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A mantidfly in Cretaceous Spanish 
amber provides insights into 
the evolution of integumentary 
specialisations on the raptorial 
foreleg
Ricardo Pérez-de la Fuente  1 & Enrique Peñalver  2

Multiple predatory insect lineages have developed a raptorial lifestyle by which they strike and hold 
prey using modified forelegs armed with spine-like structures and other integumentary specialisations. 
However, how structures enabling the raptorial function evolved in insects remains largely hypothetical 
or inferred through phylogeny due to the rarity of meaningful fossils. This is particularly true for 
mantidflies (Neuroptera: Mantispidae), which have a scarce fossil record mostly based on rock 
compressions, namely isolated wings. Here, Aragomantispa lacerata gen. et sp. nov. is described 
from ca. 105-million-year-old San Just amber (Spain), representing the oldest and one of the few 
mantidflies hitherto described from amber. The fossil shows exquisitely preserved forefemoral spine-
like structures composed of integumentary processes each bearing a modified seta, and prostrate setae 
on foretibiae and foretarsi. The fine morphology of these structures was unknown in fossil mantidflies. 
An assessment of integumentary specialisations from raptorial forelegs across mantispoid lacewings is 
provided. The present finding reveals how the specialised foreleg armature associated to the raptorial 
lifestyle in extant mantidflies was present yet not fully established by the Early Cretaceous, at least 
in some lineages, and provides palaeontological evidence supporting certain evolutionary patterns of 
acquisition of integumentary specialisations related to the raptorial function in the group.

Among predatory insects, various lineages swiftly strike and hold prey using modified forelegs armed with diverse 
specialised structures derived from the leg integument, such as spine-like bristles (setae). In extant insects, these 
specialised, raptorial forelegs are most famously distinctive of praying mantises1, but are also present in some 
aquatic hemipterans2, some assassin bugs3, some true flies4–6, a few beetles7, and mantidflies. The latter, also 
known as mantis lacewings or mantispids (Neuroptera: Mantispidae), are a small insect group with about 400 
described extant species distributed in four subfamilies8,9. While Mantispinae encompass most of the mantid-
fly species and are distributed in temperate and intertropical regions from all continents, Calomantispinae and 
Drepanicinae have a disjunct distribution in the Asia-Pacific region and the New World, and Symphrasinae are 
only found in the latter8,10,11. Mantidfly larvae have straight piercing-sucking mandibulo-maxillary stylets used to 
absorb the liquefied tissues of their prey and are obligate predators (some even acting as ectoparasites) of spiders 
and insects, becoming sedentary in late instars12,13. Apart from their raptorial forelegs, the most distinctive feature 
of adult mantidflies ‒also convergent with praying mantises‒ is an elongate prothorax. The mantidfly forelegs 
are inserted very anteriorly, however, adjacent to the head. It is well known that other lineages of mantispoid 
neuropterans possess raptorial forelegs, i.e., the Rhachiberothidae (often classified within Berothidae), and two 
exclusively Cretaceous lineages, the Paraberothinae (considered here a subfamily within Rhachiberothidae) and 
the Dipteromantispidae14–18. Raptorial forelegs are known to be present in other extinct neuropteran groups, i.e., 
the Mesithoninae (currently within Berothidae)18,19 and the Mesochrysopidae20.
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Although 21 fossils species of adult mantidflies had been hitherto described21,22, only four of these are amber 
inclusions and, from them, just one is Cretaceous23–25. Micromantispa cristata (from mid Cretaceous Burmese 
amber) was originally described as a mantidfly26 but it can be more comfortably regarded as a paraberothine27. 
On the contrary, fossil mantidflies are much more common as compressions, with 16 species described. Most of 
them are fully preserved bodies of the extinct Mesomantispinae, known from the Middle‒Late Jurassic to Early 
Cretaceous of China, Kazakhstan, and Russia18,22,28–31, and likely representing a paraphyletic assemblage31. Other 
fossil species assigned to Mantispidae described from compressions correspond to wings, mostly isolated, i.e., 
three Mesozoic species affiliated to Drepanicinae32–34, one Eocene species assigned to Symphrasinae29, and three 
Oligocene species classified in Mantispinae35–37. The fossil record of crown thorny lacewings (Rhachiberothinae) 
is represented by two species from Eocene ambers38,39. On the other hand, the fossil record preserved in amber of 
extinct groups of mantispoids with raptorial forelegs is actually more abundant that that of extant groups. Indeed, 
most of the amber mantispoids with raptorial forelegs have been assigned to the Paraberothinae (herein con-
sidered within Rhachiberothidae), a Cretaceous group currently containing a total of 14 species from Lebanese, 
Burmese, French (Charente and Bezonnais), New Jersey, Japanese, and Canadian ambers16,19,40–47. The affiliation 
of Oisea celinea is uncertain and rests somewhere between Rhachiberothinae and Paraberothinae16,39,43. Lastly, 
the fossil family Dipteromantispidae has six described species from Burmese and New Jersey ambers and one as 
a compression from the Yixian Fm.17,42,48,49.

Here we present a fossil mantidfly with exquisitely preserved integumentary specialisations on the raptorial 
forelegs, including prostrate setae and spine-like structures composed of integumentary processes each bearing a 
modified seta. This is the first time that the fine structure of these specialisations has been characterised in extinct 
mantidflies. The fossil is preserved in Early Cretaceous (middle‒upper Albian, ca. 105 Ma) Spanish amber50,51, 
and represents the oldest and one of the few mantidflies described from amber to date. Although some evo-
lutionary trends of integumentary specialisations related to the raptorial lifestyle in insects have been inferred 
phylogenetically1,2,52, the fossil record able to contribute to the subject is scarce and was hitherto restricted to 
praying mantises1,53.

Results
Systematic palaeontology 

Order Neuroptera Linnaeus, 1758
Family Mantispidae Leach, 1815
Subfamily Drepanicinae Enderlein, 1910

Genus Aragomantispa gen. nov. 
LSID, urn:lsid:zoobank.org:act:C12BCD59-8E2C-4C86-AF29-4D19BA9F4E7B.

Type species. Aragomantispa lacerata sp. nov.

Diagnosis. Scape moderately elongate, about 4× longer than wide basally. Forecoxa not particularly elongate, 
shorter than forefemur (ratio forecoxae/forefemoral length 0.6). Forefemur not laterally flattened ventrally, wid-
ening distally and reaching its maximum width slightly beyond its midlength. Forefemur slightly longer than 
combined length of foretibia and foretarsus (about 1.1×). Forefemur with three types of spine-like structures 
composed of integumentary processes (IPs) each bearing a modified seta distally, arranged in two longitudinal 
rows: (1) two ectal and two ental major IPs bearing modified setae; ratio IP length/modified seta length of largest 
IP (basalmost, ental) 7:1, same ratio of three remaining IPs 3:1; (2) about ten ectal and five ental minor IPs bearing 
needle-like setae placed on proximal three quarters, ratio IP length/needle-like seta length about 1:3; (3) three 
ectal and three ental thick, minor IPs bearing thick setae on distal quarter, ratio IP length/thick seta length 3:2. 
Foretibia slightly arched ventrad, ventrally bearing a single row of closely-spaced prostrate setae, visible only on 
the distal half of the tibia. Foretarsus pentamerous, with tarsomeres cylindrical and compact. Foretarsomere 1 
not particularly elongate, not produced apically. Foretarsomere 5 the longest. Foretarsomeres 1‒4 ventrally with 
one or two transverse pairs of prostrate setae each. Foretarsal prostrate setae distinct from those on foretibiae, 
i.e., thicker, with basal stretch erect at about 45° angle and a distal stretch abruptly inclined forwards and running 
parallel to the tarsus (not directed towards the cuticle). Claws paired and simple (not bifid or multipronged) in all 
legs. Arolium present in all legs. Meso- and metathoracic legs with tarsomeres 3 and 4 subequal in length. Hind 
wing with single trichosors along all anterior margin, with costal space very narrow; Sc meeting RA at about 2/3 
of the wing length, pterostigmal area hyaline; two ra-rp crossveins before the pterostigmal area, 1rp-ma crossvein 
straight (not sigmoidal).

Etymology. After “Aragón”, name of the Autonomous Community in Spain where the San Just outcrop is located, 
and Mantispa, type genus of Mantispidae. Gender: feminine.

Aragomantispa lacerata sp. nov. 
LSID, urn:lsid:zoobank.org:act:B11B14A7-620A-4B6F-A19C-89F29DCADC7B.
Figs 1–5

Type material. SJ-10-22 from San Just amber. Specimen deposited at the Fundación Conjunto Paleontológico 
de Teruel-Dinópolis (CPT), Teruel, Spain. Fragmentary specimen preserved in a turbid amber piece prepared 
in an Epoxy prism measuring 24 × 17 × 2 mm. Although the specimen’s body is badly preserved, the head 
(excluding the distal antennae), the anteriormost prothorax (including head-prothorax and prothorax-forecoxal 
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Figure 1. Photomicrographs of Aragomantispa lacerata gen. et sp. nov. (Mantispidae: Drepanicinae), holotype 
SJ-10-22, from San Just amber. (a) Dorsolateral habitus, with discernible body parts tagged. (b) Left foreleg in 
lateral (ectal) view, with inset showing pretarsal claws and arolium (arrow). Abbreviations: Ar ‒ Abdominal 
remains, Fw ‒ Forewing, H ‒ head, Hw ‒ Hind wing, LFl ‒ Left foreleg, RFl ‒ Right foreleg. The asterisk marks a 
partially preserved snakefly wing (Raphidioptera).
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articulations), and the forelegs (excluding the right foreleg beyond the mid femur) are preserved in good con-
dition. A basal third portion of a forewing, most part of a hind wing, and three distal fragments of mid-/hind 
legs are also preserved. Syninclusions: a partial snakefly (Raphidioptera) wing (asterisk in Fig. 1a) and possibly 
fragments of its legs (one of them showing distinct maculations); a small hymenopteran, and a few other indeter-
minate insect fragments (legs, eyes, microlepidopteran scales, etc).

Diagnosis. As for the genus (see above).

Description. Sex unknown. Body medium-sized, inferred length 8‒9 mm from mandibles to end of the abdo-
men (Fig. 1a).

Head transverse, width not measurable. Vertex only slightly raised, not distinctly domed, lacking tubercles, 
sculpturing not discernible, with sparse setae as preserved. Post-ocular margin narrow. Eyes large, ovoid, bulging, 

Figure 2. Photomicrographs of Aragomantispa lacerata gen. et sp. nov. (Mantispidae: Drepanicinae), holotype 
SJ-10-22. (a) Head in dorsolateral view. Areas depicted in subfigures (b) and (c) have been framed. (b) Detail 
of mouthparts. (c) Detail of base of the right antenna, showing antennal insertion (asterisk), scape (its base 
delimited by arrows), and pedicel. (d) Preserved forewing fragment. (e) Hind wing.
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Figure 3. Camera lucida drawings of Aragomantispa lacerata gen. et sp. nov. (Mantispidae: Drepanicinae), 
holotype SJ-10-22. (a) Right foreleg in lateral (ectal) view. (b) Detail of prostrate setae visible on right foretibia 
(top) and foretarsus (bottom). (c) Detail of spine-like structures (different types of integumentary processes 
each bearing modified setae) on right forefemur. Proximal is on the right side. (d) Head in dorsolateral view. (e) 
Preserved forewing fragment. (f) Hind wing. Abbreviations: A1, 2 – anal veins, Ac – anteclypeus, Ai – antennal 
insertion, C – costal vein, CuA – cubital anterior vein, CuP – cubital posterior vein, Cx – (fore)coxa, Fe – (fore)
femur, Ga ‒ galea, La ‒ labrum, Lp ‒ labial palp, M – media vein, Ma – Mandible, Mp ‒ maxillary palp, Pe ‒ 
Pedicel, RA – radial anterior vein, RP – radial posterior vein, Sc – subcostal vein, Sp ‒ scape, Ta – (fore)tarsus, 
Ti – (fore)tibia.
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0.55 mm long, 0.41 mm high (Figs 2a and 3d). Mandibles relatively small, 0.24 mm long. Galea with distal digi-
tation distinct, bearing hooked setae. Last maxillary palpomere shorter than the preceding palpomere (Fig. 2b). 
Antennae incomplete, with at least 13 flagellomeres; antennal insertion prominent, subcontiguous to the anterior 
eye margin. Scape moderately elongate, ca. 4× longer than wide (basal width), i.e., slightly more than twice the 
pedicel length and the length of about five flagellomeres, distally expanding, 0.30 mm long, 0.08 mm wide basally, 
0.11 mm wide distally; with a whorl of setae distally, setae particularly elongate dorsally (Figs 2c and 3d). Pedicel 
elongate, 0.13 mm long; basal half cylindrical, 0.04 mm wide, distal half expanding, maximum width 0.06 mm; 
preserved flagellomeres subquadrate, slightly goblet-shaped, 0.05 mm long, 0.05 mm wide (Figs 2c and 3d).

Figure 4. Integumentary specialisations from the legs of Aragomantispa lacerata gen. et sp. nov. (Mantispidae: 
Drepanicinae), holotype SJ-10-22. (a) Spine-like structures composed of integumentary processes (IP) each 
bearing a modified seta on the right forefemur, imaged in lateral (ectal) view. Proximal is on the upper right 
corner. Left inset shows the two rows of minor IPs bearing thick setae (not fully visible) placed at the forefemur’s 
distal quarter (arrows point at the insertions of two thick setae on their respective IPs), whereas right inset 
expands the distal end of two of the major IPs bearing modified setae with a 3:1 length ratio between the two 
components (arrowheads mark the insertion of the modified setae). (b) Integumentary specialisations on the 
left forefemur imaged in dorsal view (uppermost cuticle not preserved). Inset shows a minor IP bearing a thick 
seta with a 3:2 length ratio between the two components. (c) Prostrate setae on the right foretibia (bottom left 
inset, arrows) and foretarsus (top right inset, arrowheads). (d) Isolated mid- or hind tarsus, showing enlarged 
setae on plantar surfaces. Arrow points to arolium. (e) Tarsus from isolated mid- or hind leg, showing enlarged 
setae on plantar surfaces. Arrows point to arolium.
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Thorax mostly not preserved. Only distal prothorax preserved, in connection to the head. Prothoracic legs 
raptorial, attached to the anteriormost portion of the thorax (Figs 1b and 3a). Forecoxa not particularly elon-
gate, 1.23 mm long, shorter than forefemur, ratio forecoxa/forefemur length = 0.6, without an evident transverse 
sulcus. Foretrochanter 0.32 mm long. Forefemur not flattened ventrolaterally, varying in thickness throughout, 
i.e., dorso-ectally projecting until reaching maximum thickness (approximately 0.38 mm) beyond its midlength. 
Forefemur 2.05 mm long, about 1.1× the combined length of foretibia and foretarsus (1.82 mm). Forefemur ven-
trally armed with three types of spine-like structures composed of IPs each bearing a modified seta, arranged in 
two longitudinal rows, all slightly directed forwards (Figs 1b, 3a,c and 4a,b): (1) two ectal and two ental major 
IPs each bearing a modified seta, basalmost of these structures the largest, more than twice as long as remaining 
major IPs bearing modified setae (0.53 vs 0.24 mm long), inserted on proximal quarter of the femur length; ratio 
IP length/modified seta length of basalmost IP 7:1, same ratio of three remaining IPs 3:1; modified seta about 
3.5–4× longer than wide basally (emerged portion of seta); (2) about ten ectal and five ental minor IPs bearing 
needle-like setae placed on proximal three quarters; ratio IP length/needle-like seta length about 1:3; needle-like 
setae 0.10 mm long, 6–6.5× longer than wide basally (emerged portion of seta); (3) three ectal and three ental 
minor IPs bearing thick setae placed on distal quarter; ratio IP length/thick seta length 3:2; thick setae 0.08 mm 
long, 2× longer than wide basally (emerged portion of seta). Foretibia slightly arched ventrad, 1.20 mm long, 
0.18 mm high. Foretibia ventrally with closely-spaced prostrate setae (adpressed and facing forwards) arranged 
in a single row, visible only on the distal half of the tibia as preserved (Figs 1a, 3a,b and 4c). Foretibia lack-
ing spine-like setae or IPs. Foretarsus pentamerous, 0.62 mm long, 0.06 mm wide. Foretarsomeres cylindrical, 
compact. Foretarsomere 1 not particularly elongate, not produced apically, not bearing dorsal spine-like setae. 
Foretarsomere 5 the longest. Foretarsomere 1 0.12 mm long, 2 0.11 mm, 3 0.07 mm, 4 0.11 mm, and 5 0.13 mm. 
Foretarsomeres 1‒4 ventrally with one (foretarsomere 1 and 3) or two (foretarsomere 2 and 4) transverse pairs of 
prostrate setae each, lacking spine-like setae. Foretarsal prostrate setae distinct from those on foretibia, thicker, 
distally raised (not adpressed to the tarsal cuticle), i.e., with basal stretch erect at about 45° angle and distal stretch 
abruptly inclined forwards and running parallel to the tarsus (not directed towards the cuticle), 0.07 mm long 

Figure 5. Reconstruction of Aragomantispa lacerata gen. et sp. nov. (Neuroptera: Mantispidae) striking a 
potential prey, an Alavesia sp. fly, on a hypothetical gleicheniacean fern. Antennal length, thoracic (including 
pronotal shape and the proportions of meso- and metathoracic legs) and abdominal morphology, striking 
pose and colouration of the new taxon based on extant mantidfly relatives. Species classified within the 
genus Alavesia have been found in two Spanish amber localities74, and the fern group is recorded as trichome 
inclusions and spores within the sediments associated to Spanish amber75; both were most likely abundant in 
the Iberian amber forest.
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(Figs 3a,b and 4c). Prothoracic leg with two pretarsal claws, simple (not bifid), sturdy, 0.08 mm long, 0.07 mm 
high, with relatively large arolium present between them (Fig. 1b), slightly surpassing the tip of the claws. Meso- 
and metathoracic legs fragmentarily preserved. Mid-/hind tarsomere 2 longer than wide. Mid-/hind tarsomere 
3 as long as tarsomere 4, both subquadrate (not elongate). Mid-/hind tarsomeres with combs of six to eight 
enlarged setae on distal plantar surfaces (Fig. 4d,e), particularly strong in one of the preserved tarsi; two pretarsal 
claws present, simple (not bifid), with an arolium between them, 0.07 mm wide. Metathoracic leg (left?) with 
femur 1.28 mm long; tibia without spurs, 1.90 mm long.

Forewing with only a fragment from its basal third preserved, 1.60 mm wide, with weakly marked tricho-
sors likely present anteriorly (Figs 2d and 3e). Costal space with two preserved crossveins, the basalmost nar-
rowly forked. Crossvein 1cua-cup preserved, situated beyond branching of RP. Posterior CuP branches shallowly 
twigged at wing margin. Vein 1A with one simple branching, its anterior branch shallowly twigged.

Hind wing 5.21 mm long, about 1.55 mm wide, with single trichosors between veins along its preserved mar-
gin (Figs 2e and 3f). Apex rounded. Costal space very narrow, with a few costal veinlets preserved proximally and 
around the pterostigmal area, all simple (not twigged). Costal veinlets not apparent. Pterostigmal area hyaline. 
Sc meeting RA at about 2/3 of the wing length. Two ra-rp crossveins before Sc reaches RA. RP with, at least, four 
branches, without gradate series of crossveins visible. Crossvein between stems of RA and MA absent, the basal-
most crossvein present (1rp-ma, also known as “basal piece of MA” or “b vein” in older nomenclatures) located 
almost immediately after the branching of the basal fork of RP, straight (not sinuous). Branching of MA and MP 
distad the basalmost branching of RP. Cubital and anal veins not preserved.

Abdomen barely preserved, ca. 4.20 mm long. Genitalia not preserved.

Figure 6. Specialised integumentary structures on the prothoracic leg of Theristria delicatula (Mantispidae: 
Drepanicinae; extant). (a) Lateral (ectal) view of the right prothoracic leg (specimen 1). Arrow points to the 
tip of the major IP. (b) Lateral view of the distal half of a femur showing diversity of spine-like integumentary 
specialisations (specimen 2), including three major IPs each bearing a partly invaginated chitinous cone (Stitz 
organ) (right inset), minor IPs bearing modified setae with length ratio between the two of ca. 1:1 (left inset, 
right), and spine-like setae inserted on a subglobular base (left inset, left). (c) Lateral view of the ventrodistal 
part of the tibia, showing row of prostrate setae, with inset on two distalmost prostrate setae (specimen 1). (d) 
Lateral view of ventral side of foretarsomeres 5 (left) and 4 (right), with inset showing the basalmost prostrate 
setae (specimen 2). (e) Ventral view of a foretarsus (specimen 2). All images are ©Oxford University Museum of 
Natural History, released under a CC BY license.
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Age and locality. San Just amber, northeastern Spain (Teruel Province)50. Dated as middle‒upper Albian51, but 
most likely upper Albian according to new extensive, unpublished data on palynomorphs.

Etymology. Specific name is after Latin verb lacerare, meaning “to tear to pieces, to shatter, to destroy”, in its fem-
inine, singular participle perfect passive conjugation, referring to the fragmentary and disintegrated appearance 
of the holotype’s body.

Remarks
The latest phylogenetic assessment of Mantispidae11 established four apomorphic characters for the family: (1) 
pronotum elongate posterior to forecoxae54 (Figs 5 and 6a); (2) pronotum tubular (ventrally fused)54 (Fig. 6a); 
(3) foretibiae with prostrate setae10,55 (lost in Mantispinae) (Figs 6c and 7c); and (4) meso- and metathoracic legs 
with third and fourth tarsomeres subequal in length54. The presence of prostrate setae on the foretibia (and the 
foretarsus) (Figs 3b and 4c) firmly accommodates the new fossil species within Mantispidae. The third and fourth 
tarsomeres of the meso-/metathoracic legs are subequal in length (Fig. 4d,e), although this character is rather 
subtle to assess and has not been evaluated in most fossil mantispoids with raptorial forelegs such as in paraber-
othines. The presence of a tubular pronotum and its elongation posterior to the forecoxae insertion cannot be 
assessed in the new species due to preservation. The absence of spine-like setae on the ventral side of the foretibia 
(and the foretarsus) further discards a relationship of the new fossil with paraberothines19, which lack prostrate 
setae (see discussion).

Multiple characters present in Aragomantispa lacerata gen. et sp. nov. rule out its affiliation to the mantis-
pid subfamilies Symphrasinae, Calomantispinae, and Mantispinae, and suggest accommodation within the 
remaining mantispid subfamily, the Drepanicinae (although see below)10,11. These characters are: (1) absence of 
forefemur laterally compressed ventrally (presence is synapomorphic of Calomantispinae and Mantispinae), (2) 
combined length of foretibia and foretarsus about as long as that of forefemur (clearly shorter in Mantispinae), (3) 
pentamerous foretarsi (tetramerous foretarsi are apomorphic for Symphrasinae), (4) foretarsomere 1 not distally 
produced (distally produced in a claw-like process present, likely as an apomorphy, in Symphrasinae), (5) two 

Figure 7. Specialised integumentary structures on the prothoracic legs of extant and extinct mantispoids. (a) 
Anchieta notha (Mantispidae: Symphrasinae; extant), lateral view of forefemur. (b) Same specimen, detail of the 
basal part of forefemur in lateral view, showing a spine-like seta with a globulose base of insertion (arrow) and 
two IPs, i.e., a small conical process (left inset) and the basalmost (major) process (right inset), each bearing a 
chitinous cone (Stitz organ). (c) Nolima victor, syntype (Mantispidae: Calomantispinae; extant). Lateral view 
of forefemur, foretibia, and foretarsus, with an inset of minor forefemoral IPs bearing chitinous cones (Stitz 
organs) (top inset) and row of prostrate setae on foretibia (bottom left inset) and foretarsus (bottom right 
inset). (d) Eorhachiberotha burmitica, holotype (Rhachiberothidae: Paraberothinae; extinct). Lateral view of 
the forefemora and foretibia. Arrow points at the insertion of a modified seta on the basalmost forefemoral 
IP. Images (a) and (b) are ©Oxford University Museum of Natural History, (c) and (d) are ©The Trustees of the 
Natural History Museum, London; all images are released under a CC BY license.
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pretarsal claws in all legs (one pretarsal claw on the prothoracic leg is apomorphic in Mantispinae)11, and (6) aro-
lia present in all legs (absent in the prothoracic leg of Mantispinae). Nevertheless, the character states noted above 
are considered plesiomorphic for Drepanicinae, the monophily of which is supported by genitalic characters11, 
which are not assessable in the new fossil due to its fragmented condition.

Figure 8. Fossil record of mantispoid neuropterans with raptorial forelegs (excluding Mesithoninae) and types 
of integumentary specialisations present on the forefemora (A‒L), foretibiae and/or foretarsi (i‒viii) for each of 
the groups, including extinct and extant taxa unless fossils are directly tagged (only in Drepanicinae). Rock fossils 
appear in grey (isolated wings depicted as empty circles) and amber inclusions in orange, including Aragomantispa 
lacerata gen. et sp. nov. (star, Spanish amber). Phylogenetic relationships based on Liu et al.1. Divergence times are 
conjectural but consistent with those obtained for Rhachiberothidae and Mantispidae71,76. Phylogenetic, temporal, 
and taxa assignation uncertainty is marked with question marks on arrows or discontinuous line. Tibial spurs 
from extant Rhachiberothidae and foretibial “peg-like protrusions” of Doratomantispa have been excluded. Fossil 
occurrences (numbers 1 to 27) and taxa from which depicted types of integumentary specialisations have been 
extracted are provided in the Supplementary Text. Forefemoral integumentary specialisations: A, short and thick 
spine-like seta; B, spine-like setae; C–G, integumentary processes (IPs) each bearing a modified seta: C minor size 
(<0.2 mm), ratio IP length/modified seta length 1:2 to 1:5; D, minor size, ratio around 1:1 (ratios of 2:3 and 3:2 also 
present); E, major size (>0.2 mm), ratio ca. 1:1; F, major size, ratio 2:1; G, major size, ratio 3:1 to 7:1 (basalmost IP); 
H, mesomantispine spine-like structures (fine structure unknown due to fossilisation as compressions); I, large 
and thick spine-like seta; J‒L, increasingly larger IPs bearing minute chitinous cones (Stitz organs). Foretibial and/
or foretarsal integumentary specialisations: i,v,vi, erect spine-like setae; ii,iii, mesomantispine prostrate seta and 
erect spine-like structure, respectively (fine structure unknown due to fossilisation as compressions); iv,vii,viii, 
prostrate setae (adpressed to the cuticle for all their length, distal stretch raised and running above the cuticle, or 
adpressed only at the tip, respectively). All integumentary specialisations at the same scale. Abbreviations: Pg ‒ 
Palaeogene, Ng ‒ Neogene.
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Three characteristics based on the arrangement and microstructure of the integumentary specialisations from 
the raptorial forelegs support the assignation of the new fossil to the Drepanicinae: (a) a combination of major 
IPs each bearing a modified seta, the basalmost being the largest and a few of such structures, yet smaller, more 
anteriorly placed, and numerous minor IPs each bearing a modified seta55 (Figs 1b, 3a,c and 4a,b), (b) tarsal 
prostrate setae arranged in transverse pairs (not forming a single row as in Symphrasinae and Calomantispinae), 
and (c) foretibial and foretarsal prostrate setae having a different shape, with the latter being thicker, more raised 
and angulated (Figs 3b and 4c), a state detected in Theristria delicatula (Fig. 6d; see types vii, viii in Fig. 8; see 
discussion) (foretibial and foretarsal prostrate setae shape subequal in Symphrasinae, Calomantispinae, and some 
Drepanicinae). Similarly, the preserved hind wing venation of the new fossil bears resemblance to that of extant 
drepanicines10, rather than to the other mantispid groups10, although that is likely a result of its plesiomorphic 
condition as well.

Some characters differ between A. lacerata and extant mantispids, including drepanicines. First, the shape 
of the scape is more elongate in the new species than in extant mantispids, where the scape is 1‒2× longer than 
wide. This character is known to have a significant variability within the mantispoid groups (i.e., Berothidae, 
Rhachiberothidae), even among species treated as congeneric (see Rhachiberotha15), with the greatest elongation 
degree (scape up to about 10‒12× longer than wide) found in some paraberothines15,44. Other antennal char-
acters, remarkably the number of flagellomeres in Mantispidae, show a high degree of intraspecific variation in 
extant taxa and are, therefore, not informative10,55. Second, the shape of the IPs differs from that present in extant 
mantispids in that instead of bearing minute Stitz organs on their tip, each bears a larger, modified thick seta that 
is 3.5–4× longer than wide basally (Fig. 4a). And lastly, although the tarsal prostrate setae have a very similar 
morphology than those present in some Theristria species as noted above, their distal stretch remains raised and 
running parallel above the cuticle instead of being inclined towards it. In any case, and in spite of these differences, 
the most conservative approach for now is to classify the new species within the subfamily Drepanicinae. Future 
findings of more complete fossil material related to the new taxon will clarify that stance. Note that whereas 
trichosors between veins are entirely lacking in most extant Drepanicinae, Calomantispinae, and Mantispinae11, 
they are present in multiple numbers along the anterio-distal wing margin in the drepanicine Gerstaeckerella 
Enderlein10,54 and along the whole wing margin in Symphrasinae56. The presence of single trichosors between 
veins along the entire wing margin is shown by the new species and many other fossil mantispids25,29,31.

Within the fossil diversity of Mantispidae, A. lacerata is most similar to Doratomantispa burmanica, described 
from late Albian-earliest Cenomanian Burmese amber as a drepanicine25 but currently considered of unknown 
familial relationships11. Interestingly, both species share the presence of forefemoral IPs bearing modified setae 
where the latter is about 4× longer than wide basally (Fig. 4a; see type G in Fig. 8). This condition was not 
originally described but is discernible from the provided photographs25. However, among other characters, 
Aragomantispa gen. nov. differs from Doratomantispa in the forecoxae not as elongate, four major IPs on the 
forefemora (vs. six), presence of forefemoral minor IPs bearing modified (needle-like and thick) setae, foretibial 
prostrate setae (vs. peg-like protrusions), presence of prostrate setae on foretarsomeres 1‒4, foretarsomere 1 
among the shortest (vs. the longest), presence of arolium, and two (vs. 1) ra-rp crossveins before the pterostigmal 
area in the hind wing.

The placement of Micromantispa cristata, from Burmese amber and initially considered a mantidfly26, has 
raised controversy19,27,57. We agree with Makarkin19,27 in that this taxon is more comfortably accommodated 
within the Paraberothinae, particularly due to the highly diagnostic presence of spine-like setae on the inner 
foretibia (and foretarsus), absent in mantidflies, and lack of prostrate setae. Note that “prostrate setae” were 
described from M. cristata’s foretibia, but, surprisingly, from its dorsal surface instead of ventrally26. Judging 
from the photographs offered by the authors, their “prostrate” setae appear to represent the insertions of partly 
detached, regular setae from the dorsal surface of the foretibia. In any case, as Shi et al. noted57, it is paramount to 
keep unveiling diversity of fossil mantispoids with raptorial forelegs in order to elucidate their true relationships, 
including that of M. cristata.

Discussion
In praying mantises, the foreleg’s spines not only act as physical structures to catch, hold, and direct prey deeper 
into the femorotibial junction, but some of these –the femoral hinged spines– are also mechanoreceptors that elicit 
the striking reflex and, once the prey is captured, sense its movements and keep the forefemur and the foretibia 
closed against each other1,58. The femora from the raptorial forelegs of extant mantispids are also equipped with a 
sophisticated, yet different, sensory equipment: modified setae borne by each spine- or tubercle-like integumen-
tary process (IP) shape minute, partly invaginated chitinous cones55,59,60 (Figs 6b, 7b,c; see types J‒L in Fig. 8). 
These structures were named “Stitz organs” and described as mechanoreceptors hypothesised to derive from 
sensillae trichoidea based on neurohistological observations60. Stitz organs are also known to be present on the 
pronotum from some drepanicine mantidflies10,11,55. In extant symphrasine and drepanicine mantidflies, apart 
from the IPs bearing a Stitz organ (Figs 6b and 7b,c), other integumentary specialisations exist: long and thick 
spine-like setae (Lambkin’s “long thick black setae”10; see Tjeder, 1959: fig. 24914), with bases of insertion that are 
globulose, are present in Symphrasinae (Fig. 7a,b; see type I in Fig. 8), whereas in extant Drepanicinae, although 
similar yet smaller spine-like setae with globulose bases of insertion can be present55, moderately elongate IPs 
each bearing a modified seta, with a ratio IP length/modified seta length of ca. 1:1, also exist (Fig. 6b; see types B 
and D in Fig. 8).

Although the fine structure of the anteriorly directed, spine-like structures on the ventral side of the forefem-
ora is relatively well known for extant mantispoids with raptorial forelegs, it has remained largely overlooked 
in fossils. This is particularly true in Paraberothinae, the disparity of forefemoral spine-like structures of which 
includes spine-like setae (type B in Fig. 8) and diverse types of IPs each bearing a modified seta. The latter differ 
in total size, ranging from about 0.05 to 0.3 mm, as well as in the relative length between the IP and the emerged 
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portion of the modified seta that each bear distally. This includes IPs shorter than the modified seta (ratio IP 
length/modified seta length 1:2 to 1:5; type C in Fig. 8), IPs equal or subequal in length than the modified seta 
(ratio IP length/modified seta length around 1:1; types D and E in Fig. 8), and IPs longer than the modified seta 
(ratio IP length/modified seta length 2:1; type F in Fig. 8). In that regard, re-examination of the holotype of 
Eorhachiberotha burmitica shows how, in spite of not having been originally described likely due to bad pres-
ervation43, the specimen’s forefemora are at least armed with a basal IP bearing a modified seta, with a length 
ratio between the two of ca. 1:1 (Fig. 7d). By contrast, the diversity of integumentary specialisations in crown 
Rhachiberothidae appears to be less disparate (types C‒E in Fig. 8)14,15. Furthermore, in Dipteromantispidae, 
short and thick spine-like setae arranged in a few rows have been described from some forms (type A in Fig. 8), 
whereas in others there appears to be an absence of forefemoral integumentary specialisations42,48,49. The fine 
structure of the forefemoral “spines” of the mesomantispines remains unknown due to their preservation as rock 
compressions (type H in Fig. 8).

Prostrate setae refer to strong setae adpressed to the cuticle (i.e., not erect, recumbent) and with apices pointing 
anteriorly10,14,54,55,61 (Figs 4c, 6c,d and 7c). These integumentary specialisations play a mechanical role in the rap-
torial function of mantidflies by creating a hardened edge towards which the spines of the forefemur slide along, 
creating a “scissor” effect10. As mentioned earlier, the presence of prostrate setae forming a closely-spaced later-
oventral ridge ventrally on the foretibia is considered an apomorphy of Mantispidae that was lost in Mantispinae11; 
in the latter, a sclerotised and acute longitudinal rim of the foretibial cuticle itself creates the hardened cutting 
edge instead10. Remaining mantispoid groups with raptorial forelegs lack prostrate setae on the foretibia, instead 
having spine-like setae (often also present on the foretarsi as well) (Paraberothinae)16,17 (see types i, v, vi in Fig. 8) 
or no specialised setae at all in these leg segments (crown Rhachiberothidae and Dipteromantispidae)14,42,48,49. 
Moreover, prostrate setae are additionally present on the foretarsus of all mantispids but Mantispinae, but 
their location, arrangement and morphology is variable between these groups. In Symphrasinae, foretar-
sal prostrate setae are restricted to a longitudinal row on foretarsomere 1, which has a claw-like process dis-
todorsally, and the prostrate setae morphology is the same than that present on the foretibia14,54,56,59,62,63.  
In Calomantispinae, foretarsal prostrate setae are present on foretarsomeres 1–4; those in foretarsomere 1 are 
arranged in a single row, and their morphology is essentially the same than those on the foretibia (although 
apparently slightly thicker for some species, such as Nolima victor) (Fig. 7c). In Drepanicinae, however, foretarsal 
prostrate setae are arranged on transverse pairs on foretarsomeres 1‒410,11,55 (Fig. 6e), and the prostrate setae 
morphology can differ between those on foretibia and those on foretarsus (a circumstance not ascertainable 
from previous accounts10,55,63). Indeed, in some Theristria species such as T. delicatula, prostrate setae on foretar-
someres 1‒4, instead of being thin, gently curving and completely adpressed to the cuticle for all their length, they 
are thicker and have a basal stretch that is rather erect and a distal stretch abruptly inclined downwards, therefore 
being directed towards the cuticle (Fig. 6d). This condition resembles that present in Aragomantispa lacerata gen. 
et sp. nov., although in the latter the distal stretch of the foretarsal prostrate setae does not incline downwards so it 
remains raised running parallel above the cuticle (Fig. 4c). For other examined drepanicine species, however (T. 
storeyi, Allomantispa mirimaculata), morphology between foretibial and foretarsal prostrate setae is essentially 
the same. Moreover, in the Cretaceous mantidfly Doratomantispa burmanica, originally considered a drepanicine 
but the relationships of which were later considered enigmatic11, blunt peg-like (not setae-like) protrusions form-
ing a discontinuous ridge on the inner foretibiae were described25. Even if these structures probably correspond 
to modified prostrate setae11, their morphology and arrangement significantly differ from those of the prostrate 
setae from extant mantispids. Lastly, prostrate setae have been described from the foretibiae and foretarsus of 
some mesomantispines, all preserved as compressions from Asia18,21,22,31; as the fine structure and exact arrange-
ment of these integumentary structures is unknown, their homology with those present in the new taxon (Fig. 4c) 
and extant mantispids (Fig. 6c–e) should remain contentious.

Comparison between integumentary specialisations from the different insect groups with raptorial forelegs 
provides some interesting insights. In praying mantises (Mantodea), the foreleg armature related to the rapto-
rial function, apart from the foretibial spur, namely consists of modified (spine-like) setae (=spines) variable in 
number and development (multiple secondary reductions are known), and only a few taxa have spines that are 
inserted on elevated IPs (=socketed spines)1. Some Cretaceous mantises bear spines (allegedly articulated) on 
mid- and/or hind legs53, resembling the condition present in some plesiomorphic lineages of extant mantises such 
as Chaeteessa1. The fossil record of praying mantises reinforces the hypothesis that the spines on the mantodean 
foreleg originated from setae, and that the former are homologous with the setae from the blattodean (cock-
roach) foreleg1. In hemipterans, the raptorial forelegs of aquatic nepomorphan hemipterans (i.e., Belostomatidae, 
Gelastocoridae, Naucoridae, Nepidae, and Potamocoridae) usually show a lower degree of development of integ-
umentary specialisations3. However, those present in assassin bugs (Reduvioidea) are widely diverse, including 
highly specialised structures such as the “fossula spongiosa” and the use of sticky secretions produced by special-
ised setae2. Even if the disparity of modified spine-like setae and IPs bearing modified setae from assassin bugs is 
comparable to that identified herein from extinct mantispoids, modified setae do not appear to be as reduced as 
the minute chitinous cones representing the Stitz organs in extant mantispids64–67. In true flies, thickened setae 
are present in raptorial forelegs of both empidid flies5 and predaceous biting midges, the latter also showing 
moderately elevated IPs in some cases, including in some fossil forms4,68. Furthermore, in the genus Ochthera 
(Ephydridae) forefemora have an armature of thickened setae some of which are inserted on moderately elevated 
IPs; remarkably, Ochthera also shows prostrate setae (apparently in a single row) along the foretibial spur6,69, a 
condition highly resembling that present on the spur-like foretarsomere 1 of symphrasine mantispids56. Lastly, 
some staphylinid beetles have raptorial forelegs and show striking behaviour but it is the foretarsus that bears 
adhesive setae7.

Although prostrate setae are one of the few apomorphic characters of mantidflies, their fine structure had 
not been hitherto described from any fossil representative. Aragomantispa lacerata gen. et sp. nov. proves how 
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Cretaceous mantidflies possessed types of prostrate setae comparable to those of their extant counterparts. On 
the other hand, the most widespread mechanism by which spine-like structures have developed in the forelegs of 
insects associated to the raptorial function is through the modification, namely enlargement and thickening, of 
setae. However, a different trend that has contributed to shape functional spines in some insect lineages with rap-
torial forelegs is the development of integumentary processes each of them elevating the modified setae. Although 
such structures are nowadays present in some reduviid, mantodean, and dipteran lineages, in no group they 
are as pervasive as in extant mantidflies, where modified setae reach their minimum size in the form of minute 
chitinous cones, or Stitz organs. It had been previously hypothesised that the Stitz organs were the result of the 
reduction of sensillae trichoidea. The findings presented herein provide palaeontological evidence in support of 
that hypothesis. In that regard, two character states of integumentary specialisations related to the raptorial func-
tion in the new species, i.e., (1) foretarsal prostrate setae distally raised and running parallel above the cuticle, and 
(2) major forefemoral integumentary processes each bearing a modified seta about 4× longer than wide basally 
(allegedly also present in Doratomantispa), could represent transitional stages between the plesiomorphic, more 
generalised (seta-like) conditions and those present in extant mantidflies, where (1) foretarsal prostrate setae 
are, at least distally, adpressed to the cuticle and (2) forefemoral integumentary processes bear Stitz organs. In 
any case, only a phylogenetic analysis including both raptorial and non-raptorial mantispoids once more fossil 
material is unearthed and studied will be able to ascertain the intermediate nature of these character states. The 
variability of integumentary specialisations from the ventral surface of the femora, tibiae, and tarsi from the 
raptorial forelegs of mantispoids showcased herein demonstrates the need to provide detailed descriptions of 
these structures ‒a practice that has been scarcely done in the past, particularly for fossils‒ in order to account for 
additional characters of potential phylogenetic significance. Fossils like A. lacerata are invaluable for providing 
data to help elucidate the complex evolutionary history of mantispoids, including that of the traits enabling the 
raptorial lifestyle.

Material and Methods
Taxa examination. The new fossil specimen was isolated within a small amber piece and prepared in Epoxy 
resin. A Discovery.V12 Zeiss stereomicroscope, and two compound microscopes (an Olympus BX51 and a 
Zeiss AXIO) were used to examine the specimens. The new fossil specimen was drawn using a camera lucida 
attached to the stereomicroscope and to the Olympus BX51 compound microscope. Specimens were photo-
graphed using an Axiocam 105 colour digital camera attached to both the stereomicroscope and the Zeiss AXIO. 
Series of images were taken with the software ZenPro v.2.3 and stacked using the software Helicon Focus v.6.8.0. 
This published work and the associated nomenclatural acts have been registered in ZooBank, the proposed 
online registration system for the International Code of Zoological Nomenclature. The ZooBank LSIDs (Life 
Science Identifiers) can be resolved and the associated information viewed through any standard web browser 
by appending the LSID to the prefix “http://zoobank.org/”. The LSID for this publication is 93EF62A7-75C8-
4916-A275-CEA9D22D91A3, and those of the associated nomenclatural acts are C12BCD59-8E2C-4C86-AF29-
4D19BA9F4E7B (Aragomantispa gen. nov.) and B11B14A7-620A-4B6F-A19C-89F29DCADC7B (A. lacerata sp. 
nov.).

Other material examined. Fossil material: Eorhachiberotha burmitica Engel, 2004, holotype. Tags: “NHM 
Palaeont. Dept. In. 20177”; “Brit. Mus. Geol. Dept. In. 20177.” “Pres. R.O.J. Swinhoe, 3 July 1920”. Pinned (extant) 
specimens housed at the Oxford University Museum of Natural History (OUMNH): Subf. Drepanicinae – (1) 
Theristria delicatula (Westwood, 1852), specimen 1. Tags: “W. AUSTRALIA. Towranna Plains, betw. Yule R. and 
Sherlock R. Capt. Jan. – May ’98 by E. Clement, Ph.D. Purchased 1899.”, “Standing over: Mantispa delicatula 
(Westwood) ex. Hope-Westwood colln. Ox. Uni. Mus. Nat. Hist. (OUMNH)”, “1899 3034”; (2) Theristria delica-
tula (Westwood, 1852), specimen 2. Tags: “Theristria delicatula (Westw.) ♂ Gen.prep. by Ragnar Hall 7.IV.1983”, 
“Standing over: Mantispa delicatula (Westwood) ex. Hope-Westwood colln. Ox. Uni. Mus. Nat. Hist. (OUMNH)”; 
Subf. Symphrasinae – (3) Anchieta notha (Erichson, 1839). Tags: “Standing over: Mantispa notha (Erichs.) 
ex. Hope-Westwood colln. Ox. Uni. Mus. Nat. Hist. (OUMNH)”, “Det. R.G. Beard 1968. ♀ abdomen + geni-
talia. Prepared 20-VI-1968 Beard”; (4) Plega sp. Tags: “ex. Hope-Westwood colln. Pres.1849–1857. OX. UNI. 
MUS. NAT. HIST. (OUMNH)”, “Sept.4.1907.W.ARIZONA Prescott. R.E.Kunzé. Pres 1913.”, “1913 1123”; Subf. 
Mantispinae – (5) Dicromantispa interrupta (Say, 1825). Tags: “Standing over: Mantispa interrupta (Say) ex. 
Hope-Westwood colln. Ox. Uni. Mus. Nat. Hist. (OUMNH)”. Pinned (extant) specimens housed at the Natural 
History Museum, London (NHM): Subf. Calomantispinae – (6) Calomantispa spectabilis Banks, 1913. Tags: “det. 
Ragnar Hall 1983”, “Brit. Mus. 1939–45”; (7) Nolima praeliator Navás, 1914, holotype. Tags: “Omilteme, Guerrero, 
8000 ft, Aug. H.H. Smith”, “Godman-Salvin Collection 1913–214”; (8) Nolima pugnax (Navás, 1914), holotype. 
Tags: “S. Geronimo, Guatemala”, “Godman-Salvin Collection 1913–214”; (9) Nolima victor Navás, 1914, syn-
type. Tags: “Xucumanatlan, Guerrero, 7000 ft, July. H.H. Smith”, “Godman-Salvin Collection 1913–214”; Subf. 
Drepanicinae – (10) Allomantispa mirimaculata Liu & Ohl, 2015, holotype, ♀; (11) Theristria storeyi Lambkin, 
1986. Tags: “det. R. Hull (HRNS) 1987”, “Australia: N. Queensland, Station Creek via, Mt. Carbine”, “23.XII.1971 
A.WALFORD-HUGGINGS”, “B.M. 1972–3314”.

Nomenclatural and Taxonomic Considerations
General nomenclature for Mantispidae follows that of Lambkin10. Nomenclature on wing venation follows the 
revision by Breitkreuz et al.70 using wing tracheation. These authors showed that MA does not fuse to the last 
branch of the RP (or “Rs”, “radial sector”) and, therefore, the so-called “basal piece/stem of MA” or “b vein”, 
which sometimes can be sinuous (sigmoid) in Neuroptera, is a crossvein70. For nomenclature on specialised 
integumentary structures associated to the raptorial forelegs, Poivre’s works are followed for the Stitz organs 
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of extant mantispids55,60. In that regard, the use of the term “spine”, “teeth”, “denticle”, or “spine-like seta”14,42,55, 
among others, are far from being satisfactory. It is necessary to use a more precise terminology able to account for 
the disparity present in deep time Mantispoidea and identified herein. Thus, it is proposed to use the descriptive 
term “integumentary process (=IP) bearing a modified seta” for the forefemoral structures comprising a more 
or less elevated integumentary base (=pedestal, socket) shaping an elongate truncate cone or a rounded tubercle, 
on the tip of which a thickened and variably elongate seta is inserted (e.g., see Tjeder, 1959: fig. 23214 and Poivre’s 
works55,60). The term “spine-like seta” is restricted herein to modified seta inserted on regular (globular) bases, not 
on elevated IPs (contra Makarkin19). We refrain to use the term “cuticular spines” used by Lambkin10 for the IPs 
where the modified setae correspond to minute chitinous cones named Stitz organs of extant mantispids as they 
can be interpreted as structures fully composed of leg cuticle, i.e., not bearing any structure derived from setae.

Although still a matter of contention, herein Rhachiberothidae are considered a separate family15 follow-
ing the latest phylogenetic analyses where they have been recovered as a lineage distinct from Berothidae and 
Mantispidae11,71 (although see Winterton et al.72). Furthermore, Paraberothinae Nel, Perrichot, Azar & Néraudeau, 
2005 is considered a valid taxon following the works of Makarkin and Kupryjanowicz as well as Makarkin’s19,39 
but within Rhachiberothidae (instead of Berothidae) following Nel et al.16 and more recent works that have con-
sidered the fossil forms classified within Paraberothinae as rhachiberothids11,73. Acknowledging that the current 
paraberothine diversity would appear to represent a grade leading to extant rhachiberothids and pending for a 
phylogenetic analysis where paraberothines are included, the group is tentatively regarded herein as sister to the 
Rhachiberothinae (=crown Rhachiberothidae).

References
 1. Wieland, F. The phylogenetic system of Mantodea (Insecta: Dictyoptera). Spec. Phyl. Evol. 3, 3–222 (2013).
 2. Zhang, J. et al. Evolution of the assassin’s arms: insights from a phylogeny of combined transcriptomic and ribosomal DNA data 

(Heteroptera: Reduvioidea). Sci. Rep. 6, 22177 (2016).
 3. Barbosa, J. F. & Rodrigues, H. D. D. The True Water Bugs (Nepomorpha). In True Bugs (Heteroptera) of the Neotropics. Entomology 

in Focus 2 (eds Panizzi, A. & Grazia, J.) 159–199 (Springer, Dordrecht, 2015).
 4. Spinelli, G. R. & Wirth, W. W. The Neotropical Predaceous Midges of the genus Bezzia (Diptera: Ceratopogonidae) Part IV. The 

dentifemur and venustula Groups. Insecta Mundi 421, 1–18 (1991).
 5. Plant, A. R. Diversity of Chelipoda Macquart, 1823 (Diptera: Empididae: Hemerodromiinae) in northern Thailand with discussion 

of a biodiversity ‘hot spot’ at Doi Inthanon. Raffles Bull. Zool. 57, 255–277 (2009).
 6. Suh, S. J. & Kwon, Y. J. First record of the genus Ochthera Latreille (Diptera: Ephydridae) in Korea. Anim. Cells Syst. 13, 461–464 

(2009).
 7. Betz, O. & Mumm, R. The predatory legs of Philonthus marginatus (Coleoptera, Staphylinidae): functional morphology and tarsal 

ultrastructure. Arthropod Struct. Dev. 30, 77–97 (2001).
 8. Ohl, M. Annotated catalog of the Mantispidae of the world (Neuroptera). Contrib. Entomol. Int. 5, 133–242 (2004).
 9. Oswald, J. D & Machado, R. J. Biodiversity of the Neuropterida (Insecta: Neuroptera, Megaloptera, and Raphidioptera). In Insect 

Biodiversity: Science and Society Vol. 2. (eds Foottit, R. G. & Adler, P. H.) 627–672 (John Wiley & Sons, UK, 2018).
 10. Lambkin, K. J. A revision of the Australian Mantispidae (Insecta: Neuroptera) with a contribution to the classification of the family. 

I. General and Drepanicinae. Aust. J. Zool. Suppl. Ser. 116, 1–142 (1986).
 11. Liu, X., Winterton, S. L., Wu, C., Piper, R. & Ohl, M. A new genus of mantidflies discovered in the Oriental region, with a higher-

level phylogeny of Mantispidae (Neuroptera) using DNA sequences and morphology. Syst. Entomol. 40, 183–206 (2015).
 12. Redborg, K. E. Biology of the Mantispidae. Annu. Rev. Entomol. 43, 175–194 (1998).
 13. Dorey, J. B. & Merritt, D. J. First observations on the life cycle and mass eclosion events in a mantis fly (Family Mantispidae) in the 

subfamily Drepanicinae. Biodivers. Data J. 5, e21206 (2017).
 14. Tjeder, B. Neuroptera-Planipennia. Chapter XV. The Lace-wings of Southern Africa. 2. Family Berothidae. In South African animal 

life. Vol. 6. (eds Hanstrom, B., Brinck, P. & Rudebec, G.) 256–314 (Swedish Natural Science Research Council, Stockholm, 1959).
 15. Aspöck, U. & Mansell, M. W. A revision of the family Rhachiberothidae Tjeder, 1959, stat. n. (Neuroptera). Syst. Entomol. 19, 

181–206 (1994).
 16. Nel, A., Perrichot, V., Azar, D. & Néraudeau, D. New Rhachiberothidae (Insecta: Neuroptera) in Early Cretaceous and Early Eocene 

ambers from France and Lebanon. Neues Jahrb. Geol. P-A. 235, 51–85 (2005).
 17. Makarkin, V. N., Yang, Q. & Ren, D. A new Cretaceous family of enigmatic two-winged lacewings (Neuroptera). Foss. Rec. 16, 67–75 

(2013).
 18. Khramov, A. V. New mantidflies (Neuroptera: Mantispidae) from the Upper Jurassic of Kazakhstan. Insect Syst. Evol. 44, 221–230 

(2013).
 19. Makarkin, V. N. A new genus of the mantispid-like Paraberothinae (Neuroptera: Berothidae) from Burmese amber, with special 

consideration of its probasitarsus spine-like setation. Zootaxa 4007, 327–342 (2015).
 20. Nel, A., Delclòs, X. & Hutin, A. Mesozoic chrysopid-like Planipennia: a phylogenetic approach (Insecta: Neuroptera). Ann. Soc. 

Entomol. Fr. 41, 29–69 (2005).
 21. Jepson, J. E. A review of the current state of knowledge of fossil Mantispidae (Insecta: Neuroptera). Zootaxa 3964, 419–432 (2015).
 22. Jepson, J. E., Khramov, A. V. & Ohl, M. New Mesomantispinae (Insecta: Neuroptera: Mantispidae) from the Jurassic of Karatau, 

Kazakhstan. Zootaxa 4402, 563–574 (2018).
 23. Poinar, G. Feroseta priscus (Neuroptera: Mantispidae), a new genus and species of mantidflies in Dominican amber. Proc. Entomol. 

Soc. Wash. 108, 411–417 (2006).
 24. Engel, M. S. & Grimaldi, D. A. The Neuropterid Fauna of Dominican and Mexican Amber (Neuropterida: Megaloptera, Neuroptera). 

Am. Mus. Novit. 3587, 1–58 (2007).
 25. Poinar, G. & Buckley, R. Doratomantispa burmanica n. gen., n. sp. (Neuroptera: Mantispidae), a new genus of mantidflies in Burmese 

amber. Hist. Biol. 23, 169–176 (2011).
 26. Shi, O., Ohl, M., Wunderlich, J. & Ren, D. A remarkable new genus of Mantispidae (Insecta, Neuroptera) from Cretaceous amber of 

Myanmar and its implications on raptorial foreleg evolution in Mantispidae. Cretaceous Res. 52, 416–422 (2015).
 27. Makarkin, V. N. A remarkable new genus of Mantispidae (Insecta, Neuroptera) from Cretaceous amber of Myanmar and its 

implications on raptorial foreleg evolution in Mantispidae: A comment. Cretaceous Res. 52, 423–424 (2015).
 28. Makarkin, V. N. Fossil Neuroptera of the Lower Cretaceous of Baisa, East Siberia. Part 5. Mantispidae. Russian Entomol. J. 5, 91–93 

(1997).
 29. Wedmann, S. & Makarkin, V. N. A new genus of Mantispidae (Insecta: Neuroptera) from the Eocene of Germany, with a review of 

the fossil record and palaeobiogeography of the family. Zool. J. Linn. Soc. 149, 701–716 (2007).
 30. Makarkin, V. N., Yang, Q., Peng, Y. Y. & Ren, D. A comparative overview of the neuropteran assemblage of the Lower Cretaceous 

Yixian Formation (China), with description of a new genus of Psychopsidae (Insecta: Neuroptera). Cretaceous Res. 35, 57–68 (2012).

Content courtesy of Springer Nature, terms of use apply. Rights reserved



1 5Scientific RepoRtS |         (2019) 9:13248  | https://doi.org/10.1038/s41598-019-49398-1

www.nature.com/scientificreportswww.nature.com/scientificreports/

 31. Jepson, J. E., Heads, S. W., Makarkin, V. N. & Ren, D. New fossil mantidflies (Insecta: Neuroptera: Mantispidae) from the Mesozoic 
of north-eastern China. Palaeontology 56, 603–613 (2013).

 32. Panfilov, D. V. New representatives of lacewings (Neuroptera) from the Jurassic of Karatau. In Fossil insects of the Mesozoic (eds 
Dolin, V. G., Panfilov, D. V., Ponomarenko, A. G. & Pritykina, L. N.) 82–111 (Naukova Dumka, Kiev, 1980).

 33. Ansorge, J. & Schlüter, T. The earliest chrysopid: Liassochrysa stigmatica n. g., n. sp. from the Lower Jurassic of Dobbertin. Germany. 
Neur. Int. 6, 87–93 (1990).

 34. Makarkin, V. N. New lacewings (Neuroptera) from the Upper Cretaceous of Asia. In News of faunistics and systematics (ed. Akimov, 
I. A.) 63–68 (Naukova Dumka, Kiev, 1990).

 35. Cockerell, T. D. A. Fossil arthropods in the British Museum. VI. Oligocene insects from Gurnet Bay, Isle of Wight. Ann. Mag. Nat. 
Hist. 9, 453–480 (1921).

 36. Jarzembowski, E. A. Fossil insects from the Bembridge Marls, Paleogene of the Isle of Wight, southern England. Bull. Br. Mus. Nat. 
Hist. Geol. 33, 237–293 (1980).

 37. Nel, A. Deux nouveaux Mantispidae (Planipennia) fossils de l’Oligocene du sud-ouest de la France. Neur. Int. 5, 103–109 (1988).
 38. Whalley, P. E. S. Fera venatrix gen. and sp. n. (Neuroptera, Mantispidae) from amber in Britain. Neur. Int. 2, 229–233 (1983).
 39. Makarkin, V. N. & Kupryjanowicz, J. A New Mantispid-Like Species of Rhachiberothinae (Neuroptera: Berothidae) from Baltic 

Amber, with a Critical Review of the Fossil Record of the Subfamily. Acta Geol, Sin.- Eng. Ed. 84, 655–664 (2010).
 40. Schlüter, T. Zur Systematik und Paläkologie harzkonservierter Arthropoda einer Taphozönose aus dem Cenomanium von NW-

Frankreich. Berl. Geowiss. Abh. A. 9, 1–150 (1978).
 41. Whalley, P. E. S. Neuroptera (Insecta) in amber from the Lower Cretaceous of Lebanon. Bull. Br. Mus. Nat. Hist. Geol. 33, 157–164 

(1980).
 42. Grimaldi, D. A. A diverse fauna of Neuropterodea in amber from the Cretaceous of New Jersey. In Studies on Fossil in Amber, with 

Particular Reference to the Cretaceous of New Jersey (ed. Grimaldi, D. A.) 259–303 (Backhuys Publishers, Leiden, 2000).
 43. Engel, M. S. Thorny lacewings (Neuroptera: Rhachiberothidae) in Cretaceous amber from Myanmar. J. Syst. Palaeontol. 2, 137–140 

(2004).
 44. Petrulevičius, J. F., Azar, D. & Nel, A. A new thorny lacewing (Insecta: Neuroptera: Rhachiberothidae) from the Early Cretaceous 

amber of Lebanon. Acta Geol. Sin.-Engl. 84, 828–833 (2010).
 45. Engel, M. S. & Grimaldi, D. A. Diverse Neuropterida in Cretaceous amber, with particular reference to the paleofauna of Myanmar 

(Insecta). Nova Suppl. Entomol. 20, 1–86 (2008).
 46. McKellar, R. C. & Engel, M. S. A new thorny lacewing (Neuroptera: Rhachiberothidae) from Canadian Cretaceous amber. J. Kansas 

Entomol. Soc. 82, 114–121 (2009).
 47. Nakamine, H. & Yamamoto, S. A new genus and species of thorny lacewing from Upper Cretaceous Kuji amber, northeastern Japan 

(Neuroptera, Rhachiberothidae). ZooKeys 802, 109–120 (2018).
 48. Liu, X., Lu, X. & Zhang, W. Halteriomantispa grimaldii gen. et sp. nov.: A new genus and species of the family Dipteromantispidae 

(Insecta: Neuroptera) from the mid-Cretaceous amber of Myanmar. Zool. Syst. 41, 165–172 (2016).
 49. Liu, X., Lu, X. & Zhang, W. New genera and species of the family Dipteromantispidae (Insecta: Neuroptera) from the Cretaceous 

amber of Myanmar and New Jersey. Cretaceous Res. 72, 18–25 (2017).
 50. Peñalver, E., Delclòs, X. & Soriano, C. A new rich amber outcrop with palaeobiological inclusions in the Lower Cretaceous of Spain. 

Cretaceous Res. 28, 791–802 (2007).
 51. Villanueva-Amadoz, U., Pons, D., Díez, J. B., Ferrer, J. & Sender, L. M. Angiosperm pollen grains of San Just site (Escucha Formation) 

from the Albian of the Iberian Range (north-eastern Spain). Rev. Palaeobot. Palynol. 162, 362–381 (2010).
 52. Weirauch, C., Forero, D. & Jacobs, D. H. On the evolution of raptorial legs–an insect example (Hemiptera: Reduviidae: Phymatinae). 

Cladistics 27, 138–149 (2011).
 53. Grimaldi, D. A revision of Cretaceous mantises and their relationships, including new taxa (Insecta: Dictyoptera: Mantodea). Am. 

Mus. Novit. 3412, 1–47 (2003).
 54. Willmann, R. The phylogenetic position of the Rhachiberothinae and the basal sister-group relationships within the Mantispidae 

(Neuroptera). Syst. Entomol. 15, 253–265 (1990).
 55. Poivre, C. Morphologie externe comparke de Gerstaeckerella gigantea Enderlein (Plannipenia, Mantispidae). Ann. Soc. Entomol. Fr. 

14, 191–206 (1978).
 56. Ferris, G. F. The morphology of Plega signata (Hagen) (Neuroptera: Mantispidae). Microentomology 5, 33–56 (1940).
 57. Shi, C., Ohl, M., Wunderlich, J. & Ren, D. A remarkable new genus of Mantispidae (Insecta, Neuroptera) from Cretaceous amber of 

Myanmar and its implications on raptorial foreleg evolution in Mantispidae: reply to the comment. Cretaceous Res. 52, 425–426 
(2015).

 58. Loxton, R. G. & Nicholls, I. The functional morphology of the praying mantis forelimb (Dictyoptera: Mantodea). Zool. J. Linnean 
Soc. 66, 185–203 (1979).

 59. Stitz, H. Plannipenia. In Biologie der Tiere Deutschlands 33 (ed. Schulze, O.) 67–304 (Gebrüder Borntraeger, Berlin, 1931).
 60. Poivre, C. La patte prothoracique des Mantispidés et ses récepteurs sensoriels fémoraux. Bull. Mus. Natl. Hist. Nat., Ser 3 Zool. 183, 

1633–1648 (1974).
 61. Willmann, R. Die phylogenetische Position ursprunglicher Mantispidae (Insecta, Planipennia) aus dem Mesozoikum und Alt-

Tertiar. Verh. naturw. Ver. Hamburg 34, 177–203 (1994).
 62. Penny, N. D. Review of the generic level classification of New World Mantispidae (Neuroptera). Acta Amazon. 12, 209–223 (1982).
 63. Machado, R. J. P. Taxonomia e sazonalidade das espécies de Mantispidae (insecta: neuroptera) da Amazônia Brasileira. Master 

Thesis (Manaus, Brazil: INPA/UFAM, 2007).
 64. Wygodzinsky, P. A note on Empicoris seorsus Bergroth (Hemiptera: Reduviidae: Emesinae). New Zeal. J. Zool. 6, 53–56 (1979).
 65. Redei, D. New and little-known thread-legged assassin bugs from Australia and New Guinea (Heteroptera: Reduviidae: Emesinae). 

Acta Zool. Acad. Sci. Hung. 53, 363–379 (2007).
 66. van Doesburg, P. H. & Jacobs, D. H. A new Themonocoris from South Africa (Hemiptera: Heteroptera: Reduviidae: Phymatinae: 

Themonocorini). Zool. Med. 85, 55–67 (2011).
 67. Tatarnic, N. J. & Cassis, G. The thread-legged bugs (Hemiptera: Heteroptera: Reduviidae: Emesinae) of Lord Howe and Norfolk 

Islands. Zootaxa 2967, 21–43 (2011).
 68. Szadziewski, R., Giłka, W. & Sontag, E. First description of males from Eocene Baltic amber in the fossil genus Mantohelea (Diptera: 

Ceratopogonidae). Alavesia 1, 37–40 (2007).
 69. Clausen, P. J. Modifications to the genus Ochthera (Diptera: Ephydridae) and additions to the Neotropical species. Trans. Am. 

Entomol. Soc. 106, 205–222 (1980).
 70. Breitkreuz, L. C., Winterton, S. L. & Engel, M. S. Wing tracheation in Chrysopidae and other Neuropterida (Insecta): a resolution of 

the confusion about vein fusion. Am. Mus. Novit. 3890, 1–44 (2017).
 71. Wang, Y. et al. Mitochondrial phylogenomics illuminates the evolutionary history of Neuropterida. Cladistics 33, 617–636 (2017).
 72. Winterton, S. L. et al. Evolution of lacewings and allied orders using anchored phylogenomics (Neuroptera, Megaloptera, 

Raphidioptera). Syst. Entomol. 43, 330–54 (2018).
 73. Engel, M. S., Winterton, S. L. & Breitkreuz, L. C. Phylogeny and Evolution of Neuropterida: Where Have Wings of Lace Taken Us? 

Annu. Rev. Entomol. 63, 531–551 (2018).

Content courtesy of Springer Nature, terms of use apply. Rights reserved



1 6Scientific RepoRtS |         (2019) 9:13248  | https://doi.org/10.1038/s41598-019-49398-1

www.nature.com/scientificreportswww.nature.com/scientificreports/

 74. Peñalver, E. & Arillo, A. A new species of the family Hybotidae in the Lower Cretaceous amber of El Caleyu (Asturias, Spain); 
Alavesia prietoi n. sp. Alavesia 1, 63–68 (2007).

 75. Pérez-de la Fuente, R. et al. Early evolution and ecology of camouflage in insects. Proc. Natl. Acad. Sci. USA 109, 21414–21419 
(2012).

 76. Winterton, S. L., Hardy, N. B. & Wiegmann, B. M. On wings of lace: phylogeny and Bayesian divergence time estimates of 
Neuropterida (Insecta) based on morphological and molecular data. Syst. Entomol. 35, 349–378 (2010).

Acknowledgements
We thank the Fundación Conjunto Paleontológico de Teruel-Dinópolis for providing the studied amber sample. 
The specimen was obtained during a palaeontological excavation in 2010 (exp. 119/2010) with the authorization 
and partial financial support from the DGA (Gobierno de Aragón). We are indebted to R. López del Valle for 
preparation of the studied amber specimen. Thanks are due to A. Spooner (OUMNH), and to B.W. Price, C. 
Mellish and P. Kenrick (NHM, London) for facilitating access to pinned/fossil collections and assistance with 
photography. The use of the online resource “Lacewing Digital Library” (https://lacewing.tamu.edu/), curated 
by J. Oswald (Department of Entomology, Texas A&M University), is acknowledged. We also thank M. Ohl and 
an anonymous reviewer for suggestions. R.P.F. is funded by a Research Fellowship from the Oxford University 
Museum of Natural History. This study is a contribution to the Spanish AEI/FEDER, UE project CGL2017-84419.

Author Contributions
R.P.-d.l.F. designed the project, gathered data and wrote the paper. R.P.-d.l.F. and E.P. prepared the figures and 
discussed data.

Additional Information
Supplementary information accompanies this paper at https://doi.org/10.1038/s41598-019-49398-1.
Competing Interests: The authors declare no competing interests.
Publisher’s note: Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.
 
© The Author(s) 2019

Content courtesy of Springer Nature, terms of use apply. Rights reserved



1.

2.

3.

4.

5.

6.

Terms and Conditions
 
Springer Nature journal content, brought to you courtesy of Springer Nature Customer Service Center GmbH (“Springer Nature”). 
Springer Nature supports a reasonable amount of sharing of  research papers by authors, subscribers and authorised users (“Users”), for small-
scale personal, non-commercial use provided that all copyright, trade and service marks and other proprietary notices are maintained. By
accessing, sharing, receiving or otherwise using the Springer Nature journal content you agree to these terms of use (“Terms”). For these
purposes, Springer Nature considers academic use (by researchers and students) to be non-commercial. 
These Terms are supplementary and will apply in addition to any applicable website terms and conditions, a relevant site licence or a personal
subscription. These Terms will prevail over any conflict or ambiguity with regards to the relevant terms, a site licence or a personal subscription
(to the extent of the conflict or ambiguity only). For Creative Commons-licensed articles, the terms of the Creative Commons license used will
apply. 
We collect and use personal data to provide access to the Springer Nature journal content. We may also use these personal data internally within
ResearchGate and Springer Nature and as agreed share it, in an anonymised way, for purposes of tracking, analysis and reporting. We will not
otherwise disclose your personal data outside the ResearchGate or the Springer Nature group of companies unless we have your permission as
detailed in the Privacy Policy. 
While Users may use the Springer Nature journal content for small scale, personal non-commercial use, it is important to note that Users may
not: 
 

use such content for the purpose of providing other users with access on a regular or large scale basis or as a means to circumvent access

control;

use such content where to do so would be considered a criminal or statutory offence in any jurisdiction, or gives rise to civil liability, or is

otherwise unlawful;

falsely or misleadingly imply or suggest endorsement, approval , sponsorship, or association unless explicitly agreed to by Springer Nature in

writing;

use bots or other automated methods to access the content or redirect messages

override any security feature or exclusionary protocol; or

share the content in order to create substitute for Springer Nature products or services or a systematic database of Springer Nature journal

content.
 
In line with the restriction against commercial use, Springer Nature does not permit the creation of a product or service that creates revenue,
royalties, rent or income from our content or its inclusion as part of a paid for service or for other commercial gain. Springer Nature journal
content cannot be used for inter-library loans and librarians may not upload Springer Nature journal content on a large scale into their, or any
other, institutional repository. 
These terms of use are reviewed regularly and may be amended at any time. Springer Nature is not obligated to publish any information or
content on this website and may remove it or features or functionality at our sole discretion, at any time with or without notice. Springer Nature
may revoke this licence to you at any time and remove access to any copies of the Springer Nature journal content which have been saved. 
To the fullest extent permitted by law, Springer Nature makes no warranties, representations or guarantees to Users, either express or implied
with respect to the Springer nature journal content and all parties disclaim and waive any implied warranties or warranties imposed by law,
including merchantability or fitness for any particular purpose. 
Please note that these rights do not automatically extend to content, data or other material published by Springer Nature that may be licensed
from third parties. 
If you would like to use or distribute our Springer Nature journal content to a wider audience or on a regular basis or in any other manner not
expressly permitted by these Terms, please contact Springer Nature at 
 

onlineservice@springernature.com
 

mailto:onlineservice@springernature.com

