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Abstract
Lacewings (Neuroptera) have predatory larvae with highly specialised mouthparts. Larvae of many groups within Neuroptera 
are well represented as fossils preserved in ambers; however, larvae of some groups are less often reported in the literature. 
Here we report such a rare case, a larva of the group Hemerobiidae, an aphidlion, preserved in a piece of Eocene Baltic amber 
(about 40 million years old). It is preserved together with three possible prey items, wingless aphids, most likely representa-
tives of Germaraphis (or at least closely related to this group). The aphidlion can be identified based on the morphology of 
the antennae, simple curved and toothless stylets, well developed labial palps, and the absence of other mouth-part structures 
such as a protruding labrum or maxillary palps. A long, club-shaped distal element of the labial palps identifies the specimen 
as a larva of Hemerobiidae. The aphids can be identified based on their very long, beak-like mouth parts. This find is, to our 
knowledge, the first example of a lacewing larva preserved together with its potential prey. We briefly discuss other cases 
in which fossils preserved in amber allow us to reconstruct aspects of behaviour and interactions of fossil lacewing larvae.
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Introduction

“Aphidlion” is a term used to address larval stages of certain 
lacewings that are specialised for feeding on aphids. More 
rarely, the term has also been used for the larval stages of 
ladybugs, which also feed on aphids, but we will concen-
trate here on the aphidivorous lacewing larvae (Neuroptera) 
and use the term aphidlion accordingly. Neuropteran species 
with aphidlions as larval stages do not form a monophyl-
etic group, instead they form two distinct groups: that of 
green lacewings (Chrysopidae) and that of brown lacewings 
(Hemerobiidae). While earlier phylogenetic reconstructions 
resolved Chrysopidae and Hemerobiidae as sister groups 

(Aspöck and Aspöck 2007), newer reconstructions do not 
further support this view (Winterton et al. 2018; Vasiliko-
poulos et al. 2020; Badano et al. 2021).

Aphidlions, as well as (most) lacewing larvae in gen-
eral, are fierce predators with highly specialised mouth-
part morphology (MacLeod 1964; Aspöck and Aspöck 
2007; Zimmermann et al. 2019): 1) Each upper jaw (man-
dible) forms with its corresponding lower jaw (maxilla) 
a so-called stylet. Hence, each larva has a pair of stylets; 
these inject venom into their prey, then saliva, and finally 
allow sucking out dissolved tissues from the prey. 2) 
Lower jaws (maxillae) lack palps. 3) The proximal part 
of the lower lip (labium) is largely continuous with the 
head capsule, therefore it is mostly recognisable by its 
well developed palps.

Aphidlions have simple curved stylets, in contrast 
to curved stylets with teeth in many antlion-like larvae 
(MacLeod 1964; Badano et al. 2018; Haug et al. 2019a, 
2021a, b) or more or less straight stylets (Haug et al. 2021c) 
as, for example, in larvae of many mantis lacewings (Man-
tispidae; Redbord and MacLeod 1985; Hoffman and Brush-
wein 1992), beaded lacewings (Berothidae; Gurney 1947; 
Möller et al. 2006) or lance lacewings (Osmylidae; Matsuno 
and Yoshitomi 2016; Winterton et al. 2017). Furthermore, 
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aphidlions often have a rather spindle-shaped body (see dis-
cussion in Haug et al. 2019a, b).

Aphidlions play an important role in modern eco-
systems as controls of aphid populations. Therefore, 
aphidlions have been employed as discrete pest con-
trol instruments (Senior and McEwen 2001; Weihrauch 
2012), with this even playing an economical role. 
Aphidlions and aphidlion-like larvae have also been 
found in the fossil record, yet so far only as fossils in 
amber (Pérez-de la Fuente et al. 2020). An unequivocal 
larval representative of Hemerobiidae has been reported 
from Baltic amber (Makarkin et al. 2012) as was a larva 
of Chrysopidae (Weitschat et al. 2009 fig. 45 p. 254). 
Older, Cretaceous ambers have provided a wealth of lar-
vae of aphidlion-like appearance, generally suggested to 
be closely related to Chrysopidae (Pérez-de la Fuente 
2012, 2016, 2018, 2019, 2020; Liu et al. 2016, 2018; 
Wang et al. 2016).

In fossil larvae, including those of lacewings, we 
generally assume the lifestyle based on comparison to 
extant relatives, the functional morphology, or mostly a 
combination of both. More rarely a more direct interaction 
can be observed preserved in amber (see discussion in 
Hörnig et al. 2020, 2022).

Here we report a possible case of co-occurrence of a 
predator with its presumed prey items in a single piece of 
Baltic amber, the first possible case of a co-occurrence of 
predator and prey for lacewing larvae. The amber piece 
includes an aphidlion and three aphid specimens. We discuss 
implications of this find.

Material and methods

Material

A single piece of Eocene Baltic amber (ca. 40 million 
years old) is in the centre of this study. It was legally pur-
chased from Jonas Damzen, Vilnius (amberinclusions.eu). 
The amber piece was bought in a polished condition, fur-
ther additional changes (preparations, embeddings) were 
not done by the authors. The specimen is now deposited 
in the Palaeo-Evo-Devo Research Group Collection of 
Arthropods, Ludwig-Maximilians-University of Munich, 
Germany, under repository number PED 0229. The amber 
piece has several inclusions, most prominently an aphidlion 
and three aphids.

Baltic amber is one of the oldest mined for ambers 
with deposits along the shores of the Baltic sea in a 
wide geological area (Weitschat and Wichard 2010, 
summarised e.g. in Jouault et al. 2021 and Chény et al. 
2019). The majority of Baltic amber is found in the Blue-
Earth Formation (or Blue-Earth layer of the Prussian 

Formation) in Kaliningrad Peninsula, Russia, which 
contains a majority of Baltic amber. It is the largest 
deposit of amber in the world (Eskov 2002, Weitschat 
and Wichard 2010). At first the age of Baltic amber was 
assumed to be of early Oligocene age (ca. 28 mya) based 
on the composition of the marine fauna of the glauconite 
layer within which the Baltic amber can be found and 
assumed to be of early Oligocene (ca. 28 mya) age 
(e.g. Noetling 1883, 1888a, b and references therein). 
This was long left unchallenged. Later it was dated to 
Priabonian Age age (ca. 34-38 mya, late Eocene) based 
on microfaunistical data (Kaplan et al. 1977 in Perkovsky 
et  al. 2007, Kosmoswska-Ceranowicz et  al. 1997 in 
Chény et al. 2019 and Jouault et al. 2021, Aleksandrova 
and Zaporozhets 2008a, b). It was also assumed to 
be of older age (Lutetian, ca. 41-48 mya) based on 
radiometrically dating the glauconite-layer (Ritzkowski 
1997 in Chény et al. 2019 and Jouault et al. 2021) of the 
Blue-Earth Formation, Russia; though this method can 
overestimate the age (compare Clauer et al. 2005) and 
the amber and the glauconite layer have been assumed 
to be re-deposited (e.g. Standke 2008 in Chény et al. 
2019 and Jouault et al. 2021, Weitschat and Wichard 
2010). The age of Baltic amber is still not unanimously 
agreed upon, but is assumed to be in its widest range ca. 
23-43 mya (Early Oligocene to Mid-Eocene; compare 
e.g. Sadowski et al. 2017 and references therein), though 
many authors have (tentatively) accepted its age as late 
Eocene (ca. 34-38 mya; e.g. Eskov 2002, Perkovsky et al. 
2007, Dlussky and Rasnitsyn 2009, Chény et al. 2019, 
Jouault et al. 2021). 

Documentation method

The amber piece was documented on a Keyence VHX-
6000 digital microscope equipped with a ZST 20–2000 
objective. The entire piece as well as the inclusions 
in detail were documented with different settings 
(black and white background, cross-polarised coaxial 
illumination; Haug et  al. 2013a; unpolarised low-
angle ring illumination). Resulting images with the 
best contrast were used for presentation. Each image 
is a composite image (Haug et  al. 2011). In order 
to overcome limitations of depth of field, a stack of 
images with shifting levels of focus was recorded and 
fused to a sharp image with the built-in software. To 
overcome limitation of field of view, several adjacent 
image details were recorded and stitched to a larger 
panorama with the built-in software (Haug et al. 2018). 
Each image was recorded with several exposure times in 
order to avoid too dark or too bright areas (HDR; Haug 
et al. 2013b). Resulting images were further processed 
in Adobe Photoshop CS2.
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Results

Description of inclusions within the amber piece

General

The amber piece includes many syn-inclusions; some of 
these are rather incomplete remains or strongly deformed 
(and therefore unidentifiable) exuviae. Yet, four specimens 
(Fig. 1a, b) are well preserved, an elongate, comparably 
large specimen (aphidlion, Fig. 1c) and three significantly 

smaller specimens that have prominent hemipteran-type 
beaks (aphids, Figs. 1d–f, 2d–g).

Larger specimen (aphidlion)

The large specimen is strongly ‘verlumt’ (Figs. 1c, 2a, 
b). Many details are concealed, but several aspects are 
accessible: Body overall elongate to spindle-shaped, dif-
ferentiation into anterior head region and trunk apparent. 
Head bears three apparent pairs of structures (Fig. 2a, b). 
These are interpreted as antennae, stylets and labial palps 

Fig. 1  Specimen PED 0229, Baltic amber. a Overview of the entire amber piece. b As in A, colour-marked. c Aphidlion in dorso-lateral view. d 
Aphid specimen 1 in dorsal view. e Aphid specimen 2 in dorsal view. f Aphid specimen 3 in dorsal view
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(Fig. 2c). Antennae elongate, with three distinct elements. 
Proximal element 1 rather short, about as long as wide. 
Element 2 narrower, but significantly longer; exact length 
difficult to infer due to the perspective, but estimated to 
have 4–5x the length of element 1. Distal element shorter, 
tapering distally, exact length difficult to infer due to the 
perspective, but estimated to have about 2–3x the length 
of element 1.

Stylets (compound structures of upper jaw, mandible, 
and lower jaw, maxilla) curved, simple, no teeth apparent. 
Slightly shorter than antennae, but wider proximally, taper-
ing distally.

Labial palps with two apparent elements. Supposedly a 
further proximal element is not accessible. First visible ele-
ment stout, comparable to proximal antenna element. Dis-
tal element longer, 2–3x the length of the visible proximal 

Fig. 2  Specimen PED 0229, Baltic amber, continued. a-c Aphidlion. 
a In ventro-lateral view. b In (largely) ventral view; note that the head 
is seen in anterior view. c Close-up of head in frontal view (top), 
same image colour-marked (bottom). d Aphid specimen 2 in ventral 

view. e Aphid specimen 3 in ventral view.  f Aphid specimen 3 in 
lateral view. g Close-up of aphid 2 in lateral view. Abbreviations: at 
antenna; hc head capsule; lp labial palp; sy stylet
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element, club-shaped, i.e. proximally narrower than visible 
proximal element, then widening but tapering distally to a 
more rounded tip.

Trunk spindle-shaped, exact number of segments not 
accessible. Anterior trunk with prominent appendages (legs) 
protruding from the Verlumung, yet no details accessible.

Smaller specimens (aphids)

Three smaller specimens sub-similar in overall appearance, 
yet differentiated in size. Specimen 1 large, about 1 mm 
(Fig. 1d), specimen 2 smaller, about 0.6 mm (Fig. 1e) and 
specimen 3 also about 0.6 mm (Fig. 1f).

Body differentiated into head and trunk. Head short, 
wider than long, dorsally partly concealed by anterior trunk 
(Fig. 1d–f). Head with few details accessible; prominent 
antennae protruding from head, antero-laterally. Slightly 
longer than width of head capsule, few elements, exact num-
ber not discernible (but about five). Mouth parts only well 
accessible in specimen 2 (Fig. 2d) forming elongate beak 
(rostrum) extending posteriorly beyond the trunk end.

Anterior three trunk segments prominent (thorax). Each 
about as long as head, but consecutively wider towards 
posterior. Ventrally each segment with a pair of prominent 
appendages (legs). Legs with distinct Z-shape; very proxi-
mal details of legs not well accessible. Proximal region of 
appendage (presumably coxa, trochanter and femur, subdivi-
sion partly visible in Fig. 2f), middle region (tibia) and distal 
region (tarsus) with indication of a pair of claws distally 
(Fig. 1d).

Posterior trunk (abdomen) with 9–10 visible units. Ante-
rior units interpreted as true segments; most posterior unit 
presumably undifferentiated trunk end, compound struc-
ture of several segments. Anterior three abdomen segments 
slightly wider than thorax, but shorter than thorax segments, 
each about 50% of single thorax segment. Further posterior 
abdomen units similar in length, consecutively narrower, 
resulting in a gently rounded overall shape of abdomen.

Discussion

Identity of the large specimen (aphidlion)

The large specimen in the amber piece is largely concealed 
by ‘Verlumung’, yet quite some important details are acces-
sible. The structures protruding from the head are strongly 
reminiscent of lacewing larvae (Gepp 1984). Some preda-
tory beetle larvae show similar arrangements of head 
appendages with short antennae, prominent labial palps, 
and sickle-shaped mandibles, but in such larvae we usually 
additionally have, for example, a pair of maxillary palps.

Furthermore, the specific subdivision of the visible 
appendages is fully compatible with the larvae representing 
an aphidlion. The antennae with three elements and with 
element 2 being the longest are similar to the antennae of 
many extant larvae of Chrysopidae and Hemerobiidae (Díaz 
Aranda et al. 2001). The stylets are protruding forward from 
the head, prominent, and not covered by a labrum. They are 
simple sickle-shaped, inward curved, tapering distally, with-
out any teeth, also in these aspects being similar to modern 
larvae of Chrysopidae and Hemerobiidae (Gepp 1984).

Although the labial palps are less completely accessible, 
they are very informative. Only in larvae of Hemerobiidae 
is the terminal element the most prominent one; also the 
general shape is very similar to that of modern larvae of 
Hemerobiidae (MacLeod 1960 pl. 5; Gepp 1984 fig. 16b 
pl. 7 p. 198).

Although the specimen is not perfectly accessible, all 
available observations clearly indicate that it is an aphidlion, 
more specific a larva of the group Hemerobiidae. According 
to Makarkin et al. (2012), adult representatives of Hemerobi-
idae are quite common compared to other winged lacewings 
in Baltic amber. Seven species of Hemerobiidae in Baltic 
amber have so far been formally described, several further 
specimens were illustrated (summarised in Makarkin et al. 
2016, 2019). Remarkably, only a single larva of Hemero-
biidae in Baltic amber was reported in the literature so far 
(Makarkin et al. 2012), further demonstrating the presence 
of such larvae in the Baltic amber forest.

Identity of the small specimens (aphids)

The smaller specimens are all sub-similar and presumably 
conspecific. The strong size difference is likely due to the 
fact that the larger specimen is a further advanced develop-
mental stage (instar). The overall habitus of the specimens 
in combination with the strongly developed beak-like mouth-
parts clearly indicates that these specimens are aphids.

Representatives of Aphidoidea (aphids), commonly occur 
in Baltic amber (e.g. summarised in Weitschat and Wichard 
2010; Gröhn 2015). While non-winged developmental stages 
of aphids are less easily identified, the specimens clearly 
have a strong resemblance to specimens of Germaraphis 
(e.g. Heie 1987 fig. 6.1.21 p. 379). Similarities include e.g. 
general habitus (see images in Heie 1971 fig. 2 p. 253, 1987 
fig. 6.1.21 p. 379; Heie and Poinar 2011 fig. 2) size range 
(about 0.4 – 1.3 mm in different species of Germaraphis 
(Heie 1968, 1971), up to 2 mm in Germaraphis longula 
(= Lachnus longulus, Heie 1971)), general proportions of 
body parts and appendages, antenna with 4–6 elements, and 
an elongated beak (rostrum) which posteriorly protrudes 
beyond the trunk end (Heie 1968; Heie and Poinar 2011). 
Originally Germaraphis was interpreted as an ingroup of 
Pemphigidae, but this group seems no longer accepted as 
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such (e.g. Zhang and Qiao 2008). As Germaraphis has, 
among others, been compared to Pachypappa (Heie 1987), 
an ingroup position of Pemphiginae or even Pemphigini 
seems likely. Due to the similarity, we suggest that also the 
three fossils are representatives of Germaraphis or at least 
closely related to this group.

Interpretation of the amber piece

As explained above, the amber piece studied preserves an 
aphidlion (in this case a larva of the group Hemerobiidae) 
together with three aphids. Representatives of Hemerobii-
dae today (with about 590 described species; Oswald and 
Machado 2018) have a raptorial lifestyle as adults and lar-
vae (MacLeod and Stange 2021). Their preferred prey items 
are rather small, soft-bodied animals, especially aphids. 
Aphidlions, i.e. larvae of Hemerobiidae, are active preda-
tors – they use their piercing-sucking stylets to capture prey 
items, inject venom, and drain body fluids of their prey. 
Aphidlions are known to be very efficient in detecting and 
preying on a high number of aphid individuals (e.g. Cutright 
1923), which leads to an important role in pest control (e.g. 
Senior and McEwen 2001; Weihrauch 2012).

As aphids are the preferred prey items of aphidlions in 
the modern fauna, we can expect that this was similar in the 
past, also in the Eocene amber forest (“extant phylogenetic 
bracket” concept, Witmer 1995, see also Hörnig et al. 2022). 
The inclusion of an aphidlion and three aphids in one amber 
piece seems less likely coincidental and further supports this 
expectation.

An aphidlion actively searching for aphids is to be 
expected in close proximity to them and hence may be 
preserved in such an arrangement. The fact that aphid 
specimens of different developmental stages are preserved 
together is well compatible with a natural group of aphids 
(e.g. Saberski et al. 2016). We therefore interpret the amber 
piece as preserving a natural situation of a predator (the 
aphidlion) among its potential prey items (the aphids).

Behaviour and interactions of fossil lacewing larvae

Lacewing larvae in general are relatively well represented in 
ambers in comparison to larvae of other groups of holome-
tabolans, such as moth caterpillars (Haug et al. in review). It 
should therefore not be surprising that there are quite some 
examples that allow us to infer certain aspects of their behav-
iour, sometimes even in a kind of caught-in-the-act case, or 
also indications of interactions with other organisms:

1) Hatching is a crucial action in the life of an animal, 
and so it is for lacewing larvae. This moment has been 
preserved in some cases in Cretaceous Lebanese and 

Myanmar ambers as well (Engel and Grimaldi 2008 
figs. 12–14 pp. 57, 58; Pérez-de la Fuente et al. 2019).

2) Some fossil lacewing larvae are known to hide them-
selves (unclear if hiding from predator or prey). Sev-
eral specimens are known to use camouflaging cloaks, 
based on functional morphology for Miocene specimens 
(Engel and Grimaldi 2007 fig. 34 p. 32), but also actual 
cloaks on specimens in the Eocene (Weitschat et al. 
2009), and even already in the Cretaceous (Wang et al. 
2016; Pérez-de la Fuente et al. 2012, 2016, 2018). One 
special type of larva (known by two specimens) from 
the Cretaceous has been interpreted as having a mor-
phology mimicking a co-occurring liverwort (Liu et al. 
2018). While camouflaging cloaks are known in modern 
lacewing larvae (e.g. Aspöck and Aspöck 2007 figs. 127, 
128 p. 499), a mimesis as in the fossil is not known in 
the modern fauna.

3) A very peculiar lacewing larva from the Cretaceous (Liu 
et al. 2016) has been interpreted as interacting with web-
spinning spiders based on its functional morphology and 
similarities to the likewise spider-interacting thread-leg-
ged bugs (Reduviidae: Emesinae). Similar to the case of 
the mimesis, such a type of interaction is not known in 
modern lacewing larvae.

4) Some modern lacewing larvae are digging, and such 
a behaviour has been inferred for at least some fossils 
based on phylogenetic reasoning and functional mor-
phology (Badano et al. 2018). Other larvae that are 
related to modern lineages with at least shallow digging 
larvae seem unlikely to have performed a similar action 
(Haug et al. 2021a).

5) It is not well investigated which other animals feed on 
modern-day lacewing larvae (ants, wasps and caterpil-
lars are mentioned as putative predators by Henry 1972). 
Yet, some fossil finds clearly indicate that also lacewing 
larvae in the Cretaceous have been prey items for other 
organisms (Hörnig et al. 2020).

6) Lacewing larvae may be closely associated after hatch-
ing (see above), but are usually very aggressive against 
each other (Rojht et al. 2009 fig. 2 p. 9). Few excep-
tions are known in larvae of certain owl lacewings 
(owl “flies”; Ascalaphidae), in which groups of larvae 
perform group defence. A group of similar appearing 
fossils, which seem to have performed a similar type 
of group defence, have recently been reported (Hörnig 
et al. 2022).

7) Concerning feeding habits of the fossil lacewing larvae, 
not many observations were so far possible. Based on 
comparison to extant larvae and their morphology, we 
can assume that most fossil lacewing larvae were preda-
tors, just as their modern counterparts, as there are only 
few exceptions in the modern fauna. Certain larvae of 
mantis lacewings (Mantispidae) climb on female spiders 
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in their first larval stage and act as ecto-parasites. Direct 
observations of such an interaction were possible due to 
exceptional amber pieces from the Eocene (Ohl 2011) 
and Cretaceous (Haug et al. 2018).

Conclusions

The here reported piece is a valuable addition to the list of 
amber pieces providing hints for the possible predator-prey 
interactions of fossil lacewing larvae. While we could well 
assume that aphidlions were already feeding on aphids in 
the past, the new amber piece clearly demonstrates that they 
co-occurred in close proximity, making a feeding interac-
tion very likely. This is to our knowledge the first record of 
a fossil lacewing larva preserved together with its potential 
prey, which is quite surprising given the rather high number 
of known fossil lacewing larvae (Pérez-de la Fuente 2020; 
Haug et al. 2021d). However, fossil larvae of Hemerobiidae 
are so far extremely rarely preserved, which is especially 
astonishing due to the comparably high number of adult 
forms in Baltic amber. The specimen presented here repre-
sents only the second report of an aphidlion of Hemerobii-
dae in Baltic amber and also in the fossil record.
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