Cretaceous chimera – an unusual 100-million-year old neuropteran
larva from the “experimental phase” of insect evolution
Authors: Carolin Haug, Andrés Fabián Herrera-Flórez, Patrick Müller, and Joachim T.
Haug
Source: Palaeodiversity, 12(1) : 1-11
Published By: Stuttgart State Museum of Natural History
URL: https://doi.org/10.18476/pale.v12.a1

BioOne Complete (complete.BioOne.org) is a full-text database of 200 subscribed and open-access
titles in the biological, ecological, and environmental sciences published by nonprofit societies,
associations, museums, institutions, and presses.

Your use of this PDF, the BioOne Complete website, and all posted and associated content indicates
your acceptance of BioOne’s Terms of Use, available at www.bioone.org/terms-of-use.

Usage of BioOne Complete content is strictly limited to personal, educational, and non-commercial use.
Commercial inquiries or rights and permissions requests should be directed to the individual publisher
as copyright holder.

BioOne sees sustainable scholarly publishing as an inherently collaborative enterprise connecting authors, nonprofit
publishers, academic institutions, research libraries, and research funders in the common goal of maximizing access to critical
research.

Downloaded From: https://bioone.org/journals/Palaeodiversity on 20 Apr 2019
Terms of Use: https://bioone.org/terms-of-use

Palaeodiversity 12: 1–11; Stuttgart 30 December 2019. Published online: 29 March 2019, DOI: 10.18476/pale.v12.a1

1

Cretaceous chimera – an unusual 100-million-year old neuropteran
larva from the “experimental phase” of insect evolution
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Abstract
Neuropteran insects possess very distinct larval stages with prominent paired piercing sucking stylets and a
specialised sclerite, the neck, between the head and the first thoracic segment. Some larva of Crocinae (Nemopteridae) are further specialised by possessing a very elongated neck region. The fossil record has already provided
a large variety of neuropteran larvae, yet so far a truly long-necked form was missing. Here we report such a fossil
larva, with an elongated neck region from 100-million-year old Burmese amber. The specimen possesses a unique
combination of characters unknown in any modern or fossil neuropteran larva. Besides the elongated neck it possesses three distinct teeth in the stylets, a character mostly known in larval forms of owl flies (Ascalaphidae) and ant
lions (Myrmeleontidae), and a slender trunk as known in aphid lions (larvae of the groups Chrysopidae and Hemerobiidae). We must therefore conclude that the fossil species must have evolved certain characters in convergence to
other lineages of Neuroptera resulting in a chimera-like morphology. We discuss possible interpretations of character evolution of larvae within Neuroptera.
K e y w o r d s : Crocinae; Neuroptera; Myrmeleontiformia; convergent evolution; Burmese amber.

1. Introduction
Our modern terrestrial world is dominated by smallersized animals of the group Insecta, more precisely, of
Holometabola. These animals dominate our terrestrial
ecosystem, concerning number of species, number of individuals and biomass, but also ecological roles. Holometa
bola includes the “big four” groups: Hymenoptera (wasps,
ants, bees), Coleoptera (beetles, weevils and allied)
Lepidoptera (moths and other butterflies) and Diptera

(mosquitoes, midges, flies), but also some other smaller
groups such as Neuroptera – lacewings and their relatives.
In general, among holometabolans, but especially
among neuropterans, most of the ecological impact and
diversity is in fact not represented by the adult forms,
but by the larvae. Holometabolan individuals spend quite
some time, in many groups in fact most of their life, in
their larval phase. Also, the ecology of the larvae is usually very different from that of the adults, a possible clue
for understanding the evolutionary success of the Holometabola.
Most neuropteran larvae are fierce predators that are
able to inject venom into their prey with their specialised
mouthparts: each mandible and part of each maxilla form
a sucking tube, providing the larva with a pair of injecting
and sucking stylets (e.g., Aspöck et al. 2001, 2012; Beutel
et al. 2010). Larvae of the different ingroups of Neuroptera
have become specialised for quite different hunting strategies. Some larvae are aquatic or semi-aquatic and are
presumed to hunt other aquatic insects or other small non-
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vertebrates (larvae of Nevrorthidae, Osmylidae; e.g., New
2004; Matsuno & Yoshitomi 2016) or parasitize freshwater sponges (Sisyridae; e.g., Aspöck et al. 2012). Most
terrestrial forms are active hunters and therefore in some
cases quite beneficial for humans, e.g., in terms of agriculture (e.g., McEwen et al. 2007). Important in this case
are, for example, aphid lions, the larvae of species of the
groups Chrysopidae and Hemerobiidae.
Myrmeleontiformia – with its five major ingroups
Myrmeleontidae, Ascalaphidae, Nymphidae, Nemopteridae, Psychopsidae (see Aspöck et al. 2012 for details) – is a
major subgroup of Neuroptera with rather large and sometimes aberrant-appearing larvae. The most widespread
known type of larva of this group is most likely that of the
antlions. Larvae of antlions (Myrmeleontidae) and their
closer relatives, the owlflies (Ascalaphidae, sister group
to Myrmeleontidae) and split-footed lacewings (Nymphidae, sister group to Ascalaphidae + Myrmeleontidae), are
quite fierce, with rather wide bodies and large prominent
stylets that are additionally armed with one to three teeth
each (e.g., Gepp 1984; New 1992). Yet, the larval forms
of thread-winged lacewings (
Nemopteridae: 
Crocinae)
appear even more weird. They strongly resemble the
fierce antlions, but additionally are unique in possessing
an astonishingly long neck region separating the head distinctly from the trunk (e.g., Pierre 1952; Monserrat 1983,
2008; recent summary of most extreme forms in HerreraFlórez et al. in review). It has been proposed that this
long neck is beneficial for their overall hunting success
(Aspöck & Aspöck 2007).
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The fossil record has already provided quite a number of neuropteran larvae. Especially in recent years some
quite astonishing and unexpected forms have appeared
(e.g., Pérez-de la Fuente et al. 2012, 2016, 2018, early
view; Wang et al. 2016; Badano et al. 2018). Even smaller
larvae with rather unusual life strategies have been found
as fossils (e.g., Wichard et al. 2009; Ohl 2011; Haug et al.
2018). Despite this rich and diverse fossil record of neu-

ropteran larvae, we so far lack any long-necked form as
seen in Crocinae. The only exception showing a moderately long neck was reported by Badano et al. (2018:
fig. 3d). Here we report the first fossil larva with a long
neck comparable to that of larvae of Crocinae, discuss its
possible phylogenetic position within Neuroptera and its
impact on our understanding of character evolution within
Myrmeleontiformia and Neuroptera.

Fig. 1. Long-necked neuropteran larva, specimen SMNS BU-340 (BUB 3061), documented under different light settings; A, B: white
light conditions, HDR; A: ring illumination; B: coaxial cross-polarised illumination; C: autofluorescence illumination.

Downloaded From: https://bioone.org/journals/Palaeodiversity on 20 Apr 2019
Terms of Use: https://bioone.org/terms-of-use

CAROLIN HAUG, ANDRÉS FABIÁN HERRERA-FLÓREZ ET AL.: UNUSUAL CRETACEOUS NEUROPTERAN LARVA

2. Material and methods
A single piece of amber comes from the about 100-million-year-old Burmese deposits, Hukawng Valley, Kachin
State, Myanmar (Cruickshank & Ko 2003). It has been
bought by one of the authors (PM), was part of his private
collection under the repository number BUB 3061, and is
now deposited in the Staatliches Museum für Naturkunde
Stuttgart under SMNS BU-340.
The original amber piece was first cut with a Dremel
3000, afterwards it was polished with wet sandpaper, first
grade 200 and then subsequently grades 600, 1000 and
5000. Final polishing was performed with Sidol metal
polish.
The specimen was documented with composite imaging under different light conditions. Images under white
light conditions were recorded with a Keyence VHX-6000
microscope equipped with a 20–2000× objective, either
under ring illumination (Fig. 1A) or under coaxial crosspolarised illumination (Fig. 1B). To achieve an optimal
result, some images were recorded with different exposure
times (high dynamic range, HDR). Images under fluorescence light were recorded on a Keyence BZ-9000 inverse
microscope, with a TRITC filter cube (excitation wavelength: 543 nm; Fig. 1C) (e.g., Haug et al. 2009, 2011).
Each image detail was documented as a stack, with the
single images of the stack (frames) being recorded in different focal levels in the z-axis to overcome limitations
in depth of field. The frames of each stack were fused
to achieve an entirely sharp image detail. This was done
either with the built-in software of the VHX-6000 or with
the freely available software CombineZP. Several adjacent
stacks were recorded in x-y axis to overcome limitations
in the field of view. All image details were stitched to a
final panorama image with the help of the built in software
of the VHX-6000, or with Adobe Photoshop CS3 or Elements 11 (e.g., Haug et al. 2008; K erp & Bomfleur 2011).
Drawings of the specimen and of comparative material
were prepared in Adobe Illustrator CS2. Colour markings
of specific structures was performed in Adobe Photoshop
CS2.
3. Description of the specimen
3.1. General aspects
The amber piece has only one inclusion (specimen)
described below. The amber piece includes bubbles of different size, mostly on the right side of the included specimen, when viewed from dorsally. The area surrounding
the specimen contains some bubbles, most of them of
medium size. The amber piece seems to be broken at the
level of the middle part of the abdomen of the species,
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even though, the specimen looks complete (Fig. 1). The
specimen is only accessible from the dorsal side.
3.2. Anterior body: head and neck
Body elongate, in total ca. 6.2 mm long (without stylets), organised distinctly into head and trunk (Figs. 1A–C,
2A). Head forming capsule. Base of the head capsule (close
to the following structure, the neck or cervix) narrower
than remaining head. Posterior part of the head capsule
without pronounced temples, i.e. not having an angular
appearance (Fig. 2C).
Head capsule ca. 0.9 mm long, dorso-ventrally flattened, trapezoidal in dorsal view, longer than wide, reaching maximum width far anteriorly, and gently tapering
posteriorly; anterior rim more than 2x as wide as posterior
rim; lateral sides more than 2x as long as posterior rim.
On the ocular segment antero-laterally on the head,
groups with 5(?) sessile stemmata on each side apparent (Fig. 2C). Labrum appears continuous with clypeus;
anterior clypeo-labral edge not forming a rostrum, i.e. not
drawn out anteriorly.
Antennae (appendages of post-ocular segment 1) arising antero-laterally from the head capsule. Insertion of
antenna situated just below the base of the forward oriented mouthparts. Antenna clearly shorter than the mouthparts, with the first element (scape?) tubular, wider than
following element (exact subdivision difficult to assess,
estimated between 10 and 15 antennomeres). There seems
to be no terminal filament.
No structures of post-ocular segment 2 (intercalary
segment) externally visible. Mandibles and maxillae
(appendages of post-ocular segments 3 and 4) forming a
pair of prominent stylets (Fig. 2B, C). Stylets well separated at base; complete, slender, relatively thin and strongly
sclerotized; with ca. 1.23 mm length (direct distance from
insertion to tip) clearly longer than head capsule; strongly
inward curved (from approximately the apical 1/3 of it)
tapering distally. Each mandibular part of the stylets bears
three teeth, which are longer than stylet width. Stylets
arising functionally anteriorly (prognath). Other aspect
of the maxillae, e.g. subdivision, difficult to access, distal
part of maxilla (maxillary palps) absent.
Appendages of post-ocular segment 5 conjoined to
form labium. No median endites (glossa, paraglossa)
developed. Distally, functionally anteriorly with a pair of
palps (labial palps). The labial palps are situated just below
the inner margin of the stylets (Fig. 2B, C). Each palp with
three tubular elements (palpomeres). Palp slightly thicker
than antenna and clearly longer than stylet width. First element (palpomere) partly concealed by head capsule and
stylet. Second element elongate, about 6x as long as basal
width. Third element about the same length of the second
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one; first widening until 50% of the entire length, then
gradually tapering towards the apex. About 6x as long as
basal width. Only the right labial palp present, thin and
less than one third of the length of the stylets.
Distinct collar-like membranous area between head
capsule and neck, well recognizable and clearly narrower

than neck (Fig. 2C). Neck region (cervix), tubular (cylindrical), elongate, slender; with ca. 1 mm length longer
than the head capsule, narrower in the posterior margin
than in the anterior margin (close to the head) which has a
curved shape. Neck articulating to the trunk.

Fig. 2. Long-necked neuropteran larva, specimen SMNS BU-340 (BUB 3061) under coaxial cross-polarised illumination with HDR;
A: interpretative image of Fig. 1B with labelling of body parts; arrows point to teeth in the stylet; B: close-up of head and neck area;
C: close-up of head with colour markings of different structures. Abbreviations: ab = abdomen; at = antenna; cv = cervix; hc = head
capsule; lb = labial palp; ma = membraneous area; ms = mesothorax; mt = metathorax; pt = prothorax; st = stemmata; sy = stylet.
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3.3. Posterior body/trunk: thorax and abdomen

4. Discussion

Trunk surface with numerous smaller setae, barely visible. Exact arrangement only apparent in the further posterior region (see below). Anterior trunk (thorax) with three
distinct segments.
Prothorax with two antero-lateral processes that surround the insertion of the cervix (Fig. 1C). Prothorax
almost triangular in dorsal view, quite long in anteriorposterior axis. Posterior margin of prothorax more than 3x
as wide as anterior margin. Maximum width of meso- and
metathorax larger than that of prothorax. Exact borders
of meso- and metathorax indistinct. Meso- and metathorax very uniformly shaped, in the middle region slightly
broader than further anterior and posterior. Thoracic segments lacking dorsal thoracic processes. Mesothoracic
spiracle sessile (i.e. not elevated; Fig. 1B). Three pairs
of walking legs of similar size present and complete, yet
largely obscured by the body. Exact lengths of the individual elements not measurable. Two major elements (femur
and tibia) partly visible; appear elongate and slender, cylindrical and bearing numerous short setae. Pretarsi only recognisable as a pair of inconspicuous claws, yet only visible
under very low angle of view.
Posterior trunk (abdomen) with indistinct borders
between abdominal segments (Fig. 1). Recognition of
individual segments furthermore complicated by the fact
that at least the anterior segments seem to possess additional folds in their dorsal surfaces (tergites) that might be
misunderstood as joints between tergites. Also, a crack in
the amber conceals details of the middle abdominal segments. Hence, only approximately seven segments visible,
while there are ten to be expected (the last one in fact representing two conjoined segments, 10+11). Anterior segments with the same width as the maximum thorax width.
Last two abdominal segments (most likely segment 9
and terminal end with segments 10+11 conjoined) clearly
narrower than the rest. Penultimate abdominal segment
(most likely 9) with two lobe-like postero-lateral extensions carrying setae (Figs. 1, 2A). At least five setae on
each side; most posterior seta longest of the series. Last
abdominal segment (most likely 10+11) elongated, almost
rectangular shaped, with posterior margin narrower.
Carrying numerous setae; exact number difficult to assess,
at least nine on each side; a pair of longer setae at posterolateral corner on each side. Terminal end of rectangular
shape additionally drawn out into lobe-like extension, yet
exact shape of this extension unclear as concealed under
a bubble in the amber (Fig. 1). Abdomen overall lacking
prominent abdominal processes.

4.1. Systematic interpretation: step 1
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The overall body organisation easily identifies the fossil as a representative of Insecta (Hexapoda in AngloAmerican tradition). The organisation of the eyes, i.e. the
indication that these are stemmata, provides a reasonable
criterion for identifying the specimen as the larval stage
of a holometabolan species. The prominent mouthparts
apparently forming stylets, the overall arrangement of the
head structures, and the distinct sclerotized neck between
head and prothorax clearly identify the fossil as the larva
of a neuropteran. Within Neuroptera at least 17 distinct
different larval forms can be recognised that relate to traditional “family”-grouping (although some authors also
distinguish more; recent simplified comparison in Haug
et al. in review). Yet, fossil larval forms of neuropterans
seem to often possess characters that do not easily fit into
these 17 categories (e.g., Badano et al. 2018; Haug et al. in
review). The same applies to the new fossil here.
4.2. Prominent characters of the fossil
Three characters are very prominent in the fossil.
Astonishing, however, is not their mere presence, but the
combination of all these three in a single specimen.
4.2.1. Long neck
The new larva has a long, slender neck, almost
1.5 times as long as the longest tergite, the pronotum, and
about 5 times as long as wide. This is so far the relatively
longest neck in a fossil neuropteran larva.
An elongated slender neck region is in modern neuropterans only known in larvae of the group Crocinae
(thread-winged lacewings; see references above). In other
larvae the neck region is not distinctly longer than any of
the thoracic tergites and not distinctly longer than wide. In
thread-winged lacewing larvae, especially in stages two
and three, the neck can be several times as long as wide
and also several times as long as a tergite (see HerreraFlórez et al. in review for a recent summary). The only
other neuropteran ingroups that have larvae with a quite
prominent neck are Nevrorthus and Austroneurorthus
(Nevrorthidae). These elongate, almost worm-like, aquatic
larvae have a neck that is slightly longer than the pronotum and more than twice as long as wide (e.g., Zwick 1967;
R ieck 1970; Malicky 1984; Beutel et al. 2010). Although
such a neck is quite long, even the neck of first stage larvae of the group Crocinae, which have in comparison the
shortest necks, can be distinctly longer in relation to the
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overall body length. The fossil described here, therefore,
possesses a neck as only known from modern-day larvae
of the group Crocinae.
Yet, it is in fact not only the neck that is elongated in
larvae of the group Crocinae. Usually also the prothorax is
elongated, slender and has the thoracic appendages inserting far posterior. The elongated neck and the elongated
prothorax together form an even longer ʻfunctional neckʼ
(see Herrera-Flórez et al. in review). This seems to apply
for the new fossil as well.
4.2.2. Prominent stylets with three teeth
The new larva has large curved mandibular-maxillary
stylets, each equipped with three prominent teeth. Prominent teeth are known in extant larvae of Nymphidae (splitfooted lacewings), but which possess only one tooth each,
and especially of Ascalaphidae (owlflies) and Myrmeleontidae (antlions) that mostly have three prominent teeth
on each stylet (see references above). Extant larvae of
the other ingroups of Myrmeleontiformia, Psychopsidae
(silky lacewings) and Nemopteridae (including Nemopterinae, spoon-winged lacewings, and Crocinae, threadwinged lacewings) generally seem to lack such prominent
teeth (but see further below). The fossil larva therefore
possesses stylets that are mainly known for modern larvae
of Ascalaphidae and Myrmeleontidae.
4.2.3. Slender trunk region
The new larva has a rather slender trunk region. Most
larvae of the group Myrmeleontiformia have a rather broad
trunk. In extreme cases it can appear almost circular as in
some larvae of the groups Nymphidae, Ascalaphidae or,
when ignoring the elongated neck, Crocinae. Yet, besides
these extremes, the trunk of larvae of Myrmeleontiformia
in general is quite wide. Larvae of Nevrorthidae (possible sistergroup to all remaining neuropterans) are quite the
opposite: they are extremely slender, elongate and almost
worm-shaped (e.g., Zwick 1967; R ieck 1970; Malicky
1984). Larvae of Hemerobiiformia (or in all remaining
groups, as Hemerobiiformia might not be monophyletic,
see Aspöck et al. 2012) are somewhere in-between (e.g.,
New 1992; Tauber et al. 2003); besides the grub-like larval forms of Ithonidae, Polystoechotidae and larval stages
two and three of Mantispidae (e.g., Gepp 1984; R edborg &
MacLeod 1985; Grebennikov 2004). They are not elongate
worm-shaped, but still rather slender in most cases. This is
quite similar to the shape in the fossil. This aspect is less
simple to address, compared to the first two aspects, yet
we should still summarise that the trunk shape of the new
larva is at best comparable to the trunk shape in extant
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larvae of Hemerobiiformia. Also, some fossil neuropteran
larvae recently reported by Badano et al. (2018) have been
resolved within Myrmeleontiformia, but possess rather
slender trunks. Yet, the exact trunk shape is still quite different to that of larvae of Hemerobiidae or Chrysopidae as
in the latter two the trunk tapers significantly. This tapering is also present in the new fossil.
4.3. Systematic interpretation: step 2
There is a distinct consequence of finding the combination of these three characters in the fossil larva. There
are several possible systematic interpretations of the fossil, yet all require that several prominent characters have
evolved in convergence. Additionally, the internal phylogeny of Neuroptera is still not very stable (Aspöck et al.
2012; Wang et al. 2017; Jandausch et al. 2018): We here use
an established phylogeny with monophyletic Myrmeleontiformia, and for simplicity also monophyletic Hemero
biiformia. It is possible that the latter group is in fact
non-monophyletic (see discussion in Haug et al. in review
for consequences concerning group names). Yet, this does
not heavily affect the character evolution, as the polarity for the characters within Myrmeleontiformia does not
change significantly. Hence, despite this uncertainty the
reconstruction of the character evolution is largely unaffected and reliable.
1) We could interpret the specimen as a representative of Hemerobiiformia due to the morphology of the
trunk. In this case, we would need to accept that: a) stylets with three prominent teeth each have evolved convergently within Myrmeleontiformia, for example, in the
lineage towards Ascalaphidae + Myrmeleontidae as well
as in the new fossil larva, and that b) the long neck (meaning ‘functional neck’, as also the prothorax is elongated)
has evolved convergently in the lineage towards Crocinae
and in the new fossil larva (Fig. 3A, B).
2) We could interpret the specimen as a representative of Crocinae due to the long neck. In this case, we
would need to accept that: a) the trunk morphology would
have evolved convergently, either in the lineage towards
Hemerobiiformia and the fossil, or in the lineage towards
Verineuroptera (Neuroptera without Nevrorthidae), lost
in Myrmeleontiformia and convergently re-evolved in the
fossil, and that b) stylets with three prominent teeth have
evolved convergently in the lineage towards Ascalaphidae
+ Myrmeleontidae and in the fossil (Fig. 3A, C).
3) We could interpret the specimen as a representative
of the group Ascalaphidae + Myrmeleontidae, due to the
presence of three teeth on each stylets. In this case, we
would need to accept that: a) the trunk morphology would
have evolved convergently, either in the lineage towards
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Fig. 3. Possible phylogenetic interpretation of the new neuropteran larva (grey arrows) and consequences for the character evolution resulting from the different options; A: summary of the discussed possible positions of the new larva; B: ingroup position
within Hemerobiiformia; C: ingroup position within Crocinae; D: ingroup position within Ascalaphidae + Myrmeleontidae. Drawings simplif ied from (left to right): Tauber et al. 2014: fig. 5A; New 1989: fig. 145; Mansell 1973: fig. 1; Mansell 1981: fig. 3; Gepp
1984: pl. 9, fig. 19a; Pantaleoni et al. 2010: fig. 6A; Henry 1976: fig. 5. Functional neck (cervix+prothorax) depicted in darker grey.
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Fig. 4. Possible phylogenetic interpretation of the new neuropteran larva (grey arrows) and consequences for the character evolution
resulting from the different options, continued; left: general restoration of the new chimera-like larva; note the three prominent teeth
(arrows) in the stylet of a stage one larval form of Crocinae (lower right corner, simplified from Monserrat 2008: fig. 9f); drawings
on top based on the same publications as in Fig. 3.
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Hemerobiiformia and the fossil, or in the lineage towards
Verineuroptera, lost in Myrmeleontiformia and convergently re-evolved in the fossil, and that b) the long neck
has evolved convergently in the lineage towards Crocinae
and in the fossil (Fig. 3A, D).
All these three interpretations are in fact equally parsimonious and equally unsatisfying. Yet, we should also
consider that some of the character reconstructions based
on the extant larvae of neuropterans are more complicated
than apparent after a first look, leading to further possible
interpretations:
4) In modern larvae, the teeth on the stylets seem to
produce a stable pattern: they seem only present in representatives of Nymphidae, which have always one each,
Ascalaphidae, which have mostly three pairs, and Myrmeleontidae, which have one, two or three pairs. Yet, fossils
from Cretaceous amber have already shown that possible
ascalaphidans also are more variable in having two pairs of
teeth on the stylets (Wang et al. 2016; Badano et al. 2018).
Furthermore, if we look more closely there are in fact teeth
on the stylets of Nemopterinae (e.g., Monserrat 1996: fig.
17; Monserrat 2008: fig. 6) and Crocinae (e.g., Mansell
1983: figs. 53, 54) although they do not appear as prominently as in Nymphidae, Ascalaphidae and Myrmeleontidae. Especially in the latter group, each stylet can in fact
possess one or two more prominent teeth (Montserrat
1983: figs. 2, 6, 8, 12). In one case, even three seem to
be present (Monserrat 2008: fig. 9f), quite comparable
to the morphology in the new fossil larva (Fig. 4). Yet, the
teeth seem to be most prominent only in first larval stages,
which are less often taken into consideration, and are less
prominent in the later stages.
Teeth are therefore not only present in larvae of the
group Nymphidae + (Ascalaphidae + Myrmeleontidae),
but also in larvae of Nemopteridae (= Nemopterinae +
Crocinae). Hence, we would need to consider an additional
convergence in these two lineages, or alternatively consider that teeth on stylets appear in the lineage towards
Myrmeleontiformia and become reduced secondarily in
Psychopsidae. It might be worthwhile in this aspect to
investigate the early ontogeny of psychopsid species for
the possible presence of teeth. If the presence of teeth on
larval stylets is an autapomorphy of Myrmeleontiformia,
the new fossil larva could be interpreted as an ingroup of
Crocinae, due to the long neck, retaining the teeth and
convergently evolving (or re-evolving) a hemerobiiformian type trunk (Fig. 4).
5) Alternatively, the fossil could (under the assumption
that stylet teeth are part of the ground pattern of Myrmeleontiformia) represent the sister group to the remaining group of Myrmeleontiformia. These would be united
by the possession of a new trunk morphology, while the
fossil would retain plesiomorphically the morphology of
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the trunk as in representatives of Hemerobiiformia. This
would work if Hemerobiiformia is monophyletic, but also
if this is not the case. The long neck would then have to be
interpreted as convergently evolved in Crocinae and the
new fossil larva (Fig. 4).
4.4. Convergent evolution
As lined out above, independent of the systematic
interpretation of the fossil, each interpretation demands
for a certain degree of convergent evolution. It almost
appears as if neuropteran larvae would have something
like a basic set of attributes that can be combined to form
specific mixture types of larvae, i.e. evolving chimeralike forms of combination of characters so far considered
“typical” of single ingroups of Neuroptera. Especially the
case of reappearing older, supposedly lost characters is
interesting in this aspect.
Teeth on stylets and the trunk shape of the fossil represent such characters. Both characters may be ancestral
features, lost or better suppressed during evolution, but
can be “reactivated” if necessary, i.e. if specific selective
pressures act in certain directions. In general, our concept
of convergence is still not well-delineated, and numerous
evolutionary phenomena seem to be summarised under
this term.
As outlined in the present case, evolutionary reversals could be understood as cases of convergence. One
could argue that reversals have at least the chance to be
understood in the future from a gene-regulatory point of
view. Such cases are most likely fundamentally different from the independent de novo evolution of a character (“novelty”). If this could be the basis for an argument
in evolutionary reconstructions, which needs to be shown
in the future, reconstruction 4 would be the more likely
one, requiring only a single convergence, but via a reversal. These thoughts might still be speculative, yet we need
to improve our concept of convergence, as it is a prime
ad hoc explanation in evolutionary reconstructions and we
clearly need to be more precise in how we understand this
phenomenon.
4.5. Conclusions
– The fossil neuropteran larva described here possesses a unique combination of characters, unknown from
the modern fauna.
– This emphasises that the Cretaceous fauna has seen
many “experimental morphologies”.
– It indicates that convergent evolution has occurred
in the diversification of Neuroptera. It either demands for
a convergent evolution of an elongated neck in Crocinae
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and the new fossil which could represent the sistergroup to
Myrmeleontiformia, or, if the fossil is a representative of
Crocinae, it would demand for a reversal to an elongated
trunk.
Acknowledgements
The Volkswagen Foundation kindly supports JTH with a
Lichtenberg professorship. CH was funded via the LMUexcellent Junior Researcher Fund. CH and JTH would like to thank
J. M. Starck, LMU Munich, for his support. We furthermore
thank Bo Wang, Nanjing, and an anonymous reviewer for their
helpful comments on an earlier version of this text. All people
providing open source, open access and low-cost software are
thanked for their work. This is LEON publication #2.
5. References
Aspöck, U. & Aspöck, H. (2007): Verbliebene Vielfalt vergangener
Blüte. Zur Evolution, Phylogenie und Biodiversität der Neuropterida (Insecta: Endopterygota). – Denisia, 20: 451–516.
Aspöck, U., Plant, J. D. & Nemeschkal, H. L. (2001): Cladistic
analysis of Neuroptera and their systematic position within
Neuropterida (Insecta: Holometabola: Neuropterida: Neuroptera). – Systematic Entomology, 26: 73–86.
Aspöck, U., Haring, E. & Aspöck, H. (2012): The phylogeny of
the Neuropterida: long lasting and current controversies and
challenges (Insecta: Endopterygota). – Arthropod Systematics & Phylogeny, 70: 119–129.
Badano, D., Engel, M. S., Basso, A., Wang, B. & Cerretti, P.
(2018): Diverse Cretaceous larvae reveal the evolutionary
and behavioural history of antlions and lacewings. – Nature
Communications, 9: 3257.
Beutel, R. G., Friedrich, F. & Aspöck, U. (2010): The larval head
of Nevrorthidae and the phylogeny of Neuroptera (Insecta). –
Zoological Journal of the Linnean Society, 158: 533–562.
Cruickshank, R. D. & Ko, K. (2003): Geology of an amber locality in the Hukawng Valley, northern Myanmar. – Journal of
Asian Earth Sciences, 21: 441–455.
Gepp, J. (1984): Erforschungsstand der Neuropteren-Larven der
Erde. – In: Gepp, J., Aspöck, H. & Hölzl, H. (eds.): Progress
in Worldʼs Neuropterology, Graz: 183–239.
Grebennikov, V. V. (2004): Grub-like larvae of Neuroptera
(Insecta): a morphological review of the families Ithonidae
and Polystoechotidae and a description of Oliarces clara. –
European Journal of Entomology, 101: 409–418.
Haug, C., Haug, J. T., Waloszek, D., Maas, A., Frattigiani, R.
& Liebau, S. (2009): New methods to document fossils from
lithographic limestones of southern Germany and Lebanon. – Palaeontologia Electronica, 12 (3): 6T; 12 pp.
Haug, J. T., Haug, C. & Ehrlich, M. (2008): First fossil stomatopod larva (Arthropoda: Crustacea) and a new way of
documenting Solnhofen fossils (Upper Jurassic, Southern
Germany). – Palaeodiversity, 1: 103–109.
Haug, J. T., Haug, C., Kutschera, V., Mayer, G., Maas, A.,
Liebau, S., Castellani, C., Wolfram, U., Clarkson, E. N.
K. & Waloszek, D. (2011): Autofluorescence imaging, an
excellent tool for comparative morphology. – Journal of
Microscopy, 244: 259–272.
Haug, J. T., Müller, P. & Haug, C. (2018): The ride of the parasite: a 100-million-year old mantis lacewing larva captured
while mounting its spider host. – Zoological Letters, 4: 31.

Downloaded From: https://bioone.org/journals/Palaeodiversity on 20 Apr 2019
Terms of Use: https://bioone.org/terms-of-use

Haug, J. T., Müller, P. & Haug, C. (in review): A 100-millionyear old predator – a fossil neuropteran larva with unusual
mouthparts. – Zoological Letters.
Henry, C. S. (1976): Some aspects of the external morphology of
larval owlflies (Neuroptera: Ascalaphidae), with particular
reference to Ululodes and Ascaloptynx. – Psyche, 83: 1–31.
Herrera-Flórez, A. F., Haug, C., Burmeister, E.-G. & Haug, J.
T. (in review): A neuropteran insect with the relatively longest prothorax: the “giraffe” among insects is a larva of Necrophylus sp. from Libya. – Spixiana.
Jandausch, K., Beutel, R. G., Pohl, H., Gorb, S. N. & Büsse,
S. (2018): The legs of “spider associated” parasitic primary
larvae of Mantispa aphavexelte (Mantispidae, Neuroptera) – Attachment devices and phylogenetic implications. –
Arthropod Structure & Development, 47: 449–456.
K erp, H. & Bomfleur, B. (2011): Photography of plant fossils –
new techniques, old tricks. – Review of Palaeobotany and
Palynology, 166: 117–151.
Malicky, H. (1984): Ein Beitrag zur Autökologie und Bionomie
der aquatischen Netzflüglergattung Neurorthus (Insecta,
Neuroptera, Neurorthidae). – Archiv für Hydrobiologie, 101:
231–246.
Mansell, M. W. (1973): The first record of a larval nemopterid
from southern Africa (Neuroptera: Nemopteridae: Nemopterinae). – Journal of the Entomological Society of Southern
Africa, 36: 133–137.
Mansell, M. W. (1981): The Crocinae of southern Africa (Neuroptera: Nemopteridae). 3. The genus Tjederia Mansell,
with keys to the southern African Crocinae. – Journal of the
Entomological Society of Southern Africa, 44: 245–257.
Mansell, M. W. (1983): A revision of the Australian Crocinae
(Neuroptera: Nemopteridae). – Australian Journal of Zoology, 31: 607–627.
Matsuno, S. & Yoshitomi, H. (2016): Descriptions of three larvae of Osmylus species from Japan (Neuroptera: Osmylidae),
with a proposed naming system for the larval sclerites. –
Zootaxa, 4189: 2.
McEwen, P. K., New, T. R. & Whittington, A. E. (2007): Lacewings in the Crop Environment. 568 pp.; Cambridge (Cambridge University Press).
Monserrat, V. J. (1983): Pterocroce capillaris (K lug, 1836) en
Europa (Neur., Plan., Nemopteridae). – Neuroptera International, 2: 109–128.
Monserrat, V. J. (1996): Larval stages of European Nemopterinae, with systematic considerations on the family Nemopteridae (Insecta, Neuroptera). – Deutsche Entomologische
Zeitschrift, 43: 99–121.
Monserrat, V. J. (2008): Nuevos datos sobre algunas especies de
Nemopteridae y Crocidae (Insecta: Neuroptera). – Heteropterus Revista de Entomología, 8: 1–33.
Montserrat, V. J. (1983): Estadios larvarios de los neurópteros
ibéricos I: Josandreva sazi (Neur. Plan., Nemopteridae). –
Speleon, 26 (27): 39–51.
New, T. R. (1989): Planipennia, Lacewings. Handbuch der Zoologie, Vol. 4. Arthropoda: Insecta, Part 30. 132 pp.; Berlin
(de Gruyter).
New, T. R. (1992): The lacewings (Insecta, Neuroptera) of Tasmania. – Papers and Proceedings of the Royal Society of
Tasmania, 126: 29–45.
New, T. R. (2004): Insecta: Neuropteroidea. – In: Yule, C. M. &
Yong, H. S. (eds.): Freshwater Invertebrates of the Malaysian Region: 491–500; Kuala Lumpur (Academy of Sciences
Malaysia).

CAROLIN HAUG, ANDRÉS FABIÁN HERRERA-FLÓREZ ET AL.: UNUSUAL CRETACEOUS NEUROPTERAN LARVA

Ohl, M. (2011): Aboard a spider – a complex developmental
strategy fossilized in amber. – Naturwissenschaften, 98: 453.
Pantaleoni, R. A., Cesaroni, C. & Nicoli Aldini, R. (2010):
Myrmeleon mariaemathildae n. sp.: a new Mediterranean
pit-building antlion (Neuropterida Myrmeleontidae). – Bulletin of Insectology, 63: 91–98.
Pérez-de la Fuente, R., Peñalver, E., A zar, D. & Engel, M. S.
(2018): A soil-carrying lacewing larva in Early Cretaceous
Lebanese amber. – Scientific Reports, 8: 16663.
Pérez-de la Fuente, R., Engel, M. S., A zar, D. & Peñalver, E.
(early view): The hatching mechanism of 130-million-yearold insects: an association of neonates, egg shells and egg
bursters in Lebanese amber. – Palaeontology.
Pérez-de la Fuente, R., Delclòs, X., Penalver, E. & Engel, M.
S. (2016): A defensive behavior and plant-insect interaction
in Early Cretaceous amber–The case of the immature lacewing Hallucinochrysa diogenesi. – Arthropod Structure &
Development, 45: 133–139.
Pérez-de la Fuente, R., Delclòs, X., Peñalver, E., Speranza,
M., Wierzchos, J., Ascaso, C. & Engel, M. S. (2012): Early
evolution and ecology of camouflage in insects. – Proceedings of the National Academy of Sciences, 109: 21414–21419.
Pierre, F. (1952): Morphologie, milieu biologique et comportement de trois Crocini nouveaux du Sahara Nord-Occidental
(Planipennes Nemopteridae). – Annales de la Société entomologique de France, 119: 1–22.
R edborg, K. E. & MacLeod, E. G. (1985): The developmental
ecology of Mantispa uhleri Banks (Neuroptera: Mantispidae). – Illinois Biological Monographs, 53: 1–130.

11

R iek, E. F. (1970): Neuroptera. – In: Waterhouse, D. F. (ed.): The
Insects of Australia: 472–494; Canberra (Melbourne University Press).
Tauber, C. A., Tauber, M. J. & Albuquerque, G. S. (2003): Neuroptera (Lacewings, Antlions). – In: R esh, V. & Cardé, R.
(eds.): Encyclopedia of Insects: 785–798; Burlington (Academic Press).
Tauber, C. A., Tauber, M. J. & Albuquerque, G. S. (2014):
Debris-carrying in larval Chrysopidae: unraveling its evolutionary history. – Annals of the Entomological Society of
America, 107: 295–314.
Wang, B., Xia, F., Engel, M. S., Perrichot, V., Shi, G., Zhang,
H., Chen, J., Jarzembowski, E. A., Wappler, T. & Rust, J.
(2016): Debris-carrying camouflage among diverse lineages
of Cretaceous insects. – Science Advances, 2: e1501918.
Wang, Y., Liu, X., Garzón-Orduña, I. J., Winterton, S. L., Yan,
Y., Aspöck, U., Aspöck, H. & Yang, D. (2017): Mitochondrial phylogenomics illuminates the evolutionary history of
Neuropterida. – Cladistics, 33: 617–636.
Wichard, W., Gröhn, C. & Seredszus, F. (2009): Wasserinsekten im Baltischen Bernstein: Aquatic Insects in Baltic
Amber. 336 pp.; Remagen-Oberwinter (Kessel).
Zwick, P. (1967): Beschreibung der aquatischen Larve von
Neurorthus fallax (R ambur) und Errichtung der neuen Planipennierfamilie Neurorthidae fam. nov. – Gewässer und
Abwässer, 44: 65–86.

Addresses of the authors:
Carolin Haug (corresponding author), Joachim T. Haug, Ludwig Maximilians University Munich, Biocenter, Großhaderner Str. 2,
82152 Planegg-Martinsried, Germany & GeoBio-Center at LMU, Richard-Wagner-Str. 10, 80333 München, Germany.
Andrés Fabián Herrera-Flórez, Ludwig Maximilians University Munich, Biocenter, Großhaderner Str. 2, 82152 Planegg-Martins
ried, Germany.
Patrick Müller, Friedhofstr. 9, 66894 Käshofen, Germany.
E-mail: carolin.haug@palaeo-evo-devo.info
Manuscript received: 27 December 2018, revised version accepted: 13 February 2019.

Downloaded From: https://bioone.org/journals/Palaeodiversity on 20 Apr 2019
Terms of Use: https://bioone.org/terms-of-use

