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Diversity and fossil record of larvae of three groups of lacewings
with unusual ecology and functional morphology: Ithonidae,
Coniopterygidae and Sisyridae
Joachim T. Haug, Serita van der Wal, Carsten Gröhn, Christel Hoffeins, HansWerner Hoffeins, and Carolin Haug
ABSTRACT
Neuroptera is an ingroup of Insecta with a moderate species richness compared
to several other ingroups of Insecta. While not as iconic as butterflies, mosquitoes, or
beetles, there are some rather well-known forms, such as green lacewings, antlions,
owlflies or mantis lacewings. All these have peculiar predatory larvae with prominent
paired, venom-injecting sucking stylets formed by the upper and lower jaws. Three less
well-known lineages of Neuroptera have larvae that are stronger derived in their
appearance. The larvae of Sisyridae (spongilla lacewings) have very long and thin stylets; they are aquatic and feed on sponges. The larvae of Coniopterygidae (dustywings) have very small stylets that are often covered by a large labrum. The larvae of
Ithonidae (moth lacewings) are grub-like (scarabaeiform) and possess stout mandibles. We discuss the overall known record of extant and fossil larvae of these three lineages and report some new fossil specimens. A quantitative analysis of the head and
stylet shapes reveals that two distinct groups of extant larvae of Coniopterygidae can
be differentiated, one with larger stylets and one with smaller stylets. Some obscure
holometabolan larvae from the Cretaceous are quite similar in head and stylet shape to
larvae of Coniopterygidae with short stylets.
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INTRODUCTION
Adults of lacewings (Neuroptera) are conspicuous representatives of the group Insecta, resembling quite a variety of well-known, but not closer
related forms such as moths, dragonflies or praying mantises. As larvae, lacewings are mostly
highly specialised predators, with rather unique
paired, venom-injecting sucking stylets formed by
their upper and lower jaws (mandibles and maxillae; e.g., Aspöck and Aspöck, 2007).
In the modern fauna, Neuroptera is represented by only about 6,000 species. With this, the
group is clearly much less species-rich than the
groups of beetles (Coleoptera), moths (Lepidoptera), flies (Diptera), or wasps (Hymenoptera), of
which each has more than 100,000 formally recognised species (Grimaldi and Engel, 2005; Beutel
et al., 2013; Engel et al., 2018). Yet, it appears that
Neuroptera has played a more important role in
ecosystems of the past, possibly fulfilling some of
the roles that in modern ecosystems are fulfilled by
representatives of the four hyper-diverse groups
mentioned above (e.g., Yang et al., 2014; Labandeira et al., 2016; Liu et al., 2018a).
Representatives of Neuroptera, as well as
those of the four hyper-diverse lineages and some
others, are all representatives of the group
Holometabola. Early post-embryonic stages, the
larvae, differ significantly in their morphology and
also ecology from their corresponding adults. Furthermore, the larval phase often takes up a large
share of the overall lifespan. The ecological impact
of lacewings is therefore not only that of the adult,
but to a large part (possible even the larger part) of
the larvae.
Understanding the decline of lacewing diversity therefore also demands understanding of the
decline of larval diversity of lacewings. Larvae and
adults have a certain evolutionary independence
(Scholtz, 2005), hence fossil adults should not be
simply used as proxies for reconstructing larval
diversity of the past. Luckily, especially in amber,
lacewing larvae have astonishingly frequently been
found (Pérez-de la Fuente et al., 2012, 2016, 2018,
2019, 2020; Liu et al., 2016, 2018b; Badano et al.,
2018; Haug et al., 2018, 2019a–c, 2020a, b). In
earlier studies, we have used quantitative aspects
of the larval morphologies of lacewings and com2

pared these over time to recognise changes of
diversity in several lineages (Haug et al., 2020c,
2021a, b, c, 2022).
Hence many major lineages of Neuroptera
have gathered quite some attention concerning the
fossil record of their larvae, including:
1) antlion-like groups, i.e., Psychopsidae (e.g.,
Makarkin, 2018; Haug et al., 2020c), Nymphidae (Wang et al., 2016; Haug et al., 2022),
Crocinae (Haug et al., 2021a), Nemopterinae
(Haug et al., 2021b), Ascalaphidae and Myrmeleontidae (Wang et al., 2016; Badano et
al., 2018);
2) lacewing larvae with straight stylets, i.e., Mantispidae, Berothidae, Rhachiberothidae (possibly an ingroup of the former), Dilaridae and
Osmylidae (Haug et al., 2021c);
3) aphidlions, i.e., larvae of Chrysopidae and
Hemerobiidae and closely related larvae
(Wang et al., 2016; Liu et al., 2016, 2018b,
2022); and
4) Nevrorthidae (Haug et al., 2020d).
This set of studies leaves some more
“obscure” lineages with highly specialised or
unusual appearing larvae so far largely unconsidered for an overview of their larval diversity. We fill
this gap by providing an overview of the diversity
and fossil record of the larvae of the groups Ithonidae (moth lacewings), Sisyridae (“spongilla flies” or
sponge lacewings), and Coniopterygidae (dustywings).
MATERIAL AND METHODS
Material
Four specimens were directly studied. One
specimen (CCHH 540-1) is part of the collection of
two of the authors (ChH, HWH) and will be deposited in the amber collection of Senckenberg
Deutsches Entomologisches Institut (SDEI),
Müncheberg, Germany. Two specimens (CCGG
1383, 7122) are part of one of the authors (CG)
and will be deposited in the Leibniz Institute for the
Analysis of Biodiversity Change - Hamburg site
(LIB, partim formerly museum of the GeologicalPalaeontological Institute of the University Hamburg (GPIH), later Centrum für Naturkunde
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(CeNak)). All three are Eocene Baltic amber
pieces.
One specimen (PED 0596) is part of the
Palaeo-Evo-Devo Research Group Collection of
Arthropods, Ludwig-Maximilians-Universität München, Germany. The piece is from Cretaceous
Myanmar amber (“Burmese amber”), about 99 million-years-old deposits, Hukawng Valley, Kachin
State, Myanmar (Cruickshank and Ko, 2003; Shi et
al., 2012; Yu et al., 2019). The specimen was
legally purchased via the internet platform
ebay.com, from the trader burmite-miner.
Further fossil as well as extant specimens
were studied from the literature, including all available illustrations. For detailed information see
Appendix 1.
Documentation Methods
Documentation was done by photographing
the fossil specimens using a Keyence VHX-6000
digital microscope. Photographs of each specimen
were recorded in dorsal and ventral view (if accessible) using coaxial cross-polarised light (Haug et
al., 2013a) and unpolarised ring light, respectively.
The built-in HDR function of the microscope was
activated to optimise the photographs (cf. Haug et
al., 2013b). Image stacks were recorded to ensure
full-focus images throughout the depth of field.
Several stacks adjacent to the specimen were
recorded to achieve a complete field of view (Haug
et al., 2008, 2011). In order to ensure the best contrast to the background, the specimens were documented (in both instances of illumination) on a
white and a black background, respectively (Haug
et al., 2018). The images providing the best contrast were included here. Adobe Photoshop CS2
was used to optimise the images (i.e., altering the
histograms, saturation and sharpness) and create
figure plates. The presentations of the images
were further enhanced by colour-marking all visible
structures of the fossils as an interpretation of the
structures.
Shape Analysis
Adobe Illustrator CS2 and Inkscape were
used to create digital illustrations of the head
region (head capsule and mandibulo-maxillary stylets) of the examined fossil specimens and specimens from the literature. These illustrations were
done by drawing the better preserved half in dorsal
view and mirroring the half to create a full illustration. The software program SHAPE was used to
analyse the resulting outline illustrations (exact
methods follow Braig et al., 2019 and Haug et al.,

2020c). To analyse the most important characters
for morphological diversity in the dataset, a Principal Component Analysis (PCA) was performed.
RESULTS
Extant Larvae of Ithonidae
The group Ithonidae has been re-analysed in
recent years and is now considered to include species (and specimens) formerly included into the
groups Polystoechotidae and Rapismatidae (Winterton and Makarkin, 2010). These latter group
names appear to no longer be in use. Hence, all
reports in older literature referring to Polystoechotidae or Rapismatidae in fact refer to Ithonidae. In
total, 10 extant specimens of larvae of Ithonidae
were found in the literature that could be used for
our analysis.
1) Welch (1914) provided several drawings of a
larva (specimen 6001) of Polystoechotes
punctatus. Drawings included an overview in
dorsal view (figure 1 plate 1), close-ups on a
trunk appendage (figure 2 plate 1), the
antenna (figure 3 plate 1) and a mandible (figure 5 plate 1). The size range of the larvae
studied by Welch (1914) was given as
between 1.32–1.5 mm (p. 4). Some drawings
were re-figured by Gepp (1984).
2) Tillyard (1922) showed that Ithone fusca does
not develop through three larval stages (in
contrast to most lacewings; see discussion in
Haug et al., 2020d), but through five larval
stages, and provided many images of the larvae. Images include: drawings of a larva
hatching from the egg (figure 1b p. 209), a
stage 1 larva in lateral view (figure 2 p. 211),
details of a stage 1 larva, namely the mandible and antenna (figure 3a p. 212), maxilla
(figure 3b p. 212), labium (figure 4 p. 213), a
scheme of the chaetotaxy (figure 5 p. 215, figure 6 p. 216, figure 7 p. 217), an anterior body
region of a stage 4 larva (figure 8 p. 217),
details of a stage 5 larva, namely the head in
lateral view, (figure 9 left p. 218), a trunk
appendage (figure 9 right p. 218), and also
photographs of the larval stages in lateral
view (figures 1–8 plate IV). Despite the high
degree of detail, no image of the head was
provided in dorsal view and therefore none of
these specimens could be considered for our
analysis. Some drawings were re-figured by
Peterson (1951), Gepp (1984), and Dorohova
(1987).
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3)

4)

5)

6)

7)
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Withycombe (1925) provided a drawing (figure 5 plate XXXIX) of a head of a stage 1
larva (specimen 6002) of Polystoechotes
punctatus in dorsal view. Size was provided
as a magnification factor, which was not informative in combination with the electronic versions available to the present authors. The
image was re-figured by Tauber (1987) and
Tauber et al. (2003).
Peterson (1951) re-figured (figure N3F p. 359)
a drawing from Tillyard (1922). Apparently
there are later editions and reprints of this
work; these have not all been viewed by the
current authors (the edition available was
labelled 1957), but we can assume that they
also contain the image. Hence, also citations
of these later editions are likely to refer to this
specimen. There are varying information
about the exact year of different editions or
reprints, we have found reference to the years
1953, 1956, 1957, 1960, 1962, 1965, 1967,
and 1979.
MacLeod (1964) provided drawings of two
specimens. The first one was a stage 3 larva
(specimen 6003) of Polystoechotes punctatus. Drawings included a dorsal view of the
head (figure 1 plate I), a ventral view of the
head (figure 5 plate III), and a detail of the tentorium (figure 7 plate III). According to the provided scale, the head capsule of the larva was
2.4 mm long. The specimen was re-figured by
Zimmermann et al. (2019).
The second was a stage 5 larva (specimen
6004) of Ithone fusca. Drawings included a
dorsal view of the head (figure 2 plate I) and a
ventral view of the head (figure 6 plate III).
According to the provided scale, the head
capsule of the larva was 1.6 mm long.
Riek (1970) provided a drawing (figure 29.5H
p. 476) of a larva (specimen 6005) of Ithone
(stage not specified) in ventral view. Images
were attributed to M. Quick. No indication of
size was provided. Additionally, a lateral view
of the entire larva (figure 29.10A p. 486) and a
head in dorsal view (figure 29.10B p. 486) was
provided. The dorsal view matches quite well
to the ventral view in outline and hence both
are interpreted as depicting the same individual. Some drawings were re-figured by Gepp
(1984).
Gepp (1984) re-figured several images from
several sources, including Welch (1914;
Gepp, 1984, figure 14a plate 7 p. 198), Tillyard (1922; Gepp, 1984, figure 7a plate 3 p.

194) and Riek (1970; Gepp, 1984, figure 7b
plate 3 p. 194).
8) Dorohova (1987) re-figured (figure 4-4 p. 11) a
drawing from Withycombe (1922).
9) Tauber (1987) re-figured specimen 6002, i.e.,
the specimen from Withycombe (1925). There
is a later edition from 1991 of the same work.
10) Tauber et al. (2003) re-figured specimen
6002, i.e., the specimen from Withycombe
(1925), but cited Tauber (1991 ≈ Tauber,
1987) as the source.
11) Grebennikov (2004) provided images of five
different larvae. The first was an older larva of
Ithone fusca (specimen 6006). Images
included various drawings (all on p. 411): an
overview in lateral view (figure 1), the trunk
end in ventral view (figure 2), trunk appendages (figures 3, 4) and the head in dorsal (figure 5), frontal (figure 6), ventral (figure 7), and
lateral view (figure 8). According to the provided scale, the larva was about 22 mm long.
The second was an older larva of Oliarces
clara (specimen 6007). Images included various drawings (all on p. 412): an overview in
lateral view (figure 9), the trunk end in ventral
view (figure 11), trunk appendages (figures
10, 12) and the head in dorsal (figure 14),
frontal (figure 16), ventral (figure 15), and lateral view (figure 13), the antenna (figure 16),
and the labial palps (figure 17). According to
the provided scale, the larva was about 24
mm long.
The third was a stage 1 larva of Ithone fusca
(specimen 6008). Images included various
drawings (all on p. 413): an overview in lateral
view (figure 18), the head in dorsal (figure 19),
ventral (figure 20), and lateral view (figure 21),
and the trunk end in lateral view (figure 22).
According to the provided scale, the larva was
about 3.7 mm long.
The fourth was a stage 1 larva of Oliarces
clara (specimen 6009). Images included various drawings. Images included various drawings (all on p. 414): an overview in lateral view
(figure 23), the head in dorsal (figure 24), ventral (figure 25), and lateral view (figure 26),
thorax segments in lateral view (figure 27), the
trunk end in lateral view (figure 28), and the tip
of the antenna (figure 29). According to the
provided scale, the larva was about 2 mm
long.
The fifth was a stage 1 larva of Polystoechotidae (specimen 6010). Images included vari-
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ous drawings (all on p. 415): an overview in
lateral view (figure 30), the head in dorsal (figure 31), ventral (figure 32), and lateral view
(figure 33), thorax segments in lateral view
(figure 34), the trunk end in lateral view (figure
35), and a trunk appendage (figure 36).
According to the provided scale, the larva was
about 5 mm long. The specimen was re-figured by Heckman (2017).
12) Heckman (2017) provided a figure (figure
2.26) that states “unidentified larva in the family Berothidae” in the figure legend. Yet, the
specimen was cited as originating from
Grebennikov (2004). It is a re-figure of specimen 6010.
13) Zimmermann et al. (2019) re-figured (figure
11.4f p. 365) specimen 6003, i.e., the drawing
from MacLeod (1964).

5)

Extant Larvae of Coniopterygidae
In total, 43 extant specimens of larvae of
Coniopterygidae were found in the literature and
databases that could be used for our analysis.
1) Curtis (1834) provided a drawing (plate 528 L)
of a larva (specimen 6201) of Coniopterygidae
in dorsal view. The image was re-figured in
Aspöck and Aspöck (2009).
2) Westwood (1840, part 2 figure 65.8 p. 52) provided a drawing of a larva of Coniopterygidae.
Yet, the drawing is rather simplified, lacking
sufficient details of the head. Therefore, the
specimen could not be further considered.
The image was re-figured in Aspöck and
Aspöck (2009).
3) Dujardin (1851) provided drawings of a larva
of Coniopterygidae (specimen 6202) that he
referred to as Hemerobius hirtus. Drawings
(on an unnumbered figure plate) included an
overview in dorsal view (figure 15) and details
of the head (figures 16–19). Size was provided as a magnification factor, which was not
informative in combination with the electronic
version of the article available to the authors.
One image was re-figured in Aspöck and
Aspöck (2009).
4) Schlechtendal (1882) provided drawings of
immatures of Coniopteryx psociformis. Drawings included a lateral view on a very late
larva (figure 1) already close to moulting to the
pupa (pre-pupa), a detail of the leg of this
larva (figure 1a), an animal during this moult
(figure 2), and the pupa (figure 3). Due to the

6)

7)

8)

9)

orientation, no image could be considered for
our analysis.
Löw (1885) figured two larvae of Coniopterygidae. The first one (specimen 6203) was a
larva of Coniopteryx. Drawings included an
overview in dorsal view (figure 1 plate XXII),
head in dorsal view (figure 2 plate XXII), head
in lateral view (figure 3 plate XXII), detail of
labial palp (figure 4 plate XXII), detail of stylet
(figure 5 plate XXII), trunk end (figure 6 plate
XXII) and a detail of the trunk appendages
(figure 7 plate XXII). The stage of the larva
remains unclear. No indication of size was
provided.
The second one (specimen 6204) was a larva
of Aleuropteryx lutea. Drawings included an
overview in dorsal view (figure 8 plate XXII),
head in dorsal view (figure 9 plate XXII), head
in ventral view (figure 10 plate XXII), and
details of the trunk appendages (figures 11, 12
plate XXII). The stage of the larva remains
unclear. No indication of size was provided.
One image was re-figured in Aspöck and
Aspöck (2009).
Emerton (1906) provided drawings of immatures of Coniopteryx vicina. Drawings
included a lateral view on a very late larva (p.
74 lower middle) already close to moulting to
the pupa (pre-pupa) and the pupa, also in lateral view (p. 74 lower right). Due to the orientation, no image could be considered for our
analysis.
Arrow (1917) provided a drawing (p. 254) of a
larva of Conwentzia psociformis in dorsal
view. Yet, the drawing is simplified in certain
aspects, especially concerning details of the
head region. Therefore, the specimen could
not be further considered for our analysis.
Crampton (1921) provided a drawing of the
head of a larva in ventral view, referred to as
Cowenzia [sic!] hageni. Yet, the posterior border of head capsule is not accessible. Therefore, the specimen could not be further
considered. The image was re-figured in
Genay (1953).
Withycombe (1922) provided four drawings of
larvae of Coniopterygidae in dorsal view (figs
1–4 plate XLIII). Yet, the details of the head
are rather small and do not provide enough
details for recognising the exact outline.
Hence, these could not be included in our
analysis (but see below, Killington, 1936). Yet,
he additionally figured a detailed drawing (fig5
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10)

11)

12)

13)
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ure 7 plate XLIII) of a head of a larva (specimen 6205) of Conwentzia psociformis in
ventral view. No indication of size was provided. Some images were re-figured in Killington (1936) and Ghilarov (1962).
Withycombe (1925) provided numerous sections through final instar larvae of Conwentzia
psociformis (figure 21 plate XLII, figures 28–
32 plate XLIII, figure 37 plate XLIV), but no
entire larva or a close-up of the head.
Stitz (1931) provided several drawings of a
larva of Conwentzia psociformis (specimen
6206). Drawings included an overview in dorsal view (figure 36 p. 35.99), body sculpture
(figure 37 p. 35.99), the antenna (figure 38 p.
35.99), details of the mouthparts (figures 39,
40 p. 35.100), trunk appendage (figure 41 p.
35.101), and malphigian tubules (figure 43 p.
35.102). In addition, a detail of the trunk
appendage of the larva of Semidalis aleyrodiformis was depicted (figure 42 p. 35.101), yet
no overview or close-up of the head was provided. Some images were re-figured in Genay
(1953).
Killington (1936) depicted drawings of four larvae, all stage 3 larvae in dorsal view (on plate
VIII). The first was a larva of Conwentzia psociformis (figure 1). Length was stated to be 3–
3.5 mm. The second was a larva of Coniopteryx pygmaea (figure 2). Length was stated
to be 2–2.5 mm. The third was a larva of Coniopteryx tineiformis (figure 3). Length was
stated to be 2.5 mm. The fourth was a larva of
Semidalis aleyrodiformis (figure 4). Length
was stated to be 2–2.5 mm.
First and fourth specimens were stated to be
original, second and third to be re-figured from
Withycombe (1922). In fact, first to third specimens resemble drawings in Withycombe
(1922), all are depicted at a larger size and
provide more details. The first specimen is
potentially identical with the one of which the
head was depicted in Withycombe (1922). It
is, therefore, not considered further to avoid
considering the same specimen twice. All
other three specimens, second to fourth, are
further considered for our analysis (specimens 6207–6209).
Collyer (1951) provided drawings of three different larvae (figure 2 p. 558; figure 3 p. 559;
figure 4 p. 563). Yet, in all three cases the
transition between head capsule and antenna
are only very weakly indicated. Therefore, it is
not possible to properly reconstruct the outline

14)

15)

16)

17)

18)

19)

20)

of the head capsule, and the specimens could
not be further considered here. Some drawings were re-figured by Tauber (1987).
Peterson (1951, figures N2 I, J) provided
drawings of a larva (specimen 6210) of Conwentzia. Images included overview drawings
in lateral view (figure N2 I) and a ventral view
(figure N2 J). According to figure legend, the
larva was 2 mm long. Apparently there are
later editions and reprints of this work; these
have not all been viewed by the current
authors (the edition available was labelled
1957), but we can assume that they also contain the image. Hence, also citations of these
later editions are likely to refer to this specimen. There is varying information about the
exact year of different editions or reprints. We
have found reference to years 1953, 1956,
1957, 1960, 1962, 1965, 1967, and 1979.
Genay (1953) provided several drawings of a
larva of Coniopteryx pygmaea. Drawings
included the head in dorsal view (figure 10),
an overview in dorsal view (figure 11), the
head in dorsal view but with transparency to
see ventral details (figure 12) and the labium
(figure 13). We consider all images to show a
single specimen (specimen 6211). No indication of size was provided. Genay (1953) also
re-figured (without figure numbers) some
drawings of details from Crampton (1921) and
Stitz (1931).
Badgley et al. (1955) reported on the postembryonic development of Spiliconis picticornis. Most remarkably, they explicitly reported
that there are four larval stages before the
pupa. A drawing (figure 1 plate 8) of such a
(supposed?) stage 4 larva (specimen 6212) in
dorsal view was provided, together with a
close-up on a single specialised seta (figure 2
plate 8). No indication of size was provided.
Rousset (1956a) reported about the head of
larvae (muscles) of Coniopterygidae, but did
not figure anything.
Rousset (1956b) reported about the head of
larvae (muscles) of Coniopterygidae, but did
not figure anything.
Rousset (1958) reported about the head of
larvae (nervous system) of Coniopterygidae,
but did not figure anything.
Ghilarov (1962) re-figured (figure 13 p. 412)
two of the overview drawings from Withycombe (1922).
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21) Aspöck and Aspöck (1964) provided a drawing (figure 52 p. 266) of a stage 3 larva (specimen 6213) of Coniopteryx in dorsal view. No
indication of size was provided. The drawing
was re-figured by Jacobs (1998).
22) MacLeod (1964) provided drawings of two larvae of Coniopterygidae. The first one was a
stage 3 larva (specimen 6214) of ?Helicoconis
lutea. Images included drawings of the head
in dorsal view (figure 58 plate XIX), ventral
view (figure 59 plate XIX), lateral view (figure
60 plate XIX), and a detail of the ventral
mouthpart arrangement (figure 61 plate XX).
The second one was a larva (specimen 6215)
of Coniopteryx ?vicina images included drawings of the head in dorsal view (figure 62 plate
XX), head in lateral view (figure 63 plate XXI),
a detail of the posterior head region (figure 64
plate XXI), and the head in ventral view (figure
65 plate XXI).
Some drawings were re-figured by Aspöck
and Aspöck (2007), Zimmermann et al. (2009,
2019) and Aspöck (2019).
23) Rousset (1966) provided many drawings of
four different larvae of Coniopterygidae.
Images of Coniopteryx pygmea included an
overview in dorsal view (figure 1 p. 8), head in
dorsal (figure 2 p. 10), ventral (figure 3 p. 10)
and lateral view (figure 4 p. 11), musculature
of the pharynx (figure 5 p. 11), muscle attachment of the head (figure 6 p. 13), antenna (figure 7 p. 14), sections through the mouthparts
(figure 8 p. 16), mandible (figure 9 p. 20),
maxilla (figure 10 p. 21), muscles in the mandible (figure 11 p. 21), muscles of the maxilla
(figure 12 p. 24), muscles of the labium (figure
13 p. 27), and aspects of the nervous system
(figures 14–16 p. 31). We consider all images
to refer to a single specimen (specimen
6216); for our analysis we use the dorsal view
on the head (figure 2 p. 10). According to the
provided scale, the head capsule was 0.29
mm long.
Images of Semidalis aleyrodiformus included
an overview in dorsal view (figure 17 p. 34),
head in dorsal (figure 18 p. 36), ventral (figure
19 p. 36) and lateral view (figure 20 p. 37),
musculature of the pharynx (figure 21 p. 37),
muscle attachment of the head (figure 22 p.
38), antenna (figure 23 p. 39), mandible (figure 24 p. 43), maxilla (figure 25 p. 43), muscles in the mandible (figure 26 p. 45), muscles
of the maxilla (figure 27 p. 45), muscles of the
labium (figure 28 p. 48), and aspects of the

nervous system (figures 29–31 p. 52). We
consider all images to refer to a single specimen (specimen 6217); for our analysis we use
the dorsal view of the head (figure 18 p. 36).
According to the provided scale, the head
capsule was 0.28 mm long.
Images of Conwentzia psociformis included
an overview in dorsal view (figure 32 p. 53),
head in dorsal (figure 33 p. 55), ventral (figure
34 p. 55) and lateral view (figure 35 p. 56),
musculature of the pharynx (figure 36 p. 56),
muscle attachment of the head (figure 37 p.
57), antenna (figure 38 p. 58), mandible (figure 39 p. 61), maxilla (figure 40 p. 61), muscles in the mandible (figure 41 p. 63), muscles
of the maxilla (figure 42 p. 63), muscles of the
labium (figure 43 p. 66), and aspects of the
nervous system (figures 44–46 p. 69). We
consider all images to refer to a single specimen (specimen 6218); for our analysis we use
the dorsal view of the head (figure 33 p. 55).
According to the provided scale, the head
capsule was 0.33 mm long.
Images of Aleuropteryx loewi included an
overview in dorsal view (figure 47 p. 71), head
in dorsal (figure 48 p. 73), ventral (figure 49 p.
73) and lateral view (figure 50 p. 71), musculature of the pharynx (figure 51 p. 71), muscle
attachment of the head (figure 52 p. 77), a
section through the mouthparts (figure 53 p.
78), mandible (figure 54 p. 80), maxilla (figure
55 p. 80), muscles in the mandible (figure 56
p. 83), muscles of the maxilla (figure 57 p. 83),
muscles of the labium (figure 58 p. 86), sections through the labium (figure 59 p. 87), and
aspects of the nervous system (figures 60–61
p. 90, figure 66 p. 91). We consider all images
to refer to a single specimen (specimen
6219); for our analysis we use the dorsal view
of the head (figure 48 p. 73). According to the
provided scale, the head capsule was 0.30
mm long.
Some images were re-figured by Tauber
(1987).
24) Muma (1967) provided two micrographs (both
on unnumbered plate) of a stage 1 larva (figure 3) and a stage 3 larva (figure 4) of Coniopteryx vicina. Yet, the available details are not
sufficient for considering these specimens further.
25) Riek (1970) provided several drawings of a
larva of Coniopterygidae (specimen 6220).
Images included an overview in dorsal view
(his figure 29.9A p. 484), head in ventral view
7
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26)

27)

28)

29)

30)

8

(figure 29.9B p. 484), and mouthparts (figure
29.9C p. 484). No indication of size was provided.
Ward (1970) provided several drawings of a
final stage larva (specimen 6221) of Aleuropteryx juniperi. Images included an overview
(figure 2 p. 76), left half ventral, right half dorsal, and details of the setae (figure 3 p. 76).
According to the provided scale, the larva was
1.3 mm long.
Greve (1974) provided several drawings of a
larva (specimen 6222) of Helicoconis lutea.
Drawings included an overview in dorsal view
(figure 1B p. 20), details of the micro-structure
(figure 1A p. 20), details of the trunk appendages (figure 1C–D p. 20), the head in dorsal
(figure 2A p. 21) and ventral view (figure 2B p.
21) as well as the trunk end (figure 2C p. 21).
According to the provided scale, the larva was
2.7 mm long. Some images were re-figured by
Makarkin (1995).
Meinander (1974) provided drawings of two
larvae. The first was a stage 3 larva (specimen 6223) of Conwentzia baretti. Images
included (all on p. 13) details of the maxilla
(figure 1A), the mandible (figure 1B), the head
in dorsal (figure 1C) and ventral view (figure
1D), and an overview in dorsal view (figure
1E). According to the text, the larva was 3 mm
long.
The second was a stage 3 larva (specimen
6224) of Semidalis vicina. Images (all on p.
15) included an overview in dorsal view (figure
2A), head in dorsal (figure 2B) and ventral
view (figure 2C), details of mandible (figure
2D) and maxilla (figure 2E). Additionally, the
head of a very late stage larva (pre-pupa) was
shown in lateral view (figure 2F), but could not
be further considered due to the orientation.
According to the text, the larva was between
1.6–1.8 mm long.
Some images were re-figured by New (1989).
Gepp (1984) provided drawings of a stage 3
larva of Helicoconis (specimen 6225). Images
included an overview in dorsal view (figure 6a
plate 3 p. 194) and the head in lateral view
(figure 6b plate 3 p. 194). According to the figure legend, the larva was 4 mm long.
Dorohova (1987) provided a small drawing
(figure 2 p. 40), a larva of Coniopterygidae.
Yet, the details of the head are not well accessible due to the rather small size. Therefore,
the specimen could no longer be considered.

31) Tauber (1987, on p. 131; there is a later edition of the same work from 1991) re-figured
(figure 33.4) a drawing from Collyer (1951)
and several drawings (figure 33.5–33.8) from
Rousset (1966).
32) New (1989) re-figured (figure 135 p. 97) a
larva of Conwentzia barretti from Meinander
(1974).
33) Monserrat et al. (1990) figured drawings of
two larvae. The first was a larva (specimen
6226) of Semidalis pluriramosa. Images (all
on p. 111) included an overview in dorsal view
(figure 6), setae arrangement of the dorsal
surface (figure 7), details of antenna (figure
8), head in dorsal view (figure 9), and trunk
end in ventral (figure 10) and dorsal view (figure 11). According to the provided scale, the
head capsule was 0.27 mm long.
The second (specimen 6227) was a stage 3
larva of Semidalis pseudouncinata. Images
(all on p. 113) included an overview in dorsal
view (figure 12), setae arrangement of the
dorsal surface (figure 13), details of antenna
(figure 14), head in dorsal view (figure 15) and
trunk end in ventral (figure 16) and dorsal view
(figure 17). According to the provided scale,
the head capsule was 0.27 mm long.
34) Makarkin (1995) re-figured (figure 17.2 p. 43)
a drawing from Greve (1974).
35) Jacobs (1998) re-figured (figure C-173 p. 158)
a drawing from Aspöck and Aspöck (1964).
36) Aspöck and Aspöck (1999) provided a micrograph of a larva of Coniopteryx (figure 47 p.
19). Yet, the image does not provide sufficient
details of the head and is, therefore, not further considered. The image was re-figured in
Aspöck and Aspöck (2009).
37) Gepp (1999) provided micrographs of two larvae of Coniopterygidae (figures 23, 24 p.
194). Yet, the images do not provide sufficient
details of the head to be further considered
here.
38) Stürzer and Gepp (2004) provided several
drawings of four different larvae of Coniopterygidae. The first (figure 1 p. 7) was a dorsal
overview of a stage 3 larva (specimen 6228)
of Conwentzia pineticola. According to the figure legend, the specimen was 4 mm long.
The second (figure 2 p. 7) was a dorsal overview of a stage 3 larva (specimen 6229) of C.
psociformis. According to the figure legend,
the specimen was 5 mm long.
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39)

40)
41)

42)

43)

44)

45)
46)

The third was a stage 3 larva (specimen 6230)
of Conwentzia pineticola. Drawings (all on p.
8) included an overview in dorsal view (figure
3), details of the stylets (figure 3a), the
antenna (figure 3b), and the head in dorsal
view (figure 3c). According to the figure legend, the specimen was 5 mm long.
The fourth was a stage 3 larva (specimen
6231) of Conwentzia psociformis. Drawings
(all on p. 9) included an overview in dorsal
view (figure 4), details of the labial palp (figure
4a), and of the stylets (figure 4b). According to
the figure legend, the specimen was 6 mm
long.
Sziráki and Flint (2005; sometimes also cited
as 2007, e.g., in Zimmermann et al., 2009)
apparently figured a larva of Brucheiser penai,
with at least a drawing of the head in dorsal
view (specimen 6232). This source was not
directly seen by the current authors and is
cited after Zimmermann et al. (2009), where
the specimen was re-figured. It was also refigured in Aspöck (2019).
Aspöck and Aspöck (2007) re-figured (figure
91 p. 487) a drawing from MacLeod (1964).
Zizzari et al. (2008) provided a micrograph
(figure 1A p. 411) of a larva of Conwentzia
psociformis. Yet, in the image the head is not
apparent. Therefore, the specimen could not
be further considered here.
Aspöck and Aspöck (2009) re-figured numerous images. Images included the micrograph
(figure 2 p. 73) from Aspöck and Aspöck
(1999), drawings (figure 13 p. 85, figure 15 p.
86) from Curtis (1834), a drawing (figure 22 p.
93) from Westwood (1840), a drawing (figure
23 p. 94) from Dujardin (1851) and a drawing
(figure 33 p. 106) from Löw (1885).
Zimmermann et al. (2009) re-figured (on p.
657) two drawings (figure 3A, C) from
MacLeod (1964) and a drawing from Sziráki
and Flint (2005).
Aspöck (2019) re-figured (on p. 67) two drawings (figures 10, 12) from MacLeod (1964)
and a drawing (figure 11) from Sziráki and
Flint (2005).
Zimmermann et al. (2019) re-figured (11.4b p.
365) a drawing from MacLeod (1964).
Websites are generally not considered to be
“proper” scientific sources. Yet, given the
scarceness of data on larvae of Coniopterygidae, we decided to use them here as additional data source. Especially the community

BugGuide (https://bugguide.net) is very active
and well sorted. It is furthermore hosted by the
Department of Entomology of the Iowa State
University. This website has already been
used as a source for comparable studies
(e.g., Haug and Haug 2019).
Image 609199 (© 2012 Charley Eiseman)
was labelled “Dustywing larva” (specimen
6233). The photograph shows the specimen
in dorsal view. Additional images of this specimen are available, but this one was most suitable for accessing details of the head. The
size of the specimen has been stated to be
1.5 mm.
Image 169171 (© 2008 Cheryl Moorehead)
was labelled “Dustywing Larva” (specimen
6234). The photograph shows the specimen
in dorsal view. The size of the specimen has
been stated to be 3 mm.
Image 323300 (© 2009 Scott Justis) was
labelled “Life on a Mushroom” (specimen
6235). The photograph shows the specimen
in dorsal view. Additional images of this specimen are available, but this one was most suitable for accessing details of the head. The
size of the specimen has been stated to be
0.5 mm.
Image 1904189 (© 2020 Aaron Schusteff)
was labelled “Mystery (Beetle?) Larva” (specimen 6236). The photograph shows the specimen in dorsal view. Additional images of this
specimen are available, but this one was most
suitable for accessing details of the head. The
size of the specimen has been stated to be
2.5–2.7 mm.
Image 1101390 (© 2015 John Rosenfeld) was
labelled “Dustywing” (specimen 6237). The
photograph shows the specimen in dorsal
view. No indication of size was provided.
Image 1005087 (© 2014 John Rosenfeld) was
labelled “Tiny thing” (specimen 6238). The
photograph shows the specimen in dorsal
view. Additional images of this specimen are
available, but this one was most suitable for
accessing details of the head. No indication of
size was provided.
Image 892391 (© 2014 John Rosenfeld) was
labelled “Larva ?” (specimen 6239). The photograph shows the specimen in dorsal view.
Additional images of this specimen are available, but this one was most suitable for
accessing details of the head. No indication of
size was provided.
9

HAUG ET AL.: UNUSUAL LACEWING LARVAE

Image 428392 (© 2010 Sean McVey) was
labelled “Clueless” (specimen 6240). The
photograph shows the specimen in dorsal
view. Additional images of this specimen are
available, but this one was most suitable for
accessing details of the head. No indication of
size was provided.
Image 331046 (© 2009 Charley Eiseman)
was labelled “Dustywing larva?” (specimen
6241). The photograph shows the specimen
in dorsal view. Additional images of this specimen are available, but this one was most suitable for accessing details of the head. The
size of the specimen has been stated to be
about 2 mm.
Image 142474 (© 2007 tom murray) was
labelled “Dustywing” (specimen 6242). The
photograph shows the specimen in dorsal
view. Additional images of this specimen are
available, but this one was most suitable for
accessing details of the head. The size of the
specimen has been stated to be less than 1
mm.
Image 589947 (© 2011 Diane Young) was
labelled “unknown live oak inhabitant - Semidalis” (specimen 6243). The photograph
shows the specimen in dorsal view. The size
of the specimen has been stated to be about 1
mm.

5)

6)

7)

8)

Extant Larvae of Sisyridae
In total, 41 extant specimens of larvae of Sisyridae were found in the literature and databases
that could be used for our analysis.
1) Needham and Betten (1901) provided a
coloured drawing (figure 3 plate 12) of a larva
(specimen 6401) of Climacia dictyona in dorsal view. Size was provided as a magnification
factor, which was not informative in combination with the electronic versions available to
the present authors.
2) Crampton (1921) provided a drawing (figure
50 plate VI) of a ventral view of a larva (specimen 6402) of Climacea. No indication of size
was provided.
3) Lestage (1921) provided a drawing (figure 102
p. 339) of dorsal view of a larva (specimen
6403) of Sisyra fuscata. Size was provided by
an unlabelled scale bar, hence the size
remains unclear.
4) Withycombe (1922) provided a drawing (figure 2 plate XXXVIII) of dorsal view of a larva
(specimen 6404) of Sisyra fuscata. Size was
10

9)

provided as a magnification factor, which was
not informative in combination with the electronic versions available to the present
authors. The specimen was re-figured by Killington (1936), Ghilarov (1962), Aspöck and
Aspöck (1964), Makarkin (1995), and Monserrat (2014).
In addition, a hatching stage larva was provided in lateral view (figure 3 plate XXXVIII).
This specimen could not be further considered
due to the orientation.
Killington (1936) re-figured (figure 2 plate 9)
specimen 6404, i.e., the specimen from
Withycombe (1922).
Townsend (1939) provided a drawing (figure 5
p. 354) of a larva (specimen 6405) of Sisyra in
dorsal view. No indication of size was provided.
Peterson (1951; there are later editions of this
work, see above) provided drawings of larvae
of Climacia areolaris. Drawings included a
larva (specimen 6406) in ventral view (figure
N4A) and a different larva (specimen 6407) in
dorsal view (figure N4B). Length was stated to
be 2 mm for the first specimen and 2.5 mm for
the second specimen.
Brown (1952) provided drawings of several
larvae of Climacia areolaris. The first was a
stage 1 larva (specimen 6408) in lateral (figure 6 p. 142) and dorsal (figure 7 p. 142) view.
Total length of the slightly curved specimen is
around 0.5 mm based on the provided scale.
The second was a stage 2 larva (specimen
6409) in dorsal view (figure 8 p. 145). According to the provided scale, the total length was
2.38 mm.
The third was a stage 3 larva (specimen 6410)
in dorsal view (figure 9 p. 146). According to
the provided scale, the total length was 5.26
mm.
Furthermore, a drawing of a very late larva
(pre-pupa) in ventral view was provided (figure 12 p. 150). The overall shape appears to
be already partly deformed due to the formation of the pupa inside the cuticle of the larva.
Therefore, this specimen was not further considered here.
Some images were re-figured in Bowles
(2008).
Parfin and Gurney (1956) provided drawings
of larvae of Climacia areolaris and Sisyra
vicaria (all on p. 431). The first was a stage 1
larva (specimen 6411) of Climacia areolaris in
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10)

11)

12)

13)

14)

dorsal view (figure 3A). No indication of size
was provided.
The second was a stage 2 larva (specimen
6412) of Climacia areolaris in dorsal view (figure 3B). No indication of size was provided.
Additionally, some details of a stage 3 larva of
Climacia areolaris were depicted including
head in ventral view (figure 3E), head dissected in ventral view (figure 3F), distal part of
antenna (figure 3H), head dissected in lateral
view (figure 3J). The combined information of
the figures allows us to reconstruct an outline
for this third larva (specimen 6413). No indication of size was provided.
The fourth was a stage 3 larva (specimen
6414) of Sisyra vicaria in dorsal view (figure
3D). No indication of size was provided. Additionally, some details of this larva were
depicted including the distal part of antenna
(figure 3G) and a ventral view on the trunk
with gills (figure 3I).
Additional details were provided (not necessarily from the specimens above). This
included trunk ends (figure 4 p. 433) and lateral trunk processes (figure 5 p. 440).
One image was re-figured in New (1989).
Ghilarov (1962) re-figured (figure 10 p. 410)
specimen 6404, i.e., the drawing from Withycombe (1922).
Kimmins (1962) provided a drawing (figure 7B
p. 9) of a larva (specimen 6415) of Sisyra.
According to the provided magnification factor, the larva was about 6 mm in total length.
Aspöck and Aspöck (1964) re-figured (figure
59 p. 267) specimen 6404, i.e., the drawing
from Withycombe (1922).
MacLeod (1964) provided several drawings of
a stage 3 larva (specimen 6416) of Sisyra
vicaria. Drawings included the head in dorsal
view (figure 26 plate VIII), the head capsule in
dorsal (figure 27 plate IX) and ventral view
(figure 28 plate IX), details of the cibarium (figure 29 plate IX), and the head capsule in anterior (figure 30 plate X) and lateral view (figure
31 p. X). According to the provided scale, the
head capsule was 0.25 mm long.
Riek (1970) provided drawings of a larva of
Sisyra. Drawings included the head in ventral
view (figure 29.5C p. 476), the trunk in ventral
view (figure 29.10C p. 486), and the larva in
dorsal view (figure 29.10D p. 486). We consider all drawings to represent a single speci-

15)

16)
17)

18)
19)

men (specimen 6417). No indication of size
was provided.
Pupedis (1986) provided the drawing (figure 1
p. 55) of a stage 1 larva of Climacia areolaris
in lateral view. Due to the orientation, we
could not further consider this specimen.
New (1989) re-figured (figure 139 p. 99) a
drawing from Parfin and Gurney (1956).
Weißmair and Waringer (1994) provided several drawings of larval stages of Sisyra. These
included three larval stages each, of S. fuscata and S. terminalis.
The illustrations of the stage 1 larva of S. terminalis included the lateral view (figure 1 p.
149); the posterior trunk in lateral view (figure
3. p. 149), and the tarsus (figure 5. p. 149).
The stage 2 larva (specimen 6418) was presented in dorsal view (figure 8 p. 150). The
stage 3 larva was accompanied by an illustration of the antenna (figure 11 p. 150).
The drawings of the stage 1 larva of S. fuscata
included the antenna (figure 2 p. 149) and the
tarsus (figure 4 p. 149). Two stage 2 larvae of
this species were presented, the first accompanied by illustrations of the antenna (figure 2
p. 149) and the posterior trunk in lateral view
(figure 3. p. 149), the second (specimen 6419)
the specimen in dorsal view (figure 9 p. 150).
The illustrations of stage 3 larva of S. fuscata
included the antenna (figure 10 p. 150) of one
specimen and the dorsal view (figure 12 p.
150) of another specimen (specimen 6420).
Further comparative illustrations of the larval
stages of S. fuscata and S. terminalis were
given (all on p. 152). The stage 3 larvae were
compared in terms of the gills (figures 13, 14)
and setal arrangement (figures 15, 16). The
stage 1 larvae were compared in terms of dorsal seta arrangement (p. 154, figures 21, 22)
on the anterior trunk (thorax) and on the posterior trunk (figures 23, 24). According to the
provided scales, the stage 2 larva of S. terminalis (specimen 6418) was 1.5 mm long, the
stage 2 larva of S. fuscata (specimen 6419)
was 1.1 mm long, and the stage 3 larva of S.
fuscata (specimen 6420) was 5.2 mm long.
Makarkin (1995) re-figured (figure 2 p. 42) the
drawing from Withycombe (1922).
Weißmair (1999) provided many micrographs
and drawings of larvae of the group Sisyra.
Three micrographs show the three larval
stages of Sisyra jutlandica (all on p. 103):
stage 1 (figure 6), stage 2 (figure 7), and stage
11
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3 (figure 8). Yet, these images do not provide
sufficient details to be further considered.
Several drawings of a stage 1 larva (all on p.
104) of S. jutlandica included an overview in
lateral view (figure 9; not further considered
due to orientation), the antenna (figure 10)
and the distal part of a trunk appendage (figure 11). For comparison also the corresponding distal parts of trunk appendages of S.
iridipennis (figure 12) and the prothorax sclerites (figure 13) of S. terminalis were shown.
Several drawings of a stage 2 larva (all on p.
105) of S. jutlandica included an overview in
dorsal view (figure 14; specimen 6421), the
antenna (figure 15), prothorax sclerite (figure
17) and the second gill (figure 18). For comparison also the corresponding antenna of S.
iridipennis (figure 16) and gill (but third) of S.
fuscata (figure 18) and S. iridipennis (figure
19) were shown.
Drawings of a stage 3 larva (all on p. 106) of
S. jutlandica included an overview in dorsal
view (figure 21; specimen 6422), the first gill
(figure 22), and second gill (figure 23). For
comparison also the corresponding first gill of
S. iridipennis (figure 24) and S. dalii (figure
25) were shown. Further comparison was provided (on p. 107) including sclerites on thorax
(figure 26) and abdomen segments 2 and 3
(figure 27) as well as the antenna of a stage 3
larva of S. jutlandica (figure 28), and the
antenna of stage 3 larvae of S. dalii (figure 29)
and S. jutlandica (figure 30).
Three micrographs show the three larval
stages of Sisyra iridipennis (all on p. 110) in
dorsal view: stage 1 (figure 36), stage 2 (figure 37), and stage 3 (figure 38). Yet, these
images do not provide sufficient details to be
further considered.
Drawings of a stage 2 larva (all on p. 111) of
S. iridipennis included an overview in dorsal
view (figure 39; specimen 6423), prothorax
sclerite (figure 40), and claw of trunk appendage (figure 41). For comparison also the corresponding claw of S. dalii (figure 42) was
shown.
Drawings of a stage 3 larva (all on p. 112) of
S. iridipennis included an overview in dorsal
view (figure 43; specimen 6424), prothorax
sclerite (figure 44), and sclerites of abdomen
segments 2 and 3 (figure 45).
Three micrographs show the three larval
stages of Sisyra dalii (all on p. 117) in dorsal
12

view: stage 1 (figure 61), stage 2 (figure 62),
and stage 3 (figure 63). Yet, these images do
not provide sufficient details to be further considered.
Drawings of a stage 2 larva (all on p. 120) of
S. dalii included an overview in dorsal view
(figure 64; specimen 6425) and prothorax
sclerite (figure 65). For comparison also the
corresponding sclerite of S. terminalis (figure
66) was shown.
Drawings of a stage 3 larva (all on p. 121) of
S. dalii included an overview in dorsal view
(figure 67; specimen 6426), prothorax sclerite
(figure 68) and sclerites on abdomen segments 2 and 3 (figure 69). Further comparison
was provided (on p. 122) including sclerites
on thorax (figure 70) and abdomen segments
2 to 4 (figure 71) of a stage 3 larva of S. fuscata as well as the prothorax and abdomen
segments 2 and 3 of a stage 3 larva of S. terminalis (figure 72).
According to the provided scales, specimen
6421 was 2 mm long, specimen 6422 6.0 mm,
specimen 6423 2.2 mm, specimen 6424 6.2
mm, specimen 6425 2.0 mm, and specimen
6426 4.9 mm.
Some images were re-figured in Monserrat
(2014).
20) Bowles (2008) provided a micrograph (figure
102 p. 3517) of Climacia chapini in dorsal
view (specimen 6427). Furthermore, a life
cycle (including a drawing of a larva) was
depicted and stated to be based on Brown
(1952) and Pupedis (1987). It appears that the
depicted larva is a re-figure from Brown
(1952); Pupedis (1987) deals with adults of
Sisyridae; we suspect that the reference
should be Pupedis (1980), where a cocoon of
Climacia striata is shown (as in the life cycle
by Bowles 2008). The paper by Pupedis
(1980) is issue #87, which might have caused
an error in the numbers.
21) Balian et al. (2008) provided a micrograph of a
larva (specimen 6428) of Sisyridae in dorsal
view (two times: figure 27 p. xi, figure 1B p.
410). No indication of size was provided.
22) Forteath and Osborn (2012) provided several
images of larvae of Sisyra pedderensis.
Images included micrographs of the trunk in
ventral view of a late larva (plate 2 p. 28) and
a stage 1 larva in lateral view (plate 4 p. 29), a
drawing of a gill of a stage 2 larva (figure 5 p.
30), a SEM image of the trunk combined with
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23)

24)

25)

26)

27)

28)

29)

a drawing of the gills (plate 5 p. 30). Yet, none
of the images provided the necessary details
that are required for our analysis, hence none
of these could be considered further.
Hamada et al. (2014a) provided several
images of stage 1 larvae of Sisyra panama.
Images included a micrograph in lateral view
(figure 5 p. 282) and drawings of the jumping
behaviour of such a larva (figure 9 p. 282).
This latter figure provides a dorsal view of the
larva (specimen 6429), which can be used for
our analysis (figure 9A p. 283). Comparison of
the size to the specimen shown in lateral view
suggests that the specimen was 0.5 mm long.
Hamada et al. (2014b) provided several
images of larvae of Sisyridae. Images
included a micrograph of a larva in lateral view
(figure 3 p. 344) and drawings of a stage 3
larva (specimen 6430) in dorsal (figure 4A p.
345) and ventral view (figure 4B p. 345). No
indication of size was provided.
In addition, trunk ends of the larvae of Climacia and Sisyra were shown for comparison (p.
347). Yet, no entire larva was depicted.
Monserrat (2014) re-figured (figure 3 p. 221)
the drawing from Withycombe (1922), but
cited Killington (1936). Also some details provided by Weißmair (1999) were re-figured (figure 7 p. 226).
Canard et al. (2015) provided a micrograph of
a larva (specimen 6431) of Sisyra in dorsal
view (figure 2 p. 19). No indication of size was
provided.
Cover and Bogan (2015) re-figured (figure
41.4 p. 1064) the micrograph of specimen
6428, i.e., the specimen from Balian et al.
(2008). No indication of size was provided.
Notteghem (2016) provided several photographs of larvae Sisyra nigra. Images
included a larva (specimen 6432) in its natural
habitat (photograph 1 p. 135), a larva (specimen 6433) in dorsal (photograph 2 p. 135)
and ventral view (photograph 3 p. 135), as
well as a specimen in lateral view (photograph
6 p. 137). No indication of size was provided.
Martins and Ardila-Camacho (2018) provided
several images of larvae of Sisyridae. Micrographs of a first larva (specimen 6434) of
Sisyra included a dorsal (figure 9.1A p. 230)
and a lateral view (figure 9.1B p. 230).
According to the provided scale, the larva was
3 mm long (without mouthparts and antennae).

Micrographs of a second larva (specimen
6435) of Climacia included a dorsal (figure
9.2A p. 230) and a lateral view (figure 9.12B
p. 230). According to the provided scale the
larva was 2.25 mm long (without mouthparts
and antennae).
Additional details included a micrograph (figure 9.4A p. 232) and drawing (figure 9.4B p.
232) of a head, micrographs of the trunk in
ventral view (figure 9.4C p. 232; figures 9.6,
9.7 p. 234), and a trunk appendage (figure
9.4D p. 232).
30) Jandausch et al. (2019) provided many micrographs and drawings of larvae of Sisyra nigra.
Micrographs of a larva (specimen 6436) provide dorsal (figure 1a p. 3), ventral (figure 1b
p. 3), and lateral view (figure 1c p. 3). According to the provided scale, the larva was 5.4
mm long.
Further details included 3D reconstructions of
the inner anatomy in dorsal, lateral, and ventral view (figure 2 p. 4), SEM images of the
head in dorsal, ventral, lateral, and frontal
view (figure 3 p. 5), 3D-reconstructed inner
details of the head (figure 4 p. 6), sections
through the head (figure 5 p. 7), 3D-reconstructed muscles of the head (figure 6 p. 8,
figure 7 p. 9), SEM images of the mouthparts
(figure 8 p. 10), details of the anterior digestive tract (figure 9 p. 10), details of the posterior digestive tract (figure 10 p. 11), the
tracheal and nervous system of the head (figure 11 p. 11), drawings of the thorax sclerites
in dorsal and ventral view (figure 12a, b p. 12),
a trunk appendage (figure 12c p. 12), the
trunk in lateral view (figure 12d p. 12), and
sections through the trunk (figure 13 p. 13).
31) Morales (2020) provided several micrographs
of larvae of S. iridipennis. Images (all on p.
31) included a stage 2 larva (specimen 6437)
in dorso-lateral (figure 1A) and dorsal view
(figure 1B), details of its trunk appendage (figure 1C, D), a close-up on the anterior body
(figure 1E) and a stage 1 larva in dorsal view
(figure 1F). Yet, the image of the stage 1 larva
does not provide sufficient details to be further
considered. Size of specimen 6437 was provided as a magnification factor, which was not
informative with the electronic version available to the authors.
32) Websites are generally not considered to be
“proper” scientific sources. Yet, given the
scarceness of data on larvae of Sisyridae, we
13
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decided to use them here as additional data
source (see also above).
A micrograph of a larva (specimen 6438) was
shown on http://www.aquatax.ca/minor.html.
No indication of size was provided.
A micrograph of a larva (specimen 6439)
labelled “Sisyrus sp.” was shown on the website of the Centre for Freshwater Ecosystems
(the website is hosted by La Trobe University,
Melbourne, Australia, available at https://
www.mdfrc.org.au/bugguide/). No indication
of size was provided.
A micrograph of a larva (specimen 6440) of
the group Climacia was shown on Digital Key
to Aquatic Insects of North Dakota (the website is hosted by Valley City State University,
North Dakota, USA. Available at https://
www.waterbugkey.vcsu.edu). No indication of
size was provided.
A micrograph of a larva (specimen 6441) was
shown on BugGuide (https://bugguide.net,
see above). Image 201925 (© 2008 Jonas
Insinga) was labelled “Spongilla fly larvae”.
The photograph shows the specimen in dorsal
view. Additional images of this specimen are
available, but this one was most suitable for
accessing details of the head. The size of the
specimen has been stated to be about 1.5
mm.

4)

5)

Fossil Larvae in the Literature
So far, only very few fossil larvae of the
groups Coniopterygidae and Sisyridae have been
reported. Of the group Ithonidae, not a single fossil
larva has been identified.
1) Weitschat and Wichard (1998; there is a later
edition from 2002) provided a micrograph of a
fossil larva (specimen 6301) of Coniopterygidae preserved in Baltic amber (plate 53g p.
145). The specimen was shown in dorsal
view. Apparently, the image was mirrored as
we reinvestigated the larva directly and re-figured it in this publication (Figure 1; it is from
the collection Hoffeins, CCHH 540-1, as
stated by Janzen 2002, see below).
2) Janzen (2002) provided a drawing (figure 57
p. 60) of specimen 6301, i.e., the specimen of
Weitschat and Wichard (1998, 2002). The
specimen was shown in dorsal view. Length
was stated to be 1.5 mm. The specimen was
stated to be part of the collection Hoffeins.
3) Wichard et al. (2009) provided several images
of a larva of Sisyridae preserved in Baltic
14

6)

amber (all on figure 07.07 p. 92) including a
drawing in dorsal (a) and ventral view (b) as
well as a micrograph in ventral view (c). The
specimen (specimen 6501) was stated to be
part of the collection Gröhn, number CCGG
1383. According to the provided scale, the
larva was 3 mm in length (excluding mouthparts). The specimen is re-figured here (Figure 2).
Gröhn (2015) provided a micrograph of a fossil larva of Coniopterygidae (specimen 6302)
preserved in Baltic amber (figure 2703 p.
257). Length was stated to be 0.7 mm. The
specimen was stated to be part of the collection Ludwig, acquired by the Museum of Natural History Mauritianum in Altenburg,
Thurinigia.
Engel (2016) reported a specimen preserved
in Myanmar amber that he suggested could
represent a larva of Coniopterygyidae (figure
6 p. 11). The specimen deviated from the
modern larvae of dustywings. The interpretation was supported by the presence of adult
dustywings in close proximity in the same
piece of amber (figure 5 p. 11). The difference
in morphology was interpreted as retaining
plesiomorphies.
The specimen was later interpreted as a possible larva of the group Berothidae (Pérez-de
la Fuente et al., 2020; Haug et al., 2021c).
Therefore, the specimen is no longer considered.
Haug et al. (2020b) described an unusual
larva preserved in Myanmar amber, which
was presented in dorsal view (figure 1 p. 6),
ventral view (figure 2 p. 7), details of it under
different microscopic settings (figure 3 p. 8),
and as simplified restoration (figure 4 p. 13).
The specimen had a combination of characters that made an interpretation in a phylogenetic frame very difficult. Some similarities
were recognised with larvae of Coleoptera,
Megaloptera, and Neuroptera, but some even
with larvae of Mecoptera. Yet, the larva was
interpreted as a representative of Neuropteriformia (= the larger group including Coleoptera, Strepsiptera, Raphidioptera,
Megaloptera, and Neuroptera, see Vasilikopoulos et al., 2020 and references therein).
The mouthparts appear to form a single beaklike, forward-projecting cone, which led to the
nickname “beak larva”. Together with the
rather short and in dorsal view roughly triangular head, there is a slight resemblance to
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FIGURE 1. Fossil larva of Coniopterygidae from Baltic amber, CCHH 540-1, specimen 6301. A. Ventral view. B. Dorsal view. C. Colour-marked version of B. D. Close-up of head in dorsal view. E. Close-up of head in ventral view. F.
Close-up on right hind leg; arrows mark claws. G. Close-up of hind leg; arrows mark claws. Abbreviations: a1–a8 =
abdomen segment 1–8; at = antenna; cx = coxa; e1–3 = element 1–3; fe = femur; hc = head capsule; lp = labial palp;
ms = mesothorax; mt = metathorax; pt = prothorax; st = stemmata; ta = tarsus; te = trunk end; ti = tibia; tr = trochanter.

7)

some larvae of Coniopterygidae. Therefore,
we included the specimen into our comparison (specimen 6802).
Keupp (2020) reported a piece of Baltic
amber with 11 tiny specimens (title figure p.
27, figure 6 lower left p. 30, figure 7 p. 31) that
he interpreted as stage 1 larvae of Sisyridae.
Yet, the morphology of these larvae differs in

important aspects from all known larvae of
Sisyridae.
First, and most prominent, stage 1 larvae usually have short, but well-apparent stylets.
Such stylets are not apparent in the fossils.
While in later stages stylets are flexible and
can be bent, even then such stylets should be

15
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FIGURE 2. Fossil larva of Sisyridae from Baltic amber, CCGG 1383, specimen 6501. A. Dorsal view. B. Ventral view.
C. Colour-marked version of B. D. Close-up of head in dorsal view. E. Colour-marked version of D; arrows mark stemmata. F. Close-up on gills. G. Close-up on processes on trunk segments. Abbreviations: a3–a7 = abdomen segment
3–7; at = antenna; gi = gills; hc = head capsule; ms = mesothorax; mt = metathorax; pt = prothorax; sy = stylet; te =
trunk end.

visible. It is not easy to explain when stylets
are not visible in the larvae.
Second, the larvae have prominent palps. All
known larvae of Sisyridae lack labial palps
(and maxillary ones as all lacewing larvae).
Third, the leg elements are also very unusual.
The distal leg elements (tibia and tarsus?) are
quite thin and elongate. In all known larvae of
16

Sisyridae, these elements are much shorter
and more robust.
Fourth, the trunk end of the larvae is very conspicuous. It is at least three times as long as
wide and widening distally. No comparable
trunk ends are known from any extant larva of
Sisyridae.
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FIGURE 3. Fossil larva of Sisyridae from Baltic amber, CCGG 7122, specimen 6502. A. Dorsal view. B. Ventral view.
C. Colour-marked version of B. D. Close-up of head in dorsal view. E. Colour-marked version of D. F. Close-up on
gills. G. Close-up on trunk end. Abbreviations: at = antenna; hc = head capsule; ms = mesothorax; mt = metathorax;
pt = prothorax; sy = stylet.

Additional Specimens of Fossil Larvae
1)

Specimen CCGG 7122 is a larva of Sisyridae
(specimen 6502). The specimen is well accessible in dorsal (Figure 3A) and ventral view
(Figure 3B, C). Only a few bubbles conceal
some details of the appendages. The head
has pronounced stemmata (Figure 3D, E).
The ventral side provides many details as, for
example, the folding pattern around the

2)

appendages (Figure 3C) and the well preserved gills (Figure 3F). The trunk end (Figure
3G) appears subdivided by distinct folds into
six sub-units. While the trunk end is likely a
conjoined structure of three segments (abdomen segments 9–11), the six sub-units probably do not correspond to segment borders.
Specimen PED 0596 (specimen 6803) resembles specimen 6802 (the “beak larva”), i.e.,
17
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FIGURE 4. Fossil larva, “beak larva” type 2, from Myanmar amber, PED 0596, specimen 6803. A. Dorsal view; posterior part not well accessible. B. Colour-marked version of A. Abbreviations: 1t = trunk appendage 1; at = antenna; hc =
head capsule; ms = mesothorax; pl = palp; pt = prothorax.

the unusual larva from Haug et al. (2020b) in
certain aspects.
Small holometabolan larva, incomplete (Figures 4, 5A). Body organised into head and
trunk. Head small, triangular (Figure 5B) in
dorsal view (presumably formed by six segments: ocular segment plus five post-ocular
segments). Few setae apparent, at least two
longer ones on each side, exact arrangement
(chaetotaxy) not reconstructible. Anteriorly
drawn out into beak-like structure, possibly
formed by some of the mouthparts (some
appendages of head segments). No clear indication of structures of the ocular segments
(e.g., eyes) apparent. Labrum possibly contributing to beak-like protrusion. Antennae
18

(appendages of post-ocular segment 1)
shorter than beak, stout, exact subdivision
unclear, possibly 3–4 elements. No external
structures of post-ocular segment 2 (intercalary segment) apparent.
Additional mouthparts (appendages of postocular segments 3–5) not clearly identifiable.
Parts of appendages of post-ocular segments
3 (mandible) and 4 (maxilla) possibly contributing to the beak. Distal parts presumably of
appendages of post-ocular segment 5 (possibly palps of labium), slightly longer than
antennae, but narrower; exact subdivision
unclear, at least three elements.
Trunk segment 1 (thorax segment 1, prothorax) mostly known from dorsal sclerite (prono-
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FIGURE 5. Fossil larva, “beak larva” type 2, from Myanmar amber, PED 0596, specimen 6803, continued. A. Ventral
view; details not well accessible; posterior end not inside the amber. B. Close-up on head in dorsal view. C. Close up
on trunk appendage 1 in dorsal view. D. Same as C; estimated outline of appendage, visible through tergite outlined in
red. Abbreviations: at = antenna; “b” = beak; pl = palp.

tum). Pronotum large, without apparent
subdivision into several sclerites, oval in dorsal view, longer than head width, twice as
wide as head. At least six setae on each side.
Very distal part of appendage of the segment
protruding from under the tergite (Figure 5C,
D), indicating rather short appendages in
comparison to body width.
Trunk segment 2 (thorax segment 2, mesothorax) mostly known from dorsal sclerite
(mesonotum). Mesonotum large, without
apparent subdivision into several sclerites,
oval in dorsal view, slightly longer than pronotum, also slightly wider. At least four setae
apparent arising from the lateral side of the
segment, below the tergite.

3)

Trunk segment 3 (thorax segment 3, metathorax) less well accessible. Shorter than trunk
segment 2, slightly wider.
Trunk segment 4 (abdomen segment 1) also
not well accessible. Slightly shorter than preceding segment, about as wide.
Trunk segment 5 (abdomen segment 2) also
not well accessible. About as long and wide
as preceding segment. Further posterior segments not accessible.
More specimens of larvae of Sisyridae seem
to be present in Baltic amber. Images of five
additional such specimens (specimens 6503–
6507) were provided by Jonas Damzen and
Marius Veta (Figure 6; for a discussion on the
use of such images see Haug et al., 2020c,
19
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FIGURE 6. Additional specimens of larvae of Sisyridae preserved in Baltic amber. Images kindly provided by Jonas
Damzen (JD) and Marius Veta (RMV). A. JD 6345, specimen 6503, in ventral view, 3.5 mm long. B, C. RMV 2380,
specimen 6504, 3 mm long. B. Dorsal view. C. Ventral view. D, E. JD 4198, specimen 6505, 4 mm long. D. Dorsal
view. E. Ventral view. F, G. RMV 2793, specimen 6506, 2 mm long. F. Left lateral view. G. Right lateral view. H, I. RMV
2794, specimen 6507, 3.2 mm long. H. Lateral view. I. Dorsal view.

2022). These specimens were not directly
available for study, but the images are of high
quality and clearly demonstrate that more
such larvae are present in Baltic amber (see
discussion in Haug et al., 2021d).
Results of the Shape Analysis
The shape analysis of the head capsule
resulted in three effective principal components
(PCs) (Appendix 2), summarizing to a total of
98.3% of overall variation in the data set. The first
two principal components sum up to 95.6% of the
overall variation of the data set. PC1 explains
92.0%, PC2 3.6%, and PC3 2.7% of the overall
variation (Appendix 2).
PC1 is dominated by the overall shape of
head and stylets (Appendix 3). Low values indicate
a triangular head without visible stylets. High values indicate a simple head with very prominent stylets.
PC2 is dominated by the relative size of stylets and presence of a forward-projecting labrum
(Appendix 3). Low values indicate rather prominent
stylets and no projecting labrum, high values indicate smaller stylets and a more prominent projecting labrum.
PC3 is dominated by the position of the stylets
(Appendix 3). Low values indicate stylets posi20

tioned further apart, high values indicate stylets
positioned closer together.
The additional files resulting from the shape
analysis are provided in Appendix 4.
DISCUSSION
Record of the Larvae of Ithonidae,
Coniopterygidae, and Sisyridae
Compared to some other ingroups of Neuroptera, our knowledge of larvae of Ithonidae, Coniopterygidae, and Sisyridae is not that scarce.
Presumably, the reason for that is that all these larvae are rather special in their appearance, which
makes them quite easily identifiable in the field.
This recognisability should also account for
the fossil record. Hence, we indeed need to ask
why there are only very few fossil larvae of these
groups:
Ithonidae. For Ithonidae, there are at least two factors to be considered. First, the modern larvae are
rather derived, and we cannot be sure when this
highly specialised morphology of the larvae has
evolved. Differently expressed, it is possible that
back in the Cretaceous (or even Eocene) larvae of
Ithonidae still possessed many more plesiomorphic
traits. A close relationship to, or even ingroup position in, Myrmeleontiformia (Badano et al., 2021)
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could mean that larvae in the early lineage of
Ithonidae looked much more antlion-larva-like.
Hence, there may have been no larvae similar to
the modern ones yet. Adults of Ithonidae have
already been found in the Cretaceous (Lu et al.,
2017).
Second, if there would have already been
modern-appearing larvae of Ithonidae, these would
be less likely to be captured in amber due to their
subterranean mode of life. A similar rarity has been
recognised for the likewise deeper-burrowing larvae of spoon-winged lacewings, Nemopterinae
(Haug et al., 2021b). Also the digging larvae of antlions (Myrmeleontidae) are quite rare in most Cretaceous ambers (Badano et al., 2018; Pérez-de la
Fuente et al., 2020) and so far unknown for
Eocene ambers. Interestingly, they seem more
common in Miocene Dominican amber (Engel and
Grimaldi, 2007; Haug et al., 2021d).
Coniopterygidae. Larvae of dustywings are quite
small, and one could argue that they are easily
overlooked. Yet, they are quite conspicuous in their
overall morphology and not smaller than many
mites, which can be regularly found in ambers of all
different periods. Their rarity is, therefore, unlikely
to be a simple effect of them being overlooked.
Also, dustywings are well known as adults (e.g.,
Engel, 2016), hence we should expect to find larvae of these.
Here again, a similar aspect as in Ithonidae
applies. Modern dustywing larvae are likely to be
highly specialised and derived in their morphology.
Larvae of dustywings in the Cretaceous, where
such larvae are so far not known, might have still
looked quite differently, retaining more plesiomorphies. This might have led Engel (2016) to assume
that the larva later interpreted as a representative
of Berothidae (Pérez-de la Fuente et al., 2020)
could be a representative of Coniopterygidae.
While the two lineages are not closely related, both
are characterised by straight, not very long stylets.
Also some larvae of Berothidae have a forwardprojecting labrum (e.g., MacLeod, 1964, plate XII
figure 36), although not as pronounced as in modern larvae of Coniopterygidae. The larvae of Cretaceous dustywings may still be mistaken for those of
other lineages, potentially Berothidae. The question whether the unusual beak larvae (specimens
6802 + 6803; Figures 4, 5; Haug et al., 2020b)
could be dustywings will be elaborated further
below.
Sisyridae. Larvae of Sisyridae seem to be in fact
not that rare in Baltic amber, despite their aquatic
lifestyle. This lifestyle can in fact also be assumed

for the fossils based on the presence of distinct gill
structures in at least some of the specimens (Figures 2, 3). Again, the absence of such larvae in
Cretaceous ambers may be due to the fact that larvae of early representatives of Sisyridae still had
less specialised larvae. Potentially they may have
resembled the larvae of lance lacewings (Osmylidae) (see recent review in Haug et al., 2021c).
Despite the more common occurrence in Baltic amber, it is remarkable that all seven known
specimens have the morphology of stage 2 or
stage 3 larvae. A stage 1 larva has not been identified so far. Of other aquatic (or possibly semiaquatic) lacewing larvae, different stages including
stage 1 larvae are known, at least two for Osmylidae (Wichard et al., 2009; Haug et al., 2021c) and
quite a larger number for Nevrorthidae (Wichard et
al., 2009; Haug et al., 2020d).
Quantitative Comparison
As to be expected from a qualitative view, the
three groups investigated here separate quite
strictly from each other (Figure 7). Only some larvae of Coniopterygidae with quite prominent mandibles plot closer to those of Ithonidae and
Sisyridae. One of these is a historical specimen
that seems likely to have been misinterpreted to a
certain degree (specimen 6203). Yet, in the other
specimens the morphology seems to be original. It
could be argued that these larvae are likely representing a more plesiomorphic (ancestral) type of
morphology and that the other dustywing larvae
with shorter mandibles and a prominent labrum
represent a more derived morphology characterising a deeper ingroup of Coniopterygidae.
The two unambiguous fossil representatives
of Coniopterygidae plot among the derived representatives of Coniopterygidae. Likewise, the fossil
representatives of Sisyridae plot well among the
extant ones (only slightly outside the area occupied
by the modern ones). This is quite different from
the situation in other lacewing lineages in which
fossil representatives often plot significantly outside the areas occupied by their modern representatives, indicating a certain loss of morphological
diversity over time (Haug et al., 2020c, 2021a,
2022). Yet, given the rather low number of fossil
specimens, this result might be heavily biased.
An important point to mention is that the two
beak larvae plot well among the derived specimens
of Coniopterygidae (Figure 7). This clearly indicates a strong similarity of overall head shape of
dustywing larvae and the beak larvae also from a
quantitative side.
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FIGURE 7. Scatterplot of PC2 vs. PC1. Note how the two beak larvae (specimens 6802 + 6803) plot together with larvae of Coniopterygidae.

The Beak Larvae
The new beak larva (PED 0596, specimen
6803) as well as the original beak larva (specimen
6802) (Haug et al., 2020b) are quite unusual. The
original beak larva and the new beak larva not only
appear roughly similar from a qualitative point of
view, but also plot closer together in the quantitative analysis, among the more derived forms of
Coniopterygidae.
Yet, from a qualitative point of view, there are
also notable differences. The original beak larva
has a complex sclerite system on the dorsal and
ventral body side, which is unparalleled among
lacewing larvae, but reminds more of that of beetle
larvae (Haug et al., 2020b). The new beak larva
22

does not clearly show such a pattern of distinct
sclerites.
Even more obvious are the long processes on
the posterior trunk region in the original beak larva.
These are clearly absent in the new beak larva, but
also in dustywing larvae. Processes, mostly for
camouflaging purposes, have been reported in various lineages of extant and fossil lacewing larvae
(Pérez-de la Fuente et al., 2012, 2016, 2018, 2019;
Wang et al., 2016; Badano et al., 2018; Liu et al.,
2022). Still, these processes are very different from
those of the original beak larvae, which have at
least some characteristics of gills (Haug et al.,
2020b).
Antennae and palps of the beak larvae differ
in their structure but are basically similar in number
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FIGURE 8. Comparison of the two beak larvae to a larva of Coniopterygidae. A. Larva (specimen 6802) from Haug et
al. (2020b). B. New beak larva (specimen 6803, based on Figure 5B). C. Larva of Aleuropteryx loewi (based on several figures from Rousset, 1966).

of elements. They seem to differ in the number of
elements from dustywing larvae, which have fewer
elements (Figure 8). All of these structures are similarly rather short, although not in all larvae of
dustywings (e.g., Dujardin, 1851, figure 15; Stitz,
1931, figure 36 p. 35.99).
The main challenge for substantiating an
interpretation of the beak larvae as dustywings or
dustywing relatives is the structure of the mouthparts. Too few details are accessible in both fossils.
For the new beak larva, an interpretation as a
derived type of a dustywing larva is more plausible
than for the original beak larva. In any case, we
have to assume a certain degree of convergence: if
the new beak larva is a dustywing, but the original
one is not, the similarities between the two larvae
would be a result of convergence. If both are not
dustywings, their similarities to dustywing larvae
would be a result of convergence. If both are dustywings, the similarities of the original beak larva to
beetles and certain other lacewing lineages would
be a result of convergence (see also discussion in
Haug et al., 2020b). At least, Coniopterygidae is
(another) candidate group for interpreting these
unusual larvae.
Life Style of the Fossil Larvae
As elaborated above, it is possible that the larvae of early representatives of the three lineages
might still be quite different, more plesiomorphic
morphologies and therefore also different ecological roles. Larvae of modern-day dustywings are
predators, as is the case with most other lacewing
larvae. Their specialisation is mostly manifested in
the specific morphology of their upper lip, which is
also known in some other lineages of Neuroptera

(Haug et al., 2020c), as well as straight stylets are
likewise known in some other lineages (Haug et al.,
2021c).
The comparison of the beak larvae to dustywing larvae offers a new interpretation for their lifestyle. They might indeed be predators of smallsized prey rather than feeding on fungi (as discussed in Haug et al., 2020b). Still, the original
beak larva might have actually been aquatic, while
the new one has no indications and was most likely
terrestrial.
The exact life style of larvae of Ithonidae is
still not entirely clear, yet it has been assumed that
they feed on plant roots (Grebennikov, 2004). As
we have no fossil larvae of this group, it remains
unclear when the switch from a predatory lifestyle
to root-feeding might have occurred.
Larvae of Sisyridae are known to feed on
sponges, hence their common name “spongilla
flies” (yet the expression “sponge lacewing” would
be less ambiguous). Larvae of Sisyridae have
been addressed as “parasite” by MacLeod (1964 p.
217). The view has been shared by subsequent
authors (Jandausch et al., 2019; Morales, 2020).
Here a conceptual ambiguity needs to be discussed. Animals with comparable lifestyles are
often referred to as “micro-predators” in order to
distinguish them from a parasite, emphasising that
a parasite would be in longer (permanent?) contact
to a host, while a micro-predator would interact
only shortly, with its host (or prey?) (see discussions in van der Wal and Haug, 2019; Haug et al.,
2021e).
Yet, this distinction restricts parasitism to a
very narrow type of lifestyle and leads to misunderstandings in communication of lifestyles. Instead, it
23
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is often possible to make a precise add-on to the
term parasite to allow proper distinction; in other
words, it is necessary to distinguish between a
“temporary parasite” and a “permanent parasite”.
Larvae of sponge lacewings can be described as
“temporary parasites” comparable to mosquitoes or
ticks (see discussions in van der Wal and Haug,
2019; Haug et al., 2021e).
The morphology of the larvae of Sisyridae
from Baltic amber indicates that they already were
temporary parasites. It is possible that larvae in the
Cretaceous were still predatory, similar to larvae of
Nevrorthidae or certain larvae of Osmylidae, and
therefore did not yet possess the highly specialised
morphology of modern-day and Eocene larvae.
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