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An overview of crawling water beetle larvae and 
a first possible record from 100-million-years-old Myanmar amber

Simon Josef Linhart, Patrick Müller, Gideon T. Haug, 
Carolin Haug, and Joachim T. Haug

ABSTRACT

The group Coleoptera contributes heavily to the modern-day species diversity and
biomass. Most individuals in the modern fauna are present as larvae, since these live
for quite long in some cases, and a lot of individuals never reach adulthood. Despite
this fact, the larval stages often get less attention compared to the adults. The group of
crawling water beetles, Haliplidae, is an ingroup of Adephaga, living mainly in freshwa-
ter as adults. The larvae also live in water, but do not swim like the adults; instead, they
move over the surface of the ground and climb on water plants. The larvae develop
through three larval stages; all have an elongated shape, and in most species the trunk
end is strongly elongated, bearing numerous setae. Herein, we review the entire record
of water crawling beetle larvae, report possible fossils, and compare the shape of their
overall body outlines using an elliptic Fourier analysis. The fossils show a lower varia-
tion in comparison to modern fauna; the shapes of the fossils are well represented in
the modern fauna. A minor difference is rather elongate thorax segments of the fossils
in comparison to their extant counterparts. The new fossils expand the record of fossil
adephagan larvae.
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INTRODUCTION

The group Holometabola represents nowa-
days a major share of the overall animal diversity;
especially the group of Coleoptera (beetles) with
about 380,000 formally described extant beetle
species (McKenna et al., 2019) has an enormous
individual richness and biomass. The majority of
investigations on beetles, including for example
formal descriptions, focus on adult specimens, the
supposedly “important” life stage. Yet, given the
sometimes short lifespan of the adult, the larval life
phase is ecologically at least as important (possibly
even more). Still, the larva (or even several larval
stages) is known for only a minority of the formally
described species of beetles.

Most beetles are important components of ter-
restrial ecosystems. However, there are also
numerous groups of beetles with representatives
specialized to aquatic ecosystems (Bouchard et
al., 2017). One of these groups is Haliplidae, its
representatives are known as crawling water bee-
tles (Beutel et al., 2006). Haliplidae is an ingroup of
Adephaga as demonstrated by morphological
(Beutel and Haas, 1996; Beutel et al., 2006) as
well as molecular studies (Ribera et al., 2002). So
far, 238 extant species of Haliplidae have been for-
mally described (Vondel, 2016). Larvae are only
known for 21 species, only in few cases several dif-
ferent larval stages (instars) are known for one
species, summing up to 31 larval specimens in the
literature (details below).

Crawling water beetles spend most of their life
in freshwater: during almost their entire larval
phase, but also most of the time as adults. The
adults carry air under their enlarged coxal plates
(for details of air storage, see Matheson, 1912),
which conceal the trochanter, parts of the femur
and also parts of the abdomen (Matta, 1976). 

The adults have been described as poor
swimmers, living in shallow waters in habitats
occupied by plants (Matheson, 1912; Hickman,
1931; Matta, 1976; Ghosh, 2021). When they
swim, they use their setose legs (Matheson, 1912;
Hickman, 1931), mostly the last pair, in an alternat-
ing pattern (Vondel, 2021). When not swimming,
the adults crawl over the ground or the vegetation
(Hickman, 1931; Matta, 1976) and hide when they
are disturbed (Hickman, 1931). They seem to also

walk on land (Hickman, 1931) and can also fly, but
have rarely been observed to do so (Vondel,
1997). It seems that the adults are attracted by
electric light; at least they have been found close to
electric light sources (Hickman, 1931). Adult crawl-
ing water beetles have been considered omnivo-
rous (Vondel, 1997), but also as mostly
herbivorous (on algae; Hickman, 1931), feeding on
animals only under the risk of starvation (Malcolm,
1971). 

Crawling water beetles have three larval
stages (instars) before pupating (see Haug, 2020
for terminological issues). Larval stages are com-
parably short-lived, with stage 1 only lasting 5 to 7
days, stage 2 lasting 6 to 8 days, and stage 3 last-
ing 5 to 10 days. Yet the duration of stage 3 can be
prolonged (Hickman, 1931). Unlike in the adult,
gas exchange is performed by filamentous tracheal
gills (Vondel, 1997). Stage 3 larvae have functional
spiracles that allow them to breath on land (Vondel,
1997).

The larvae of crawling water beetles live
between algae, camouflaging between them (Von-
del, 1997). Larvae are unable to swim (Leng, 1913;
Vondel, 1997), only locomoting slowly between the
algae (Vondel and Spangler, 2008). When getting
disturbed, they curl up and remain in this position
for some minutes (Hickman, 1931). The trunk end
of the larva is prominently elongated (Vondel,
1997) and has been interpreted as derived from
urogomphi (Klausnitzer, 1978; Vondel, 1997;
Michat et al., 2020) or the last abdominal segment
(Makarov and Prokin, 2015). It seems likely that
this structure is a compound of several segments,
yet it cannot be easily excluded that urogomphi are
somehow participating in forming this structure; we
will here use the neutral expression 'trunk end'. 

The trunk end of the larvae is sometimes
forked (Vondel, 1997; Makarov and Prokin, 2015),
as for example in Haliplus subseriatus (Vondel,
2001) or in Haliplus kulleri (Vondel, 2011a), now
considered as Haliplus abbreviatus (Vondel and
Litovkin, 2017). The posterior trunk or abdomen of
the larvae has been reported to have 9–10 visible
units (Vondel, 1997; Makarov and Prokin, 2015),
i.e., 8–9 abdominal segments plus the trunk end. 

The mandibles form a suction-channel (Von-
del, 1997) and are used to sting into the cells of
water plants, mostly algae, and suck on these
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(Matta, 1976; Lawrence and Newton, 1982; Von-
del, 1997). Hence, larvae are completely herbivo-
rous (Hickman, 1931). The tarsi of the larvae
consist of a single element, each bearing a single
claw. The larvae go ashore and burrow into the
ground to pupate (Vondel, 1997). This procedure
seems necessary to develop normally (Hickman,
1931).

There are four well-recognised ingroups in
Haliplidae: Peltodytes, Brychius, Phalilus, and
Haliplus, with Peltodytes having been resolved as
the sistergroup of a group including Brychius,
Phalilus, and Haliplus (Beutel et al., 2006; Vondel,
2019). Haliplus contains most species of these
three groups (Matheson, 1912) with about 161
species worldwide (Vondel and Alarie, 2016). Lar-
vae of Haliplus, Brychius and Phalilus have short
microtracheal gills, while larvae of Peltodytes have
long tracheal gills for gas exchange (Vondel, 2012,
2016, 2019). Larvae of Peltodytes have long
spines dorsally, larvae of Haliplus have shorter
spines (Gundersen and Otremba, 1988). Larvae of
Brychius live only in running waters as they need
an oxygen-rich environment (Vondel, 1997).

The fossil record of Haliplidae is very scarce
(Prokin and Ponomarenko, 2013) and restricted to
finds of adults so far. The oldest records are from
the Early Cretaceous (Prokin and Ponomarenko,
2013). Most of the fossils come from sedimentary
rocks (Řiha, 1979; Prokin and Ponomarenko,
2013) and the specimens are often fragmentary
(e.g., Prokop et al., 2004).

We here report new fossils preserved in about
100-million-years-old Kachin amber, Myanmar
(Cruickshank and Ko, 2003; Shi et al., 2012; Yu et
al., 2019). These fossils resemble larvae of mod-
ern crawling water beetles in many aspects. Fossil
beetle larvae are still rare, but can be considered
well known, for example in Cretaceous ambers
(e.g., Grimaldi and Engel, 2005; Fikáček et al.,
2014; Xia et al., 2015; Beutel et al., 2016; Zhang,
2017; Batelka et al., 2019, 2021; Gustafson et al.,
2020; Zhao et al., 2019, 2020; Haug et al., 2021a,
b, 2023; Zippel et al., 2022a, b, 2023; Liu et al.,
2023). We compare the new fossils in a quantita-
tive morphological frame with modern crawling
water beetle larvae. 

MATERIAL AND METHODS

Material

Three amber pieces are in the centre of this
study, all from Cretaceous Kachin amber, Myan-
mar. Two specimens are part of the collection of

one of the authors (PM) and are stored under
repository numbers BUB 4436 and BUB 1222.
They were legally purchased by one of the authors
(PM) in the year 2016. One specimen is deposited
in the Palaeo-Evo-Devo Research Group Collec-
tion of Arthropods, Ludwig-Maximilians-Universität
München, Germany (LMU Munich), Germany,
under repository number PED 1859. It was legally
purchased on the trading platform ebay.com from
the trader burmite-miner. In total, 13 beetle larvae
are preserved in the three amber pieces, 11 of
these in BUB 4436 and one larva in each of the
other two pieces.

Extant comparative data comes from the liter-
ature. Extant larval specimens of the groups Halip-
lus, Brychius, and Peltodytes could be included. In
total, 31 larvae of crawling water beetles from the
literature (listed in detail below) and 10 of the fos-
sils were analysed quantitatively (Suppl. Table 1).
Images that were repetitively depicted were re-
drawn from the version with the better representa-
tion in the available literature.

Documentation Methods

Fossil specimens were documented on a Key-
ence VHX-6000 digital microscope. Each speci-
men was tested with different illumination settings:
unpolarised low-angle ring light and cross-polar-
ised co-axial light, each with black and white back-
ground. Each image is a composite image combing
different focus layers, panoramas of adjacent
image details, as well as HDR. Images were further
processed in Adobe Photoshop CS2 (for more
details, see Haug et al., 2021a). 

Outlines to be used in the quantitative analy-
sis were drawn in Adobe Illustrator CS2 or Ink-
scape. Only one half was used. Appendages were
omitted, the body was artificially straightened
(details in Haug et al., 2021a)

The extant specimens from the literature were
re-drawn in Inkscape. Only one half was drawn
(the better preserved one), mirrored, and com-
pared with the original image, especially if the
width is correctly represented (Haug et al., 2021a).

Quantitative Analysis

A morphometric analysis was performed in
the free program package SHAPE. It combines an
elliptic Fourier transformation with a principle com-
ponent analysis (Iwata and Ukai, 2002; Braig et al.,
2019).

In addition, different lengths were measured.
For extant specimens from the literature, this was
only possible when a scale was provided. For fossil
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specimens, it was only possible when the struc-
tures of interest were (completely) available. Mea-
sured lengths include: 1) the total body length, from
the anterior middle of the head capsule to the tip of
the trunk end; 2) the length of the head capsule
from the anterior middle to the posterior middle; 3)
the width of the head capsule at the broadest point.

Measurements could be performed on 26
specimens: all measurements could be performed
on 14 extant specimens from the literature and on
10 fossil specimens. For one fossil specimen (BUB
4436 specimen 2), only the total body length and
the length of the head capsule could be measured.
On one specimen (BUB 44362 specimen 6), only
the length of the head capsule could be measured. 

RESULTS

Extant Larvae of the Group Haliplidae

All larvae of crawling water beetles in dorsal
(or ventral) view with a sufficient degree of detail
were considered for the analysis. All occurrences
are listed chronologically; this is necessary to avoid
considering the same specimen twice if having
been re-figured (we used this approach already in
previous studies, e.g., Haug et al., 2020, 2021b, c,
2022b).
1) Böving and Craighead (1931 their p. 97 plate 

5G; re-figured in Klausnitzer, 1977 p. 163 fig-
ure 16) provided a drawing of a larva of Halip-
lus confinis (specimen Hal 001; Figure 1A). 
The larval stage was not mentioned. No indi-
cation of size was provided. The authors also 
provided close-up drawings of the third leg 
(their p. 97 plate 5F) and of the head (their p. 
97 plate 5H).

2) Bertrand (1933) provided drawings of three 
larvae of the group Haliplus and of one larva 
of the group Brychius. The first specimen was 
(presumably) a stage 3 larva (his p. 527 figure 
9) of Haliplus lineatocollis (specimen Hal 025; 
Figure 2G). No indication of size was pro-
vided.

The second specimen was (presumably) 
a stage 2 larva (his p. 527 figure 10) of Halip-
lus lineatocollis (specimen Hal 026; Figure 
2F). No indication of size was provided.

The third specimen was (presumably) a 
stage 1 larva (his p. 527 figure 11) of Haliplus 
lineatocollis (specimen Hal 027; Figure 2E). 
No indication of size was provided.

The fourth specimen was a larva (his p. 
529 figure 16) of Brychius elevatus (specimen 

Hal 028; Figure 1P). The larval stage was not 
mentioned. No indication of size was pro-
vided.

3) Peterson (1957 his p. 169 figure C42 H) pro-
vided a drawing of a larva of Haliplus (speci-
men Hal 003; Figure 1B). The species was not 
further determined. The larval stage was not 
mentioned. Total length of the larva was 
stated to have been 6 mm.

The author also provided a drawing of a 
larva of Peltodytes (his p. 169 figure C42F). 
The larva was shown in lateral view and could 
therefore not be further considered here (re-
figured in Klausnitzer, 1977 p. 163 figure 15). 

4) Klausnitzer (1978 his p. 269 plate H6) pro-
vided a drawing of a larva of Haliplus fulvus 
(specimen Hal 002; Figure 2M). The larval 
stage was not mentioned. No indication of 
size was provided. According to author the 
original drawing was provided by Schiödte 
(1864 his p. 46 plate 8 figure 16; the specimen 
was redrawn from Klausnitzer, 1978 as more 
details were accessible in the electronic ver-
sion available to the authors).

5) Vondel (1986 his p. 129 figure 1) provided a 
drawing of a stage 3 larva of Haliplus lamina-
tus (specimen Hal 020; Figure 1K). No indica-
tion of size was provided. The author also 
provided a lateral view (his p. 130 figures 5 
and 6), close-up drawings of one half of the 
head and the pro- and mesothorax (his p. 129 
figure 2), the antenna (his p. 130 figure 7), the 
mandible (his p. 130 figure 8), the left foreleg 
(his p. 130 figure 9), tibia and tarsus (his p. 
130 figure 10) and abdominal segments 1 (his 
p. 129 figure 3), 8 and the trunk end (his p. 
129 figure 4).

6) Spangler (1991) provided drawings of one 
larva of the group Peltodytes and of one larva 
of the group Haliplus. The first specimen was 
a larva of Peltodytes (his p. 311 figure 34.105; 
specimen Hal 014; Figure 3B). The species 
was not further determined. The larval stage 
was not mentioned. According to the provided 
scale bar, the overall length was 10.71 mm; 
the length of the head capsule was 0.16 mm; 
the width of the head capsule was 0.87 mm.

The second specimen was a larva (his p. 
311 figure 34.106) of Haliplus (specimen Hal 
015; Figure 1J). The species was not further 
determined. The larval stage was not men-
tioned. According to the provided scale bar, 
the overall length was 7.55 mm; the length of 
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FIGURE 1. Simplified drawings of larvae of Haliplus and Brychius, stage 3 larvae or larvae of unknown stage, based
on various sources. A–N. Haliplus. A. H. confinis, Böving and Craighead (1931). B. Peterson (1957). C–I. Stage 3 lar-
vae. C–F. Vondel (2012). C. H. halsei. D. H. pilbaraensis. E. H. fortescueensis. F. Haliplus pinderi. G–H. Vondel
(2004). G. H. testudo. H. H. timmsi. I. H. variomaculatus, Vondel (2011b). J. Spangler (1991). K–N. Stage 3 larvae. K.
H. laminatus, Vondel (1986). L. H. varius, Vondel (1996). M. H. subseriatus, Vondel (2001). N. H. kamiyai, Watanabe
and Yamasaki (2020). O. Haliplus variegatus, stage 3 larva, Vondel (1997). P. Brychius elevatus, Bertrand (1933).
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FIGURE 2. Simplified drawings of larvae of Haliplus, partially representing ontogenetic sequences, based on various
sources. A–D. Vondel (2011a). A, B. H. abbreviatus or H. maculatus. A. Stage 1 larva. B. Stage 2 larva. C, D. Stage 3
larvae. C. H. maculatus. D. H. abbreviatus. E–G. H. lineatocollis, Bertrand (1933). E. Stage 1 larva. F. Stage 2 larva. G.
Stage 3 larva. H–J. H. apicalis. H, I. Vondel (1997). H. Stage 1 larva. I. Stage 2 larva. J. Stage 3 larva, Vondel (1995).
K, L. Stage 1 larvae. K. H. indistinctus, Michat et al. (2020). L. H. halsei, Vondel (2012). M. H. fulvus, Klausnitzer
(1978). 
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the head capsule was 0.29 mm; the width of 
the head capsule was 0.52 mm.

7) Vondel (1995 his p. 115 figure 2) provided a 
drawing of a stage 3 larva of Haliplus apicalis 
(specimen Hal 024; Figure 2J). No indication 
of size was provided.

8) Vondel (1996 his p. 10 figure 1) provided a 
drawing of a stage 3 larva of Haliplus varius 
(specimen Hal 021; Figure 1L). No indication 
of size was provided. The author also pro-
vided a lateral view of the head and thorax 
(his p. 10 figure 4), close-up drawings of the 
prothorax (his p. 10 figure 7), the antenna (his 
p. 10 figure 2), the mandible (his p. 10 figure 
3), the first leg (his p. 10 figure 5) and the sec-
ond leg (his p. 10 figure 6).

9) Vondel (1997) provided drawings of three lar-
vae of the group Haliplus. The first specimen 
was a stage 1 larva of Haliplus apicalis (his p. 

69 figure 38a; specimen Hal 029; Figure 2H). 
No indication of size was provided.

The second specimen was a stage 2 
larva of Haliplus apicalis (his p. 69 figure 38b; 
specimen Hal 030; Figure 2I). No indication of 
size was provided.

The third specimen was a stage 3 larva 
of Haliplus variegatus (his p. 71 figure 40c; 
specimen Hal 031; Figure 1O). No indication 
of size was provided. 

10) Vondel (2001) provided a drawing of a stage 3 
larva of Haliplus subseriatus (his p. 15 figure 
1; specimen Hal 022; Figure 1M). No indica-
tion of size was provided. The author also pro-
vided a lateral view of the head, thorax and 
the first two abdominal segments (his p. 15 
figure 2), close-up drawings of the head and 
the thorax (his p. 15 figure 3), the antenna (his 
p. 15 figure 7), the mandible (his p. 15 figure 

FIGURE 3. Simplified drawings of larvae of Peltodytes, based on various sources. A. P. caesus, stage 3 larva, Vondel
(2011b). B. Spangler (1991).
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8) and different views of the legs (his p. 15 fig-
ures 4–6).

11) Vondel (2004) provided drawings of two lar-
vae of the group Haliplus. The first specimen 
was a stage 3 larva of Haliplus testudo (his p. 
58 figure 1; specimen Hal 009; Figure 1G). No 
indication of size was provided. The author 
also provided a ventral view (his p. 58 figure 
2), close-ups of the antenna (his p. 58 figure 
3), the mandible (his p. 58 figure 4), and of the 
legs (his p. 58 figures 5–7).

The second specimen was a stage 3 
larva of Haliplus timmsi (his p. 60 figure 8; 
specimen Hal 010; Figure 1H). No indication 
of size was provided. The author also pro-
vided a ventral view (his p. 60 figure 9), close-
ups of the antenna (his p. 60 figure 10), the 
mandible (his p. 60 figure 11), and of the legs 
(his p. 60 figures 12–14).

12) White (2009) provided drawings of two larvae 
of Haliplidae (his p. 148 figures 5, 6). No fur-
ther information was included. Therefore, it 
was not further considered in our analyses.

13) Vondel (2011b) provided drawings of one 
larva of the group Peltodytes and of one larva 
of the group Haliplus. The first specimen was 
a stage 3 larva of Peltodytes caesus (his p. 
128 figure 1; specimen Hal 011; Figure 3A). 
No indication of size was provided. According 
to the author, the original drawing was pro-
vided by Vondel (1997 his p. 71 figure 40a; 
the specimen was redrawn from Vondel, 
2011b as more details were accessible in the 
electronic version available to the authors).

The second specimen was a stage 3 
larva of Haliplus variomaculatus (his p. 129 
figure 18; specimen Hal 012; Figure 1I). 
According to the provided scale bar, the over-
all length was 8.85 mm; the length of the head 
capsule was 0.53 mm; the width of the head 
capsule was 0.71 mm. The author also pro-
vided a lateral view (his p. 129 figure 19), 
close-ups of the head and thorax (his p. 129 
figure 20), the antenna (his p. 129 figure 22), 
the mandible (his p. 129 figure 23) and the 
posterior abdomen (his p. 129 figure 21).

14) Vondel (2011a) provided drawings of four lar-
vae of the group Haliplus. The first specimen 
was a stage 3 larva of Haliplus abbreviatus, 
formerly named Haliplus kulleri (his p. 48 fig-
ure 1; specimen Hal 016; Figure 2D). Accord-
ing to the provided scale bar, the overall 
length was 8.63 mm; the length of the head 

capsule was 0.40 mm; the width of the head 
capsule was 0.68 mm. The author also pro-
vided close-ups of the head, thorax and the 
first abdominal segment (his p. 48 figure 2), 
the antenna (his p. 48 figure 4), the mandible 
(his p. 48 figure 5), different views of the legs 
(his p. 49 figure 6–11) and the posterior 
abdominal segments (his p. 48 figure 3).

The second specimen was a stage 3 
larva of Haliplus maculatus (his p. 50 figure 
12; specimen Hal 017; Figure 2C). According 
to the provided scale bar, the overall length 
was 11.31 mm; the length of the head capsule 
was 0.48 mm; the width of the head capsule 
was 0.67 mm. The author also provided close-
ups of the head, thorax and the first abdomi-
nal segment (his p. 50 figure 13), the antenna 
(his p. 50 figure 15), the mandible (his p. 50 
figure 16), different views of the legs (his p. 51 
figures 17–22) and the posterior abdominal 
segments (his p. 50 figure 14).

The third specimen was a stage 1 larva 
either of H. abbreviatus or H. maculatus (his 
p. 52 figure 23; specimen Hal 018; Figure 2A). 
According to the provided scale bar the over-
all length was 1.70 mm; the length of the head 
capsule was 0.22 mm; the width of the head 
capsule was 0.34 mm. The author also pro-
vided close-ups of different views of the legs 
(his p. 52 figure 24–29).

The fourth specimen was a stage 2 larva 
either of H. abbreviatus or H. maculatus (his 
p. 53 figure 30; specimen Hal 019; Figure 2B). 
According to the provided scale bar, the over-
all length was 2.99 mm; the length of the head 
capsule was 0.29 mm; the width of the head 
capsule was 0.36 mm. The author also pro-
vided close-ups of different views of the legs 
(his p. 53 figures 31–36).

15) Vondel (2012) provided drawings of five lar-
vae of the group Haliplus. The first specimen 
was a stage 1 larva of Haliplus halsei (his p. 
195 figure 1; specimen Hal 004; Figure 2L). 
Total length of the larvae was stated to have 
been 3.70 mm. Based on this information, the 
length of the head capsule was 0.29 mm; the 
width of the head capsule was 0.48 mm. The 
author also provided close-ups of the head 
(his p. 195 figure 2), the antenna (his p. 195 
figure 4), the mandible (his p. 195 figure 5), 
different views of the legs (his p. 199 figures 
6–11) and the posterior abdominal segments 
(his p. 195 figure 3).



PALAEO-ELECTRONICA.ORG

9

The second specimen was a stage 3 
larva of Haliplus halsei (his p. 200 figure 12; 
specimen Hal 005; Figure 1C). According to 
the provided scale bar, the overall length was 
13.67 mm; the length of the head capsule was 
0.64 mm; the width of the head capsule was 
0.83 mm. The author also provided a lateral 
view (his p. 200 figure 13), close-ups of the 
head (his p. 200 figure 14), the antenna (his p. 
200 figure 17), the mandible (his p.200 figure 
16), different views of the legs (his p. 201 fig-
ures 18–23) and the posterior abdominal seg-
ments (his p. 200 figure 15).

The third specimen was a stage 3 larva 
of Haliplus pilbaraensis (his p. 202 figure 24; 
specimen Hal 006; Figure 1D). According to 
the provided scale bar, the overall length was 
11.82 mm; the length of the head capsule was 
0.42 mm; the width of the head capsule was 
0.65 mm. The author also provided a lateral 
view (his p. 202 figure 25), close-ups of the 
head (his p. 202 figure 26), the antenna (his p. 
202 figure 29), the mandible (his p. 202 figure 
28), different views of the legs (his p. 203 fig-
ures 30–35) and the posterior abdominal seg-
ments (his p. 202 figure 27).

The fourth specimen was a stage 3 larva 
of Haliplus fortescueensis (his p. 204 figure 
36; specimen Hal 007; Figure 1E). According 
to the provided scale bar, the overall length 
was 10.18 mm; the length of the head capsule 
was 0.43 mm; the width of the head capsule 
was 0.49 mm. The author also provided a lat-
eral view (his p. 204 figure 37), close-ups of 
the head (his p. 204 figure 38), the antenna 
(his p. 204 figure 41), the mandible (his p. 204 
figure 40), different views of the legs (his p. 
205 figures 43–48) and the posterior abdomi-
nal segments (his p. 204 figure 39).

The fifth specimen was a stage 3 larva of 
Haliplus pinderi (his p. 206 figure 49; speci-
men Hal 008; Figure 1F). According to the 
provided scale bar, the overall length was 
9.19 mm; the length of the head capsule was 
0.32 mm; the width of the head capsule was 
0.46 mm. The author also provided a lateral 
view (his p. 206 figure 50), close-ups of the 
head (his p. 206 figure 51), the antenna (his p. 
206 figure 54), the mandible (his p. 206 figure 
53), different views of the legs (his p. 207 fig-
ures 55–60) and the posterior abdominal seg-
ments (his p. 206 figure 52).

16) Yee and Kehl (2015) provided a micrograph of 
a larva of Haliplidae (their p. 1025 figure 

39.19). No further information was provided. 
The morphology with long protrusions indi-
cates that the larva is a representative of the 
group Peltodytes. The specimen was depicted 
in lateral view and can therefore not be further 
considered here. 

17) Glime (2017) provided a micrograph of a larva 
of Haliplidae (his. 11-9-5 figure 15). No further 
information was provided. The morphology 
indicates that the larva is a representative of 
Haliplus. The specimen was depicted in lat-
eral view and can therefore not be further con-
sidered here. 

18) Michat et al. (2020) provided a drawing of a 
stage 1 larva of Haliplus indistinctus (their p. 4 
figure 1A; specimen Hal 013; Figure 2K). 
According to the provided scale bar, the over-
all length was 3.35 mm; the length of the head 
capsule was 0.20 mm; the width of the head 
capsule was 0.29 mm. The authors also pro-
vided close-ups of the head in dorsal (their p. 
4 figure 1B) and ventral view (their p. 4 figure 
1C), the antenna in different views (their p. 5 
figure 2A, B), the mandible (their p. 5 figure 
2C), the maxilla in different views (their p. 5 
figure 2D, 2E), the labium in different views 
(their p. 5 figure 3A, 3B), different views of the 
legs (their p. 8 figure 4) and the trunk end 
(their p. 9 figure 5A).

19) Watanabe and Yamasaki (2020) provided an 
image of a stage 3 larva of Haliplus kamiyai 
(their p. 369 figure 3a left; specimen Hal 023; 
Figure 1N). According to the provided scale 
bar, the overall length was 11.45 mm; the 
length of the head capsule was 0.26 mm; the 
width of the head capsule was 0.53 mm. The 
authors also provided a lateral view (their p. 
369 figure 3a mid), a dorsal view (their p. 369 
figure 3a right) and a close-up of the first leg 
(their p. 369 figure 3b) (and an image of the 
larva feeding on algae; their p. 369 figure 3c; 
and an image of the pupae; their p. 369 figure 
3d).

New Fossil Larvae Resembling those of 
Haliplidae

1) BUB 4436 specimen 1 (Hal 032) preserved 
together with 10 additional specimens in the 
same amber piece. Specimen accessible from 
both sides (Figure 4A–C). Unclear which side 
is dorsal and ventral. Body with long setae. 
Only parts of abdomen preserved. Other body 
parts missing, head and the tarsi not accessi-
ble. Number of abdominal segments can not 
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be counted. The trunk end is elongated, bear-
ing long setae (Figure 4D). Exact length of the 
specimen can not be measured due to miss-
ing parts.

2) BUB 4436 specimen 2 (Hal 033) accessible 
from dorso-lateral view (Figure 5A–C). Body 
with long setae. It has 9 abdominal units, i.e., 
8 true segments and the trunk end (Figure 
5B). The trunk end is elongated, bearing long 
setae (Figure 5D). Each leg bears a single 

claw (Figure 5E). Overall length of larva is 
2.55 mm. Length of head capsule is 0.15 mm. 
Width of head capsule is not measurable.

3) BUB 4436 specimen 3 (Hal 034) accessible 
from dorsal (Figure 6A, B) and ventral (Figure 
6C) view. Body with long setae. Parts of the 
abdomen are concealed. Number of abdomi-
nal segments can not be counted. The trunk 
end is elongated, bearing long setae (Figure 
6E). Each leg bears a single claw (Figure 6D). 

FIGURE 4. Fossil larvae BUB 4436, specimens 1 and 6. A–D. Specimen 1. A. View on one side. B. Colour-marked
version of A. C. View on other side. D. Very terminal end, with different contrasting to highlight the setae. E–G. Speci-
men 6. E. Overview. F. Colour-marked version of E. G. Close-up on very terminal end. Abbreviations: ad = abdomen;
at = antenna; hc = head capsule; ms = mesothorax; mt = metathorax; pt = prothorax; te = trunk end. 
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Overall length of larva is 5.30 mm. The length 
of head capsule is 0.25 mm. Width of head 
capsule is 0.24 mm.

4) BUB 4436 specimen 4 (Hal 035) accessible 
from dorsal (Figure 7A, B) and partly in ventral 
(Figure 7C) view. Body with long setae. 
Mouthparts not accessible due to head orien-
tation (Figure 7E). It has 9 abdominal units, 8 
true segments and the trunk end (Figure 7B). 
The trunk end is elongated, bearing long 
setae (Figure 7D). Tarsi not accessible. Over-
all length of larva is 4.55 mm. Length of head 
capsule is 0.22 mm. Width of head capsule is 
0.44 mm.

5) BUB 4436 specimen 5 (Hal 036) accessible 
from dorsal (Figure 8A, B) and ventral (Figure 
8C) view. Body with long setae. Partly con-
cealed from both views. Mouthparts not 
accessible (Figure 8D). Number of abdominal 
segments can not be counted. The trunk end 
is elongated, bearing long setae (Figure 8F). 
Tarsi are not accessible (Figure 8E). Overall 
length of larva is 4.58 mm. Length of head 
capsule is 0.14 mm. Width of head capsule is 
0.35 mm.

6) BUB 4436 specimen 6 (Hal 037) accessible 
only from lateral view (Figure 4E, F). No setae 
apparent. Number of abdominal segments 
can not be counted. Trunk end missing (Fig-
ure 4G). Tarsi are not accessible. Exact length 
can not be measured due to the missing parts. 
Length of head capsule is 0.31 mm. Width of 
head capsule is not measurable.

7) BUB 4436 specimen 7 (Hal 038) accessible 
from dorsal (Figure 9A, B) and ventral (Figure 
9C) view. Body with long setae. Mouthparts 
not accessible (Figure 9F). It has 10 abdomi-
nal units, 9 true segments and the trunk end 
(Figure 9B). The trunk end is elongated, bear-
ing long setae (Figure 9E). Each leg bears a 
single claw (Figure 9D). Overall length of larva 
is 5.16 mm. Length of head capsule is 0.20 
mm. Width of head capsule is 0.34 mm.

8) BUB 4436 specimen 8 (Hal 039) accessible 
from dorso-lateral (Figure 10B, C) and ventro-
lateral (Figure 10A) view. Body with long 
setae. Mouthparts not accessible (Figure 
10D). Parts of abdomen concealed. Number 
of abdominal segments can not be counted 
(Figure 10G). The trunk end is elongated, 
bearing long setae (Figure 10E). Each leg 

FIGURE 5. Fossil larva BUB 4436, specimen 2. A. Overview on lateral side. B. Colour-marked version of A. C. Other
side. D. Close-up on trunk end. E. Close-up on thorax. Abbreviations: ad = abdomen; at = antenna; hc = head capsule;
ms = mesothorax; mt = metathorax; pt = prothorax. 
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bears a single claw (Figure 10F). Overall 
length of larva is 5.73 mm. Length of head 
capsule is 0.25 mm. Width of head capsule is 
0.44 mm.

9) BUB 4436 specimen 9 (Hal 040) accessible 
from dorsal (Figure 11A, B) and ventral (Fig-
ure 11C) view. Body with long setae. Head 
with few details (Figure 11E). It has 9 abdomi-
nal units, 8 true segments and the trunk end 
(Figure 11B). The trunk end is elongated, 
bearing long setae (Figure 11D). Each leg 
bears a single claw (Figure 11F). Overall 
length of larva is 4.49 mm. Length of head 
capsule is 0.29 mm. The width of head cap-
sule is 0.38 mm.

10) BUB 4436 specimen 10 (Hal 041) accessible 
from dorsal (Figure 12A, B) and ventral (Fig-
ure 12C) view. Body with long setae. Anten-
nae stout. Mouthparts not accessible (Figure 
12D). The number of abdominal segments 
can not be counted. The trunk end is elon-
gated, bearing long setae (Figure12E). Each 
leg bears a single claw (Figure 12F). Overall 
length of larva is 4.40 mm. Length of head 
capsule is 0.22 mm. Width of head capsule is 
0.39 mm.

11) BUB 4436 specimen 11 (Hal 042) accessible 
from dorsal (Figure 12I) and ventral (Figure 
12G, H) view. Body with long setae. Mouth-
parts not accessible (Figure 12J). It has 9 
abdominal units, 8 true segments and the 

FIGURE 6. Fossil larva BUB 4436, specimen 3. A. Overview dorsal side. B. Colour-marked version of B. C. Ventral
side. D. Close-up on anterior region in ventral view. E. Close-up on head. F. Close-up on very terminal end. Abbrevia-
tions: ad = abdomen; at = antenna; hc = head capsule; ms = mesothorax; mt = metathorax; pt = prothorax; te = trunk
end. 
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trunk end (Figure 12H). The trunk end is elon-
gated, bearing long setae (Figure 12K). Each 
leg bears a single claw (Figure 12G). Overall 
length of larva is 5.31 mm. Length of head 
capsule is 0.10 mm. Width of head capsule is 
0.26 mm.

12) BUB 1222 (Hal 043) accessible from dorsal 
(Figure 13C) and ventral (Figure 13A, B) view. 
Body with long setae. Mandibles prominent. 
Maxillae appear elongated (Figure 13D). It 
has 9 abdominal units, 8 true segments and 
the trunk end (Figure 13B). The trunk end is 
elongated, bearing long setae (Figure 13E). 
Each leg bears a single claw (Figure 13F). 
Overall length of larva is 8.31 mm. Length of 
head capsule is 0.54 mm. Width of head cap-
sule is 0.64 mm.

13) PED 1859 (Hal 045) accessible from dorsal 
(Figure 14C) and ventral (Figure 14A, B) view. 
Body with long setae. The mouthparts are 
accessible only in frontal view (Figure 14D). It 
has 9 abdominal units, 8 true segments and 

the trunk end (Figure 14B). The trunk end is 
elongated, bearing long setae (Figure 14F). 
Each leg bears a single claw (Figure 14E). 
Overall length of larva is 4.63 mm. Length of 
head capsule is 0.22 mm. Width of head cap-
sule is 0.52 mm.

Shape Analysis

The shape analysis of the body outline
resulted in five principle components that describe
about 96% of the overall variation (Suppl. Text 1;
Suppl. Figure 1; Suppl. Files 1–5).

PC1 explains 44.21% of the overall variation.
It is mainly influenced by the broadness in the mid-
dle of the body. A smaller value indicates a slender
and a higher value a broader body.

PC2 explains 31.83% of the overall variation.
It is mainly influenced by the degree of tapering of
the body. A smaller value indicates a conical form
with the broader side being anterior and a higher
value indicates a slender linear form.

FIGURE 7. Fossil larva BUB 4436, specimen 4. A. Overview dorsal side. B. Colour-marked version of B. C. Ventral
side. D. Close-up on trunk end. E. Close-up on head. Abbreviations: ad = abdomen; at = antenna; hc = head capsule;
pt = prothorax; te = trunk end. 
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PC3 explains 11.76% of the overall variation.
It is mainly influenced by the broadness of the
head. A smaller value indicates a slender and a
higher value indicates a broader head. 

PC4 explains 6.08% of the overall variation. It
is mainly influenced by the positioning of the lateral
extensions of the segments and the anterior end of
the head. Smaller and larger values indicate differ-
ent pronounced extensions, values around 0 indi-
cate only little protruding extensions. 

PC5 explains 3.03% of the overall variation. It
is mainly influenced by the positioning of the exten-
sions of the segments in combination with the body

width. Extensions are similarly distributed to PC4;
low values indicate a more slender body, high val-
ues a broader one.

Total Head Length vs. Total Body Length

Plotting the length of the head capsule versus
the total body length reveals certain clusters (Fig-
ure 15). The three larvae of stage 1 and the single
larva of stage 2 from the modern fauna plot
together. The shortest head of an extant larva is
represented by a stage 3 larva of the group of
Peltodytes, which is partly surprising. 

FIGURE 8. Fossil larva BUB 4436, specimen 5. A. Overview ventral side. B. Colour-marked version of B. C. Dorsal
side. D. Close-up on head. E. Close-up on leg. F. Terminal end in different contrasting to highlight setae. Abbrevia-
tions: ad = abdomen; at = antenna; hc = head capsule; th = thorax. 
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One fossil specimen (BUB 4436 specimen 2)
plots clearly in the area of the extant stage 1 and 2
larval specimens. The other specimens of BUB
4436 and the specimen of PED 1859 plot together
between the area occupied by the extant stage 1
and 2 larvae and the area occupied by the extant
stage 3 larvae. BUB 1222 plots closely to the area
occupied by the extant stage 3 larvae.

PC2 vs. PC1

Plotting PC2 vs. PC1 reveals certain clusters.
Extant stage 3 larvae of Haliplus and the single lar-

val specimen of Brychius plot widely scattered
along PC1 and mostly in the positive range of PC2
(Figure 16). The three specimens of the stage 2
larvae of Haliplus plot near or in the area occupied
by the specimens of the stage 3 larvae. Stage 2 lar-
vae Hal 019 and Hal 030 plot slightly outside the
area occupied by stage 3 larvae, Hal 026 inside.
The extant stage 1 larvae of Haliplus occupy a dif-
ferent area than the extant stage 2 and 3 larvae of
Haliplus. The specimens of Peltodytes plot clearly
outside of the area of Haliplus and Brychius. The
stage of the Haliplus larvae of Hal 001, Hal 002,

FIGURE 9. Fossil larva BUB 4436, specimen 7. A. Overview dorsal side. B. Colour-marked version of B. C. Ventral
side. D. Close-up on thorax; arrows point to claws. E. Close-up trunk end. F. Close-up on head. Abbreviations: ad =
abdomen; at = antenna; fe = femur; hc = head capsule; ms = mesothorax; mt = metathorax; pt = prothorax. 
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Hal 003 and Hal 015 was not mentioned in the orig-
inal sources. Hal 001, Hal 003 and Hal 015 plot in
or close to the area occupied by the stage 3 larvae
of Haliplus. Hal 002 plots outside the areas occu-
pied by the other larvae, closely to the area occu-
pied by the stage 1 larvae.

All fossil specimens plot closely to the extant
stage 3 larvae of Haliplus and also closely together
among each other. They occupy an area at the
most negative edge of the morphospace occupied
by the extant stage 3 larvae.

PC1 vs. Total Body Length

Plotting PC1 vs. the total body length reveals
some differences between extant and fossil speci-
mens (Figure 17). Specimens of stage 3 larvae of
Haliplus plot together. The different lengths of
these specimens scatter over a range of about 6
mm. The single stage 2 larva of Haliplus plots in
the same area as the three stage 1 larvae. The
specimens of stage 1 and 2 larvae occupy a bigger
range of PC1 than the stage 3 larvae specimens.

FIGURE 10. Fossil larva BUB 4436, specimen 8. A. Overview ventral side. B. Colour-marked version of C. C. Dorsal
side. D. Close-up on head. E. Close-up trunk end. F. Close-up on leg. G. Close-up on tergites. Abbreviations: ad =
abdomen; at = antenna; hc = head capsule; ms = mesothorax; mt = metathorax; pt = prothorax. 
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The single Peltodytes specimen plots in the area of
the stage 3 larvae specimens of Haliplus. The lar-
val stage of the Haliplus specimen Hal 015 was not
mentioned. Hal 015 is a bit shorter than the stage 3
larvae, but plots in the same range of PC1 like the
stage 3 larvae.

The range of PC1 occupied by the fossil spec-
imens is smaller than the range occupied by the
extant specimens. BUB 4436 specimen 2 (Hal 033)
plots inside the area occupied by extant stage 1
and 2 larvae of Haliplus. All other specimens of
BUB 4436 (Hal 035, Hal 036, Hal 038, Hal 039, Hal
040, Hal 041, Hal 042) included in the plot and the
specimen of PED 1859 plot together. They occupy
an area with a longer length than the extant stage 1
and 2 larvae, but shorter than the extant stage 3

larvae. BUB 1222 (Hal 043) is a bit shorter than the
shortest determined extant stage 3 larva.

DISCUSSION

Are the Fossil Specimens Larvae of the Group 
Haliplidae?

Larvae of Haliplidae share a number of differ-
ent characters. The larvae have an elongated trunk
end (Vondel, 1997; Makarov and Prokin, 2015) and
an overall slender body shape (Vondel, 1997). Lar-
vae of Haliplidae have nine to ten abdominal units
including the elongated trunk end (Vondel, 1997;
Makarov and Prokin, 2015). The legs (locomotory
appendages) have tarsi with just a single element
and bear a single claw. Each mandible has a suc-
tion channel. The maxillae and labium have rather

FIGURE 11. Fossil larva BUB 4436, specimen 9. A. Overview dorsal side. B. Colour-marked version of A. C. Ventral
side. D. Close-up trunk end. E. Close-up on head. F. Close-up on thorax. Abbreviations: ad = abdomen; at = antenna;
fe = femur; hc = head capsule; ms = mesothorax; mt = metathorax; pt = prothorax. 
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small palps (Vondel, 1997). While larvae of certain
other beetle groups have large prominent trunk
ends (e.g., Haug and Haug, 2019; Zippel et al.,
2022a), in these the overall appearance is less
slender. Hence, for larvae of Haliplidae it is the
combination of characters mentioned above that
needs to be looked for in the fossils. 

In the new fossil specimens, in which the trunk
end is preserved, it is prominently elongated, bear-
ing numerous setae. In BUB 4436 specimen 5 the

trunk end is elongated and bears setae, but it is
remarkably more slender compared to the rest of
the specimens (Figure 8F). The trunk end of the
other eleven specimens look quite similar, elon-
gated but not significantly more slender than the
remaining body. One specimen (BUB 4436 speci-
men 6) does not have the trunk end preserved, but
otherwise resembles the other specimens in their
overall appearance. 

FIGURE 12. Fossil larvae BUB 4436, specimens 10 and 11. A–F. Specimen 10. A. Overview dorsal side. B. Colour-
marked version of A. C. Ventral side. D. Close-up on head. E. Close-up trunk end. F. Close-up on leg. G–K. Specimen
11. G. Overview ventral side. H. Colour-marked version of G. I. Dorsal side. J. Close-up on head. K. Close-up on trunk
end. Abbreviations: ad = abdomen; at = antenna; hc = head capsule; ms = mesothorax; mt = metathorax; pt = protho-
rax; th = thorax; ti = tibia. 
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In six of the new fossil specimens, nine
abdominal units (eight segments plus trunk end)
are apparent, while one specimen seems to have
ten (BUB 4436 specimen 7; Figure 9). Segments
numbers can sometimes be hard to recognise in
fossil larvae; subdivisions can be obscured or folds
can appear like true subdivisions. It is therefore
unclear whether this variation in the fossils is pres-
ervational or reflects true original morphology. In
any case, the range of abdominal units is compati-
ble with that reported in extant larvae of Haliplidae
(Vondel, 1997; Makarov and Prokin, 2015). 

Nine of the new fossil specimens show tarsi
bearing one single claw as in modern larvae of
Haliplidae. In the other specimens, this detail is not
accessible. 

The mouthparts are only accessible in two of
the fossils, BUB 1222 and PED 1859. In BUB
1222, the mandible and a part of a palp of one
maxilla are accessible (Figure 13D). A further
determination of different elements is not possible,
and a possible suction channel in the mandible
could not be observed due to the limited accessibil-
ity. The mouthparts of PED 1859 are only accessi-

FIGURE 13. Fossil larva BUB 1222. A. Overview ventral side. B. Colour-marked version of A. C. Dorsal side. D.
Close-up on head. E. Close-up trunk end. F. Close-up on leg; arrow points to claw. Abbreviations: ad = abdomen; at =
antenna; fe = femur; hc = head capsule; ms = mesothorax; mt = metathorax; pl = palp; pt = prothorax. 
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ble in frontal view (Figure 14D) and it is not
possible to distinguish the different parts of the
mouthparts. Hence, this aspect remains rather
non-informative. Yet, none of the specimens
appears to have prominent palps (of maxillae and
labium) which is compatible with short palps in
modern larvae of Haliplidae.

Almost all new fossil specimens bear promi-
nent setae or setae-like structures largely compa-
rable to those in modern larvae of Haliplidae (e.g.,
Vondel, 2011b; Michat et al., 2020). However, it
seems that relatively more setae are present in the

fossil forms. This aspect remains challenging to
evaluate, as almost all specimens of the literature
are only provided as drawings, which might provide
a different impression in comparison to a micro-
graph. 

Other important features being characteristic
for modern larvae of Haliplidae could, unfortu-
nately, not be observed in the fossils. This applies,
for example, to the gills, which are very rarely pre-
served (but see Zippel et al., 2022c).

The long thorax segments in the fossils are
different from modern larvae of Haliplidae,

FIGURE 14. Fossil larva PED 1859. A. Overview ventral side. B. Colour-marked version of A. C. Dorsal side. D.
Close-up on head. E. Close-up on leg; arrows point to claws. F. Close-up trunk end. Abbreviations: ad = abdomen; at
= antenna; hc = head capsule; ms = mesothorax; mt = metathorax; pt = prothorax. 
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although there is a certain variation also in this
character. Yet, this factor of difference and the
elongate body of the larvae also reminds of that of
larvae of quite some other groups and should lead

us to consider also some alternative interpreta-
tions.

Larvae of raphidiopterans (snakeflies), for
example, also have a very elongate trunk and in

FIGURE 15. Scatter plot of head length over total length of larvae of Haliplidae and the new fossils. The differentiated
stages are all representatives of Haliplus. Note the possible three stages of the fossils: a single one on the lower left
might represent a stage 1 larva; those clustering in the middle might represent stage 2 larvae, the single fossil far up
right might represent a stage 3 larva.

FIGURE 16. Scatter plot of PC2 vs. PC1 of body outlines of larvae of Haliplidae and the new fossils. The differentiated
stages are all representatives of Haliplus. Note how tightly together the fossils cluster, indicating a very similar overall
shape. This is different for the larvae of the extant forms that show quite some variation, especially over ontogeny.
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addition have a relatively long prothorax, as seen
in the fossils. In contrast to larvae of Haliplidae
(and the fossils), raphidiopteran larvae have two
claws (Kluge, 2003). Also, in raphidiopteran larvae
there is no example of a trunk end known to be as
elongated as it is in Haliplidae or in the fossils,
even not in fossil snakefly larvae (Haug et al.,
2022c). Likewise elongated trunks are also known
in megalopteran larvae (Baranov et al., 2022). Yet,
here differences are even more expressed to the
fossils, as megalopteran larvae have either a termi-
nal filament or a pair of claw-shaped protrusions at
the trunk end (absent in the fossils at hand), they
bear lateral gills on the trunk (absent in the fossils
at hand), and there is no example with an elon-
gated trunk end. Also, both raphidiopteran and
megalopteran larvae have prominent forward-pro-
truding mouthparts, while in the fossils the mouth-
parts are neither prominent nor appear to protrude
necessarily forward (an original antero-ventral ori-
entation seems likely).

In summary, the fossils strongly resemble
each other (allowing to make statements also for
the more incomplete specimens); many of the fos-
sil specimens show some characteristics well
known in modern larvae of Haliplidae. There is also
no character directly contradicting an interpretation
of the new fossils as larvae of Haliplidae, besides
the rather long thorax segments. There are some

cases in other neuropteriformian larvae in which
the modern forms have rather short thorax seg-
ments (Haug et al., 2022d), but some fossil forms
have elongate thorax segments (Haug et al.,
2021d). The difference between the extant larvae
of Haliplidae and the new fossils may represent a
similar phenomenon. We therefore interpret the
specimens as possible fossil larvae of the group
Haliplidae.

There is so far no formally described species
of Haliplidae from Myanmar amber. Therefore, it
would in principle be possible to erect a new spe-
cies based on the here reported specimens. Yet,
as many details are not accessible, it is very diffi-
cult to find usable diagnostic characters for prop-
erly characterising such a species. We therefore
decided to not formally erect a new species. 

One Amber Piece with Eleven Specimens

The amber piece BUB 4436 includes eleven
different specimens of fossil larvae of the group
Haliplidae. Such cases immediately raise the ques-
tion whether this is indicative of certain aspects of
the life style (Hörnig et al., 2016, 2022; Schädel et
al., 2021). 

Extant representatives of Haliplidae are often
very abundant at some places, but they do not
occur abundantly everywhere (Matheson, 1912).
Often a single habitat contains more than one spe-

FIGURE 17. Scatter plot of PC1 versus total length of larvae of Haliplidae and the new fossils. The differentiated
stages are all representatives of Haliplus. Note that modern day stage 1 and 2 larvae plot away from the smaller fos-
sils, with a single exception. For the fossils, the outline seems to be very similar, independent of the size.
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cies of Haliplidae occurring together (Vondel,
1986). Hickman (1931) recognized, while collecting
larvae of Haliplidae, that at a particular spot almost
all larvae were of the same larval stage. He also
recognized that the larvae at such a spot had all
moulted to the next larval stage when he returned
to the spot a few days later. He stated that first and
third stage larvae were never found together (Hick-
man, 1931). Additionally, larvae can occur without
any adults and also adults without any larvae (Von-
del, 1986).

Gyrinidae is the sistergroup to a group of
other adephagan beetles including Haliplidae, and
likewise has aquatic larvae (Ribera et al., 2002;
Beutel et al., 2006). For the the species Andogyrus
seriatopunctatus it has also been reported that all
larvae moult from stage 1 to stage 2 at about the
same time within a few days (Archangelsky and
Michat, 2007). In fact, synchronised moulting lead-
ing to all individuals at a spot being in the same
developmental stage is a widespread phenomenon
throughout Euarthropoda and has been recognised
in the fossil record (Haug et al., 2013).

Regarding the total body length, one speci-
men (BUB 4436 specimen 2) is shorter than the
other specimens. This specimen probably rep-
resents a stage 1 larva. The other seven measur-
able specimens and BUB 4436 specimen 3, which
could not be included in the shape analysis, have a
length between 4.40 mm (BUB 4436 specimen 10)
and 5.73 mm (BUB 4436 specimen 8). All these
are probably stage 2 larvae. BUB 4436 specimen 6
has a length of at least 1.56 mm, but is incomplete.
Still the preserved part indicates that the larvae
could not have been larger than about 3 mm. This
is still noticeably smaller than the smallest sup-
posed stage 2 larva. Hence BUB 4436 specimen 6
is probably also a stage 1 larva, which would mean
that there are two stage 1 larvae and eight stage 2
larvae (and one specimen of unclear stage). This
would fit to the observations from the modern
fauna that most larvae at a single spot could be
stage 2 larvae with few representatives of stage 1
larvae (Matheson, 1912; Hickman, 1931; Vondel,
1986).

One could argue that the supposed stage 2
larvae (or at least some of them) are in fact stage 3
larvae as Vondel (1997) stated that the length of
stage 3 larvae is at least 5 mm. Four of the sup-
posed stage 2 fossils are over 5 mm long. This
interpretation would be also consistent with the
principle component analysis. The fossil speci-
mens are very slender, they are as slender as the
most slender extant specimens. The extant stage 2

larvae included in the analysis are all broader than
the fossil specimens (Figure 16). However, all fos-
sil specimens are very slender, the long and the
short ones, including supposed stage 1 larvae. The
latter would need to be interpreted at least as stage
2 larvae, if considering the supposed stage 2 lar-
vae as stage 3 larvae, and they would still deviate
from the modern morphology. This could either
mean that we have only stage 3 larvae of very sev-
eral different-sized species, or that the slenderness
might be a general pattern of larvae of Haliplidae of
the Cretaceous. 

All extant stage 3 larvae included in the mea-
surements are larger than supposed fossil stage 2
larvae, with over 8 mm. Also, one fossil specimen
is clearly larger than the others (Hal 043) and is
presumably a stage 3 larva, still it is smaller than
the extant stage 3 larvae. We see it as most likely
that the specimens represent three different larval
stages possibly of a single species.

Fossil vs. Extant Larvae

The extant specimens occupy a rather large
area of the morphospace; the fossil specimens
cluster tightly together. This is still true if the larvae
of Peltodytes, which are quite different in appear-
ance, are not considered. The fossils are all quite
slender and linear shaped, while the extant larvae
show a larger variation in the body shape, but also
showing slender and linear forms similar to the fos-
sils. 

The small area occupied by the fossils is cou-
pled to the fact that all three supposed stages are
very similar. In the extant larvae, stage 3 individu-
als are slightly differentiated. This may be coupled
to their habit to go ashore and burrow into the
ground to pupate (Vondel, 1997). Hence, there is a
different selection pressure to the different larval
stages possibly leading to different morphologies.
The fossils may still have followed a different mor-
phology.

Overall we can only assume that the fossil lar-
vae lived in water based on the comparison to the
extant forms. While it may seem unlikely to have
aquatic animals preserved in amber, more and
more such cases demonstrate that it is indeed pos-
sible that animals get trapped in amber while still
being in water. 

Yet, the fact that in the fossils all three sup-
posed larval stages have a body shape with which
modern larvae can crawl on land may indicate that
the fossils did not yet live in water for the entire
time, if at all. Still there is one modern stage 1 larva
that also plots closer to the fossils (Figure 16). We
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might not know all variations of behaviour among
the modern larvae; as often, we generalise for
larger groups based on directly observable spe-
cies. Also, as no distinct gills are preserved in the
fossils, the overall lifestyle of these remains open
to speculation.

Adephagan Larvae in the Fossil Record

Adephaga has been considered to represent
an early diversifying lineage of beetles (e.g., Beutel
et al., 2013). The larvae of the group have a broad
spectrum of different morphologies, which should
have contributed to the early diversification.

Larvae resembling those of modern ground
beetles (Carabidae) have been reported, for exam-
ple from the Triassic (Prokin et al., 2013), but also
from Myanmar amber (Liu et al., 2023). Larvae of
Gyrinidae have also been reported from Myanmar
amber (Gustafson et al., 2020; Zhao et al., 2019).
The now extinct group Coptoclavidae has been
interpreted as an ingroup of Adephaga, and its
aquatic larvae are well known in different Mesozoic
deposits (Ponomarenko, 1993; Wang et al., 2009,
2010; Ponomarenko et al., 2015). Larvae of
Dytiscidae have been found exquisitely preserved
in the silicified Miocene lake deposits of Barstow,
California, USA (Palmer et al., 1957) and Eocene
Baltic amber (e.g., Wichard et al., 2009; Gröhn,

2015), but relatives are also known from older
strata (Ghosh et al., 2007).

Despite these records, we should expect in
fact many more fossils of adephagan larvae. The
modern fauna has more than 40,000 species of
adephagan beetles, and in the past these beetles
must have been even more prominently repre-
sented in some of the faunas.

The here reported larvae represent another
piece in the puzzle of the fossil record reflecting the
evolution of specialised larval forms in Adephaga.
The overall morphology of the fossils appears very
modern, but the differences in thorax segment
length might hint to at least some differences in
comparison to their modern counterparts.
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SUPPLEMENTARY INFORMATION 

SUPPLEMENTARY TABLE 1. Information on the specimens included in the analyses (1290_supple-
ment.zip available at https://palaeo-electronica.org/content/2023/3964-new-cretaceous-beetle-larvae).

SUPPLEMENTARY FIGURE 1. Graphical representation of the factor loadings of the shape analysis 
1290_supplement.zip available at https://palaeo-electronica.org/content/2023/3964-new-cretaceous-beetle-
larvae).

SUPPLEMENTARY TEXT 1. Results of the principal component analysis of the shapes 1290_supple-
ment.zip available at https://palaeo-electronica.org/content/2023/3964-new-cretaceous-beetle-larvae).

SUPPLEMENTARY FILES 1–5. Files resulting from the shape analysis, including the chain codes, aligned 
shapes, and principal component analysis 1290_supplement.zip available at https://palaeo-electronica.org/
content/2023/3964-new-cretaceous-beetle-larvae).
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