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1. Introduction

The Coleoptera (beetles) has often been considered 
the most successful group of animals (the twist in this 
view was discussed in Haug et al. 2016). Despite the enor-
mous species richness with more than 380,000 formally 
described species, most adult beetles can be recognised 
as such even by a layperson. How does the high species 
diversity go together with a rather recognizable appear-
ance and hence a seemingly low morphological diversity? 
This “secret” is immediately solved when looking at the 
life history of beetles. Beetles, like all representatives of 
Holometabola, develop through discrete larval stages that 
differ distinctly from their corresponding adults in mor-
phology and ecology. These larvae also differ significantly 
from each other (Lawrence 1991; Lawrence et al. 2011; 
BeuteL & LescHen 2016), revealing that the true diversity 
of beetles, in the sense of being morphologically different, 
appears to be the diversity of beetle larvae.

The group Brachypsectridae is a species-poor lineage 
of beetles, also known as Texas beetles. Hitherto, there are 
eight formally described extant species (Lawrence et al. 
2020: 8) from North America, India, Malaysia and Aus-
tralia (Lawrence 1991: 422). Adults of Brachypsectridae 
are relatively small-sized, lightly sclerotized and incon-
spicuous beetles that seem to be quite rare and short-lived 
(Ferris 1927; crowson 1973; Lawrence 1991: 421). Never-
theless, also here the larvae are very peculiar. When the 
larvae were first presented to the public (BarBer 1905), 

the corresponding adult was completely unknown and the 
larvae were considered an ʻenigmaʼ (Ferris 1927; BLair 
1930) that was finally resolved with the work of BLair 
(1930).

Even though today both adult and immature stages are 
well known, the specimens of Brachypsectridae are often 
only rarely sampled and omitted from many ana lyses (e.g., 
molecular analysis of Bocakova et al. 2007; kundrata et 
al. 2014). Therefore, the exact phylogenetic relationship of 
the group remained a contentious issue. Recently, there 
appears to be strong support for a position of Brachypsec-
tridae within Elateroidea (Bocakova et al. 2007; Lawrence 
et al. 2011; kundrata et al. 2014;  Mckenna et al. 2015). 
In the results of a morphological analysis performed by 
Lawrence et al. (2011), Brachy psectridae appear to form 
a monophyletic group also including Throscidae, Cero-
phytidae, and Eucnemidae. In the phylogeny of  kundrata 
et al. (2014, fig. 2) the three latter groups cluster closely 
together as well, with Throscidae and Cerophytidae being 
sister groups. Within the phylogeny of Mckenna et al. 
(2015), Brachypsectridae is in a sister-group position to 
(Throscidae + Cerophytidae + Eucnemidae). There are also 
similarities to other representatives of Elateroidea, namely 
Lycidae, Lampyridae, Cantharidae, and  Elateridae.

The larvae of Brachypsectridae are dorso-ventrally 
flattened and have an oval outline in dorsal or ventral 
view. In this view, the head is roughly rectangular; the 
antennae are short, stout, and paddle-shaped; the mandi-
bles are sickle-shaped, piercing mouthparts with a closed 
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sucking channel (BeuteL 1995). The trunk is divided into 
an anterior part (thorax) and a posterior part (abdomen). 
The trunk segments have lateral protrusions with numer-
ous spines, resulting in a comb-like appearance. Two pairs 
of protrusions arise from each of the thoracic segments 
and one pair from each of the eight further abdomen seg-
ments, summing up to a total of 14 prominent protrusions 
on each side of the body (however, BLair 1930 pointed out 
that also the abdomen segments have a second pair of pro-
trusions, but these are tiny and often not easily visible). 
The trunk end is elongated and triangular.

The larvae of Brachypsectridae are not only “eye-
catching” due to their branched protrusions, but also due 
to modified scales covering their body (BeuteL 1995, 
fig. 11a; costa et al. 2006, figs. 19–26; Lawrence et al. 
2011, figs. 74B, 83C). Another specific characteristic of 
these larvae is an intermediate condition between a firmly 
continuous clypeus-labrum complex (which is charac-
teristic for other larvae of Elateroidea) and a free labrum 
(BeuteL 1995).

The piercing-sucking mandibles with internal perfora-
tion and opening at the base and tip of the mandibles as 
seen in larvae of Brachypsectridae are also present in lar-
vae of other ingroups of Elateroidea (e.g., Drilini, Phen-
godidae, Rhagophthalmidae, Lampyridae; Lawrence et 
al. 2011). Such mandibles may be derived from mandibles 
with open inner grooves (crawson 1972; BeuteL 1995). 
A loss of a specific pre-oral filter is probably also corre-
lated with the mode of feeding of these beetles. It seems 
that the loss is secondary and the characteristic is shared 
with other ingroups of Elateroidea (Throscidae, Eucnemi-
dae and Lycidae; Lawrence et al. 2011). The maxillae and 
labium are joined together into a maxillolabial complex 
with incomplete sutures (a character also found in Eucne-
midae; Lawrence et al. 2011).

The oval body, the protrusions, and the piercing man-
dibles remind of certain lacewing larvae (Neuroptera; 
FLeenor & taBer 1999: 360), more specifically larvae 
of owlflies (Ascalaphidae; griMaLdi & engeL 2005: 384, 
fig. 10.43; costa et al. 2006: 415) or those of split-footed 
lacewings (Nymphidae; see recent review in Haug et al. 
online first and references therein). Indeed comparably 
to many lacewing larvae, larvae of Brachypsectridae are 
sit-and-wait predators, which can starve for quite some 
time (BarBer 1905: 118). Ferris (1927: 281) even reported 
movements when handling prey that he compared to those 
of antlion larvae.

There are overall only a few reports of larvae of 
Brachypsectridae from the extant fauna, and they might 
seem rare, yet FLeenor & taBer (1999) suggested that they 
can be locally common. petrZeLkova et al. (2017) pointed 
out that the rarity might be an artefact. Many aspects of 
the biology are still unknown, for example the number of 
larval stages (costa et al. 2006, p. 415; kLausnitZer 2009: 

732). For now, there are at least three larval stages (costa 
et al. 2006: 416). Recently, a first instar larva was men-
tioned, but with only some details shown (Lawrence et al. 
2020: 5).

With their distinct morphology, larvae of Brachypsec-
tridae can easily be identified as such. This makes it also 
possible to recognise such larvae in the fossil record rather 
easily. All fossil records of these larvae have been found 
in amber. This includes specimens in about 15–20 million-
year-old Miocene Dominican amber (poinar 1992; wu 
1996; poinar & poinar 1999; woodruFF 2002; scHeven 
2004; kLausnitZer 2009), in about 40 million-year-old 
Eocene Baltic amber (scHeven 2004; kLausnitZer 2009) 
and most recently in 100 million-year-old Myanmar amber 
(ZHao et al. 2020).

We here review the entire record of larvae of Brachy-
psectridae, extant and fossil, report additional specimens 
and compare the morphological diversity of these larvae 
through time. In our study, diversity is represented by the 
variation of quantifiable morphology as a proxy.

2. Material and methods

2.1. Material

A single new specimen is reported here from Cretaceous 
Myanmar amber (“Burmese amber”), about 100 million-year-
old deposits of Hukawng Valley, Kachin State, Myanmar 
( cruicksHank & ko 2003). The specimen was legally pur-
chased via the internet platform ebay.com, from the trader bur-
mite-miner. The specimen is deposited in the Palaeo-Evo-Devo 
Research Group Collection of Arthropods, Ludwig-Maximili-
ans-University of Munich, Germany (PED 0435).

Two further new specimens come from the collection 
of cHristeL and Hans-werner HoFFeins (CCHH 1181-2 and 
1228-6, to be deposited in the amber collection of Senckenberg 
Deutsches Entomologisches Institut (SDEI), Müncheberg, Ger-
many). 

In addition, all specimens reported and depicted in the lite-
rature are complied here. Each specimen was interpreted as 
a simplified drawing (more details below).

2.2. Documentation methods
 
Documentation of PED 0435 was performed on a Keyence 

VHX 6000 digital microscope. We photographed the specimen 
one time illuminated by coaxial cross-polarised light (Haug et 
al. 2013b) and one time by unpolarised ring light. Under both 
illuminations, documentation was performed with a white and 
a black background. The built-in HDR function was used to 
optimise the images (cf. Haug et al. 2013a). Image stacks were 
recorded to overcome limitations in depth of field; several adja-
cent stacks were recorded to overcome limitations in field of 
view (Haug et al. 2008, 2011). The images providing the best 
contrast were used.

Additionally, PED 0435 was imaged at the Imaging Beam-
line P05 (greving et al. 2014; wiLde et al. 2016) operated by 
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Fig. 1. Interpretations of larvae of Brachypsectridae from the literature; all specimens from the extant fauna; 01: from BarBer (1905, 
fig. 11); 02: from Ferris (1927: 280); 03–07: from BLair (1930); 03: Brachypsectra fulva (BLair 1930, pl. 1, fig. 1); 04: B. fulva (BLair 
1930, pl. 1, fig. 2); 05: B. lampyroides (BLair 1930, pl. 1, fig. 3); 06: B. fulva (BLair 1930, pl. 1, fig. 4); 07: B. lampyroides (BLair 1930, 
pl. 1, fig. 5); 08: from Lawrence (1991), B. fulva (Lawrence 1991: 421, fig. 34.457a); 09: from Lawrence & Britton (1991; redrawn 
after Lawrence et al. 1995).
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Fig. 2. Interpretations of larvae of Brachypsectridae from the literature, continued; 10–12: larvae from Miocene Dominican amber; 
10: from poinar (1992: 136, fig. 74); 11: from wu (1996: 131, fig. 198), Brachypsectra ? moronei; 12: from wu (1996: 136, fig. 225); 
13: larva from extant fauna, Brachypsectra fulva, from FLeenor & taBer (1999: 360, fig. 1); 14, 15: from scHeven (2004); 14: larva 
from Eocene Baltic amber (scHeven 2004: 10); 15: larva from Miocene Dominican Amber (scHeven 2004: 120); 16–18: larvae from 
extant fauna; from costa et al. (2006); 16: B. fulva (combined from costa et al. 2006, figs. 20, 24); 17: B. lampyroides (costa et al. 
2006, fig. 50); 18: Brachypsectra sp. (costa et al. 2006, fig. 73).
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Fig. 3. Interpretations of larvae of Brachypsectridae from the literature, continued; 19–21: from kLausnitZer (2009); 19, 20: larvae 
from the extant fauna, Brachypsectra cf. lampyroides; 19: last larval stage (kLausnitZer 2009, fig. 1); 20: penultimate larval stage 
(kLausnitZer 2009, fig. 3); 21: larva from Eocene Baltic amber (kLausnitZer 2009, fig. 19); 22–26: larvae from the extant fauna; 
22: from Lawrence et al. (2011), B. fulva (Lawrence et al. 2011, fig. 65D); 23: from petrZeLkova et al. (2017), Brachypsectra sp. 
( petrZeLkova et al. 2017, fig. 2I); 24–26: from Lawrence et al. (2020), B. cleidecostae; 24, 25: larvae from Diamantina Lakes National 
Park; 24: small larva (Lawrence et al. 2020, fig. 5C); 25: large larva (Lawrence et al. 2020, fig. 5C); 26: larva from Stubb s̓ water-
hole (Lawrence et al. 2020, fig. 6B).
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Fig. 4. Interpretations of larvae of Brachypsectridae from the literature, continued, and additional specimen; 27: larva from Creta-
ceous Myanmar amber; from ZHao et al. (2020, combined from their figs. 1 and 2); 28–31: larvae from the extant fauna, presumably 
all of Brachypsectra fulva; from the database bugguide.com; 28: based on image 114820; 29: based on image 175768; 30: based on 
image 1601732; 31: based on image 1709093; specimen appears cut off on the left side as it was partly concealed in the original photo; 
32: specimen from the HoFFeins collection (based on Fig. 5A, B).

the Helmholtz-Zentrum Hereon at the storage ring PETRA III 
(Deutsches Elektronen Synchrotron - DESY, Hamburg, Ger-
many), using a photon energy of 18 keV and a sample-to-
detector distance of 150 mm. Projections were recorded using 
a 50 MP Ximea CB500MG-CM camera system with an effective 
pixel size of 0.92 μm. For the tomographic scan, 2501 projec-
tions at equal intervals between 0 and π were recorded. Tomo-
graphic reconstruction was done by applying a transport of 
intensity phase retrieval approach and using the filtered back 
projection algorithm (FBP) implemented in a custom recon-
struction pipeline using Matlab (Math-Works) and the Astra 
Toolbox ( MoosMann et al. 2014; van aarLe et al. 2015, 2016). 
Raw projections were binned twice for further processing, 
resulting in an effective pixel size of the reconstructed volume 
(voxel) of 1.83 μm. SR-μCT scans of PED 230 and AKBS-0030 
were performed at the imaging cluster of the KIT light source 
of Karlsruhe Institute of Technology using a parallel polychro-
matic x-ray beam produced by a 1.5 T bending magnet. The 
beam was spectrally filtered by 0.2 mm aluminium to remove 
low-energy components from the beam. The resulting spectrum 
had a peak at about 15 keV, with a full width at half-maximum 
bandwidth of about 10 keV. A fast-indirect detector system was 
employed, consisting of a 12 μm LSO: Tb scintillator (ceciLia 
et al. 2011), diffraction limited optical microscope (Optique 
Peter) coupled with a 12 bit pco.dimax high-speed camera with 
2016 x 2016 pixels. Scans were done by taking 3,000 projec-
tions at 70 frames per second and optical magnifications of 5× 
(PED-230 and AKBS-0030) and 10× (AKBS-0030), resulting in 
an effective pixel size of 2.44 μm and 1.22 μm, respectively. The 
samples were scanned in several height steps. We used the con-
trol system concert (vogeLgesang et al. 2016) for automated data 
acquisition and online reconstruction of tomographic slices for 
data quality assurance. Online and final data processing includ-
ing tomographic reconstruction were performed by the UFO 
framework (vogeLgesang et al. 2012).

The two specimens from the HoFFeins collection were doc-
umented with a Nikon Coolpix 4500 attached to a Wild M3Z 
microscope.

2.3. Image processing

Images recorded on the Keyence VHX 6000 digital micro-
scope were processed automatically by the built-in software. 
Adobe Photoshop CS2 was used for optimising all images (his-
tograms, saturation, sharpness). Tiff-stacks resulting from CT-
scans were imaged as volume renders in OSIRIX.

2.4. Presentation

All visible structures of PED 0435 were colour-marked to 
provide an interpretation of the structures. Adobe Illustrator 
CS2 was used to redraw larvae of Brachypsectridae from the lit-
erature. The drawings were slightly simplified; corresponding 
structures were given similar colours.

2.5. Shape analysis

All accessible specimens (extant and fossil) were redrawn 
by hand in Adobe Illustrator CS2. The better preserved body 
half (left or right) was drawn and mirrored. The resulting image 
was checked against the original to reduce possible artefacts. 
Dorsal and ventral views were used, as the orientation does not 
strongly (or not at all) influence the outline. Reconstructed out-
lines were analysed in SHAPE (see also Braig et al. 2019; Haug 
et al. 2020a).
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Fig. 5. Larvae of Brachypsectridae preserved in Baltic amber, HoFFeins collection (future part of the amber collection of Sencken-
berg Deutsches Entomologisches Institut (SDEI), Müncheberg, Germany); A, B: specimen 32, CCHH 1118-2; A: dorsal view; B: ven-
tral view; C, D: CCHH 1228-6, exuvia, size about 2.6 x 1.5 mm; C: overview; D: detail of branched processes; images not to scale.

Two different datasets were used. Dataset 1 used the out-
line of the entire body; however, the trunk end was omitted, as 
it was oriented upwards in some specimens. During chaincod-
ing, the images were simplified using the ʻEvo-filterʼ set to 7–8 
(depending on specimen), cutting off most of the protrusions 
and appendages (otherwise, the chain codes would have been 
too long and created an error message in later processing). Data-
set 2 used the outline of the anterior body (head and prothorax). 
Some smaller specimens were excluded as the posterior border 
of the prothorax could not be properly evaluated. Same as for 
dataset 1, during chaincoding, the images of dataset 2 were sim-
plified by using the ʻEvo-filterʼ set to 3–4, cutting off most of 
the secondary protrusions and appendages. Harmonics were set 
to 20 in both datasets.

2.6. Morphospace occupation

We compared the diversity of shape of extant and fossil lar-
vae, the latter further differentiated into Miocene, Eocene and 
Cretaceous larvae. For each of the four time slices, the ranges of 
occupation of the dominating assembled dimensions (principal 

components resulting from the shape analysis) were plotted and 
compared. Plotting was performed in OpenOffice 4.02.

3. Results

3.1. List of specimens

All occurrences of depictions of larvae of Brachypsec-
tridae are listed chronologically. Cases in which the same 
specimen has been re-figured are also included chrono-
logically with reference to the original occurrence. While 
this includes a certain redundancy, it should represent the 
most complete way of cross-referencing, avoiding to inter-
pret the same specimen as two independent occurrences.

1) BarBer (1905, fig. 11) provided a photograph (at least it 
appears to be a photograph, yet due to the compression of the 
electronic version available to the authors it cannot be fully 
excluded that this is a very detailed drawing) in dorsal view of 
a larva of the group Brachypsectridae (Fig. 1; specimen 1). Size 
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The image was originally provided by Prof. o. e. essig. No indi-
cation of its size was provided. 

4) BLair (1930) solved the “enigma” of the larvae in focus 
here and identified them as immatures of the group Brachyp-
sectridae. He provided three photographs of larvae of the group, 
including one of an alive larva of Brachypsectra fulva (BLair 
1930, pl. 1, fig. 1), a fixed specimen of B. fulva (BLair 1930, pl. 1, 
fig. 2), and a fixed specimen of B. lampyroides (BLair 1930, pl. 1, 
fig. 3). Additionally, detailed drawings of the anterior region 
(head and prothorax) for a larva of B. fulva (BLair 1930, pl. 1, 
fig. 4) and B. lampyroides (BLair 1930, pl. 1, fig. 5) were pro-
vided. The photo of the alive larva of B. fulva does not match the 
fixed specimen. In addition, the two drawings do not match the 
photographs. According to the text, BLair had several specimens 

was given as a magnification factor, which is not informative for 
the electronic version available to the authors. Several details 
were provided including: drawings of different types of spines 
(BarBer 1905, fig. 12), a photo-micrograph of a leg and some of 
the processes (BarBer 1905, fig. 13), and a close-up view of the 
anterior body with head and prothorax (BarBer 1905, fig. 14). 
According to the text, the author had several specimens avail-
able. It seems that the specimen was re-figured in Böving & 
craigHead (1931) and cHu (1949) (see discussion there).

2) anonyMous (1908: 14) mentioned but did not figure lar-
vae of the group Brachypsectridae. Some of the mentioned spec-
imens have been shown in BarBer (1905).

3) Ferris (1927: 280) provided the photograph of a larva of 
the group Brachypsectridae in dorsal view (Fig. 1; specimen 2) 

Fig. 6. Larva of Brachypsectridae preserved in Myanmar amber, PED 0435; A: overview; B: colour-marked version of A; C: close-
up of head; D: close-up of mouthparts; E: close-up of distal part of isolated trunk appendage; F: close-up of protrusions of protho-
rax; arrows point to tertiary protrusions arising from secondary protrusions. Abbreviations: at = presumed antenna; cl = claw; fe = 
femur; hc = head capsule; li? = possible labium; md = mandible; ms = mesothorax; mt = metathorax; mx = maxilla; pt = prothorax; 
t1 = trunk/thorax appendage 1; ti = tibiotarsus.
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available. We therefore assume that five different specimens 
have been shown (Fig. 1; specimen 3 on his fig. 1; specimen 4 
on his fig. 2; specimen 5 on his fig. 3; specimen 6 on his fig. 4; 
specimen 7 on his fig. 5). Additionally, details of the clypeus and 
labrum (his [text-]fig. 2a), mandible (his [text-]fig. 2b), as well as 
maxillae and labium (his [text-]fig. 2c) were provided.

5) Böving & craigHead (1931, pl. 74C) provided a draw-
ing of a larva of the group Brachypsectridae. The outline of the 
specimen matches that of the larva depicted in BarBer (1905), 
including the orientation of the slightly tilted trunk end. We 
therefore regard it as a redrawing of specimen 1. In addition, 
a number of details were provided as drawings (all on their plate 
74), including: processes (A, D), a leg (B), setae (E), mouthparts 
(F). It remains unclear whether these are also based on the data 
provided by BarBer (1905) or whether the authors had additional 
specimens available. 

6) cHu (1949) provided a simplified drawing of a larva of the 
group Brachypsectridae (cHu (1949: 96, fig. 239). It matches the 
outlines of specimen 1 quite precisely. We therefore consider it 
a simplified re-figure of specimen 1.

7) Lawrence (1991: 421, fig. 34.457a) provided a detailed 
drawing of a larva of Brachypsectra fulva in dorsal view. The 
specimen does not match any of the previously figured ones 
and is therefore considered a new specimen (Fig. 1; specimen 
8). Additionally, SEM images of an isolated head in antero-dor-
sal (Lawrence 1991, fig. 34.457b) and partially ventral view 
(Lawrence 1991, fig. 34.457c) were provided, as well as a sim-
plified drawing of the maxillo-labial complex (Lawrence 1991, 
fig. 34.457d). No direct indications of size were provided. It 
remains unclear whether all images show the same specimen.

8) Lawrence & Britton (1991) seem to have figured a larva 
of the group Brachypsectridae (Fig. 1; specimen 9, see discus-

Fig. 7. Red-cyan stereo anaglyphs of synchrotron radiation micro-computed tomography scans of larva of Brachypsectridae in 
Myanmar amber, PED 0435; use red-cyan glasses to view; A, B: overview in lateral views; C: overview in dorsal view; D: colour-
marked version of C; E: overview in frontal view (?); F: close-up of colour-marked thorax appendage. Abbreviations: at = presumed 
antenna; cl = claw; fe = femur; hc = head capsule; li = labium; md = mandible; mx = maxilla; pt = prothorax; ti = tibiotarsus; tr = 
 trochanter. Images not to scale.
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sion further below). The publication was not available to the 
authors. The specimen was re-figured by Lawrence et al. (1995).

9) poinar (1992) provided a photograph of a larva of the 
group Brachypsectridae (Fig. 2; specimen 10), preserved in Mio-
cene Dominican amber (poinar 1992: 136, fig. 74), representing 
the first fossil record of a larva of Brachypsectridae. The spec-
imen was stated to be part of the Cardeon collection, Miami, 
Florida (according to woodruFF 2002: 164, the collection may 
be partly based in Chile). The specimen is well accessible in ven-
tral view with only few dirt particles covering certain areas. The 
corresponding areas on the other side of the body are well acces-
sible. No indication of size was provided. The specimen was re-
figured in poinar & poinar (1999) and apparently poinar (2010, 
see discussion below).

10) Lawrence et al. (1995) re-figured the specimen of 
 Lawrence & Britton (1991; specimen 9; Fig. 1). The specimen 
was shown as a detailed drawing, yet it appears to be slightly 
schematized. The specimen does not match any of the previous 
records and was therefore considered as a new specimen (see 
above). No indication of its size was provided.

11) wu (1996) published a book on Miocene Dominican 
amber, including images of two larvae of Brachypsectridae pre-
served in this type of amber. According to woodruFFF (2002: 
170) the book is a re-published version of an earlier one in Chi-
nese. The first specimen (wu 1996: 131, fig. 198) is availa-
ble in dorsal view (Fig. 2; specimen 11), no indication of size 
was provided; in later publications size was stated to be 5 mm 
( griMaLdi & engeL 2005). The specimen was re-figured several 
times (woodruFF 2002; griMaLdi & engeL 2005, see discussion 
there; costa et al. 2006). The image of the second specimen in 

wu (1996: 136, fig. 225) is smaller and does not provide a lot of 
details (Fig. 2; specimen 12). It seems accessible in dorsal view.

12) FLeenor & taBer (1999: 360, fig. 1) provided a photo-
graph of a larval specimen of Brachypsectra fulva (Fig. 2; speci-
men 13). The image showed the specimen in its habitat in dorsal 
view. No indication of size was provided. According to the text, 
the authors had more than 50 specimens available and indicated 
that they must be very common in their habitats.

13) poinar & poinar (1999: 132 and between pp. 110 and 111, 
in both cases their fig. 133) re-figured specimen 10, i.e., the larva 
in Dominican amber from poinar (1992).

14) woodruFF (2002: 166, fig. 17) re-figured specimen 11, 
i.e., one specimen from wu (1996).

15) scHeven (2004) figured two larvae of Brachypsectridae 
preserved in amber. The first one (Fig. 2; specimen 14) is pre-
served in Eocene Baltic amber (scHeven 2004: 10). It is well 
accessible in dorsal view, but partly covered by dirt. The sec-
ond one (Fig. 2; specimen 15) is preserved in Miocene Domin-
ican amber (scHeven 2004: 120). It is well accessible in slightly 
oblique dorsal view. For both specimens no indication of size 
was provided. Both specimens were re-figured by kLausnitZer 
(2009); he also provided additional details of the specimens (see 
below). 

16) griMaLdi & engeL (2005: 384, fig. 10.43) figured a larva 
of Brachypsectridae preserved in Miocene Dominican amber. 
Size was given as 5 mm. Origin was stated to be the Morone 
Collection, accession number M2198. The specimen shows sig-
nificant similarities to specimen 11, i.e. a specimen from wu 
(1996, re-figured in woodruFF 2002). Similarities include an 
incision-like impurity on the right side of the specimen and 

Fig. 8. Larva of Brachypsectridae preserved in Myanmar amber, PED 0435, continued and comparison; A: restoration of anterior 
body; B: restoration of single protrusion; C: protrusion of extant larva for comparison (based on kLausnitZer 2009, fig. 6; speci-
men 21).
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the dirt  particles around it, although the image in griMaLdi & 
engeL (2005) clearly differs in the exact viewing angle from 
that shown in wu (1996, re-figured in woodruFF 2002). Accord-
ing to  woodruFF (2002), the specimen from wu (1996) was sold 
after it was photographed by wu to another collection with the 
exact whereabouts unknown. Due to the similarities, we see it 
as likely that the specimen shown in griMaLdi & engeL (2005) 
is specimen 11, i.e. the specimen originally shown in wu (1996).

17) costa et al. (2006) figured several larvae of Brachy-
psectridae. They presented a micrograph showing a larva of 
Brachypsectra fulva building its cocoon (costa et al. 2006, 
fig. 18). The specimen is only vaguely visible and is not further 
considered here.

Furthermore, costa et al. (2006) provided details of larvae 
of B. fulva, including details of the head, as drawings in dor-
sal (costa et al. 2006, fig. 19) and ventral view (costa et al. 
2006, fig. 20), as SEM micrographs in ventral (costa et al. 2006, 
fig. 21), in dorsal view (costa et al. 2006, fig. 22), and frontal 

view (costa et al. 2006, fig. 23). They also provided an overview 
of the trunk as an SEM micrograph (costa et al. 2006, fig. 24) as 
well as close-up SEM micrographs (costa et al. 2006, figs. 25, 
26). Together this provides information on one entire specimen 
that can be further considered here (Fig. 2; specimen 16). Also 
more details of the larva were provided as drawings: maxillae 
and labium (costa et al. 2006, figs. 27, 28), mandibles (costa et 
al. 2006, figs. 29, 30), antennae (costa et al. 2006, figs. 31, 32), 
clypeus and labrum (costa et al. 2006, fig. 33), anterior locomo-
tory appendage (“leg”, costa et al. 2006, fig. 34 part), spiracles 
(costa et al. 2006, figs. 34 part, 35) and some of the lateral pro-
trusions of the trunk (costa et al. 2006, figs. 36, 37). According 
to the description, the authors had 25 specimens available (one 
of it is an exuvia). All specimens originated from North Amer-
ica (Arizona, California, Texas).

The authors also provided a habitus drawing of a larva of 
Brachypsectra lampyroides (Fig. 2; specimen 17) in dorsal view 
(costa et al. 2006, fig. 50). Also more details of the larva were 

Fig. 9. Data set for shape analysis of entire body outline; note: the trunk end was omitted.
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provided as drawings: head (costa et al. 2006, figs. 51, 52), 
maxillae and labium (costa et al. 2006, figs. 53, 54), mandi-
bles (costa et al. 2006, figs. 55, 56), antennae (costa et al. 2006, 
figs. 57, 58), clypeus and labrum (costa et al. 2006, fig. 59), 
anterior locomotory appendage (“leg”, costa et al. 2006, fig. 60 
part), spiracles (costa et al. 2006, figs. 60 part, 61) and some of 
the lateral protrusions of the trunk (costa et al. 2006, figs. 62, 
63). According to the description, a single specimen was the 
basis for the observations. It originated from South India. 

costa et al. (2006, fig. 70) re-figured specimen 11, i.e. 
a specimen from wu (1996; same as in woodruFF 2002 and 
 griMaLdi & engeL 2005) and formally described the new spe-
cies Brachypsectra moronei based on this fossil larva. Addi-
tionally, close-up micrographs of the head region were provided 
(costa et al. 2006, figs. 71, 72).

The authors also provided a habitus drawing of a larva 
(Fig. 2; specimen 18) of Brachypsectra sp. in dorsal view (costa 
et al. 2006, fig. 73). Also more details of the larva were provided 
as drawings: head (costa et al. 2006, figs. 74, 75), maxillae and 
labium (costa et al. 2006, fig. 78), mandibles (costa et al. 2006, 
figs. 80, 81), antennae (costa et al. 2006, figs. 76, 77), clypeus 
and labrum (costa et al. 2006, fig. 82), epipharynx (costa et al. 
2006, fig. 79) anterior locomotory appendage (“leg”, costa et 
al. 2006, fig. 83 part), spiracles (costa et al. 2006, figs. 83 part, 
84) and some of the lateral protrusions of the trunk (costa et 
al. 2006, figs. 85, 86). According to the description, four spec-
imens were the basis for the observations. They all originated 
from Australia.

18) kLausnitZer (2009) figured several larvae of Brachy-
psectridae. He provided micrographs of a presumably last larval 
stage (Fig. 3; specimen 19) of Brachypsectra cf. lampyroides. 
This includes a dorsal view (kLausnitZer 2009, fig. 1), a ventral 

view (kLausnitZer 2009, fig. 2), a close-up of the head in dorsal 
view (kLausnitZer 2009, fig. 8) and the trunk end in dorsal view 
(kLausnitZer 2009, fig. 14).

He also provided micrographs of a presumably penultimate 
larval stage (Fig. 3; specimen 20) of Brachypsectra cf. lampy
roides. This includes a dorsal view (kLausnitZer 2009, fig. 3), 
a ventral view (kLausnitZer 2009, fig. 4), and close-ups on the 
surface of the trunk segments (kLausnitZer 2009, fig. 5), some 
of the lateral protrusions (kLausnitZer 2009, fig. 6), the ter-
minal end (kLausnitZer 2009, fig. 7), the head ( kLausnitZer 
2009, fig. 8), the antenna (kLausnitZer 2009, fig. 9), mandibles 
( kLausnitZer 2009, fig. 10), maxillae and labium ( kLausnitZer 
2009, fig. 11), locomotory appendage 1 (front leg;  kLausnitZer 
2009, fig. 13), and locomotory appendage 2 (mid leg,  kLausnitZer 
2009, fig. 12). Furthermore, he reported that the larva was appar-
ently close to moulting and already had the structures of the next 
instar visible (e.g., front leg; kLausnitZer 2009, fig. 13). He was 
able to prepare the trunk region free, figuring the not yet folded 
out lateral protrusions of the trunk (kLausnitZer 2009, fig. 16).

Furthermore, kLausnitZer (2009, figs. 19, 20) figured a fos-
sil larva (Fig. 3; specimen 21) of the group Brachypsectra as 
micrographs in dorsal and ventral view. The specimen is pre-
served in Eocene Baltic amber. It is part of the collection gröHn 
(no. 2514); size was given as 2.68 mm.

kLausnitZer (2009) also re-figured specimens 14 and 15, i.e. 
the two specimens from scHeven (2004), providing some fur-
ther details. Specimen 15, the specimen from Dominican amber, 
was stated to be part of the veLten collection, accession number 
316; size was provided as 5.5 mm. The specimen was presented 
in dorsal view (kLausnitZer 2009: 739, fig. 17, slightly differ-
ent angle than the image in scHeven 2004) and ventral view 
( kLausnitZer 2009, fig. 18).

Fig. 10. Data set for shape analysis of entire body outline, continued; note: the trunk end was omitted.
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Specimen 14, the specimen from Baltic amber, was stated to 
be also part of the veLten collection, accession number 12; size 
was given as 2.03 mm. The specimen is accessible in dorsal view 
(kLausnitZer 2009, fig. 21).

19) poinar (2010: 33, fig. 21) depicted a larva of Brachy-
psectridae in dorsal view, preserved in Dominican amber. It 
matches the exact outline of specimen 10, i.e. the specimen 
shown in  poinar (1992) and poinar & poinar (1999) in ventral 
view, including a large piece of dirt on the right “shoulder” of 
the specimen. We therefore interpret this as a re-illustration of 
specimen 10. Here, the specimen was stated to be part of the 
 cardoen collection. 

20) Lawrence et al. (2011) provided several images of 
a larva (Fig. 3; specimen 22) of Brachypsectra fulva. This 

included a habitus micrograph in dorsal view (Lawrence et al. 
2011, fig. 65D), and SEM micrographs of the head in dorsal 
( Lawrence et al. 2011, fig. 83D) and frontal view (Lawrence et 
al. 2011, fig. 74B).

21) gröHn (2015: 288, figs. 2564 left and right) depicted 
a spiny beetle larva. The specimen was labelled ̒ Brachyspectridae 
(?)ʼ [sic!]. However, the specimen differs significantly from lar-
vae of Brachypsectridae; the large pronotum entirely conceals 
the head when seen from dorsal. Hence, we do not further con-
sider it here.

22) petrZeLkova et al. (2017) provided several images of 
a larva (Fig. 3; specimen 23) of Brachypsectra sp. This included 
habitus micrographs in dorsal (petrZeLkova et al. 2017, fig. 2I) 
and ventral view (petrZeLkova et al. 2017, fig. 2J), and close-

Fig. 11. Data set for shape analysis of anterior body (head and prothorax) outline.
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up micrographs of the head in dorsal (petrZeLkova et al. 2017, 
fig. 2K) and ventral view (petrZeLkova et al. 2017, fig. 2L). 
According to the text, only a single specimen was available. The 
specimen originated from Cyprus.

23) Lawrence et al. (2020) provided images of several larvae 
of the newly formally described species Brachypsectra cleide
costae. This includes a larva from Diamantina Lakes, Australia, 
of which one side of the trunk in dorsal view (Lawrence et al. 
2020: 4, fig. 2A) and a ventral view of the head (Lawrence et al. 

2020, fig. 2B) were provided as micrographs. The specimen was 
not presented as a habitus depiction and can therefore not be fur-
ther considered here.

Another larva was collected in Arkaroola, Australia. The 
specimen was shown in dorsal view (Lawrence et al. 2020: 
5, fig. 3A), yet the specimen is curled and slightly oblique and 
cannot be further considered here. Further close-up micrographs 
include anterior body (Lawrence et al. 2020, fig. 3B), trunk end 
(Lawrence et al. 2020, fig. 3C), prothorax (Lawrence et al. 2020, 

Fig. 12. Plots of ranges of PC values; upper graph showing results of outline of entire body, lower graph of outline of anterior body 
region (head and prothorax). Abbreviations: Ec = Eocene; ex = extant; K = Cretaceous; Mc = Miocene. 
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fig. 3D), dark areas on anterior abdomen (Lawrence et al. 2020, 
fig. 3E) and on posterior abdomen Lawrence et al. 2020, fig. 3F).

Also details of various larvae were provided as micrographs, 
including close-ups on the anterior region of isolated labia of 
a late instar of B. fulva (Lawrence et al. 2020, fig. 3G), of a first 
instar of the same species (Lawrence et al. 2020, fig. 3H) and of 
a late instar of B. cleidecostae (Lawrence et al. 2020, fig. 3I), 
as well as mandibles of B. cleidecostae (Lawrence et al. 2020, 
fig. 3J) and B. fulva (Lawrence et al. 2020, fig. 3K).

Two larvae were collected at the type locality of the new 
species, Diamantina Lakes National Park. A single photograph 
(Lawrence et al. 2020, fig. 5C) shows both in more or less dor-
sal view and demonstrates that one larva (Fig. 3; specimen 24) 
is significantly larger than the other one (Fig. 3; specimen 25). 

Another larva was collected at Stubb s̓ Waterhole, Australia. 
The larva (Fig. 3; specimen 26) was depicted on a micrograph in 
dorsal view (Lawrence et al. 2020, fig. 6B).

24) ZHao et al. (2020) reported the first larva of Brachy-
psectridae preserved in 100 million-year-old amber from the Cre-
taceous of Myanmar (“Burmese amber”; Fig. 4; specimen 27).  
The authors provided photographic images in (latero-)dorsal 
view (ZHao et al. 2020: 2, fig. 1A), in (dorso-)lateral view (ZHao 
et al. 2020: 2, fig. 1B) and in ventral view (ZHao et al. 2020: 
2, fig. 1C). Additionally, close-up micrographs were provided of 
the head in dorsal view (ZHao et al. 2020: 3, fig. 2A) and in ven-
tral view (ZHao et al. 2020: 3, fig. 2B), the maxilla (ZHao et al. 
2020: 3, fig. 2C) and the antenna (ZHao et al. 2020: 3, fig. 2D). 
Furthermore, the authors provided a restoration drawing of the 
specimen (ZHao et al. 2020: 4, fig. 3). We here deviate partly 
from this restoration drawing, orienting our interpretation more 
on the provided photographs. For example, we had the impres-
sion that the angle of the processes of the trunk was in the resto-
ration drawing not arranged as in the photograph.

Fig. 13. Scatter plot of PC2 vs. PC 1 of outline of entire body; note that specimen 12 is a pronounced outlier, most likely due to the 
small size of the original image, allowing only for a rather coarse reconstruction.
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25) Websites are often not considered to be “proper” scien-
tific sources. Still, given the relative scarceness of data on lar-
vae of Brachypsectridae, we use them here as additional data 
source. Especially the community ʻbugguideʼ (https://bugguide.
net) is very active and well sorted, hosted by Iowa State Univer-
sity, and each entry is given an identifier (see also discussion in 
Haug & Haug 2019; Haug et al. 2020a, online first):

– Image 114820 (© 2007 JeFF gruBer) is labelled ʻTexas 
beetle larva – Brachypsectra fulvaʼ and shows a photograph 
of a larva of Brachypsectridae in slightly oblique dorsal view 
(Fig. 4; specimen 28). 

– Image 175768 (© 2008 graHaM MontgoMery) is labelled 
ʻBrachypsectridae? – Brachypsectra fulvaʼ and shows a photo-
graph of a larva of Brachypsectridae in slightly oblique dorsal 
view (Fig. 4; specimen 29). Additional images of this specimen 
are available; we used the one that provided most information. 
The size of the specimen has been stated to be about 10 mm.

– Image 1601732 (© 2018 Britta nippert) is labelled ̒ strange 
larva – Brachypsectra fulvaʼ and shows a photograph of a larva 
of Brachypsectridae in rather direct dorsal view (Fig. 4; speci-
men 30). Additional images of this specimen are available; we 
used the one that provided most information. The size of the 
specimen has been stated to be less than 10 mm.

– Image 1709093 (© 2019 Brittneyp10) is labelled ʻFound 
in bathroom – Brachypsectra fulvaʼ and shows a photograph 
of a larva of Brachypsectridae in slightly oblique antero-dorsal 

view (Fig. 4; specimen 31). The size of the specimen has been 
stated to be the ʻsize of my pinky nail .̓

26) Two specimens originate from the HoFFeins collec-
tion (future part of the amber collection at the Senckenberg 
Deutsches Entomologisches Institut (SDEI), Müncheberg, Ger-
many). Both specimens are preserved in Eocene Baltic amber.

The first specimen (Figs. 4, 5A, B; CCHH 1181-2; specimen 
32) is a rather complete larva of Brachypsectridae, well acces-
sible in dorsal and ventral view. Amber with beetle larva was 
treated in an autoclave (HoFFeins 2012). The larva shows minor 
modifications of the head with mouthparts and antennae, as well 
as the trunk end. Otherwise it is very similar to other specimens 
known from amber. 

The second specimen (Fig. 5C, D; CCHH 1228-6; speci-
men 33) appears to be an exuvia of a larva of Brachypsectri-
dae. The cuticle is strongly crumpled, but reveals the lateral, 
branched processes (Fig. 5C). It is even possible to recognise 
the distal, spatula-like, movable tips known from extant speci-
mens (Fig. 5D). 

27) A new specimen is reported here from Cretaceous 
Myanmar amber (Fig. 6; PED 0435; specimen 34). The speci-
men is largely covered by white film (“Verlumung”), concealing 
many details; only accessible from the dorsal side. The speci-
men is incomplete, only the anterior part of the body is inside 
of the amber piece, including the head, prothorax, half of the 

Fig. 14. Scatter plot of PC2 vs. PC 1 of outline of anterior body.
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Fig. 15. Other beetle larvae with prominent processes; A: Micropeplidae, Micropeplus neotomae, (based on newton 1991: 335, fig. 
34.168); B: Hydrophilidae, Derallus sp. (based on spangLer 1991: 356, fig. 34.297); C, D: Coccinelidae (based on Lesage 1991: 489); 
C: Epilachna sp., Lesage 1991, fig. 34.570; D: Chilichorus sp., Lesage 1991, fig. 34.571; E–G: Chrysomelidae (based on Lawson 
1991: 574); E: Chelymorpha cassidea (Lawson 1991, fig. 34.802a); F: Johnthonota nigripes (Lawson 1991, fig. 34.803a); G: Plagio
metriona clavata (Lawson 1991, fig. 34.804a).
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mesothorax and the far lateral part of one side of the metatho-
rax (Figs. 6A, B, 7A–E, 8A). Head roughly rectangular in dor-
sal view (Fig. 6C). With numerous spines or setae on the surface. 
Details partly obscured by impurities of the amber.

3.2. Description of the new specimen PED 0435

Head prognathous, protracted and elevated, rectan-
gular in dorsal view (Figs. 6C, 7A–E), slightly longer 
(0.58 mm) than wide (0.52 mm). Ocular segment appar-
ent by the elongate labrum. No eyes apparent. Post-ocu-
lar 1 segment (i.e., the segment following the ocular 
one) apparent by its possible pair of appendages, anten-
nae (Fig. 6C). Antenna indistinct, short rod-like, arising 
antero-laterally from head capsule. Shorter than the head 
width, 0.25x (0.13 mm). Number of antenna elements not 
apparent, possibly three. Post-ocular segment 2 (interca-
lary segment) without externally recognisable structures. 
Post-ocular segment 3 apparent by its pair of appendages, 
mandibles (Figs. 6D, 7D). Mandibles arising anteriorly 
from head capsule, prominent, symmetrical, hook-shaped 
(strongly inward curved), broader at base, 0.15 mm long. 
Post-ocular segments 4 and/or 5 indicated by maxillary 
palps and distal part of labium (Figs. 6D, 7D). Details not 
apparent.

Trunk with anterior neck-like region (0.17 mm long), 
widening posteriorly (width anteriorly 0.28 mm, width 
posteriorly 0.38 mm), connected to prothorax. Prothorax 
without neck-like region 0.45 mm long, widening posteri-
orly (width anteriorly 0.38 mm, width posteriorly 0.88mm). 
Ventrally with a pair of appendages. (Figs. 6B, 7F).

Appendages well developed, four major elements 
(Fig. 7F). Proximal region (possible coxa) not well acces-
sible; trochanter (element 1) 0.43 mm long, femur (ele-
ment 2) 0.32 mm long, tibiotarsus (element 3) 0.31 mm 
long, tarsus (element 4) forms a claw (~0.12 mm long). 
Dorso-laterally on prothorax a pair of protrusions on each 
side apparent (0.36–0.46 mm long). Protrusions with seven 
secondary protrusions on each side (~0.12 mm long). Each 
secondary protrusion with small, spine-like, tertiary pro-
trusions (~0.02 mm long), exact number unclear due to 
preservation, at least five or six (Figs. 6F, 8B; for compar-
ison with extant larva, see Fig. 8C).

Posterior part of prothoracic tergite bearing two trans-
verse rows of four protrusions (Fig. 7D). Protrusions in the 
anterior row with proximal socket-like and distal spine-
like region; lateral protrusions in the posterior row with 
three tips arising from a narrow proximal socket; median 
protrusions in the posterior with four tips arising from 
a broad proximal socket (Figs. 7D, 8A).

Mesothorax medially (0.14 mm) shorter than laterally 
(right side 0.4 mm), 0.35x, and 0.95 mm wide. Append-
ages and dorso-lateral protrusions on mesothorax appar-
ent. Posterior part of mesothorax missing, especially on 

the left side. Metathorax largely missing as well, only 
a part of one similar-appearing protrusion and distal, iso-
lated part of trunk appendage preserved (Fig. 6E). 

3.3. Shape differences

Shape analysis of the entire outline (excluding the trunk 
end) of 26 specimens of sufficient quality (Figs. 9, 10) 
resulted in six effective principal components (PCs), PC1 
explaining 33.9%, PC2 31.0%, PC3 11.5%, PC4 7.5%, 
PC5 5.8%, and PC6 3.9% of the overall variation (see also 
Suppl. 1). The shapes are more complex; therefore, it is 
not simple to verbally express the differences along each 
dimension (PC; see Suppl. 2).

Shape analysis of the outline of the anterior body region 
(head and prothorax) of 29 specimens of sufficient quality 
(Fig. 11) resulted in seven effective principal components, 
PC1 explaining 47.3%, PC2 18.0%, PC3 13.2%, PC4 6.3%, 
PC5 4.4%, PC6 2.9%, and PC7 2.4% of the overall varia-
tion (see also Suppl. 3). The shapes are also quite complex; 
still it is possible to identify some aspects of the factor 
loadings (PC; see Suppl. 4). PC1 is strongly influenced 
by the length of the processes. PC2 is strongly influenced 
by the length of the head. PC3 is influenced by the prom-
inence of the antennae. PC4 is influenced by the width of 
the processes. PC5 and 7 are influenced by asymmetry, 
which hints to small errors in our dataset that should be 
fully symmetric. PC6 is influenced by the prominence of 
the mouth parts. 

3.4. Differences through time

The occupation of morphospace is always largest in 
the modern fauna; only in one case it is as large as that 
of one of the fossils (Fig. 12; values in Suppl. 5). In most 
cases, the occupied space of the fossils lies within that of 
the modern fauna. Only in few aspects, a fossil lies outside 
the range of the modern fauna. There are more outliers in 
the outline of the entire shape than in that of only the ante-
rior body region.

When PC2 and PC1 of the outline of the entire body 
are plotted against each other, the fossil specimens plot 
in about the same area as the extant specimens (Fig. 13). 
However, specimen 12 plots relatively far outside, but this 
is most likely due to the small size of the original image, 
which led to a rather coarse reconstruction. 

Also when PC2 and PC1 of the outline of the anterior 
body are plotted against each other, fossil and extant spec-
imens occupy about the same area of the morphospace 
(Fig. 14). The new specimen described here, specimen 
34, plots well within the area of the unequivocal larvae of 
Brachypsectridae.
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4. Discussion

4.1. Identity of the new Cretaceous specimen

Unfortunately, the new fossil from the Cretaceous is 
incomplete. Nevertheless, the preserved part already gives 
some interesting details. The head is roughly rectangular in 
dorsal view and armed with numerous spines or setae. The 
mandibles are prominent, hook-like, and forward-project-
ing. The prothorax and mesothorax each bear a pair of pro-
cesses on each side. These processes are long and branching. 
All these features are characteristic for larvae of Brachy-
psectridae. While there are other larvae with processes that 
appear roughly comparable, especially the head is very dif-
ferent in most of these (Fig. 15). Furthermore, the new fos-
sil plots well inside the area of the morphospace occupied 
by definite larvae of Brachypsectridae, supporting an inter-
pretation of the new fossil as a larva of Brachypsectridae.

Still there are some differences in the new larva that 
need to be considered. First, the large paddle-shaped anten-
nae known in the extant, Miocene and Eocene larvae are 
not present in the new fossil. Also the antennae in the Cre-
taceous larva reported by ZHao et al. (2020) lack the pad-
dle-like antennae (ZHao et al. 2020, fig. 2D). As paddle-like 
antennae appear to be present in Eocene and Miocene spec-
imens, this might be a character apomorphic for a group 
including the modern-day forms together with the Miocene 
and Eocene fossils, but excluding the Cretaceous forms.

Another difference is the detailed structure of the pro-
cesses. In modern larvae of Brachypsectridae, the pro-
cesses have branches that end in movable tips (Fig. 8C; 
hence these should be considered setae) that can be elon-
gate or shovel- to spatula-like. In the new fossil, the 
branches have secondary branchings and no movable tips 
(Fig. 8B). This specific character cannot be easily eval-
uated for many of the other fossils, especially not on the 
Cretaceous fossil reported by ZHao et al. (2020). The new 
Cretaceous larvae differs in significant aspects from the 
larva described by ZHao et al. (2020), thus it is unlikely 
that these two larvae are conspecific.

The difference might mean that the new fossil is only 
more distantly related to Brachypsectridae, more specifi-
cally it could represent the sister group to Brachypsectri-
dae. Additional and more complete specimens could in the 
future help to resolve this aspect with more confidence. 
We decided not to erect a new species based on the new 
fossil as it might represent the larval stage of an already 
formally described Cretaceous species of Brachypsectri-
dae (see also further below on this aspect). 

4.2. Abundance of larvae of Brachypsectridae

Extant larvae of Brachypsectridae have been consid-
ered to be rare (see Introduction), yet some studies have 

already indicated that they locally occur in quite substan-
tial masses (FLeenor & taBer 1999; petrZeLkova et al. 
2017). Also when looking at the numbers, the coverage is 
in fact not bad; in total, we have 34 specimens: two spec-
imens from the Cretaceous, four from the Eocene, four 
from the Miocene, and 24 extant ones. If we compare this 
to some other groups, the ratio of known larval specimens 
to formally described species is quite high, regardless of 
the ontogenetic stage they are based on.

Together with various co-authors, we have tried to 
compile comparable data sets for other lineages, reveal-
ing worse ratios. For false flower beetles (Scraptiidae) 
we can expect that about 200 extant species have lar-
vae with enlarged terminal ends, but only 17 such larvae 
are available from the extant fauna, 14 more specimens 
are known from Baltic amber (Haug & Haug 2019; Zip-
peL et al. accepted), and two from Myanmar amber (Zip-
peL et al. accepted). Also for the closer related lacewings, 
we often have less larval specimens than known species 
from the modern fauna: for silky lacewings (Psychopsi-
dae), there are 27 species and eleven known extant larvae 
(long-nosed antlions; Haug et al. 2020a); for split-footed 
lacewings (Nymphidae), there are 33 species and 25 extant 
larvae (Haug et al. online first). Only for thread-winged 
lacewings (Crocinae) there are 47 species and 57 extant 
larvae (long-necked antlions; Haug et al. 2021a). Still, this 
ratio is clearly worse than that for Brachypsectridae.

We can assume that long-necked antlions and even 
more so larvae of Brachypsectridae have a better cover-
age as these larvae are clearly eye-catchers. This seems to 
be an important factor for the state of scientific coverage 
of a group (kristensen et al. 2007: 700). Therefore, lar-
vae of Brachypsectridae appear proportionally more often 
not only in the literature, but also in databases than many 
other larvae. Also the presence of these larvae in so far 
three types of ambers does not speak for a rarity. Larvae 
generally are often less taken care of from the scientific 
side, as it is more challenging to erect species on larval 
specimens (see also further below). Hence, it is quite likely 
that there are in fact more of these larvae available, but 
have not yet made it into the literature. 

4.3. Species problems in fossil representatives 
of Brachypsectridae

It is a common theme that erecting species is consid-
ered important in biology. However, this process is in fact 
not simple, since a concept of what a species is, is often 
missing, especially when dealing with fossils (Haug & 
Haug 2017). This may lead to overestimations of species 
numbers. A good example for such difficulties can also 
well be found within Brachypsectridae. ZHao et al. (2020) 
erected a new species based on a single larva they found in 
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Myanmar amber. This is quite problematic. Already two 
species of Brachypsectridae had been described from the 
same locality based on adults (tiHeLka et al. 2019; Qu et al. 
2019). Thus, it cannot be excluded that the larva reported 
by ZHao et al. (2020) is conspecific with one of these two 
species. Despite this fact, the authors did not consider 
the other two species in the discussion and did not pro-
vide a differential diagnosis that allows to distinguish the 
newly erected species from already existing ones.

For Miocene Dominican amber it has been suggested 
that it includes specimens indistinguishable from mod-
ern-day species (woodruFF 2002: 166; HörnscHeMeyer et 
al. 2010). It might seem natural to interpret specimen 11 
as conspecific to an adult beetle described as B. moronei. 
Yet, it is also well possible that the larva is conspecific to 
the extant species B. vivafosile. The interpretation of fos-
sil holometabolan larvae is generally challenging as many, 
if not most, species are erected and diagnosed based on 
adult males. We should therefore be more careful when 
interpreting larvae on species level and also express the 
uncertainties. We therefore suggest to use Brachypsectra 
? moronei for specimen 11.

4.4. Diversity of larvae of 
Brachypsectridae through time

 
In comparable studies of lineages within Neuropteri-

formia (= Neuropterida + Coleopterida) involving mor-
phometric aspects it was possible to demonstrate that the 
fossil representatives differed in some cases significantly 
from their modern relatives (e.g., Haug et al. 2019a, b, 
2020a, b, 2021a, online first), while in other lineages 
extant and fossil larvae showed no significant differences 
(Haug et al. 2021b). Furthermore, even small data sets of 
fossil larvae could outweigh a larger extant data set and 
demonstrate that these larvae were more form-diverse in 
the past (Haug et al. 2020a, online first). This seems not to 
be the case for larvae of Brachypsectridae. Here the fossil 
data sets are indeed too small, with only two to three spec-
imens to be analysed for each fossil time slice but around 
20 extant specimens, to show a comparable or even larger 
morphological diversity.

In some analyses certain fossil larvae appear to plot 
outside the area of the morphospace occupied by the 
extant larvae (Figs. 12, 13). However, the specimens in 
these extraordinary positions were more difficult to inter-
pret for the reconstruction for the shape analysis (e.g., 
specimen 12 was based on a very small original image, 
resulting in a rather coarse reconstruction); hence, we con-
sider these as artefacts of our interpretations. Therefore, 
we cannot detect any decrease of morphological diversity 
towards the modern fauna.

We also do not see a real “trend” over time for most 
shape aspects. This does not mean that there are no 

directed shifts, but that the small sample sizes may very 
likely conceal such aspects. Yet, there is a certain directed 
pattern for PC3 and less so for PC4 in the analysis of the 
anterior body. PC3 is influenced by the prominence of the 
antenna, and it indeed appears that the antennae become 
more prominent paddle-shaped over time. PC4 is influ-
enced by the width of the processes, and the ones of the 
Cretaceous larvae seem indeed to be slimmer. More spec-
imens for the fossil samples will be necessary to detect 
more such aspects.

Despite the fact that larvae of Brachypsectridae are 
often considered rare, there are in fact more larvae avail-
able than for many other more species-rich groups (see 
above) and are hence likely to provide a good representa-
tion of the modern-day morphological diversity. The very 
few fossils are unlikely to provide a similarly good cove-
rage of the extinct fauna. Still, also small data sets have 
the potential to show shifts or certain losses (Haug et al. 
2021a). As we find no signal in this direction, it seems that 
the morphology indeed remained rather unchanged for at 
least 100 million years. Only some qualitative differences 
concerning the new fossil, namely the exact branching of 
the lateral processes, provides a weak indication that there 
was some more variation in larvae of Brachypsectridae 
100 million years ago.
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