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Simple Summary: Nevrorthidae is the group of dragon lacewings, an ingroup of lacewings (Neu-
roptera). Nevrorthidae has often been considered a relic group. Today, dragon lacewings are known
in a few regions with rather large distances between them, with some species occurring in southern
Europe, Japan, Australia, and one in China. Fossils in amber from the Baltic region (c. 35–40 million
years old) and Myanmar (c. 100 million years old) support the idea that this distribution is only a
remnant of an originally larger distribution. Larvae of the group are slender and elongated and live
mostly in water. Yet, larvae are in fact very rare. So far, only slightly more than 30 larval specimens
have been depicted in the literature, including all extant and fossil larvae. Here, we report numerous
additional specimens, including extant larvae, but also larvae in Baltic and Myanmar amber. Together
with the already known ones, this sums up to over 100 dragon lacewing larvae. We used quantitative
methods to study the morphology of these larvae and compared these results over time to identify
changes in the diversity. Although there are now more specimens in the data set, it is still unbalanced;
for example, newly hatched larvae (several dozen specimens) are only known from Baltic amber. We
expected little change in the morphology of the larvae over geological time, as indicated by earlier
studies. However, on the contrary, there are morphologies present in fossil larvae that are now extinct.
This result is similar to that for other groups of lacewings which have a relic distribution today, as
also in larvae of these groups, there is a lower diversity today than in the past.

Abstract: Nevrorthidae, the group of dragon lacewings, has often been considered a relic group.
Today, dragon lacewings show a scattered distribution, with some species occurring in southern
Europe, Japan, Australia, and one in China. The idea that this distribution is only a remnant of an
originally larger distribution is further supported by fossils of the group preserved in ambers from
the Baltic region (Eocene, ca. 35–40 MaBP) and Myanmar (Kachin amber, Cretaceous, ca. 100 MaBP).
Larvae of the group are slender and elongated and live mostly in water. Yet, larvae are in fact very
rare. So far, only slightly more than 30 larval specimens, counting all extant and fossil larvae, have
been depicted in the literature. Here, we report numerous additional specimens, including extant
larvae, but also fossil ones from Baltic and Kachin amber. Together with the already known ones, this
sums up to over 100 specimens. We analysed quantitative aspects of the morphology of these larvae
and compared them over time to identify changes in the diversity. Despite the enriched sample size,
the data set is still unbalanced, with, for example, newly hatched larvae (several dozen specimens)
only known from the Eocene. We expected little change in larval morphology over geological time,
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as indicated by earlier studies. However, on the contrary, we recognised morphologies present in
fossils that are now extinct. This result is similar to those for other groups of lacewings which have a
relic distribution today, as these have also suffered a loss in diversity in larval forms.

Keywords: Nevrorthidae; Neuroptera; Burmese amber; quantitative morphology; morphometrics

1. Introduction

The group Insecta experiences a general decline in diversity and abundance [1–6].
Representatives of the group such as bees, beetles, and butterflies play important roles in
various processes of the ecosystems: they are pollinators, decomposers of dead organic
material, and are a source of food for other larger animals [1]. Therefore, a loss of the
diversity within Insecta has a negative effect on ecosystem functioning. It is of major
importance to investigate evolutionary processes leading to diversifications and losses in
order to improve our understanding of such processes and potentially how to alter them.

The diversity of Insecta basically is that of its ingroup Holometabola, or better of
several of the lineages within the latter. For looking at historical losses, the holometabolan
group Neuroptera, the group of lacewings, is especially interesting as it is generally under-
stood as having been part of the early diversification of Holometabola, but having declined
after the Mesozoic.

As recently demonstrated, this loss is in fact challenging to show quantitatively [7].
Yet, applying quantitative morphology to the larval forms could indeed demonstrate such
a loss [7], but also showed that this loss affected certain lineages much more than others.

Fossils of larvae of lacewings can luckily be well recognised as such [8–26], especially
due to their prominent forward-projecting mouthparts [27,28]. This specific morphology
allows us to recognise fossil lacewing larvae quite frequently, providing a sound basis for
quantitative comparisons [29–31].

One neuropteran ingroup seemingly rather unaffected, at least in certain aspects, is
Nevrorthidae, the group of dragon lacewings. The exact relationships within Neuroptera
are still a matter of debate, but dragon lacewings seem to represent an early offshoot,
either as sister group to all other lacewings or as part of the second branch within the
group Osmyloidea [32–42]. The idea of dragon lacewings representing an early branch is
supported by the fact that the oldest known fossil larva is that of a dragon lacewing [43].

The morphology of dragon lacewings, including that of the larvae, seemed more
or less unchanged since the Cretaceous (a phenomenon fairly common in some groups
of Holometabola across all life stages, see [44]). This result is partly surprising as the
group is understood as a mere relict group. This status is based on the fact that the
fossils are known from places in which they do not occur today (Germany, Myanmar,
Ukraine [45–47]); species numbers do not provide such an impression, with more extant
than fossil species (19 formally described extant species [48]; 10 formally described fossil
species [49]). Yet, the record of dragon lacewing larvae is rather incomplete, and very recent
findings have expanded not only the range of the fossils, but also demonstrated that fossil
dragon lacewing larvae can appear quite different from their modern counterparts [43].

We here report many new fossil lacewing larvae and provide a quantitative mor-
phological comparison of this much-expanded data set. Our findings partly contradict
common expectations.

2. Materials and Methods
2.1. Materials

The data set for the comparison presented here is based on literature data and
newly studied fossil and extant specimens of dragon lacewing larvae. Literature data
are based on an earlier overview [50] summarising earlier sources of extant [48,51–70],
(https://www.mdfrc.org.au/bugguide/, accessed on 2 July 2018) and fossil dragon
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lacewing larvae [46,47,61,62,71–74]. We provide additional sources from the literature
(see below).

New directly studied material came from various sources. Fossil specimens are all
preserved in amber, with a total of 69 specimens in 23 pieces, of which 55 specimens
(in nine pieces) are preserved in Eocene Baltic amber (about 40–35 million years old)
and 14 specimens (in 14 pieces) are preserved in Cretaceous Kachin amber, Myanmar
(about 100 million years old [75–77]). Baltic amber pieces come from the collections of the
Natural History Museum Denmark, Copenhagen (NHMD), the Senckenberg Naturmu-
seum Frankfurt (SMF), the Palaeo-Evo-Devo Research Group Collection of Arthropods,
Ludwig-Maximilians-Universität München (PED), and the collection of two of the authors
(CH and HWH: CCHH). Kachin amber pieces come from the collections of the Palaeo-
Evo-Devo Research Group Collection of Arthropods, Ludwig-Maximilians-Universität
München (PED), and the collections of two of the authors (PM: BUB; TW Weiterschan
BuB). Specimens from the PED collection were purchased from Jonas Damzen, Vilnius
(www.amberinclusions.eu, accessed on 5 September 2023), and on ebay.com (accessed on
5 September 2023) from three traders: burmite-miner, macro-cretaceous, and rmvveta (see
also www.ambertreasure4u.com, accessed on 5 September 2023). Extant specimens, seven
in total, are part of the Australian Museum Entomology Collection, Sydney.

2.2. Documentation Methods

All fossil specimens were documented on a Keyence VHX-6000 digital microscope
(Keyence, Osaka, Japan). The built-in software automatically fused a stack of images of
shifting focus into a single sharp image. Every image was recorded with several exposure
times (HDR function [50]). Each resulting image is a composite image.

If possible, specimens were photographed from both sides. Illumination was cross-
polarised co-axial light or unpolarised low-angle ring light with a black or white back-
ground. The images with the best contrast were then optimised with Adobe Photoshop
2023 (Version 24.0.0, Adobe, San José, CA, USA). All visible structures of the larvae were
colour-marked and labelled. Corresponding structures were given the same colours.

The extant specimens were documented with a Canon EOS 650 (Canon, Tokyo, Japan)
equipped with an MP-E 65 mm super-macro lens. Illumination was provided by a Yongnuo
Twin Flash (Yongnuo, Shenzhen, China). Polarisers in front of the flash and the lens
provided cross-polarised light. Specimens were photographed in their original storage
liquid. Each image details were recorded with several frames and fused with CombineZM.
Adjacent image details were merged manually in Adobe Photoshop CS2 (Adobe, San José,
CA, USA). Images were further optimised (contrast, colour, removal of background) in
Adobe Photoshop CS2.

2.3. Shape Analysis

Outlines of prominent structures were drawn digitally in Adobe Illustrator CS2 and
Inkscape. These include stylets, head, and trunk (no other appendages). The stylet was
artificially rotated straight (assumed line of the innermost distal point; in this case, the tip
and the inner proximal point, outer proximal point as rotation point). Also, the trunk was
artificially straightened. Only half of the outline was used.

Outlines (shapes) were analysed in the program package Shape [78,79]. Harmonics
were set to 20, and the first harmonic was used for alignment.

In total, 10 different combinations of shapes were analysed: (1) the head capsule and
stylet, (2) the stylet, (3) the head capsule, (4) the head capsule, stylet, and trunk, (5) the
head capsule and trunk, (6) the head capsule, stylet, and prothorax (including the neck),
(7) the head capsule and the prothorax, (8) the prothorax, (9) the trunk, and (10) the trunk
without the prothorax.

www.amberinclusions.eu
ebay.com
www.ambertreasure4u.com
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3. Results
3.1. Additional Larval Representatives of Nevrorthidae Depicted in the Literature

Haug et al. [50] attempted to provide a full list of figured dragon lacewing larvae. Yet,
they missed some sources, especially depictions in books. In addition, new specimens have
been identified on websites and new specimens have been published since 2020. All these
additional specimens are listed here chronologically. The list is an amendment to the list in
Haug et al. [50]; the specimens from there (6601–6633) are not repeated here. All specimens
are numbered consecutively, amending the counting from Haug et al. [50]. All numbers of
Nevrorthidae have “66” in front as a code for the group Nevrorthidae when used in larger
comparative studies [7].

(1) Janzen [80] depicted a photomicrograph (fig. 261 p. 120; Figure 1A) of a dragon
lacewing larva preserved in Baltic amber (specimen 6634). The image shows only
the anterior region of the body in dorsal view. According to the figure legend, the
specimen is part of the collection Glink. No indication of size was provided.
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Figure 1. Nevrorthidae; fossil and extant immature specimens from the literature, interpretative
drawings. (A,C–E,H) Fossil specimens. (B,F,G,I–K) Extant specimens. (A). Specimen 6634 preserved
in Baltic amber; anterior region of the body in dorsal view; from [80]. (B). Specimen 6635; Nevrorthus
(“Neurorthus”) apatelius; anterior region of the body in oblique dorsal view; from [81]. (C). Specimen
6636; Rophalis relicta preserved in Baltic amber; anterior body region in dorso-lateral view; from [81].
(D). Specimen 6637; anterior body region in dorsal view; from [81]. (E). Specimen 6638 preserved in
Baltic amber; dorsal view; from [82]. (F,G). Specimen 6639; Nevrorthus fallax; from [83]. (F). Overview.
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(G). Anterior region in dorsal view. (H). Specimen 6640; Girafficervix baii; dorsal view; from [43].
(I). Specimen 6642; dorsal view; from https://friendsofrietvlei.co.za, accessed on 5 September 2023.
(J). Specimen 6643; dorsal view; from https://www.waterbugblitz.org.au, accessed on 5 September
2023. (K). Specimen 6644; head in ventral view; from https://www.mdfrc.org.au, accessed on
5 September 2023.

(2) Scheven [81] depicted three different dragon lacewing larvae. The first specimen
(6635) was an extant larva of Nevrorthus (“Neurorthus”) apatelius (upper left fig. p. 75;
Figure 1B). Only the anterior region of the body is accessible in oblique dorsal view.
No indication of size was provided.

The second and third specimens are larvae of Rophalis relicta preserved in Baltic amber.
Of the second specimen (6636), only the anterior body region is accessible, in dorso-lateral
view (lower left fig. p. 75; Figure 1C). No indication of size was provided.

Of the third specimen (6637), only the anterior body region is accessible, in dorsal
view (upper right fig. p. 75; Figure 1D). No indication of size was provided.

(3) Kobbert [82] depicted a photomicrograph (fig. T444 p. 108; Figure 1E) of a dragon
lacewing larva (specimen 6638) preserved in Baltic amber, labelled as “Neurorthidae”.
The image shows the animal in dorsal view. In addition, a close-up of the anterior
body was provided (fig. T444 p. 109). No indication of size was provided.

(4) Giacomino [83] depicted three photomicrographs (all on p. 118) of an extant larva
(specimen 6639) of Nevrorthus fallax. Images include an overview in lateral view (fig. 1;
Figure 1F), and the anterior head region in dorsal (fig. 2; Figure 1G) and ventral view
(fig. 3). No indication of size was provided. According to the text, several specimens
were available for study, but only a single one was depicted.

(5) Kobbert [84] re-figured (suppl.-fig. 203 on CD-rom) the specimen from Kobbert [82]. It
was a similar view as the detail image ([82] T444 p. 109), but as a red-cyan stereo-anaglyph.

(6) Beutel et al. [85] re-figured two SEM images from Beutel et al. [67], i.e., images of
specimen 6614 (both on p. 377). This includes a lateral overview (fig. 6.26.1) and a
ventral view of the head region (fig. 6.26.2A).

(7) Du et al. [43] reported two fossil larvae of dragon lacewings (Girafficervix baii; fig. 1c,
p. 3) from the Jurassic of China. The first specimen (6640) is the better preserved one
(Figure 1H), almost complete in dorsal view. The second specimen (6641) is slightly
less well preserved, but shows some details not available from the first specimen.
Both together give a good impression of the overall morphology, which is unusual
due to a long neck and an astonishing size of about 40 mm.

(8) Websites are usually not considered a “good” source for scientific research. Yet,
given the scarceness of appearances of larval representatives of Nevrorthidae in the
literature, we decided to also include data from three websites hosted by organisations
that are likely to guarantee a long-time availability. All specimens are from the extant
fauna and were retrieved on 3 June 2021.

The first specimen (6642) is seen in dorsal view (Figure 1I) on the website https://
friendsofrietvlei.co.za, accessed on 5 September 2023. The website is hosted by Friends of
Rietvlei, a registered non-profit organisation. The second specimen (6643) is also seen in
dorsal view (Figure 1J) on the website https://www.waterbugblitz.org.au, accessed on
5 September 2023. The website is hosted by a citizen science project funded by the Aus-
tralian government, named “National Waterbug Blitz”. For the third specimen (6644), the
head is available in ventral view (Figure 1K) on the website https://www.mdfrc.org.au,
accessed on 5 September 2023. The website is hosted by La Trobe University.

3.2. New Extant Larval Representatives of Nevrorthidae

(9) Specimen 6645 (accession number nsw_epa_HUNT_04Williams_r_161299) is well
accessible (Figure 2A); it likely represents a final larval stage. The specimen was
collected during the NSW EPA-MRHI survey, HUNT-04, in the William River at Rocky

https://friendsofrietvlei.co.za
https://www.waterbugblitz.org.au
https://www.mdfrc.org.au
https://friendsofrietvlei.co.za
https://friendsofrietvlei.co.za
https://www.waterbugblitz.org.au
https://www.mdfrc.org.au
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Crossing, New South Wales, Australia (32◦17′7′′ S, 151◦48′7′′ E), on 16 December
1999. Head with antennae, stylets, and labial palps. Antennae are elongated and
show subdivision into numerous elements (about 12). Stylets are proximally straight,
distally more curved, tapering distally. Labial palps are slightly shorter than antennae,
subdivided into at least four elements apparent (Figure 2E). Trunk appendages with
five major elements (coxa, trochanter, femur, tibia, tarsus; Figure 2A,F). Coxa and
trochanter are short, not well accessible; femur tubular and elongated; tibia similar
to femur, but slightly shorter; tarsus quite slender again and tapering distally with a
pair of claws (Figure 2F). Thorax is subdivided into pro-, meso-, and metathorax, with
a long cervix anteriorly. Abdomen with 11 units. The cervix and prothorax show a
longitudinal groove (Figure 2A). The trunk segments posterior to the prothorax with
a distinct pattern of dorsal sclerotisations. After the anterior third of the segment,
a distinct fold is apparent, subdividing the dorsal region of each segment into two
distinct subregions (Figure 2A). Prominent setae arise from the trunk appendage
elements. Femur and tibia are distally with a set of three to five setae each. Trunk
segments with prominent long setae. These arise close to the posterior end of each
segment and appear to form a kind of ring around the segment.
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dorsal view. (E). Close-up of head of (A). (F). Close-up of tarsus of (A). (G). Close-up of head of (B).
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(10) Specimen 6646 (accession number nsw_epa_HUNT_04Williams_r_161299; in the same
vial as specimen 6645) is well accessible (Figure 2B); it likely represents a final larval
stage. The specimen was collected during the NSW EPA-MRHI survey, HUNT-04,
in the William River at Rocky Crossing, New South Wales, Australia (32◦17′7′′ S,
151◦48′7′′ E), on 16 December 1999. Overall body outline is well accessible. Head with
antennae, stylets, and labial palps (Figure 2G). Antennae are elongated, subdivided
into numerous elements (about 11). Stylets are proximally straight, distally curved,
tapering distally. Labial palps are subdivided into five elements (Figure 2G). Trunk
appendages with five major elements (coxa, trochanter, femur, tibia, tarsus; Figure 2B).
Coxa is tubular and elongated; trochanter not accessible; femur similar to coxa, but
thinner; tibia similar to femur, but a bit shorter; tarsus quite slender again and tapering
distally with a pair of claws (Figure 2B). Thorax is subdivided into pro-, meso-, and
metathorax with a long cervix anteriorly. Abdomen with 11 units. The cervix and
prothorax show a longitudinal groove (Figure 2B). The trunk segments posterior to
the prothorax with a distinct pattern of dorsal sclerotisations. After the anterior third
of the segment, a distinct fold is apparent, subdividing the dorsal region of each
segment into two distinct subregions (Figure 2B). Prominent setae arise from the trunk
appendage elements. Femur and tibia are distally with a set of three to six setae each.
Trunk segments with prominent long setae. These arise close to the posterior end of
each segment and appear to form a kind of ring around the segment.

(11) Specimen 6647 (accession number nsw_epa_MANN16_batar_ck_220499) is well ac-
cessible (Figure 2C); it likely represents a penultimate larval stage. The specimen
was collected during NSW EPA NSW EPA-MRHI survey, MANN-16, in the tributary
of Batar Creek, New South Wales, Australia (31◦40′57′′ S, 152◦40′7′′ E), on 22 April
1999 by N. Waddell. Head with antennae, stylets, and labial palps. Antennae are
elongated, subdivided into about six elements. Stylets are curved and tapering distally.
Subdivision of the labial palps not well accessible. Trunk appendages with five major
elements (coxa, trochanter, femur, tibia, tarsus), well preserved, but they are entangled
with each other, partly obscuring subdivisions and details. Thorax is subdivided into
pro-, meso-, and metathorax with a longer cervix anteriorly. Abdomen with 11 units.
The cervix shows a longitudinal groove (Figure 2C). Trunk segments with prominent
long setae. These arise close to the posterior end of each segment and appear to form
a kind of ring around the segment.

(12) Specimen 6648 (accession number nsw_epa_MANN16_batar_ck_220499; in the same
vial as specimen 6647) is well accessible (Figure 2D); it likely represents a final larval
stage. The specimen was collected during the NSW EPA NSW EPA-MRHI survey,
MANN-16, in the tributary of Batar Creek, New South Wales, Australia (31◦40′57′′ S,
152◦40′7′′ E), on 22 April 1999 by N. Waddell. Head with antennae, stylets, and labial
palps. Antennae are elongated, subdivided into several elements. Stylets proximally
straight, distally more curved, tapering distally. Subdivision of the labial palps not
well accessible. Trunk appendages with five major elements (coxa, trochanter, femur,
tibia, tarsus; Figure 2D) well preserved, but they are entangled with each other, partly
obscuring subdivisions and details. Coxa is tubular and elongated; trochanter not
well accessible; femur similar to coxa, but thinner; tibia similar to femur, but slightly
shorter; tarsus quite slender again and tapering distally with a pair of claws. Thorax is
subdivided into pro-, meso-, and metathorax with a longer cervix anteriorly. Abdomen
with at least nine units. The cervix shows a longitudinal groove (Figure 2D). Trunk
segments with prominent long setae. These arise close to the posterior end of each
segment and appear to form a kind of ring around the segment.

(13) Specimen 6649 (accession number nsw_epa_MANN16_batar_ck_220499; in the same
vial as specimens 6647, 6648) is well accessible (Figure 3A); it likely represents a
penultimate or final larval stage. The specimen was collected during the NSW EPA
NSW EPA-MRHI survey, MANN-16, in the tributary of Batar Creek, New South Wales,
Australia (31◦40′57′′ S, 152◦40′7′′ E), on 22 April 1999 by N. Waddell. Head with
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antennae, stylets, and labial palps. Antennae are elongated, subdivided into several
elements (about 12). Stylets are proximally straight, distally more curved, tapering
distally. Labial palps are subdivided into at least four elements, proximal region
not well accessible. Trunk appendages with five major elements (coxa, trochanter,
femur, tibia, tarsus; Figure 3A), well preserved, but they are entangled with each other,
partly obscuring subdivisions and details. Thorax is subdivided into pro-, meso-,
and metathorax, with a long cervix anteriorly. Abdomen with at least 10 units. The
cervix and prothorax show a longitudinal groove (Figure 2B). The trunk segments
posterior to the prothorax with a distinct pattern of dorsal sclerotisations. After the
anterior third of the segment, a distinct fold is apparent, subdividing the dorsal region
of each segment into two distinct subregions (Figure 3A). Prominent setae arise from
the trunk appendage elements. Femur and tibia are distally with a set of three to
four setae each. Trunk segments with prominent long setae. These arise close to the
posterior end of each segment and appear to form a kind of ring around the segment.
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(14) Specimen 6650 (accession number nsw_epa_MANN16_batar_ck_220499; in the same
vial as specimen 6647–6649) is well accessible (Figure 3B); it likely represents a final
larval stage. The specimen was collected during the NSW EPA NSW EPA-MRHI
survey, MANN-16, in the tributary of Batar Creek, New South Wales, Australia
(31◦40′57′′S, 152◦40′7′′ E), on 22 April 1999 by N. Waddell. Head with antennae,
stylets, and labial palps. Antennae are elongated, subdivided into several elements
(about 14). Stylets are curved and tapering distally. Labial palps are subdivided
into at least four elements apparent, proximal region not well accessible. Trunk
appendages with five major elements (coxa, trochanter, femur, tibia, tarsus; Figure 3B),
well preserved, but they are entangled with each other, partly obscuring subdivisions
and details. Coxa is tubular and elongated; trochanter not accessible; femur similar to
coxa, but shorter; tibia similar to femur, but a bit longer and wider; tarsus similar to
tibia, but shorter and tapering distally with a pair of claws. Thorax is subdivided into
pro-, meso-, and metathorax, with a long cervix anteriorly. Abdomen with at least
10 units. Prominent setae arise from the trunk appendage elements. Femur and tibia
are distally with a set of four to six setae each. Few, less prominent setae also apparent
further proximally, no clear pattern apparent. Trunk segments with prominent long
setae. These arise close to the posterior end of each segment and appear to form a
kind of ring around the segment.

(15) Specimen 6651 (accession number nsw_epa_BEGA23_Paddys_crk_171199) is well
accessible (Figure 3C); it likely represents a penultimate or final larval stage. The
specimen was collected during the NSW EPA-MRHI survey, BEGA-23, in Paddys
Creek, New South Wales, Australia (36◦33′3′′ S, 149◦80′8′′ E), on 16 December 1999 by
Jamie Potts. Head with elongate antennae, stylets, and one labial palp left. Antennae
are subdivided into several elements (about 13). Stylets are curved and tapering
distally. Labial palps are subdivided into five elements, the other one is broken at
the second segment (Figure 3E). Trunk appendages with five major elements (coxa,
trochanter, femur, tibia, tarsus) are mainly covered by the trunk. Coxa and trochanter
are not accessible; femur tubular and elongated; tibia similar to femur, but thinner;
tarsus quite slender again and tapering distally with a pair of claws. Thorax is
subdivided into pro-, meso-, and metathorax with a long cervix anteriorly. Abdomen
with at least 10 units. The cervix and prothorax show a longitudinal groove. The trunk
segments posterior to the prothorax with a distinct pattern of dorsal sclerotisations.
After the anterior third of the segment, a distinct fold is apparent, subdividing the
dorsal region of each segment into two distinct subregions (Figure 3C). Prominent
setae arise from the trunk appendage elements. Femur and tibia are distally with a set
of three to five setae each. Trunk segments with prominent long setae. These arise
close to the posterior end of each segment and appear to form a kind of ring around
the segment.

3.3. Additional Fossil Larval Representatives of Nevrorthidae in Baltic Amber

(16) Specimen 6652 (PED 0871 spec 1) is preserved together with numerous specimens in a
single piece of Baltic amber (Figure 4). The specimen is accessible in lateral view from
both sides of the body (Figure 5E,F). Other aspects are not accessible. The specimen
shows the overall slender morphology known for older larvae of Nevrorthidae in
the anterior region, but especially the posterior trunk appears much less slender, the
segments of the abdomen are extremely short. The details of the head (antennae,
stylets, and labial palps) are not well accessible. Trunk appendages with five major
elements (coxa, trochanter, femur, tibia, tarsus), but subdivisions not well visible.
Subdivisions of the thorax and abdomen largely obscured by bubbles. A few elongate
setae arise from the thorax and abdomen segments.
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Figure 4. Nevrorthidae; fossil larvae preserved in Baltic amber; overview of large piece (PED 0871)
with numerous specimens marked by numbers, ring light. (A). Side 1. (B). Side 2. (C). Close-up of
some more tightly clustered specimens.

(17) Specimen 6653 (PED 0871 spec 2) is accessible from the ventral side and less well from
the dorsal side (Figure 5A–D). It is preserved in the same amber piece as specimen
6652. Well-accessible details include the abdomen segments with several setae and
parts of the thorax appendages. Other aspects are not well accessible. The specimen
shows the overall slender morphology known for older larvae of Nevrorthidae in
the anterior region, but especially the posterior trunk appears much less slender, the
segments of the abdomen are extremely short. Most of the anterior body is destroyed.
Of the head appendages, only one stylet and a part of the antenna remain. Stylets
are proximally straight, then they get more curved, tapering distally. Parts of trunk
appendages with five major elements (coxa, trochanter, femur, tibia, tarsus; Figure 5B).
Coxa is tubular and bellied; trochanter not visible; femur a bit thinner and elongated;
tibia shorter and thicker than the femur; tarsus a bit longer than tibia and tapering
distally. Also, the ten abdomen units with their subdivisions are well accessible.
Numerous elongate setae arise from the abdomen segments; insertion areas obscured.
They seem to arise in the middle of each segment.
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Figure 5. Nevrorthidae; fossil larvae preserved in Baltic amber; PED 0871, continued. (A–D). Specimen
6653 (specimen 2). (A). Ventral view. (B). Colour-marked version of (A). (C,D). Dorsal view. (E,F), Spec-
imen 6652 (specimen 1). (E). Lateral view, right. (F). Lateral view, left. (G,H), Specimen 6654 (specimen 3).
(G). Dorsal view. (H). Colour-marked version of (G). (I,J). Specimen 6655 (specimen 4). (I). Lateral
view, left. (J). Colour-marked version of (I). (A,C,G,I). Cross-polarised light. (D–F). Ring light.
Abbreviations: a1–7 = abdomen segments 1–7; at = antenna; cv = cervix (neck); cx = coxa; fe = femur;
hc = head capsule; lp = labial palp; ms = mesothorax; mt = metathorax; pt = prothorax; sy = stylet;
ta = tarsus; te = trunk end; ti = tibia.

(18) Specimen 6654 (PED 0871 spec 3) is only accessible in dorsal view (Figure 5G,H).
Other aspects are not accessible. It is preserved in the same amber piece as specimens
6652 and 6653. The specimen shows the overall slender morphology known for
older larvae of Nevrorthidae in the anterior region, but especially the posterior trunk
appears much less slender, the segments of the abdomen are extremely short. Head
outline well apparent in dorsal view with a short cervix. Head with stylets and
one stout antenna left. The rest of the head appendages are not accessible. Stylets
taper distally; they are straight proximally broader, but sharply curved more distally.
The antenna, subdivided into three elements, appears a bit thicker than at other



Insects 2023, 14, 749 12 of 61

specimens (Figure 5H). Most of the subdivisions of the thorax and trunk appendages
are obscured. On the trunk no setae are visible.

(19) Specimen 6655 (PED 0871 spec 4) is only accessible from the lateral left side (Figure 5I,J),
other aspects are not accessible. It is preserved in the same amber piece as specimens
6652–6654. The specimen shows the overall slender morphology known for older
larvae of Nevrorthidae in the anterior region, but especially the posterior trunk
appears much less slender, the segments of the abdomen are extremely short. The
amber is rather clear and the overall outline is easily accessible. The specimen is a bit
curved dorsally. The head outline with a short cervix is well apparent. Head with
antennae, stylets, and labial palps. Subdivisions are a bit obscured by Verlumung.
Antennae elongate slender, subdivided into three elements. The stylets are curved and
tapering distally. They seem to be as long as the antennae. Labial palps are present,
but mostly covered by the stylets. Trunk appendages with five major elements (coxa,
trochanter, femur, tibia, tarsus; Figure 5J), well preserved, but they are entangled with
each other, partly obscuring subdivisions and details. Coxa is tubular and elongate;
trochanter significantly shorter; femur shorter than the coxa and a bit thicker; tibia
thinner and a bit shorter again; tarsus quite slender, elongate and longer than tibia,
distally with a pair of claws. The thorax is clearly subdivided into pro-, meso-, and
metathorax. Body carrying numerous elongate setae; insertion areas obscured. They
seem to be longer at the trunk end.

(20) Specimen 6656 (PED 0871 spec 5) is accessible in left and right lateral view of the
body (Figure 6D–F). The distal body parts of the left view are obscured, other aspects
are not accessible. The specimen is preserved in the same amber piece as specimens
6652–6655. It shows the overall slender morphology known for older larvae of
Nevrorthidae in the anterior region, but especially the posterior trunk appears much
less slender, the segments of the abdomen are extremely short. Furthermore, it seems
a bit smaller than the other specimens. Overall outline is well accessible from the
lateral right side of the body. The head with a short cervix is seen in ventral view
with antennae, stylets, and labial palps. Antennae elongate slender, subdivided into
three elements (Figure 6F) with a few setae. The stylets are curved and tapering
distally. Labial palps are slightly shorter than antennae, subdivided into at least
three elements apparent, proximal region not accessible. Trunk appendages with five
major elements (coxa, trochanter, femur, tibia, tarsus; Figure 6E). Coxa is tubular and
elongated; trochanter not accessible; femur tubular and elongated as well; tibia shorter
and thicker than femur; tarsus quite slender, elongate and longer than tibia, distally
with a pair of claws. The thorax is clearly subdivided into pro-, meso-, and metathorax.
Body carrying numerous elongate setae; most insertion areas are obscured. They seem
to be longer at the trunk end.

(21) Specimen 6657 (PED 0871 spec 6) is accessible in dorsal and ventral view (Figure 6A
lower, B upper, C lower). It is preserved in the same amber piece as specimens
6652–6656. The specimen shows the overall slender morphology known for older
larvae of Nevrorthidae in the anterior region, but especially the posterior trunk
appears much less slender, the segments of the abdomen are extremely short. Overall
outline is well accessible from both sides. Head with stout antennae, stylets, and labial
palps. Antennae are a bit thicker in shape than in other specimens and subdivided into
three elements (Figure 6B, upper). The stylets are curved with a broad proximal region
and tapering distally. Labial palps are slightly longer than antennae, subdivided into
at least three elements apparent, proximal region not accessible. Trunk appendages
with five major elements (coxa, trochanter, femur, tibia, tarsus; Figure 6B, upper).
Coxa is tubular and elongated; trochanter conical and shorter; femur tubular, shorter
than coxa; tibia similar, but shorter; tarsus similar as well, but tapering distally and
with a pair of claws. The thorax is clearly subdivided into pro-, meso-, and metathorax
with a short cervix and the abdomen is divided into 10 units. All over the body, several
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setae arise. Most insertion areas are obscured by Verlumung, but at the abdomen,
they seem to arise in the middle of each segment.
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Figure 6. Nevrorthidae; fossil larvae preserved in Baltic amber; PED 0871, continued, cross-polarised
light. (A–C). Specimen 6657 (specimen 6, lower one) and specimen 6658 (specimen 7, upper one).
(A). Dorsal view. (B). Colour-marked version of (A). (C). Ventral view, image flipped. (D–F). Specimen
6656 (specimen 5). (D). Lateral view, right, image flipped. (E). Colour-marked version of (D).
(F). Lateral view, left. Abbreviations: a1–7 = abdomen segments 1–7; at = antenna; cv = cervix (neck);
fe = femur; hc = head capsule; lp = labial palp; ms = mesothorax; mt = metathorax; pt = prothorax;
sy = stylet; ta = tarsus; te = trunk end; ti = tibia.

(22) Specimen 6658 (PED 0871 spec 7) is accessible in dorsal and ventral view (Figure 6A
upper B lower, C upper). It is preserved in the same amber piece as specimens
6652–6657. The specimen shows the overall slender morphology known for older
larvae of Nevrorthidae in the anterior region, but especially the posterior trunk
appears much less slender, the segments of the abdomen are extremely short. Overall
outline is well accessible from both sides. The subdivisions of the head appendages
(antennae, stylets, and labial palps) are largely obscured by Verlumung. Only one
stout antenna, both stylets, and one labial palp remain. Antenna is elongated and
subdivided into three elements. The stylets taper distally; they are straight and broad
proximally, but sharply curved more distally. Labial palp is elongated and slightly
longer than antenna, subdivided into four elements. Trunk appendages with five
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major elements (coxa, trochanter, femur, tibia, tarsus), but proximal not well visible;
distally with a pair of claws (Figure 6B, lower). The thorax is subdivided into pro-,
meso-, and metathorax. Along the short cervix and thorax, a distinct fold is apparent.
Abdomen slightly obscured by Verlumung, but the ten abdomen units still well
accessible. A few setae arise from the body, most of them at the abdomen segments.
They seem to arise in the middle of each segment.

(23) Specimen 6659 (PED 0871 spec 8) is only accessible from left lateral side of the body
(Figure 7A,B). It is preserved in the same amber piece as specimens 6652–6658. The
specimen shows the overall slender morphology known for older larvae of Nevror-
thidae in the anterior region, but especially the posterior trunk appears much less
slender, the segments of the abdomen are extremely short. Overall outline is a bit
obscured by tiny bubbles, but still accessible. Head with one antenna, both stylets, and
labial palps. Antenna is elongated, quite slender, and tapering distally, subdivided
into three elements. Stylets are elongate and tapering distally, but mostly cover each
other. Labial palps are slightly shorter than antenna, subdivided into at least three
elements apparent, proximal region not accessible. Trunk appendages with five major
elements (coxa, trochanter, femur, tibia, tarsus; Figure 7B), well preserved, but they
are entangled with each other, partly obscuring subdivisions and details. Coxa is
tubular and elongated; trochanter not accessible; femur tubular and slightly shorter
than coxa; tibia similar; tarsus quite slender, elongate and distally with a pair of claws.
The thorax is clearly subdivided into pro-, meso-, and metathorax with a short cervix
anteriorly. Only at the trunk end are a few elongate setae visible. The insertion areas
are obscured.

(24) Specimen 6660 (PED 0871 spec 9) is only accessible from ventral view of the body
(Figure 7C,D). It is preserved in the same amber piece as specimens 6652–6659. The
specimen shows the overall slender morphology known for older larvae of Nevror-
thidae in the anterior region, but especially the posterior trunk appears much less
slender, the segments of the abdomen are extremely short. The overall outline is well
accessible. The head appendages (antennae, stylets, labial palps) and the abdomen
units are a bit obscured by Verlumung. Stout antennae, with a few setae elongate
slender; subdivision into at least three elements. Stylets with a broad proximal re-
gion tapering distally. The distal parts of the stylets are mostly covered by the labial
palps, which are slightly shorter than the antennae and subdivided into four elements.
Trunk appendages with five major elements (coxa, trochanter, femur, tibia, tarsus;
Figure 7D). Only one leg is fully accessible. Coxa tubular, elongate; trochanter not
accessible; femur tubular and similar to the coxa; tibia similar, but shorter than femur;
tarsus similar, but longer than tibia, distally with a pair of claws. The thorax is clearly
subdivided into pro-, meso-, and metathorax with a short cervix anteriorly. In spite of
Verlumung the subdivisions of the abdomen are well accessible. The ten abdomen
units bear several setae, which seem to have their insertion areas at the middle of
each unit.

(25) Specimen 6661 (PED 0871 spec 10) is only accessible from the right lateral side of
the body (Figure 7E,F). It is preserved in the same amber piece as specimens 6652–
6660. The specimen shows the overall slender morphology known for older larvae
of Nevrorthidae in the anterior region, but especially the posterior trunk appears
much less slender, the segments of the abdomen are extremely short. Despite the
Verlumung, the overall outline is well accessible. Head with antennae, stylets, and
labial palps. Stout antennae subdivided into three elements. The stylets taper distally.
They are straight proximally with a broad proximal region, but a bit curved more
distally. Labial palps look similar to the antennae, subdivided into at least three
elements apparent, proximal region not accessible. Trunk appendages with five major
elements (coxa, trochanter, femur, tibia, tarsus; Figure 7D), well preserved, but they
are entangled with each other, partly obscuring subdivisions and details. The thorax
is clearly subdivided into pro-, meso-, and metathorax with a short cervix anteriorly.
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Only a few setae arise at the ten abdomen units. The insertion areas are mostly
obscured by Verlumung.
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Figure 7. Nevrorthidae; fossil larvae preserved in Baltic amber; PED 0871, continued. (A,B). Specimen
6659 (specimen 8). (A). Lateral view, left. (B). Colour-marked version of (A). (C,D), Specimen 6660
(specimen 9). (C). Ventral view. (D). Colour-marked version of (C). (E,F). Specimen 6661 (specimen 10).
(E). Lateral view, right, image flipped. (F). Colour-marked version of (E). (G). Specimen 6662
(specimen 11), lateral view, left. (A,E,G). Cross-polarised light. (C). Ring light. Abbreviations:
a1–8 = abdomen segments 1–8; at = antenna; cv = cervix (neck); hc = head capsule; lp = labial palp;
ms = mesothorax; mt = metathorax; pt = prothorax; sy = stylet; ta = tarsus; te = trunk end; ti = tibia.

(26) Specimen 6662 (PED 0871 spec 11) is only accessible from the left lateral side of the
body (Figure 7G). It is preserved in the same amber piece as specimens 6652–6661.
The specimen shows the overall slender morphology known for older larvae of
Nevrorthidae in the anterior region, but especially the posterior trunk appears much
less slender, the segments of the abdomen are extremely short. The specimen is
strongly curved ventrally, basically adopting a U-shaped posture. Overall body
outline well accessible, yet most details, especially of the more distal body and the
head are obscured by Verlumung, dark spots, and bubbles. Head with antennae,
stylets, and labial palps, but details such as subdivision obscured. Trunk appendages
with five major elements (coxa, trochanter, femur, tibia, tarsus), well preserved, but
they are entangled with each other, partly obscuring subdivisions and details. No
setae or clear subdivision of the trunk are accessible.
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(27) Specimen 6663 (PED 0871 spec 12) is only accessible from the lateral right side of the
body (Figure 8A,B). It is preserved in the same amber piece as specimens 6652–6662.
The specimen shows the overall slender morphology known for older larvae of
Nevrorthidae in the anterior region, but especially the posterior trunk appears much
less slender, the segments of the abdomen are extremely short. The specimen is a
bit curved ventrally, basically adopting a U-shaped posture. Overall body outline
well accessible. Head with stout antennae and stylets. Antennae are elongated and
subdivided into three elements, tapering distally. The labial palps are totally covered
by the head and not accessible. Trunk appendages with five major elements (coxa,
trochanter, femur, tibia, tarsus; Figure 8B), well preserved, but they are entangled with
each other, partly obscuring subdivisions and details. Most accessible are pairs of
claws, which are located at the distal end of the tarsi. The thorax is clearly subdivided
into pro-, meso-, and metathorax with a short cervix anteriorly. Numerous elongate
setae arise from the ten abdomen units, they seem to be longer at the trunk end.
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Figure 8. Nevrorthidae; fossil larvae preserved in Baltic amber; PED 0871, continued, images
flipped. (A,B). Specimen 6663 (specimen 12). (A). Lateral view, right. (B). Colour-marked version
of (A). (C,D). Specimen 6664 (specimen 13). (C). Lateral view, right. (D). Colour-marked version
of (C). (E,F), Specimen 6668 (specimen 17). (E). Lateral view, right. (F). Colour-marked version
of (E). (A,C). Cross-polarised light. (E). Ring light. Abbreviations: a1–7 = abdomen segments 1–7;
at = antenna; cv = cervix (neck); hc = head capsule; lp = labial palp; ms = mesothorax; mt = metathorax;
pt = prothorax; sy = stylet; ta = tarsus; te = trunk end; ti = tibia.
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(28) Specimen 6664 (PED 0871 spec 13) is only accessible from the lateral right side
of the body (Figure 8C,D). It is preserved in the same amber piece as specimens
6652–6663. The specimen shows the overall slender morphology known for older lar-
vae of Nevrorthidae in the anterior region, but especially the posterior trunk appears
much less slender, the segments of the abdomen are extremely short. The overall
outline is more difficult to identify. Large parts of the body are obscured by bubbles.
Head with very stout antennae, stylets, and labial palps. Antennae are elongated
and tapering distally. Stylets are straight with a broad proximal region and tapering
distally as well. The labial palps are mostly not accessible. Trunk appendages with
five major elements (coxa, trochanter, femur, tibia, tarsus; Figure 8D), well preserved,
but they are entangled with each other, partly obscuring subdivisions and details. The
thorax is subdivided into pro-, meso-, and metathorax with a short cervix anteriorly.
Numerous elongate setae arise from the ten abdomen units.

(29) Specimen 6668 (PED 0871 spec 17) is only accessible from the lateral right side
of the body (Figure 8E,F). It is preserved in the same amber piece as specimens
6652–6664. The specimen shows the overall slender morphology known for older lar-
vae of Nevrorthidae in the anterior region, but especially the posterior trunk appears
much less slender, the segments of the abdomen are extremely short. At this part the
amber is very clear, hence the overall body outline of the specimen is well accessible.
Head with antennae, stylets, and labial palps. Stout antennae are elongated and
show subdivision into three to four elements. Stylets taper distally. They are straight
proximally, but sharply curved more distally. The labial palps are covered by the head
and not accessible. Trunk appendages with five major elements (coxa, trochanter,
femur, tibia, tarsus; Figure 8F). Coxa appears conical; trochanter tubular, elongate;
femur similar, but shorter; tibia similar as well, but shorter than femur; tarsus similar
too, but taper distally with a pair of claws at the end. The thorax is subdivided into
pro-, meso-, and metathorax with a short cervix anteriorly. Prominent setae arise from
the trunk appendage elements. Femur and tibia are distally with a set of three setae
each. Few, less prominent setae also apparent further proximally, no clear pattern
apparent. Trunk segments with prominent long setae. These arise in the middle of
each segment. The abdomen is subdivided into at least six units apparent, posterior
region not accessible.

(30) Specimen 6669 (PED 0871 spec 18) is only accessible from the lateral right side of the
body (Figure 9A). It is preserved in the same amber piece as specimens 6652–6664 and
6668. The specimen shows the overall slender morphology known for older larvae of
Nevrorthidae in the anterior region, but especially the posterior trunk appears much
less slender, the segments of the abdomen are extremely short. The specimen is a bit
curved ventrally, basically adopting a U-shaped posture. The overall body outline
is partly difficult to identify. Head with antennae, stylets, and labial palps, but the
details, such as subdivision are obscured. Trunk appendages are strongly verlumt,
only vague outlines become apparent. Despite the Verlumung, the thorax shows a
subdivision into pro-, meso-, and metathorax. A few setae arise from the trunk, yet
due to the Verlumung, their insertion areas are obscured.

(31) Specimen 6670 (PED 0871 spec 19) is only accessible from the lateral left side of the body
(Figure 9B,C). It is preserved in the same amber piece as specimens 6652–6664, 6668,
and 6669. The specimen shows the overall slender morphology known for older larvae
of Nevrorthidae in the anterior region, but especially the posterior trunk appears
much less slender, the segments of the abdomen are extremely short. The outline
of the specimen is accessible. Head with stout antennae, stylets, and labial palps.
Antennae elongate and subdivide into three elements. Stylets taper distally. They are
straight proximally with a broad proximal region, but curved more distally. The labial
palps are mostly covered by the head, subdivided into at least three elements apparent,
proximal region not accessible. Trunk appendages with five major elements (coxa,
trochanter, femur, tibia, tarsus; Figure 9C), well preserved, but they are entangled
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with each other, partly obscuring subdivisions and details. The thorax is subdivided
into pro-, meso-, and metathorax with a short cervix anteriorly. Only a few setae arise
from the ten abdomen units.
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Figure 9. Nevrorthidae; fossil larvae preserved in Baltic amber; PED 0871, continued. (A). Specimen
6669 (specimen 18). (A). Lateral view, right, image flipped. (B,C). Specimen 6670 (specimen 19).
(B). Lateral view, left. (C). Colour-marked version of (B). (D,E). Specimen 6671 (specimen 20).
(D). Lateral view, right, image flipped. (E). Colour-marked version of (D). (F,G). Specimen 6672
(specimen 21). (F). Lateral view, left. (G). Colour-marked version of (F). (A). Cross-polarised light.
(B,D,F). Ring light. Abbreviations: a1–5 = abdomen segments 1–5; at = antenna; cv = cervix (neck);
cx = coxa; fe = femur; hc = head capsule; lp = labial palp; ms = mesothorax; mt = metathorax;
pt = prothorax; sy = stylet; te = trunk end; ti = tibia.
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(32) Specimen 6671 (PED 0871 spec 20) is only accessible from the lateral right side of the
body (Figure 9D,E). It is preserved in the same amber piece as specimens 6652–6664 and
6668–6670. The specimen shows the overall slender morphology known for older
larvae of Nevrorthidae in the anterior region, but especially the posterior trunk
appears much less slender, the segments of the abdomen are extremely short. The
overall body outline is clearly accessible. Head with antennae, stylets, and labial palps.
Stout antennae taper distally with a few setae. The stylets are mostly covered in this
position by the head capsule, as well as the labial palps. Labial palps are subdivided
into at least two elements apparent, proximal region not accessible. Trunk appendages
with five major elements (coxa, trochanter, femur, tibia, tarsus; Figure 9E). The thorax is
subdivided into pro-, meso-, and metathorax with a short cervix anteriorly. Numerous
elongate setae arise from the trunk.

(33) Specimen 6672 (PED 0871 spec 21) is only accessible from the lateral left side of the
body (Figure 9F,G). It is preserved in the same amber piece as specimens 6652–6664
and 6668–6671. The specimen shows the overall slender morphology known for
older larvae of Nevrorthidae in the anterior region, but especially the posterior trunk
appears much less slender, the segments of the abdomen are extremely short. The
overall body outline is well accessible. Head with one antenna (left), stylets, and
labial palps. Antennae elongate and subdivided into three elements. Stylets taper
distally. They are straight proximally with a broad proximal region, but curved more
distally. The labial palps are mostly covered by the stylets, subdivided into at least
three elements apparent, proximal region not accessible. Trunk appendages with five
major elements (coxa, trochanter, femur, tibia, tarsus; Figure 9G), well preserved, but
they are entangled with each other, partly obscuring subdivisions and details. Most
accessible are the pairs of claws, which are located at the distal end of the tarsi. The
thorax is clearly subdivided into pro-, meso-, and metathorax with a short cervix
anteriorly. A few elongate setae arise on the trunk.

(34) Specimen 6673 (PED 0871 spec 22) is only accessible from the lateral right side of the
body (Figure 10A,B). It is preserved in the same amber piece as specimens 6652–6664
and 6668–6672. The specimen shows the overall slender morphology known for
older larvae of Nevrorthidae in the anterior region, but especially the posterior trunk
appears much less slender, the segments of the abdomen are extremely short. The
amber is very clear and the overall body outline is well accessible. Head with stout
antennae, stylets, and labial palps. Antennae subdivided into three elements with a
few setae apparent. Stylets with a broad proximal region tapering distally. Labial palps
are subdivided into four elements. Trunk appendages with five major elements (coxa,
trochanter, femur, tibia, tarsus; Figure 10B), well preserved, but they are entangled
with each other, partly obscuring subdivisions and details. Coxa appears elongate and
tubular; trochanter similar, but way shorter; femur similar to coxa, but a bit shorter;
tibia similar and shorter as well; tarsus similar too, but a bit longer than tibia and taper
distally with a pair of claws at the end. The thorax is subdivided into pro-, meso-,
and metathorax with a short cervix anteriorly. Prominent setae arise from the trunk
appendage elements and all over the trunk. At the trunk end, the setae are longer.
The insertion areas seem to be in the middle of each abdomen segment.

(35) Specimen 6674 (PED 0871 spec 23) is only accessible from the lateral right side of the
body (Figure 10C,D). It is preserved in the same amber piece as specimens 6652–6664
and 6668–6673. The specimen shows the overall slender morphology known for
older larvae of Nevrorthidae in the anterior region, but especially the posterior trunk
appears much less slender, the segments of the abdomen are extremely short. The
overall body outline is partly obscured by bubbles, but still accessible. Head with
antennae, stylets, and labial palps. One of the antennae is broken, the other one is
elongated and subdivided into three elements. Stylets tapering distally. The labial
palps are not accessible in this view. Trunk appendages with five major elements
(coxa, trochanter, femur, tibia, tarsus; Figure 10D). The thorax is subdivided into pro-,
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meso-, and metathorax with a short cervix anteriorly. Numerous elongate setae arise
from the ten abdomen units. The insertion areas seem to be in the middle of each
abdomen segment.
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Figure 10. Nevrorthidae; fossil larvae preserved in Baltic amber; PED 0871, continued, ring light,
images flipped, lateral view, right. (A,B). Specimen 6673 (specimen 22). (A). Overview. (B). Colour-
marked version of (A). (C,D). Specimen 6674 (specimen 23). (C). Overview. (D). Colour-marked
version of (C). (E,F). Specimen 6676 (specimen 25). (E). Overview. (F). Colour-marked version of (E).
Abbreviations: a6–7 = abdomen segments 6–7; at = antenna; cv = cervix (neck); cx = coxa; hc = head
capsule; lp = labial palp; ms = mesothorax; mt = metathorax; pt = prothorax; sy = stylet; ta = tarsus;
te = trunk end; ti = tibia.
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(36) Specimen 6676 (PED 0871 spec 25) is only accessible from the lateral right side of the
body (Figure 10E,F). It is preserved in the same amber piece as specimens 6652–6664
and 6668–6674. The specimen shows the overall slender morphology known for
older larvae of Nevrorthidae in the anterior region, but especially the posterior trunk
appears much less slender, the segments of the abdomen are extremely short. Overall
body outline well accessible. Head with stout antennae, stylets, and labial palps.
Antennae subdivided into three elements. Stylets tapering distally. Labial palps look
similar to the antennae, subdivided into at least three elements apparent, proximal
region not accessible. Trunk appendages with five major elements (coxa, trochanter,
femur, tibia, tarsus; Figure 10F), well preserved, but they are entangled with each
other, partly obscuring subdivisions and details. Coxa and femur are both tubular
and elongated; tibia similar, but shorter than femur; tarsus similar, but a bit longer
than tibia, distally with a pair of claws. The thorax is clearly subdivided into pro-,
meso-, and metathorax with a short cervix anteriorly. The abdomen is subdivided
into 10 units with several setae. They seem to have their insertion areas in the middle
of each unit and are longer at the trunk end. Also, the thorax appendages bear
several setae.

(37) Specimen 6677 (PED 0871 spec 26) is only partly accessible from the lateral left side
of the body (Figure 11E,F). It is preserved in the same amber piece as specimens
6652–6664, 6668–6674 and 6676. The specimen shows the overall slender morphology
known for older larvae of Nevrorthidae in the anterior region, but especially the
posterior trunk appears much less slender, the segments of the abdomen are extremely
short. The body outline is well accessible, except for the head with the appendages.
The anterior part of the head is outside the edge of the amber. Trunk appendages with
five major elements (coxa, trochanter, femur, tibia, tarsus; Figure 11F), well preserved,
but they are entangled with each other, partly obscuring subdivisions and details.
The thorax is clearly subdivided into pro-, meso-, and metathorax with a short cervix
anteriorly. Abdomen subdivided into 10 units. Trunk with several setae.

(38) Specimen 6678 (PED 0871 spec 27) is only partly accessible from the lateral left side
of the body (Figure 11C,D). It is preserved in the same amber piece as specimens
6652–6664, 6668–6674, 6676 and 6777. The specimen shows the overall slender mor-
phology known for older larvae of Nevrorthidae in the anterior region, but especially
the posterior trunk appears much less slender, the segments of the abdomen are
extremely short. The body outline is well accessible, except for the head with the
appendages. The anterior part of the head outside the edge of the amber. Trunk ap-
pendages with five major elements (coxa, trochanter, femur, tibia, tarsus; Figure 11D).
Coxa and femur are both tubular and elongated; tibia similar, but shorter than femur;
tarsus similar, but a bit longer than tibia; distally one claw remains. The thorax is
subdivided into pro-, meso-, and metathorax with a short cervix anteriorly. The
abdomen is subdivided into 10 units. Several setae arise at the middle of each unit.

(39) Specimen 6679 (PED 0871 spec 28) is only accessible from the dorsal side of the body
(Figure 11I) and sits very deep within the amber piece. As the amber piece contains
multiple inclusions it is not possible to grind it further down. It is preserved in the
same amber piece as specimens 6652–6664, 6668–6674, and 6676–6678. The specimen
shows the overall slender morphology known for older larvae of Nevrorthidae in
the anterior region, but especially the posterior trunk appears much less slender,
the segments of the abdomen are extremely short. Most parts of the head, thorax,
and trunk appendages are covered by other inclusions. At the abdomen, several
setae arise.
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Figure 11. Nevrorthidae; fossil larvae preserved in Baltic amber; PED 0871, continued, ring light.
(A,B). Specimen 6680 (specimen 29). (A). Lateral view, right, image flipped. (B). Colour-marked
version of (A). (C,D). Specimen 6678 (specimen 27). (C). Lateral view, left. (D). Colour-marked
version of (C). (E,F). Specimen 6677 (specimen 26). (E). Lateral view, left. (F). Colour-marked version
of (E). (G,H). Specimen 6681 (specimen 30). (G). Lateral view, left. (H). Colour-marked version
of (G). (I). Specimen 6679 (specimen 28), dorsal view. (J). Specimen 6682 (specimen 31), lateral
view, left (upper) and colour-marked version (lower). Abbreviations: a4–7 = abdomen segments
4–7; at = antenna; cv = cervix (neck); cx = coxa; fe = femur; hc = head capsule; lp = labial palp;
ms = mesothorax; mt = metathorax; pt = prothorax; sy = stylet; ta = tarsus; te = trunk end; ti = tibia.

(40) Specimen 6680 (PED 0871 spec 29) is only accessible from the lateral right side of the
body (Figure 11A,B). It is preserved in the same amber piece as specimens 6652–6664,
6668–6674, and 6676–6679. The specimen shows the overall slender morphology
known for older larvae of Nevrorthidae in the anterior region, but especially the
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posterior trunk appears much less slender, the segments of the abdomen are extremely
short. The amber is very clear, hence the overall body outline of the specimen is
well accessible. Head with antennae, stylets, and labial palps. Stout antennae are
elongated and show subdivision into three elements. Stylets with a broad proximal
region, curved and tapering distally. Labial palps are slightly shorter than antennae,
subdivided into at least three elements apparent, proximal region not accessible.
Trunk appendages with five major elements (coxa, trochanter, femur, tibia, tarsus;
Figure 11B), well preserved, but they are entangled with each other, partly obscuring
subdivisions and details. Coxa is tubular and elongated; trochanter conical and short;
femur similar to coxa, but shorter; tibia similar as well, but shorter than femur; tarsus
tubular as well, but a bit longer than tibia and tapering distally with a pair of claws.
The thorax is clearly subdivided into pro-, meso-, and metathorax with a short cervix
anteriorly. Abdomen subdivided into 10 units. Numerous setae arise from the body.
They seem to have their insertion areas in the middle of each unit and get longer at
the trunk end. Also, the thorax appendages bear several setae.

(41) Specimen 6681 (PED 0871 spec 30) is only accessible from the lateral left side of the
body (Figure 11G,H). It is preserved in the same amber piece as specimens 6652–6664,
6668–6674, and 6676–6680. The specimen shows the overall slender morphology
known for older larvae of Nevrorthidae in the anterior region, but especially the
posterior trunk appears much less slender, the segments of the abdomen are extremely
short. As the amber piece contains multiple inclusions most parts of the head and
thorax are obscured. Head with one antenna, stylets, and labial palps. The stout
antenna is subdivided into three elements. Stylets with a broad proximal region,
slightly curved and tapering distally. The labial palps are mostly covered by the
stylets. Trunk appendages with five major elements (coxa, trochanter, femur, tibia,
tarsus; Figure 11H), well preserved, but they are entangled with each other, partly
obscuring subdivisions and details. Several setae arise from the ten abdomen units.
Most insertion areas are obscured by Verlumung.

(42) Specimen 6682 (PED 0871 spec 31) is only partly accessible from the lateral left side
of the body (Figure 11J upper and lower). It is preserved in the same amber piece as
specimens 6652–6664, 6668–6674, and 6676–6681. The specimen shows the overall
slender morphology known for older larvae of Nevrorthidae in the anterior region,
but especially the posterior trunk appears much less slender, the segments of the
abdomen are extremely short. The body outline is well accessible, except for the head
and the trunk appendages. The anterior part of the specimen is outside the edge of
the amber. The abdomen is subdivided into 10 units and bears several setae.

(43) Specimen 6665 (PED 0871 spec 14) is accessible from the lateral left and right side
(Figure 12A,B) and sits very deep within the amber piece. It is preserved in the same
amber piece as specimens 6652–6664, 6668–6674, and 6676–6682. As the amber piece
contains multiple inclusions it is not possible to grind it further down. Slightly more
accessible parts include the anterior region of the specimen and the trunk appendages
distal with the pair of claws. Other aspects are not accessible. Most of the posterior
body is obscured by various inclusions.

(44) Specimen 6666 (PED 0871 spec 15) is accessible from the lateral left and right side
(Figure 12E,F) and sits very deep within the amber piece. It is preserved in the same
amber piece as specimens 6652–6665, 6668–6674, and 6676–6682. As the amber piece
contains multiple inclusions it is not possible to grind it further down. The most
accessible parts are the distal end of one trunk appendage and a few units of the
abdomen. Other aspects are not accessible. The remaining parts of the body are
obscured by various inclusions.

(45) Specimen 6667 (PED 0871 spec 16) is only accessible from the dorsal side (Figure 12C)
and sits very deep within the amber piece. It is preserved in the same amber piece as
specimens 6652–6666, 6668–6674, and 6676–6682. As the amber piece contains multiple
inclusions it is not possible to grind it further down. The most accessible parts are the
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thorax segments and a few units of the anterior abdomen. Other aspects are not well
accessible. The remaining parts of the body are obscured by various inclusions.
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Figure 12. Nevrorthidae; fossil larvae preserved in Baltic amber and Kachin amber. (A–F). PED 0871,
continued, Baltic amber. (A,B). Specimen 6665 (specimen 14). (A). Lateral view, right. (B). Lateral
view, left. (C). Specimen 6667 (specimen 16), dorsal view. (D). Specimen 6675 (specimen 24), lateral
view, left. (E,F). Specimen 6666 (specimen 15). (E). Lateral view, left. (F). Lateral view, right.
(G,H). Specimen 6717 (PED 2996), Kachin amber. (G). Close-up of head with crossed stylets, dorsal
view. (H). Lateral view, right. (A,C–E). Cross-polarised light. (B,F–H). Ring light.

(46) Specimen 6675 (PED 0871 spec 24) is only accessible from the lateral left side
(Figure 12D) and sits very deep within the amber piece. It is preserved in the same
amber piece as specimens 6652–6674 and 6676–6682. As the amber piece contains
multiple inclusions it is not possible to grind it further down. The slightly more
accessible part is the head with appendages. Other aspects are not well accessible.
The remaining parts of the body are mostly obscured by various inclusions. Neverthe-
less, the specimen shows the overall slender morphology known for older larvae of
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Nevrorthidae in the anterior region, especially the posterior trunk, but appears much
less slender, the segments of the abdomen are extremely short.

(47) Specimen 6683 (PED 1373 spec 1) is only accessible from the lateral right side of the
body (Figure 13A,B). The specimen shows the overall slender morphology known
for older larvae of Nevrorthidae in the anterior region, but especially the posterior
trunk appears much less slender, the segments of the abdomen are extremely short.
The body outline is well accessible. Head with one elongate antenna, both stylets,
and one labial palp (left). Antenna subdivided into three elements. Stylets with a
broad proximal region tapering distally. Labial palp is subdivided into at least two
elements apparent, proximal region not accessible. Trunk appendages with five major
elements (coxa, trochanter, femur, tibia, tarsus; Figure 13B), well preserved, but they
are entangled with each other, partly obscuring subdivisions and details. The thorax
is subdivided into pro-, meso-, and metathorax with a short cervix anteriorly. Several
setae arise from the abdomen.
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Figure 13. Nevrorthidae; fossil larvae preserved in Baltic amber (PED 1373). (A,B). Specimen 6683
(specimen 1). (A). Lateral view, right, image flipped. (B). Colour-marked version of (A). (C). Overview
of specimens 2–4 (2 left, 3 right, 4 middle). (D). Specimen 6686 (specimen 4), lateral view, right, image
flipped. (E). Specimen 6684 (specimen 2), lateral view, left. (F). Specimen 6685 (specimen 3), lateral
view, right, image flipped. (G,H). Specimen 6687 (specimen 5). (G). Ventral view. (H). Colour-marked
version of (G). (A,C–F). Cross-polarised light. (G). Ring light. Abbreviations: a2–7 = abdomen
segments 2–7; at = antenna; cv = cervix (neck); cx = coxa; hc = head capsule; ms = mesothorax;
mt = metathorax; pt = prothorax; sy = stylet; ta = tarsus; te = trunk end; ti = tibia.

(48) Specimen 6684 (PED 1373 spec 2) is only accessible from the lateral left side of the
body (Figure 13E) and sits very deep within the amber piece. Hence, the specimen
is not fully in focus. It is preserved in the same amber piece as specimen 6683.
Subdivisions of the body are not visible. Nevertheless, the specimen shows the overall
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slender morphology known for older larvae of Nevrorthidae in the anterior region,
but especially the posterior trunk appears much less slender, the segments of the
abdomen are extremely short. Head with one elongate antenna, both stylets, and
one labial palp (left). Stylets are curved and tapering distally. Labial palp is mainly
obscured by the head. Trunk appendages are out of focus and entangled with each
other. Abdomen with few setae.

(49) Specimen 6685 (PED 1373 spec 3) is only accessible from the lateral right side of the
body (Figure 13F) and sits very deep within the amber piece. Hence, the specimen
is not fully in focus. It is preserved in the same amber piece as specimens 6683 and
6684. Subdivisions of the body are not well visible. Some subdivisions of the thorax
and abdomen are slightly accessible. Nevertheless, the specimen shows the overall
slender morphology known for older larvae of Nevrorthidae in the anterior region, but
especially the posterior trunk appears much less slender, the segments of the abdomen
are extremely short. Head with appendages not accessible. Trunk appendages are out
of focus and entangled with each other, partly obscuring subdivisions. The thorax is
subdivided into pro-, meso-, and metathorax. The abdomen has no visible setae.

(50) Specimen 6686 (PED 1373 spec 4) is only accessible from the lateral right side of the
body (Figure 13D) and sits very deep within the amber piece. It is preserved in the
same amber piece as specimens 6683–6685. As the amber piece contains multiple
inclusions it is not possible to grind it further down. The specimen shows the overall
slender morphology known for older larvae of Nevrorthidae in the anterior region,
but especially the posterior trunk appears much less slender, the segments of the
abdomen are extremely short. The slightly better accessible parts are the head, parts
of the trunk appendages and several setae, which are arising from the abdomen. From
the head appendages, only one elongate antenna is accessible, subdivided into three
elements. The rest of the body is mainly obscured by various inclusions.

(51) Specimen 6687 (PED 1373 spec 5) is only accessible from the ventral side of the body
(Figure 13G,H). It is preserved in the same amber piece as specimen 6683–6686. The
specimen shows the overall slender morphology known for older larvae of Nevror-
thidae in the anterior region, but especially the posterior trunk appears much less
slender, the segments of the abdomen are extremely short. The overall body outline
is well accessible. Head with antennae and labial palps. The stylets are obscured by
Verlumung. Antennae and labial palps are subdivided into at least four elements
apparent, proximal region not accessible. Trunk appendages with five major elements
(coxa, trochanter, femur, tibia, tarsus; Figure 13H), well preserved, but they are entan-
gled with each other, partly obscuring subdivisions and details. Tarsus distally with a
pair of claws. A few setae arise from the abdomen.

(52) Specimen 6688 (NHMD 115214 spec 1) is accessible from the dorsal and ventral side of
the body (Figures 14 and 15A–C). The specimen shows the overall slender morphology
known for older larvae of Nevrorthidae in the anterior region, but especially the
posterior trunk appears much less slender, the segments of the abdomen are extremely
short. The amber is very clear, hence the overall body outline of the specimen is well
accessible. Head with short and stout antennae, stylets, and labial palps. Antennae
subdivided into three elements. Stylets are curved and tapering distally. Labial palps
are mainly obscured by the stylets. Trunk appendages with five major elements (coxa,
trochanter, femur, tibia, tarsus; Figure 15C), well preserved, but they are entangled
with each other, partly obscuring subdivisions and details. Also, they are largely
obscured by Verlumung. The thorax is subdivided into pro-, meso-, and metathorax.
Several setae arise from the trunk. The insertion areas are obscured by Verlumung.
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Figure 14. Nevrorthidae; fossil larvae preserved in Baltic amber; overview of larger piece (NHMD
115214) with several specimens marked by numbers, ring light. (A). Side 1 (“top”). (B). Side 2 (“side”).
(C). Side 3 (“front”).
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(I,J). Specimen 6691 (specimen 4). (I). Ventral view. (J). Colour-marked version of (I). (K,L). Speci-
men 6692 (specimen 5). (K). Ventral view. (L). Colour-marked version of (K). (M). Specimen 6694 
(specimen 7), ventral view. (N). Specimen 6693 (specimen 6), ventral view. (A,C,D,F,I,K,N). Ring 
light. (E,M). Mixed light. (H). Cross-polarised light. Abbreviations: a1–8 = abdomen segments 1–8; 
at = antenna; cv = cervix (neck); hc = head capsule; ms = mesothorax; mt = metathorax; pt = prothorax; 
sy = stylet; te = trunk end; th = thorax. 
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Figure 15. Nevrorthidae; fossil larvae preserved in Baltic amber; NHMD 115214, continued.
(A–C). Specimen 6688 (specimen 1). (A). Dorsal view. (B). Colour-marked version of (A). (C). Ventral
view. (D,E). Specimen 6690 (specimen 3). (D). Lateral view, right, image flipped. (E). Ventral view.
(F–H). Specimen 6689 (specimen 2). (F). Dorsal view. (G). Colour-marked version of (F). (H). Ventral
view. (I,J). Specimen 6691 (specimen 4). (I). Ventral view. (J). Colour-marked version of (I). (K,L). Spec-
imen 6692 (specimen 5). (K). Ventral view. (L). Colour-marked version of (K). (M). Specimen 6694
(specimen 7), ventral view. (N). Specimen 6693 (specimen 6), ventral view. (A,C,D,F,I,K,N). Ring
light. (E,M). Mixed light. (H). Cross-polarised light. Abbreviations: a1–8 = abdomen segments 1–8;
at = antenna; cv = cervix (neck); hc = head capsule; ms = mesothorax; mt = metathorax; pt = prothorax;
sy = stylet; te = trunk end; th = thorax.

(53) Specimen 6689 (NHMD 115214 spec 2) is accessible from the dorsal and ventral side of
the body (Figures 14 and 15F–H). It is preserved in the same amber piece as specimen
6688. The specimen shows the overall slender morphology known for older larvae
of Nevrorthidae in the anterior region, but especially the posterior trunk appears
much less slender, the segments of the abdomen are extremely short. The overall
body outline is well accessible. Head with stout antennae, stylets, and labial palps
(Figure 15H). Antennae subdivided into at least two elements, proximal region not
accessible. Stylets and labial palps are mainly obscured by Verlumung. Only the tip of
the stylet and the distal element of the labial palps are visible. Trunk appendages with
five major elements (coxa, trochanter, femur, tibia, tarsus; Figure 15H); these seem
thicker in comparison to other specimens. The thorax is subdivided into pro-, meso-,
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and metathorax with a short cervix anteriorly (Figure 15G). Few setae arise from
the trunk.

(54) Specimen 6690 (NHMD 115214 spec 3) is accessible from the lateral right and ventral
side of the body (Figures 14 and 15D,E). It is preserved in the same amber piece
as specimens 6688 and 6689. The specimen shows the overall slender morphology
known for older larvae of Nevrorthidae in the anterior region, but especially the
posterior trunk appears much less slender, the segments of the abdomen are extremely
short. The body outline is well accessible, except for the head with appendages and
the thorax. The anterior part of body is largely obscured by Verlumung. Head with
stout antennae, stylets, and labial palps (Figure 15D). Antennae subdivided into at
least two elements apparent, proximal region not accessible. Stylets and labial palps
are mostly obscured by Verlumung. Only one stylet and the distal element of the
labial palps are visible. Stylet tapering distally. Trunk appendages with five major
elements (coxa, trochanter, femur, tibia, tarsus), well preserved, but they are entangled
with each other, partly obscuring subdivisions and details. A few setae arise from the
abdomen. The insertion areas are obscured by Verlumung.

(55) Specimen 6691 (NHMD 115214 spec 4) is only accessible from the ventral side of the
body (Figures 14 and 15I,J). It is preserved in the same amber piece as specimens
6688–6690. The specimen shows the overall slender morphology known for older
larvae of Nevrorthidae in the anterior region, but especially the posterior trunk
appears much less slender, the segments of the abdomen are extremely short. The
body outline is well accessible, except for the head with appendages. The head is
largely obscured by Verlumung. Only the distal elements of the antennae and labial
palps are visible. Stylets are entirely obscured. Trunk appendages with five major
elements (coxa, trochanter, femur, tibia, tarsus; Figure 15J), well preserved, but they
are entangled with each other, partly obscuring subdivisions and details. The thorax
is subdivided into pro-, meso-, and metathorax. Abdomen units with several setae.
They seem to have their insertion areas in the middle of each abdomen unit.

(56) Specimen 6692 (NHMD 115214 spec 5) is only accessible from the ventral side of the
body (Figures 14 and 15K,L). It is preserved in the same amber piece as specimens
6688–6691. The specimen shows the overall slender morphology known for older
larvae of Nevrorthidae in the anterior region, but especially the posterior trunk
appears much less slender, the segments of the abdomen are extremely short. The
amber is very clear, hence the overall body outline of the specimen is accessible, except
for parts of the head with appendages that are obscured by Verlumung. Only the
distal elements of one antenna and both labial palps are visible. Stylets are entirely
obscured. Trunk appendages with five major elements (coxa, trochanter, femur, tibia,
tarsus; Figure 15L). Tarsus distally with a pair of claws. Abdomen units with several
setae. They seem to have their insertion areas in the middle of each abdomen unit.

(57) Specimen 6693 (NHMD 115214 spec 6) is only accessible from the ventral side of the
body (Figures 14 and 15N). It is preserved in the same amber piece as specimens
6688–6692. The specimen shows the overall slender morphology known for older
larvae of Nevrorthidae in the anterior region, but especially the posterior trunk
appears much less slender, the segments of the abdomen are extremely short. The
anterior part of the specimen is largely obscured by Verlumung, hence the overall
body outline is partly difficult to access. Head with stout antennae, stylets, and labial
palps (Figure 15N). Antennae subdivided into at least two elements, proximal region
not accessible. Stylets and labial palps are mainly obscured by Verlumung. Only distal
element of the labial palps is visible. Trunk appendages are mainly obscured. The
most accessible part is the tarsus distally with a pair of claws. The abdomen shows a
subdivision into several units. Abdomen with few setae.

(58) Specimen 6694 (NHMD 115214 spec 7) is only accessible from the ventral side of the
body (Figures 14 and 15M) and sits very deep within the amber piece. Hence, the
specimen is not fully in focus. It is preserved in the same amber piece as specimens
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6688–6693. The specimen shows the overall slender morphology known for older
larvae of Nevrorthidae in the anterior region, but especially the posterior trunk
appears much less slender, the segments of the abdomen are extremely short. The
anterior part of the specimen is largely obscured by Verlumung, hence the overall
body outline is partly difficult to access. Head with antennae, stylets, and labial palps
(Figure 15M). Only the distal elements of the antennae, both labial palps, and the
tip of the stylets are accessible. Trunk appendages with five major elements (coxa,
trochanter, femur, tibia, tarsus) are mostly out of focus and entangled with each other,
partly obscuring subdivisions and details. Thorax and setae are not accessible. The
abdomen is subdivided into several units.

(59) Specimen 6695 (CCHH 1124-4b spec 1) is only accessible from the lateral right side
of the body (Figures 16 and 17A,B). The specimen shows the overall slender mor-
phology known for older larvae of Nevrorthidae in the anterior region, but especially
the posterior trunk appears much less slender, the segments of the abdomen are
extremely short. The specimen is a bit curved dorsally, basically adopting a U-shaped
posture. Overall body outline well accessible. Head with antennae and stylets. An-
tennae are elongated and subdivided into three elements. Stylets are curved and
tapering distally. Labial palps are not accessible. Trunk appendages with five ma-
jor elements (coxa, trochanter, femur, tibia, tarsus; Figure 17B). Coxa is tubular and
elongated; trochanter not accessible; femur similar to coxa, but shorter; tibia similar,
but shorter than femur; tarsus similar and taper distally with a pair of claws at the
end. The thorax is subdivided into pro-, meso-, and metathorax. Numerous elongate
setae arise from the abdomen. The insertion areas seem to be in the middle of each
abdomen unit.

(60) Specimen 6696 (CCHH 1124-4b spec 2) is only accessible from the lateral left side of
the body (Figures 16 and 17C,D). It is preserved in the same amber piece as specimen
6695. The specimen shows the overall slender morphology known for older larvae
of Nevrorthidae in the anterior region, but especially the posterior trunk appears
much less slender, the segments of the abdomen are extremely short. The specimen
is extremely curved ventrally, basically adopting a U-shaped posture. Overall body
outline well accessible. Head with antennae, stylets, and labial palps. Antennae are
elongated and subdivided into three elements. Stylets are not well accessible, because
of the position of the head, but tapering distally. The labial palps are mostly covered
by the stylets. Trunk appendages with five major elements (coxa, trochanter, femur,
tibia, tarsus; Figure 17D) are entangled with each other, partly obscuring subdivisions
and details. The thorax is subdivided into pro-, meso-, and metathorax, with a short
cervix anteriorly. Numerous elongate setae arise from the trunk. They seem to be
longer at the trunk end.
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flipped. (I). Specimen 6700 (specimen 6), lateral view, right. image flipped. (A,E,G–I). Ring light. 
(C). Cross-polarised light. Abbreviations: a3–7 = abdomen segments 3–7; ad = abdomen; at = an-
tenna; cv = cervix (neck); hc = head capsule; lp = labial palp; ms = mesothorax; mt = metathorax; pt 
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Figure 17. Nevrorthidae; fossil larvae preserved in Baltic amber; CCHH 1124-4b, continued.
(A,B). Specimen 6695 (specimen 1), images flipped. (A). Lateral view, right. (B). Colour-marked
version of (A). (C,D). Specimen 6696 (specimen 2). (C). Lateral view, left. (D). Colour-marked
image of (C). (E,F). Specimen 6697 (specimen 3). (E). Dorsal view. (F). Colour-marked version of
(E). (G). Specimen 6698 (specimen 4), dorsal view. (H). Specimen 6699 (specimen 5), lateral view,
right, image flipped. (I). Specimen 6700 (specimen 6), lateral view, right. image flipped. (A,E,G–I).
Ring light. (C). Cross-polarised light. Abbreviations: a3–7 = abdomen segments 3–7; ad = abdomen;
at = antenna; cv = cervix (neck); hc = head capsule; lp = labial palp; ms = mesothorax; mt = metathorax;
pt = prothorax; sy = stylet; te = trunk end.

(61) Specimen 6697 (CCHH 1124-4b spec 3) is only accessible from the dorsal side of the
body (Figures 16 and 17E,F). It is preserved in the same amber piece as specimens
6695 and 6696. The specimen shows the overall slender morphology known for
older larvae of Nevrorthidae in the anterior region, but especially the posterior trunk
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appears much less slender, the segments of the abdomen are extremely short. Despite
several inclusions, the overall body outline is well accessible, except for the head
appendages. Head with elongate antennae and stylets. Subdivision of the antennae
are not accessible. Stylets proximally straight, but sharply curved more distally and
tapering at the end. Labial palps and trunk appendages are not accessible. The thorax
is subdivided into pro-, meso-, and metathorax with a short cervix anteriorly. Few
elongate setae arise from the abdomen.

(62) Specimen 6698 (CCHH 1124-4b spec 4) is only accessible from the dorsal side of the
body (Figures 16 and 17G) and sits very deep within the amber piece. Hence, the
specimen is not fully in focus. As the amber piece contains multiple inclusions it
is not possible to grind it further down. It is preserved in the same amber piece as
specimens 6695–6697. The specimen shows the overall slender morphology known
for older larvae of Nevrorthidae in the anterior region, but especially the posterior
trunk appears much less slender, the segments of the abdomen are extremely short.
Overall body outline accessible. Head with elongate antennae and stylets. Stylets
proximally straight, but sharply curved more distally and tapering at the end. Labial
palps and trunk appendages are not well accessible. The thorax is subdivided into
pro-, meso-, and metathorax with a short cervix anteriorly. Several setae arise from
the trunk.

(63) Specimen 6699 (CCHH 1124-4b spec 5) is only accessible from the lateral right side
of the body (Figures 16 and 17H) and sits very deep within the amber piece. Hence,
the specimen is not fully in focus. As the amber piece contains multiple inclusions it
is not possible to grind it further down. It is preserved in the same amber piece as
specimens 6695–6698. The specimen shows the overall slender morphology known for
older larvae of Nevrorthidae in the anterior region, but especially the posterior trunk
appears much less slender, the segments of the abdomen are extremely short. Overall
outline is difficult to access. The slightly better accessible parts of the specimen are the
abdomen with several setae and the trunk appendages distally with a pair of claws.

(64) Specimen 6700 (CCHH 1124-4b spec 6) is only accessible from the lateral right side
of the body (Figures 16 and 17I) and sits very deep within the amber piece. Hence,
the specimen is out of focus. As the amber piece contains multiple inclusions it is
not possible to grind it further down. It is preserved in the same amber piece as
specimens 6695–6699. The specimen shows the overall slender morphology known
for older larvae of Nevrorthidae in the anterior region, but especially the posterior
trunk appears much less slender, the segments of the abdomen are extremely short.
Overall outline is difficult to access. The slightly better accessible parts of the specimen
are the trunk appendages and the abdomen with several setae.

(65) Specimen 6701 (CCHH 1270-4 spec 1) is only accessible from the lateral left side
of the body (Figures 18 and 19A–C). The specimen shows the overall slender mor-
phology known for older larvae of Nevrorthidae (Figure 19A,B). Overall outline is
well accessible, yet a few details of the anterior part of the abdomen are obscured
by a large bubble, and from the sixth segment of the abdomen the posterior part of
the specimen is missing. The entire specimen, except for the head and parts of the
trunk appendages, appears covered with pyrite. Head with antennae, stylets, and
labial palps. Antenna is elongated and shows subdivision into numerous elements
(about 18). Stylets taper distally; they are straight and broad proximally, but sharply
curved more distally. Labial palps are shorter than antennae, subdivided into three
elements (Figure 19C). Trunk appendages with five major elements (coxa, trochanter,
femur, tibia, tarsus; Figure 19B), well preserved, but they are entangled with each
other, partly obscuring subdivisions and details. Well preserved are the pairs of claws
distally at the tarsi. The thorax is subdivided into pro-, meso-, and metathorax with a
longer cervix anteriorly. Prominent setae arise from the appendage elements, exact ar-
rangement is difficult to assess. Trunk segments with prominent long setae; insertion
areas obscured.



Insects 2023, 14, 749 33 of 61

(66) Specimen 6702 (CCHH 1270-4 spec 2) is well accessible from the lateral left and
right side (Figures 18 and 20A–C) and less well from the dorsal side of the body
(Figure 20D,E). It is preserved in the same amber piece as specimen 6701. The speci-
men shows the overall slender morphology known for older larvae of Nevrorthidae.
Overall body outline well accessible. Head with antennae, stylets, and labial palps.
Antenna is elongated and shows subdivision into numerous elements (about 13).
Stylets are curved and taper distally. Labial palps are slightly shorter than anten-
nae, subdivided into four elements (Figure 20B). Trunk appendages with five major
elements (coxa, trochanter, femur, tibia, tarsus; Figure 20B). Coxa is tubular and
elongated; trochanter not accessible; femur similar to coxa, but shorter; tibia similar
to femur, but thinner; tarsus quite slender again and tapering distally with a pair
of claws. The thorax is subdivided into pro-, meso-, and metathorax with a longer
cervix anteriorly. Abdomen with at least eight units. The cervix and prothorax show a
longitudinal groove (Figure 20E). The two thorax segments posterior to the prothorax
with a distinct pattern of dorsal sclerotisations. After the anterior third of the segment,
a distinct fold is apparent, subdividing the dorsal region of each segment into two
distinct subregions (Figure 20B). Prominent setae arise from the trunk appendage ele-
ments. Femur and tibia are distally with a set of three setae each. Few, less prominent
setae also apparent further proximally, no clear pattern apparent. Also, a few setae
arise from the trunk; insertion areas are obscured.
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Figure 19. Nevrorthidae; fossil larvae preserved in Baltic amber; CCHH 1270-4, continued; specimen
6701 (specimen 1), ring light. (A). Lateral view, left. (B). Colour-marked version of (A). (C). Close-up
of head in dorsal view (upper) and colour-marked version (lower). Abbreviations: a4–6 = abdomen
segments 4–6; at = antenna; cv = cervix (neck); hc = head capsule; lp = labial palp; ms = mesothorax;
mt = metathorax; pt = prothorax; sy = stylet; ta = tarsus; te = trunk end.
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(66) Specimen 6703 (CCHH 1387-1) is well accessible from the ventral, dorsal, and lateral 
right side (Figure 21A–D). The specimen shows the overall slender morphology 
known for older larvae of Nevrorthidae. Overall body outline well accessible. Head 
with antennae, stylets, and labial palps. Antenna is elongated and shows subdivision 
into numerous elements (about 15; Figure 21E). Stylets taper distally; they are straight 

Figure 20. Nevrorthidae; fossil larvae preserved in Baltic amber; CCHH 1270-4, continued; specimen
6702 (specimen 2). (A). Lateral view, right, image flipped. (B). Colour-marked version of (A). (C). Lateral
view, left. (D). Ventral view. (E). Dorsal view. (A,C,D). Ring light. (E). Cross-polarised light.
Abbreviations: a3–5 = abdomen segments 3–5; at = antenna; cv = cervix (neck); hc = head capsule;
lp = labial palp; ms = mesothorax; mt = metathorax; pt = prothorax; sy = stylet; ta = tarsus; ti = tibia.

(67) Specimen 6703 (CCHH 1387-1) is well accessible from the ventral, dorsal, and lat-
eral right side (Figure 21A–D). The specimen shows the overall slender morphology
known for older larvae of Nevrorthidae. Overall body outline well accessible. Head
with antennae, stylets, and labial palps. Antenna is elongated and shows subdivi-
sion into numerous elements (about 15; Figure 21E). Stylets taper distally; they are
straight proximally, but sharply curved more distally. Labial palps are shorter than
antennae, subdivided into four elements (Figure 21A). Trunk appendages with five
major elements (coxa, trochanter, femur, tibia, tarsus; Figure 21A,B). Coxa is tubular
and thickened; trochanter tubular, elongated, and short; femur similar to trochanter,
but longer and thicker; tibia similar to femur, but shorter and thinner; tarsus quite
slender and tapering distally with a pair of claws. The thorax is subdivided into pro-,
meso-, and metathorax with a longer cervix anteriorly. The cervix and prothorax have
a longitudinal groove (Figure 21E). The trunk segments posterior to the prothorax
show a distinct pattern of dorsal sclerotisation. After the anterior third of the segment,
a distinct fold is apparent, subdividing the dorsal region of each segment into two
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distinct subregions (Figure 21B,C). Prominent setae arise from the trunk appendage
elements. Femur and tibia are distally with a set of three setae each. Trunk segments
with prominent long setae. These arise close to the posterior end of each segment and
appear to form a kind of ring around the segment. At the abdomen units appear to be
six setae dorsally and four ventrally.
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Figure 21. Nevrorthidae; fossil larva preserved in Baltic amber; specimen 6703 (CCHH 1387-1); ring 
light. (A–D). Overviews. (A). Ventral view. (B). Dorsal view. (C). Colour-marked version of (B). (D). Figure 21. Nevrorthidae; fossil larva preserved in Baltic amber; specimen 6703 (CCHH 1387-1); ring

light. (A–D). Overviews. (A). Ventral view. (B). Dorsal view. (C). Colour-marked version of (B).
(D). Lateral view, image flipped. (E,F). Anterior body region. (E). Dorsal view. (F). Lateral view,
image flipped. Abbreviations: a1–7 = abdomen segments 1–7; at = antenna; cv = cervix (neck);
hc = head capsule; lp = labial palp; ms = mesothorax; mt = metathorax; pt = prothorax; sy = stylet;
ta = tarsus; te = trunk end; ti = tibia.

(68) Specimen 6704 (SMF Be 2192) is only accessible from the lateral left side of the body
(Figure 22G) and sits very deep within the amber piece. Hence, the specimen is not
fully in focus. As the amber piece contains multiple inclusions it is not possible to
grind it further down. The specimen shows the overall slender morphology known
for older larvae of Nevrorthidae in the anterior region, but especially the posterior
trunk appears much less slender, the segments of the abdomen are extremely short.
The overall body outline is accessible. Head with antennae, stylets, and labial palps.
Further details of the head appendages are mainly obscured. Stylets taper distally.
Trunk appendages with five major elements (coxa, trochanter, femur, tibia, tarsus;
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Figure 22G) are entangled with each other, partly obscuring subdivisions and de-
tails. The thorax is subdivided into pro-, meso-, and metathorax with a short cervix
anteriorly. Several setae arise from the trunk.
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Figure 22. Nevrorthidae; fossil larvae preserved in Baltic amber and Kachin amber. (A–D). Specimen
6705 (PED 0792), Baltic amber. (A). Lateral view, right. (B). Close-up of head. (C). Colour-marked
version of (B). (D). Lateral view, left. (E,F). Specimen 6713 (PED 2001), Kachin amber. (E). Dorsal
view. (F). Close-up of head. (G). Specimen 6704 (SMF Be 2192), Baltic amber; lateral view, left.
(A,B,D,F). Ring light. (E,G). Mixed light. Abbreviations: at = antenna; cv = cervix (neck); hc = head
capsule; lp = labial palp; sy = stylet.

(69) Specimen 6705 (PED 0792) is accessible from the lateral right and left side
(Figure 22A–D) and sits very deep within the amber piece. As the amber piece
contains multiple inclusions it is not possible to grind it further down. Additionally,
the head is accessible from the dorsal side (Figure 22B). The specimen shows the
overall slender morphology known for older larvae of Nevrorthidae. The overall
body outline is accessible, yet most details, especially of the trunk are obscured by
Verlumung and numerous bubbles. Head with antennae, stylets, and labial palps.
Antenna is elongated and shows subdivision into numerous elements (about 11;
Figure 22C). Stylets taper distally; they are straight proximally, but sharply curved
more distally. Labial palps are slightly shorter than antennae, subdivided into at least
four elements (Figure 21A), proximal region is not accessible. Trunk appendages
with five major elements (coxa, trochanter, femur, tibia, tarsus; Figure 22D). Proximal
region with coxa and trochanter mainly obscured by Verlumung. Femur tubular and
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elongated; tibia similar to femur, but shorter; tarsus quite slender and, but longer
than tibia, tapering distally with a pair of claws. Prominent setae arise from the trunk
appendage elements. Femur and tibia are distally with a set of three setae each. Also,
several setae arise from the trunk; insertions are obscured.

(70) Specimen 6706 (PED 1379) is well accessible from the ventral and dorsal side
(Figure 23A–C). The specimen shows the overall slender morphology known for
older larvae of Nevrorthidae in the anterior region, but especially the posterior trunk
appears much less slender, the segments of the abdomen are extremely short. The
amber is very clear and the overall outline is well accessible. Head with short and
stout antennae, stylets, and labial palps. Antennae are subdivided into three elements.
Stylets are curved and tapering distally. Labial palps are subdivided into four ele-
ments (Figure 23B). Trunk appendages with five major elements (coxa, trochanter,
femur, tibia, tarsus), well preserved, but they are entangled with each other, partly
obscuring subdivisions and details. Coxa tubular thickened and elongated; trochanter
not accessible; femur similar to coxa, but shorter; tibia similar to femur, but shorter
again; tarsus similar to tibia, but a bit longer and tapering distally with a pair of
claws. The thorax is subdivided into pro-, meso-, and metathorax with a short cervix
anteriorly. Abdomen with 10 units. Prominent setae arise from the trunk appendage
elements and several elongate setae arise from the trunk.
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Figure 23. Nevrorthidae; fossil larvae preserved in Baltic amber and Kachin amber. (A–C). Specimen
6706 (PED 1379), Baltic amber. (A). Ventral view. (B). Colour-marked version of (A). (C). Dorsal view,
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image flipped. (D,E). Specimen 6716 (PED 2662), Kachin amber. (D). Ventral view. (E). Dorsal
view. (A). Cross-polarised light. (C–E). Ring light. Abbreviations: a4–7 = abdomen segments 4–7;
at = antenna; cv = cervix (neck); hc = head capsule; lp = labial palp; ms = mesothorax; mt = metathorax;
pt = prothorax; sy = stylet; ta = tarsus; te = trunk end; ti = tibia.

3.4. Additional Fossil Larval Representatives of Nevrorthidae in Kachin amber

(71) Specimen 6707 (BUB 3703) is only accessible from the dorsal side of the body
(Figure 24A–C). The specimen shows the overall slender morphology known for
older larvae of Nevrorthidae. The overall body outline is partly accessible, except for
the labial palps, the trunk appendages, and the thorax subdivisions. From the head,
only antennae and stylets are accessible. Antennae are short and elongated. Stylets are
curved and tapering distally. Several elongate setae arise from the abdomen; insertion
areas are obscured.
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Figure 24. Nevrorthidae; fossil larva preserved in Kachin amber, specimen 6707 (BUB 3703), ring light.
(A). Dorsal view. (B). Colour-marked version of (A). (C). Image flipped, ventral view. (D). Close-up
of head. Abbreviations: a1–7 = abdomen segments 1–7; hc = head capsule; sy = stylet; te = trunk end;
th = thorax.
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(72) Specimen 6708 (PED 0259) is only accessible from the dorsal side of the body
(Figure 25A,B). The specimen shows the overall slender morphology known for
older larvae of Nevrorthidae. Of this specimen, only the head with appendages, the
cervix, and prothorax are preserved. Head with antennae, stylets, and labial palps.
Antenna is elongated and shows subdivision into numerous elements (about 21;
Figure 25A). Stylets taper distally; they are straight proximally, but sharply curved
more distally. Labial palps are slightly shorter than antennae, subdivided into four
elements (Figure 25B). The long cervix and prothorax show a longitudinal groove
(Figure 25A). A few elongated setae arise from the trunk.
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Figure 25. Nevrorthidae; fossil larvae preserved in Kachin amber. (A,B). Specimen 6708 (PED
0259). (A). Dorsal view, ring light. (B). Colour-marked version of (A). (C,D). Specimen 6709 (PED
0327). (C). Dorsal view, cross-polarised light. (D). Colour-marked version of (C). Abbreviations:
at = antenna; cv = cervix (neck); hc = head capsule; lp = labial palp; ms = mesothorax; mt = metathorax;
pt = prothorax; sy = stylet.

(73) Specimen 6709 (PED 0327) is only accessible from the dorsal side of the body
(Figure 25C,D). The specimen shows the overall slender morphology known for
older larvae of Nevrorthidae. Of this specimen, the entire abdomen is missing. Head
with antennae, stylets, and labial palps. Antenna is elongated and subdivided into at
least two elements, proximal region is not accessible. The same applies to the labial
palps, but there are three elements apparent. Stylets taper distally; they are straight
proximally, but curved more distally. Trunk appendages with five major elements
(coxa, trochanter, femur, tibia, tarsus). Coxa and trochanter are not accessible from
the dorsal side of the body. Femur tubular and elongated; tibia similar to femur, but
shorter; tarsus quite slender and tapering distally with a pair of claws. The thorax
is subdivided into pro-, meso-, and metathorax with a short cervix anteriorly. A few
elongated setae arise from the trunk.

(74) Specimen 6710 (PED 0632) is accessible from the ventral and dorsal side (Figure 26A–C).
The specimen shows the overall slender morphology known for older larvae of
Nevrorthidae. Of this specimen, the entire abdomen is missing and the posterior part
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of the thorax is mainly destroyed and obscured by Verlumung. Head with antennae,
stylets, and labial palps. Antenna is elongated and shows subdivision into numerous
elements (about 12; Figure 26B). Stylets taper distally; they are straight proximally,
but sharply curved more distally. Labial palps are slightly shorter than antennae,
subdivided into four elements (Figure 26B). Trunk appendages with five major ele-
ments (coxa, trochanter, femur, tibia, tarsus), but mostly destroyed or obscured. Most
accessible are the tarsi distal with a pair of claws. Subdivision of the thorax is obscured
by Verlumung. This specimen has a long cervix and several elongate setae arise from
the trunk.

Insects 2023, 14, x FOR PEER REVIEW 44 of 65 
 

 

obscured by Verlumung. This specimen has a long cervix and several elongate setae 
arise from the trunk. 

 
Figure 26. Nevrorthidae; fossil larvae preserved in Kachin amber, ring light. (A–C). Specimen 6710 
(PED 0632). (A). Dorsal view. (B). Close-up of head. (C). Ventral view. (D,E). Specimen 6711 (PED 
0663). (D). Ventral view, image flipped. (E). Close-up of head. Abbreviations: at = antenna; cv = cer-
vix (neck); hc = head capsule; lp = labial palp; sy = stylet. 

(74) Specimen 6711 (PED 0663) is only accessible from the ventral side of the body (Figure 
26D,E) and sits very deep within the amber piece. The specimen shows the overall 
slender morphology known for older larvae of Nevrorthidae. The most accessible 
parts of the specimen are the head with appendages and the long cervix. Head with 
antennae, stylets, and labial palps. Antenna is elongated and shows subdivision into 
numerous elements (Figure 26E). Stylets taper distally; they are straight proximally, 
but sharply curved more distally. Labial palps are slightly longer than antennae, sub-
divided into four elements (Figure 26E). Trunk appendages are mostly obscured, as 
well as the subdivisions of the thorax and anterior part of the abdomen. Few setae 
arise from the trunk insertion areas obscured. 

Figure 26. Nevrorthidae; fossil larvae preserved in Kachin amber, ring light. (A–C). Specimen 6710
(PED 0632). (A). Dorsal view. (B). Close-up of head. (C). Ventral view. (D,E). Specimen 6711 (PED
0663). (D). Ventral view, image flipped. (E). Close-up of head. Abbreviations: at = antenna; cv = cervix
(neck); hc = head capsule; lp = labial palp; sy = stylet.

(75) Specimen 6711 (PED 0663) is only accessible from the ventral side of the body
(Figure 26D,E) and sits very deep within the amber piece. The specimen shows
the overall slender morphology known for older larvae of Nevrorthidae. The most
accessible parts of the specimen are the head with appendages and the long cervix.
Head with antennae, stylets, and labial palps. Antenna is elongated and shows subdi-
vision into numerous elements (Figure 26E). Stylets taper distally; they are straight
proximally, but sharply curved more distally. Labial palps are slightly longer than
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antennae, subdivided into four elements (Figure 26E). Trunk appendages are mostly
obscured, as well as the subdivisions of the thorax and anterior part of the abdomen.
Few setae arise from the trunk insertion areas obscured.

(76) Specimen 6712 (PED 1338) is only accessible from the dorsal side of the body
(Figure 27A–C) and sits very deep within the amber piece. As the amber piece
contains multiple inclusions it is not possible to grind it further down. The specimen
shows the overall slender morphology known for older larvae of Nevrorthidae. The
overall body outline is accessible. Most accessible parts of the specimen are the head
with appendages and the short cervix. Head with antennae, stylets, and labial palps.
Antenna is elongated and shows subdivision into numerous elements (Figure 27D).
Stylets are curved and taper distally. Only the distal two elements of the labial palps
are apparent, the proximal region is obscured by the stylets. Despite the ventral view
of the specimen the trunk appendages are not well accessible. Subdivision of the
thorax is obscured by other inclusions. Trunk with few elongate setae.
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Figure 27. Nevrorthidae; fossil larva preserved in Kachin amber; specimen 6712 (PED 1338), ring
light. (A). Dorsal view. (B). Colour-marked version of (A). (C). Ventral view. (D). Close-up of head.
Abbreviations: a1–7 = abdomen segments 1–7; at = antenna; cv = cervix (neck); hc = head capsule; lp
= labial palp; sy = stylet; te = trunk end; th = thorax.
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(77) Specimen 6713 (PED 2001) is only accessible from the dorsal side of the body
(Figure 22E,F) and sits very deep within the amber piece. As the amber piece contains
multiple inclusions it is not possible to grind it further down. The better accessible
part of the specimen is the head with appendages. The rest of the body is obscured
by a large black inclusion. Head with antennae, stylets, and labial palps. Antennae
and labial palps are mainly obscured by inclusions. The stylets taper distally; they
are straight proximally, but curved more distally. Only few fragments of the trunk
appendages with a few setae are visible.

(78) Specimen 6714 (PED 2447) is accessible from the dorsal and ventral sides of the body
(Figure 28A–D). The specimen shows the overall slender morphology known for older
larvae of Nevrorthidae. Overall body outline well accessible, except for the trunk
appendages and details of the thorax, which are obscured by various inclusions. Head
with antennae, stylets, and labial palps. Antenna is elongated and shows subdivision
into numerous elements (about 11, Figure 28B). Stylets taper distally; they are straight
proximally, but curved more distally. Only the distal two elements of the labial palps
are apparent, the proximal region is obscured by the stylets. Trunk segments with
prominent long setae. These arise close to the posterior end of each segment and
appear to form a kind of ring around the segment.
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Figure 28. Nevrorthidae; fossil larva preserved in Kachin amber; specimen 6714 (PED 2447), ring light.
(A). Dorsal view. (B). Colour-marked version of (A). (C). Ventral view, image flipped. (D). Close-up
of head. Abbreviations: a1–9 = abdomen segments 1–9; at = antenna; hc = head capsule; lp = labial
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(79) Specimen 6715 (PED 2622) is accessible from the dorsal side of the body (Figure 29A,B)
and less well from the ventral side (Figure 29C). The specimen shows the overall
slender morphology known for older larvae of Nevrorthidae in the anterior region,
but especially the posterior trunk appears much less slender, the abdomen is extremely
short. Of this specimen, the entire abdomen and the trunk appendages are deformed.
Head with antennae, stylets, and labial palps. Antenna is elongated and shows
subdivision into numerous elements (about 19, Figure 29A). Stylets taper distally; they
are straight proximally, but sharply curved more distally. Labial palps are subdivided
into at least three elements apparent, proximal region not accessible. The thorax is
subdivided into pro-, meso-, and metathorax with a longer cervix anteriorly. Few
elongated setae arise from the trunk.

Insects 2023, 14, x FOR PEER REVIEW 47 of 65 
 

 

Figure 28. Nevrorthidae; fossil larva preserved in Kachin amber; specimen 6714 (PED 2447), ring 
light. (A). Dorsal view. (B). Colour-marked version of (A). (C). Ventral view, image flipped. (D). 
Close-up of head. Abbreviations: a1–9 = abdomen segments 1–9; at = antenna; hc = head capsule; lp 
= labial palp; sy = stylet; te = trunk end; th = thorax. 

(78) Specimen 6715 (PED 2622) is accessible from the dorsal side of the body (Figure 
29A,B) and less well from the ventral side (Figure 29C). The specimen shows the 
overall slender morphology known for older larvae of Nevrorthidae in the anterior 
region, but especially the posterior trunk appears much less slender, the abdomen is 
extremely short. Of this specimen, the entire abdomen and the trunk appendages are 
deformed. Head with antennae, stylets, and labial palps. Antenna is elongated and 
shows subdivision into numerous elements (about 19, Figure 29A). Stylets taper dis-
tally; they are straight proximally, but sharply curved more distally. Labial palps are 
subdivided into at least three elements apparent, proximal region not accessible. The 
thorax is subdivided into pro-, meso-, and metathorax with a longer cervix anteriorly. 
Few elongated setae arise from the trunk. 

 
Figure 29. Nevrorthidae; fossil larva preserved in Kachin amber; specimen 6715 (PED 2622), ring 
light. (A). Colour-marked version of (B). (B). Dorsal view. (C). Ventral view. Abbreviations: ad = 
abdomen; at = antenna; cv = cervix (neck); lp = labial palp; ms = mesothorax; mt = metathorax; pt = 
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(79) Specimen 6716 (PED 2662) is accessible from the ventral and dorsal sides (Figure 
23D,E). The specimen shows the overall slender morphology known for older larvae 
of Nevrorthidae. The overall outline is only accessible until the anterior part of the 
abdomen. The rest of the body is missing. Head with antennae, stylets, and labial 
palps. Subdivisions of the antennae are obscured. Stylets taper distally; they are 
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Figure 29. Nevrorthidae; fossil larva preserved in Kachin amber; specimen 6715 (PED 2622),
ring light. (A). Colour-marked version of (B). (B). Dorsal view. (C). Ventral view. Abbreviations:
ad = abdomen; at = antenna; cv = cervix (neck); lp = labial palp; ms = mesothorax; mt = metathorax;
pt = prothorax; sy = stylet; te = trunk end.

(80) Specimen 6716 (PED 2662) is accessible from the ventral and dorsal sides (Figure 23D,E).
The specimen shows the overall slender morphology known for older larvae of
Nevrorthidae. The overall outline is only accessible until the anterior part of the
abdomen. The rest of the body is missing. Head with antennae, stylets, and labial
palps. Subdivisions of the antennae are obscured. Stylets taper distally; they are
straight proximally, but curved more distally. Labial palps are subdivided into four
elements (Figure 23D). Trunk appendages are not well accessible and entangled with
each other. Several setae arise from the trunk.

(81) Specimen 6717 (PED 2669) is accessible from the lateral right side of the body
(Figure 12H) and the dorsal side of the head (Figure 12G). The slightly more ac-
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cessible part is the head and parts of the trunk with their appendages. Other aspects
are not well accessible. The remaining parts of the body are mostly obscured by
various inclusions. Nevertheless, the specimen shows the overall slender morphology
known for older larvae of Nevrorthidae. At the head are only the stylets and labial
palps left. The stylets are curved and tapering distally. Labial palps seem to be longer
than the stylets. Subdivisions are mainly obscured. A few setae arise from the body.

(82) Specimen 6718 (PED 2744) is only accessible from the dorsal side of the body
(Figure 30A–C). The posterior body is missing. The specimen shows the overall
slender morphology known for older larvae of Nevrorthidae. Outline of the head
with appendages and anterior part of the thorax is well accessible. Head with an-
tennae, stylets, and labial palps. Antenna is elongated and shows subdivision into
numerous elements (about 19, Figure 30B). Stylets are curved and taper distally.
Labial palps are subdivided into at least four elements apparent, proximal region not
accessible. Few setae arise from the body.
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(82) Specimen 6719 (PED 2786) is well accessible from the dorsal side of the body (Figure 
31A,B) and less well from the ventral side (Figure 31C). The specimen shows the 
overall slender morphology known for older larvae of Nevrorthidae. The abdomen 
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Figure 30. Nevrorthidae; fossil larva preserved in Kachin amber; specimen 6718 (PED 2744), ring
light. (A). Dorsal view. (B). Colour-marked version of (A). (C). Close-up of head. Abbreviations:
at = antenna; hc = head capsule; la = locomotory appendage (leg); pt = prothorax; sy = stylet;
th = thorax.

(83) Specimen 6719 (PED 2786) is well accessible from the dorsal side of the body
(Figure 31A,B) and less well from the ventral side (Figure 31C). The specimen shows
the overall slender morphology known for older larvae of Nevrorthidae. The ab-
domen of this specimen is quite slender and deformed at the end. Overall body
outline is well accessible. Head with antennae, stylets, and labial palps. Antenna
is elongated and shows subdivision into numerous elements (about 13, Figure 31B).
Stylets are curved and taper distally. Labial palps are subdivided into at least four
elements apparent. Trunk appendages with five major elements (coxa, trochanter,
femur, tibia, tarsus; Figure 31B,D). Coxa and trochanter are not accessible in this view.
Femur quite slender, elongated, and tubular; tibia similar, but shorter; tarsus similar
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to tibia, but shorter and thinner again, tapering distally with a pair of claws. The
thorax is subdivided into pro-, meso-, and metathorax with a longer cervix anteriorly.
Prominent setae arise from the trunk appendage elements. Femur and tibia are distally
with a set of four or five setae each. Few, less prominent setae are also apparent further
proximally, no clear pattern apparent. Trunk segments with prominent long setae.
These arise close to the posterior end of each segment and appear to form a kind of
ring around the segment.
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Figure 31. Nevrorthidae; fossil larva preserved in Kachin amber; specimen 6719 (PED 2786). (A). Dorsal
view. (B). Colour-marked version of (A). (C). Ventral view. (D). Close-up of tarsus; arrow marks tarsal
claws. (E). Close-up of head. (F). Close-up of prothorax. (A,C,F). Ring light. (E). Cross-polarised light.
Abbreviations: ad = abdomen; at = antenna; hc = head capsule; ms = mesothorax; mt = metathorax;
pt = prothorax; sy = stylet; ta = tarsus.

(84) Specimen 6720 (Weiterschan BuB 24) is only accessible from lateral right side of the
body (Figure 32A–C). The specimen shows the overall slender morphology known
for older larvae of Nevrorthidae. Overall body outline is well accessible. Head with
antennae, stylets, and labial palps. Antenna is elongated and shows subdivision into
numerous elements (about 14, Figure 31B). Stylets taper distally; they are straight
proximally, but slightly curved more distally. Labial palps are subdivided into at
least three elements apparent, proximal region is not accessible. Trunk appendages
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with five major elements (coxa, trochanter, femur, tibia, tarsus; Figure 32B,D). Coxa is
tubular and elongated; trochanter not accessible in this view; femur quite slender and
longer than coxa; tibia similar to femur, but shorter; tarsus similar to tibia, but longer
and thinner again, tapering distally with a pair of claws. The thorax is subdivided
into pro-, meso-, and metathorax with a short cervix anteriorly. Prominent setae arise
from the trunk appendage elements. Femur and tibia are distally with a set of three or
four setae each. Trunk segments with a few setae.
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the distal tip of the stylet, as well as the position of the stylet. A low value represents a 
rather square-shaped head with a large labrum. The stylet is positioned on the outer part 
of the anterior head and gets broader at the tip. A high value represents a rather oval-
shaped head without a protruding labrum. The stylet is positioned slightly more in the 
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Figure 32. Nevrorthidae; fossil larva preserved in Kachin amber; specimen 6720 (Weiterschan BuB
24), ring light; all images flipped. (A). Lateral view, right. (B). Colour-marked version of (A).
(C). Lateral view, right. (D). Close-up of tarsus region. Abbreviations: a1–9 = abdomen segments 1–9;
at = antenna; cv = cervix (neck); hc = head capsule; lp = labial palp; ms = mesothorax; mt = metathorax;
pt = prothorax; sy = stylet; ta = tarsus; te = trunk end; ti = tibia.

3.5. Shape Analysis

Head and stylet: The analysis resulted in four effective PCs. Principal component
1 (PC1) explains 68.0% of the overall shape variation (File S1). It is dominated by aspects of
the head capsule shape on the posterior end, the size of the labrum, and the thickness at the
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distal tip of the stylet, as well as the position of the stylet. A low value represents a rather
square-shaped head with a large labrum. The stylet is positioned on the outer part of the
anterior head and gets broader at the tip. A high value represents a rather oval-shaped
head without a protruding labrum. The stylet is positioned slightly more in the middle of
the anterior head with a wide proximal part and is strongly tapering distally (File S2).

Principal component 2 (PC2) explains 19.1% of the overall shape variation (File S1). It
is dominated by aspects of the head capsule shape on the posterior end and the broadness
of the proximal part of the stylet. A low value represents a rather oval-shaped head with
a large labrum and a small proximal part of the distal slightly broader stylet. A high
value represents a rather square-shaped head with an extremely short labrum and a broad
proximal part of the distal pointed stylet (File S2).

Principal component 3 (PC3) explains 4.1% of the overall shape variation (File S1). It
is dominated by aspects of the curvature, the shape of the stylet. A low value represents
a consistently strong curved stylet with a broader distal end. A high value represents a
straighter distal pointed stylet with a slight curvature on the end (File S2).

Principal component 4 (PC4) explains 3.2% of the overall shape variation (File S1). It is
dominated by aspects of the curvature and shape of the stylet and the labrum. A low value
represents a consistently strong curved and distal broader stylet with a small proximal part
and no prominent labrum visible. A high value represents a straighter and distal pointed
stylet with a broad proximal part and a larger labrum (File S2).

Stylet: The analysis resulted in four effective PCs. Principal component 1 (PC1) explains
73.6% of the overall shape variation (File S3). It is dominated by the aspects of the curvature
and the shape of the complete stylet. A low value represents a straight shape with a slightly
convex outer side, and a slight curvature at the distal end. A high value represents a strong
curvature over the entire stylet (File S4).

Principal component 2 (PC2) explains 10.4% of the overall shape variation (File S3). It
is dominated by the aspects of the curvature and the shape of the distal tip. A low value
represents a slight curvature at the distal end of the stylet. A high value represents a strong
curvature at the distal end of the stylet (File S4).

Principal component 3 (PC3) explains 7.1% of the overall shape variation (File S3).
It is dominated by aspects of the area in the middle and on the proximal end. A low
value represents a slightly concave outer middle area and a convex proximal end, which is
broader toward the inner side. A high value represents a slightly concave outer middle
area and a round proximal end, which is broader toward the outer side (File S4).

Principal component 4 (PC4) explains 3.5% of the overall shape variation (File S3).
It is dominated by aspects of the area on the middle and distal part of the stylet. A low
value represents a consistently slight concave curved stylet, while a high value represents a
straighter stylet with a slightly convex outer and concave inner side, as well as a strong
curvature at the distal end (File S4).

Head: The analysis resulted in seven effective PCs. Principal component 1 (PC1)
explains 39.7% of the overall shape variation (File S5). It is dominated by aspects of the
area on the anterior and posterior ends. A low value represents a rather rectangular-shaped
head without a prominent labrum. A high value represents a posterior narrowly tapered
head shape and an anterior large, pointed labrum with a small proximal part (File S6).

Principal component 2 (PC2) explains 21.9% of the overall shape variation (File S5).
It is dominated by aspects of the anterior area, especially the size and broadness of the
labrum. A low value represents a rather rectangular-shaped head with a short, pointed
labrum with a small proximal part. A high value represents a rather heart-shaped head
with a large, pointed labrum with a broad proximal part (File S6).

Principal component 3 (PC3) explains 11.0% of the overall shape variation (File S5). It
is dominated by aspects of the anterior area. A low value represents a rather rectangular-
shaped head with a prominent labrum. A high value represents an egg-shaped head, with
the labrum representing the tip of the egg shape (File S6).
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Principal component 4 (PC4) explains 10% of the overall shape variation (File S5).
It is dominated by aspects of the anterior and posterior areas. A low value represents a
rather rectangular-shaped head capsule with a slightly concave posterior end and a pointed
labrum. A high value represents a rather hexagonal-shaped head capsule, with a slightly
tapered anterior and posterior end (File S6).

Principal component 5 (PC5) explains 6.0% of the overall shape variation (File S5). It
is dominated by aspects of the posterior area. A low value represents a slightly concave
posterior end, while a high value represents a convex posterior end (File S6).

Principal component 6 (PC6) explains 2.7% of the overall shape variation (File S5). It
is dominated by aspects of the posterior area. A low value represents a rather hexagonal-
shaped head capsule with a slightly tapered anterior and posterior end, while a high value
represents a broader more convex head capsule shape with a pointed labrum (File S6).

Principal component 7 (PC7) explains 2.0% of the overall shape variation (File S5).
It is dominated by aspects of the anterior area. A low value represents a rather broad
triangular-shaped anterior end. A high value represents a rather concave antero-lateral end
with a small proximal part of the labrum (File S6).

Body with stylet: The analysis resulted in seven effective PCs. Principal component 1
(PC1) explains 57.2% of the overall shape variation (File S7). It is dominated by the position
of the stylet and the shape of the posterior trunk end. A low value represents the stylet
positioned on the outer part of the head with a broad distal end, and a rather broad trunk
end. A high value represents the stylet positioned slightly more in the middle of the head,
and a pointed trunk end (File S8).

Principal component 2 (PC2) explains 17.0% of the overall shape variation (File S7). It
is dominated by aspects of the curvature, the shape of the stylet, and the (pro-)thorax. A
low value represents a rather straight distal broader stylet and a narrow (pro-)thorax. A
high value represents a more curved distal pointed stylet and a rather broad (pro-)thorax
(File S8).

Principal component 3 (PC3) explains 6.5% of the overall shape variation (File S7). It is
dominated by aspects of the thorax shape. A low value represents a rather slender thorax,
while a high value represents a rather broad thorax (File S8).

Principal component 4 (PC4) explains 5.8% of the overall shape variation (File S7). It
is dominated by aspects of the curvature of the stylet and the neck width. A low value
represents a curved stylet and a rather broader neck, while a high value represents a
straighter stylet and a rather slender neck (File S8).

Principal component 5 (PC5) explains 3.4% of the overall shape variation (File S7). It
is dominated by aspects of the stylet curvature and the broadness of the prothorax. A low
value represents a rather straighter stylet and slender prothorax. A high value represents a
rather more curved stylet and a broader prothorax (File S8).

Principal component 6 (PC6) explains 2.4% of the overall shape variation (File S7). It is
dominated by aspects of the width of the head, prothorax, and the posterior trunk end. A
low value represents a broader head and prothorax and a pointed trunk end. A high value
represents a rather narrow head and prothorax and a wider trunk end (File S8).

Principal component 7 (PC7) explains 1.9% of the overall shape variation (File S7). It
is dominated by aspects of the width of the head, prothorax, and posterior trunk end. A
low value represents a rather narrow head and prothorax and a pointed trunk end. A high
value represents a broader head, prothorax, and trunk end (File S8).

Body without stylet: The analysis resulted in seven effective PCs. Principal component
1 (PC1) explains 35.6% of the overall shape variation (File S9). It is dominated by aspects of
the width of the prothorax. A low value represents a narrow prothorax, while a high value
represents a slightly broader prothorax (File S10).

Principal component 2 (PC2) explains 24.1% of the overall shape variation (File S9).
It is dominated by aspects of the shape of the head and trunk. A low value represents a
broad head and a trunk with straight/parallel sides, while a high value represents a smaller,
triangular-shaped head and a convex-shaped body (File S10).
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Principal component 3 (PC3) explains 13.3% of the overall shape variation (File S9). It
is dominated by aspects of the width of the head, neck, and posterior trunk end. A low
value represents a broad, oval-shaped head, a narrow neck, and a pointed posterior trunk
end. A high value represents a rather rectangular-shaped head, as well as a wide neck and
posterior trunk end (File S10).

Principal component 4 (PC4) explains 9.6% of the overall shape variation (File S9). It
is dominated by aspects of the width of the head, neck, and posterior trunk end. A low
value represents a rather rectangular-shaped head, as well as a wide neck and posterior
trunk end. A high value represents an oval-shaped head, a narrower neck, and a pointed
posterior trunk end (File S10).

Principal component 5 (PC5) explains 3.4% of the overall shape variation (File S9). It
is dominated by aspects of the trunk width. A low value represents a rather broader trunk
with a pointed trunk end. A high value represents a rather narrower trunk with a wider
posterior trunk end (File S10).

Principal component 6 (PC6) explains 3.1% of the overall shape variation (File S9). It
is dominated by aspects of the shape of the anterior prothorax and the posterior trunk end.
A low value represents a rather narrow anterior prothorax and a pointed trunk end. A high
value represents a broader anterior prothorax and trunk end (File S10).

Principal component 7 (PC7) explains 2.1% of the overall shape variation (File S9). It
is dominated by aspects of the head capsule shape, width of the neck, and shape of the
posterior trunk end. A low value represents a smaller, triangular-shaped head, and a rather
broader neck and posterior trunk end. A high value represents an oval-shaped head, a
narrower neck, and a pointed posterior trunk end (File S10).

Head, prothorax, and stylet: The analysis resulted in six effective PCs. Principal compo-
nent 1 (PC1) explains 55.4% of the overall shape variation (File S11). It is dominated by
aspects of the head capsule and stylet shape. A low value represents a rather rectangular-
shaped head with a small labrum; the stylet with a narrow proximal part is rather straight,
broader at the distal end, and positioned on the outer part of the anterior head. A high
value represents a rather bellied, oval-shaped head; the stylet with a broad proximal part is
positioned more in the middle of the anterior head and tapers strongly towards the distal
end (File S12).

Principal component 2 (PC2) explains 18.6% of the overall shape variation (File S11).
It is dominated by aspects of the head capsule and the stylet shape. A low value represents
a rather rectangular-shaped head and an elongated stylet with a broad proximal part,
tapering distally. A high value represents a rather bellied, heart-shaped head and a shorter,
distal broader stylet with a narrow proximal part (File S12).

Principal component 3 (PC3) explains 6.8% of the overall shape variation (File S11). It
is dominated by aspects of the anterior and posterior areas. A low value represents a rather
straight stylet with a small proximal part and a broader distal end, as well as a rectangular
posterior end. A high value represents a rather straight stylet with a broad proximal part
and pointed distal end, as well as a more rounded posterior end (File S12).

Principal component 4 (PC4) explains 5.2% of the overall shape variation (File S11). It
is dominated by aspects of the anterior and posterior areas. A low value represents a rather
small stylet, a tiny labrum, and a rounded posterior end. A high value represents a rather
prominent stylet, a larger labrum, and a rectangular-shaped posterior end (File S12).

Principal component 5 (PC5) explains 3.0% of the overall shape variation (File S11). It
is dominated by aspects of the neck width and the posterior area. A low value represents a
broader neck and a rather rectangular-shaped posterior end of the prothorax. A high value
represents a narrower neck and a more rounded posterior end of the prothorax (File S12).

Principal component 6 (PC6) explains 2.0% of the overall shape variation (File S11). It
is dominated by aspects of the shape of the stylet, the head, and the posterior end. A low
value represents a rather straight stylet with a pointed distal end, a narrow oval-shaped
head transition into the neck, and a rounded posterior end of the prothorax. A high
value represents a rather straight stylet with a broader distal end, a narrower-shaped head
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transition straight into the neck, as well as a more rectangular-shaped posterior end of the
prothorax (File S12).

Head and prothorax: The analysis resulted in eight effective PCs. Principal component 1
(PC1) explains 35.7% of the overall shape variation (File S13). It is dominated by aspects
of the anterior and posterior ends. A low value represents a smaller labrum, a narrower
middle area, and a round posterior shape. A high value represents a longer labrum, a
broader middle area, and a rectangular posterior shape (File S14).

Principal component 2 (PC2) explains 17.2% of the overall shape variation (File S13).
It is dominated by aspects of the anterior and posterior ends. A low value represents a
short or not visible labrum and a broad rectangular posterior end. A high value represents
a long labrum and a narrow round posterior end (File S14).

Principal component 3 (PC3) explains 13.1% of the overall shape variation (File S13).
It is dominated by aspects of the anterior end. A low value represents a small labrum. A
high value represents a long labrum (File S14).

Principal component 4 (PC4) explains 8.6% of the overall shape variation (File S13).
It is dominated by aspects of the anterior end, the posterior end of the head capsule, and
the posterior area. A low value represents a short labrum, a head transition straight into
the prothorax, and a round posterior area. A high value represents a long labrum, a head
clearly separating with a rounded shape from the prothorax and a rectangular posterior
area (File S14).

Principal component 5 (PC5) explains 7.0% of the overall shape variation (File S13). It
is dominated by aspects of the anterior end and the posterior end. A low value represents a
short labrum, a rectangular anterior end of the head, and a straight posterior end. A high
value represents a long labrum, a round anterior end of the head, and a convex posterior
end (File S14).

Principal component 6 (PC6) explains 5.0% of the overall shape variation (File S13). It
is dominated by aspects of the anterior end and the posterior area. A low value represents
a narrow labrum, a rectangular anterior end of the head, and a rectangular posterior area.
A high value represents a broad labrum, a round anterior end of the head, and a round
posterior area (File S14).

Principal component 7 (PC7) explains 3.0% of the overall shape variation (File S13).
It is dominated by aspects of the anterior end and the area in the middle. A low value
represents a short, rounded labrum and an area in the middle with two clefts, one posterior
to the head and one anterior to the broad posterior area. A high value represents a long
pointed labrum and an area in the middle with a single cleft (File S14).

Principal component 8 (PC8) explains 2.2% of the overall shape variation (File S13). It
is dominated by aspects of the anterior end, posterior area, and the area in the middle. A
low value represents a broad labrum, a round head, an area in the middle with a single cleft,
and a rectangular posterior area. A high value represents a narrow labrum, a rectangular
head, an area in the middle with two clefts, and a round posterior area (File S14).

Prothorax: The analysis resulted in seven effective PCs. Principal component 1 (PC1)
explains 37.8% of the overall shape variation (File S15). It is dominated by aspects of the
anterior and posterior end and the shape of the middle. A low value represents a concave
anterior end, a straight rectangular posterior end, and a convex middle shape. A high value
represents a convex anterior end, a round posterior end, and a concave middle with the
more posterior part being broader than the anterior (File S16).

Principal component 2 (PC2) explains 22.2% of the overall shape variation (File S15).
It is dominated by aspects of the anterior and posterior areas. A low value represents a
broad concave posterior end getting narrower toward the middle and a rectangular anterior
end. A high value represents a round convex posterior end becoming broader toward the
middle forming a convex posterior half and a round anterior end (File S16).

Principal component 3 (PC3) explains 16.1% of the overall shape variation (File S15). It
is dominated by aspects of the anterior half and the posterior area. A low value represents
a narrow anterior end, a convex outer shape of the anterior half, and a narrow posterior
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area. A high value represents a broad anterior end, a concave outer shape of the anterior
half, and a broad posterior area (File S16).

Principal component 4 (PC4) explains 5.3% of the overall shape variation (File S15).
It is dominated by aspects of the anterior and posterior areas. A low value represents a
rectangular shape of the anterior and posterior areas. A high value represents a rounded
shape of the anterior and posterior area (File S16).

Principal component 5 (PC5) explains 4.9% of the overall shape variation (File S15). It
is dominated by aspects of the anterior area and the posterior end. A low value represents
a narrower, extended anterior end and a set-off, broader, and slightly convex posterior end.
A high value represents a broad anterior end with a small extended part on the outer side
and a not set-off, slightly convex posterior end (File S16).

Principal component 6 (PC6) explains 3.1% of the overall shape variation (File S15). It
is dominated by aspects of the anterior and posterior end and the area in the middle. A
low value represents a slightly concave anterior end and a smooth transition to the broader
posterior area. A high value represents a round anterior end and a more distinct set-off
broader posterior area (File S16).

Principal component 7 (PC7) explains 2.4% of the overall shape variation (File S15). It
is dominated by aspects of the anterior and posterior end and the area in the middle. A
low value represents a concave anterior end, a roughly rectangular posterior end, and a
smooth transition from the narrower anterior to the broader posterior end. A high value
represents a convex anterior end, a round posterior end, and a more distinct set-off broader
posterior area (File S16).

Trunk (with prothorax): The analysis resulted in seven effective PCs. Principal compo-
nent 1 (PC1) explains 35.1% of the overall shape variation (File S17). It is dominated by
aspects of the anterior half and the posterior area. A low value represents a broad concave
shape of the prothorax, a narrow shape of the posterior area of the thorax and anterior
area of the abdomen, as well as a broader shape of the posterior area of the abdomen. A
high value represents a narrow-elongated shape of the prothorax, a broad shape of the
posterior area of the thorax and anterior area of the abdomen, as well as a narrow shape of
the posterior area of the abdomen (File S18).

Principal component 2 (PC2) explains 30.5% of the overall shape variation (File S17). It
is dominated by aspects of the anterior area. A low value represents a narrow shape of the
prothorax and a broader shape of the mesothorax and metathorax. A high value represents
a more uniform shape of the broadness of the thorax (File S18).

Principal component 3 (PC3) explains 10.6% of the overall shape variation (File S17).
It is dominated by aspects of the anterior area. A low value represents a not set-off anterior
region, as well as a narrow shape of the mesothorax and the anterior end of the abdomen. A
high value represents a more set-off anterior end, as well as a broad shape of the mesothorax
and the anterior end of the abdomen (File S18).

Principal component 4 (PC4) explains 9.2% of the overall shape variation (File S17). It
is dominated by aspects of the anterior and posterior ends. A low value represents a broad
concave anterior end and a broad posterior end. A high value represents a narrow pointed
anterior end and a narrow spindle-shaped posterior end (File S18).

Principal component 5 (PC5) explains 3.2% of the overall shape variation (File S17).
It is dominated by aspects of the thorax, the middle of the abdomen, and the area of the
posterior end. A low value represents a broad shape of the thorax and the posterior area
and a narrow shape of the middle of the abdomen. A high value represents a narrow
shape of the thorax and the posterior area and a broad shape of the middle of the abdomen
(File S18).

Principal component 6 (PC6) explains 2.3% of the overall shape variation (File S17). It
is dominated by aspects of the anterior area. A low value represents a broader anterior end
and a narrow mesothorax. A high value represents a narrower anterior end and a broad
mesothorax (File S18).
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Principal component 7 (PC7) explains 2.0% of the overall shape variation (File S17). It
is dominated by aspects of the anterior end and the broadness of certain areas. A low value
represents a round shape of the anterior end, a broad shape of the metathorax, a narrow
shape of abdomen segment 1, and a broad shape of two areas on the posterior end. A high
value represents a pointed shape of the anterior end, a narrow shape of the metathorax, a
broad shape of abdomen segment 1, and a narrow shape of two areas on the posterior end
(File S18).

Trunk without prothorax: The analysis resulted in seven effective PCs. Principal com-
ponent 1 (PC1) explains 36.2% of the overall shape variation (File S19). It is dominated
by aspects of the anterior end. A low value represents a straight and a high value a more
rounded anterior end (File S20).

Principal component 2 (PC2) explains 31.7% of the overall shape variation (File S19).
It is dominated by aspects of the anterior end. A low value represents a convex shape
of the anterior end of the mesothorax and a high value represents a more concave shape
(File S20).

Principal component 3 (PC3) explains 12.2% of the overall shape variation (File S19).
It is dominated by aspects of the anterior and posterior ends. A low value represents a
narrow shape of the anterior end and a pointed posterior end. A high value represents a
broader shape of the anterior end and a larger extension antero-laterally, as well as a more
rounded shape of the posterior end (File S20).

Principal component 4 (PC4) explains 4.4% of the overall shape variation (File S19). It
is dominated by aspects of different segments of the body. A low value represents a narrow
shape of the mesothorax and the posterior segments, a broader shape of the area between
the thorax and abdomen, as well as a broader shape of a part in the middle of the abdomen.
A high value represents a broader shape of the mesothorax and the posterior segments, a
narrow shape of the area between the thorax and abdomen, as well as a narrow shape of a
part in the middle of the abdomen (File S20).

Principal component 5 (PC5) explains 3.4% of the overall shape variation (File S19).
It is dominated by aspects of the area between the thorax and abdomen. A low value
represents a narrow shape of the area between the thorax and abdomen and a high value
represents a broad shape of the area between the thorax and abdomen (File S20).

Principal component 6 (PC6) explains 2.8% of the overall shape variation (File S19). It
is dominated by aspects of the anterior part of the abdomen and the shape of the thorax. A
low value represents a narrow shape of the anterior part of the abdomen and a round shape
of the thorax. A high value represents a broad shape of the anterior part of the abdomen
and a more rectangular shape of the thorax (File S20).

Principal component 7 (PC7) explains 1.8% of the overall shape variation (File S19).
It is dominated by aspects of the anterior part and posterior end. A low value represents
a rectangular shape of the antero-lateral area and a pointed posterior end. A high value
represents a more rounded antero-lateral area and a more rounded posterior end (File S20).

The detailed files resulting from the shape analyses can be found in File S21.

4. Discussion
4.1. Identity of the New Specimens

The head of one specimen preserved in NHMD 115214 has been figured before [86].
The piece has been mentioned to include three such specimens and these were interpreted
as larvae of Psychopsidae (silky lacewings). Later authors were unsure about this inter-
pretation [16,87], but could neither support nor reject it. We can here show that these are
stage 1 larvae of Nevrorthidae and that the piece includes more than three specimens. In
general, lacewing larvae usually only occur closely together shortly after hatching, so this
is another indication of these specimens being stage 1 larvae. The same seems to be the
case in the 31 specimens in PED 0871.

For all new specimens reported here, the interpretation of them as dragon lacewing
larvae is relatively clear. The arrangement of the mouthparts immediately indicates that
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the specimens are larvae of lacewings: no separate maxillae are apparent as they are
functionally coupled to the mandibles and lack palps; of the labium only the palps are
apparent; all mouthparts are strongly forward oriented (prognathous). The shape of the
stylets is very indicative, as stylets that are proximally straight and distally curving are very
uncommon. Besides in Nevrorthidae, this morphology is only known in representatives of
the extinct group Ankyloleon [88,89], and other aspects of the morphology of the new larvae
are very different from those of Ankyloleon. Hence, an interpretation of the larvae as dragon
lacewings is the most parsimonious one.

4.2. The Assumed Stasis of Dragon Lacewing Larvae

As pointed out, it has been assumed that dragon lacewings remained more or less
unchanged over geological times. Yet, already, the recently reported larvae from the
Jurassic [43] represented an indication that dragon lacewing larvae of the past might have
been different from their modern counterparts, as these larvae had an unusually elongated
neck and a less prominent labrum.

The quantitative analysis performed here further supports this view. In all analysed
structures, the area occupied by modern forms is comparably small. Numerous fossils
plotting outside this area indicate that they differ from the modern forms. This difference is
least expressed in the shape of the stylets (Figure 33B). Therefore, the shape of the stylets
is indeed indicative of the fossils being dragon lacewings (see above). This result for the
stylets partly influences some of the other analyses. The combined shape of the head with
stylets (Figure 33A) shows fewer differences than the head capsules alone (Figure 33C); the
combined shape of the head, prothorax, and stylets (Figure 34B) shows fewer differences
than the head and prothorax without stylets (Figure 34C).
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The single Jurassic specimen that could be included in the analysis plots in most cases
outside of the area occupied by modern forms (although not always far, Figure 34B,C,
and in few cases not at all, Figures 34A and 35), indicating its morphological difference
(Figure 33). Also, many Cretaceous, and especially many Eocene specimens, plot quite
outside the area of the modern forms. For the Eocene specimens, part of this pattern may
be explained by the fact that only for this period, we have stage 1 larvae; even among
the extant material, no stage 1 larvae are known. Yet, also quite some of the later-stage
individuals differ in certain aspects from their modern relatives. In particular, the head
is often shorter in relation to the stylets and in many cases has a less expressed forward-
projecting labrum. Such shorter heads and labra seem clearly absent in the modern fauna.
Also, concerning the trunk, there are morphologies present in the fossils, which are absent
among the modern forms. As already noted earlier [50], some of the fossil larvae have
rather short trunks that appear less elongated, giving the possible impression of a prepupa,
but are the wrong size, i.e., being simply too small to already represent a prepupa. In light
of the new finds, these may simply represent a morphological variation that is absent in
the modern fauna.
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We can conclude that dragon lacewing larvae indeed have changed over time (that
they do not represent living fossils has already been elaborated in [50]). The expanded data
set now also shows a clear loss of morphological diversity for this group over time.

4.3. Loss of Diversity in Other Groups of Lacewings

Earlier studies have already shown losses in diversity for long-nosed antlions, i.e., the
larvae of silky lacewings (Psychopsidae; [87]) and larvae of split-footed lacewings (Nymphi-
dae; [29]). In other groups, no real change was apparent [90], or the data were inconclu-
sive [91,92]. Yet, in a few groups (although a certain loss may have been recognised),
an overall later diversification could be identified [30,90,93]. This complex pattern is also
difficult to interpret as the data sets are still too incomplete, yet a net loss of overall diversity
larvae of Neuroptera remains unquestioned [7]. Even larger sub-sets of data seem so far
not yet saturated [31]; hence, it is to be expected that even more new morphologies remain
to be found in the fossil record.

Nevrorthidae, so far, did not show a clear pattern of loss. Expanding the data set
here has changed this situation (the data set size has been more than doubled since our
last study; [50]); also, this group seems to have undergone a decline. It still remains
unclear whether the seemingly highest morphological diversity in the Eocene is a true
signal or an artefact due to the larger sub-sample size. It remains to be awaited to find
stage 1 individuals in the Cretaceous (which should be expected) as well as more larvae in
the Jurassic.

4.4. A Brief Look on Palaeoecology

First, it is important to reiterate that not all extant reports of dragon lacewing larvae
suggest an aquatic lifestyle. Riek ([53] p. 487) reported one larva that he found in moist
leaf litter. Therefore, it cannot be taken as given that all fossil dragon lacewing larvae were
aquatic. Yet, it seems clearly likely that they also lived at least in very moist environments,
and it is possible that some of them lived in freshwater, at least the fossils preserved in
amber, as they are known in size ranges comparable to those of the modern forms. Still, the
fact that some of the amber fossils are less slender than their modern counterparts and have
different head and labrum shapes indicates that they were hunting in slightly different
ways than their modern relatives. They may also have searched for different prey.
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More tricky to interpret are the recently reported Jurassic larvae [43]. These are true
giants roughly 40 mm in size, more than three times the maximum size of the largest known
extant larva (about 13 mm; [52]). Extant dragon lacewing larvae lack gill structures; also,
in the fossils, no indications of such structures are known. This lack seems unproblematic
for the modern larvae, yet these are very slender and not very large, and hence, gas
exchange over the body surface may well be sufficient, especially as they are living in
highly oxygenated running waters. The large fossils are in a quite different size range and
appear not as slender as the modern forms, besides the neck, which is more slender than in
any other form. Hence, at this size, we could expect that they should possess gills when
living in water. This absence of gills does not exclude that these fossils were aquatic. Some
larvae of predaceous diving beetles (Dytiscidae) reach even larger sizes than the Jurassic
fossils, resembling the overall body shape, and some do not possess gills either. This leaves
the possibility that also these large larvae were aquatic.

The comparison to larvae of predaceous diving beetles may indeed provide a good
comparison for the Jurassic fossils (though these beetle larvae cannot breathe underwater,
but take in oxygen at the surface). The large predaceous diving beetle larvae, better known
as water tigers, are top predators consuming everything in their range, including fishes,
tadpoles, or even adult amphibians [94]. We can expect that large-sized lacewing larvae,
which are (almost) all known to be effective predators and venomous, indeed were able to
fulfil a similar ecological role. For food web reconstructions, such aspects will have to be
considered. So far, direct interactions of fossil lacewing larvae with their prey are practically
absent; only a single piece from Baltic amber has preserved an aphidlion together with
some aphids in the same piece [95]. Therefore, also some more indirect comparisons as
discussed here are necessary to gain at least some insights into the feeding ecology of the
extinct animals.

5. Outlook

The study of Haug et al. [50] significantly expanded the known record of dragon
lacewing larvae; the study of Du et al. [43] expanded the time and size range of dragon
lacewing larvae; the present study more than doubled the number of available specimens.
Although we can not test for saturation in the same manner as in other cases [31], it should
be clear that the data set is not yet saturated, as stage 1 larvae are only known from a
single time slice, and only a single specimen from the Jurassic could be included into the
quantitative analysis. It is therefore to be expected that further expanding the data set may
still change the picture.

Yet, already the still incomplete data set shows that the anticipated stasis of dragon
lacewing larvae is not supported by quantitative data. Instead, dragon lacewings line up
with other lineages of lacewings, having declined over time concerning the morphological
diversity of their larval stages.
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70. Markovič, V.; Ilič, M.; Rakovič, M.; Paunovič, M. New Record of Nevrorthidae (Neuroptera; Neuropterida) from Serbia. SCUP

2016, 1, 163–168.
71. Wichard, W.; Weitschat, W. Wasserinsekten im Bernstein: Eine paläobiologische Studie (Vol. 4); Löbbecke-Museum und Aquazoo:

Düsseldorf, Germany, 1996; p. 121.

https://doi.org/10.1111/cla.12186
https://www.ncbi.nlm.nih.gov/pubmed/34724753
https://doi.org/10.1146/annurev-ento-020117-043127
https://www.ncbi.nlm.nih.gov/pubmed/29324039
https://doi.org/10.1098/rspb.2022.2500
https://doi.org/10.26879/955
https://doi.org/10.18476/pale.v10.a1
https://doi.org/10.3897/dez.64.13028
https://doi.org/10.18476/pale.v9.a7
https://doi.org/10.4081/fe.2020.472
https://doi.org/10.26749/rstpp.126.29
https://doi.org/10.1111/j.1096-3642.2009.00560.x
https://doi.org/10.11646/zootaxa.3796.2.7


Insects 2023, 14, 749 61 of 61

72. Grimaldi, D.A.; Engel, M.S.; Nascimbene, P.C. Fossiliferous Cretaceous amber from Myanmar (Burma): Its rediscovery, biotic
diversity, and paleontological significance. Amer. Mus. Nov. 2002, 3361, 1–71. [CrossRef]

73. Gröhn, C. Einschlüsse im Baltischen Bernstein; Verlag Wachholtz: Kiel, Germany, 2015; p. 424.
74. Lu, X.; Xia, F.; Wang, B.; Aspöck, U.; Liu, X. Taxonomic notes on Cretarophalis patrickmuelleri Wichard, 2017 (Insecta: Neuroptera:

Nevrorthidae) from the mid-Cretaceous of Myanmar, and its phylogenetic significance. Zootaxa 2018, 4370, 591–600. [CrossRef]
75. Cruickshank, R.D.; Ko, K. Geology of an amber locality in the Hukawng Valley, northern Myanmar. J. Asian Earth Sci. 2003, 21,

441–455. [CrossRef]
76. Shi, G.; Grimaldi, D.A.; Harlow, G.E.; Wang, J.; Wang, J.; Yang, M.; Lei, W.; Li, Q.; Li, X. Age constraint on Burmese amber based

on U–Pb dating of zircons. Cretac. Res. 2012, 37, 155–163. [CrossRef]
77. Yu, T.; Kelly, R.; Mu, L.; Ross, A.; Kennedy, J.; Broly, P.; Xia, F.; Zhang, H.; Wang, B.; Dilcher, D. An ammonite trapped in Burmese

amber. Proc. Natl. Acad. Sci. USA 2019, 116, 11345–11350. [CrossRef]
78. Iwata, H.; Ukai, Y. SHAPE: A computer program package for quantitative evaluation of biological shapes based on elliptic Fourier

descriptors. J. Hered. 2002, 93, 384–385. [CrossRef]
79. Braig, F.; Haug, J.T.; Schädel, M.; Haug, C. A new thylacocephalan crustacean from the Upper Jurassic lithographic limestones of

southern Germany and the diversity of Thylacocephala. Palaeodiv 2019, 12, 69–87. [CrossRef]
80. Janzen, J.W. Arthropods in Baltic Amber; Ampyx Verlag: Halle, Germany, 2002; p. 167.
81. Scheven, J. Bernstein-Einschlüsse: Eine untergegangene Welt bezeugt die Schöpfung. Erinnerungen an die Welt vor der Sintflut; Kuratorium

Lebendige Vorwelt e.V.: Hofheim, Germany, 2004; p. 160.
82. Kobbert, M.J. Bernstein-Fenster in die Urzeit; Planet. Poster Editions: Göttingen, Germany, 2005; p. 244.
83. Giacomino, M. Contribution à la connaissance des Neuropterida de Corse (Raphidioptera et Neuroptera). Micromus angulatus

(Stephens, 1836), Microminae nouveau pour la faune de Corse (Neuroptera Hemerobiidae). L’Entomologiste 2013, 69, 117–120.
84. Kobbert, M.J. Wunderwelt Bernstein: Faszinierende Fossilien in 3-D; WBG (Wissenschaftliche Buchgesellschaft): Darmstadt,

Germany, 2013.
85. Beutel, R.G.; Friedrich, F.; Yang, X.K.; Ge, S.Q. Insect Morphology and Phylogeny: A Textbook for Students of Entomology; Walter de

Gruyter: Berlin, Germany, 2014; p. 516.
86. Larsson, S.G. Baltic Amber: A Palaeobiological Study; Scandinavian Science Press: Klampenborg, Denmark, 1978.
87. Haug, G.T.; Haug, C.; Pazinato, P.G.; Braig, F.; Perrichot, V.; Gröhn, C.; Müller, P.; Haug, J.T. The decline of silky lacewings and

morphological diversity of long-nosed antlion larvae through time. Palaeont. Electron. 2020, 23, a39. [CrossRef]
88. Badano, D.; Fratini, M.; Maugeri, L.; Palermo, F.; Pieroni, N.; Cedola, A.; Haug, J.T.; Weiterschan, T.; Velten, J.; Mei, M.; et al. X-ray

microtomography and phylogenomics provide insights into the morphology and evolution of an enigmatic Mesozoic insect larva.
Syst. Entomol. 2021, 46, 672–684. [CrossRef]

89. Haug, J.T.; Haug, C. New details of the enigmatic 100 million years old antlion-like larvae of Ankyloleon (Myrmeleontiformia,
Neuroptera). Europ. J. Taxon 2023, accepted.

90. Haug, J.T.; Haug, G.T.; Zippel, A.; van der Wal, S.; Müller, P.; Gröhn, C.; Wunderlich, J.; Hoffeins, C.; Hoffeins, H.-W.; Haug, C.
Changes in the morphological diversity of larvae of lance lacewings, mantis lacewings and their closer relatives over 100 million
years. Insects 2021, 12, 860. [CrossRef]

91. Haug, G.T.; Baranov, V.; Wizen, G.; Pazinato, P.G.; Müller, P.; Haug, C.; Haug, J.T. The morphological diversity of long-necked
lacewing larvae (Neuroptera: Myrmeleontiformia). Bull. Geosci. 2021, 96, 431–457. [CrossRef]

92. Haug, J.T.; van der Wal, S.; Gröhn, C.; Hoffeins, C.; Hoffeins, H.-W.; Haug, C. Diversity and fossil record of larvae of three groups
of lacewings with unusual ecology and functional morphology: Ithonidae, Coniopterygidae and Sisyridae. Palaeont. Electron.
2022, 25, a14. [CrossRef]

93. Haug, J.T.; Linhart, S.; Haug, G.T.; Gröhn, C.; Hoffeins, C.; Hoffeins, H.-W.; Müller, P.; Weiterschan, T.; Wunderlich, J.; Haug, C.
The diversity of aphidlion-like larvae over the last 130 million years. Insects 2022, 13, 336. [CrossRef]

94. Culler, L.E.; Ohba, S.-y.; Crumrine, P. Predator-prey interactions of dytiscids. In Ecology, Systematics, and the Natural History of
Predaceous Diving Beetles (Coleoptera: Dytiscidae); Yee, D.A., Ed.; Springer: Dordrecht, The Netherlands, 2014; pp. 363–386.

95. Haug, J.T.; Kiesmüller, C.; Haug, G.T.; Haug, C.; Hörnig, M.K. A fossil aphidlion preserved together with its prey in 40 million-
year-old Baltic amber. Palaeobiodiv. Palaeoenv. 2023, 103, 155–163. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1206/0003-0082(2002)361%3C0001:FCAFMB%3E2.0.CO;2
https://doi.org/10.11646/zootaxa.4370.5.10
https://doi.org/10.1016/S1367-9120(02)00044-5
https://doi.org/10.1016/j.cretres.2012.03.014
https://doi.org/10.1073/pnas.1821292116
https://doi.org/10.1093/jhered/93.5.384
https://doi.org/10.18476/pale.v12.a6
https://doi.org/10.26879/1029
https://doi.org/10.1111/syen.12482
https://doi.org/10.3390/insects12100860
https://doi.org/10.3140/bull.geosci.1807
https://doi.org/10.26879/1212
https://doi.org/10.3390/insects13040336
https://doi.org/10.1007/s12549-021-00521-z

	Introduction 
	Materials and Methods 
	Materials 
	Documentation Methods 
	Shape Analysis 

	Results 
	Additional Larval Representatives of Nevrorthidae Depicted in the Literature 
	New Extant Larval Representatives of Nevrorthidae 
	Additional Fossil Larval Representatives of Nevrorthidae in Baltic Amber 
	Additional Fossil Larval Representatives of Nevrorthidae in Kachin amber 
	Shape Analysis 

	Discussion 
	Identity of the New Specimens 
	The Assumed Stasis of Dragon Lacewing Larvae 
	Loss of Diversity in Other Groups of Lacewings 
	A Brief Look on Palaeoecology 

	Outlook 
	References

