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Abstract

Haidomyrmecines (hell ants) are a group of putatively predatory ants dbfimadndibles
that are dorsoventrally expanded, and highly modified heads with a variety of crania
appendages. These ants are known exclusively from three Cretaceous ambesr ideposi
France, Myanmar, and Canada. Here we describe four new genera and five nesvfspeci
specimens preserved in mid-Cretaceous (uppermost Albian—lowermost Cenormanin,
Ma) amber from the Kachin State of northern Myanréragnathos autokratogen. et sp.
nov.,Chonidris insolitagen. et sp. novAquilomyrmex huangien. et sp. nov.,
Protoceratomyrmex revelatggen. et sp. nov., akdnguamyrmex brevicornisp. nov. We
propose a new subfamilial rank for hell ants, i.e., Haidomyrmecinae stat. nov., based on

recent phylogenetic analyses. A diagnosis and a key to the genera ansl gpecie
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Haidomyrmecinae are provided. The mouthparts and cranial features of thesabéenark
taxa display a series of morphological syndromes that likely relate t@lped prey
capture. The diversity of these and other described hell ants underscordsiiserex

radiation of adaptive forms that were present early in ant evolution.

Keywords: Hymenoptera; stem-group ants; Haidomyrmecinae; Kachin amber; Myanmar

1. Introduction

The fossil history of ants and numerous other arthropod lineages have been redrafted in

recent years due to significant discoveries in so-called Burmese ambarmite, from
Kachin State, Myanmar. The paleobiota of this mid-Cretaceous (ca. 99 Ma) depagitys
diverse and preserved with life-like fidelity (Grimaldi and Ross, 2017; Ross, 2019} ®&ase
an array of Burmese amber specimens, we report remarkable new gehsrgecies that
dramatically extend our understanding of the ant family and its range of ppesiatiyeir
mouthparts and cranial features display a series of morphological syndromesnniataey
modern lineages.

The first haidomyrmecine “hell ant” was unearthed in Northern Myanmarsitdea
hundred years ago. This early discovery is evidenced by the acquisition tagtmapacies

the type specimen d¢faidomyrmex cerberudlussky, 1996, the first described hell ant

taxon. The tag (see AntWeb, 2019) indicates that R.C.J. Swinhoe sent T.D.A. Cockerell the

specimen in 1920, as part of a series of amber collections that were sent to tak Natur
History Museum, London in the early®®@entury (Cockerell, 1922). It would be another 76

years before the specimen was examined by Dlussky (1996), who describedhatierant
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with muted astonishment, stating ti&idomyrmexdiffered “from all known Formicidae,

both recent and fossil, by the very peculiar structure of the cranio-mandibstiamsy

Dlussky was referencing the unique scythe-like mandibles and elorgstddapsule that
characterize the many species of hell ants known today. The sole specirked lor

Dlussky was reexamined by Engel and Grimaldi (2005), who refidgdredrberusand

stressed the enigmatic nature of its morphology (see also Perrichot et@larzDCao et al.,
2020 for additional figures and a redescription). Additional haidomyrmecine matagal w
subsequently described ldaidomyrmodes mammuthBerrichot et al., 2008, in Albian-
Cenomanian age French amber, which confirmed that the unique cranial morpholdgy of he
ants was present in more than one species (Perrichot et al., 2008a). Ingideatallise the
inclusions present in French amber spanned both workers and alates, these haidaes/rmec
also represent the earliest direct evidence of reproductive division of |adatisigPerrichot

et al., 2008b). Aside fror. mammuthughe majority of hell ants are recovered from
Burmese amber, howevétaidoterminus cippudcKellar, Glasier & Engel, 2013 from
Campanian-age Canadian amber in Alberta, extends the temporal range of haidmnegme
at least 20 million years (McKellar et al., 2013a). A total of nine generd4sgdecies are

now described. All but two genera and three species have been discovered in the last ten

years, and four genera and five species are described here fostthiené.

2. Material and methods

Material and repositoriesA total of 17 specimens were examined, all originating from
amber mines located near Noije Bum Village, Tanai Town, Myitkina Districtachit
State, northern Myanmar (see locality in Kania et al., 2015: fig. 1; or GrimaldR essl

2017: fig. 2). A radiometric dating of zircons from the amber-bearing bed gasgimum
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age of 98.79 £ 0.62 Ma (Shi et al. 2012), thus corresponding to the latest Albian—earliest
Cenomanian (mid-Cretaceous), which may not be very different from the age oflibe a
itself (Smith and Ross, 2018; Yu et al., 2019).

The specimens are deposited in the following publicly accessible reposilGifies:
Geology Department and Museum of the University Rennes 1, France (one holotype);
NIGPAS, Nanjing Institute of Geology and Palaeontology, Chinese Academyeotc8¢c
China (six type specimens); HA, Huangyiren Amber Museum, Taiwan (threeaddi
specimens); LA, Mineral & Gem Research Center, Hong Kong (one additiocahspe;

RM, Ruipoxuan Museum, Jinan, China (four additional specimens); XA, Lingpoge Amber
Museum, Shanghai, China (one additional specimen). An additional specimen is from the
private collection of Tyler Janowitz (TJ), Massachusetts, USA, figured ketslzows more

clearly the head structures.

Condition of studied materiaDetails on the respective condition of the specimens are as

follows:

IGR.BU-003. Alate gyne. Preserved without distortion, but missing right antearaem
XI=XIl, left antennomeres IV-XII, apical portion of fore wings, portion ofraht legs
beyond femur, portion of left fore leg beyond tarsomere 1l and left hind leg beyond
trochanter, and apico-dorsal portions of gaster beyond AIV. The amber piece id trpase
internal fracture running obliquely to the head through the left compound eye, scapes,
medioapical portion of the horn, and lower portion of the right gena. The piece broke at the
level of this fracture during polishing, so the two fragments were immedgltedy together.
Originally preserved with a thrips (Thysanoptera), now in a separate inagmeasuring

14.4x 10x 6 mm.
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NIGP171998. Alate gyne. A nicely preserved specimen exposed in right profile and dorsal
views, without distortion, but with left side largely obscured by numerous air bubbles, and
missing right antennomeres 11-XIl, tarsomeres 11-V and V-V of rigli laft hind legs,
respectively. In a rounded piece of yellow amber measuring885 mm, with two spiders,

two nematocerans (Diptera), and a beetle larva (Coleoptera).

NIGP171999. Alate gyne. A heavily distorted specimen exposed in dorsolateral views,
displaying dorsoventral and lateral compression, and missing right antennomiitgdeft
antennomeres I1-XIl, and the right hind leg beyond tibia. In a rounded piece ofalear y

amber measuring 163 mm.

NIGP172000. Alate gyne. An almost complete specimen exposed in dorsal and ventral
views, without distortion, with apical sclerite of gaster damaged andagpayatus detached
from the body. In a rounded piece of clear yellow amber measurird. 3> 3 mm, with

few cockroach remains and numerous frass pellets and plant debris (wood fibers).

NIGP172001. Worker. Preserved without apparent distortion, with cuticle cleared on head,
pronotum and legs, and missing apical portions of all legs and apical gegtrargs. In an
oval piece of clear yellow amber measuring<13x 3 mm, with two springtails and dipteran

wings.

NIGP172002. Worker. A specimen exposed in profile views, without apparent distortion,
missing apices of left antenna and left mid- and hind tarsomeres. In a piece of ambe

measuring % 8 x 4 mm, with a mite.

NIGP172003. Alate gyne. A specimen exposed in right anterolateral view, without

apparent distortion, missing gaster and apices of wings. In a rounded piedseof am
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measuring 3% 24 x 6 mm, with a Psocoptera contacting its right hind leg, a tiny parasitic

wasp (Hymenoptera) and a beetle (Coleoptera).

HAOQ3. Alate gyne. An almost complete specimen exposed in profile views, vglit sli
lateral compression, partly covered with bubbles on its right side, missimi@ntgnnomeres
V=XII, left antennomeres Il and V-XII, the right fore leg and left midibegond femur. In

a round piece of clear yellow amber measuring 5amm.

HAO4. Alate gyne. A specimen exposed in profile and full facial views, with head and
mesosoma distinctly compressed dorsoventrally, right side largely obsguaecolibbles,
and missing tarsomeres II-V of right hind leg and apical gastral segnreatrounded piece

of clear yellow amber measuring 2115 x 8 mm.

HAO06. Alate gyne. A complete specimen exposed in profile views, with distirottds
of the dorsum of head and promesonotum, with numerous bubbles or debris covering parts of
head, wings and petiole. In a quadrangular piece of clear yellow amber imgddwx 5 x 4

mm, with a beetle (Coleoptera) and a midge (Diptera).

LAOL. Alate gyne. An exquisitely preserved specimen, without distortion, baingis
right antennomeres VII-XII and tarsomeres of left mid leg and hind legs. Ekpodersal,
profile and full facial views, in a quadrangular piece of clear yellow ambasuaning 1& 8
x 6 mm, with a staphylinid beetle (Coleoptera) and several domichnia (boriogs) fr

pholadid bivalves.

RML1. Alate gyne. A complete specimen exposed mostly in right lateroventnal vie
apparently weakly distorted but largely obscured by small bubbles contacting the bod

organic debris floating in amber matrix, and internal fractures crossiragther piece. In a
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rounded piece of clear yellow amber measuring 28 x 8 mm, with a psychodid fly

(Diptera) and numerous domichnia (borings) from pholadid bivé&mith and Ross, 2018).

RM2. Alate gyne. A specimen exposed in left profile view, with dorsoventral dgstorti
gradually increasing from head to gastral apex, and missing left antensdwiexd!. In a
rounded piece of amber measuring<2®4 x 5 mm, with a myriapod, a true bug, two mites,

and numerous debris.

RM3. Alate gyne. A specimen exposed in profile views, with distinct longitudinal
elongation, and missing left midleg, apical tarsormeres of left hind legastdr beyond
third segment. In a round piece of amber measuring4dhm, with a beetle, a fungus gnat

and numerous insect and plant debris.

RM4. Worker. A complete, nicely preserved specimen, without distortion. Exposed in

profile views in an amber piece measuring<2d mm, with plant debris.

TJ41-020 Alate gyne. A nearly complete specimen exposed in profile views, with
numerous bubbles contacting the body, @it partial wings detached and floating in the
amber matrix close to the specimen. In a rounded piece of amber slightlyesblsgua

suspension of microscopic particles (‘dust’).

XAO1. Alate gyne. A specimen exposed in profile views, with distinct distortfectafg
the head capsule and mesosoma, missing right antennomeres V-XIlI, left antesndner
XIl, most of legs beyond coxae, and apical portions of wings and gaster. Petiole and
preserved anterior portion of gaster entirely concealed by wings. In a ropiededf clear

yellow amber measuring 207 mm, with a midge (Diptera).
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Examination and imagingill specimens were studied, imaged and measured under
simultaneous incident and transmitted light, at the State Key LaboratoriaebBi@logy and
Stratigraphy, NIGPAS, using Zeiss Axio Zoom.V16 stereomicroscope aiodah® 512

digital camera with Zen software, allowing for measurements andlgiéography.

Details of the holotype NA12 were imaged with a Nikon SMZ25 stereomicroscopeSand D
Ri2 camera with NIS Elements software at the New Jersey Institdiecbhology (NIJT).

All images are digitally stacked photomicrographic composites of sendnaidual focal

planes, which were obtained using HeliconFocus and Nikon Elements softwares.

Measurements, indices and terminolo@lie morphological terminology used in this study

follows Bolton (1994) for most body structures, Harris (1979) for sculpture, Brown and

Nutting (1949) for wing venation, and Boudinot et al. (2013) for wing cells. The

measurements generally follow established measurements ascesgtyor ant

systematics (e.g., Hita-Garcia et al., 2017). However, given the uniquenese<tdriial

morphology of haidomyrmecines, measurements on the head structures and indiges used

this study are explained below and illustrated in Fig. 1.

EL Eye length: in profile, the maximum diameter of eye

FWL Fore wing length: maximum distance from base to apex of wing

Hh Head height: in profile or full-face view, from lowermost to higher points of head
capsule, measured vertically and excluding ocelli and horn

HL  Head length: in profile, from basal insertion of mandibles to posteriormost point of
head; inAquilomyrmexmeasured in dorsal view from base of horn to posteriormost

point of head
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211
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213

214

HoL

HW

MDL

Horn length: in profile, from base of elbow between vertical and horizontakVvent
surfaces of horn to anteriormost point of hornAguilomyrmexmeasured in dorsal
view from anteriormost point of eye to anteriormost point of horn

Head width: in dorsal or full-face view, maximum width of head excluding eyes
Mandibular length: in profile, a straight distance from basal insettidip of

mandibles

MDaL Length of apical portion of mandible: in profile, from midpoint of elbow between

basal and apical portions to tip of mandible

MDbL Length of basal portion of mandible: in profile, from basal insertion ofdibées to

midpoint of elbow between basal and apical portions of mandible

MDtL Length of triangular inner blade of mandible: in full-face view, fnomapoint of

PTH

PTL

PTW

SL

WL

MDI

Sl

Ol

EPI

Hol

elbow between basal and apical portions of mandible to apex of inner blade
Petiole height: in profile, maximum height of petiole excluding subpepotaess
Petiole length: in profile or dorsal view, maximum length of petiole

Petiole width: in dorsal view, maximum width of petiole

Scape length: maximum length of scape excluding condylar neck

Weber’s length: in profile, maximum diagonal length of mesosoma
Mandibular index: MDL/HLx 100

Scape Index: SL/Hk 100 (HL preferred to HW which is often hard to measure on
fossils

Ocular Index: EL/HLx 100

Eye Position Index: in full-face view, 11/42100 (see |1 and 12 in Fig. 1A)

Horn Index: HoL/SLx 100



215 3. Systematic paleontology

216

217 Order Hymenoptera Linné, 1758

218 Family Formicidae Latreille, 1809

219 SubfamilyHaidomyr mecinae Bolton, 2003, stat. nov.

220

221 Haidomyrmecini Bolton, 2003: 74, 261.

222

223 Remark The unique cranio-mandibular complex and mesosomal structure of hell anis clearl
224  distinguish them from other ant subfamilies as currently defined. Eadsiestsuggested

225 that haidomyrmecines may not belong to the Sphecomyrminae (Grimaldi et al., 1997;
226 Perrichot et al., 2008a; McKellar et al., 2013). But, at the time, there wereréac€ous ant
227 taxa for testing this hypothesis phylogenetically. Recently, theptngbgenetic analysis to
228 include hell ants recovered all haidomyrmecine genera as a monophyletic grode oluts
229 modern and stem ant lineages, potentially sister to all other ants (Barden raattGE016).
230 This result was supported by the highly aberrant morphology of hell ants, which iemat se
231 any other lineages, modern or extinct. Moreover, a recent phylogenetic atladysncluded
232 all hell ant genera, including new taxa described herein, recovered haidonmgsnasieach
233 others’ closest relatives and consistently monophyletic, to the exclusion of sghetoen

234 terminals (Barden et al., submitted). In the same paper, a comparisoarifand

235 Cretaceous morphospace also recovered haidomyrmecines as distinct #pstesthand

236 crown ants, while cranial morphospace overlaps among other stem ants andX&ing ta
237 (Barden et al., submitted). There are no indications that scythe-like mandixesviodved
238 more than once, and so the monophyly of haidomyrmecines is best supported by this highly

239 specific synapomorphy. In our view, the characteristic morphology of haidomyesemnd

10
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strong evidence for their monophyly warrant the placement of hell antsnothei

subfamily, particularly as future paleontological work will undoubtably reveaém
Cretaceous taxa. We provide a diagnosis of the subfamily below.

Diagnosis(females). Mandibles scythe- or sickle-shaped, with linear basal portaingda

an elongate and dorsally curved apical portion tapering, with inner margimhyusexadloped

in a triangular blade pointing medially and ventrally (exceptiohgailomyrmexvhere the
inner margin is simple); mandibles uniquely articulating in a vertical planguablo
longitudinal axis of body, in addition to a moderate lateral opening. Clypeus elonghte,
anterior margin broadly concave, smooth, and lateral margins leading posteremly
elevated brushy lobe just ventral to antennal insertion, or to a horn expanded anteriorly
between toruli. Antennae 12-segmented, filiform, usually with third antennooragest of
basal three flagellomeres (exceptions ardardomyrmexvherefourth antennomere is
longest, and itHaidomyrmodesvhere basal flagellomeres are of equal length). Petiole with a
short anterior peduncule, nodiform. Gastral constriction between Alll and Algrgky
present, faintly to deeply impressed. Pygidium simple, unarmed. Sting robustlydorsal
curved. Legs with procoxa distinctly longer than meso- and metacoxae, with trdiclsante
present on mid- and hind legs; tibial spur formula 1-2-2, rarely 1-1-2, and tibiae adigitiona
with 1-4 subapical, stout setae. In gynes, the fore wing with 8 closed cdtlgrass-vein

1r-rs absent or incomplete (present as a short tubular or nebulous stub not reach)ng Sc+R
cross-vein 2rs-m present, tubular; and cross-vein cu-a arising from M+Cu orrduvidg

with jugal lobe present, with costal, basal and subbasal cells enclosed by vemdar
Genera includedAquilomyrmexgen. nov.Ceratomyrme¥errichot, Wang & Engel, 2016;
Chonidrisgen. nov.Dhagnathogen. nov.Haidomyrme)Dlussky, 1996Haidomyrmodes
Perrichot et al., 200&jaidoterminusMcKellar, Glasier & Engel, 2013;inguamyrmex

Barden & Grimaldi, 2017RProtoceratomyrmegen. nov.

11
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Distribution. Canada, France, Myanmar; Cretaceous, Uppermost Albian to Campanian (100-

79 Ma).

GenusDhagnathos gen. nov.
(urn:lsid:zoobank.org:act:48DA68FC-1DF6-4A90-86DA-4EF527D762F4).

Type speciesdDhagnathos autokratasp. nov.

Etymology.The generic name is a combinatiorDdfa, a single-edged sword with long,

gently curved blade common throughout mainland Asia, and often called ‘the natiordhl swor
of Burma’, andgnathos(Greek, meaning ‘jaw’), in reference to the mandibles’ shape. The
name is masculine.

Diagnosis(gyne). Large, robust ant, body length ca. 14 mm. Clypeus funnel-shaped resulting
from extreme posterior expansion, extends well beyond antennal insertions, wath late
margins raised into carinae arising above mandible insertion and convergegoplysto

form a clypeal horn; horn bent forward at right angle from frons, its tip gently rouncoied,
spatulate, its underside deeply furrowed, forming a channel opening towardrtira;la

clypeal carinae, including horn’s edges, rimmed by stout, short, tooth-likeldenti

Mandibles scythe-like, the elbow between basal and distal portions with a @sastgles)
triangular blade pointing medially and ventrally, the apical portion long, cupedrds and
backwards, acutely tapering to the tip and with inner margin furrowed and serrated,;
mandibles widely spaced, approximated only apically, with inner blade not oveddppin
frontal view, when closed, with distal portions aligned with frontal carinae sthiétbrum

and clypeal area below horn are exposed). Labrum coated laterally byhabstiff, spine-

like setae and long fine setae, dorsal surface sparsely covered by losetdi@eanterior

12
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313

margin glabrous. Antennae elongate, with flagellomeres thin and londi &@wetompound

eyes large, the latter reniform.

Dhagnathos autokrator sp. nov.
urn:lsid:zoobank.org:act:EC8760A9-9C00-44A9-9311-2EC5DE24A4B1

Figs. 2A-C, 3, 8G

Etymology The specific epithet refers &mitokrator(Greek, meaning ‘self-ruler’), an
individual who exercises absolute power, unrestrained by superiors; in referéhedighly
powerful aspect of this ant.
Holotype IGR.BU-003, alate female (Figs. 2A-C, 3E-G).
Additional specimengdA03, XA01 and RM1, three alate females (Figs. 3A-3D).
Horizon and localityUpper Cretaceous, upper Albian—lower Cenomanian (ca. 99 Ma); in
amber from the Hukawng Valley, Kachin State, Myanmar.
Diagnosis As for the genus, by monotypy.
Description(gyne). Body length ca. 14 mm. Cuticle generally smooth, without distinct
sculpturing, sparsely covered by thin, long, erect setae, the head additiona{ydmvered
by short, adpressed setae on vertex and genae.

Head only slightly longer than high and wide. Vertex and posteroventral surfacedpunde
anterior surface relatively flat, and genae shorter than eyes and ipggattieroventrally
above mandible insertion into a cheek-like lobe. Ocelli present near top of vertex,
conspicuous, ocellar diameter slightly larger than width of first antennomesmaellar
distance about half of ocellar diameter. Compound eyes bulging, renifosrg2ldng as
wide, situated posteriorly on head (EPI 440). Antennae inserted between compound eyes

around their midlength, closely flanking lateral edges of clypeus; basesohanwith basal

13
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338

bulb exposed, inserted within thick annular torulus. Antenna geniculate, filiform; Sicage
0.5x head length, weakly arched and broadened apically; first funicular dpedecel) very
short, 0.22 scape length, less than twice as long as wide, broadened apically; flageiome
unusually slender, funicular article 1l (antennomere lll) abowt@&2long as wide; following
antennomeres gradually decreasing in length and wRdtsterior clypeal margin apparently
fused, while horn is the result & novomedial margin/ridge; anterior clypeal margin
broadly roundedClypeal horn directed upward for its basal quarter, then bent at a right angle
and directed forward for remaining length; horn gently rounded apically, witkpahded
lobe; dorsal surface of horn convexentral surface emarginate, its lateral margins prominent
and prolonged basally into raised frontal carinae diverging anteriorly tb tlea@nterior
margin of head, just above insertion of mandibles. Setation of horn consisting, on ventral
surface, of a dense brush of short, peg-like denticles at apex; similar pegalikéedavidely
spaced and arranged in a single row on each lateral margin, and becomingsprelgre
denser and arranged in 2—3 longitudinal rows along lateral clypeal carinad;ashatventral
surfaces of horn sparsely covered by thin, long, erect setae. Labrum wetaxpoge,

nearly trapezoid, with anterior margin convex, posterior margin slightlyginase medially,
sides unsutured to clypeus so that anterior part of labrum is apparently movasaé; dor
surface of labrum rimmed laterally by a longitudinal brush of stiff, spkeedetae, also
densely coated by thin, erect setae becoming progressively longer andkidiftefateral and
posterior margins. Mandibles long (MDI 97), scythe-shaped, widely spaced lzashlly
converging apically, with tips curved and acute, nearly reaching the rounded pdttien
horn as preservetdasal portion linear, short; apical portion &s long as basal portion,
curved dorsally and posteriorly, with dorsal surface concave and rimmed on egahlmar
row of acute teeth and thin, erect setae directed backwards; medioventral bAsstnldmsal

and apical portions forming a large, isosceles, blunt tooth perpendicular to apiiced. por
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Palps long (visible on specimen HAO3), coated dorsally in fine, tapered setakamaxsip
with 6 segments, as long as head capsule when combined; labial palp with 5 segments
Mesosoma. Pronotal colar pronounced, concealing propleuron in dorsal view, separated
from remaining pronotal dorsum by a distinct transverse ridge; pronotal detsamgly
concave immediately anterior to ridge, nearly flat posterior to rigigenesonotal suture
deeply impressediesoscutum as long as pronotum (excluding neck) in dorsal view, about
as broad as longnesoscutal dorsal outline feebly convex, with long parapsidal furrows
almost reaching anterior mesonotal margin, converging posteriorly but notrtguchi
Mesoscutellum posteriorly expanded, in dorsal view concealing median portion of
metanotum; dorsal and posterior mesoscutellar surfaces concave, their jtoratiog a
sharp angle; dorsal mesoscutellar surface with a deep, broad, transveveeigrmediately
posterior to scuto-scutellar suture. Metanotum medially as high as long, withgoste
surface forming distinct angle with pronotal dorsiropodeum 1.26as high as long,
dorsal and declivitous surfaces meet at pronounced right angle, forming conspidgeus
dorsal surface nearly flat, declivitous surface faintly concanagodeal spiracle slit-like,
opening posteriad, at junction of propodeal dorsum and sides; metapleural gland orifice
opening laterally, protected by guard setae. Legs long and robust (mastly @rsspecimen
HAO3); mesocoxa distinctly shorter than pro-and metacoxae; small trothsupresent on
mid- and hind legs; all femora distinctly swollen in their basal half, tibiaelswwi their
apical half; ventral margin of protibia apically with large calcar genilyed, protibia
possessing small subapical point, and two straight, stout setae less thamhdmajfaesscalcar;
mesotibia apically with two long, straight, pectinate spurs, and two short, steit set
metatibia apically with one long, pectinate spur and one long, simpletamameres -1V
of all legs with pairs of stout setae along entire ventral surface (8—E0op«il, 4-5 pairs on

tll, 3 pairs on tlll, 2 pairs on tIV), and apically with 2 pairs of stout setae eadtirftha
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spatulate spine; additionally the ventral surface of tarsomeres |-IVetblag dense brush of
thin, erect setae; pretarsal claws strong, with a distinct subapical tooth.

Fore wing with R<$2, basal portion of RE, M-f4, and Cul nebulous, all other veins
tubular; pterostigma elongate, ca. & long as broad; a short stub of cross-vein 1r-rs present,
nebulous; R$1 half as long as ML, both distinctly arched; R2 and R93 nearly at right
angle, R92 half as long as MR; 2rs-m present, situated beyond apex of pterostigma; discal
and subdiscal cells pentagonal; cu-a arising from M+Cu and proximafiq®uf1 short);
vein Cu with both Cul and Cu2 present. Hind wing with jugal lobe present; anterior margin
with 5 median and 22 distal hamuli; vein C present; vein R present, reaching distal wing
margin; Rg1 more than twice as long as 1rs-m; cu-a arising from M+Cu, proximal t@fork
M-f1 and Cu (Cu1 short); R$2, M-f2, Cu, and Af2 present, not reaching wing margin.

Metasoma with petiole short-pedunculate, almost @$high as long; petiolar tergite a
broadly convex node, with anterior surface approximately twice as long asqrdsiee;
subpetiolar process present, in profile forming a high, transverse, lamellsmgeentrally,
with anterior face concave, posterior face vertical; not fused tergaBjersuture visible;
attaching broadly to gaster. Gaster elondairst gastral tergite with helcium pronounced,
forming a post-petiolar peduncle, with anterior surface behind helcium high, olaigplie,
dorsal surface strongly convex, short; anteriormost part of first gastinaite with a distinct
mesal process (keel) pointing anteroventrally below helc&anond gastral segment
distinctly longer than first, with presclerite largely exposed to form p,d#ead constriction
between first and second gastral segments (abdominal segments Il)aGastfal segments
unfused with deep lateral suture. Following segments poorly preserved, pygidimendypa
broadly acute towards sting shatft.

Measurementéholotype IGR.BU-003; in mm). HL 2.50; HoL ca. 1.70; EL 1.20; ocelli

diameter 0.20; MDbL 0.40, MDtL 0.55, MDaL 2.00; length/width of antennomeres: | (scape)
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1.15/0.16, Il (pedicel) 0.26/0.14, 111 2.16/0.10, IV 1.50/0.07, V 1.34/0.07;, WL 3.85; FWL (as

preserved) 6.35 (7.90 on specimen DHA4); PL 1.84, PH 1.00, PW 0.67.

GenusChonidrisgen. nov.
urn:lsid:zoobank.org:act:664B304C-41C9-4F39-9561-2B055E815C3B

Type speciesChonidris insolitagen. et sp. nov.

Etymology The generic name is a combinatiorcbbni(Greek, meaning ‘funnel’) andris
(Greek, meaning ‘ant’), in reference to the shape of the clypeus. The naméisde
Diagnosis(gyne). Highly similar tddhagnathosbut smaller (body length ca. 9 mm), with
clypeus triangulate and expanded posteriorly into rounded horn, lateral mardiyyzeosc
raised into serrated carina; propodeum with posterodorsal ridge; ventrah mipgitiole
with pointed spicule-like process and lamella; gastral segments | andidinfaal segments
[l and IV) with conspicuous constriction. Separable fidhagnathoswith clypeal horn,
apical portion of mandibles, and flagellomeres distinctly more compact; withrimargin of
mandible projecting medioventrally into a large triangular blade thaadugtly tapering to
the tip of mandible; this blade with ventral corner rounded and dorsomedial margie;sSerra
frontal view, when mandibles closed, ventral corners of blades slightly ppergand
medial margins almost parallel, nearly touching, so that labrum and clypaalesateal to

horn are entirely concealed, and mandibles are encased in clypeal triangle.

Chonidrisinsolita sp. nov.

(urn:lsid:zoobank.org:act:3A8ED551-78C9-4BOF-8E10-6C94641F5A08).

Figs. 2D-F, 4, 8F
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Holotype NIGP171998, alate female (Figs. 2D, 4H).

Paratype NIGP172003, alate female (Figs. 2E, 4F-G).

Additional specimendgdA04 and RM2, two alate females (Figs. 2F, 4A—E).

Horizon and locality Upper Cretaceous, upper Albian—lower Cenomanian (ca. 99 Ma); in
amber from the Hukawng Valley, Kachin State, Myanmar.

Etymology The specific epithet derives framsolitus(Latin, meaning ‘strange’), and refers
to the unusual accommodation of the mandibles within the clypeus.

Diagnosis As for the genus, by monotypy.

Description(gyne). Body length around 10 mm. Cuticle smooth, densely covered by short
adpressed setae; additionally with long, thin, erect setae sparsely caweathgapsule,
mesosoma, legs, and apical portions of gastral segments I-lll, setae ne@ly devering
pygidium.

Head about as long as broad, longer than high, circular in frontal view. Vertex and
posteroventral surface strongly rounded, anterior surface flat, with short(gan@ex eye
length) projecting into cheek-like lobe anteroventrally above mandibleiorse@icelli
distinct, positioned on small, raised, triangular prominence; ocellar diaasebeoad as base
of first antennomere, interocellar distance about one ocellar diameter. Compeand ey
bulging, oval, 0.6 as broad as long, removed from lateral margins of head capsule. Antennae
inserted between compound eyes below their midlength, closely flanking étges of
clypeus at base of horn’s stalk; base of antenna with basal bulb exposed, ingbntetthiak
annular torulus opening obliquely dorsad; antenna elongate; scapexche@dBlength,
weakly arched, cylindrical; pedicel very short,0sZape length, about as long as wide,
slightly broadened apically; first flagellomere longest antennomere, 8b@stlong as wide
(assessed from paratype, where antennae are flattened and elongafeebtiveastios are

kept); following antennomeres gradually decreasing in length. Posteddateral margins
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439 of clypeus (epistomal sutures) visible, indicating the horn is the result of\zated anterior
440 margin.Clypeal horn short (Hol 28—-30), expanded at right angle from frons, strongly arched
441  with dorsal surface convex and ventral surface furrowed; lateral margioaged basally
442  on frons into raised carinae diverging toward anterior angles of head, just atestiennsf
443 mandibles; ventral surface and lateral carinae rimmed by row of short, pefpfhitieles, and
444  long, fine, erect setae. Labrum exposed between clypeal carinae, withramigngin

445  broadly convex and slightly notched medially, posterior margin obscured; dorsalesurf
446 coated by long, thin, erect setae. Dorsal margin of mandibles curved dorsaédiambely
447  from base, in profile view without distinct elbow, their tips reaching nearbyshapex,

448 dorsal mandibular margin armed apically as series of sharp, curved teght &pical tooth
449 preceded by two medial teeth of equal length following slight gap; basal pottoandible
450 (from base to base of medioventral blade) short, simple; distal portion projectadlyrend
451 ventrally in a large, triangular blade tapering to the tip; the blade withldorgace concave,
452  ventral corner rounded, and apical half serrate; tip of mandible with a preapital t

453 immediately following the blade and projected posteriorly, and one apical tactih curved
454  posteriorly; when mandibles closed, their medial margins parallel arelyclygproximated,
455  slightly overlapping at ventral corner of blade; accommodated in the triangudaattavity
456 (i.e., concealing the anterior clypeal margin, labrum and ventral surfacer)f maxillary
457  palp with 5 visible segments, labial palp with 3 visible segments.

458 Mesosoma about twice as long as high. Pronotal colar short, separated from remaining
459 pronotal dorsum by a distinct transverse ridge; pronotum nearly verticabiamedg anterior
460 to ridge, feebly convex posterior to ridfgorsum); posterior pronotal margin with distinct
461 thickening dorsally. Promesonotal suture complete, appears flexible. Mesosbotten s
462 than pronotum, mesoscutal dorsal outline faintly convex, with long parapsidal furrows

463 converging posteriorly to reach anterior mesonotal margin. Mesoscutellurmprdndorsal
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464 mesoscutellar surface convex, posterior surface slightly concave, théiojuiocming a

465 sharp angle. Metanotum medially as high as long, with posterior surfacedodmstinct

466 angle with propodeal dorsum. Propodeunx$ high as long, dorsal and declivitous

467 surfaces flat, separated by thin ridge, forming sharp angle; propodealegiit-like atop
468 rounded nodule, situated around junction of propodeal dorsum andM&tapleural gland
469 orifice a small circular concavity. Mesopleuron and metapleuron coated iteibpémned setae.
470 Legs robust, mesocoxa distinctly shorter than pro-and metacoxae, sniahtedlus present
471 on mid- and hind legs; all femora moderately swollen in their basal half; verargimof

472  protibia apically with large calcar and two straight, stout setaelasshalf as long as calcar;
473 mesotibia apically with two long, straight, spurs, one pectinate and one sidgiteyraally
474  with three short stout setamgtatibia apically with one long, pectinate spur, one long, simple
475 spur, and one short, stout seta; tarsomeres |-V of all legs with pairs gfstbotisetae

476 along entire ventral surface (6 pairs on tl, 3 pairs on tll, 3 pairs on tlll, 2 pairg)pard

477 apically with 2 pairs of simple, stout setae each flanking a spatulate sgéa{ar lobe);

478 pretarsal claws strong, with a distinct subapical tooth and pulvilus.

479 Wing venation as iDbhagnathosxcept, in fore wing, the pterostigma &8s long as broad,
480 cross-vein R$1 not arched, short stub of 1r-rs tubularf2extremely short (1m-cu almost
481 arising at level of R&). Hind wing with 11 distal hamuli present, jugal lobe not visible, but
482 lobe may be lost due to damage.

483 Metasoma. Petiole short-pedunculate, massive xGa8sigh as long; in profile, with

484  posterior margin oblique and broadly attached to first gastral tergite;(#gite and

485 sternite of petiole and Alll unfused (suture distinct); petiolar tergiteoagy convex node,
486 with anterior surface approximately twice as long as posterior swifach is nearly vertical
487 inits anterior half, oblique in its posterior half; petiolar sternite with subpefwbcess and

488 lamella (in profile) with a high, transverse tooth pointing ventrally, with entéace flat,
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posterior face concave; process followed by a smaller but distinct traarigath.First

gastral segment bell-shaped; tergite with helcium faintly pronounced, wahaargurface

behind helcium high, oblique, and dorsal surface strongly convex, short; anteriormost part of
first gastral sternite with a distinct mesal process (keel) progeatiteroventrally below
helcium.Second gastral segment (AlV) distinctly longer than first, with praselargely

exposed to form a deep, broad constriction between Alll and AlV. Following segmets mor
or less telescoped, pygidium convex, sting well exserted, distinctly archedlydors
Measurement@n mm) (holotype NIGP171998), [paratype NIGP172003], {specimen RM2}.
HL [1.42] {1.68}; HoL [0.86] {0.658}; EL [0.72]; MDL [1.44] {1.10}; length of

antennomeres: | (scape) [1.0]96}, Il (pedicel) [0.17] {0.21}, IlI [1.42] {0.92}; WL

(3.66) {3.30}; FWL (5.2) {5.50}; PL (1.33), PH (excluding process) (1.12).

GenusAquilomyrmex sp. nov.
urn:lsid:zoobank.org:act:5AFEF07E-2228-4A9D-AEC1-8D2680267734

Type speciesAquilomyrmex huangien. et sp. nov.

Etymology The generic name is a combinatioragtiilex(Latin, meaning ‘dowser’), and
myrmex(Greek, meaning ‘ant’), and refers to the dowsing stick-like clypeal and labra
processes. The name is masculine.

Diagnosis(gyne). Head dorsoventrally flattened, with large compound eyes situated
dorsolaterally at anterior margin of head; with prominent, anteriorly mhoigurontal shelf,
clypeal horn and labrum. Antennae inserted laterally on frontal shelf, well indiront
compound eyes and above base of clypeal horn; antennal scape long. Apex of clypeal horn
bifurcated widely, with each bifurcation subsequently terminating in a bilobedgpeadl|

margins of horn connecting obliquely with anteroventral angles of head, just above
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514 mandibular insertion, connected by a cleared vertical cuticle, rimmed bytlsinostect setae
515 and occasional serrations. Labrum situated ventrally of horn, with size and shagpetsi

516 horn except for apex, which is only bifid; ventral margin coated by peg-likecksnon its

517 basal half. Mandibles sickle-shaped, inserted ventrally very close to compounaidyed

518 margins smooth (triangular blade absent) and acute tips converging betiraéapax.

519 Legs very long, with femora distinctly swollen basally, and apically wthflange-like

520 cuticular lobes flanking the base of tibia. Petiole node-shaped, with small sidopatocess.
521 A deep, girdling constriction between first and second gastral segments.

522

523  Aquilomyrmex huangi sp. nov.

524  urn:lsid:zoobank.org:act:9C026315-9D66-406B-BF2E-401F12305A2D

525 Figs. 2G-H, 5, 8C

526

527 Holotype NIGP172000, alate female (Figs. 2G, 5G-H).

528 Paratype NIGP171999, alate female (Figs. 5-F).

529 Additional specimen$dA06 and RM3, two alate females (Figs. 5A-D).

530 Horizon and locality Upper Cretaceous, Lower Cenomanian (ca. 99 Ma); in amber from the
531 Hukawng Valley, Kachin State, Myanmar.

532 Etymology.The specific epithet is a patronym honoring Mr. Huang Yiren who provided four
533 specimens for this study.

534 Diagnosis As for the genus, by monotypy.

535 Description(gyne). Estimated body length around 9 mm. Cuticle smooth, densely covered by
536 minute, adpressed setae, the pygidium additionally with dense, fine, erect setae

537 Head prognathous, dorsoventrally flattened; in dorsal view, with lateralmaasigyhtly

538 converging posteriorly, occipital corners broadly rounded, posterior margighstrdertex
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539 elongate, nearly flat. Ocelli forming a small, weakly prominent trianglated on vertex far
540 posteriorly to posterior eye margins. Compound eyes large, oval, with outer malsgin

541 feebly extending beyond side of head laterally, situated dorsolaterallpmeaior margin of
542 head. Genae much reduced. Antennae inserted anteriorly to anterior margin of compound
543 eyes, dorsally to base of clypeal horn, and immediately flanking lategasef a prominent
544 frontal shelf; frontal shelf is distributed into a three-pronged projection ¢simpa median

545 membranous support stalk, flanked by strong, turreted toruli partially concaatemgnal

546 bases in dorsal view; membranous stalk is flattened laterally, appesuangjender line in

547 dorsal view; in lateral view, stalk appears broad with conspicuous medial hole (pigtentia
548 arising from desiccation; however, present in holotype and paratype), lowenpfrstalk

549 with ventral margin fused to the dorsal margin of the clypeal lRase of antenna with basal
550 bulb exposed. Antenna geniculate, 12-segmented; scape long (S| 140), weakly arched in its
551 basal half; pedicel short, 0.4@cape length, less than twice as long as wide, broadened
552 apically; antennomere IIl and Xll longest flagellomeres, Allirngtical, about 3.6 as long

553 as wide, following flagellomeres gradually (weakly) increasinginfth, apical flagellomere
554  with rounded apex. Clypeal horn dorsoventrally flattened, protruding anteriorlyb(Hol

555 gently curved dorsally toward apex; with dorsal surface convex in profile viaviral

556 surface apparently concave; terminus of membranous horn bifurcated widely, ehith ea

557 bifurcation terminating in a subsequent bilobed pad; each pad with a small, medialdrounde
558 lobe and a larger, lateral, rounded lobe, with tapered setae present along thetztdobles;
559 margins of horn connecting obliquely with anteroventral angles of head, just above

560 mandibular insertion, by a cleared vertical cuticle, rimmed by short, thot,sate and

561 occasional serrations. Labrum situated ventrally to horn, with to horn in size and shape
562 except for apex only bifid (not each bifurcation bilobed; i.e., with the form of a snake

563 tongue); ventral surface coated by short, darkened, thick, peg-like denticlebassithalf,
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additionally with sparse, long, fine, erect setae throughout. Mandibles digged; inserted
very close to compound eyes, lateral to hypostoma in ventral view; weakly spadbd basa
and converging apically, with tips acute and reaching to horn's apex betweer ameian
notch of labrum and clypeal horn; basal portion linear, directed ventrally; gpitain

about % as long as basal portion, curved dorsally approximately at 45° from basal portion,
with dorsal surface apparently concave and smooth. Palps short, not reaching tal occipit
margin; maxillary palp with 5 visible segments, labial palp with 3 visiblenseds.

Mesosoma elongate, distinctly longer than high and wide. Pronotal neck pronounced,
about as long as wide, &.4s wide as maximal width of pronotal dorsum; pronotal dorsum
distinctly lower than remaining mesosomal dorsum, with posterior margin stromgtave.
Promesonotal suture present, complete. Mesoscutum in dorsal view shorter than pronotum
(excluding neck), shorter than broad, with a distinct oblique anterior face formiagpa sh
angle with pronotal dorsum. Mesoscutal dorsal outline strongly convex, with faintigataps
furrows converging posteriorly, almost reaching posterior mesoscutginn®lesoscutellum
anteriorly flat, posteriorly strongly convex; anterior half bordered oh sige by sharp
carina converging posteriorly toward posterior convexity. Metanotum medigdosed in
dorsal view, about half as long as mesoscutum. Propodeum convexaslmigit as long,
dorsal and declivitous surfaces forming a continuous curve; propodeal spirdde slit
situated high on sides, opening posteriad. Metapleural gland orifice a circulavippata
posteroventral margin of propodeum. Legs very long, slender. Mesocoxa only syrtigr
than procoxa, half as long as metacoxa. Small trochantellus present on mid- and hind legs
All femora distinctly swollen in their basal half, more than twice as breag@al portion;
ventral margin of each femur apically with two flange-like cuticular ¢ditenking the base
of tibia, these lobes increasingly larger from fore- to hind legs. Tibia@gitgdncreasing in

width apicad. Dorsal surface of mid- and hind tibiae with a longitudinal row of 18-20 short,
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589 erect, stiff setae, and a paired row of long, erect, fine setae. Ventgahrafprotibia

590 apically with large calcar gently curved and one stout seta less thas t@ifjaas calcar;
591 additionally the dorsal margin with three small, stiff setae. Mesotibialgpwith two small,
592 simple spurs; dorsal margin with 4 short, stiff setae. Metatibia apicaltyome long,

593 pectinate spur and one short, simple spur; dorsal margin with 2 stiff setamméeed of all
594 legs elongate, longer than combined length of following tarsomeres Il-séntare | of fore
595 leg coated with longitudinal row of stiff setae on dorsal margin, and dense fsterérect
596 setae throughout; tarsomere | of hind leg very longs @s8long as tibia. Pretarsal claws with
597 adistinct subapical tooth.

598 Fore wing with veins M4 and Cul nebulous, not reaching wing margin; remaining veins
599 tubular; cross-vein 1r-rs absent;-Rdaintly arched; M1 distinctly arched, twice as long as
600 Rsfl; Rsf2 nearly at right angle with Rs+M, half as long ag2yIRs+M and Mf2 not

601 aligned, so that discal cell pentagonal, with vein 1m-cu distinctly longeMFfansecond
602 submarginal cell long, cross-vein 2rs-m situated far beyond apex of pter@stigrss-vein
603 cu-a arising from Cu, shortly distal to-#. Hind wing with 14 distal hamuli, jugal lobe not
604 visible, base of hind wing lost.

605 Metasoma. Petiole short-pedunculate, twice as long as broad; petiol& achbgitadly

606 convex node, with anterior and posterior surfaces subequal in length; posterior surface
607 oblique in its basal half, horizontal in its distal half; broadly attached to basstafdstral
608 tergite; subpetiolar process reduced to a small, laterally flattectahgle present ventrally
609 to petiole node ascerkirst gastral segment bell-shaped; first tergite with helcium

610 pronounced, forming a post-petiolar peduncle, with anterior surface posterioritorhelc
611 high, oblique, and dorsal surface strongly convex, short. Deep, girdling constnietioeen
612 first and second gastral segments (abdominal segments Il and IV). Sestnatgggment

613 distinctly longer than first, with deep lateral sulcus. Dorsum and latergimsaf pygidium
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614 coated in dense, tapered setae, hypopygium with long, sparse setae at termithwslvitha
615 present. Sting present, strong.

616 Measurementén mm) (holotype NIGP172000), [specimen RM3]. HL (1.40) [1.33], HW
617 (1.05), Hh (0.50); HoL (0.86); EL (0.56 in dorsal view); MDL (ca. 1.00); length of

618 antennomeres: | (scape) (1.47) [1.80], Il (pedicel) (0.16) [0.18], 11I-XII (0.25, 0.18, 0.16,
619 0.13, 0.13, 0.16, 0.13, 0.13, 0.13, 0.25); WL [3.50]; PL (0.61).

620

621 GenusProtoceratomyrmex gen. nov.

622 urn:lsid:zoobank.org:act:D219838A-DEFE-4E2C-9599-2FFDE59970C4

623 Type speciesProtoceratomyrmerevelatusgen. et sp. nov.

624

625 Etymology The generic name is a combinatiorpodto- (Greek, meaning ‘first’), and the
626 most similar genu€eratomyrmexin reference to the very slight clypeal horn resembling an
627 initial stage of the dramatically developed horn of other horned hell@resname is

628 masculine.

629 Diagnosis(worker). Head configuration similar baidomyrmexHaidomyrmodes

630 HaidoterminusCeratomyrmexandLinguamyrmexhead capsule tear-drop shaped,

631 broadened posteriorly, gradually tapering anteriorly; head distinctly brppayamately as
632 wide as long. Mandibles scythe-like with abbreviated dorsal development and widened
633 mandibular “elbow” relative to other haidomyrmecine taxa; clypeus withdedihed lateral
634 and posterior sulci, a slight triangulate cuticular elevation present nearipostypeal

635 margin, flanked by elongate trigger hairs; posterolateral clypealimsasgpadly rounded;
636 frontal triangle present as a laterally flattened rectangulaatsde between antennal sockets
637 approximately equal in height to clypeal horn; eyes reduced, ocelli absent; pronotum

638 broadened laterally; mesosoma with distinct metanotal sclerite; propodealespircular,
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663

gaping; petiole pedunculate with broadly rounded node; ventral margin of petiolesdnarm
constriction present between abdominal segments Il and 1V with medial velspiagpection

on first gastral tergite visible dorsally.

Protoceratomyrmex revelatus sp. nov.
urn:Isid:zoobank.org:act:02E35429-75CB-45F0-8446-AE4598E48E21

Figs. 6A-B, 8B

Holotype NIGP172002, worker (Figs. 6A-B).

Horizon and locality Upper Cretaceous, upper Albian—lower Cenomanian (ca. 99 Ma); in

amber from the Hukawng Valley, Kachin State, Myanmar.

Etymology The specific epithet derives fromavelatugLatin, meaning ‘reveal’ or ‘show’),

and refers to the clypeal margins, horn, and frontal triangle, which informepréetitgions of

morphological development in hell ants.

Diagnosis As for the genus by monotypy.

Description(worker). Total length 4.30 mm. Cuticle generally glabrous throughout.
Head. Vertex broad, gradually rounded posterolaterally, medially fldttéead capsule

tapered gradually toward anterior margin with maximum width at vertex appatety 2«

that at mandibular insertion; head flattened anteriorly, with steep @eahiincline present

dorsally to oral opening; ventral surface of head severely depressed aroymaldocamen.

Ocelli absent, oval-shaped eyes reduced, positioned near midlength of headlinitater

with dorsal margin abutting vertex of head. Mandibles scythe-like, latelatiigried,

dorsoventrally expanded, appearing broad in lateral view; medial margin oftiiesndi

slightly bowed anteriorly, producing cup-like curvature; dorsally developedldpimth

arising gradually, producing curved dorsal mandibular margin from basal arandilbste,
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672
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674
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676

677

678

679
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681

682

683

684

685

686

687

688

triangulate blade present anteroventrally at “elbow” junction of basal maadihalgin and
apical tooth, fine setae present on the lateral margin of this expansion; doggal ehar
mandible unarmed; length of apical tooth and basal margin of mandibles approximately
equal. Maxillary palps elongate, ca 0x1Bngth of head capsule, comprising six equally
sized palpomeres; labial palps stout, roughly equal in length to two maxillary palps
comprising four equally sized palpomeres. Clypeus elongate and steeplgd|sctdrite is
well defined by sulci, posterior and lateral margins meet broadly as tyacwaded suture;
small, triangulate clypeal horn present, slight anterior widening visiinhe @blique view;
long, fine seta present at base of clypeal horn, approximatégngth of horn itself,
reaching beyond apex of mandibles as preserved (second, symmetrical haig fleorki
presumably lost). Antennal sockets present just dorsad posterior margin ofs¢clgpgnna
with scape elongate, third antennomere more than twice as long as followirg¢utink
raised between antennal sockets into laterally flattened projection, likalgibgous with
“frontal triangle” of other haidomyrmecine taxa; projection with sharp amté&ce, slightly
declined dorsal face, and gradually sloping posterior face, 0.23 mm in length and 0.08 at
greatest height.

Mesosoma. Pronotum and propleuron anteriorly extended into neck to meet and
accommodate depression of head; propleuron reduced in lateral view, only faibtyy vis
pronotum broadly arched and dome-like; expanded ventrally in lateral view, witihhomaxi
height approximately equal to pronotal length in dorsal view; posterior margiorajtpm
demarcated by well-defined mesonotum, resulting in a sharply circularippstargin; in
lateral view, posterior margin of pronotum nearly extending to posterior mafrgin
mesonotum. Maximum height of pronotum, mesonotum, metanotum, and propodeum all
approximately equal, with metanotum and propodeum slightly lower in elevation. Propodeum

height and length approximately equal, broadly rounded dorsally; large propodaelespi
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689 situated high, circular and gaping; metapleural gland opening slightlysbapkd. Procoxa

690 approximately twice as long as mid- and hind coxae; femur and tibia of eaadaled in

691 fine setae; protibia with large calcar and two stiff setae approXdyr@&sx length of calcar;

692 mid- and hind legs with two tibial spurs of equal size; trochantellus present on mid- and hind
693 legs; tarsomeres with fine, stiff setae on underside; conspicuous prefawsalesent.

694 Metasoma. Petiole longer than high, node-shaped, coated in short, fine setae; peduncle
695 short, comprising approximately &.2ength of petiole itself; petiole node broadly rounded,
696 with anterior surface gradually increasing in elevation, slightlyeftesti dorsally; posterior

697 surface of petiole attaches to gastral segment | (abdominal sedinbraddly, following a

698 slight decrease in elevation; ventral margin of petiole appears unarmed, \&itlyquiocess

699 or tooth. Abdominal segment Il with significant helcium, approximately equahgtheto

700 petiole peduncle; sternite possessing a slight ventral keel, triangulgbecgexting just

701 ventral to petiole as preserved. Darkened lateral sulci visible on each gagtnegnt, present
702 along lower one-third of the gaster. Deep constriction present as circular bartdiagrbe

703 abdominal segments Ill and IV, this circular constriction interruptediglytsi-shaped

704  posterior expansion of abdominal tergite I, visible from above. Pygidium vatigate,

705 tapered setae; third valvula visible above sting; sting curved near apex.

706  Measurementén mm) (holotype NIGP172002). HL 0.82; EL 0.20; HoL ca. 0.09; MDbL
707 0.36, MDtL 0.09, MDaL 0.41; length of antennomeres: | (scape) 0.42, 1l (pedicel) 0.08, Ill—-
708 XlI10.27,0.13, 0.14, 0.12, 0.08, 0.10, 0.10, 0.11, 0.10, 0.12; WL 1.21; PL 0.33, PH 0.25.
709

710 GenusLinguamyrmeBarden & Grimaldi, 2017

711 Type specied.inguamyrmex vladBarden & Grimaldi, 2017: 839.

712

713 Linguamyrmex brevicornis sp. nov.

29



714 urn:lsid:zoobank.org:act:D91488C6-3BEB-4A21-9F0E-3101BB9CCAS85

715  Figs. 6C—E, 7

716

717 Etymology The specific epithet is a combinationboévi (Latin, meaning ‘short’) andornus
718 (Latin, meaning ‘horn’), and refers to the smaller clypeal horn compatéeé type species
719 L. vladi

720 Holotype NIGP172001, worker (Figs. 6C, 7D).

721 Additional specimend.A01, alate female (Figs. 6D, 7A-B), and RM4, worker (Figs. 6E,
722 7C).

723 Horizon and locality Upper Cretaceous, upper Albian—lower Cenomanian (ca. 99 Ma); in
724  amber from the Hukawng Valley, Kachin State, Myanmar.

725 Diagnosis(females). Closely similar tb. vladi, but differs from this species by having a
726  shorter clypeal horn (horn index Hol = 31-34.irbrevicornis 56 inL. vladi), with stalk

727 much reduced, slightly broader than long, with the setose pad more hexagonal anld aligne
728 with stalk (circular and with a distinct bend between stalk and clypeal padliadi), and

729 with clypeal pad coated in stout setae. It is also differentiated by thetemndith two teeth
730 on ventral corner of medioventral blade (teeth absentweadi) and, in workers, with the
731 apical mandibular portion shorter than basal portion (apical portion longewladi). In

732 addition to the difference in the proportion of the mandible, the female castes of

733  brevicornisdiffer by their size (body length ca. 7 mm in gyne, 4 mm in worker), by the
734 antennae with flagellomeres compact in worker, more elongate in gyne, aotgstiolar
735 process present in worker.

736 Description(gyne) Total length of body around 7 mm. Cuticle minutely shagreened, densely
737 covered by adpressed, minute setae, the apical gastral segments alydititimaparse

738 pilosity of long, fine, erect setae becoming gradually denser toward apex.
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739 Head. As inLinguamyrmex vladibut with compound eyes slightly reniform, emarginate
740 in middle of posterior margin. Ocelli distinct, positioned on a prominent cuticulagkeiain
741 dorsal view, with posterior margin of lateral ocelli aligned with posteriogimaf eyes.

742  Antenna filiform, with flagellomeres elongate, cylindrical except apical aich has acute
743  tip; third antennomere twice as long as following one. Antennal sockets imetgdianking
744 a medial frontal triangle that is sharply expanded anteriorly aboveatlgpen, and

745  connecting ventrally with dorsal surface of horn by a cleared, latdliettigned cuticle;

746 frontal triangle projection terminates anteriorly at approximathyeslength as clypeal horn
747  with slight indentation just dorsad clypeal horn, giving the appearance of a secolhd, sma
748 broadly rounded horn. Clypeal horn originating at base of frontal triangle, shastrarght,
749 in profile view almost perpendicular to longest axis of head. Horn paddle-shaped, with shor
750 compact stalk and hexagonal, setose pad; stalk apparently glabrous, 0.10 mm in length, 0.12
751 mm in width; setose pad 0.26 mm in length, 0.20 mm at greatest diameter, with anterior
752 margin straight, transverse; dorsal surface of setose pad glabrous, #erféxed densely and
753 uniformly coated with very short, velcro-like vestiture; trigger hairs nobMsiLateral

754  clypeal margins extending from above mandibular insertions toward horn as geng cu
755 lines. Anterior clypeal margin broadly concave. Labrum visible. Mandible ssyityged;

756 basal portion linear, short, meeting apical curved portion nearly at right amgfieventral
757 triangular blade bearing one large apical tooth and one small preapicaltibbtboncave

758 dorsal surface coated with pointed setae; apical portion of mandible posterior toenéail
759 blade 1.6 as long as blade, with tip broadly roundstandibles preserved in closed position
760 (with tips of apical portion reaching nearby clypeal setose pad), almostyeparallel and
761 closely approximated, except ventral corners of blades overlapping and fiply slig

762 diverging. Maxillary palps 5-segmented, labial palps 3-segmented.
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764

765

766

767

768

769

770

771

772

773

774

775

776

777

778

779

780

781

782

783

784

785

786

Mesosoma. Pronotal colar pronounced but not concealing entire propleuron in dorsal view;
pronotal dorsum weakly conveRromesonotal suture present, complete. In dorsal view,
mesoscutum as long as pronotum (excluding neck), about as broad as long, withridteral
posterior margins carinate; posterior mesoscutal margin broadly cowlcasatl mesoscutal
surface with long parapsidal furrows almost reaching anterior mesonogihp@mverging
posteriorly but not touching. In profile view, pronotal dorsal outline feebly convex,
mesoscutal dorsal outline nearly flat. Mesoscutellum prominent posteriorlgripost
mesoscutellar surfaces concave, their junction forming a sharp angle;rdessaicutellar
surface with a deep, broad, transverse groove immediately posterior to scutarssuiiete.
Metanotum medially as high as long, with posterior surface forming distingté with
pronotal dorsumPropodeum 1.8as high as long; in profile view, propodeal dorsum
distinctly lower than pronotal dorsum; propodeal dorsum nearly flat, declivitowsurf
feebly convex, their junction broadly rounded. Propodeal spiracle slit-like, oriposteriad.
Metapleural gland opening circular, gaping. Legs long and robust, mesocixetlglis
shorter than pro- and metacoxae; small trochantellus present on mid- and hind legs; al
femora distinctly swollen in their basal half, tibiae swollen in their &piak; ventral margin
of protibia apically with large calcar and two simple, stout setae les$i#iiaas long as
calcar; mesotibia apically with two long, straight, pectinate spurs, anchtwt straight,
stout setaemetatibia apically with one long, pectinate spur and one long, simple spur.
Tarsomeres -1V of all legs with pairs of stout setae along entireaventface (8—10 pairs
on tarsomere |, 4-5 pairs on tarsomere Il, 3 pairs on tarsomere lll, 2 pairsandee 1V),
and apically with 2 pairs of stout setae each flanking a spatulate spine; adiglittuma
ventral surface of tarsomeres -1V covered by dense brush of finesetaet pretarsal claws

thick, with a distinct subapical tooth.
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809

810

Fore wing with veins M4 and Cul nebulous, not reaching wing margin; remaining veins
tubular; cross-vein 1r-rs absent;-Rdaintly arched; M1 distinctly arched, twice as long as
Rsfl; Rsf2 nearly at right angle with Rs+M, half as long ag2yIRs+M and Mf2 not
aligned, so that discal cell pentagonal, with vein 1m-cu distinctly longemMkHansecond
submarginal cell long, cross-vein 2rs-m situated far beyond apex of pterstigiss-vein
cu-a arising from Cu, shortly distal to-fdl. Hind wing with jugal lobe present.

Metasoma. Petiole short-pedunculate; petiolar tergite forming a broadly coogexwith
anterior surface approximately twice as long as posterior surface; isldnpetocess present,
in profile a high, transverse, tooth pointing ventrally, with anterior surface cengasterior
surface vertical; transverse sulcus visible across petiole near agah.nfrirst gastral
segment with helcium pronounced, forming a post-petiolar peduncle, with anteramresurf
posterior to helcium high, oblique, and dorsal surface strongly convex, short; anmstiorm
part of first gastral sternite with a distinct mesal process pointingoaetarally below
helcium.Second gastral segment distinctly longer than first, with presclemgelyeexposed
to form a deep, broad constriction between first and second gastral segmentsnabdom
segments Ill and 1V). Posterior margin of gastral segments |l mhwish sparse, elongate
setae. Pygidium nearly glabrous while hypopygium with sparse setae;ymagparently

broadly acute towards sting shatft.

Wingless female (workerfdmaller than gyne (total length of body around 4 mm), and with
the following differences: compound eyes oval, ocelli faintly visible, not positioned on a
prominent cuticular triangle. Antenna more compact, with flagelloméerbs gradually
broadened apically, apical flagellomere with rounded apex. Clypeal setose @ad mor

guadrangular, the ventral surface with a pair of trigger hairs originatpagdbase. Mandible

33



811

812
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828

829

830

831

832

833

834

835

with medioventral triangular blade larger and apical portion (posterior to bledle)ad, 0.6
as long as blade.

Mesosoma and metasoma as ivladi except propodeum higher than long, petiole with
subpetiolar process present, and girdling constriction deeper between abdegrnmanhts 111
and IV (Alll with an oblique posterior surface). Protibia with one large apical(sploar)
and two short stout setae; mesotibia with two simple spurs and three conspicuous setae
positioned along anterior margin of tibial apex; metatibia with one pectinatenansimple
spur, additionally with a brush of 8—10 setae flanking the pectinate spur. Spartssetaec
positioned on dorsum of pronotum, propodeum, petiolar tergite, and first and second gastral
tergites and sternites. Pygidium not preserved.

Measurement@n mm) (worker holotype NIGP172001) [worker specimen RM4] {gyne
specimen LAO1}. HL [0.82] {0.82}; EL [0.21] {0.42}; HoL [0.17] {0.36}; MDL [0.59]
{0.80}; length of antennomeres: | (scape) (0.57) [0.67] {1.04}, 1l (pedicel) (0.09) [0.12]
{0.14}, 11I-X11 (0.35, 0.17, 0.16, 0.15, 0.15, 0.13, 0.13, 0.12, 0.13, 0.17) {0.80, 0.40, 0.34,

0.32, 0.31, 0.30, 0.30, 0.32, 0.32, 0.35}; WL [1.29] {2.2@}; {0.70}.

Key to genera and species of Haidomyrmecinae

1. Clypeus posteriorly with a slightly elevated setose lobe ipneid just ventrad or

between antennal insertion

» Clypeus posteriorly projecting forward ingocephalic horn arising ventrad, between, or
dorsad antennal INSEITION ... e e e e e et e eeeeieeeee D
2. Antenna compact, with flagellomeres shortx<% long as broad); first flagellomere as

long as or longer than SecoNd ONE ..o e
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836 3

837 » Antenna elongate, with flagellomeres long ¥>8s long as broad); first flagellomere
838 shorter than second one .........ccccviiiii i e e e 2 HAldOmyrmex
839 species: 4

840 3. All flagellomeres nearly of same length; clypeal setpad positioned anterior to

841 antennal insertion; ocelli present; two metatibial spurs
B2
843 Haidomyrmodes mammuthBerrichot et al., 2008

844 » Flagellomere | longest of basal four flagellar articles;pebl setose pad positioned

845 slightly posterior to antennal insertion; ocelli absent; one rbathti spur
846
BAT Haidoterminus cippuMcKellar, Glasier & Engel, 2013

848 4. Flagellomere Il longest of basal three flagellar artickesntal triangle moderately

849 elevated; vertex, ventral margin of mandibles, and antennomereslydesetese;

850 mandibles with medioventral blade bearing at least one largel apath, with tip of

851 apical portion tapered to acute point, smooth; ocelli reduced to pitdikes; subpetiolar
852 PrOCESS  PrESENTL ettt et et et e et e e et e e e Haidomyrmex
853 cerberusDlussky, 1996

854 » Flagellomere Il longest; frontal triangle strongly eledateertex, ventral margin of

855 mandibles, and antennomeres mostly glabrous; mandibles with medibveattias
856 asymmetrical, left one bearing three small teeth, right onenlgetavo larger teeth; tip of
857 apical portion tapered to sharp point, smooth; ocelli and subpetiolarsprabsent ...
858 ettt a0 HAIdOMYrmex scimitaruBarden & Grimaldi, 2012

859 » Apical flagellomere longest; frontal triangle feebly elkeda vertex, ventral margin of

860 mandibles, and antennomeres mostly glabrous; mandibles with mediovblada!
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885

bearing a single apical tooth, with tip of apical portion tapered to blunt point ancetpinut

serrate; ocelli absent; subpetiolar process a minute tooth

cereeene.... Haldomyrmex zigradBarden & Grimaldi, 2012
Posterior clypeal projection not furrowed ventrally (= withoterk ridges), forming a
pointed or paddle-shaped horn; long, paired trigger setae present, fwsmbase of
clypeal process or ventral surface of apical setose pad; kgeghinticles absent or

present only on ventral setose pad; labrum not obviously exposed

Posterior clypeal projection distinctly furrowed ventrally, widtefal ridges originating
above mandible insertions, and converging posteriorly to form thellatargins of a
horn; paired trigger setae absent; peg-like denticles presegtlateral clypeal ridges, or

on labrum, or both; labrum exposed ventrally of horn

. Clypeal horn a small triangulate cuticular elevation; onegddrigger setae positioned at

base of horn; compound eyes small (Ol 24); ocelli absent; flaged&srll-X compact,
barely longer than wide ......................Protoceratomyrmex revelatugen. et. sp.

nov.

Clypeal horn paddle-shaped, comprising basal stalk and apical getdseompound
eyes small to large (Ol 26-39); ocelli present; flagellomdires elongate, distinctly

longer than wide

. Clypeal horn and curved apical portion of mandibles extremely teaghing high above

vertex (Hol 140; MDI 130); peg-like denticles present on vergeabse pad; 2 pairs of

trigger setae positioned at base of horn’s stalk; frontal triahgled with horn, not
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distinguishable; gastral constriction between Alll and AlIV at tnfagtly impressed

.................................... Ceratomyrmex ellenbergédperrichot, Wang & Engel, 2016

Clypeal horn and curved apical portion of mandibles distinctly shont&r reaching
above vertex (MDI 70); peg-like denticles absent; 1 pair of triggéae positioned on
ventral surface of apical setose pad; frontal triangle conmeetith horn by cleared
cuticular membrane; gastral constriction between Alll and Al&eply impressed

Linguamyrmex

species: 8

. Clypeal horn reduced (Hol 25-35), with stalk almost indistinct gmchlasetose pad

hexagonal, as broad as (worker) or smaller than (gyne) compound|eygte (EL);
mandibles with medioventral blade bearing two teeth and, in workampassing
midlength of apical curved portion; compound eyes small in worker $Ip2opodeum
higherthan long ............cco i Linguamyrmex brevicornigen.

et. sp. nov.

Clypeal horn conspicuous (Hol 56), with stalk short, not surpassimgafrtriangle in
dorsal view, and apical setose pad circular, broader than EL in wonkedibles with
medioventral blade smooth and not reaching to midlength of apical cpmeidn;
compound eyes large in worker (Ol 39); propodeum longer than high .........................

.................................................... Linguamyrmex vladBarden & Grimaldi, 2017

Clypeal horn enormous (Hol 95-10®)ith apical setose pad circular, nearly as broad as
head in dorsal view, and stalk about as long as pad; mandibles witbvergdal blade
smooth and, in worker, not reaching to midlengthapical curved portiongompound
eyes large in  worker (Ol 44); propodeum longer than  high

................................................... Linguamyrmex rhinocerusMiao & Wang,
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911 2019

912 9. Body and legs robust; mandibles scythe-shaped, with mediovenamdguliar blade

913 present; in frontal view, the outline of apical portion of mandiblegned with clypeal
914 lateral ridges; clypeal horn gradually tapering to rounded tip; egezlangate, the
915 mandibles inserted far from compound eyes
008 e 10

917 » Body and legs gracile; mandibles sickle-shaped, with medioveniasigtiar blade

918 absent; clypeal horn and labrum protruding horizontally, their tip witheep median
919 notch; apical lateral margins of horn bilobed; genae stronglycexl, the mandibles
920 inserted close to compound €yes .......cciiiiiiiiiiiiiiiieiie Aquilomyrmex
921 huangigen. et. sp. nov.

922 10. Mandibles with apical curved portion much longer than basal portioerdaimdly serrate

923 along dorsal margin; with medioventral blade an isosceles tooth ojecting beyond
924 mandibular elbow (labrum and clypeal surface below horn entirely edpogen
925 mandibles closed); ocelli large, antennomeres and compound eyes gisinaijate
026 e Dhagnathos autokratagen. et. sp. nov.

927 » Mandibles with apical curved portion not distinctly longer than basation; with

928 medioventral blade a large triangle gradually tapering to tapafal portion (labrum and
929 clypeal surface below horn entirely concealed when mandiblesdylagorsal margin of
930 mandibles serrate along distal half of medioventral projection, itkeapically; ocelli,
931 antennomeres, and compound eyes more reducedChonidris insolitagen. et. sp. nov.
932

933 4. Discussion

934

38



935

936

937

938

939

940

941

942

943

944

945

946

947

948

949

950

951

952

953

954

955

956

957

958

959

Even as Dlussky remarked on the unique cranio-mandibular system of hell ants, his
bewilderment was related to a single taxon. Discoveries over the ladedetd the taxa
described here expand the boundaries of the group’s morphology. Most striking iettie ex
to which the clypeus and mandibles are exaggerated. While all previously knowmtell a
possess cranial nodes or horns (Dlussky, 1996; Perrichot et al., 2008a, 2016; Barden and
Grimaldi, 2012; McKellar et al., 2013a; Barden et al., 2017; Miao and Wang, 2019), these
appendages are the product of elevations that originate in the posterior region qig¢hbs cly
in HaidomyrmexHaidomyrmodesHaidoterminus CeratomyrmexandLinguamyrmexThe
clypeus itself is drawn out dorsoventrally, matching the elongation presenthaatie
capsule. This scheme is echoedmtoceratomyrmexdowever, the cranial horns present in
AquilomyrmexChonidris andDhagnathosarethe product of an anterior clypeal margin that
is extended dorsally as well as posteriad, resulting in a furrowed clypeékseién a
medial depression and ventrally concave horn (Figs.1, 8; see also Barden et atedubmit
The visible epistomal sutures GhonidrisandProtoceratomyrmekighlight the two distinct
cuticular origins of horns in haidomyrmecines (Figs. 5, 6Adnilomyrmexthe ventrally
concave clypeus comprises the entire anterior expansion of the head capsihis, and
expanded clypeus is matched by an equally extended labrum that is coated in tiutdsdent
The parallel modifications of the clypeus and mandibles in all haidomyrmecasttaxngly
suggest that these two features interacted during mouthpart movement, nhogt ke in

prey capture.

5. Concluding remarks

Hell ant cranial morphology is unlike any modern group, a reflection of ancient

diversification ultimately bound for extinction. Phylogenetic analyses reovered
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haidomyrmecines as a stem-group lineage that diverged from modern ants prior totthe mos
common recent ancestor of all living ants (Barden and Grimaldi, 2016; Barden et al
submitted). This phylogenetic placement, molecular divergence estimaiesa{Mand Bell

2013) and the presence of crown ants in Cretaceous amber (Grimaldi and Agosti, 2000;
McKellar et al., 2013b; Zheng et al., 2018; Perrichot, 2019) indicate that hell antslgnd ear
members of extant lineages overlapped for tens of millions of years. Thetiext of
haidomyrmecines following their diversification remains an outstanding questaont

evolution, as is the function and evolutionary history responsible for this striking expansi

into unparalleled phenotypic space.
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Figureslegends

Fig. 1. Measurements of cranial structures shown on 3D models. A, h&thghathogen.
nov. in full facial view. B, head ddhagnathogen. nov. in lateral view. C, head of
Aquilomyrmesgen. nov. in dorsal view. D, headAduilomyrmexgen. nov. in lateral view.

Scale bars: 1 mm.

Fig. 2. Representative alate femaledsfagnathos autokratagen. et sp. nov. (A—C,

holotype IGR.BU-003)Chonidris insolitagen. et sp. nov. (D—F), addjuilomyrmex huangi

gen. et sp. nov. (G—H). Habitus (A), head in lateral (B) and frontal (C) views. Habitus of
holotype NIGP171998 (D), head of paratype NIGP172003 (E) in anterolateral view, head of
specimen HAO04 (F) in frontal view. Habitus of holotype NIGP172000 (G), head of specimen

TJ41-020 (H) in lateral view. Scale bars: 1 mm (A, D, G), 0.5 mm (B, C, H), 0.2 mm (E, F).

Fig. 3. Overview and details of alate females (gynef)lmignathos autokratogen. et sp.
nov. Specimen HAO03 (A), specimen XAO01 (B), specimen RM1 (C-D), and holotype
IGR.BU-003 (E-G). Habitus (A, B, C), fore wing (D), mandibles, clypeus andrabr
lateral views (E, F), wings, propodeum and petiole (G). Abbreviations: cc, latgreitl
carina; cd, clypeal denticles; cp, clypeal process (horn); Iss, labmatdge setae; mib,
mandibular inner blade; mp, mesal process of 1st gastral sternite; pdr, propteapp,

sub-petiolar process. Scale bars: 2 mm (A-C), 1 mm (D, G), 0.5 mm (E, F).

Fig. 4. Overview and details of alate females (gynesJlobnidris insolitagen. et sp. nav

Specimen HA04 (A-B), specimen RM2 (C-E), paratype NIGP172003 (F-G), and holotype
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NIGP171998 (H). Habitus (A, C, F), heads (B, D, H), wings in lateral view. Scalelbaus

(A, C, E, F), 0.25 mm (B, D, G, H).

Fig. 5. Overview and details of alate females (gyned)agdilomyrmex huangjen. et sp.

nov. Specimen RM3A-C), specimen HAQ6 (D), paratypdGP171999 (E-F), and holotype
NIGP172000 (G—H). Habitus (A, E), heads (B, D), hind leg and first metasomal seg@jents
in lateral view. Head in dorsolateral view (F), head in dorsal view (G), head nalvéetv

(H). Scale bars: 1 mm (A, E), 0.25 mm (B-D, F-H).

Fig. 6. Representative females Bfotoceratomyrmex revelatggen. et sp. nov. (A-B) and
Linguamyrmex brevicornigen. et sp. nov. (C—E). Habitus (A) and head (B) of worker
holotype NIGP172002. Habitus of worker holotype NIGP172001 (C), head of gyne specimen
LAO1L in dorsal view (D), head of worker specimen RM4 (E) in lateral view. Abbrengat

cp, clypeal process; ft, frontal triangle; ts, trigger setae. Scaebarm (A, C), 0.25 mm

(B, D, E).

Fig.7. Overview and details of femaleslahguamyrmex brevicornigen. et sp. navGyne
specimen LAO1 (A—B)worker specimen RM4 (Cyvorker holotype NIGP17200(D).
Habitus (A, C), head and mesosoma in dorsal view (B), head in ventrolateral vieScél2)

bars: 0.5 mm.

Fig. 8. Artistic reconstructions of the heads of hell ants in lateral view, with masdibl
closed. AHaidomyrmexB, Protoceratomyrmegen. nov. CAquilomyrmesgen. nov. D,
LinguamyrmexE, CeratomyrmexE, Chonidrisgen. nov. GDhagnathogyen. nov. Scale

bars: 0,5 mm.
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