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Abstract. The external and internal morphology of the primary larva of Mantispa aphavexelte was studied and documented with a broad 
spectrum of techniques. The cephalic anatomy, which is very similar to conditions found in other neuropteran immatures, is mainly af-
fected by the formation of specialized mandibulo-maxillary sucking tubes and associated internal features. The postcephalic anatomy 
largely follows a generalized holometabolan pattern, with well-developed muscles in the thorax and the abdominal segments, an elongate, 
uncondensed ganglionic chain, and well-developed Malpighian tubules. The phylogenetic analysis of 70 larval characters suggests a 
weakly supported clade comprising Dilaridae, Berothidae, Rhachiberothidae and Mantispidae. Mantispoidea comprising Rhachiberoth
idae, Berothidae and paraphyletic Mantispidae is suggested by overlapping scales on antennae and maxillae, thoracic “trichobothria”, and 
hypermetamorphosis with scarabaeiform 2nd instar larvae. The relationships of the mantispoid terminals are not resolved, and Mantispa 
(Mantispinae) and Plega (Symphrasinae) are not retrieved as sister taxa. Spider parasitism and feeding in spider egg sacs is characteristic 
for Mantispinae, whereas immatures of Berothidae and non-mantispine mantispid larvae prey on the offspring of social or non-social 
aculeatan Hymenoptera, on termites, or on immatures living in soil or under bark, for example scarab larvae. Specializations of the legs 
like a trumpet-shaped empodium and a fixed tarsal pseudoclaw, enable mantispine larvae to cope with functional challenges linked with 
their specialized form of parasitism, like entering a host or penetrating its egg sack. The largely immobilized and straight sucking stylets 
are suitable for piercing eggs of spiders, but not for grasping prey. The terminal eversible attachment structure probably provides anchor-
age of the abdominal apex and thus may facilitate the penetration of the egg sac or membranes of the body surface of a spider. It may also 
facilitate boarding a passing suitable host. Very small size of the 1st instars and hypermetamorphosis are likely linked with parasitism. Even 
though the primary larvae of M. aphavexelte belong to the smallest immatures in Neuroptera, the effects of miniaturization are very limited. 
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1. 	 Introduction

It was pointed out by Aspöck (1999) that the eminent 
naturalist Johan Christian Fabricius interpreted mantid-
flies as small praying mantises (Dictyoptera: Mantodea), 
whereas Linnaeus (1758) and Schneider (1843) assigned 
the species known by that time to the genus Raphidia 
(Neuropterida: Raphidioptera). A reliable assessment 
of the systematic position was only possible when first 
instar larvae were discovered (Brauer 1852a), and the 

later stages during the course of the following 17 years 
(see Aspöck 1999). All immature stages and the devel-
opment and biology of Mantispa styriaca Poda, 1761 
were described by Brauer (1852a) and Rogenhofer 
(1862), pioneers in discovering the life-cycle of the ge-
nus (Aspöck 1999). A historical drawing of the 1st instar 
larva in Brauer (1852a) and the convincing phylogenetic 
assignment based on the modification of the mouthparts 
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as sucking tubes (Brauer 1852b) were milestones in the 
investigation of Neuroptera (Aspöck 1999).
	 Mantispidae or mantispid lacewings comprise about 
410 extant species grouped in 44 genera (Aspöck & 
Aspöck 2005; Ohl 2004, 2005). The small or medium 
sized adults (forewing length 5 – 35 mm) are character-
ized by an elongated prothorax, a triangular head with 
large compound eyes, and especially raptorial forelegs, 
features resulting in a habitus strongly reminiscent of the 
dictyopteran praying mantises (Mantodea). 
	 The group is presently subdivided into four subfami-
lies, Symphrasinae (Nearctic, Neotropical), Drepanic
inae Enderlein (Oriental, Australasian, Neotropical), 
Calomantispinae Navás (Australasian, Nearctic, Neotro
pical) and Mantispinae Leach (Oriental, Australasian, 
Palaearctic, Afrotropical, Neotropical, Nearctic) (Lamb­
kin 1986 a,b; Ohl 2004). The time of origin of the fam-
ily is estimated as Late Triassic to early Jurassic (Liu et 
al. 2015). Presently less than 20 fossil named species 
of Mantispidae are known (Engel & Grimaldi 2007; 
Wedmann & Makarkin 2007; Poinar & Buckley 2011; 
Jepson et al. 2013; Khramov 2013; Shi et al. 2014; Jep­
son 2015). Despite of the very characteristic habitus and 
prey-catching habits of adults, the monophyletic origin 
of the family is presently contentious. It was supported 
in a study based on mitochondrial genes and morphology 
(Liu et al. 2015). In contrast, anchored phylogenomics 
suggested paraphyletic Mantispidae (Winterton et al. 
2018), with Rhachiberothidae + Symphrasinae as sister-
group of a clade comprising Berothidae + [(Drepanicinae 
+ Calomantispinae) + Mantispinae].
	 The biology of Mantispidae was summarized in New 
(1986) and Redborg (1998). One of its main charac-
teristics is a transition field between larval predacious 
habits and parasitism. Females deposit tremendous 
numbers of stalked eggs. After hatching, the very small 
and agile primary larva remain in aggregations or drop 
to the ground (e.g. Drepanicinae; e.g. Dorey & Meritt 
2017). Finding a suitable food source is the vital factor. 
The tiny first instars either walk on the substrate or are 
dispersed by the wind. There are two major groups of 
prey or hosts, spiders in the case of Mantispinae (and 
possibly Drepanicinae; Dorey & Meritt 2017) and so-
cial Hymenoptera in case of Symphrasinae. However, 
the prey or host spectrum of Mantispidae is distinctly 
broader, also including eggs or postembryonic stages of 
solitary wasps (Buys 2008), roaches, termites, beetles, 
flies, and lepidopterans (MacLeod & Redborg 1982). 
Like in the related Berothidae (and likely Rhachiberoth
idae), the development of Mantispidae is characterized 
by a specific type of hypermetamorphosis (Brauer 
1869). Second and third larval instars are physogastric, 
grub-like, stump-legged (Brauer 1852a, 1855a,b; Rog­
enhofer 1862). Schremmer (1983) observed that in egg 
cocoons of lycosid spiders (“Tarentula”) up to three 
Mantispa larvae developed to the pupal stage in addition 
to up to 240 immature spiders. This and the fact that lar-
vae feed on spiders haemolymph before entering eggsacs 
suggested true parasitism and not predacious habits as 

Brauer (1852a,b) concluded when observing Mantispa 
in cocoons of Lycosidae. Larvae of Mantispinae feed 
exclusively on spider eggs as far as known at present. 
The first instar of Mantispa styriaca searches actively 
a spider egg sack (Lycosidae or Salticidae) and enters 
it (Brauer 1869). The larva of Mantispilla perla Pallas, 
1772, however, boards a passing spider, spends a period 
of time on it, and only in spring enters the completed 
egg sack (Lucchese 1956). Likewise, Nearctic Mantisp
inae are “spider-boarders” (Redborg & MacLeod 1982). 
In contrast to spider-associated Mantispinae, larvae of 
Symphrasinae and Calomantispinae are distinctly less 
specialized as pointed out above, rather preying upon 
slow moving or immobile immature stages of other in-
sects. Recently it has been reported by Dorey & Merritt 
(2017) that newly hatched larvae of Drepanacinae bur-
row in soil after dropping and possibly prey upon small 
spiders. 
	 After several revisions the genus Mantispa has a 
palearctic distribution after some species from the new 
world were moved to other genera. (Hoffman 2002; Sny­
man et al. 2012, 2018). The type locality of Mantispa 
aphavexelte Aspöck & Aspöck, 1994, the species in the 
focus of this study, is on the Greek Island of Samothraki. 
The present distribution area comprises Southern Eu-
rope, Morocco, Anatolia, Caucasus, Armenia, Kazakh-
stan, Mongolia (Aspöck et al. 2001), and as recently 
demonstrated also Germany (Niehuis et al. 2014). Like 
the type species of the genus, Mantispa styriaca (type 
locality in Austria), M. aphavexelte belongs to Mantispa 
sensu stricto as originally defined.
	 The primary larva of M. aphavexelte is described 
here for the first time. Whereas larval head structures of 
Neuroptera, especially skeletal features, are quite well-
known (e.g. Wundt 1959; MacLeod 1964; Beutel et al. 
2010), the anatomy of the postcephalic body was almost 
completely unknown, as it is also the case in other groups 
of Holometabola (e.g. Beutel et al. 2009, 2011). Conse-
quently, the aim of this study was to document external 
and internal features of the entire larva, using a broad 
spectrum of techniques, especially scanning electron 
microscopy, microphotography, histology and computer-
based 3D reconstruction. The morphological findings are 
interpreted with respect to possible effects of miniatur-
ization and correlations with parasitic data. The new data 
are also entered in a data matrix mainly based on Beutel 
et al. (2010). The data set was analyzed cladistically after 
adding some characters and the genus Plega Navás, 1927 
of the subfamily Symphrasinae.
	

2. 	 Material & methods

2.1. 	Material

The specimens used for this work were obtained from an 
egg-laying female. This specimen was collected by H. 
Pohl at the 28.VIII.2012 in Italy, Umbria south of Monte 
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del Lago, Castello di Zocco, ruins, olive grove, ruderal, 
260 m (43°8′9.47″N 12°9′57.73″E). Primary larvae were 
hatching from the eggs in Jena under laboratory condi-
tions. The material was fixed overnight in Dubosq-Brasil 
and stored in 70 % ethanol. The larvae where determined 
by the identification of the mother animal after Aspöck & 
Aspöck (1994) by H. Pohl.

Additional larval material. Psychopsidae: Psychopsis  
Newman, 1842 sp., Queensland, Footprint Scrub, 
19°41.3′S 146°26.4′E, 10.II.2007, C.J. Burwell & G.B. 
Monteith coll., det. Sh. Winterton. — Nymphidae: 
Nymphes myrmeleonoides Leach, 1814 Brisbane S.E., 
27.IV.1987, J. Grimshaw coll., det. Sh. Winterton. — 
Nemopteridae: Nemopteridae sp., S. Namibia, Tok Tok-
kie trails, XI. 2000, V. Grebennikov coll.

2.2. 	Methods

SEM-micrographs were taken with a Philips ESEM 
XL30 (Philips, Amsterdam, Netherlands). The larva was 
dehydrated and dried with CO2 at the critical point with 
an Emitech K850 Critical Point Dryer (Sample prepara-
tion division, Quorum Technologies Ltd., Ashford, Eng-
land) and sputter coated with gold with an Emitech K 
500 (Sample preparation division, Quorum Technolo-
gies Ltd., Ashford, England). Specimens were glued to 
a micro-needle and fixed on a rotatable specimen holder 
(Pohl 2010).
	 SEM pictures were used for morphological descrip-
tion of external structures of the primary larva of Man-
tispa aphavexelte. Images were processed with Adobe 
Photoshop CS2 (brightness, tone, picture arrangement). 
They were also used as template for vector graphics car-
ried out with Adobe Illustrator CS2.
	 Two specimens were embedded in Araldite CY 212 
(Agar Scientific, Stansted/Essex, England) and sectioned 
crosswise and lengthwise with a Microtome HM 360 
(Microm, Walldorf, Germany) equipped with a diamond 
knife and stained with toluidine blue and pyronin G. 
The slides were digitalized with a Zeiss Axioscope (Carl 
Zeiss AG, Oberkochen, Germany) with a 40 ×-objective 
(1.5 × post-enlargement) and a camera (PixeLink Cap-
ture Oem) equipped with PixeLink Capture OEM soft-
ware (PixeLink, Ottawa Canada). To document some 
selected sections in higher resolution image were taken 
with an Olympus dot. Slide microscope (BX51, software 
version 3.4, Olympus, Tokyo, Japan). 
	 The crosswise images were arranged and elastically 
aligned with ImageJ Fiji (Schindler et al. 2012) and the 
Plugin Track_EM2 (Cardona et al. 2012). The arrange-
ment was corrected manually in Amira 6.0.1. and 6.1. 
(Visage Imaging GmbH, Berlin, Germany). The same 
software was also used for sectioning as basis data for 
3D reconstruction. The data were transferred as image 
stacks to Imaris (Bitplane AG, Zürich, Switzerland) to 
generate 3D surfaces and converted into Wavefront-files 
(.obj) using Amira 6.1.

	 The size of the materials was reduced with Trans-
form 2 Version 8.3.24 (Heiko Stark, Jena, Germany, 
URL: http://starkrats.de). Surfaces were then reduced 
and smoothed in AUTODESK MAYA 2017 (Alias 
Wavefront, Toronto/Ontario, Canada) to minimize arti-
facts in the reconstructions. The same software program 
was also used to produce illustrations with the rendering 
mode.
	 For phylogenetic analysis the data (72 characters of 
larvae and adults mostly from Beutel et al. 2010) were 
entered with Winclada (Nixon & Carpenter 1993) and 
parsimony analyses were carried out with NONA (ratch-
et, 1000 replicates).

3. 	 Morphological results

3.1. 	General appearance 
(Figs. 1, 2)

The larvae are slender and of the campodeiform type. 
Head, thorax and abdomen are distinctly separated. The 
first instars are ca. 1 mm long and the maximum dia
meter is ca. 0.15 mm at the broadest part of the abdomen. 
The prognathous head is well sclerotized, especially the 
piercing-sucking paired mouthparts. Well-developed an-
tennae, labial palps are present and three stemmata on 
each side. The three thoracic segments are of similar 
size. Three pairs of well-developed legs are present, all 
of them bearing an elongate trumpet-shaped adhesive 
empodium at the tip of the tarsus. The abdomen is com-
posed of ten segments. Abdominal segment I is nearly 
the same size as the thorax segments. The following seg-
ments gradually decrease in size towards the abdomi-
nal apex. Segment X is elongated and bears an attach-
ment structure. The dorsal regions of the thoracic and 
abdominal segments bear sclerotized tergites, whereas 
the ventral parts appear mostly semimembranous. Setae 
of different length are present on all body regions, with 
a higher concentration on the head capsule and mouth-
parts.

3.2. 	Head capsule 
(Figs. 2, 3, 4, 10)

The prognathous head is strongly sclerotized dorsally 
and laterally and less so on the ventral side (Fig. 2A,B,C). 
The head capsule appears approximately quadratic in 
dorsal view; in lateral view it appears wedge-shaped, 
with the dorsal and ventral surfaces converging towards 
the anterior clypeolabral edge (Fig. 3C). The cuticular 
surface on the lateral parts of the head capsule forms 
a pattern of flat, elongated scale-like structures; the 
cuticular surface of the dorsal side is characterized by 
numerous fine ridges and enclosed furrows, resulting in 
a leaf-like pattern; two grooves are present on the fron-
tal region, corresponding with the internal attachment 
sites of dorsal tentorial arms. The frontal and coronal 
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Fig. 1. SEM micrographs of 1st in-
star larva of Mantsipa aphavexelte; 
A: dorsal view; B: ventral view; C: 
lateral view. — Scale bar: 100 µm.

Fig. 2. Photographs of 1st instar 
larva of Mantispa aphavexelte; A: 
dorsal view; B: ventral view; C: 
lateral view. — Scale bar: 100 µm.
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A B C
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ecdysial sutures are absent. Three well-developed stem-
mata are present on both sides, arranged in a triangu-
lar formation. The antennae are inserted anterior to the 
ocular field, very close to the anterior edge of the head 
capsule (Fig. 3A,D, ant); an exposed articulatory mem-
brane is missing. The clypeolabral region is located be-
tween the antennal insertion areas. The ventral side of 
the head is largely occupied by proximal elements of 
the labium, especially the mentum, a condition referred 
to as “maxillary head” (e.g. Aspöck & Aspöck 2007); 
a gula is not developed and a hypostomal or postgenal 
bridge is also absent; the mentum is laterally enclosed 
by narrow ventrolateral parts of the head capsule, with 
a surface structure resembling that of the dorsal side. 
The head capsule and maxillary elements are distinctly 
separated by a ridge reaching into the cephalic lumen. 
The posterior part of the head is connected to a short 
collar-like cervical region; this semimembranous bulge 
completely encloses the occipital region but overlaps 
only very slightly with the posteriormost part of the 
head (Fig. 3A,B). 

3.3. 	Internal skeletal structures
(Figs. 7, 10 – 12, tt, tb)

The tentorium is well-developed. The anterior arms origi-
nate at distinct anterior tentorial grooves; the short dorsal 
arms arise in the middle region of the tentorium; the pos-
terior arms originate posteroventrally close to the cervical 
region; thin lateral elements of a tentorial bridge arise from 
the posterior arms close to their area of origin; a very thin 
fusion area of these thin structures lies below the pharynx.

3.4. 	Stemmata
(Figs. 4, 9)

The ocular fields are located posterior to the antennae and 
mandibles. The closely adjacent anterior two stemmata 
(Fig. 4, sm2, sm3) (diameter ca. 11 µm) are placed above 
each; the posterior one (Fig. 4, sm1) (diameter ca. 9 µm) 
is separated from their hind margin by slightly less than 
its diameter. The cuticlar lenses are very distinctly delim-
ited from the surrounding cuticle and distinctly convex. 

Fig. 3. SEM micrographs of head of 1st instar of Mantispa aphavexelte; A: dorsal view; B: ventral view; C: lateral view; D: frontal view. 
— Abbreviations: ant – antenna, atg – anterior tentorial groove, cp – clypeus, fr – frons, lp – labial palps, md – mandible, me – mentum, 
mx – maxilla, of – ocular field, pm – prementum. — Scale bar: 50 µm.
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3.5. 	Labrum
(Fig. 3)

Not recognizable as a separate structure. Main labral 
sclerite completely fused with the clypeus and associated 
structures like tormae also absent. Labral muscles are 
also completely missing.

3.6. 	Antenna 
(Figs. 5, 10)

The three-segmented antenna is inserted anterolaterally, 
laterad the lateral clypeal edge and very close to the an-
terior margin of the head capsule (Figs. 5, 3A,D). The 
first segment is inserted in a sclerotized narrow socket, 
but without an externally exposed articulatory membrane 
(Fig. 5, scp). The total length is around 0.1 mm. All anten-
nomeres show a surface pattern of large, transverse scale-
like areas separated by fine ridges, with minute cuticular 
thorns on the ridges on the antennomere 2. Antennomere 
1 is ca. 15 µm broad and 20 µm long; few circular sensilla 
are embedded in the cuticle of the distal part, but setae 
are missing on this segment; the sharp oblique distal edge 
bears 1 – 2 minute sensilla. The club-shaped antennomere 
2 inserts on a circular articulatory membrane (Fig. 5, mb); 
it is about 3 × longer than antennomere 1 and of equal 
width in its middle region, but very distinctly narrowed 
proximally and also slightly narrowing towards the apex; 
an apical articulatory membrane bearing the ultimate seg-
ment is enclosed by a well-defined circular edge; a senso-
rial appendage is missing; two long setae inserted on the 
distal half are pointing towards the antennal apex. The 
ultimate antennomere 3 is slightly more than half as long 
as the second segment and much less voluminous; it is 
also widened in its middle region, whereas the distal part 
is distinctly narrowed and peg-like; four distally directed 
setae of ca. 15 µm length are inserted on the distal third of 
this antennomere; one sensillum basiconicum is present 
in the same region; a conspicuous long seta arises from 
the tip of the last segment (MacLeod 1964: specialized 
terminal seta of flagellum [abbreviation used by Mac­
Leod: FITS]).
	 Musculature: three extrinsic muscles are present 
(Fig. 10A, M1, M2, M3), two of them composed of two 

bundles. M. tentorioscapalis anterior/posterior/lateralis, 
O: two bipartite muscles on anterior frontal region, mus-
cle with single bundle on dorsal tentorial arm; I: dorsally 
on anterior, posterior and lateral base of antennomere 1, 
respectively.

Fig. 4. SEM micrographs of ocular field of 1st instar of Mantispa aphavexelte; A: overview; B: dorsal view. — Abbreviations: sm1 – 3 – 
stemmata 1 – 3.

Fig. 5. SEM micrograph of antenna of 1st instar of Mantispa 
aphavexelte. — Abbreviations: flg – antennomere 3, mb – mem-
brane, ped – antennomere 2, scp – antennomere 1, snb – sensillum 
basiconicum, snc – sensillum campaniformium, st – seta. 

A B
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3.7. 	Mandibulo-maxillary complex 
(Figs. 6, 7, 9)

The mandibles and maxillae form a closely connected 
functional unit. Each of the partly immobilized sym-
metrical mandibles can only move together with the cor-
responding maxilla. The ventral mandibular base is dis-
tinctly separated from the head capsule, but the ventral 
primary joint is obsolete; a dorsal secondary mandibular 
joint is present but distinctly reduced and probably non-
functional. The broad and relatively high mandibular 
bases are inserted posteroventrad the antennal insertions 
and mesad the maxillary bases (Fig. 6A, mxb). The main 
parts of the mandibles are flattened, blade-like sinuate 
structures, largely concealed by the clypeolabral region, 
but with protruding distal parts with straight, very slight-
ly serrated mesal edges closely adjacent to each other in 

midline (Fig. 6A,B). Dorsally the distal parts are over-
lapped by the distal maxillary elements and both paired 
mouthparts are closely connected by a lateral groove and 
spring mechanism. A sucking channel is present between 
the dorsal maxillary surface and the ventral surface of 
the mandible. 
	 The maxillae are inserted ventrally and moderately 
retracted, with the posterior edge aligned with the poste-
rior mandibular margin laterally and the posterior margin 
of the prementum mesally. A cardo is not present as a 
distinct separate element. The maxillary body is probably 
mostly formed by the stipes (Beutel et al. 2010; but see 
Aspöck & Aspöck 2007 for an alternative interpretation). 
The distal maxillary part is undivided, without galea or 
lacinia as recognizable separate structures. Maxillary 
palps are also absent. The distal part is closely connected 
with the distal mandible (see above, Fig. 6C, md, mx) 

Fig. 6. SEM micrographs of mandibulo-maxillary complex of 1st instar of Mantispa aphavexelte; A: ventral view; B: maxillary stylet, 
ventral view; C: dorsal view; D: distal mandible, dorsal view. — Abbreviations: lp – labial palps, md – mandible, mxb – maxillary base, 
mxs – maxillary stylet, pm – prementum, sn – sensillum, th – thorn. 
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and partly forms a sheath around it. The cuticle on the 
proximal maxillary region is slightly sculptured with a 
pattern of fine ridges; the sculpture gets more distinct on 
the proximal stylet. Few setae are present on the distal 
part of the maxilla. Ventrally a small opening is visible 
between the mesal edges of the left and right maxilla; 
this region displays minute structures, presumably sen-
silla, and additionally two larger thorns which intercross 
in midline. A bar-like structure on the dorsal proximal 
region of the maxilla fits with an elongate mandibular 
depression, thus linking both structures (Fig. 9A, mmc). 
A posteriorly pointing maxillary process is also present. 
	 Mandibular musculature (Figs. 7A, 9B, 10A): M11 
(M. craniomandibularis internus), very large muscle, 
divided into 4 subcomponents, O: large areas of head 
capsule, dorsally, laterally and ventrally; I: medially on 
small process of mandibular base with a tendon (Fig. 7A, 
mdp). M12 (M. craniomandibularis externus), almost 
as large as M11, with two subcomponents, O: one unit 
dorsolaterally on head capsule, second ventrolateral; I: 
laterally on mandibular base with a tendon. M13 (M. ten-
toriomandibularis) absent.
	 Maxillary musculature (Figs. 7C,D, 9B,C, 10A,B): 
imms (intrinsic muscle of maxillary stylet), connecting 
dorsal and ventral side of proximal part of maxillary sty-
let, associated with glands. M15 (M. craniocardinalis), 
absent. M17 (M. tentoriocardinalis), strongly developed 
muscle composed of several bundles with different in-
sertion sites, O: ventral side of tentorium, together with 
M18, one bundle slightly shifted anterad; I: most bun-
dles at retracted proximal parts of maxilla, successively 
from median area to lateral region, one bundle inserting 
slightly anterior to the rest. M18 (M. tentoriostipitalis), 

strongly developed muscle, O: ventrally on tentorial arm, 
near dorsal arms; I: proximal parts of maxillary base, an-
terior to bundles of M17. M19 (M. craniolacinialis), thin 
muscle composed of two bundles, O: ventrolaterally on 
head capsule, I: proximally on dorsal edge of maxilla, 
one bundle slightly laterad the other.

3.8. 	 Labium 
(Figs. 3B,C,D, 8 – 10)

The labium forms a large part of the ventral closure of 
the head. Three parts are distinguishable, mentum, pre-
mentum and well-developed palps (Fig. 3B,C,D, me, lp, 
pm). The shield-like mentum, which occupies about two 
thirds of the ventral side of the head, is nearly as broad 
as long; a strongly developed bulge is present posteri-
orly and the hind margin is adjacent with the ventral part 
of the cervix; few setae are present on the mentum; the 

Fig. 7. 3D reconstruction of mandibulo-maxillary complex of 1st instar of Mantispa aphavexelte; A: mandible, median view; B – D: maxil-
lary base, median view. — Abbreviations: ata – anterior tentorial arm, dta – dorsal tentorial arm, M11/12 – M. craniomandibularis internus/
externus, M17 – M. tentoriocardinalis, M18 – M tentoriostipitialis, M19 – M. craniolacinialis, M29 – M. tentoriopreamentalis, md – man-
dible, mdp – mandibular process, mxb – maxillary base, mxs – maxillary stylet, tb – tentorial bridge. — Scale bar: 50 µm.

Fig. 8. SEM micrograph of labial palp of 1st instar of Mantispa 
aphavexelte; A: overview; B: tip of 3rd segment. — Abbreviations: 
mb – membrane, se1 – 3 – segment 1 – 3, sl – sclerite, snl – sensil-
lum, st – setae.
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cuticle has a leathery surface structure comprising more 
distinct and finer micro-sculptural elements; the surface 
pattern is gradually fading on the posterior region. 
	 The prementum, which is about as long as wide, is 
connected with the mentum by a membrane. Two sym-
metrical halves with rounded hind margins are separated 
by a thin suture. A pair of setae is inserted in the middle 
region of the prementum. The cuticle of the proximal re-
gions of the segments shows a scale-like surface struc-
ture, whereas the distal regions display a pattern of fine 
ridges. 
	 The three-segmented palps are well-developed. The 
short and cup-shaped first palpomere inserts on the an-
terior margin of the prementum (Fig. 8A, se1), with the 
mesal edges adjacent in midline; its cuticular surface 
shows the typical pattern with fine ridges, similar to the 
surface structure of antennomere 1; a distinct pore is pres-
ent on the distal edge of palpomere 1, likely a sensillum; 
a small elongated sclerite (Fig 8A, sl) recognizable close 
to this minute structure likely articulates with palpomere 
2; a long seta is inserted ventrally on this structure. Pal-
pomere 2 is slightly narrower than palpomere 1 but about 
twice as long; its cuticle displays the typical pattern with 
fine ridges; two long setae are inserted on its distal part 
(Fig 8A, se2). The apical palpomere 3 articulates on a 
wide apical articulatory membrane; it is very thin com-
pared to the proximal segments and ca. 0.06 mm long; its 
proximal part shows a scale-like cuticular surface struc-
ture which obliterates distally; the distal two thirds of 
this palpomere appear segmented, with small cylindrical 
subunits seemingly stacked into each other; each of these 
small elements shows a pattern of longitudinal ridges, 
and additionally minute thorns one the edges; the apical 
segment is equipped with ten small conical sensilla, nine 
of them forming a circle on the apex and the tenth placed 
in the center of them; no setae are present on palpomere 
3 (Fig. 8A, se3).
	 Musculature (Figs. 7B, 9B,C): M29 (M. tentorio-
praementalis inferior), large and composed of three bun-
dles, O: base of posterior tentorial arms; I: laterally on 
hind margin of prementum. M30 (M. tentoriopraemen-
talis superior), a single bundle, well-developed, O: tento-
rium near M17, below origin of dorsal tentorial arms; I: 
lateral wall of prementum with a thin tendon.

3.9. 	 Epipharynx 
(Fig. 9A, eph)

The anterior section of the epipharynx below the ante-
rior clypeolabral region and above the middle part of the 
mandibles is sclerotized, with concavities closely fitting 
with the dorsal mandibular surface and medially sepa-
rated by a shallow longitudinal ridge. The cuticle entirely 
lacks microtrichia or other recognizable surface modifi-
cations. A strongly flattened and laterally closed preoral 
chamber forms at the level of the lateral mandibular base. 
The median ridge obliterates in this intermediate epipha-
ryngeal section and is followed by a median longitudi-
nal rim; the cuticle in this area is semimembranous. The 

median rim widens posteriorly and is completely filled 
out by the pistil-like dorsal part of the hypopharynx. 
This interconnected median section almost completely 
separates two posteriorly narrowing and strongly flat-
tened preoral spaces, which connect with the posterior 
opening of the mandibulo-maxillary channel. Posteriorly 
a strongly flattened closed prepharyngeal tube with con-
spicuous upward directed lateral edges is formed by the 
posteriormost epipharynx and the posteriormost section 
of the dorsal hypopharyngeal surface; the width of the 
tube decreases towards the oval anatomical mouth and 
the upward directed edges obliterate posteriorly.
	 Musculature (Figs. 9A, 10A, 12): M43 (M. clypeo-
palatalis), large muscle consisting of four linear bundles 
of similar length and diameter, O: clypeolabral region, 
bundles originate successively from anterior to posterior; 
I: anterior part of epipharynx. M44 (M. clypeobuccalis), 
a short straight muscle, O: clypeolabral area posterior to 
M43; I: posteriormesad M43 on epipharyngeal roof near 
anatomical mouth opening.

3.10. 	Hypopharynx 
(Fig. 9A, hph)

The hypopharynx is fused to the dorsal parts of the 
prelabium but separated from it by distinct lateral folds. 
It extends dorsad between the rounded mesal maxillary 
edges as a narrow structure, almost reaching the inter-
mediate epipharyngeal section in its midline. Posteriorly 
the upper hypopharyngeal part forms a pistil-like struc-
ture closely fitting with the median rim of the epipharynx 
(Fig. 9A, eph, hph). Posteriorly the hypopharynx widens 
distinctly. The dorsal part of the posteriormost section 
forms the prepharyngeal tube with the posteriormost epi-
pharynx, whereas the lateral walls gradually merge with 
the mesal maxillary bases.
	 Musculature (Figs. 9B, 10A, 12): M41 (M. frontohy-
popharyngalis), muscle composed of two small bundles 
with different origin. O: one portion anterior to frontal 
ganglion laterad third bundle of M44, second subunit 
posterolaterad the frontal ganglion; I: dorsolateral folds 
at anatomical mouth opening.

3.11. 	Digestive tract and associated 
	 structures 
(Figs. 11, 12)

The prepharyngeal tube with its well-developed preoral 
pumping apparatus is followed by a short and slightly 
widened pharynx with longitudinal folds for muscle at-
tachment; it is posteriorly continuous with a much less 
wide tube-shaped esophagus (Fig. 11B, oes), which ex-
pands posteriorly before it connects with the midgut in 
the mesothoracic region without a distinct border; an 
ingluvies and proventriculus are not developed. The 
midgut is very wide and fills out almost two thirds of 
the lumen of the thorax and abdominal segments I – III. 
It ends in abdominal segment III (Fig. 11B, mg). At the 
beginning of abdominal segment IV Malpighian tubules 
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Fig. 9. Cross sections of 1st instar of Mantispa aphavexelte, position of sections indicated in habitus drawing; A: anterior head capsule; B: 
posterior head capsule; C: far posterior head capsule; D: anterior mesothorax; E: abdominal segment VII; F: abdominal segment X. — 
Abbreviations: 23, 25, 33 – muscles of the mesothorax, ag – abdominal ganglion VII, am – antennal muscles, amo – anatomical mouth 
opening, ata – anterior tentorial arm, br – brain, con – connectives, cu – cuticula, dv – dorsal vessel, ep – epidermis, eph – epipharnyx, 
ft – fat tissue, hph – hypopharynx, imms – intrinsic muscle of maxillary stylet, M11 – M. craniomandibularis internus, M12 – cranioman-
dibularis externus, M17 – M. tentoriocardinalis, M18 – M. tentoriostipitalis, M19 – M. craniolacinialis, M29 – M. tentoriopraementalis 
inferior, M30 – tentoriopraementalis superior, M41 – M. frontohyopharyngalis, M43 – M. clypeopalatalis, M44 – M. clypeobuccalis, M45 
– M. frontobuccalis anterior, md – mandible, mmc – mandibulo-maxillary connection, mt – Malpighian tubes, mx – maxilla, mxg – maxil-
lary glands, oes – oesophagus, pc – poison channel, ph – pharynx, pm – prementum, sc – sucking channel, soesc – suboesopharyngeal 
complex, st – stemmata, tt – tentorium, VII1 – 8 – muscles of the the 7th abdominal segment, X15 – 21 – muscles of the 10th abdominal 
segment. — Scale bar: 20 µm.
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arise at the midgut-hind gut border (Fig. 11B, mt). A dis-
tinctly extended pyloric region is not developed. Two of 
the tubules run anterad close to the midgut and end in 
abdominal segment II. The other five form loops in the 
posterior abdomen, where they connect with the hindgut 
(Fig. 11B, hg), forming a pyriform organ (e.g. Gaumont 
1965) or cryptonephric complex. A short hindgut is con-
nected to an expanded rectum (Fig. 11B, rec). The latter 
reaches from the sixth to the ninth abdominal segment 
and enters a short tube which opens at the anal opening.
	 Glands: A massive glandular complex is present in  
the proximal part of the maxillary stylet (Figs. 9A, 
10A,B, mxg), apparently comprising a lateral and two 
mesal subcomponents, one of the latter separated from 
the remaining parts by the vertical intrinsic muscles. It is 
likely that these glandular elements are equivalent with 
the lateral and mesal maxillary glands (Wundt 1959; 
Rousset 1966; Beutel et al. 2010). The cephalic gland, 
which appears rather indistinct on the microtome sec-
tions, is located posterolated the maxillary base, between 
bundles of the mandibular flexor and extensor. 
	 Musculature (Fig. 12): M45 (M. frontobuccalis ante-
rior), slender muscle, O: frontal area posterior to anterior 
bundle of M41, laterad frontal ganglion; I: dorsally on 
pharynx at anatomical mouth, between insertion sites of 
M41. M46 (M. frontobuccalis posterior), two thin bun-
dles, O: two slightly separated areas on frons, posterad 
second bundle of M41; I: posterad M45 on dorsal folds. 
M48a (M. tentoriobuccalis anterior), short but thick, O: 
thin median part of tentorial bridge; I: ventral side of 
posterior prepharyngeal tube. M48b (M. tentoriobuc-
calis anterior), long and slender, O: posterior premen-

tum; I: ventral side of prepharyngeal tube anterad M48a. 
M48c (M. tentoriobuccalis), one thin bundle, O: lateral 
wall of prementum; I: ventral side of prepharyngeal tube 
anterad M48b, slightly shifted laterad.

3.12. 	Cephalic central and stomatogastric 
	 nervous system 
(Figs. 10, 11)

The compact brain is very large in relation to the head 
size and occupies a large proportion of the cephalic lu-
men (Figs. 10A, 11A, br). A small part of the protocere
brum is shifted into the anterior prothorax. The antennal 
nerves and optic lobes are present and well-developed 
(Figs. 10A, 11A, ol). The circumoesophageal connectives 
are short and the brain and suboesophageal ganglion to-
gether form a nearly spherical compact unit. A separated 
tritocerebral commissure is missing. The proximal parts 
of the nerves of the mouth-parts are recognizable on 
the microtome sections. The frontal ganglion is located 
above the anatomical mouth, anterad the frontal region 
of the brain (Fig. 10A, fg). 

3.13. 	Cervix 
(Fig. 3A,B,C)

The cervix is a narrow semimembranous collar between 
the head and prothorax. It is as broad as the head but 
only ca. 0.2 mm long. It is slightly conical and narrows 
slightly posteriorly. The cuticle surface is smooth, with-
out sensilla or setae. The cervix is straight on the dorsal 
side behind the head but is curved ventrally to fit with 

Fig. 10. 3D reconstruction of 1st instar head of Mantispa aphavexelte; A: dorsal view; B: ventral view. — Abbreviations: ant – antenna, 
br – brain, fg – frontal ganglion, imms – intrinsic muscle of the maxillary stylet, lp – labial palps, M1/2/3 – M. tentorioscapales anterior/
posterior/lateralis, M11/12 – M. craniomandibulares internus/externus, M17 – M. tentoriocardinalis, M18 – M. tentoriostipitialis, M29 – 
M. tentoriopraementalis, M41 – M. frontohypopharyngalis, M44 – M. clypeobuccalis, mmco – mandibulomaxillary complex, mxg – max-
illary gland, nlb – nervus labialis, ol – optical lobe, sc – sucking channel, soesc – suboesopharyngeal complex, tt – tentorium. — Scale 
bar: 50 µm.
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the posterior edge of the mentum. Internally the cervix 
bears a short apodeme pointing slightly posteromesad 
(Fig. 14A, ca).

3.14. 	Prothorax 
(Figs. 2, 13, 14)

The prothorax is about as large as the following seg-
ments. The collar-like cervix connects the prothorax 
with the posterior head capsules (Fig. 13A, cer). Cervical 
sclerites are missing (Fig. 2). A posteroventral collar-like 
element is similar in length and degree of sclerotization 
to the anterior cervix. A moderately sclerotized, brownish 
pronotal region is medially interrupted by a broad, weak-
ly pigmented and unsclerotized ecdysial stripe (Figs. 2A, 
13A, pno). Its lateral edge is a rounded bulge. An almost 
circular median region has a very smooth cuticular sur-
face and is almost completely lacking setae. The lateral 
pronotal areas display a scale like surface structure like 
some cephalic regions and bear a vestiture of setae of 
different length. A seta inserted in a deep, cup-like de-
pression, similar to the articulation of a trichobothrium, 
is present on the lateral pronotal area (Fig. 13B, t6), and 
also on the corresponding regions of the meso- and meta-
notum. The anterior part of the lateral pronotal margin is 
connected with a folded semimembranous anterolateral 
region, which is ventrolaterally continuous with the com-
pletely weakly pigmented sternal part of the segment. 
The pleural region is a relatively small element between 
the posterolateral tergal margin and the dorsal and ante-
rior coxal edge. A very short pleural suture subdivides it 
into an anterior episternal part and a posterior epimeral 
element. A crescent shape bulge along the anterior coxal 
margin is possibly a trochantin. The well-developed legs 
are inserted between the pleural and sternal regions. The 
main anterior part of the sternal region is very weakly 
pigmented but has a shiny surface and is apparently light-
ly sclerotized. It bears only few setae. The ventral pos-

terior element of the segment is a bulge-like postcoxal 
bridge. It is similar to the cervix in shape, length and de-
gree of sclerotization. It likely represents a spinasternum, 
but invagination sites of the prospina or profurca are not 
recognizable. Internally, a long spine-like process is pres-
ent, projecting posteriorly above the coxa (Fig. 14A, slp). 
Another small spine is present posterolaterad the coxal 
insertion. Several muscles originate on these processes.
	 Musculature (Fig. 14A,B,C,D): The homologization 
of the thoracic and abdominal muscles is impeded by 
missing skeletal landmarks like furcal arms or well-de-
fined sclerites. Therefore, they are successively numbered 
and possible equivalents in the systems of Larsén (1966) 
and Friedrich & Beutel (2006) are given in brackets.
	 Dorsal musculature: 1 (M1, M. pronoti primus), short 
and fan-shaped, composed of three bundles, with a slight

Fig. 11. 3D reconstruction of 1st instar of Mantispa aphavexelte, lateral view, sagitally sectioned; A: nervous system, digestive tract and 
dorsal vessel; B: digestive tract. — Abbreviations: amo – anatomical mouth opening, br – brain, con – connective, cu – cuticle, dv – dorsal 
vessel, eas – eversible attachment structure, ep – epidermis, ggl1 – 3 – thoracic ganglia, ggl I – VIII, hg – hind gut, mg – mid gut, mt – Mal-
pighian tubes, nlb – nervus labialis, oes – oesophagus, ol – optic lobe, ph – pharynx, poc – preoral chamber, rec – rectum – sat – short anal 
tube, sc – sucking channel, soesc – suboesophagial complex. — Scale bar: 100 µm.

Fig. 12. 3D reconstruction of anterior digestive tract and associ-
ated muscles of 1st instar of Mantispa aphavexelte, lateral view. 
— Abbreviations: dta – dorsal tentorial arm, M41 – M. frontohy-
popharyngalis, M43 – M. clypeopalatalis, M44 – M. clypeobuc-
calis, M45 – M.frontobuccalis anterior, M46 – M. frontobuccalis 
posterior, M48 – M tentoriobuccalis anterior, oes – oesophagus, 
ph – pharynx, ppt – prepharyngeal tube, sc – sucking channel, tb – 
tentorial bridge. — Scale bar: 20 µm.
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ly oblique orientation, O: median pronotal area; I: two 
bundles on postoccipital ridge, passing the collar-like cer-
vix, one shorter bundle reaches posterior edge of cervix. 
2 (M2, M. pronoti secundus), long and slender, with three 
subcomponents, O: dorsal area of postoccipital ridge; I: 
one shorter bundle attached to posterodorsal hind margin 
of pronotum, two bundles on anterior mesonotal region. 
13 (M4, M. pronoti quartus), strong straight muscle with 
a broad origin, O: anterolateral mesonotal edge; I: ante-
rior region of pronotum laterad 1 and 14.
	 Ventral musculature: 3 (M5, M. prosterni primus), 
long and strongly developed, with oblique, almost trans-
verse orientation, O: ventrolaterally on hind margin of 
prothorax; I: ventromedially on postoccipital ridge. 4 
(M6, M. prosterni secundus), similar to 3, both inter-
crossing in ventromedian region of prothorax, O: hind 
margin of prothorax mesad 3; I: laterad 3 on postoccipital 
ridge.
	 Dorsoventral musculature: 5 (M7, M. dorsoventra-
lis primus), long and slender, slightly widening towards 
insertion, O: mesal pronotal region; I: laterally on post-
occipital ridge, laterad 4. 6 (M8, M. dorsoventralis se-
cundus?), slender muscle, O: anterolateral corner of me-
sonotum; I: tip of long spine-like process near procoxa. 7 
(M11, M. dorsoventralis quintus), similar to 6, small and 
short, O: anterolateral mesonotal edge slightly posterad 
6; I: ventrolaterally posterior to coxal insertion. 8 (alter-
native: 7b), thin muscle anterad 6 and 7, O: like 7 on an-
terolateral mesonotal edge, anterad 7; I: laterally on hind 
margin of prothorax (postcoxal bridge). 9, short bipartite 
muscle. O: dorsolaterally on postoccipital ridge; I: both 
subcomponents laterally on cervical ridge at transition to 
prothorax. 
	 Lateral musculature: 10, short and slender straight 
muscle, O: anterolaterally on pronotum; I: on cervical 
spine close to its tip. 11, same shape and size as 10, O: 
lateral region of prothorax, posterior to 10; I: tip of cer-
vical spine. 12, same shape and size as 10 and 11, O: 
anteroventral part of prothorax slightly anterior to coxa; 
I: ventrally on tip of cervical spine. 
	 Extrinsic leg musculature: 14a (M14, M. noto-tro-
chantinalis), long and strongly developed, O: middle re-
gion of pronotum; I: anterior procoxal base. 14b (M14, 
M. noto-trochantinalis), bifurcated, O: anterolateral pro-
notum, close to 14a; I: anterolaterally on basal region 
of spine-like procoxal process. 15 (M17, M. epimero-
coxalis), bipartite, but with both bundles closely adjacent 
and with same origin and insertion, O: middle region of 
pronotum, close to 14; I: on small spine-like process near 
epimeron. 16 (M15, M. noto-coxalis), thin and straight, 
thinner than 15, O: lateral pronotal region, near origin of 
5; I: lateral procoxal base, slightly anterad 15. 17 (M16, 
M. episterno-coxalis), slender and straight, O: anterolat-
eral pronotal region, anterior to 18 and 13; I: lateral coxal 
base posterad trochantin and spine-like process. 18, same 
shape as 17, O: anterolateral pronotal region, posterior to 
17; I: tip of spine-like coxal process. 19, short and thick, 
O: base of spine-like coxal process; I: tip of spine-like 
coxal process. 20, short and thin, O: mesal edge of coxa; 

I: tip of spine-like process. 21, small, O: lateral edge of 
coxal base; I: tip of spine-like process. 22, short and com-
pact, O: lateral edge of coxal base, near 21; I: tip of spine-
like process.

3.15. 	Mesothorax 
(Figs. 13, 14)

The mesothorax is divided into a small, collar-like an-
terodorsal portion and a large posterior subunit (Fig. 13A, 
B, mspsc, msno). The almost completely unpigmented 
and weakly sclerotized anterodorsal element is arguably a 
prescutum, also referred to as spiracular sclerite (Tauber 
1987); it narrows towards its ventrolateral edge, where it 
is connected with the pleura; dorsolaterally it bears a dis-
tinct annular spiracle (Fig. 13A,B, sp), and few anteriorly 
directed very short sensilla are inserted on this area. The 
larger dorsal notal region is medially divided by a median 
unpigmented and unsclerotized ecdysial stripe (Fig. 2), 
distinctly broader than its prothoracic counterpart; the 
lateral notal region is rounded and its anterior part con-
nects with a folded semimembranous anterolateral area, 
similar to this region of the prothorax; like on the pro-
notum an almost circular median mesonotal region has 
a very smooth surface and is lacking setae, whereas the 
lateral areas bear a vestiture of setae of different length; 
it also display a scale-like cuticular surface structure. The 
pleural parts of the mesothorax are similar to the protho-
racic equivalents, with an episternum, an epimeron and a 
crescent-shaped element likely representing a trochantin 
(Fig. 13A,B, est, eme, trn). A ventral transverse suture 
separates the unpigmented and weakly sclerotized ster-
nal region from a small sclerite possibly representing a 
presternum. The postcoxal bridge is half the size of its 
prothoracic equivalent and extends less far towards the 
pleural parts. Two sclerotized disk-like structures in the 
lumen of the mesothorax serve as attachment areas of 
several muscles; the larger anterior one is located antero-
laterad the coxal insertion, the posterior one is closely 
adjacent to the lateral coxal edge.
	 Musculature (Fig. 14A,E,F,G): Dorsal musculature: 
23 (M28, M. mesonoti primus), large, with 3 subcompo-
nents, O: one bundle on anterior mesoprescutal margin, 
two at hind margin; I: anterior margin of metaprescu-
tum. 24 (M29, M. mesonoti secundus), short and fan-
shaped, O: median part of metanotum; I: anterolateral 
margin of metaprescutum. 
	 Ventral musculature: 25 (M30, M. mesosterni pri-
mus), large, composed of two strongly developed sub-
components and one thin bundle. O: anterior margin of 
mesosternal region, two bundles medially, one shifted 
laterad; I: lateral component on hind margin of meso-
thorax, two bundles mesally on sternal region. 26 (M31, 
M. mesosterni secundus), long and slender, O: hind mar-
gin of mesothorax, near lateral bundle of 3; I: mesally on 
sternal region of prothorax.
	 Dorsoventral musculature: 31 (M32, M. dorsoventra-
lis), long and thin, O: posterior region of sternal area; I: 
anterior mesoprescutal margin.
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	 Lateral musculature: 27 (M33, M. noto-pleuralis), 
straight, with oblique orientation, O: laterally on ante-
rior margin of mesoprescutum; I: anterior part of crypto-
pleural region. 28, short and straight, O: medial part of 
mesonotal area; I: dorsally on cryptopleura, posterior to 
27. 30 (M37, M. furca-pleuralis), same shape as 31, O: 
posterior region of sternal area, together with 31; I: para-
medially on mesonotum. 32 short and flat, O: posterior 
mesopleural region, anterior to insertion of 31; I: sternal 
area posterior to coxa. 33, two very thin bundles. O: an-
terior mesonotum, slightly laterad of midline; I: anteri-
orly on dorsal side of cryptopleura. 34, straight and thin, 
O: posterolateral mesoprescutal margin; I: dorsally on 
cyrptopleura, posterior to 33. 35, same shape as 34, O: 
lateral mesonotal edge, slightly posterior to midlength; 
I: together with 34 on cryptopleura. 36 (M20, M. pleura-
alaris), short and straight, O: mesonotum, slightly dorsad 
35; I: posterior to 35 on cryptopleura. 37, short and com-

pact, O: lateral edge of anterior mesonotum, anterior to 
cryptopleura; I: anterolateral sternal region, 38, O: ven-
tral base of anterior cryptopleura; I: slightly posterior to 
37. 39, short and compact, O: mesally on anterior coxal 
base; I: medially on sternal region, posterior to 38 and 
39.
	 Extrinsic leg musculature: 40 (M39, M. noto-tro-
chantinalis), strongly developed and long, with two sub-
components with same origin and insertion, O: middle 
region of mesonotum; I: anterior procoxal base. 41, 
long, with a strongly developed and a thin subunit, O: 
mesonotum posterior to 40; I: dorsally on middle re-
gion of cryptopleura. 42, short and thin, O: ventrally on 
cryptopleura; I: anterolaterally on coxal base. 43 (M41, 
episterno-coxalis), several short bundles, O: anterior 
coxal base, laterad 42; I: ventrally on cryptopleural area, 
posterior to 42. 29a (M43, M. coxa-subalaris), large and 
fan-shaped, O: median region of mesonotum, between  

Fig.13. Thorax of 1st instar of Man-
tispa aphavexelte, lateral view; A: 
SEM micrographs; B: Drawing. — 
Abbreviations: Iads – first abdo
minal segments, cer – cervix, co – 
coxa, eme – epimeron, emp – em-
podium, est – episternum, fe – fe- 
mur, he – head, msno – mesono-
tum,  mspsc – mesoprescutum, 
mtno – metanotum, mtpsc – meta
prescutum, pno – pronotum, sp – 
spiracle, t1–13 – thoracic setae 1 –  
13, ta – tarsus, ti – tibia, tr – tro
chanter, trn – trochantin.

→ Fig. 14. 3D reconstruction, thorax of 1st instar of Mantispa aphavexelte; A – G: medial view, with muscles of prothorax (B, C, D) and 
mesothorax (A, E, F, G). — Abbreviations: 1 – 22 – muscles of prothorax, 23 – 44 – muscles of mesothorax, ca – cervical apodeme, cc – coxal  
cavity, cu – cuticule, ep – epidermis, mst – mesothorax, mtt – metathorax, pt – prothorax, slp – spine like process. — Scale bar: 100 µm.
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24 and 28. 29b (M43, M. coxa-subalaris), long and 
strongly developed, O: posterior mesonotum; I posterior 
coxal base. 29c (M43, M. coxa-subalaris), shorter than 
29b, O: lateral edge of posterior mesonotum; I: poste-
rior coxal base together with 29b and 29c. 44, fan-shaped 
and bifurcated, very compact, O: anterolaterally at coxal 
base; I: ventrally on cryptopleural area.

3.16. 	Metathorax 
(Fig. 13, 14)

Similar in its configuration to the mesothorax, very 
slightly larger than the other two thoracic segments. The 
distinctly sclerotized tergal region is less elevated in lat-
eral view than its mesothoracic counterpart. A spiracle is 
missing on the slightly smaller prescutum. A postcoxal 
bridge is absent.
	 Musculature: Very similar to that of the mesothorax. 
Some muscles show minor differences in size, but this is 
probably within the range of variation between individu-
als. The general configuration and arrangement in both 
segments is the same.

3.17. 	Legs 
(Fig. 13A,B)

For a detailed description of the leg and its intrinsic mus-
culature, see Jandausch et al. (2018).

3.18. 	Abdominal segments I – VIII 
(Figs. 15, 16)

The abdomen with ten recognizable segments is about 
2 × as long as the thorax. The single segments are dis-
tinctly separated and slightly decreasing in size posteri-
orly. The general shape and configuration of segments 

I – VIII are very similar. Each segment is divided into 
three areas. The distinctly pigmented and sclerotized 
terga are separated from the pleural region by the dor-
sopleural line (Fig. 15A, dpl); anterolaterally they bear 
very distinct annular spiracles (Fig. 15A, sp); anteriorly 
a semimembranous region is present, resembling the tho-
racic prescutal areas and referred to as prenotal fold by 
(Tauber 1987) (Fig. 15A, pnf); this bulge-like structure 
decreases in size from segment I to VIII: the tergal re-
gion is medially divided by a broad unpigmented and un-
sclerotized zone of weakness; the sclerotized tergal areas 
display a scale-like cuticular structure as present on parts 
of the head and thorax. The pleural elements ventrad 
the dorsopleural line lack well-defined sclerites and the 
degree of sclerotization and pigmentation of the pleural 
region increases posteriorly; the pleural area is separated 
from the sternal region by the pleuroventral line or ter-
gosternal fold (Fig. 15A, pvl). The venter is completely 
unpigmented but lightly sclerotized and shiny; distinctly 
defined sclerites are missing. Short sutures are present on 
the posterior areas of segments I – IV, possibly separat-
ing an anterior larger basisternum form a small bulge-
like sternellum; they are absent on segments V – VIII. A 
vestiture of setae of different length is distributed on the 
tergal, pleural and sternal regions. The cuticular surface 
of the pleura and sternal areas is smooth. Inner cuticular 
apodemes or projections are missing, but the dorsopleu-
ral and pleuroventral lines form inner bulges in the single 
segments, decreasing in size from anterior to posterior 
and completely missing in segments IX and X. 
	 Musculature (Fig. 16A,B,C): Abdominal muscles 
are successively numbered and abdominal segments are 
marked with roman numerals. Possible equivalents in the 
system of v. Kéler (1963) are given in brackets. Alary 
muscles are present but only faintly recognizable in cross 
sections (not displayed in reconstructions). 

Fig. 15. Drawing of abdominal 
segments I – III of 1st instar of Man-
tispa aphavexelte. — Abbrevia-
tions: ad1 – 15 – abdominal setae 
1 – 15, dpl – dorsopleural line, pl – 
pleural region, pnf – prenotal fold, 
pvl – pleuroventral line, sp – spira-
cle, st – sternal region, tr – tergal 
region. — Scale bar: 50 µm.
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	 Dorsal musculature: 1 (170, M. antecostaantecostalis 
uronotum medialis), strongly developed and broad, O: 
anterior margin of segment; I: anterior margin of follow-

ing segment. 2 (171, M. antecostaantecostalis uronotum 
lateralis), same shape and size as 1, O: anterior margin of 
segment, laterad 1, I: anterior margin of following seg-

Fig. 16. 3D reconstruction, abdominal segments I – III of 1st instar of Mantispa aphavexelte; A – C: medial view, with muscles of abdominal 
segments I – III. — Abbreviations: 1 – 10 – abdominal muscles, cu – cuticle, dpf – dorsopleural fold, ep – epidermis, npm – notopleural 
muscles, psm – pleurosternal muscles, pvf – pleuroventral fold. — Scale bar: 50 µm.

A

B

C



Jandausch et al.: Morphology of the primary larva of Mantispa aphavexelte

546

ment. 3 (172, M. uronotoantecostalis obliquomedialis), 
straight and slender, with oblique orientation, missing in 
segment VIII, O: middle region of tergal areas; I: dor-
solaterally on anterior margin of following segment. 4 
(173, M. uronotoantecostalis lateralis), single straight 
bundle similar to 3, missing in segments I and VIII, O: 
on tergal area anterolaterad origin of 3; I: anterior margin 
of following segment, laterad 3 on pleural regions. Alary 
muscles present as series of very thin muscles (precise 
number cannot be assessed with available cross section); 
O: tergal region near segmental border, I: ventral side of 
dorsal vessel.
	 Ventral musculature: 5 (175, M. antecostaantecostalis 
urosterni medialis), large and flat muscle with two sub-
components, O: in segment I on posteroventral region 
of mesothorax, in all other segments on anteroventral 
segmental margin; I: anterior margin of following seg-
ment. 6 (177, M. antecostaantecostalis urosterni latera-
lis), strongly developed muscles present in all segments. 
O: anterior segmental margin laterad 5; I: anterior margin 
of following segment. 7 (178, M. urosternoantecostalis 
externus), in abdominal segment I divided into several 
subcomponents, in following segments one slightly 
oblique bundle, O: laterally on anterior margin of follow-
ing segment; I: in segment I two mesally directed slightly 

oblique bundles insert on anterior segmental margin and 
on posterior sternal region of metathorax, one bundle lat-
erally on anterior segmental margin, like single bundle in 
all other segments.
	 Dorsoventral musculature: 8 (179, M. urotergoster-
nalis internus primus), strongly developed, in some seg-
ments with two bundles, in segment I smaller and miss-
ing in VIII, O: anteriorly on dorsopleural fold; I anterior 
parts of tergal region posterior to prenotal fold. 9 (180, 
urotergosternalis internus secundus), also strongly devel-
oped with several bundles, O: middle part of dorsopleu-
ral fold; I: middle region of tergum, slightly laterad to 
midline. 10, small and short muscle, missing in segment 
I, II and VIII, O: anterior dorsopleural fold; I: anterolater-
ally on anterior margin of same segment.
	 Lateral musculature: completely missing in segment 
VIII. Notopleural muscles, npm (185, M. tergopleuralis 
anterior; 186, tergopleuralis posterior), several small but 
distinct muscles, O: successively on dorsopleural fold; I: 
successively on lateral tergal region. Pleurosternal mus-
cles, psm (182, M. urotergosternalis externus primus; 
183, M. urotergosternalis externus secundus), like npm 
composed of several small bundles, O: successively on 
dorsopleural fold; I: successively on pleuroventral fold 
(Fig. 16, dpf, pvf).

Fig. 17. 3D reconstruction, abdominal segments IX and X of 1st instar of Mantispa aphavexelte; A – D: medial view, with muscles of ab-
dominal segments IX and X. — Abbreviations: 1 – 21 – abdominal muscles, cu – cuticle, ep – epidermis. — Scale bar: 50 µm.
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3.19. 	Abdominal segments IX and X 
(Fig. 17)

Abdominal segments IX and X are distinctly modi-
fied, especially the latter. Segment IX is separated into 
a distinctly pigmented and sclerotized dorsal area and a 
slightly pigmented and unsclerotized ventral region. It is 
smaller than segment VIII but of similar shape. A dorso-
pleural line is missing. A longitudinal ridge separating 
dorsal and ventral areas is possibly a tergosternal fold. 
The cuticle displays a scaly surface pattern and bears a 
vestiture of setae comparable to those of the anterior ab-
dominal segments. The conical segment X is distinctly 
sclerotized and pigmented. It is 2 × as long as segment 
IX and lacks any ridges or recognizable lines. At its tip it 
bears a retractile membranous adhesive structure, with a 
pouch-like appearance when everted. This segment also 
bears setae of different length. Segment IX and X lack 
internal sclerotized structures.
	 Musculature of segment IX (Fig. 17): muscles 1, 2,  
4, 5, 6, 7, 8 and 9 are also present in segment IX, with 
some variation in size. As in segment VIII several muscles 
are missing. A homologization with numbers of v. Kéler 
(1963) is impeded by the missing genital apparatus. 
	 Dorsoventral  musculature:  12,  large  fan-shaped 
muscle, very distinct in segment IX. O: anteriorly on 
tergal region near anterior margin of segment VIII; I: 
ventrally at hind margin of segment IX. 13, small and 
straight muscle, slightly posteriad 12. O: tergal region 
posterior to 12. I: together with 12 at hind margin of 
segment IX.
	 Lateral musculature: lateral muscles like psm and 
npm are absent. 
	 Musculature of segment X (Fig. 17): distinctly dif-
ferent from muscles of other abdominal segments. 14, 
bifurcated muscle, O: anterodorsally on posterior margin 
of segment IX, one bundle near midline, second slightly 
laterad; I: dorsally at eversible attachment structure of 
segment X. 15, strongly developed muscle, largest of en-
tire abdomen, interacts with 14 by surrounding it in its 
middle region, O: dorsal wall of segment X; I: ensheath-
ing parts of 14 near short tube-like part of digestive tract 
ending in anal opening. 16 (216, M. tergorectalis dorsa-
lis), thin, straight muscle passing through entire segment, 
O: anterodorsal tergal region, near anterior segmental 
border. 17, fan-shaped large muscle in posterior part 
of segment X, O: anterolateral tergal region; I: laterad 
eversible attachment structure. 18, elongated fan-shaped 
muscle, strongly developed. O: laterally on anterior mar-
gin of segment X; I: posteroventrally on eversible at-
tachment structure with short tendon. 19 (probably 179, 
M. urotergosternalis internus primus), flattened muscle 
with a broad origin. O: anterior sternal region near mid-
line; I: medially on middle tergal region. 20 (probably 
180, M. urotergosternalis internus secundus), same shape 
and size like 19. O: slightly posterad 19; I: slightly poste-
rad 19. 21, small compact muscle, close associated with 
pleural wall. O: pleural region posterior to anterior mar-
gin of segment X; I: posterolateral tergal region.

3.20.	 Central nervous system of postcephalic 	
	 body 
(Fig. 11)

The three thoracic ganglia are relatively large in relation 
to the size of the segments and linked by well-developed 
connectives (Fig. 11A, tg1-3). The eight abdominal gan-
glia are distinctly smaller; those lying below the mid gut 
are flattened; the last abdominal ganglionic complex is 
larger than each of ganglia I – VII and appears wedge-
shaped (Fig. 11A, agI – VIII). The position of the ganglia 
does not correspond with the segment they belong to due 
to a shift towards the thorax. 

3.21. 	Circulatory system
(Fig. 11)

A well-developed dorsal vessel extends almost through 
the entire postcephalic body.

3.22. 	Fat body
(Fig. 9D,E,F, ft) 

The postcephalic body is filled with very loose fat body 
tissue.

3.23. 	Chaetotaxy
(Figs. 13, 15, 18)

The line drawings in each chapter give an overview of 
the setation. Setae are assigned the following abbrevia-
tions: dorsal side of head –  d, ventral side of head – v, 
labial palps – l, antenna – a, maxilla – m, thorax – t and 
abdomen – ad. The setae are numbered successively as 
shown in the figure plate. 
	 Head capsule (Fig. 18): forty-two pairs of regular se-
tae and one pair of specialized setae with a large socket 
(“trichobothria”) are inserted on the head. All setae are 
acute at the tip end none of them is split. Two very short 
adjacent setae are inserted at the posterior margin of the 
head capsule close to each other (d1 & d2). Anterior to 
them two longer and anteriorly directed setae are insert-
ed on the dorsolateral head capsule pointing anterad (d3 
& d14). Setae d4, d5 and d6 on the anterior part of the 
head are inserted successively from anterior to posterior, 
slightly laterad the mid line. The elongate and posteri-
orly directed “trichobothrium” d7 is inserted laterad d6. 
A long seta is present mesad the posterior stemmata (d8). 
Setae d9 and d10 are inserted laterally on the posterior 
half of the head capsule; both are long and pointing an-
teriorly. The lateral seta d11 is much shorter and located 
further anteriorly. A second seta of the ocular field (d12) 
is inserted below the posterior stemmata and as long as 
d8. The long and anteriorly directed seta d13 is located at 
the posterior margin of the head capsule, slightly laterad 
d3. The ventral side of the head bears less setae than the 
dorsal surface. The moderately long v1 is inserted at the 
ventral hind margin of the head capsule. Two short se-
tae are located on the anterior part of the mentum (v2 & 
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v3), both short and v3 shorter than v2. Seta v4 is inserted 
laterad v3, close to the ventrolateral margin of the head 
capsule. A moderately long seta is inserted on the central 
region of the prementum. 
	 Antenna: the antenna bears seven setae of different 
length. Antennomere 1 is completely glabrous. Two se-
tae are inserted on the distal half of antennomere 2, both 
pointing apicad and of moderate length. Four short setae 
are inserted on the distal half of anntenomere 3. A long 
and specialized seta (FITS) is located on the tip of the 
antenna.
	 Maxilla: thirteen pairs of seta are inserted on the max-
illa. Only three of them are located on the proximal stipi-

tal region; they are arranged successively from anterior to 
posterior near the margin of the proximal mandibular part 
(m10,11 & m12). Additional setae of different length are 
inserted on the maxillary stylets (m1 – 9, m13 & m14), all 
of them oriented towards the tip of the stylets.
	 Labial palps: one seta is inserted on the ventral side 
of the first palpomere (l1), two on the distal half of pal-
pomere II (l2 & l3); all three are long and pointing apicad.
	 Thorax (Fig. 13B): meso- and metathorax show very 
similar patterns; the slight differences will be pointed out 
below. One short seta is inserted on the central pronotal 
region laterad the midline (t1). A pair of setae is located 
at the anterolateral edge of the sclerotized notal region 

Fig. 18. Chaetotaxy of head cap-
sule; A: dorsal view; B: ventral 
view. — Abbreviations: a1 – a7 – 
antennal setae, d1 – d14 – dorsal 
setae, l1 – l3 – labial palp setae, 
m1 – m14 – maxillary setae, v1 – 
v5 – ventral setae. — Scale bar: 
50 µm.

A

B



549

ARTHROPOD SYSTEMATICS & PHYLOGENY  —  76 (3) 2018

(t2 & t3); both are very short and pointing anterad; their 
meso- and mesothorax equivalents are shifted mesad; 
one of them retains its position on the notum (t3) whereas 
t2 is located on the prescutum near the anterior margin 
of the respective segment. A series of setae of different 
length is inserted on the lateral notal regions (t4 – t8), t4 
slightly posterior to t3; the other four setae are arranged 
successively from anterior to posterior, accompanied by 
slight shifts towards the midline; all of them are long 
except for t5 which is greatly shortened, and all are di-
rected anteriorly; seta t6 is inserted in a very deep cu-
ticular pit and thus resembles a trichobothrium. Two very 
short setae are located at the anterolateral margin of each 
thoracic segment (t9 & t10). Another pair is inserted an-
terior to the episternum (t11 & t12); while t11 is short 
and pointing anterad, t12 is slightly longer and directed 
posteriorly. The short seta t13 is inserted slightly anterad 
t9 and pointing anteriorly. Three setae are present on the 
ventral side of the thoracic segments; one located close 
to the midline (t14) is missing on the prothorax; a long 
seta is inserted posterior to t14 on the posterior half of the 
respective segment; a short seta (t16) is inserted antero-
laterad t14; it is located near the anterior margin of each 
segment and pointing anteriorly. 
	 Abdomen (Fig. 15A): a very short and anteriorly di-
rected seta is laterally inserted on the prenotal fold (ad1); 
a row of three setae is inserted on the tergal region pos-
terior to the fold (ad2 – ad4), successively arranged from 
the median region towards the lateral areas; all three are 
long and pointing posteriorly. A small seta is inserted 
posteriorly and slightly mesad to ad4 and also pointing 
posteriorly (ad5). Setae ad6 and ad7 are inserted on the 
posterior half of the tergal region, the former mesally 
and the latter laterally. Two setae are present between the 
dorsopleural and pleuroventral line. One seta of moderate 
length is inserted anteriorly on the pleural region (ad8) 
and one long seta (ad9) on the posterior half on the same 
level as ad7. The sternal regions bear only few setae as 
in the case of the thoracic segments. Like the dorsal ad1, 
the small seta ad8 is inserted near the anterior segmental 
border. One very short seta is located on the anterior half 
close to the midline (ad9). The long posteriorly oriented 
ad10 is inserted posterolaterad ad9, and the long antero-
laterally directed ad11 close to ad10. Two additional setae 
are inserted on the posterior parts of the pleuroventral line 
(ad12 & ad13); they are placed close to each other, ad13 
slightly posterior to ad12; on segment III both setae are 
moderately long, whereas ad 12 is very short on the other 
abdominal segments; seta ad12 is missing on segment.

3.24. 	List of phylogenetically relevant 
	 characters
(mainly from Beutel et al. 2010)

Characters of larval head

1. 	 Cervix: (0) absent; (1) present. A cervix as a sepa-
rate collar-like element between the head and protho-
rax is present in all groups of Neuroptera, in contrast 

to a direct connection by a cervical membrane in 
other groups of Holometabla (e.g. MacLeod 1964; 
Mansell 1983; Beutel et al. 2010). Cervix short but 
distinctly developed in primary larvae of Mantispa 
(Fig. 4) and Berothidae (Möller et al. 2006). Longer 
in Plega (Symphrasinae) (MacLeod 1964: figs. 45, 
46) and Ditaxis biseriata Westwood, 1852 (Drepan-
icinae) (Dorey & Merritt 2017: fig. 4). 

2. 	 Head shape of later instars: (0) dorsoventrally 
compressed; (1) dorsoventral depth approximate-
ly equals anterior-posterior length. Head of first in-
star of Mantispa moderately flattened (Fig. 4) like in 
most neuropteran primary larvae. Strongly flattened 
in Nevrorthidae and some other groups (e.g. Dilari-
dae, Berothidae, Plega; MacLeod 1964; Beutel et al. 
2010). The dorsoventral depth exceeds the anterior-
posterior length of the head in Ithonidae (incl. Poly
stoechotidae) and Sisyridae (MacLeod 1964: fig. 31), 
and to a slightly lesser degree in mature larvae of 
Mantispidae and Coniopterygidae (MacLeod 1964) 
(coded as 1). 

3. 	 Orientation of mouthparts: (0) subprognathous; 
(1) prognathous, head horizontal, dorsal and 
ventral wall of head capsule nearly horizontal. 
Distinctly prognathous in first instars of Mantisp
idae (Fig. 3) and other groups of Neuropterida (e.g. 
Wundt 1959; Rousset 1966; Aspöck & Aspöck 1971; 
Beutel & Ge 2008; Grebennikov 2004; Beutel et al. 
2010). Subprognathous in Sialis (Röber 1942). 

4. 	 Shape of frontoclypeal region: (0) without abrupt 
change in the slope; (1) with abrupt change in 
the slope. An abrupt change in the slope of the fron-
toclypeal region is an unusual feature of Ithonidae 
(MacLeod 1964; Grebennikov 2004). 

5. 	 Gula: (0) present, large; (1) absent or vestigial; 
(2) small, triangular; (3) very narrow, appearing 
like a longitudinal double suture. Absent in first 
instars of Mantispidae (Fig. 3) and other hemero-
biform larvae, with the exception of Polystoechot-
idae (MacLeod 1964; Beutel et al. 2010). Present 
as well-developed more or less parallel-sided plate 
in Raphidioptera (Aspöck et al. 1991; Beutel & Ge 
2008), Corydalidae, and Nevrorthidae (Zwick 1967; 
Beutel et al. 2010). Also present but relatively small 
in Polystoechotes punctatus Fabricius, 1793 (Mac- 
Leod 1964) and represented by small sclerotizations 
in Ithone fusca Newman, 1838 (MacLeod 1964). 
Present as small and triangular sclerite in Myrmel-
eontiformia (Beutel et al. 2010). 

6. 	 Narrowed neck region: (0) distinctly developed; 
(1) indistinct or absent. Absent in Mantispidae 
(Fig. 3) and other hemerobiform groups, and vestigial 
in most groups of Myrmeleontiformia. Very distinct 
in Nevrorthidae and also present in Psychopsidae 
and Nemopteridae (usually hidden in Nemopterinae; 
Badano et al. 2017) (MacLeod 1964; Beutel et al. 
2010). Also distinct in Corydalidae (Beutel & Fried­
rich 2008) and Raphidioptera (Aspöck et al. 1991; 
Beutel & Ge 2008).
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7.*	Paired postoccipital pads: (0) absent; (1) pres-
ent. A postoccipital ridge is present in Mantispidae 
and other neuropteran groups. It is transformed into 
paired sclerotized pads in larvae of Coniopterygidae 
(Rousset 1966).

8. 	 Temples of later instar larvae: (0) distinct; (1) ob-
solete or absent. The head capsule is evenly rounded 
posterolaterally in first instars of Mantispa (Fig. 3), 
Berothidae and Rhachiberotidae (Minter 1990; Möl­
ler et al. 2006: figs. 7 – 9) (coded as 0). Temples are 
completely absent in Plega (MacLeod 1964: figs. 45, 
46) and they are also missing in Ithonidae, Osmyl
idae, Chrysopidae, Hemerobiidae, Sisyridae, Conio
pterygidae, and Dilaridae (Nallachius; MacLeod 
1964; Minter 1992; Beutel et al. 2010). Distinct tem-
ples are present in Raphidioptera, Corydalidae, and 
Nevrorthidae. They are strongly pronounced in larvae 
of the myrmeleontiform lineage (MacLeod 1964). 

9.	 Hypostomal bridge: (0) absent; (1) present. Ab-
sent in first instars of Mantispidae and other hem-
erobiform larvae, and also missing in Nevrorthidae. 
Generally present in Myrmeleontiformia (MacLeod 
1964).

10. 	Lateral remnant of frontoclypeal sulcus: (0) pres-
ent; (1) absent. Completely missing in Mantispidae, 
Berothidae and Dilaridae (MacLeod 1964). Present 
in Nevrorthidae and most other groups of Neuro
ptera. Very distinct and long in myrmeleontiform 
larvae (MacLeod 1964; Beutel et al. 2010). 

11. 	Finger-like mid-dorsal cervical apodeme: (0) ab-
sent or short; (1) strongly developed. Finger-like 
mid-dorsal cervical apodeme absent in first instars 
of Mantispa and also absent or short in most other 
groups of Neuropterida. Strongly developed in As-
calaphidae, Myrmeleontidae and Nemopteridae 
(Sundermeier 1940; MacLeod 1964). 

12. 	Dolichasterine setae: (0) absent; (1) present. Pres-
ent in myrmeleontiform larvae (Henry 1978; Mon­
serrat 1996). 

13. 	Shape of tentorium: (0) H-shaped; (1) X-shaped, 
with distinctly constricted central part. Tentorium 
more or less H-shaped, with posteriorly diverging 
posterior arms in first instars of Mantispa and most 
other neuropteran groups (e.g. MacLeod 1964; Beu­
tel et al. 2010). X-shaped with distinctly constricted 
central part and very broad tentorial bridge in Ithon
idae (MacLeod 1964). A reduction of the tentorium 
was ascribed to larvae of Mantispidae by MacLeod 
(1964). This may apply to Symphrasinae (e.g. Plega) 
or other subgroups, but not to the larva of Mantispa 
described here.

14. 	Posterior tentorial grooves: (0) central region of 
head capsule; (1) close to hind margin of head 
capsule; (2) anterior third of head capsule, close 
to anterior margin. Close to hind margin of head 
capsule in Mantispinae and other hemerobiform 
groups (Wundt 1959; MacLeod 1964; Rousset 
1966). In central region of head capsule in Raphidio
ptera, Megaloptera, and Nevrorthidae (Beutel et al. 

2010). In anterior third in Myrmeleontiformia (Mac- 
Leod 1964). Tentorial grooves not recognizable in 
Symphrasinae (MacLeod 1964).

15. 	Tentorial bridge: (0) well developed, (1) very thin 
or absent. Very thin in first instars of Mantispa and 
Dilaridae. Absent in Berothidae and Plega (Mac- 
Leod 1964). 

16.		Position of anterior tentorial pits: (0) within an-
terior third of head capsule; (1) posterad of ante-
rior third of head capsule. Anterior tentorial arms 
not shifted posteriorly in Mantispidae (Figs. 3, 10) 
and most other neuropteran larvae, and only slightly 
in Ithone fusca (MacLeod 1964; coded as 0). Strong 
shifted posteriorly in Coniopterygidae (MacLeod 
1964; Rousset 1966). 

17. 	Number of convex corneae (lenses): (0) seven; 
(1) six; (2) five; (3) four; (4) three; (5) two; (6) 
one; (7) absent. Three distinct and convex cornea 
lenses are present in first instars of Mantispa (Fig. 3, 
4) and in Hemerobiidae. Two are present in Plega 
and Berothidae (MacLeod 1964), and only a single 
large eyespot with a completely flat and undivided 
lens and large internal pigment spot in Nevrorthidae 
(Zwick 1967; coded as 7). A single cornea is pres-
ent in Nallachius americanus McLachlan, 1881 but 
a cornea is absent in Nallachius krooni Minter, 1986 
(coded as 6&7 for Dilaridae; MacLeod 1964; Mint­
er 1992). Seven stemmata are present in Nymphidae 
(partim, coded as 0&1; Henry 1978), Nemopteridae 
(with few exceptions in Nemopterinae; Badano et 
al. 2017), Myrmeleontidae and Ascalaphidae (Mac­
Leod 1964; Mansell 1983; Monserrat 1996) and 
Raphidiidae (partim). Six occur in Polystoechot
idae (very small), Osmylidae, Chrysopidae (Rousset 
1966), Sisyridae, and Nymphidae (partim; MacLeod 
1964; Henry 1978), and also in Megaloptera (Röber 
1942; Beutel & Friedrich 2008) and Raphidiidae 
[partim]. Five corneae are present in Coniopteryg
idae and Psychopsidae (MacLeod 1964).

18. 	Shape of ocular region: (0) not forming a distinctly 
raised, well defined elevation; (1) forming a mod-
erately raised, well defined elevation; (2) forming 
a strongly convex elevation. Distinctly raised ocu-
lar region absent in primary larvae of Mantispa like 
in most other groups Neuroptera. Stemmata located 
on moderately distinct elevation in most Nemopter
idae (coded as 1) (not in Derhynchia [eyes reduced]; 
Mansell 1983) and Nymphidae. Placed on strongly 
pronounced ocular tubercle in most Myrmeleontidae 
(coded as 2), Ascalaphidae and Coniopteryx (Mac-
Leod 1964; Henry 1978; Monserrat 1996).

19. 	Articulation of labrum: (0) labrum movably ar-
ticulated with anterior clypeal margin with mem-
brane; (1) membranous articulation missing, la-
brum and clypeus firmly connected. Fused with 
clypeus in primary larvae of Mantispa (Fig. 3) like 
in all other groups of Neuroptera (e.g. Wundt 1959; 
MacLeod 1964; Rousset 1966; Grebennikov 2004; 
Beutel et al. 2010). 
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20. 	*Pseudolabral prominence (0) absence; (1) pres-
ent. A structure resembling an articulated labrum is 
present in Coniopterygidae: It has evolved second-
arily as shown by MacLeod (1964). 

21. 	Antennomere 1 and 2: (0) not fused; (1) fused. 
Antennomeres 2 – 3 fused in Coniopterygidae (Mac­
Leod 1964).

22. 	Fixed curvature of antenna: (0) absent; (1) pres-
ent. Fixed curvature present in Ithonidae (MacLeod 
1964; Grebennikov 2004). 

23. 	Shape of flagellum: (0) diameter of flagellomeres 
subequal to diameter of basal antennomere; (1) 
very slender, flagellum very small; (2) reduced, 
club-shaped antennomere 2 terminal. Flagello-
meres and entire flagellum greatly reduced in size 
in Nymphidae, Myrmeleontidae, and Ascalaphidae 
(MacLeod 1964). Antennomere 2 club-shaped and 
terminal in Nemopterinae (Monserrat 1996). 

24. 	Specialized terminal seta of flagellum (MacLeod 
1964: FITS): (0) absent; (1) present. Specialized 
long terminal flagellar seta present in Mantispidae, 
Hemerobiidae, Chrysopidae, Osmylidae, Sisyridae, 
Dilaridae, Berothidae, Mantispidae and Coniopter-
ygidae (MacLeod 1964: FITS; Möller et al. 2006: 
fig. 17, “flagellum”). Absent in Nevrorthidae, Ithon
idae, and the myrmeleontiform groups (MacLeod 
1964; Beutel et al. 2010). The paired, slender spines 
on the apical antennomere of Nevrorthidae (Zwick 
1967: fig. 5d) are cylindrical, stiff, distinctly shorter 
than the apical antennomere, and bear minute hairs 
on their apex (Beutel et al. 2010: coded as 0). 

25. 	Sensorium of antepenultimate antennomere: (0) 
absent; (1) present. Only present in megalopteran 
larvae (Beutel & Friedrich 2008). 

26. 	Overlapping scales on antennae and maxillae: 
(0) absent; (1) present. Present in first instars of 
Mantispidae (Fig. 5, 6) and also in Berothidae and 
Rhachiberothidae (Aspöck & Mansell 1994; Minter 
1990). Apparently absent in Dilaridae (Minter 1992) 
and also missing in the other groups (e.g. Wundt 
1959; MacLeod 1964; Rousset 1966).

27. 	Tricondylic articulation of mandible: (0) absent; 
(1) present. Only present in Coniopterygidae (Rous­
set 1966).

28. 	Mandibulo-maxillary stylets: (0) absent; (1) pres-
ent. Present in primary larvae of Mantispa and all 
other groups of Neuroptera (Wundt 1959; MacLeod 
1964; Rousset 1966; Gaumont 1976; Aspöck & 
Aspöck 2007; Beutel et al. 2010).

29. 	Length of mandibulo-maxillary stylets: (0) elon-
gate and slender, longer than head capsule; (1) 
compact, not longer than head capsule. Short  
and compact in Mantispinae, Ithonidae (nearly as 
long as head capsule), Coniopterygidae (partim,  
long in Helicoconis?) and Nemopterinae (MacLeod 
1964; Monserrat 1996; Aspöck & Aspöck 2007; 
Beutel et al. 2010). Elongate and slender in Nev-
rorthidae and most other groups of Neuroptera in-
cluding Symphrasinae and Drepanacinae (MacLeod 

1964; Aspöck & Aspöck 2007; Dorey & Merritt 
2017). 

30. 	Shape of mandibulo-maxillary stylet: (0) curved 
inwards; (1) straight and nearly subparallel; (2) 
straight distal inner margin, external margin 
concave; (3) curved outwards. Curved inwards in 
most families and also in Plega (Symphrasinae) and 
outgroup taxa (MacLeod 1964; Aspöck & Aspöck 
2007), but with straight inner distal margin and con-
cave outer margin in Coniopterygidae, Mantispinae  
and Drepanacinae (MacLeod 1964; Aspöck & As­
pöck 2007; Beutel et al. 2010; Dorey & Merritt 
2017: fig. 4). Straight and subparallel in Dilaridae, 
Berothidae, and Rhachiberothidae and curved out-
wards in Osmylidae and Sisyridae (MacLeod 1964; 
Aspöck & Aspöck 2007). 

31. 	Distal region of mandibular stylet: (0) thin; (1) 
stout. Distal part of mandibular stylet stout in Ithoni-
dae (MacLeod 1964; Grebennikov 2004). Only pres-
ent as thin lamella in first instars of Mantispa and 
other groups of Neuroptera (Beutel et al. 2010). 

32. 	Slender mesally directed teeth of mandibular ele-
ment of stylet: (0) absent; (1) present. Absent in 
Mantispidae and other hemerobiform groups. Also 
missing in Nevrorthidae (Beutel et al. 2010). Pres-
ent in some Nemopteridae (not in Nemopterinae and 
most Crocinae; Badanao et al. 2017; Mansell 1983; 
Monserrat 1996; Aspöck & Aspöck 2007), Nymph
idae, Myrmeleontidae and Ascalaphidae (MacLeod 
1964; Aspöck & Aspöck 2007). 

33. 	Length of mesally directed slender mandibular 
teeth: (0) shorter than width of stylet; (1) most 
teeth longer than width of stylet. Short in Croc
inae (MacLeod 1964). Most or all teeth are long 
in Nymphidae, Myrmeleontidae and Ascalaphidae 
(MacLeod 1964; Aspöck & Aspöck 2007).

34. 	Number of mesally directed slender mandibular 
teeth: (0) one; (1) two or more. One long tooth in 
Nymphidae (MacLeod 1964) and two or more in 
Myrmeleontidae, Ascalaphidae and Nemopteridae 
(partim) (MacLeod 1964; Mansell 1983; Aspöck & 
Aspöck 2007).

35. 	Position of maxillary base: (0) protracted, max-
illary groove absent; (1) slightly retracted, max-
illary groove short, one third as long as ventral 
head capsule or shorter; (2) considerably retract-
ed, maxillary groove half as long as ventral head 
capsule or longer. Maxillae strongly retraced in first 
instar of Mantispa and other hemerobiform groups 
(Beutel et al. 2010). Maxillary groove greatly re-
duced in larvae of Myrmeleontiformia and maxillae 
protracted (MacLeod 1964; Beutel et al. 2010). 

36. 	Width of proximal elements of maxilla: (0) about 
as broad as base of maxillary stylet; (1) very nar-
row. Very narrow in Mantispinae, Sisyridae and Co-
niopterygidae (MacLeod 1964; Aspöck & Aspöck 
2007). 

37. 	Longitudinal sulcus of basal maxillary element: 
(0) absent; (1) present. Present in Hemerobiidae 
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and Chrysopidae (MacLeod 1964: cds; Rousset 
1966: scldc). 

38. 	Longitudinal apodemal ridge of intermediate 
maxillary element: (0) absent; (1) present. Apode-
mal ridge of intermediate maxillary element pres-
ent in Hemerobiidae, Chrysopidae and Osmylidae 
(Wundt 1959; MacLeod 1964; Rousset 1966; Beu­
tel et al. 2010). 

39. 	Poison channel of maxillary stylet: (0) absent; (1) 
present. Separate mesal poison channel present on 
mesal side of maxillary stylet of Mantispa, Nevror-
thidae (Beutel et al. 2010) and other neuropteran lar-
vae (Wundt 1959; Rousset 1966; Gaumont 1976). 
Absent in Sisyridae (Gaumont 1976). 

40. 	Galea: (0) present as distinct element; (1) absent 
or completely fused with lacinia. Completely ab-
sent in Mantispidae and other groups of Neuroptera 
(e.g. Crampton 1921; Wundt 1959; MacLeod 1964; 
Rousset 1966). 

41. 	Maxillary palp: (0) present: (1) absent. Miss-
ing in Mantispidae and other groups of Neuroptera 
(MacLeod 1964; Rousset 1966; Grebennikov 2004; 
Aspöck & Aspöck 2007). 

42. 	M. craniocardinalis: (0) present; (1) absent. Ab-
sent in first instar of Mantispa and other groups of 
Neuroptera (Wundt 1959; Rousset 1966; Beutel et 
al. 2010). 

43. 	Teeth on lateral surface of the maxillary blade: 
(0) absent; (1) present. Only present in Coniopter-
ygidae (MacLeod 1964).

44. 	Intrinsic muscle of the stylet: (0) absent; (1) pres-
ent. Present in first instars of Mantispa and also in 
Nevrorthidae (Beutel et al. 2010) and other groups 
of Neuroptera (Wundt 1959; Rousset 1966).

45. 	Subdivision of postmentum: (0) subdivided into 
mentum and submentum; (1) undivided. Undi-
vided in Mantispa and other groups of Neuroptera 
except for Nevrorthidae (Wundt 1959; MacLeod 
1964; Rousset 1966; Beutel et al. 2010). Also sub-
divided in Raphidioptera (mentum distinctly reduced 
and membranous; Beutel & Ge 2008) and Megalo
ptera (Crampton 1921; Beutel & Friedrich 2008). 

46. 	Shape of postmentum: (0) not distinctly longer 
than wide; (1) at least 2 × longer than wide. Usu-
ally about as wide as long, but at least twice as long 
as wide in Plega, Dilaridae, Berothidae and Rhachi-
berothidae (MacLeod 1964; Aspöck & Aspöck 
2007). Coded as inapplicable for groups with divid-
ed postmentum.

47. 	Median separation of paired premental (prela-
bial) elements: (0) adjacent; (1) widely separated. 
Medially adjacent, only divided by a cleft and corre-
sponding internal ridge in Mantispidae (Fig. 3), Nev-
rorthidae, and other hemerobiform groups (Wundt 
1959; MacLeod 1964; Beutel et al. 2010). Premen-
tal elements widely separated in myrmeleontiform 
larvae. 

48. 	Large internal process of prementum: (0) absent; 
(1) present. Median sclerotized strut-like prelabial  

structure (Rousset 1966: “baguette”) present in Conio- 
pterygidae. A much smaller structure is present in Be- 
rothidae (MacLeod 1964: fig. 40, PrlbAP), coded as 0.

49. 	Number of labial palpomeres: (0) three or more; 
(1) two. Only two in Coniopterygidae and Crocinae 
(MacLeod 1964; Rousset 1966; Monserrat 1996, 
2006).

50. 	*Widely separated premental halves: (0) simi-
lar in shape and size to palpomeres; (1) strongly 
developed and ventrally flattened (Badano et al. 
2017 [erroneously interpreted as palpigers]). The 
premental halves are similarly shaped like the pal-
pomeres in larvae of Psychopsidae (MacLeod 1964: 
fig. 69). It is strongly developed and dorsoventrally 
flattened in all other Myrmeleontiformia (Badano et 
al. 2017: fig. 10F,G). Coded as inapplicable for non-
myrmeleontiform groups.

51. 	Size of labial palpomeres: (0) normally sized; 
(1) proximal palpomere unusually large; (2) all 
palopomeres appear inflated. Palpomeres appear 
strongly inflated in Coniopterygidae (MacLeod 
1964; Rousset 1966). Proximal palpomere large in 
Plega ((MacLeod 1964: fig. 69).

52. 	Sensory pit of distal labial palpomere: (0) absent; 
(1) present. Present on apical labial palpomere of 
Ascalaphidae, Myrmeleontidae and Nemopteridae 
(MacLeod 1964; Monserrat 1996; Badano et al. 
2017).

53. 	Elongate sensory area on distal labial palpomere: 
(0) absent; (1) present. Present on apical labial pal-
pomere in Coniopterygidae (MacLeod 1964).

54. 	Mandibulo-maxillary cephalic gland: (0) absent; 
(1) present. Present in Nevrorthidae, Osmylidae, 
Chrysopidae, Hemerobiidae, Sisyridae, Coniopter-
ygidae (partim), Myrmeleontidae (Wundt 1959; 
Rousset 1966; Gaumont 1976), and Crocinae. Also 
present in first instars of Mantispa but composed of 
delicate tissue with a single duct. The gland is absent 
in Coniopteryx, but present in other genera of the 
family (Rousset 1966).

55. 	Mesal gland of maxillary stylet: (0) absent; (1) 
present. The median internal gland or poison gland 
of the maxillary stylet is present in Mantispa and 
also in larvae of other families of Neuroptera (Wun­
dt 1959; Rousset 1966; Gaumont 1976), with the 
noteworthy exception of Sisyra (Gaumont 1976). 

56. 	Lateral gland of maxillary stylet: (0) absent; (1) 
present. The large lateral gland of the maxillary sty-
let is represented by a hollow compartment delimited 
by an extremely thin endothelium in larvae of Nev-
rorthidae (Beutel et al. 2010). A similar condition is 
found in other groups of Neuroptera (e.g. hemero-
biid and crocine larvae; Wundt 1959; Rousset 1966; 
Gaumont 1976).

Additional larval characters

57. 	*Shape of postcephalic body: (0) subparallel- or 
parallel-sided, abdomen elongate; (1) meso- and 
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metathorax and abdomen strongly rounded lat-
erally, abdomen compact. The postcephalic body 
is parallel-sided in most families of Neuroptera in-
cluding Mantispidae and also the myrmeleontiform 
family Psychopsidae. The body region posterior to 
the prothorax is strongly rounded laterally and forms 
a compact unit in Myrmeleontiformia excluding Psy-
chopsidae (Badano et al. 2017: figs. 1, 8). The body 
is also distinctly rounded in larvae of Coniopteryg
idae (Tauber 1987).

58. 	Proportion of head and postcephalic body in 2nd 
or 3rd instars: (0) head normally sized in relation 
to postcephalic segments; (1) small in size relation 
to postcephalic segments. Head greatly reduced in 
size in relation to postcephalic body in later instars 
of Mantispidae, Dilaridae and Berothidae (Aspöck & 
Aspöck 2007; Parker & Stange 1965). Condition in 
Mucroberotha (Rhachiberothidae) unknown (Mint­
er 1990). 

59. 	*Long setae inserted in deep sockets on thoracic 
tergites (“trichobothria”): (0) absent; (1) pres-
ent. Present in Mantispidae, Berothidae and Rhachi-
berothidae (Minter 1990; Möller et al. 2006; Park­
er & Stange 1965).

60. 	Regular series of scoli on abdomen: (0) absent; 
(1) present. Present in Nymphidae, Myrmeleontidae 
and Ascalaphidae (Henry 1978).

61. 	Fusion of tibia and tarsus in the hind leg: (0) ab-
sent; (1) present. Tibia and tarsus of hind legs fused 
in Myrmeleontidae and Ascalaphidae (Henry 1978).

62. 	*Deep transverse furrow on proximal ventral tib-
ia: (0) absent; (1) present. Present in first instar of 
Mantispa. Absent in Berothidae and Rhachiberoth
idae (Minter 1990; Möller et al. 2006) and other 
groups of Neuroptera.

63. 	*Pseudoclaw on proximal tarsus: (0) absent; (1) 
present. Present on all legs of first instars of Man-
tispa. Absent in Berothidae and Rhachiberothidae 
(Minter 1990) and other groups including Symphras
inae (Parker & Stange 1965: “post-tarsal claws”). 

64. 	Trumpet-shaped, elongate empodium of first in-
star larvae: (0) absent; (1) present. Present in Man-
tispidae, Chrysopidae, Hemerobiidae, Berothidae, 
Rhachiberothidae, Dilaridae and Psychopsidae (Til­
lyard 1918; Parker & Stange 1965: “clavate empo-
dium”; Minter 1990, 1992; Möller et al. 2006), but 
absent in the other groups (Zwick 1967; Henry 1978; 
Monserrat 1996; Grebennikov 2004; Beutel et al. 
2010).

65. 	Scarabaeiform 2nd instar larva: (0) absent; (1) 
present. Present in Mantispidae and Berothidae, 
and possibly also in Rhachiberothidae (coded as ?) 
(Parker & Stange 1965; Aspöck et al. 2001; Möller 
et al. 2006). This condition is likely correlated with 
specialized predacious (e.g. in nests of termite) or 
parasitic habits (Aspöck et al. 2007).

66. 	Urogomphi: (0) present on segment IX; (1) ab-
sent. Urogomphi occur in most lineages of Coleo
ptera but are absent in Neuropterida. 

67. 	*Adhesive structure of segment X: (0) absent; (1) 
present. An adhesive organ formed by segment X is 
present in larvae of Mantispinae (Fig. 3), Berothidae 
and Chrysopidae. (Tauber 1987). The presence in 
larvae of Plega is not confirmed (Parker & Stange 
1965) (coded as ?).

68. 	*Exposure of segment X: (0) visible externally; 
(1) retracted. Retracted in larvae of Nemopteridae, 
Myrmeleontidae and Ascalaphidae (pers. obs. R. 
Beutel; Tauber 1987).

69. 	Cryptonephy: (0) absent; (1) five or six Malpighi-
an tubules attached; (2) one Malpighian tubule 
attached (Aspöck et al. 2001, modified). The cryp-
tonephric condition with two free tubules is found in 
Mantispa, and also in Myrmeleontidae, Hemerobi-
idae, Osmylidae and Chrysopidae (Gaumont 1976). 
Apparently one tubule is lost in Osmylus (Gaumont 
1976). All tubules are free in Nevrorthus and Sialis 
(Aspöck et al. 2001), and all except one in Sisyr
idae. The condition for several families is unknown 
(Aspöck et al. 2001).

70. 	Habitat: (0) aquatic; (1) terrestrial. Larvae of Me
galoptera, Nevrorthidae and Sisyridae are aquatic. 

Characters of adults (coleopteran outgroup taxa)

71. 	Elytra: (0) absent; (1) present. Present in Coleo
ptera.

72. 	Exposed body parts sclerotized, without exposed 
membranes: (0) absent; (1) present. Present in 
Coleoptera. 

4. 	 Discussion
	

The first instar larvae of Mantispa (Mantispinae) were 
shaped by different but interrelated phenomena, the phy-
logenetic background, functional requirements linked 
with the specific parasitic lifestyle, hypermetamorphosis, 
and effects of miniaturization. These aspects will be dis-
cussed in the following.

4.1. 	Phylogeny

The morphological features analyzed here represent the 
largest larval data set for Neuroptera analyzed so far. 
It is largely based on Beutel et al. (2010), but several 
characters were added, data missing for Mantispa were 
inserted, and Plega (Symphrasinae) was added to the 
taxon sampling. The parsimony analysis of the 72 lar-
val characters (Fig. 19) places Mantispa and Plega in 
the ‘dilarid clade’ (Aspöck & Aspöck 2008; Beutel et al. 
2010) (branch support [= BS] 2) comprising Dilaridae, 
Berothidae, Rhachiberothidae and Mantispidae. Poten-
tial synapomorphies are the complete absence of lateral 
remnants of the frontoclypeal sulcus (10.1), straight and 
nearly subparallel mandibulo-maxillary stylets (30.1), a 
small head of secondary larvae (in relation to the post-
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cephalic body) (58.1), and a trumpet-shaped pretarsal 
empodium (64.1). None of these characters is really con-
vincing. Loss of the frontoclypeal sulcus is a frequent 
feature in holometabolous larvae (Beutel et al. 2009, 
2011), the stylets vary considerably in shape among the 
four families, and a trumpet-shaped empodium does also 
occur in other hemerobiform families and also in Psy-
chopsidae. Parallel evolution of this highly unusual pre-
tarsal adhesive device is very unlikely. We assume that 
it evolved early in the evolution of the order, possibly as 
a derived groundplan feature of Neuroptera excl. Nev-
rorthidae, Coniopterygidae, Sisyridae and Osmylidae, 
with secondary loss in Myrmeleontiformia excluding 
Psychopsidae. This interpretation is also supported by 
the presence of a well-developed empodium in Mesozoic 
stem-Myremeleontiformia (Badano et al. 2018). A simi-
lar scenario may apply to the terminal abdominal attach-
ments structure. Its presence is confirmed for Mantispinae 

(e.g. Kuroko 1961: pl. X), Berothidae and Chrysopidae, 
but reliable data are missing for most groups (e.g. Di-
laridae, Symphrasinae). Mantispoidea in the sense of 
Winterton et al. (2018), comprising Rhachiberothidae, 
Berothidae and paraphyletic Mantispidae, appear reason-
ably well supported despite of the low support value (BS 
1). Shared larval apomorphies of Berothidae, Rhachi-
berothidae and Mantispidae are overlapping scales on 
antennae and maxillae (26.1), long setae inserted in large 
sockets on the thoracic tergites (“trichobothria”) (59.1), 
and hypermetamorphosis with scarabaeiform 2nd instar 
larvae (65.1). The relationships of the mantispoid termi-
nals are not resolved, and Mantispa (Mantispinae) and 
Plega (Symphrasinae) are not retrieved as sister taxa. 
Within this lineage, larvae of Mantispa (Mantispinae) 
differ distinctly from those of Plega (see MacLeod 1964) 
and also from those of Drepanicinae (Dorey & Merritt 
2017: figs. 3, 4), Berothidae and Rhachiberothidae. The 

Fig. 19. Cladogram – Strict consensus of 249 minimal length trees with 135 steps, consistency index 0.63, retention index 0.81. Apomor-
phies mapped on tree – non-homoplasious changes full quadrangles. Bremer support in circles. — Abbreviations: Nev – Nevrorthidae. 
— Datamatrix in Electronic Supplement File 1.
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shortened mesal edges of the compact mandibular sty-
lets, the large and broadened mentum, and the fixed tarsal 
pseudoclaw are possible autapomorphies of Mantispinae 
(see also Kuroko 1961). Ditaxis (Mantispinae) differs 
from Mantispa by the laterally rounded and posteriorly 
widening head (Kuroko 1961: pl. X). Plega differs from 
both by the elongate head and mentum, the distinctly lon-
ger cervix, the presence of only two stemmata, inwardly 
curved sucking stylets with small apical teeth on the 
maxillary component, and the presence of only two la-
bial palpomeres, with the proximal one strongly inflated 
(MacLeod 1964: figs. 42, 44).
	 Not surprisingly the results concerning the other 
groups are similar to the phylogeny of Beutel et al. 
(2010), which was based on a slightly smaller and less 
complete data set. Nevrorthidae were recovered as sister 
to all remaining groups, monophyletic Hemerobiformia 
as sister to a clade Myrmeleontiformia, and Psychops
idae as sister to the remaining myrmeleontiform families. 
The branching pattern will not be discussed in detail in 
this study focused on larval Mantispidae. It is clear how-
ever, that hemerobiform relationships remain a problem, 
whereas the myrmeleontiform lineage appears largely 
clarified (e.g. Randolf et al. 2013, 2014, 2017; Wang et 
al. 2016). In a recent study based on anchored hybrid en-
richment (AHE) data, Winterton et al. (2018) retrieved 
Coniopterygidae as sister to all other neuropteran fami-
lies, Nevrorthidae in a clade Osmyloidea together with 
Sisyridae and Osmylidae, and like in the present contri-
bution paraphyletic Mantispidae in a clade with Rhachi-
berothidae and Berothidae (Mantispoidea). In contrast 
to the present study, Dilaridae were placed as sister to 
Neuroptera excl. Coniopterygidae and Osmyloidea (with 
Sisyridae, Nevrorthidae, Osmylidae), and Ithonidae as 
sister to Psychopsidae, which means paraphyletic Myr-
meleontiformia. This pattern, which requires 20 addi-
tional steps with the data set presented here (Mesquite; 
Maddison & Maddison 2015), implies that the gula and 
subdivided postmentum have evolved secondarily in 
Nevrorthidae (see Winterton et al. 2018: fig. 5). How-
ever, there is no supporting proof for this argumentation. 
These features were interpreted as part of the neuropteran 
groundplan in Beutel et al. (2010) with the correspond-
ing apomorphic conditions as potential synapomorphies 
of Neuroptera excl. Nevrorthidae. In Wang et al. (2016) 
Dilaridae are placed as sistergroup to the rest, excluding 
Coniopterygidae, Sisyridae, Nevrorthidae, Osmylidae.

4.2. 	Parasitism and specialized predacious 
		  habits

First instars of species of the subfamily Mantispinae are 
well known for their spider parasitism and feeding in spi-
der egg sacs (Schremmer 1983; Redborg 1998). Two dis-
tinctive types are described: species searching for egg sacs 
on the substrate like Campio vittatus (Guerin-Ménéville, 
1831) (McKeown & Mincham 1948) and Mantispa styri-
aca (Brauer 1869) or spider boarders like Dicromantispa 
interrupta (Say, 1825) (Guarisco 1998). Due to missing 

observations it remains unclear if M. aphavexlete follows 
a single strategy or a combination of both like Dicroman-
tispa sayi (Banks, 1897) (Redborg & MacLeod 1984). It 
is likely that the highly specialized life style of immature 
Mantispinae has evolved from a transition field between 
parasitism and specialized carnivorous habits, with prey 
with a distinctly reduced mobility. Larvae of the related 
Berothidae and non-mantispine mantispid larvae prey on 
the offspring of social or non-social aculeatan Hymeno
ptera or Isoptera (termites), or on immature insects living 
in soil or under bark (e.g. Tauber 1987). 
	 Both strategies of mantispine larvae imply different 
challenges. Firstly, the larvae must find an egg sac or a 
suitable spider to board, for example species of Lycos
idae, Thomisidae, Clubionidae or Salticidae (Brauer 
1869; Kaston 1938; Redborg 1998; Ohl 2011). This 
makes high mobility essential, which is guaranteed by 
differentiated thoracic legs and well-developed extrinsic 
and intrinsic leg muscles of the tiny larvae. The legs dis-
play several unusual structural modifications. The trum-
pet-shaped empodium is a partly membranous structure 
likely facilitating efficient movements and adhesion on 
different substrates with its flexibility and fine ridges on 
its surface. This includes spider egg sacs and in the case 
of spider-boarding species also the body surface of hosts. 
The wide distribution of the trumpet-shaped empodium 
in non-parasitic neuropteran families (see above) implies 
that this is not a special adaption to the parasitic lifestyle 
of Mantispinae. It is apparently useful in this context but 
has certainly evolved early in the evolution of Neuroptera. 
A very unusual feature of the legs of mantispine larvae is 
the well-sclerotized, fixed tarsal pseudoclaw, which likely 
also improves locomotion on different surfaces, thus com-
plementing the structurally very different empodium. It is 
likely that this solid hook-shaped structure also facilitates 
the rupturing of the egg sac of the host spiders.
	 Compared to larvae of other families (e.g. Nevrorth
idae, Myrmeleontiformia), the sucking jaws of first in-
stars of Mantispinae are largely immobilized and not 
curved mesad as it is usually the case, but straight and 
anteriorly directed (Fig. 3A,B). Unlike in some other 
neuropteran groups, the combined paired mouthparts are 
not used for grasping prey. However, the modified man-
dibulo-maxillary stylets are well suited for penetrating 
immobile surfaces, i.e. piercing eggs of spiders (Brauer 
1869; Kaston 1938; Redborg 1998; Ohl 2011), and in 
the case of spider boarding species also for penetrating 
articulatory membranes or other weakly sclerotized ar-
eas of the host. Despite of the partial immobilization, 
the mandibular adductor (M11) and abductor (M12) are 
well-developed (Fig. 11A), whereas the tentorio-mandib-
ular muscle (M13), which it is present in Nevrorthidae, 
Osmylidae, Chrysopidae, and Myrmeleontidae (Wundt 
1959; Rousset 1966; Beutel et al. 2010), is missing like 
in Coniopterygidae (Rousset 1966; see also Beutel et 
al. 2010). In contrast to the usual condition in insects, 
the abductor (M12) of Mantispa is distinctly enlarged, 
according to v. Kéler (1963) a condition typical for in-
sects with piercing-sucking feeding habits with an active 
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stroke. The abductor is also slightly enlarged in Osmyl
idae, where the mandibles are slightly bent outwards and 
elongated. The musculature of the maxilla is similar to 
the configuration in other neuropteran larvae examined 
so far. The well-developed tentorio-cardinal and tento-
rio-stipital muscles (M17, M18) are likely linked with 
penetration and possibly the injection of gland secre-
tions as described by Wundt (1959) for the larva of Os-
mylus. A similar function was postulated for non-related 
insects with piercing-sucking feeding habits, Hemiptera 
and Thysanoptera (v. Kéler 1963). The well-developed 
cranio-lacinial muscle (M19) functions as retractor of the 
maxillary stylet. 
	 The cephalic gland of Mantispa is poorly developed 
compared to the condition found in other neuropteran 
groups, like for instance Nevrorthidae, where it is large 
and tube-shaped (Beutel et al. 2010). The vestigial con-
dition in Mantispa is possibly related with the specific 
feeding habits and parasitic lifestyle. In contrast to ac-
tive prey, eggs do not need to be immobilized by poison. 
Spider boarding species would not inject venom in their 
host, as they depend on the production of egg sacs for 
completing their postembryonic development. 
	 A noteworthy feature of the abdomen is the terminal 
eversible attachment structure. As its function Wundt 
(1959) suggested the fixation of the larval abdominal apex 
on the ground. In the case of Mantispinae the anchorage 
of the abdominal apex likely facilitates the penetration of 
the egg sac or articulatory membranes of a host spider. 
It may also provide anchorage on the cuticle of a spider 
in the case of spider boarding species. Another possible 
function would be fixing the body on the substrate, while 
the free legs can attach to a passing spider host. However, 
observations confirming this are missing so far.

4.3. 	Size of 1st instars and hypermeta- 
		  morphosis

Far-reaching size reduction is a typical feature of para-
sitic holometabolous larvae (e.g. Osswald et al. 2010; 
Pohl & Beutel 2008; Ge et al. 2012; Beutel et al. 2016; 
Knauthe et al. 2016). In the case of spider boarding spe-
cies, this makes it possible to avoid detection and attack 
when entering the host. A second factor is the size of the 
spider egg sac, which obviously limits the size of the lar-
va. Aside from this, the small size of first instars is linked 
with the production of very large numbers of offspring in 
parasitic insects.
	 Hypermetamorphosis (or heteromorphosis) (Snod­
grass 1954) is another feature typical for holometabo-
lous parasitic insects (e.g. Pohl & Beutel 2008), but 
not restricted to such groups (e.g. Normark & Pollock 
2002: Micromalthus debilis LeConte, 1878 (Coleoptera: 
Micromalthidae)). It is defined as a premature metamor-
phosis between different larval stages, which strongly 
affects the morphology of the instars. It often occurs 
in Hymenoptera, in few groups Coleoptera (e.g. Paoli 
1938; Snodgrass 1954), and also in Lepidoptera (Body 
et al. 2015). Strikingly different larval stages are also 

a feature of the highly specialized endoparasitic Strep-
siptera (e.g. Pohl & Beutel 2008, 2013). Two differ-
ent types are classified (Pinto 2009), type I referring to 
insects with the site of egg deposition distant from the 
feeding place of the larva, and type II with eggs placed at 
the feeding site of the first instars. M. aphavexelte clearly 
belongs to type I, as their eggs are positioned on ground 
substrate, on grass or on twigs, while the first instars feed 
on spider eggs or in the case of spider boarders also on 
hemolymph of the host.
	 Not surprisingly, first instars of M. aphavexelte show 
characteristics of type I hypermetamorphosis. As they 
hatch not at their feeding site, the larvae are highly mo-
bile, and were therefore called planidium (“little wan-
derer”) by Snodgrass (1954). Like in Strepsiptera or the 
coleopteran Meloidae and Rhipiphoridae, the first instar 
is very slender and of the agile campoideiform type. 
Three differentiated pairs of six-segmented legs are pres-
ent, equipped with a well-developed set of extrinsic and 
intrinsic muscles (Jandausch et al. 2018). 
	 As later larval stages of M. aphavexelte are unknown, 
observations made on Dicromantispa sayi (Fig. 20; Red­
borg & MacLeod 1984) and M. styriaca (Brauer 1869; 
Handschin 1959) will be discussed here. The largely im-
mobilized 2nd stage hatching after the first moult (“meta-
morphosis”) is referred to as scarabaeidiform type. The 
size increases dramatically after the first molt. In  D. sayi 
the mature third larval stage is about 10 × larger than the 
first instar (Redborg & MacLeod 1984). Once an egg sac 
is infested, efficient locomotion is not required any more. 
The trunk appears bloated and desclerotized, and the legs 
small and simplified. The head is very small compared to 
the rest of the body. A specific feature of the third instar is 
the transformation of abdominal segment X into a spin-
neret (Redborg & MacLeod 1984). 

4.4. 	Effects of miniaturization

First instars of M. aphavexelte belong to the smallest 
known larval stages in Neuroptera. The total length is 
ca. 1 mm and the size during this stage increases only 
slightly while feeding. 
	 The head shows only minimal effects of miniaturiza-
tion, compared for instance to minute parasitic 1st instars 

Fig. 20. Later instar of Dicromantispa sayi. Redrawn after Red­
borg (1982) and Stehr (1987). — Scale bar: 1 mm.
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of Strepsiptera, which measure ca. 0.2 mm on average 
(Pohl 2000; Knauthe et al. 2016). The head capsule and 
appendages are not simplified compared to larger neuro
pteran larvae (e.g. Wundt 1959; MacLeod 1964; Rous­
set 1966; Beutel et al. 2010). In contrast to MacLeod 
(1964) the endoskeleton of primary larvae of Mantispa is 
well-developed, except for the vestigial tentorial bridge, 
and also the cephalic set of muscles, with the exception 
of M. tentorio-mandibularis, which is also missing in the 
small larvae of Coniopterygidae (Rousset 1966). A typical 
feature occurring in very small insect larvae is a shift of 
the brain and suboesophageal ganglion into the thorax. In 
M. aphavexelte these parts of the central nervous system 
remain largely within the head capsule, with only the pos-
terior ¼ of the protocerebrum reaching the prothorax. In 
contrast, the brain of larvae of Tenomerga mucida Chevro-
lat, 1844 (Coleoptera: Cupedidae) is completely dislodged 
to the thoracic segments (Yavorskaya et al. 2015), and 
this is also the case in larvae of Mikado sp. (Coleoptera: 
Ptiliidae), where the brain reaches the second abdominal 
segment (Polilov & Beutel 2009). An extreme condition 
is reached in the minute first instars of Strepsiptera, where 
the entire central nervous system forms a compact unit in 
the middle body region (Beutel et al. 2005). 
	 Except for indistinct or missing pleural and sternal 
sclerotized elements, the postcephalic exoskeleton is 
not differing distinctly from larger neuropteran larvae. 
However, endoskeletal elements are completely miss-
ing. Furcal arms are absent and likely replaced spine-like 
apodemes in the coxal region of each thoracic segment. 
Additionally, a similar spine-like structure is present in 
the cervical region. A complete reduction of the thoracic 
endoskeleton was also observed in Mengenilla chobauti 
Hofeneder, 1910 (Strepsiptera: Mengenillidae), whereas 
the muscular system is well-developed in these minute 
first instars of Strepsiptera (Pohl 2000; Osswald et al. 
2010). Like in strepsipteran primary larvae and recently 
examined small or very small 1st instar beetle larvae (Ge 
et al. 2012; Yavorskaya et al. 2016), the postcephalic 
muscle system of Mantispa is complex and apparently not 
affected by miniaturization, with complex muscle sets of 
the neck region and legs, and well-developed dorsal and 
ventral longitudinal muscle, muscles of the pleural region, 
and also muscles of the terminal abdominal segments. 
	 In contrast to the extremely condensed central ner-
vous system of 1st instars of Strepsiptera, the ventral gan-
glionic chain is not recognizably affected by small size 
in M. aphavexelte. All thoracic ganglia and abdominal 
ganglia I – VIII are separated by connectives, as it is also 
the case in 1st instars of Tenomerga mucida (Yavorskaya 
et al. 2015). 

5.	 Conclusions

The phylogenetic relationships of non-myrmeleontiform 
Neuroptera are presently still contentious, with differ-
ent data sets yielding different results (e.g. Beutel et al. 
2010; Randolf et al. 2014, 2017; Wang et al. 2017; Win­

terton et al. 2018). However, Mantispoidea comprising 
Mantispidae, Berothidae and Rhachiberothidae appear 
solid. The monophyletic status of Mantispidae remains 
ambiguous. The larvae of the specialized Mantispinae 
differ very distinctly from those of other subfamilies. 
Different structural features of 1st instars of M. aphavex-
elte are likely well suited for behaviour in the context 
of spider parasitism but have apparently evolved long 
before this life style was established as a preadaptation. 
Very small 1st instars and hypermetamorphosis are prob-
ably linked with a trend towards parasitism in Mantispo
idea, with the majority of the group feeding on largely 
immobilized offspring of other insects, mainly aculeate 
hymenopterans or termites. In contrast to minute primary 
endoparasitic larvae of Strepsiptera, effects of miniatur-
ization on 1st instars of Mantispa are very limited. 
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