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Abstract
Insects collected from human remains are an important source of information about the peri- and postmortem events and 
they are the object of attention of two disciplines. Forensic entomology deals with insects collected from remains of forensic 
interest and funerary archaeoentomology with insects from archaeological contexts. In the collections of human remains 
(mummies, bones, etc.) belonging to museums or other institutions, insects can be found and can be used to make some 
interpretation about the past. This is possible only if the specialist is able to distinguish between the insects associated with 
the living subject or with the body decomposition and the pests colonizing the body stored in the collection. This paper, 
starting from the analysis of 42 human individuals belonging to three Italian osteological collections (Bologna, Parma, and 
Cagli), provides a working scheme to distinguish between “old” and museophagous insects in order to reduce the misinter-
pretations of the entomofauna associated with human remains.
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Introduction

The study of insects and other arthropods from archaeologi-
cal contexts provides useful elements to better describe past 
scenarios and events, cultural traditions, environments and 
climates. Archaeoentomology is a multitopic discipline deal-
ing with different subjects depending on the archaeological 
contexts and the kind of questions or hypotheses at which 
is requested to answer. For example, in the very interesting 
works of Forbes et al. (2020), the authors focalized their 

attention on the reconstruction of climate in southwest-
ern Alaska using beetle subfossil data, whereas in another 
study Forbes et al. (2010) were able to describe the domestic 
activities, including animal products and hay storage, house 
renovations, floor maintenance and trade in late nineteenth 
and early twentieth century Icelandic farmers.

In 1996, Jean Bernard Huchet suggested the possibility of 
using insects, as in forensic entomology, in funerary contexts 
of archaeological interest defining a new discipline: funerary 
archaeoentomology (Huchet, 1996). Since that day, several 
papers have been published allowing the reconstruction of 
funerary practices (Huchet and Greenberg 2010), war and 
fighting events (Huchet 2013a) and the hygienic conditions 
of past populations (Huchet and Greenberg 2010). Most 
of the studies focus their attention to South America and 
Europe (mainly France, Italy, Portugal, Spain, UK) archaeo-
logical sites but this kind of cluster can be ascribed to the 
distribution of the scientists dealing with this topic and their 
projects and not with the real presence of insects associated 
with the archaeological site. Moreover, it is worth mention-
ing that funerary archaeoentomology has been applied not 
only to human remains but also to animal carcasses when 
they have been used in funerary or religious rituals as for 
example as offerings (Giordani et al. 2020; Huchet et al. 
2013).

 * Stefano Vanin 
 stefano.vanin@unige.it

1 Dipartimento Di Scienze Della Terra Dell’Ambiente E Della 
Vita (DISTAV), Università Di Genova, Corso Europa 26, 
16132 Genova, Italy

2 National Research Council, Institute for the Study 
of Anthropic Impact and Sustainability in the Marine 
Environment (CNR-IAS), Via de Marini 6, 16149 Genova, 
Italy

3 Dipartimento Di Scienze Biologiche, Geologiche E 
Ambientali, Alma Mater Studiorum, Università Di Bologna, 
40126 Bologna, Italy

4 Dipartimento Di Farmacia E Biotecnologie (FABIT), Alma 
Mater Studiorum, Università Di Bologna, 40126 Bologna, 
Italy

http://crossmark.crossref.org/dialog/?doi=10.1007/s12520-021-01458-2&domain=pdf


 Archaeol Anthropol Sci (2021) 13: 201

1 3

201 Page 2 of 6

In general, the arthropods sampled from funerary con-
texts can be grouped into 6 categories:

1. Ectoparasites, insects and other arthropods associated 
with the living person or animal;

2. Insects associated with body and carrion decompositions 
and their predators and parasitoids;

3. Insects associated with the environments in which the 
body/carcass was located (here, we can include as well 
insects associated with the infestation of the wood of the 
coffin);

4. Insects associated with offerings;
5. Contaminations occurred in the past;
6. Cultural heritage and museum collection pests active in 

the past as well in the present.

The first four categories have been clearly described in 
the papers previously mentioned whereas only few works 
deal with the  5th (Huchet 2013b) and the  6th group is mainly 
the topic of biodeterioration and cultural heritage conserva-
tion literature (Manachini 2015).

The need of distinguishing between insects associated 
with the funerary material in the past and insects active 
nowadays is fundamental in the interpretation of the ento-
mological evidence and in the design of pest control/man-
agement strategies for the preservation and conservation of 
the archaeological material. It is worth mentioning that the 
question is not trivial and in some cases it is not easy to 
solve due to the food preferences of some of these insects 
such as some members of the family Dermestidae and Cur-
culionidae (Coleoptera) and Tineidae (Lepidoptera), able to 
colonize centuries-old samples (Halmschlager et al. 2007). 
The problem was raised for the first time by Panagiotakopulu 
(2003) analysing archaeological samples of different origin 
and nature (wheat, bread, meat, cartonnage mask) from the 
collection of the Egyptian Museum in Turin (Italy). In her 
paper, the author suggested use of  C14 dating of individual 
specimens to resolve the particular cases where distinguish-
ing between past specimens and nowadays contaminations 
is not easy to be solved. In addition, the issue from the point 
of view of the collection curator was discussed by Morrow 
et al. (2017) studying the entomofauna associated with the 
mummified body of the Blessed Antonio Patrizi (Central 

Italy). In their paper, the authors mentioned the presence 
of muscid puparia belonging to the genus Hydrotaea Rob-
ineau-Desvoidy, 1830 and a desiccated and crushed moth 
in the family Tineidae. Despite confusing forensic with 
archaeological topics, the authors underline the importance 
of a proper analysis and identification of the entomological 
findings for the curatorial strategies and the archaeological 
reconstructions.

Due to the paucity of literature on this topic and due 
to the risk of interpretation errors, this paper aims to pro-
vide some tips to help in the understanding and interpre-
tation of the insects’ remains from archaeological and 
museum collections. In particular, the tested hypothesis 
was concerned with the possibility or not of distinguish-
ing between initial insect colonizers of decomposing 
bodies and collection pests. The research is based on the 
analysis of bone remains from three Italian osteological 
collections.

Material and methods

The research of entomological specimens was carried out on 
human remains from the three modern (nineteenth to twenti-
eth c.) documented (for sex and age) osteological collections 
of Bologna, Parma in Northern and Cagli in Central Italy 
and stored at the Museum of Anthropology (University of 
Bologna, Italy) (Belcastro et al. 2017).

The insect searching and sampling were carried out on 
42 skulls (jugular foramen and fossa, carotid canal, orbital 
cavity, lacrimal fossa, nasal cavity, etc.) (Table 1), as well 
as, with a particular attention, on the hair and on the dry soft 
tissues still associated with some bones.

Specimens were observed and photographed using a 
Leica M205C stereomicroscope equipped with a Leica EC3 
digital camera and the LAS software (Leica, Germany).

All the specimens are stored in dry condition in plas-
tic vials in the Forensic Laboratory for Entomology and 
Archaeology, University of Genoa (FLEA) collection.

Identification was done using specific keys (Giordani 
et al. 2019; Peacock, 1993; Skidmore 1985; Smith 1986) 
and by comparison with identified specimens stored in 
collection.

Table 1  Number of human 
individuals and taxa collected 
per osteological collection

Collection N (human 
individuals)

Bodies with 
insects

Diptera 
puparia

Coleoptera Lepidoptera Acarina Total

Bologna 26 9 17 17 - 1 35
Parma 10 9 - 172 - 172
Cagli 6 6 80 7 5 1 93
Total 42 24 97 196 5 2 300
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Results

The research of entomological specimens from the human 
remains reveals a different pattern of prevalence of insect 
on the bones (Table 1) ranging from the 35% of the Bolo-
gna’s remains to the 100% of the Cagli’s individuals. 
Parma collection has 90% of the human remains colonized 
by insects.

More interesting is that the composition of the ento-
mological fauna showed a high component of exuviae of 
museophagous species not associated with the decompo-
sition of the bodies per se. In fact, 64% of the specimens 
were Dermestidae exuviae (Fig. 1) that in the Parma col-
lection represented 100% of the samples. All the Derm-
estidae specimens have been identified as belonging to the 
genera Attagenus Latreille, 1802 (species Attagenus pelio 
(Linnaeus, 1758)) and Anthrenus (Geoffroy, 1762). Only 
broken elytra of other four beetle specimens have been 
detected among the bones: two of them, from the Cagli 
collection, have been identified as belonging to a species 

in the genus Necrobia Olivier, 1800 (Cleridae), whereas 
the other two, potentially, to a species in the genus Lyc-
tus Fabricius, 1792 (Bostrichidae), are from the Bologna 
collection. Lepidoptera cocoons have been recorded only 
from Cagli collection and they have been identified as 
Trichophaga tapetzella (Linnaeus, 1758) (Tineidae).

If, from one hand, insects that colonized the bones dur-
ing their storage in the collection belong to Dermestidae 
(Coleoptera) and to Tinaeidae (Lepidoptera), on the other 
hand the insects associated with the body colonization dur-
ing the decomposition are mainly in the family Calliphoridae 
and Muscidae (Diptera) and Cleridae (Coleoptera). Their 
presence is documented by the findings of several puparia 
of the dipteran taxa (Fig. 2).

The Calliphoridae puparia fragments belong to the spe-
cies Calliphora vicina Robineau-Desvoidy, 1830 and have 
been collected only from the Bologna’s samples whereas the 
Muscidae specimens were identified as Hydrotaea capen-
sis (Wiedemann, 1818) and a species in the genus Muscina 
Robineau-Desvoidy, 1830. They have been sampled from 

Fig. 1  Exuviae belonging to 
Dermestidae species in lateral 
and dorsal views. A Anthrenus 
sp. and B Attagenus pelio (scale 
bar: 1 mm). In Italy, Anthrenus 
verbasci (Linnaeus, 1767) is a 
common species in museum and 
private collections but for this 
taxon exuviae were identified 
only at the genus level

Fig. 2  Puparia of A Calliphori-
dae and B, C Muscidae (Hydro-
taea capensis) in lateral and 
dorsal views (scale bar: 1 mm)
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the Bologna and Cagli collections. In the last, they represent 
86% of the entomological specimens.

The few mites recorded belong to the Oribatida order that 
is characterized by the well-sclerotized exoskeleton of its 
members. No further identification was performed on the 
specimens; however, from an ecological point of view, they 
could be related with the soil where the human remains had 
laid before their exhumation.

Puparia were collected from different skeletal regions but 
the majority were gathered from the skull, particularly from 
the orbital cavity, the nasal and lacrimal fossae, where larvae 
found sheltered and protected condition for pupariation. In 
contrast, despite being collected also from different skull 
districts, exuviae appear abundant on the hair still associated 
with the bone remains.

Some puparia are incomplete or partially destroyed 
whereas others show a matte colour, darker and opaquer, if 
compared with fresh samples (for comparison, see Giordani 
et al. (2019)). In addition, as shown in Fig. 2, exuviae appear 
in good conditions: they are complete or about complete 
and their hair (setae) are still present. No sign of biting or 
alteration due to the feeding activity of other organisms is 
detectable.

Discussion

It is of common knowledge that insects and other organ-
isms can represent an important issue in the conservation 
of the cultural heritage, and for this reason several higher 
education institutions deliver modules on biodeterioration 
focusing on bacteria, fungi and invertebrate, as well as on 
birds and mammals, that can alter artworks and architectural 
structures not only with their feeding or nesting activities 
but also with their excrements. The aim of this paper is not 
to focus on them and to suggest eradication strategies or 
precautional measures for museal sample conservation but 
to provide some tips to distinguish between museophagous 
insects (MI) destroying the collections and the entomologi-
cal samples (AI) useful from an archaeoentomological point 
of view. We start from the observation of the entomological 
findings on three Italian osteological collections.

In the case presented in this paper—that can be anyway 
considered enough representative of the average situation—
fragments of insects belonging to the two groups MI and 
AI have been found at the same time, on the same osteo-
logical samples. AI are composed mainly of Diptera puparia 
showing important alteration in their structure and colours, 
whereas MI are composed of exuviae of beetles in good state 
of preservation as highlighted by the quality and colour of 
their long setae. In addition, the thin cuticle of the exuviae 
does not show any sign of biting or consumption or any other 
mechanical or physical alteration.

Despite being part of the fauna able to colonize a body 
after the death, the genera Anthrenus and Attagenus are 
more related with very dry samples and they are com-
monly found on samples stored in museum collections 
(Vanin 2019).

In general, we suggest the following working scheme 
to distinguish between MI and AI despite good experience 
is needed and in case of interpretation of entomological 
findings from human remains from archaeological contexts 
and/or museum collections, an entomologist used to work 
with archaeological and nowadays carrion-feeding insect 
has to be involved.

Succession waves

After the death, a series of physical and (bio)chemical 
transformations occurs on a body depending on biotic and 
abiotic factors such as the presence of bacteria and other 
microorganisms, the humidity, the temperature and the 
presence/absence of oxygen. Insects are known for their 
ability of exploitation of any potential source of food and 
to colonize any environment. In the subaerial/terrestrial 
environment, insects evolved the ability of using the body 
in each phase of its decomposition as a source of food. 
Megnin in 1894 was the first scientist that described the 
order of arrival of the insects depending on the decompo-
sition status and he recognised the dipterans in the family 
Calliphoridae, Muscidae and Sarcophagidae as the first 
body colonizers (Mégnin 1894; Smith 1986). Despite the 
original usage of the French words “escouades de la mort” 
to define the different insect communities that succeed 
each other on the body, this process is better described 
using the English form of “waves of colonization” indicat-
ing a continuous process with some species appearing on 
the body and then disappearing with the arrival of other 
species with overlapping of co-presence.

The order of arrival, depending on the phase of decom-
position, and the species involved in this process have 
been revised and listed by different authors (Lefebvre and 
Gaudry 2009; Smith 1986) but it is evident that the main 
driver is the availability of water in/on the body tissues. 
Flies (Diptera) are the first colonizers, followed by beetles 
(Coleoptera), mites (Arachnida, Acarina) and then moths 
(Lepidoptera).

Whereas fly larvae need a wet substratum for food intake, 
some species of Coleoptera and the clothes moths are able 
to ingest and digest dry tissues. For this reason, a first triage 
based on the occurrence of the species on the body can be 
easily used to distinguish between insects active at the begin-
ning of the decomposition of a body and insects arriving on 
the later waves of colonization and also a long time after the 
death, depending on the storage conditions.
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Kind and state of preservation of the specimens

The observation, via stereomicroscope of the developmental 
stage and the state of the preservation of the specimens, can 
also be useful and diriment. It has been already highlighted 
that different taxa survive to the time in a different way, with 
Coleoptera being more resistant than Diptera, at least at the 
adult stage. In contrast, looking at the immatures, especially 
puparia, they survive in Diptera and not in other taxonomical 
groups. In addition, some trace as frass (excrements) and 
complete exuviae are quite fragile and they can be recorded 
only if quite recent, whereas they are partially or completely 
destroyed with the time due to the feeding activity of other 
arthropods as well as because of physical traumas and bacte-
rial or fungi action. Indeed, in case of Dermestes Linnaeus, 
1758 only larva cephalic capsules and last segments with 
urogomphi are found from archaeological contexts, whereas 
complete larvae can be recorded from modern cases. In other 
species of the Dermestidae family, only larvae cephalic cap-
sules and fragments of the cuticule (exuvia) are found from 
archaeological contexts, not fragmented exuviae are usually 
found in modern cases. Depending on the order, the informa-
tive elements to be checked to distinguish between MI and 
AI are summarized in Table 2.

Temporal approach

In some cases, an interesting and useful approach to the 
interpretation of the insects collected from archaeological 
sites and collections is based on the species distribution and 
on their time of appearance in a specific geographical con-
text. This approach is of particular importance when dealing 
with human-introduced species, as for example associated 
with food that represents a good fraction of the species nor-
mally found also on human remains. In fact, if from one 
hand the discovery of a species in a specific context may 
be helpful in understanding the spreading/migrations of 
human populations (lice to trace human migration) or of 
their trades, invasions and colonisations (e.g. Manachini 
(2015)), from the other side it could be useful to understand 
if they were present at the collection time or they colonized 
the items only after their storage in the museum. The finding 

of a species not typical of the region from where the bones 
come from is a clear evidence that the colonization happened 
after their location in the museum collection.

Food specificity

There are some examples where the entomological records 
are not ecologically associated with the object of attention 
(Zangheri and Fontana 2000). For example, some specimens 
of the ptinid Oligomerus Redtenbacher, 1849 (Coleoptera, 
Ptinidae, Anobiinae) were found among the bones of Saint 
Mercuriale. However, they were not associated with the 
bones per se but with the wood of the coffin where the bones 
were stored as demonstrated by the holes present in the cof-
fin, resulting from the emerging of the adult of the species.

C14 dating

Panagiotakopulu (2003) suggested carbon dating as a reli-
able method to distinguish between archaeological and mod-
ern elements. The only limitation to this method could be the 
amount of material required to perform this kind of analy-
sis. Despite the minimum amount of chitin can be of about 
10–50 mg, a single puparium does not reach this weight. 
For this reason, a pool of elements has to be analysed. We 
recommend any way of working with a homogenous sample 
in order to avoid any error in considering different taxa with 
different access times to the human remains.

Conclusion

Taking into account that the work aims at distinguishing 
between initial insect colonizers of decomposing bodies and 
osteological collection pests, this paper provides a guide-
line useful in the differentiation between AI and MI. How-
ever, it also highlights the need of good experience in the 
field, as well as how the forensic entomology and funer-
ary archaeoentomology represent a communicating vessels 
system.

Table 2  Main taxa collected from osteological collections

Archaeological interest (AI) Museum pest insects (MI)

Diptera Puparia, fragment of adults (mainly head and thorax) Absent
Coleoptera Whole adults or part of them, dry larvae, in Dermestes often 

present only the last segment with the urogomphi, in others only 
the cephalic capsule, fragmented exuviae

Complete, not altered exuviae, living adults and larvae
Sometimes pupal chambers still active, well detectable

Lepidoptera Empty cocoons, often partially degraded Cocoons, living or dead moths sometimes present, especially 
in confined places

Hymenoptera Adult fragments (e.g. ant head, wasp head or abdomen terga) Sometimes mud nest present among the osteological samples
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Only the use of a modern reference collection may allow correct 
identification and interpretation of specimens from archaeologi-
cal excavations or museal osteological collections. Unfortunately, 
due to the reductionistic mentality still operating in many fields 
of the high education sector and more in general in our society, 
the barrier between forensic and archaeoentomology is difficult to 
be bypassed. Of course, the two disciplines differ in term of aims 
but not in terms of procedures and general knowledge. The level 
of information that one discipline may offer to the other and vice 
versa is huge and fundamental for better integration of the data and 
understanding of the perimortem events. We have also to consider 
during life the corpse as a sort of ecosystem where microorganisms 
and other organisms may live in a commensal way. Also around 
and after death, the corpse has to be considered as a unit in rela-
tion with the environment and hosting some organisms for a short 
or long period of time. In addition, some courses of conservation 
focus only on insects as pest not considering the potential informa-
tion that they carry. So, an integrated approach is the only one able 
to explain the complexity of the relationships between insects and 
human remains allowing a better understanding of the perimortem 
events and to design efficient conservation strategies.
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