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Abstract

The present study is concerned with bone surface modifications, interpreted as insect feeding traces, on 
fossil vertebrate material from the Early Pleistocene site of Untermassfeld. A comparison with recent find-
ings, along with results from other subfossil and fossil sites, suggests that the Untermassfeld trace-makers 
are representatives of Dermestidae (Coleoptera). The ecological requirements and behaviour of recent der-
mestid species are described here in more detail and compared with the Untermassfeld findings in order to 
check for similarities. The following morphological types of insect traces have been observed in this study: 
branching structures, larger recessed elliptical pits, and clusters of small shallow pits. The first two types 
can be identified as pupation constructions made by the mature larvae of different dermestid species, the 
third is interpreted as the result of minor superficial gnawing by dermestid larvae. More heavily desiccated 
cadavers that remained relatively dry for at least a month prior to becoming embedded in the sediment were 
colonised. No traces of limnic insects could be identified on the fossil material recovered from the fluvial 
fossil site of Untermassfeld.

1. Introduction

The bone surfaces of the skeletal material from the Early Pleistocene site of Untermassfeld exhibit a variety 
of postmortem, along with a few premortem, modifications. A number of the premortem bone modifica-
tions can be attributed to pathological processes (Kahlke and Kierdorf 1997; Kierdorf and Kahlke 2004; in 
this volume; Kierdorf et al. 2012). Postmortem pre-sedimentary surface modifications on the Untermassfeld 
fossil material have been attributed to daytime temperature fluctuations (Keiler 2001a, 449; Kahlke in 
volume 5) and etching of bone splinters (Keiler 2001b, 694f., pl. 129, 5). In individual studies, herbivore 
osteophagy (Kahlke 2001a, 897ff., pl. 147, 1–5), gnawing traces of small mammals (Maul 2001, 905ff., 
pls. 148–151) and, to a greater extent, carnivorous feeding traces were also investigated (H.-D. Kahlke 
1997; R.-D. Kahlke 1997; Turner 2001). Post-sedimentary plant root marks, which were clearly identified on 
numerous fossil remains, were also found (Kahlke 2001b, 935; Keiler 2001a, 449).
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Although the first reports of fossil invertebrate activities (insects, endoparasites on coprolites) by Keiler 
have already been published (2001b, 694f.; 2002a, 52; 2002b, 175f.), bone surface modifications on the 
Untermassfeld vertebrate material due to invertebrates have never been systematically investigated prior 
to this study. The accumulation of animal carcasses at Untermassfeld due to flood events (in detail R.-D. 
Kahlke 1997; 2001b) was a source of food for numerous carnivores. This is well documented in the Unter-
massfeld fossil collection by extensive carnivore bite marks on bone and more than 200 hyena coprolites 
from Pachycrocuta brevirostris (Keiler 2001b, 691ff., pls. 128–131). In addition, subaerial weathering can 
be clearly seen on carcasses which were exposed and then extensively colonised by necrophagous inverte-
brates. The carcasses were freshly deceased flood victims as well as victims of upstream carnivore attacks 
(Kahlke 2001b, 971). The latter were thus subject to colonisation by necrophagous invertebrates even be-
fore their bodies were displaced by the floods.
Insects can use fresh and decaying or dried out, i. e., mummified, vertebrate bodies as feeding and breeding 
grounds. In this regard, along with blow flies (Calliphoridae), the following all come into consideration: rove 
beetles (Staphylinidae), carrion beetles (Silphidae), flesh flies (Sarcophagidae), hymenopterans like wasps 
(Apocrita), ants (Formicidae) as well as, though less often, bees (Apiformes), also checkered beetles (Cleri-
dae), hide beetles (Dermestidae), true flies (Muscidae) and cheese flies (Piophilidae). Vertebrate corpses 
are, however, not always utilised for food. Carrion beetles, for example, dig tunnels and pupal chambers, 
whereas ants eat grooves into the skin, and sexton beetles bury small carcasses, such as mice and moles. 
Cheese flies can penetrate the interior of bones in living vertebrates via existing bone channels (Grote and 
Benecke 2001; Benecke 2003; 2008; 2016; Schnepf 2007; Fiedler et al. 2008; Bonacci et al. 2017a; 2017b). 
In seemingly contradiction to this and despite extensive excavation activities, including drainage work to re-
cover small fossils (Kahlke in this volume), not a single physical remnant of insects (such as egg-, larval- and 
pupal casings, or imagoes) were documented at Untermassfeld.
The absence of physical insect remains in the fossil record of Untermassfeld can mainly be explained by 
taphonomic processes at the fluvial site. In addition to this, the fossilisation conditions at the site (Kahlke 
2001b, 950f.) were also not conducive to the preservation of residual insect remains. In humid, oxic envi-
ronments, insect remains are regularly subject to microbial degradation by the enzyme chitotriosidase (chi-
tinase), produced by some bacterial and mould species (Knorre 1978, 93; Paulus 1999; Fuchs 2007, 290). 
Only in an anoxic environment is chitin preserved over long periods. This means that body fossils of insects 
are generally only found in euxinic sediments (Kohring and Schlüter 1995), the opposite of those found at 
Untermassfeld, where the sediment matrix is characterised by a humid, oxic environment.
At Untermassfeld, a permanent excess of calcium carbonate acts as the main chemical factor of natural 
preservation. Over the course of fossil diagenesis this led to a doubling of the carbonate content in the fos-
sil bones, thus providing excellent preservation conditions for the mineral components of bones and teeth 
(Keiler 2001a, 448ff.). Chitin, on the other hand, as well as the other organic hard and soft tissue compo-
nents of the buried organisms, was decomposed through prolonged exposure to dissolved, slightly alkaline 
calcium carbonate (calcium hydrogen carbonate) (Pflug 1984, 83). Insect remains were, therefore, not pre-
served under the chemical conditions at Untermassfeld. It follows that the only invertebrate remains that are 
documented are those that were already largely mineralised. An insect taphocoenosis could therefore not 
occur at Untermassfeld. However, since insects can leave traces in hard substances, especially during their 
larval development and pupal stage, the fossil bone material from Untermassfeld was screened for insect 
feeding traces and pupation structures.
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2. Material and methods

The present study is based on an investigation on the complete collection of large mammal remains from 
Untermassfeld, totaling around 15,000 individual specimens. During the screening of the fossil material, a 
targeted search was made for modifications in the form of pits and holes on the bone surfaces. In order to 
avoid any erroneous interpretations from overlapping caused by the presence of carnivore bite marks on the 
bone surfaces, mainly pieces with no evidence of bite marks in the area of the suspected insect traces were 
included in the investigation. For modifications that were clearly limited to the surfaces of the samples, pho-
tographs were made using the focus-stacking method (deep focus fusion). For this purpose, a Nikon D750 
camera with a Sigma lens (105mm) was used. X-ray and micro-computer tomography (micro-CT) images 
were also taken to examine traces inside the fossils. The latter is a suitable method for visualising internal 
fossilised and non-fossilised morphological structures non-destructively (Keklikoglou et al. 2019). Radio-
graphs were taken with an Argos NDT (Wolf-Medizintechnik) with 60 kV, 60 mA and 148µm pixel size. 
Micro-CT imaging was performed with a Phoenix Nanotom-180 (Phoenix|x-ray, GE sensing and Inspection 
Technologies) system. The samples were mounted on a specimen holder and a molybdenum filter at 160 kV 
tube voltage and 25 mA current was used. The voxel size resolution was 20.9µm. For all 3D reconstructions, 
the software Imaris (version 8.4.2; Bitplane) was applied (for processing details see Keiler et al. 2015). Only 
the micro-CT images yielded analysable results due to their detailed visualisation of the internal findings.
The Untermassfeld bone modifications were compared with those from various publications depicting traces 
in the form of pits and holes on bones in contemporary, archaeological and palaeontological contexts. For 
the present study, the nomenclatures of trace fossils in Britt et al. (2008), Pirrone et al. (2014), and Parkinson 
(2016) were used.

3. Individual findings

Among the large mammal remains screened were 18 specimens with observable pits and holes. These were 
exclusively cranial or postcranial remains of cervids. From a total of nine specimens, three morphologically 
well differentiated modification types (modification type A, type B, and type C) could be assigned. Six speci-
mens with particularly clear traces were selected for a more detailed analysis. The fossils were recovered 
from both the Lower Fluviatile Sands (LFS) and Upper Fluviatile Sands (lower part) [UFS(l)] (Kahlke et al. in 
this volume). On a further nine specimens, modifications were found that have so far not been attributed 
to any specific agent and could, therefore, not be included in the study.

3.1. Type A – branched tube

‘Pseudodama’ vallonnetensis distal fragment of brow tine IQW 2011/35482 (Mei. 32692) (Fig. 1).
This specimen is a brow tine from an antler of ‘Pseudodama’ vallonnetensis with a length of 45.3mm and 
a maximum diameter of 15.2mm. Distally, the specimen is undamaged. The proximal fracture site shows 
no significant rounding (Fig. 1a–c). As is typical for Untermassfeld, numerous root marks of plants (Fig. 1a, 
c) of indeterminate age can be seen on the surface of the well-mineralised specimens. Particularly striking 
on the modification designated as type A is a clear vertical tube-like boring structure as well as another, 
proximally located and incompletely preserved, boring structure in the region of the fracture site (Fig. 1a).
At the bottom of these two bore holes is a simple longitudinal tunnel (length c. 25mm, diameter of 1.3 to 
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Fig. 1 ‘Pseudodama’ vallonnetensis (de Lumley, Kahlke, Moigne et Moullé), Untermassfeld. Distal fragment of brow tine IQW 2011/35482 
(Mei. 32692) with pupation cavity of dermestid larvae, – a–c Top proximal and bottom views. – d Horizontal cut, top view. – e Transverse 
section; arrowhead marks detritus (subsequently brightened for better illustration). – f Horizontal cut, bottom view. – g Mediosagittal 
cut, lateral view; arrowhead marks pupation chamber. – h Mediosagittal cut, contralateral view. – i Sagittohorizontal cut, oblique lateral 
top view; dots mark reconstructed walls, arrowhead marks pupation chamber. – j Sagittohorizontal cut, oblique contralateral top view. – 
d–j Micro-CT-based 3D-reconstruction – Scale: 30mm.

Fig. 2 ‘Pseudodama’
vallonnetensis (de Lum-
ley, Kahlke, Moigne et 
Moullé), Untermass-
feld.  – a–c Left frontal 
bone with basal antler 
IQW 1992/23813 (Mei. 
23402) with pupation 
chambers of dermestid 
larvae, general views, 
close view. – Scale: a–b
30mm – c 10mm.
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3.0mm), which ends distally in a slightly wid-
ened chamber (Fig. 1g, i, see arrowhead). In 
the proximal direction, the tunnel extends 
into the fracture point of the antlers, where 
it is broken (Fig. 1a–b). The walls of the tun-
nel system are, to varying degrees, lined with 
mineral detritus with layer thicknesses up to 
0.8mm (Fig. 1e, see arrowhead).

3.2. Type B – hemispherical pits

‘Pseudodama’ vallonnetensis left frontal 
bone with basal antler IQW 1992/23813 
(Mei. 23402) (Figs. 2–3).
The well-mineralised frontal bone with basal antler has a preserved length of 140mm. The brow tine is 
completely preserved. The antler above the brow tine is missing (Fig. 2a) and all cancellous bone structures 
are visible at the fracture site (Fig. 3a–b). On the surface of the brow tine, noticeable circular to elliptical 
hemispherical pits, both single and overlapping, and in most cases with distinct edges are present (Fig. 2c).
The larger pits, with diameters between 3.35 and 5.39mm, have depths of 0.42 to 1.18mm. These modi-
fications, designated as type B, are clearly present in the furrowing and pearling of the antler (Fig. 2a). The 
distal portion of the brow tine has a trace of around 20mm in length of various carnivore bite marks in 
which clearly sunken pits can be identified (Fig. 2a–b). The specimen also displays extensive loss of bone 
substance on the pedicle and the partly preserved frontal bone, including the fractures in the area of the 
cortical bone. Here, the vast majority of the elliptical pits are visibly smaller than on the antler and brow tine.

3.3. Type C – clustered shallow pits

Cervidae indet. left costa IQW 2019/45574 
(Mei. 50883) (Fig. 4).
‘Pseudodama’ vallonnetensis left metacar-
pus IQW 1982/17846 (Mei. 17366) (Fig. 5).
‘P.’ vallonnetensis left metatarsus IQW 1995/ 
24932 (Mei. 24461) (Fig. 6).
‘P.’ vallonnetensis right tibia IQW 1982/18400 
(Mei. 17920) (Fig. 7).
The modifications designated as type C were 
observed on all of the four above-mentioned 
postcranial cervid bones. All four bones ex-
amined possess morphologically similar clus-
tered shallow pits on portions of the diaphy-
ses. Shallow circular, ovoid or asymmetrical 
pits with a depth of 0.1 to 0.2mm are pre-
sent in the area of cortical bone. These pits 

Fig. 4 Cervidae indet., Untermassfeld. – a–c Left costa IQW 2019/45574 
(Mei. 50883) with insect feeding traces presumably made by dermestid lar-
vae, general view, close views. – Scale: a 30mm – b–c 10mm.

Fig. 3 ‘Pseudodama’ vallonnetensis (de Lumley, Kahlke, Moigne et Moullé), 
Untermassfeld. – a–b Left frontal bone with basal antler IQW 1992/23813 
(Mei. 23402) with fracture site revealing cancellous bone structures, general 
and close views. – Scale: a 30mm – b 10mm.
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occur both singly and overlap, and have clearly defined edges (Figs. 4b–c, 5b, 6b, 7b, d). The diameters 
vary between 0.1 and 2.5mm. The individual pits are neither mechanically pressed into the cortical bone 
nor do they contain bone splinters.
All specimens possess a well-mineralised state of preservation, sometimes with fine longitudinal cracking 
parallel to the bone fibre structure, classified by Behrensmeyer as »weathering stage 1« (Behrensmeyer 
1978, 152, fig. 2a). The cracks are most probably due to the almost complete degradation of the organic 
components of the bones (Keiler 2001a, 448f.). All of these specimens show distinct carnivore bites at both 
proximal and distal diaphyseal ends; however, these display no overlapping with the examined traces.

4. Discussion

4.1. General causes of pits and holes on bones

Modifications of bone surfaces can result for a variety of different reasons. Abiogenic physical effects and 
chemical decomposition, such as those observed due to weathering processes (see section 1.), do not lead 
to any of the modifications described here. In general, the well-mineralised bones examined in this study 
show only slight traces of weathering (see Behrensmeyer 1978). Fine longitudinal cracks observed on the 
postcranial elements, which can also be formed under arid conditions, can be explained by the almost com-
plete collagen degradation in the bones (Keiler 2001a, 448f.).
Pathological changes, as well as gnawing and biting by vertebrates, are not considered as causes for the 
investigated traces as these modifications deviate significantly from our findings. Hole-like traces caused 
by carnivore biting [»category 2 shallow pitting« and »category 3 punctate depressions or perforations« 

Fig. 5 ‘Pseudodama’ vallonnetensis (de Lumley, Kahlke, Moigne et 
Moullé), Untermassfeld.  – a–b Left metacarpus IQW 1982/17846 
(Mei. 17366) with insect feeding traces presumably made by dermes-
tid larvae, general and close views. – Scale: a 30mm – b 10mm.
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(Maguire et al. 1980, figs. 6, 7a–b)], for example, can definitely be ruled out. Post-sedimentary etching 
effects or structural degradation by plant roots (Küchelmann 2009, 146, fig. 4), regularly observed on the 
bone surfaces of the Untermassfeld fossil material (Kahlke 2001b, 935; Keiler 2001a, 449), and also de-
tected by scanning electron microscopy as root-etched channels in coprolites (Keiler 2001b, 694ff., pl. 131, 
3–4), all differ significantly in appearance and dimension to the tracks described here (see section 3.1.).
The effects of the strong gastric juices of some carnivores on swallowed bones and bone fragments can 
occasionally lead to the formation of holes in cortical bone alongside severe erosion and rounding of the 
surfaces and advanced dissolution of the cancellous areas. This is well documented in hyenas (Peterhans 
1990, after Pokines and Symes 2014, fig. 9.11) and large birds of prey such as eagles and vultures [Sutcliffe 
collection British Museum (Natural History), after Fernández-Jalvo and Andrews 2016, 261, fig. A.870]. 
Since the Untermassfeld bones described in this study, aside from the examined traces, are predominantly 
intact and the cancellous segments show no signs of dissolution (Figs. 1a–b, 3a–b), the observed pits and 
holes cannot be the result of etching by stomach acid. In particular, in an acidic environment, however 
caused, the fine structures of the cancellous bone exposed by biting, at the tenths of a millimeter range, 
would have dissolved first before larger holes would have formed in the compact bone.
Unlike in marine sites, molluscs are not the trace-makers of pits and holes on Untermassfeld material. Re-
cent Central European terrestrial and freshwater molluscs are generally incapable of piercing or burying into 
hard substrates (pers. comm. K. Schniebs to J.-A. K., 6 September 2019). Likewise, no such traces have been 
reported at Pleistocene limnic sites. Conical borings by gastropods usually taper with depth (Carriker and 
Yochelson 1968; Kong et al. 2015; 2017), while, in contrast, bore-holes made by bivalves expand. In addi-
tion, both leave characteristic concentric rasp traces on the walls of their holes, which were not observed in 
the Untermassfeld traces.
The gnawing or burrowing of certain insects or their larvae into hard substances, including, in some rare 
cases, bone, is well documented. Since Untermassfeld is a fluviatile site, the question as to whether the 
trace-makers here could be limnic species needs to be addressed. It should also be stated that typical weath-
ering traces, such as those occurring on bones as a result of long periods immersed in water (Lehmann and 

Fig. 6 ‘Pseudodama’ vallonnetensis (de Lumley, Kahlke, Moi-
gne et Moullé), Untermassfeld.  – a–b Left metatarsus IQW 
1995/24932 (Mei. 24461) with insect feeding traces presum-
ably made by dermestid larvae, general and close views. – Scale: 
a 30mm – b 10mm.
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Thomas 1987; Uchman et al. 2007), are completely absent on the examined specimens. The poorer pres-
ervation state of the fossils in the deepest part of the channel filling of the site can be largely explained by 
dissolution due to the action of aggressive pore waters from the secondary carbonate-free gravel (Kahlke 
2001b, 950). In addition, none of the investigated large mammal remains from Untermassfeld showed any 
of the characteristic traces usually left by limnic insect larvae on both fossil bones and wood. The nymphs 
of Asthenopus (Ephemeroptera), for example, are equipped with strong mandibles and create elongated 
trough-shaped depressions and U-shaped structures on submerged wood or bones, as several authors have 
already speculated (Thenius 1988; Uchman et al. 2007; Francischini et al. 2016). This view is supported by 
recent observations of one of the authors (J.-A. K.) on permanently submerged remains of deciduous trees 
in the limnic shallow water habitats of the Havel River and Lake Motzen in Brandenburg, Germany.
Following the exclusion of physical and chemical processes, carnivore biting, and boring by molluscs and 
limnic insect larvae, various terrestrial insects remain as possible origin of the described Untermassfeld bone 
modifications. These insects are known to colonise animal carcasses for the purposes of feeding and incu-
bation, and in so doing occasionally leave traces in the hard substances.
The largest group of carrion insects are flies (Diptera), which can very probably be excluded as causative 
agents of the Untermassfeld traces as they are not known to make macroscopic gnaw marks on bone sur-
faces. Gładykowska-Rzeczycka and Parafiniuk (2001, 75ff., figs. 1, 3) discuss the possibility that dipteran 
larvae could be the cause of »diminutive, spindle-shaped, defects« and »regularly shaped, smooth-walled, 
2 × 1 × 2mm pits« from observations made on human skeletal remains from the 18th century. This as-
sumption was based on the fact that chitinous dipteran residues could be detected within the investigated 
bone modifications. It would be worth investigating whether extraintestinal digestive processes of certain 
dipteran species could actually produce these types of modifications to bone surfaces.
To date, there is no evidence to suggest that scavenging Hymenoptera, and in particular the genus Trigona, 
gnaw bones. Likewise, there is also no supporting evidence for the suggestion from Singer and Heltne 

Fig. 7 ‘Pseudodama’ vallonnetensis (de Lumley, Kahlke, Moigne et Moullé), Untermassfeld. – a–d Right tibia 
IQW 1982/18400 (Mei. 17920) with insect feeding traces presumably made by dermestid larvae, general and 
close views. – Scale: a, c 30mm – b, d 10mm.
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(1966) that so-called digger bees (Anthophora sp.) could have gnawed breeding constructions in the form 
of circular passageways in bones from the Pleistocene site of Elandsfontein (South Africa) bone assem-
blage. Horn moths [Ceratophaga vastella (Zeller, 1852), Lepidoptera], whose larvae can digest keratin, 
sometimes infect horns and hooves of various large mammals [Huchet 2014b, 197 f., pl. 12; Sutcliffe col-
lection British Museum (Natural History), after Fernández-Jalvo and Andrews 2016, 84, fig. A.225, A.226; 
Felke no date a]. These larvae prefer the dermis, which is located in the formation zone between bone 
and horn, and which faciliates gnawing of the bones’ surface. Since the examined Untermassfeld material 
comprises neither horn cores nor end-phalanges of ungulates, horn moths have been excluded as possible 
trace-makers.
A number of studies have addressed gnawing and boring caused by termites (Isoptera) on both recent and 
fossil bones. Characteristic for these traces are the very distinct termite mandible marks, which manifest 
as radial scratches around the holes (Kaiser 2000; Pomi and Tonni 2011; Backwell et al. 2012; Calábková 
2014, 18; Pokines and Symes 2014, 240, fig 9.22). Similar traces are, however, not detectable on the Un-
termassfeld material, and for this reason insects with strong mandibles, such as termites and ants, cannot 
be considered as causative agents in this investigation.
The colonisation of carrion by necrophagous Coleoptera (Smith 1986) is another well-studied phenome-
non. In the Netherlands, for example, many representatives of the following coleopteran families have been 
caught using carrion traps: Staphylinidae, Cleridae, Trogidae, Scarabaeidae, Geotrupidae, Ptiliidae, Tene-
brionidae, Hydrophilidae, Histeridae, Silphidae, Cholevidae, Dermestidae and Nitidulidae (Schilthuizen and 
Vallenduuk 1998). In the urban area of Erlangen (Bavaria, Germany), Schnepf (2007) has identified more 
than 100 species from 23 coleopteran families on carrion baits. These include 43 purely necrophagous spe-
cies, including four hide beetle species from the genus Dermestes. However, for most of the coleopterans 
mentioned there is no evidence of bone gnawing and for the Silphidae, in particular, such behaviour can be 
explicitly excluded (pers. comm. B. Klausnitzer to J.-A. K., 10 May 2019). In contrast, the gnawing of hard 
substances, including occasionally bone, by various representatives of Dermestidae is well documented.

4.2. Recent Dermestidae biology

Worldwide, there are currently around 1,500 recognised dermestid species distributed among 62 genera 
(Háva 2015). In Eurasia, 800 species have been identified and 200 species have been recorded for the 
African countries located along the Mediterranean coastline (pers. comm. A. Herrmann to J.-A. K., 17 
September 2019). The larvae of many dermestid beetles are necrophagous and prefer cadavers undergo-
ing mummification or those already completely mummified (Netolitzky 1911; Strong 1981a; 1981b; Ad-
ams 1990; Abdel-Maksoud et al. 2011). The duration of embryonic and larval development in dermestids 
strongly depends on the ambient temperature and humidity. Different species of the genus Dermestes have 
developed different tolerances, some of them quite high. These lie between 16°C and 39°C and a humidity 
of 41% RH to 70% RH (Zacher 1933; Gabel 1955; Felke no date b). In response to any variations in these 
parameters, the embryo and larval development times can change. If tolerance limits are exceeded, partially 
extended diapauses can sometimes occur, depending on the species. For example, D. lardarius Linnaeus, 
1758 requires a minimum temperature of 16°C for mating. Depending on temperature and humidity, a 
complete development cycle of this species can take between 48 and 145 days. In its central European 
distribution area, D. lardarius does not go through more than one development cycle per year. Larvae and 
adult specimens also tolerate temperatures below freezing and pupae regularly overwinter (Felke no date 
b). To complete its development from the egg to the imago, D. maculatus De Geer, 1774, however, requires 
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up to 58 days under laboratory conditions, depending on the temperature (Gabel 1955, 172, 185, figs. 21, 
35). The shortest development time is 32 days at a temperature of 30°C, with a 6-day pupal stage (l. c.).
Differentiated studies on dietary and reproductive behaviour, including the resulting traces, have only been 
studied for a few representatives of Dermestidae. However, clear differences between some species have 
already been established, so that a rather high diversity of nutritional and reproductive behaviour can be 
assumed for the dermestids as a whole (Zhantiev 2009). This, in turn, should be reflected by a large number 
of different traces left behind in any hard substrates that have been colonised.
Dermestids frequently appear as storage and building pests and the natural or artificial hard substrates af-
fected can be both inorganic and organic. These include substrates such as cork, wood, bone, chalk, plaster, 
weathered masonry mortar, asbestos slabs (Pfeffer 1927; Koch 1996, 293; Huchet et al. 2013, 3793ff.), var-
ious types of bricks up to a density of 1.4g /cm³ (Künast 1978), and also metals such as lead and tin (Snyder 
1920; Burke et al. 1922; Bauer and Vollenbruck 1930; Paclt 1956). The gnawing and boring of various hard 
substrates so far described in the literature are morphologically diverse pupation constructions of dermestid 
larvae ready to pupate. In this regard, hemispherical circular to elliptical pits (Zanetti et al. 2019), more or 
less vertical boreholes, as well as simple tubular (Gabel 1955) and branched tunnels (Ruhdolf 1931; Künast 
1978) have all been observed.
It is typical for larvae of many dermestid species to colonise and feed off cadavers in large numbers of tens 
to hundreds of individuals concentrated over very small areas (Schroeder et al. 2002). Likewise, larvae ready 
to pupate, such as those of the genus Dermestes, search collectively for suitable substrates, including bones. 
In extreme cases, the pupation substrates become perforated (Pfeffer 1927; Huchet et al. 2013). Results of 
dermestid-associated feeding or pupating activities have been reported from various palaeontological and 
archaeological contexts. The earliest fossil evidence of dermestid activities, including pupation chambers, 
comes from dinosaur sites in the Upper Jurassic of North America (Bader 2003; Britt et al. 2008; Bader et 
al. 2009). Further descriptions have also been detailed for Cretaceous, Tertiary and Quaternary vertebrate 
sites (Rogers 1992; Martin and West 1995; Laudet and Antoine 2004; Wiest et al. 2016, 599, fig. 7). Var-
ious examples of bones modifications by dermestids in archaeological contexts can be found in Kitching 
(1980), Adams (1990), West and Hasiotis (2007), Huchet et al. (2013), Huchet (2014a), and Wrobel and 
Biggs (2018).
The Coleoptera represent a phylogenetically relatively old taxon and evidence of their activities has been 
reported from Permian sites (Benisch 2010). Many of the recent coleopteran genera and species already ex-
isted during the Miocene, albeit in a different spatial distribution than today (l. c.), thus, recent observations 
of bone modifying Coleoptera, including Dermestidae, can be readily applied to the Early Pleistocene fossil 
material from Untermassfeld (see also Elias 1994, 59ff.).

4.3. Assignment of the Untermassfeld bone modifications

4.3.1. Type A – branched tube
The bone modification described as branched tube [IQW 2011/35482 (Mei. 32692), see section 3.1.] can 
be identified with some probability as the pupation chamber of an indeterminate type of dermestid. Due 
to the dimensions of the overall structure (Fig. 1a–j), the causative agent presumably belongs to the ge-
nus Dermestes. A vertically oriented tubular tunnel is clearly visible running through the cortical bone and 
reaching into the cancellous bone; a second tunnel is damaged and only half preserved (Fig. 1g–i). Clearly, 
two dermestid larvae that were ready to pupate burrowed into the specimen. This corresponds to behaviour 
observed in recent dermestid larvae, which not only visit their feeding habitats in communities, but also 
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collectively burrow into harder substrates into order to pupate (see section 4.2.). The aforementioned tun-
nels (Fig. 1i) lead into a transverse burrow in the middle of the cancellous bone and end distally in a clearly 
recognisable pupation chamber (Fig. 1g, i, see arrowheads). Proximally, the tunnel is not fully preserved, 
and the existing fragmentary wall regions of the burrow suggest the presence of another pupation chamber 
(Fig. 1g–h).
Recent larvae of D. lardarius produce irregularly branched feeding tunnels for pupation (Ruhdolf 1931, 56). 
Künast (1978, 134) describes branched tunnels as pupation structures of D. peruvianus la Porte de Castel-
nau, 1840. Today’s representatives of Dermestidae tend to gnaw branching pupation structures in softer 
substrates. In harder substrates, however, simple, mostly vertical tunnels are normally created for pupation. 
Both behaviour patterns correspond to the fossil find IQW 2011/35482 (Mei. 32692). Here, two vertical 
boreholes in the hard cortical bone branch out into the softer cancellous bone in two directions. The mineral 
detritus observed on the walls of the tunnel system could be the residue of gnawed out cancellous bone 
(Fig. 1e, see arrowhead). Whether the lining was deliberately made by the larvae or whether accidentally 
remaining material was documented cannot be clarified from a single sample.

4.3.2. Type B – hemispherical pits
Across the entire surface of the cortical bone of the antler fragment IQW 1992/23813 (Mei. 23402), mod-
ifications described as a cluster of hemispherical pits are distributed in different sizes and at different inten-
sities (see section 3.2.). The pits are clearly sunk into the area of the pearling and furrowing of the antlers. 
The frequency of the occasionally overlapping pits is striking (Fig. 2a–c). One possible explanation might be 
offered by a forensic investigation carried out on pig cadavers (Zanetti et al. 2019). This study has shown 
that Dermestidae larvae do not always finish their pupation chambers, nor do they always use the finished 
chambers if any disturbances to the larval activity from other organisms occurs. The study by Zanetti et al. 
(2014) shows that out of a total of 37 partially overlapping pupation chambers, 21 ultimately remained 
unoccupied. One possible explanation for the modifications recorded on the antler fragment could be that 
several Dermestid larvae that were ready to pupate jointly colonised the fragment and created a variety of 
unfinished, as well as several finished, pupation chambers in the bone surface.
It is also possible that the antler had already been utilised before it served as a pupation habitat for feeding 
the larvae. A prerequisite for this would be the presence of the velvet which, in the area of the adhering der-
mis, would have been an attractive food source for dermestids. The Untermassfeld bone modification type 
B displays extensive morphological agreement with the »circular hemispherical pits« recorded on human 
bones at a Neolithic site on Malta (Thomson et al. 2018, 127, fig. 4). These were identified as pupal cham-
bers created by dermestid beetles (l. c.). Holden et al. (2013) assume an association between Dermestidae 
and Tenebrionidae in comparable findings on smaller bison bones (sesamoids) from the Late Pleistocene 
site of Rancho La Brea, California. The clearly pronounced circular to elliptical pits on the osteological ma-
terial have been attributed to dermestid activity after comparative feeding experiments on recent pig ribs. 
These findings are accordingly described as »small and medium dermestid pits overlapped by tenebrionid 
quarry« (l. c., 4, fig. 1.C) or as »dermestid scalloped quarry« (l. c., 5, fig. 2.B). If this interpretation is correct, 
tenebrionid larvae would have first gnawed into the surface of the described Untermassfeld antler before 
dermestid larvae created their pits.

4.3.3. Type C – clustered shallow pits
A reliable classification of the described bone modifications as clustered shallow pits [IQW 2019/45574 
(Mei. 50883), IQW 1982/17846 (Mei. 17366), IQW 1995/24932 (Mei. 24461), IQW 1982/18400 
(Mei. 17920), see section 3.3.] has so far been hindered by a lack of appropriate comparison material. 
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These traces may have occurred during gnawing of the dry soft body residues adhering to the bone which 
then proceeded into the surface of the cortical bone. As an analogy, we should look for recent trace-maker 
species among the necrophagous invertebrates that leave such pits on the bone surfaces of mummified car-
casses. Since dermestid larvae are among the most frequently identified causers of pitting on dry carcasses 
(Zanetti et al. 2014), and may also leave various modifications on bone surfaces, it may be assumed that they 
are also the cause for the production of the Untermassfeld type C traces (see section 4.2.). It is unlikely that 
fly maggots are the producers of these traces, but this should not be completely ruled out (see section 4.1.).

5. Conclusions

Three morphologically well-differentiated types of insect bone modifications have been described. These 
can be assigned, with varying degrees of certainty, to the activities of dermestid larvae. The literature con-
tains a great variety of modifications on and in bones, which are, for the most part, attributed to representa-
tives of the Dermestidae. Published individual findings often show similarities but are never identical in every 
detail. This can be explained by the great diversity of species within the Dermestidae, which consequently 
results in the diverse variety of traces left behind.
The fragment IQW 1992/23813 (Mei. 23402) is presumably from a velvet antler (see section 4.3.2.). Due 
to the high degree of mineralisation and the already clear form of the surface details, this ‘Pseudodama’
vallonnetensis individual must have died during a late stage of seasonal antler growth. With regard to the 
antler cycle of today’s fallow deer, this would correspond to a period from about the middle of August to 
the beginning of September (H.-D. Kahlke 2001, 476; see also Ueckermann and Hansen 2002, 56ff.). This 
would also be consistent with the fact that carcass-inhabiting dermestids would only be expected to repro-
duce at temperatures above 15°C. The optimal larval development temperature for several of the species 
potentially responsible for the bone modifications is in the range of 20°C to 35°C (Zacher 1933; Gabel 
1955; Felke no date b).
The traces investigated here do not allow any conclusions to be drawn about the exact colonisation period 
for the Untermassfeld cervid carcasses, as the incubation periods of the various dermestid species vary 
greatly, depending on temperature and habitat moisture levels. The pupal structures of dermestid larvae type 
A and type B are fully formed. A development period of at least 26 days may be assumed for the dermestid 
larvae, which is the time needed from egg laying to pupation (see section 4.2.). This means that the partially, 
or fully, mummified carcasses or cadaver parts from Untermassfeld must have remained on the surface, and 
stayed relatively dry, for at least a month before becoming embedded in the fluvial sediment.
The proportion of insect traces identified so far is approximately 0.1% in relation to all skeletal elements of 
larger vertebrates from Untermassfeld. Even assuming an uncertainty factor due to incomplete identifica-
tion of the modifications, the real proportion is unlikely to amount to more than 0.5% of the total material.
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