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Among insects, the largest group of the Animal Kingdom, rove beetles (Staphylinidae) have undergone an enormous adaptive radiation that resulted in over 62,000 extant species (A.F. Newton, unpublished database) showing diverse body forms, structures and feeding specializations combining predaceous, mycophagous, saprophagous and
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Introduction
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A C C E P T E D

M A N U S C R I P T 3 Fossils, especially amber inclusions, contribute markedly to the knowledge of the systematics and evolution of insects, the largest animal group. However, it is necessary to reconstruct the history of novel ecological adaptations, especially those related to specialized behaviour, to understand factors driving differentiation and responsible for the evolutionary success of the largest and most diverse taxa. Fossils infrequently reveal the history of behaviour, yet they sometimes yield data on specialized morphological adaptations. If similar structures are known in extant taxa, and they can be unambiguously associated with unique behaviour, extrapolation can be made to infer function from structure in fossils. This method has been used to demonstrate Mesozoic origins of such complex ethological phenomena as social insect behaviour (summarized by [START_REF] Arillo | Paleoethology: fossilized behaviours in amber[END_REF], social parasitism in rove beetles (Yamamoto et al., 2016), or parental care in carrion beetles [START_REF] A C C E P T E D M A N U S C R I P T 1 6 Cai | Early origin of parental care in Mesozoic carrion beetles[END_REF]. Fossil records documenting major shifts in feeding preferences (or simply indicating when certain feeding adaptations might have originated) are even scarcer, as the structure of the mouthparts can not always be unambiguously associated with a particular feeding method or source of food.

The evolutionary history of morphological novelties that allowed for conquering new habitats is especially interesting in megadiverse groups of arthropods, comprising enormously large numbers of morphologically and ecologically diverse species. Among insects, the beetles include such groups, and one of them is the cosmopolitan family Staphylinidae (rove beetles) that currently includes over 62,000 species (A.F. Newton, unpublished database).

Rove beetles include forms with strongly shortened elytra and long, slender abdomens, but also stout beetles with secondarily shortened abdomens nearly entirely covered by long elytra; their body lengths range from less than a half millimetre to nearly 4 cm; they live in all types of terrestrial habitats (except the polar zone), and their feeding adaptations include predaceous, mycophagous, saprophagous and phytophagous habits [START_REF] Thayer | Handbook of Zoology, "Arthropoda: Insecta", Coleoptera, Beetles. Morphology and Systematics[END_REF].

Staphylinids also include highly specialized beetles, such as spore feeders, larval
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A C C E P T E D M A N U S C R I P T 4 ectoparasites, inquilines of ants and termites, or troglobites [START_REF] Thayer | Handbook of Zoology, "Arthropoda: Insecta", Coleoptera, Beetles. Morphology and Systematics[END_REF]. Evolutionary pathways of such diverse adaptations within a single monophyletic group are expected to be very complex. Fossils make it possible to understand the origins of such adaptations, by providing data for reliable dating of major advances in exploring novel ecological niches.

Among Staphylinidae, some ant-like stone beetles (Scydmaeninae) show very unusual feeding preferences. Some of these tiny (typically 1-2 mm) beetles, predominantly associated with the forest floor, feed on the most heavily sclerotized mites (Oribatida and Mesostigmata:

Uropodina), which are protected by their thick cuticle against most other predators. This is a puzzling adaptation, as in the leaf litter, soil and rotten wood where scydmaenines live, there are thousands of much less protected potential prey organisms. They include soft-bodied mites, springtails, nematodes, oligochaetes, insect larvae and others, extensively used as a source of food by nearly all remaining arthropod predators. Some scydmaenines show only behavioural adaptations to feed on armoured mites, such as the ability to attack vulnerable mouthparts, anal or genital openings of their prey, or to use noxious digestive juice exuded onto the mite to weaken its defences (Jałoszyński andOlszanowski, 2013, 2015).

Interestingly, mouthparts of such species do not differ from those that feed on springtails, hence it is not possible to infer their feeding habits solely by comparative morphological studies (Jałoszyński 2012a;[START_REF] Jałoszyński | Feeding of Scydmaenus rufus (Coleoptera: Staphylinidae: Scydmaeninae) on oribatid and uropodine mites: prey preferences and hunting behaviour[END_REF]. There are, however, specialists among scydmaenines that have evolved bizarre and unique morphological structures with the sole function of capturing and immobilizing heavily sclerotized oribatids and uropodines, adaptations that make it impossible to feed on any other type of prey [START_REF] Jałoszyński | Functional morphology and evolution of specialized mouthparts of Cephenniini (Insecta, Coleoptera, Scydmaeninae, Staphylinidae)[END_REF][START_REF] Jałoszyński | Feeding of two species of Scydmaeninae 'hole scrapers', Cephennium majus and C. ruthenum (Coleoptera: Staphylinidae), on oribatid mites[END_REF]. The crucial component of such a narrowly specialized feeding apparatus is a pair of suckers located on the labium (i.e., the lower lip). Within Scydmaeninae, the suckers have evolved independently twice: in all genera of the tribe Cephenniini and in Stenichnus Thomson, one genus (out of over sixty) (Jałoszyński, 2013a). And although a suggestion that scydmaenines may feed on armoured mites was published over a century ago [START_REF] Reitter | Fauna Germanica[END_REF], the functional mouthpart morphology and details of the surprisingly complex feeding process were elucidated only recently [START_REF] Jałoszyński | Functional morphology and evolution of specialized mouthparts of Cephenniini (Insecta, Coleoptera, Scydmaeninae, Staphylinidae)[END_REF][START_REF] Jałoszyński | Feeding of two species of Scydmaeninae 'hole scrapers', Cephennium majus and C. ruthenum (Coleoptera: Staphylinidae), on oribatid mites[END_REF].

A C C E P T E D M A N U S C R I P T 5 of Glandulariini
Adult suckers of Cephenniini have been studied in detail; they are not simple 'adhesive pads' on the labium, but complex structures consisting of several components connected to the cuticle and to the internal sclerotized scaffold of the labium, and operated by strong labial muscles [START_REF] Jałoszyński | Functional morphology and evolution of specialized mouthparts of Cephenniini (Insecta, Coleoptera, Scydmaeninae, Staphylinidae)[END_REF]. Cephenniini use the suckers to immobilize their prey, which adheres to the predator's labium throughout the entire feeding process. One short mandible grinds a tiny hole in the mite's cuticle, the connection between the beetle's mouth opening and its prey is tightly sealed by specialized membranous structures, digestive juices are injected, and eventually liquefied tissues are ingested [START_REF] Jałoszyński | Feeding of two species of Scydmaeninae 'hole scrapers', Cephennium majus and C. ruthenum (Coleoptera: Staphylinidae), on oribatid mites[END_REF]. Stenichnus, in contrast, uses its labial suckers only in the initial phase of attack, to catch and lift a mite; then slender falciform mandibles take over the leading role in breaching the prey's defences and the mite is killed by the beetle inserting one mandible into its mouth opening. This is followed by tearing off the prey's movable mouthparts and performing external digestion through the resultant opening [START_REF] Jałoszyński | Mature larva of Stenichnus godarti (Latreille) (Coleoptera: Staphylinidae, Scydmaeninae): redescription, hypothesis of displaced epicranial suture and alternative interpretation of homology between chaetotaxic structures[END_REF]. No such structures or similar feeding preferences are known among any others of nearly 400,000 beetle species.

This unusual specialization is still poorly understood, and already several distinct variants of feeding techniques and narrow prey preferences toward only certain mite taxa or particular mite morphological forms have been discovered [START_REF] Jałoszyński | Specialized feeding of Euconnus pubicollis (Coleoptera: Staphylinidae: Scydmaeninae) on oribatid mites: prey preferences and hunting behaviour[END_REF], 2015, 2016). The acarophagy of scydmaenines is a challenging research problem in the study of predator-prey system evolution. The feeding process was demonstrated to take sometimes over 30 hours [START_REF] Jałoszyński | Specialized feeding of Euconnus pubicollis (Coleoptera: Staphylinidae: Scydmaeninae) on oribatid mites: prey preferences and hunting behaviour[END_REF], and involves an energy-and time-consuming breaching of the mite's defence. This is an unusual feeding strategy in an
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aggressive and highly competitive soil environment, where other predators, e.g., abundant ants, spiders, ground and rove beetles, are likely to disturb or interrupt the process. The most interesting question is how and when this strict specialization evolved, especially knowing that Cephenniini and Glandulariini are not sister groups (Jałoszyński, 2012b(Jałoszyński, , 2013b), yet they have developed similar labial modifications to feed on a similar prey. The oldest known cephenniine beetle was recently discovered in Mesozoic amber, but its mouthparts were not visible for study (Jałoszyński and Peris, 2016). Recently, the oldest known glandulariine genera were described from Cenomanian Burmese amber, but representing taxa clearly unrelated to Stenichnus [START_REF] Jałoszyński | Feeding of two species of Scydmaeninae 'hole scrapers', Cephennium majus and C. ruthenum (Coleoptera: Staphylinidae), on oribatid mites[END_REF](Jałoszyński et al., , 2017)); younger and relatively numerous Glandulariini in Eocene-Oligocene deposits have not revealed any mouthpart modifications either (e.g., Jałoszyński and Perkovsky, 2016). In this study, we describe a newly discovered specimen that not only demonstrates ancient origins of a strict feeding specialization, but also sheds light on the direction of evolutionary processes related to the mouthpart modification in Stenichnus-like scydmaenines.

Material and methods

The amber inclusion described herein was collected in 2002 from a deposit named Garnache 1, that was exposed briefly during work along the road D32 between the towns of Challans and La Garnache, in the Department of Vendée, northwestern France (Fig. 1A). The amber was contained in a lignitic clay that was dated as Turonian (Late Cretaceous, 89.8-93.9

Ma) based on the associated palynomorphs (Néraudeau et al., 2017). A chemical characterization of the amber and analyses of the associated fossil woods indicated that the resin originated from conifers of the family Cupressaceae, and a salt marsh or coastal swamp palaeohabitat was suggested (Nohra et al., 2015;Néraudeau et al., 2017) (Fig. 1B). The Etymology. After the genus name Stenichnus; the prefix 'hyper' refers to the labial suckers much larger than those in extant species of Stenichnus; gender masculine.

Diagnosis. Anterior surface of labium (i.e., prementum) with one pair of conspicuous labial suckers (Fig. 2B; lbs) together broader than frons between antennae and about as wide as 1/3 of maximum width of head, each sucker semicircular and longer than labial palp;

basisternal portion of prosternum (Fig. 2B; bst) about as long as coxal portion.

Description. Head (Fig. 2A,B 
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Remarks. Hyperstenichnus is unambiguously placed in Glandulariini on the basis of the autapomorphy of this tribe, the maxillary palpomere 4 subconical, elongate and pointed, much smaller than broadened and elongate palpomere 3 (Fig. 2A, B; mxp). Although dorsal characters of the prothorax and elytra, and most of ventral structures of the pterothorax are not visible in the specimen, the mouthparts alone are sufficient to distinguish this genus from Stenichnus, the only other glandulariine genus with labial suckers. Stenichnus (Fig. 2C) has a pair of small labial suckers together about as wide as 1/3 of the frons between antennal insertions and only 1/7-1/10 as wide as maximum width of head, each sucker circular and much shorter than labial palp. Additionally, Stenichnus has rudimentary, very short basisternal part of prosternum (typically as long as about 1/4 length of procoxa; Fig. 2C), whereas in Hyperstenichnus the basisternum is clearly nearly as long as procoxae (Fig. 2B).

Species Hyperstenichnus vendeanus Jałoszyński & Perrichot sp. nov.

Zoobank LSID urn:lsid:zoobank.org:act:A8527200-1FDF-4B2C-93E6-

8C2CF94AD402

Material studied. Holotype (IGR.GAR-10), inclusion in Vendean amber, sex unknown, specimen in irregular plate of yellow translucent amber 4 × 3 × 0.85 mm, deposited in the amber collection of the Geological Institute and Museum of the University Rennes 1.

Specimen incomplete: head, prothorax and anterior portion of pterothorax preserved with complete labial and maxillary palps, right fore leg and right antenna; left fore and right middle leg partly preserved, missing distal tarsomeres; left antenna missing distal antennomeres.

Etymology. The name vendeanus refers to the Vendean amber.

Type locality and horizon. La Robinière, departmental road D32, 2.5 km southwest of La Garnache, Vendée, north-western France (Fig. 1A); Turonian in age (89.8-93.9 Ma).
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Diagnosis and description. As in genus, vide supra; width of head 0.20 mm, width of pronotum 0.28 mm.

Discussion

The Staphylinidae is the largest animal family, with the number of nominal species growing fast and gradually approaching that of all known vertebrates. The remarkable ecological diversity of such a successful animal group attracts much attention, as evolving morphological and behavioural adaptations to certain habitats and sources of food might have been driving factors of megaradiations. The sequence of major splitting events and ancestral morphology can be reconstructed using phylogenetic methods, whereas the history of highly specialized ecological adaptations can be reliably traced only in the fossil record. For such an enormously large family as staphylinids, with the oldest known fossils possibly dating to the Late Triassic and with over a hundred described extinct Mesozoic taxa (e.g., [START_REF] Chatzimanolis | Leehermania prorova, the earliest staphyliniform beetle, from the Late Triassic of Virginia (Coleoptera: Staphylinidae)[END_REF][START_REF] Grebennikov | Detecting the basal dichotomies in the monophylum of carrion and rove beetles (Insecta: Coleoptera: Silphidae and Staphylinidae) with emphasis on the Oxyteline group of subfamilies[END_REF]Peris et al., 2014a), well-documented 'fossilized behaviour' is strikingly scarce. It was demonstrated that Aleocharinae, one of major lineages within the family, showed highly specialized anatomy typical of extant social parasites already during Late Cretaceous, indicating that Mesosymbion compactus Yamamoto et al.

might have coexisted with stem-group ants or termites 99 Ma (Yamamoto et al., 2016).

Similarly ancient traces of possible specialized feeding adaptation were observed in Late Cretaceous Megalopinus extinctus Yamamoto & Solodovnikov, a staphylinid that shows mouthparts modified as those in its extant predaceous congeners, suggesting the same 'rotary mill' or preoral sieving process to strain digestible tissue from indigestible cuticle [START_REF] Yamamoto | The first fossil Megalopsidiinae (Coleoptera: Staphylinidae) from Upper Cretaceous Burmese amber and its potential for understanding basal relationships of rove beetles[END_REF]. [START_REF] Yue | The oldest fossil species of the rove beetle subfamily Oxyporinae (Coleoptera: Staphylinidae) from the Early Cretaceous (Yixian[END_REF] In this study, for the first time we provide evidence that glandulariine Scydmaeninae with unique labial suckers had differentiated already by the Late Cretaceous. Hyperstenichnus shows a highly modified labium, which in extant species of the presumably most similar genus, Stenichnus, is used to capture exclusively heavily sclerotized Oribatida and Uropodina (Fig. 2D-F) [START_REF] Jałoszyński | Mature larva of Stenichnus godarti (Latreille) (Coleoptera: Staphylinidae, Scydmaeninae): redescription, hypothesis of displaced epicranial suture and alternative interpretation of homology between chaetotaxic structures[END_REF]. It seems unlikely that such structures have evolved as an adaptation to capture any other kind of prey, as the suckers are suitable to adhere only to rigid surfaces, and would be ineffective in catching soft-bodied invertebrates with flexible cuticle; such prey choice has not been reported for any extant Stenichnus or cephenniinae species. The extant species of Stenichnus use a mixed technique, relying on their suckers during the initial phase of attack only, and once a prey is captured and lifted, the mandibles play a crucial role in the further process [START_REF] Jałoszyński | Mature larva of Stenichnus godarti (Latreille) (Coleoptera: Staphylinidae, Scydmaeninae): redescription, hypothesis of displaced epicranial suture and alternative interpretation of homology between chaetotaxic structures[END_REF]. In Cephenniini, the adhesive surface of the labium is large, with four or six suckers, the labial palps are strongly reduced, and the mandibles are short and modified to 'drill' a hole through the mite's cuticle [START_REF] Jałoszyński | Functional morphology and evolution of specialized mouthparts of Cephenniini (Insecta, Coleoptera, Scydmaeninae, Staphylinidae)[END_REF].

By comparison to the mouthparts in other Scydmaeninae, it can be concluded that the strict specialization in Cephenniini has been obtained by enlarging the adhesive median area of the labium, reducing the labial palps, and shortening the mandibles. These modifications allow for maintaining the adhesion by a large surface of the suckers throughout the entire attack and feeding process, as the small mandibles can operate without detaching the labium from the
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prey. In Stenichnus (Fig. 2C,E), the suckers are small, and the labial palps and mandibles large. Long mandibles require the captured prey to be detached from the suckers before it can be killed. Stenichnus, therefore, could be hypothesized to represent an intermediary step in the evolution that eventually may lead to the cephenniine-like specialization that relies on the adhesion of suckers for a prolonged period of time.

The newly discovered fossil of Hyperstenichnus falsifies this hypothesis. Structures visible in the inclusion are without doubt similar to those of Stenichnus (the shape of head and pronotum, antennae, lateral and ventral structures of the prothorax) and these two glandulariine genera may be closely related. However, the labial suckers in H. vendeanus are strikingly large, much larger than those in Stenichnus (or even those in Cephenniini) in relation to the head, and the labial palps are distinctly smaller. The labium of the ancient Hyperstenichnus is surprisingly more modified, its suckers larger, and its palps reduced compared to those in the extant Stenichnus. These morphological differences bear important implications for the evolution of Stenichnus-like Scydmaeninae. It seems that the more morphologically advanced, ancient Hyperstenichnus lineage has gone extinct, whereas the less modified, and apparently more successful Stenichnus lineage has survived till today, and radiated into about 200 extant species distributed in the Northern Hemisphere (Jałoszyński, 2013a). Alternatively, Hyperstenichnus may represent an ancestral lineage in the evolution of Stenichnus, and evolutionary processes led to a partial reversal of what could possibly be too narrow an adaptation, i.e., to reducing large suckers and enlarging the labial palps, which again made the mandibles the main tool and possibly enabled greater flexibility in prey choice. Indeed, the extant Stenichnus species can feed not only on smooth Oribatida (which are the only prey for more specialized Cephenniini), but also (and in some instances exclusively) on Uropodina, whose cuticle is finely sculptured [START_REF] Jałoszyński | Mature larva of Stenichnus godarti (Latreille) (Coleoptera: Staphylinidae, Scydmaeninae): redescription, hypothesis of displaced epicranial suture and alternative interpretation of homology between chaetotaxic structures[END_REF]. The suckers may loose their adhesion faster on a coarse surface and then a beetle that can use its
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A C C E P T E D M A N U S C R I P T 1 3 mandibles to manipulate the prey and does not need the suckers during the subsequent stages of feeding, gains access to a broader spectrum of prey mites. Under certain circumstances (abundance of sculptured uropodines and a deficit of smooth oribatids, or when oribatids are periodically replaced by uropodines) the less specialized Stenichnus might have won competition with more specialized species. Diverse families of mites have been identified in Vendean amber, including a new family of Prostigmata [START_REF] Sidorchuk | A new fossil mite from French Cretaceous amber (Acari: Heterostigmata: Nasutiacaroidea superfam. nov.), testing evolutionary concepts within the Eleutherengona (Acariformes)[END_REF]Néraudeau et al., 2017), but there have been no oribatids nor uropodines discovered so far in this deposit that could point to the potential menu of Hyperstenichnus, and we do not know whether it could feed on smooth mites only, or also on sculptured ones.

Hyperstenichnus is the only documented case of a peculiar feeding specialization in beetles, attributable to a unique feeding technique and prey choice, being more 'advanced', or morphologically better developed, in a Mesozoic taxon compared to its extant relatives. The specialized feeding on armoured mites in Glandulariini is the first example of such unique morphological modifications in Staphylinidae being that ancient. If the Hyperstenichnus lineage gave rise to the extant Stenichnus, then consequently the modified mouthparts underwent a partial reduction that ensured a higher level of ecological plasticity, better fitted to periodical fluctuations in available food sources. More similar fossils are required to address these questions.

An interesting implication of the discovery reported here is that we already seem to have sufficient evidence to conclude that not only the general body form and taxonomically important exoskeletal structures of major subfamilies of Staphylinidae have ancient origins, but even some narrow ecological adaptations within this family have differentiated and reached their current form already in, and presumably before the Late Cretaceous. et al., 2013;Peris et al., 2014a, b;Cai andHuang, 2013b, 2015a, b;[START_REF] Yamamoto | The first fossil of dasycerine rove beetle (Coleoptera: Staphylinidae) from Upper Cretaceous Burmese amber: Phylogenetic implications for the omaliine group subfamilies[END_REF]Yamamoto et al., 2016). In the Cenomanian, the Megalopsidiinae, hunters with large eyes and specialized mouthparts, were sieving food particles [START_REF] Yamamoto | The first fossil Megalopsidiinae (Coleoptera: Staphylinidae) from Upper Cretaceous Burmese amber and its potential for understanding basal relationships of rove beetles[END_REF], highly specialized Aleocharinae parasites were living as inquilines of social insects (Yamamoto et al., 2016), Oxyporinae species strikingly resembling their extant fungivorous relatives were dwelling in fruiting bodies of mushrooms [START_REF] Yue | The oldest fossil species of the rove beetle subfamily Oxyporinae (Coleoptera: Staphylinidae) from the Early Cretaceous (Yixian[END_REF], and Proteininae rove beetles were scraping spores off surfaces with their modified maxillae [START_REF] Cai | Specialized proteinine rove beetles shed light on insect-fungal associations in the Cretaceous[END_REF].

Now we also infer that in the Turonian, specialized Scydmaeninae were using labial suckers to catch heavily sclerotized mites, as they do today.

Long morphological stasis, the term so frequently repeated by authors reporting 
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  suggested that the body form and mouthparts of an Early Cretaceous Oxyporus yixianus Solodovnikov & Yue demonstrate a history of a biology of Oxyporinae for over 100 My, and a strong evidence for a specialized mycophagy in Proteininae was found by[START_REF] Cai | Specialized proteinine rove beetles shed light on insect-fungal associations in the Cretaceous[END_REF], who described a sporefeeding Vetuproteinus cretaceus Cai, Newton & Thayer from Burmese amber.Cai et al. (2015) hypothesized that Protolisthaerus jurassicus Cai et al. was a subcortical beetle, just as its similar extant Olisthaerinae relatives. These are the only ecological adaptations inferred from the Mesozoic Staphylinidae fossils, and they all seem to be already well-established, and not representing early or initial stages of acquiring novel features.

Fig. 1 .

 1 Figure legends

Fig. 2 .

 2 Fig. 2. Holotype (IGR.GAR-10) of Hyperstenichnus vendeanus gen. and sp. nov. (A, B)

  

  

  [START_REF] Cai | Glypholomatine rove beetles (Coleoptera, Staphylinidae): a southern hemisphere recent group newly recorded from the Middle Jurassic of China[END_REF]Cai et al., , 2013;; Cai and Huang, 2013a); the ground plan of Aleocharinae, Dasycerinae, Euaesthetinae, Osoriinae, Oxyporinae, Phloeocharinae, Pselaphinae, Scydmaeninae, Solieriinae, Staphylininae and Trigonurinae has not changed since the Cretaceous (summarized in[START_REF] Chatzimanolis | Leehermania prorova, the earliest staphyliniform beetle, from the Late Triassic of Virginia (Coleoptera: Staphylinidae)[END_REF], with further findings in Chatzimanolis

	2012;
	M A N U S C R I P T
	A C C E P T E D
	1
	4

The ancient subfamilies Glypholomatinae, Olisthaerinae, Omaliinae, Oxytelinae, Piestinae, Scaphidiinae and Tachyporinae are present in the fossil record since the Jurassic

(Chatzimanolis et al., 
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Highlights

-Turonian Hyperstenichnus gen. n. was a specialized armoured mite killer preserved prey catching apparatus is more specialized than that in extant relatives strict feeding specialization in scydmaenine staphylinids has ancient origins