus). Thus, the new taxon cannot be assigned to any of the genera previously described. Consequently, this is the first Cretaceous record of the Bethylinae.

The other specimen from Fouras, specimen IGR.FRS-7.34a, is very partial: too little of the specimen is present to assess diagnostic characters for the subfamilies, which rely strongly on characteristics of the propodeum, venation, and other body regions that are not preserved.

Consequently, the new specimen is left in open nomenclature as indeterminate. However, it shows a few special features that may be retrieved in more complete specimens from the same deposits: the protibial spur is divided in two branches at the apex, abundant setation is present on numerous body regions, the basitarsus has a well-developed basal comb of setae, and the antennal flagellomeres bear two types of sensillar patches. Without more complete material, we can only identify this specimen as a member of the family Bethylidae, but we cannot precise his taxonomic affinities. Placement within the Bethylidae can be confirmed on the basis of the long intergenal suture, the number of flagellomeres (11), the head being prognathous, the presence of a transverse and recessed prosternum, and the propleuron being concealed by an anterior pronotal flange. 

Conclusion

  Abbreviation include: FRS meaning Fouras, France; ARC Archingeay, France; HL Head Length;

Genus

  Figs. 2-3.

  Fig. 4.

Head.

  Wide, prognathous without occipital carina, mandibles very broad and bearing four apical teeth, depression lateral to antennal toruli which are somewhat recessed with respect to clypeus M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT and compound eye. Ocelli at back of head forming isosceles triangle, distance between lateral ocelli equivalent to about two ocellar diameters. Distance between median and lateral ocelli is approximately one ocellar diameter. Eyes egg-shaped, slightly more than half of head length. Antennae largely missing: just scape, pedicel and first flagellomere bearing thin setae are observable. Scape approximately double width of pedicel and slightly longer than pedicel. Characteristic clypeus is rounded and mound-shaped, with faint sulcus continuing dorsally, extending as far as torular depressions. Mesosoma. Nearly no neck visible in dorsal view, long and relatively well-developed pronotum, with strong and rounded anterior slope. Short propleuron; mesoscutum transverse, with notauli; metanotum with row of foveae; propodeum sculptured (areolate-rugose type) and approximately as long as mesoscutum. Propodeum subrectangular in dorsal view, with posterolateral corners and strong posterior slope; lateral margin with setae.

Fig

  Fig. 5.

Head.

  Prognathous and rounded, with thin and long mandibles bearing four apical teeth on each side; teeth increasing in length from anterior to posterior. Clypeus prominent anteriorly, with triangular outline; toruli positioned close to clypeus and prominent, separated by narrow medial M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT depression. Long prominent eyes occupying almost entire lateral surface of head. Ocelli poorly preserved but positioned near posterior margin of eyes; lateral ocellus separated from median ocellus by one diameter and from compound eye margin by three ocellar diameters. Antennae with eleven flagellomeres, pyriform pedicel, scape very long (about three times as long as pedicel) and wide. All flagellomeres showing numerous, circular sensillar patches: large patches approximately four times as wide as small patches. Last flagellomere with rounded apex.Flagellomeres FI-FIII decreasing in length, FIV-FVIII sub equal, FIX-FXI increasing in length, with FXI about 1.7 times length of FX. Fine occipital carina present.Mesosoma. Mesosoma except pronotum not preserved. Pronotum preserved laterally, transparent, smooth, bulbous, without any grooves or setae apparent. Lateral propleuron smooth and slightly recessed, two spines on posterolateral margins.Wing. Not preserved.Legs. Only forelegs are preserved; one protibial spur bearing thin setae and divided into two branches at apex; protibial spur short, strongly curved and becoming subparallel to tibia apically.Tarsomere I-IV decreasing in length, tarsomere I longer than cumulative length of tarsomeres II-IV. Tarsomere V quite long, about as long as tarsomeres III and IV combined. First half of tarsomere I bearing setae forming a comb. Tarsal claw broad basally, curved and possibly bearing small medial tooth.Metasoma. Not preserved.Measurements. HL: 0.59; HW: 0.74; MsL: 1.10; PBL: 1.28.

  Sphaerocleptes. Nonetheless, Hypocleptes and Sphaerocleptes have also a common feature: the presence of a mesoscutum with strong notauli. Sphaerocleptes differs clearly from Hypocleptes M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT and Procleptes by his general morphology and especially by the rounded head and the wide and globular metasoma (the three apical segments, in Hypocleptes and Procleptes, are in the form of a tube) as well as the forewing venation. Besides, the new genus differs from all other taxa of Cleptinae previously described by a unique forewing venation: the vein Rs+M is absent and M is combined with tubular Cu almost reaching the wing outer margin. The new species also presents an unusual abundance of pale setae on the legs. The mosaic of features presented by S. neraudeaui could not be accommodated within genera that share the greatest number of similarities (Protamisega or Cleptes), or any other Mesozoic genus (Hypocleptes or Procleptes), which led us to define a new genus and species.

Fig. 1 .

 1 Figure captions.

Fig. 2 .Fig. 3 .

 23 Fig. 2. Photomicrographs of Sphaerocleptes neraudeaui gen. et sp. nov. from Charentese upper

Fig. 4 .Fig. 5 .

 45 Fig. 4. Photomicrograph (A) and habitus (B) in dorsal view of Nucifrangibulum carentonensis

Table 1 .

 1 List of syninclusions in Charentese amber pieces discussed herein (*wasps described in the paper).

	Amber piece	Class		
		Order	Suborder/Family	
		Insecta		
		Diptera	Ceratopogonidae	1
	IGR.ARC-419	Hymenoptera	Chrysididae: Cleptinae* 1
			Maimetshidae	3
			Scelionidae	2
		Plantae		
		Pinales	indet.	3
		Diplopoda		
		Polyxenida	Polyxenidae	1
		Arachnida		
		Acari	Oribatida, Brachypilina	8
			Parasitengona	2
			Anistidae	1
			indet.	7
		Araneae	indet.	1
		Pseudoscorpiones Cheiridioidea	2
		Entognatha		
		Collembola	indet.	6
		Insecta		
	IGR.FRS-7	Coleoptera	Cleridae	1
			Melyridae	1
			indet.	3
		Diptera	Phoridae	1
			indet.	1
		Hemiptera	Fulgoromorpha	3
		Hymenoptera	Bethylidae*	2
			Formicidae	2
			Megaspilidae	1
			Mymaridae	1
			Scelionidae	8
			Sclerogibbidae	1
		Lepidoptera	indet. (scales)	1
		Indet. (larvae)		1
		Arthropoda	indet.	1
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