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Summary: In an inter-disciplinary investigation of  the mummies of  the Capuchin Monastery in 

Palermo we made entomological fi ndings with regards to the comparatively poor state of  preservation 

of  the deceased, to provide enlightenment about the process of  natural mummifi cation, as little 

is known about how the bodies were handled after death until they were laid out in the basement. 

Three groups of  insects could be found on the bodies that are in accordance with the conditions 

described and the storage situations in the monastery of  Palermo: corpse colonisers, pests and 

predators. This is our fi rst status report on the topic.
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decomposition

Zusammenfassung: Bei einer interdisziplinären Untersuchung der Mumien des Kapuzinerklosters 

in Palermo wurden von uns insektenkundliche Befunde erhoben, um den vergleichsweise schlechten 

Erhaltungszustand der Verstorbenen wie auch den Vorgang der natürlichen Mumifi zierung zu erhel-

len, da über den Umgang mit den Körpern nach Todeseintritt bis zur Aufbahrung im Keller wenig 

bekannt ist. An den Leichen konnten drei Insektengruppen gefunden werden, die im Einklang mit 

den geschilderten Bedingungen und Aufbewahrungssituationen im Kloster von Palermo stehen: 

Leichenbesiedler, Lästlinge und Räuber. Dies ist unser erster Lagebericht über diese Thematik.

Schlüsselwörter: Palermo, Mumien, Insekten, forensische Entomologie, Archäo-Entomologie, 

Fraßspuren, Verwesung

1. Introduction

The Capuchin Catacombs of  Palermo (Le 

Catacombe dei Cappuccini) are located in the 

current capital city of  Sicily underneath the Ca-

puchin Monastery. It houses what is possibly 

the largest known collection of  spontaneously 

and anthropogenically mummifi ed mummies 

(SINEO et al. 2008) in the world (Fig. 1).

The Capuchins — a catholic order — settled 

here in 1534, after they had formed six years 

previously from the Franciscans (STRÖBL 2007). 

The vault was initially limited to the cavernous 

area underneath the Church of  Santa Maria 

della Pace. After around 1599, this space was 

no longer suffi cient for the deceased monks 

and the area was expanded under the ground. 

The catacombs were created in this manner 

and gradually expanded in size (STRÖBL 2007). 

The absorbency of  the volcanic tuff  stone 

evidently caused a large number of  the bodies 

to desiccate in a natural manner, so that the 

large number of  deceased persons in the vault 

were mummifi ed in a natural manner (WUNN 

2007; SINEO et al. 2008).

Well-ventilated mummifi cation areas that 

have been excavated in the tuff, so-called 

colatoi, were used to store the dead on trans-

verse terracotta pipes (Fig. 2). The room was 

sealed for around 8-12 months. After the 

rooms were opened, the mummies had been 

desiccated in a natural manner due to the 
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absorbency of  the tuff  (STRÖBL 2007; WUNN 

2007). The bodies were then laid in the fresh 

air, rubbed down with vinegar and clothed 

(SINEO et al. 2008). WUNN (2007) mentioned 

the dusting off  of  the bodies of  arsenic and 

chalk, before they were positioned or laid 

out in the corridors and passageways of  the 

vault. The majority of  the deceased were laid 

out in the vault in open wall niches, others 

were laying in coffi ns (Figs 1 b -f, 3 a, b, d).

Since the beginning of  the 17th century, 

not only monks, but also benefactors of  the 

order and of  the monastery were buried in 

the vault (AUFDERHEIDE 2003; STRÖBL 2007). 

From 1783, the catacombs were opened to 

the general public for burials (STRÖBL 2007). 

The deceased are arranged in groups in the 

corridors (the clergy, men, women, children, 

professional groups such as lawyers etc.) 

(AUFDERHEIDE 2003). The peace of  the 

deceased was destroyed in 1943 due to a 

bombing attack and in 1966 due to a fi re; 

damaged water pipelines caused water to get 

into the vault in the 1980s (STRÖBL 2007).

The exact and current number of  mummies 

in the catacombs is unknown (SINEO et al. 

Fig. 1: The Capuchin Catacombs of  Palermo (Le Catacombe dei Cappuccini). a Main entrance. 

b Corpses in hallways. c-f Current state of  preservation of  the deceased (“mummies”).

Abb. 1: Der Mumienkeller von Palermo. a Haupteingang. b Anordnung von Leichen in Gängen. 

c-f  Heutiger Zustand der Leichen.
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Fig. 2: The ‘Colatoio’, a room in which the corpses were apparently (temporarily?) prepared. The 

room has full access for arthropods. Cage door is modern and usually closed. Corpses have not 

been moved as can be deducted from early photographs of  the room.

Abb. 2: Das „Colatoio“, ein Raum, in dem die Leichen offenbar (zeitweise?) hergerichtet wurden. 

Der Raum ist für Gliedertiere frei zugänglich. Die Gittertür ist normalerweise geschlossen und wurde 

für uns geöffnet. Lage der Leichen durch Fotos belegbar seit Jahrzehnten unverändert.

2008). The majority of  the bodies laid out 

are skeletonised; only a few bodies still ex-

hibit the remnants of  former soft tissue or 

have been preserved completely (BENECKE 

2014; Tab. 1).

Inside of  the catacombs, different spaces 

were (and are still) reserved for different 

socio-economic groups. Priests and monks 

were distinguished because they lived in 

different parts of  town and also maintained 

different lifestyles. Whilst the life of  monks 

was strictly regulated (mostly prayer, rest, 

work inside of  the monastary, few hours 

of  other occupations concerning the care 

of  elderly and sick persons), priests were 

more on duty in their respective parishes. 

Virgins — i.e. unmarried females with a 

proper lifestyle — as well as females were 

placed in a different part of  the catacombs, 

most likely due to the catholic custom to 

separate women from man, even living 

persons in churches. Until recently, this 

habit of  separation was common in many 

catholic churches. Lawyers were considered 

to be of  high social status but may also have 

had enough money to grease their way into 

the catacombs — those on display in the 

catacombs were considered to be honorable 

persons. The category “males” is likely a 

mixture of  “all remaining social groups”.

In archaeological work, it are frequently only 

fragments of  insects that are encountered 

(GROTE & BENECKE 2001; COURI et al. 2009; 

HUCHET & GREENBERG 2010; HUCHET et al. 

2013). These “witnesses from the past” may 

provide information about the mummifi ca-

tion process (HUCHET 2010). HUCHET (2010) 

sees information content in this “natural” ar-

chive of  archaeoentomology that frequently 

remains undiscovered.

Our archaeoentomological investigations 

were expanded to include taxonomical and 
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Tab. 1: Current state of  preservation of  the mummies. 1 = Soft tissue of  head preserved (fully or 

partially), no signs of  tissue destruction by insects, 2 = tissue loss due to insect activity, 3 = skull 

skeletonized or only minor pieces of  dried tissue visible, 4 = unknown (e.g. hooded by a cowl), 

5 = empty pupal shells or fragments of  beetles.

Tab: 1: Aktueller Zustand der Mumien. 1 = Weichgewebe des Kopfes (ganz oder teilweise) erhalten, 

ohne Fraßspuren, 2 = Insektenfraßspuren im Weichgewebe, 3 = skelettiert (auch im Sinne von: 

kleinste Gewebsstücke ohne Fraßspuren), 4 = nicht erkennbar (bspw. wegen Abdeckung durch 

Mönchsgewandskapuze), 5 = andere Insektenspuren außer Fraßspuren wie Fliegenpuppen (leeren 

Hüken) oder Käferfragmente.

   n 1 2 3 4 2+5 5

Monks   129 2 77 14 22 14 0

Men   214 2 75 123 9 5 0

Other   148 9 56 80 1 2 0

Priests   56 4 18 26 1 5 2

Virgins   11 0 0 10 1 0 0

Women   109 2 14 91 2 0 0

Total   667 19 240 344 36 26 2

Fig. 3: Many corpses are in bad shape. a Virgin, b Mechanical damage due to stabilising wires 

getting loose. c Stuffi ng of  a mummy. d. Mummifi ed brothers; the formerly much better state of  

preservation is vaguely visible.

Abb. 3: Heutiger, teils schlechter Zustand der Leichen. a Jungfrau. b Teils mechanischer Zerfall 

durch Herausrosten der Aufhängung aus der Wand und Zusammenfallen der Leiche. c Ausstopfung 

einer Leiche bzw. deren Kleidung. d Verstorbenes Brüderpaar; die ehemals gute Erhaltung und 

Präsentation ist noch schwach zu erahnen.
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ecological data from forensic entomology 

that were obtained in succession studies 

of  colleagues (e.g. PAYNE 1965; TRUMBLE 

& PIENKOWSKI 1979; BUCHELI ET AL. 2009; 

ANDERSON 2011). Animal cadavers are 

used to simulate human corpses that are 

colonised by insects under various different 

conditions (e.g. indoors vs. open land, water, 

sun vs. shade, (partially) buried, clothed, 

burned, day vs. night etc.) (e.g. HASKELL 

et al. 1989; GREENBERG 1990; DAUTARTES 

2009; DE JONG et al. 2011; CABALLERO & 

LÉON-CORTÉS 2014). Information about 

early or late corpse colonisers, the location 

of  egg laying, the development of  larvae, 

which traces insects leave behind on corps-

es, preferred biotopes and living conditions 

of  different groups and species of  animals 

was obtained in this manner (e.g. HWANG & 

TURNER 2005; DEKEIRSSCHIETER et al. 2009, 

2013; MATUSZEWSKI et al. 2013).

The networking of  information between 

forensic and archaeological entomology 

should be striven for and should be in-

corporated in the recording of  fi ndings 

in order to prevent misinterpretations and 

incorrect conclusions. Our one week long 

inter-disciplinary investigation of  the mum-

mies of  the Capuchin monastery took place 

in July 2012 at the request of  the Head of  

Capuchin Order of  Italy and was organised 

by the archaeologist JÖRG SCHEIDT. Among 

other things, we obtained entomological 

fi ndings on bodies that were exclusively 

naturally mummifi ed to the best of  our 

knowledge. The exposed faces of  some 

mummies were investigated for entomolog-

ical traces such as feeding, excrement and 

fl y pupae in order to obtain information 

about the reasons for the severe damage 

to the deceased. Only insects that were 

already dead when found were investigated, 

no traps for living animals were set or laid 

(Fig. 3). Traps were checked in another 

study relating to pest management in the 

Palermo catacombs (QUERNER et al. 2018); 

this was not our focus of  attention.

2. Methods

2.1. Collection of  the entomological 
traces

The entomological traces were collected 

using spring steel tweezers and LED torches 

and they then were transferred into sample 

containers containing 90% EtOH.

2.2. Investigation and determination of  
the entomological traces

A binocular stereomicroscope (Leica 

MZ12.5, maximum 100x), a microscope 

(Leica DMLED, maximum 1000x) and 

the corresponding classifi cation literature 

(OEHLKE 1969; STRESEMANN 1976a, b, 1978; 

RICHARDS 1977; MOURIER & WINDING 1979; 

LINDNER 1981; DISNEY 1983; MÜLLER 1986; 

SMITH 1986; GERSTMEIER 1998, HURKA 2005, 

KACZOROWSKA & DRABER-MONKO 2009; 

SCHAEFER 2010) were used for investigation 

and determination of  the entomological 

traces.

3. Results

3.1. Condition of  the areas of  the 
bodies investigated

We investigated a total of  667 mummies. 

Of  these 344 mummies were (part)-skele-

tonised and also exhibited no insect traces 

on the few wisp-like, dried areas of  skin. 

Insect feeding traces were determined on 

240 bodies, 28 additional mummies showed 

other traces of  insects such as fl y pupae or 

beetle feeding (Tab. 1).

Insect parts were found primarily in the nasal 

cavities; however, they were also found in 

the oral cavity, the throat and the eye sockets 

(Fig. 4). In one case, a fl y pupa was secured 

in a sleeve fold.

The faces and hands of  the mummies were 

freely accessible for the investigation. The 

traces that we secured were located in the 
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Abb. 4: Examples for locations of  arthropod remains in nose and mouth openings.

Fig. 4: Lage einiger Entnahmestellen für Arthropodenreste im Mund- und Nasenraum der Mumien.

faces and facial cavities. The great majority 

of  them were partially skeletonised and 

covered with leather-like fl aps of  skin (Figs 

1 b, c; 2 a, d; 3 a, b ,d; 4 a, b, d).

3.2. Insect fi nds

Our samples include fragments, but also 

animals that have been completely retained 

of  different arthropods (Figs 5, 6):

- Hydrotaea ignava (Harris, 1780) (Diptera: 

Muscidae)

- Fannia scalaris (Fabricius, 1794) (Diptera: 

Fanniidae)

- Conicera tibialis Schmitz, 1925 (Diptera: 

Phoridae)

- Leptocera sp. (Diptera: Sphaeroceridae)

- Necrobia rufi pes (De Geer, 1775) (Coleo-

ptera: Cleridae)

- Gibbium psylloides (Czenpinski, 1778) (Coleo-

ptera: Ptinidae)

- Oryzaephilus surinamensis (Linnaeus, 1758) 

(Coleoptera: Silvanidae)

- Alysiinae (Hymenoptera: Braconidae)

- Tinea pellionella (Linnaeus, 1758) (Lepido-

ptera: Tineidae)

- Pseudoscorpions (Arachnida)

3.3. Archaeological-entomological 
species information

3.3.1. Hydrotaea ignava (Harris, 1780) 
(Diptera: Muscidae)

The larvae of  Hydrotaea ignava live as 

saprophages; they feed primarily on dead, 

organic substances. They are frequently found 

on cadavers, in excrement, dung, kitchen 

waste or bird’s nests (GREGOR et al. 2002). H. 
ignava have also been demonstrated in traps 

that have been set with cattle faeces (MARTI-

NEZ-SANCHEZ & MARCOS-GARCÍA 2001).

In an investigation for the defi nition of  a 

forest edge, FIEDLER et al. (2008) demon-

strated a preference of  H. ignava for the edge 

of  a forest area. They were found as one 



Insect traces  and the mummies of  Palermo – a status report  79

Entomologie heute 31 (2019)

Fig. 5: Various arthropods. a Coleoptera, undetermined. b Conicera tibialis Schmitz, 1925 (length of  

fragment including eyes: 1 mm). c Gibbium sp. d Arachnidae. e Oryzaephilus surinamensis (Linnaeus, 

1758). f Remains of  pupal hard shells.

Abb. 5: Verschiedene Arthropoden. a Coleopteren, unbestimmt. b Conicera tibialis Schmitz, 1925 

(Länge des Fragments mit Augen 1 mm). c Gibbium sp. d Arachnidae. e Oryzaephilus surinamensis 
(Linnaeus, 1758). f  Puppenhüllen.

of  the dominating species in dead piglets in 

the early stage of  decomposition and as the 

only Muscidae that were found there during 

the gas fl atulence. A clear preference for the 

gas fl atulence stage was also demonstrated 

by MATUSZEWSKI et al. (2010) for both the 

adults and the larvae of  H. ignava.

3.3.2. Fannia scalaris (Fabricius, 1794) 
(Diptera: Fanniidae)

Fanniidae prefer damp habitats (BOUREL et 

al. 2004). Fannia scalaris is a cosmopolitan 

that is primarily encountered in open land 

(SMITH 1986). Indoor areas where F. scalaris 
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is present are mostly laid out simply, for 

example washing facilities or rubbish puts. 

Semi-liquid substances such as faeces, in 

particular pig manure, but also the faeces 

of  other animals and humans provide op-

timum conditions for development (SMITH 

1986; BYRD & CASTNER 2001). This species 

is also known as the “latrine fl y” as a result 

(SMITH 1986; BYRD & CASTNER 2001). The 

larvae develop in dung and also in cadav-

ers, bird’s nests, other insects and human 

corpses, urine-soaked clothing and other 

similar contaminated materials. In contrast 

to the species Fannia canicularis, Fannia scalaris 
does not tend to enter into closed rooms. If  

the latrine fl y is encountered in indoor areas, 

this may be an indication of  unhygienic 

conditions (BYRD & CASTNER 2001).

Representatives of  F. scalaris were demon-

strated in a study on 22 exhumed bodies 

buried at approximately two metres depth 

in the north of  France who had been 

buried between 2 and 29 months beforehand 

(BOUREL et al. 2004). GAUDRY et al. (2006) 

also found F. scalaris on lamb carcasses at 

a depth of  30 cm. This and other species 

of  Fanniidae may cause uro-genital myiasis 

and may be encountered in the later stages 

of  decomposition (“cheese-like products”) 

(SMITH 1986).

3.3.3. Conicera tibialis Schmitz, 1925 
(Diptera: Phoridae)

Phoridae may be used for the answering 

and investigation of  forensic biological and 

crimi nological questions due to their appear-

ance on decomposing organic materials such 

as human bodies (DISNEY 1983; GREENBERG 

& WELLS 1998; DISNEY & MANLOVE 2005; 

MERRIT et al 2007).

If  the typical initial colonisers of  corpses 

such as blowfl ies (Calliphoridae) are prevent-

ed from access to dead bodies, then smaller 

fl ies such as phorid fl ies (Phoridae) may 

profi t from this (DISNEY 2005): Due to their 

small size of  approximately 1.5-2.5 mm, they 

can get through gaps, cracks and niches and 

can gain access to what are, from a human 

point of  view, “closed” rooms and buildings.

Conicera tibialis (Fig. 5 b) is also called the 

“coffi n fl y” (SMITH 1986) and is one of  the 

few species of  fl ies that can regularly be 

found on bodies in sealed areas or in the 

earth (DISNEY 1983; BOUREL et al. 2004). 

Their body size allows them to burrow 

through earth layers until they fi nd suitable 

material for colonisation and reproduction 

(COLYER 1954; LUNDT 1964; BOUREL et al. 

2004; DISNEY 2005; MERRIT et al. 2007). They 

occur in graves mostly with a high number 

of  individuals (BOUREL et al. 2004; DISNEY 

2006; MERRIT et al. 2007). Under the earth 

on the body and in the grave, C. tibialis car-

ries out several complete generation cycles 

and does not need to return to the (earth) 

surface for mating (EASTON & SMITH 1970; 

SMITH 1986; BYRD & CASTNER 2001; BOUREL 

et al. 2004). This is possible for them for 

up to fi ve years after a burial (COLYER 1954; 

MARTIN-VEGA et al. 2011).

In a report of  exhumations from Franconia, 

HOFMANN found phorids, too. They may 

have been C. tibialis here (HOFMANN 1886; 

BENECKE 2008). MARTIN-VEGA et al. (2011) 

reported a case in which numerous C. tibialis 
were found in a coffi n at two metres depth 

that was exhumed 18 years after the burial. 

The body on which the fl ies were breeding 

exhibited partial grease wax. It remained 

unclear how long the body had already been 

colonised in this case however. MERRIT et 

al. (2007) reported of  numerous pupae at 

different stages of  development of  C. tibialis 
in a grave after exhumation. The funeral had 

already taken place 28 years before.

3.3.4. Leptocera sp. (Diptera: Sphaero-
ceridae)

In a decomposition study on buried pig 

cadavers, PAYNE (1965) determined Leptocera 

sp. in the gas fl atulence stage of  decompo-

sition; this has been confi rmed by SMITH 
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(1986) and JOHNSON (2012). The Leptocera 

genus also occurs frequently in cadavers, in 

dung and in decomposing plant material, 

among other places; in corpses in particu-

lar as soon as the “caseic fermentation” 

putrefaction liquid is emitted (SMITH 1986). 

Together with two other species of  fl y, L. 
caenosa is one of  the dominating species 

on exhumed bodies; they also appear in 

connection with faeces, water toilets and 

also in caves (BOUREL et al. 2004; VANIN & 

VERNIER 2005).

3.3.5. Necrobia rufi pes (De Geer, 1775) 
(Coleoptera: Cleridae)

The red-legged ham beetle Necrobia rufi pes 
(Fig. 6 c) is one of  around 3500 species of  

the checkered beetle family (CORPORAAL 

1950). Members of  the genus Necrobia are 

also called “bone beetles” (HUCHET 2010) 

and live primarily as a predator of  fl y mag-

gots (SMITH 1986). Beetles of  this genus 

colonise dead bodies in an advanced stage 

of  decomposition and feed on the bones 

and skin (SMITH 1986; HUCHET 2010). They 

can, however, also be found on corpses 

at earlier points in time, probably in the 

hunt for fl y maggots that are found on the 

corpse in lower numbers as the process 

of  decomposition progresses (BYRD & 

CASTNER 2001). Necrobia can be used for 

the processing of  forensic biological ques-

tions such as the questions of  the time of  

colonisation (BENECKE 1998; KULSHRESTHA 

& SATHPATHY 2001).

Necrobia rufipes was demonstrated by 

HUCHET (2010) on the mummies of  Na-

menkhet Amun. It is directly associated by 

him with the ancient Egyptians, as N. rufi pes 
is one of  the oldest species of  insects that 

has been found on mummies up until now. 

The previous name was therefore Necrobia 
mumiarum 1834, as the Oxford entomolo-

gist Reverend F. W. Hope was the fi rst to 

discover it in the stomach of  a mummifi ed 

ibis and described it (HOPE 1834). LEVINSON 

& LEVINSON (1985) investigated the supply 

storage and insect species of  the granaries 

and graves of  the ancient Egyptians. N. 
rufi pes was found here particularly in the 

heads of  mummies.

3.3.6. Gibbium psylloides (Czenpinski, 
1778) (Coleoptera: Ptinidae)

Beetles of  the Ptinidae family live in 

proximity to humans and in their housing. 

Gibbium psylloides (Fig. 5 c) was found by 

LEVINSON & LEVINSON (1985) in the grave 

of  Tut-ankh-amun. Adults and juveniles 

also eat textiles, wool and dead, desiccated 

insects. ROESLI et al. (2003) demonstrate 

them in traps that they set in pet shops. The 

feeding of  G. psylloides is stimulated by sug-

ars, vitamins and inorganic salts alongside 

proteins (EL-SAWAF & EL-SAYES 1978). The 

beetles reacted most strongly to the protein 

casein as a food stimulant. HERFS (1958) 

reported about feeding damage caused by 

G. psylloides on buttons that were made of  

a casein-containing plastic mass (“milk-

stone” galatith, a duroplastic consisting of  

casein and formaldehyde). QUERNER et al. 

(2018) explain the presence of  G. psylloides 
on the mummies of  Palermo due to their 

preference for dry plant material such as 

straw that was used to stuff  the clothing of  

the mummies in the crypt.

In the shrine of  The Holy Severin (4th 

Century CE), however, 15 beetle wings that 

originated from the ground beetle Nebria 
salina (Faimaire & Laboulbène, 1854) and 

the hide beetle Trox scaber (L., 1758/1767) 

were found for example in the small-scale 

contents of  the grave (bone constituents, 

dust, clothing fi bres and similar) (BENECKE 

2011). N. salina is not a corpse coloniser, it 

may have been interested in other compo-

nents in the shrine (or it was moved inside 

during the multiple opening and displays), 

while T. scaber is often encountered in old 

cloths, fur, leather, feathers, in bird’s nests 

and tree cavities. As in the catacombs in 
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Fig. 6: Some arthropod remains recovered from the mummies and out of  coffi ns. a Lepidoptera 

(Tinella pelionella Linnaeus, 1758 (?). b Pseudoscorpiones (length 0.5 mm). c Necrobia rufi pes (Fabricius, 

1781). d Hymenoptera (length 4 mm). e Diplopoda. f  Gamasidae.   

Abb. 6: Funde von Arthropodenresten an den Leichen (und aus Särgen). a Lepidopteren (Tinella 
pelionella Linnaeus, 1758 (?). b Pseudoscorpiones (Länge: 0,5 mm). c Necrobia rufi pes (Fabricius, 1781). 

d Hymenoptera (Länge: 4 mm). e Diplopoda. f Gamasidae.

Palermo, various different biotopes can also 

be recognised in close proximity here.

3.3.7. Oryzaephilus surinamensis (Lin-
naeus, 1758) (Coleoptera: Silvanidae)

Oryzaephilus surinamensis (Fig. 5 e) is one of  

the fl at grain beetles and is known as the 

sawtoothed grain beetle. It is distributed 

throughout the world and lives in proximity 

to humans and in their housing. O. surina-
mensis prefers starchy supplies, in particular 

of  plant origin and grain (SMITH 1986); it 

happily eats straw and the larvae of  other 

insects. The sawtoothed grain beetle is highly 

resistant to the cold and can survive the 

winter in unheated buildings (SMITH 1986).

O. surinamensis has been found multiple times 
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in mummies or in Mediaeval fi nds (HALL 

et al. 2000; VALAMOTI & BUCKLAND 1995). 

Gibbium psylloides was also discovered in the 

grave of  Tut-ankh-amun by LEVINSON & 

LEVINSON (1985). ROESLI et al. (2003) ob-

tained evidence of  this species of  beetle in 

six of  eight pet shops investigated.

3.3.8. Alysiinae (Hymenoptera: Braco-
nidae)

The sub-family of  Alysiinae includes among 

others Alysia manducator (Panzer, 1799). 

This wasp is the parasitic species within the 

Alysiinae that appears most frequently on 

cadavers. It parasitizes blowfl ies and their 

developmental stages (SMITH 1986).

3.3.9. Tinea pellionella (Linnaeus, 
1758) (Lepidoptera: Tineidae)

Moths (Lepidoptera) colonise dead bodies 

in the last phases of  decomposition, when 

the tissue is desiccated and the fermentation 

processes have been completed (VANIN & 

HUCHET 2017).

If  the case-bearing clothes moth Tinea pel-
lionella (Fig. 6 a) is found more frequently 

on a corpse than skin beetles, then this 

is an indication that the dead body must 

have been very dry at the time that it was 

colonised by T. pellionella (SMITH 1986). 

Along with dried tissue, hairs are also in 

their diet (MAZZARELLI et al. 2014). QUERN-

ER et al. (2018) also found this case-bearing 

clothes moth on the mummies of  Palermo, 

but not, however, in such a great number 

as their relative, the common clothes moth 

Tineola bisselliella (Hummel, 1823), that pri-

marily infests and eats items of  clothing 

made from animal wool.

3.3.10. Pseudoscorpions (Arachnida)

Pseudoscorpions hunt house dust mites and 

book lice and live in a predatory manner. 

HUCHET (2010) was able to determine them 

on mummies, but was not able to determine 

the species (Fig. 6 b).

4. Discussion

4.1. Insect fi nds (general)

If  one compares the entomological fi nds 

from the mummies of  Palermo with those 

of  the fi nd situations of  the deceased which 

have already undergone the processes of  

active decomposition and the putrefac-

tion-altered and possible desiccated residual 

tissue is still present, the mummies exhibit 

relatively few insect traces. Corpses that are 

advanced in decomposition mostly exhibit 

a large number of  insects at all stages of  

development directly on the corpse as well 

as, depending on the situation where they 

were found, in their immediate vicinity and 

in the wider surrounding area.

It must be taken into consideration here that 

our investigations in Palermo took place sev-

eral hundred years after death occurred. As 

far as we know, the mummies were regularly 

re-clothed and relocated over the years and 

decades. Which (insect) traces have been 

lost and the condition their bodies exhibited 

originally is completely unknown.

For our study, that we had to carry out “on 

sight”, we were only able to look at the 

heads and in parts the extremities, because 

we were not allowed to touch the bodies of  

the mummies. The bodies were mostly no 

longer available and had been replaced by 

frames that bore the clothing of  the dead 

that had been fi lled with straw.

Our results are based on the traces that can 

still be determined in the tissue of  the corpse 

that have been retained due to the desicca-

tion of  the rotten tissue, such as the maggot 

feeding, or that likely adhere to the period 

of  the active decomposition of  the rotten 

tissue (such as fl y pupae or beetle feeding).

When evaluating the traces, we therefore 

only refer to the traces and the condition 

of  the head region that we have discovered 
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with the mummies: The relative lack of  

fragments of  typical early corpse colonisers 

such as blowfl ies (Diptera: Calliphoridae) is 

apparent. That they did, however, develop 

on the corpse after death occurred is shown 

by the typical feeding pattern that they have 

left behind in the mouth, eyes and nose 

(Fig. 6). The strong decomposition of  tissue 

is evidence known from casework for its 

presence on the corpse at an earlier point 

in time. In this case, the “earlier point in 

time” reaches from directly after the death 

occurred until the “active decomposition” 

stage of  decomposition in which the tissue 

is putrid and mushy. The faces of  the mum-

mies exhibit this “active decomposition” in 

the desiccated condition, that means that 

they were not conserved in a natural man-

ner immediately after death occurred such 

that their tissue remained completely. Most 

of  the mummies dried out only after the 

tissue had decayed and were then placed as 

mummies in the vault (Figs 1-4). This would 

also explain the preservation of  the typical 

insect feeding grooves in the mummifi ed 

soft tissue.

The dead may possibly have been initially 

“stored temporarily” in open land or similar 

immediately after death, so that insects had 

free colonisation access to the corpse. It is 

unknown how long the period was between 

death occurring until the “delivery” into 

the monastery for additional conservation 

and under what conditions the corpses 

were transported. The colonisation of  

dead bodies can take place very quickly and 

within a few hours after death has occurred. 

The larvae hatched from the eggs that were 

laid on the corpse and then developed on 

the bodies, even if  the bodies were already 

stored in the mummifi cation room. As some 

of  these rooms also have windows, there is 

the possibility that the windows may have 

been opened at times, so that blow fl ies and 

other insects could get into the rooms in this 

manner. In what condition the bodies were 

when removed from the Colatoio room, 

and if  they then were stored once more 

to “dry” in open land, is unknown. The 

exact circumstances of  the storage of  the 

corpses and the temporal process could not 

be reconstructed.

There are no noteworthy indications of  

secondary destruction of  the tissue due to 

animals such as moths, beetles or rodents. 

On the areas of  the bodies that were acces-

sible to us and investigated, we were not 

able to determine any feeding or gnawing 

traces in the face or at the extremities that 

destroyed the mummies at a later point in 

time after they had been laid out.

The overall poor condition of  the mummies 

and their decay cannot only be traced back to 

the activity of  corpse-associated insects, as 

these carried out their damaging activities on 

the skin tissue shortly after death occurred 

until storage in the vault.

Other insects such as beetles occurring later 

on corpses contributed to the decay of  the 

mummies during storage and when laid out 

in the vault, because they fed on the hairs, 

grains and straw (fi lling material underneath 

the clothing as well as on the textiles, e.g. 

Fig. 3 a, c, d).

Health-endangering amounts of  fungi and 

other micro-organisms were determined in 

micro-biological and molecular biological 

investigations of  the interior air and walls 

of  the vault, the items of  clothing, of  sam-

ples of  the skin, muscles, hair and bones, 

and the fi lling materials of  the mummies 

(PINAR et al. 2013). According to PINAR 

et al. (2013), they are responsible for the 

ongoing decomposition processes and the 

destruction on the dead bodies; they classify 

the high concentration of  fungal spores in 

the interior air of  the catacombs as being 

hazardous to health.

Flies contributed to the decay of  the soft 

tissue before, during and/or directly after 

storage in the Colatoio room; they do not, 

however, feed on the dried tissue, textile 

materials or straw and grain. The species 

of  beetle feeding on and in the materials 
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described as well as the micro-organisms 

and fungal spores documented continue 

to be active however and will also continue 

to decompose the mummies in the future.

4.2. Insect fi nds, specifi c

Typical corpse fi rst colonisers were not pres-

ent in our insect fi ndings in the mummies. 

Instead other species associated with corpses 

such as for example the beetle Necrobia rufi pes 
and the fl ies Conicera tibialis, Fannia scalaris, 
Hydrotaea ignava and Leptocera sp. were found.

Apart from H. ignava, the fl y species named 

are also frequently found in exhumed bodies 

and in graves and may indicate that these 

bodies were colonised at a later point in time 

(COLYER 1954; DISNEY 1983, 2006; BOUREL et 

al. 2004; MERRITT et al. 2007; MARTIN-VEGA 

et al. 2011). While N. rufi pes and C. tibialis 
are typical corpse colonisers, H. ignava, F. 
scalaris and Leptocera sp. may occur both in 

corpses and in anthropogenic surroundings 

(BOUREL et al. 2004).

The unhygienic conditions, clothing con-

taminated with faeces or urine as they may 

become contaminated shortly after death oc-

curred due to muscle relaxation, may explain 

the occurrence of  H. ignava, F. scalaris and 

Leptocera sp. (SMITH 1986; BYRD & CASTNER 

2001; BOUREL et al. 2004).

The evidence of  F. scalaris on the corpses 

may indicate colonisation in an “open” en-

vironment, as this fl y species rarely occurs 

in closed rooms. How “open” the storage 

facilities for the dead and whether the Co-

latoio room that have windows in parts can 

also be included in this is unknown.

N. rufi pes and representatives of  the bra-

conid wasp subfamily Alysiinae live in a 

predatory manner and feed on fl y maggots 

among other things. Alysia sp. is one of  

the species of  parasitic Hymenoptera that 

appears frequently on cadavers (FREDERICKX 

et al. 2013). It parasitizes blowfl y larvae and 

their pupae. N. rufi pes also feeds on blowfl y 

maggots and prefers to live on corpses with 

dry tissue. According to HUCHET (2010), the 

occurrence of  N. rufi pes can be connected 

temporally to the time that the mummies 

were wrapped, as this beetle species belongs 

to the typical corpse fauna of  mummies. 

HUCHET refers here to mummies that were 

not dried out in a natural manner, but that 

were instead treated. In a case reported by 

BYRD & CASTNER (2001), the mummy was 

fi rst colonised by N. rufi pes during the mum-

mifi cation process, at a time when the body 

had already dried out.

The beetle species Gibbium psylloides and 

Oryzaephilus surinamensis are typical fellow 

occupants of  human housing. Their occur-

rence is possibly connected to the clothing 

being stuffed with straw and grains. The 

hump beetle G. psylloides also eats textiles and 

reacts strongly to the protein casein as a food 

stimulant. While casein is released during 

autolytic processes (DERNBY 1918), it cannot 

be excluded that G. psylloides was also attracted 

by the casein-containing compounds.

The case-bearing clothes moth Tinea pellio-
nella and the pseudoscorpions can indeed 

be interpreted as accompanying fi nds, as 

they may be characteristic of  the situation in 

which they were laid out in the church with 

fl oral decoration, straw packing etc. The 

moth T. pellionella, however, is also found 

on corpses with very dry tissue (SMITH 1986) 

and feeds there on skin and hair (MAZZAREL-

LI et al. 2014).

QUERNER et al. (2018) also found the case-bear-

ing clothes moth T. pellionella and the beetle 

G. psylloides on the mummies of  the Capuchin 

vault. Otherwise, their extremely comprehen-

sive variety of  species ranges from wood-in-

festing beetles to textile material eating beetles, 

moths, cockroaches and so on.

The pseudoscorpions found on the mum-

mies hunt house dust mites and book lice 

(SMITH 1986). HUCHET (2010) was also able 

to demonstrate them. Their occurrence on 

the mummies in connection with dusty straw 

and grains as well as the dusty clothing is 

therefore not a surprise.
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The insects that we found on the mummies 

can be roughly divided into three groups: 

corpse colonisers, nuisance pests and 

preda tors.

4.3. Additional insect species that are 
associated with mummies and graves

The investigations carried out on the mum-

mies of  the Capuchin vault by QUERNER et 

al. (2018) show only a slight consensus with 

our investigation. In both studies, the species 

Tinea pellionella and Gibbium psylloides were 

determined. QUERNER et al. (2018) caught 

the animals with sticky traps and phero-

mone traps. Most of  the individuals that 

were collected in this manner feed primarily 

on wood, textiles, keratin, food and dried 

plants. They did not, however, determine 

any animals that can be described as being 

typical corpse colonisers.

HUCHET & GREENBERG (2010) investigated 

the insect fauna of  a grave of  the Moche 

culture in Peru. They found approximately 

200 fl y pupae of  the genera Calliphoridae, 

Muscidae and Sarcophagidae. Alongside 

wing and pupae fragments from the hide 

beetle Omorgus suberosus (F.) (Coleoptera: 

Trogidae), there was indirect evidence of  

parasitic wasps that left their typical hatch-

ing holes in the fl y larvae of  the fl esh fl y 

(Sarcophagidae).

In an investigation in Egypt that was also 

published in 2010 by HUCHET (2010), blow-

fl ies were also found on a mummy. The 

species that dominated here, Chrysomyia 
albiceps (Wiedemann, 1819), prefers larger 

bodies as their larvae require uninterrupted 

access to nutrition for development.

Skin beetles (Coleoptera: Dermestidae) are 

frequent visitors to corpses that are either 

partially or completely desiccated (PETTI-

GREW 1834, see Fig. 7; KULSHRESTHA & SATH-

PATHY 2001; SCHROEDER et al. 2002; CHA-

RABIDZE et al. 20147). They colonise corpses 

in the open air (subaerial) as well as inside 

of  housholds and feed on keratin-containing 

materials (e.g. HUCHET 2014). Dermestids 

were, however, also observed on freshly 

dead tissue in our own decomposition 

studies (BAUMJOHANN & BENECKE 2019). As 

beetles have biting mouth parts, they are suit-

able for the later stages of  decomposition 

from a purely morphological point of  view, 

as the corpse tissue is mostly fi rm, hard and 

dry. Flies with their licking-sucking mouth 

parts can fi nd neither liquid substances nor 

food intake and their offspring, the maggots 

cannot feed from it either. Fly larvae require 

soft tissue that they can ingest and scrape 

with their mouth hooks. PETTIGREW found 

“Dermestes vulpinus”, “D. pollinctus”, “D. Roei” 

[sic!] and “D. elongatus” (determined by Rev. 

F. W. HOPE) on an mummy acquired by a Mr. 

BRODIE (PETTIGREW 1834, p. 55).

Another corpse-loving beetle is the hide 

beetle Omorgus suberosus (Fabricius, 1775) 

that was found by HUCHET & GREENBERG 

in an additional investigation (HUCHET & 

GREENBERG 2010). It colonises dead bodies 

primarily in the last stage of  decomposition 

and feeds from the keratin-containing ma-

terials such as hair, ligament, skin and bone 

(PALESTRINI et al. 1992). We were not able 

to fi nd any skin beetles or hide beetles on 

the corpses, in their clothing or in the near 

surroundings. There was neither the typical 

beetle feeding of  skin beetles nor traces on 

the bones that indicate this beetle.

In the same study from 2010, HUCHET & 

GREENBERG found Muscidae pupae of  Ophyra 
aenescens (Wiedemann, 1830) and Synthesiomyia 
nudiseta (Van der Wulp, 1883). Both species 

live associated with corpses, whereby O. ae-
nescens is frequently found on buried corpses 

(BOUREL et al. 2004). O. aenescens and S. nudiseta 

colonise dead bodies at a later point in time: 

O. aenescens primarily in the active putrefaction 

stage (BYRD & CASTNER 2001; TURCHETTO & 

VANIN 2004) and S. nudiseta after the fi rst wave 

of  colonisation (SKIDMORE 1984).

The pupae of  fl esh fl ies (Sarcophagidae) 

were also found in the grave of  the dead 

(HUCHET & GREENBERG 2010); the species 
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Fig. 7: Beetles found by THOMAS JOSEPH PETTIGREW (1791-1865, known as “Mummy” PETTIGREW), 

a surgeon and antiquarian in London, who was an expert on ancient Egyptian mummies. Plate V 

from his book „A History of  Egyptian mummies” (1834).

Abb. 7: Von dem Chirurgen und Antiquar THOMAS JOSEPH PETTIGREW (1791-1865, bekannt als 

„Mummy PETTIGREW“) aus London an ägyptischen Mumien bei „Auswickelungen” angetroffene 

Käfer; hier Tafel 5 aus seinem Buch „A History of  Egyptian mummies” (1834).

could not be determined in more detail. A 

large portion of  these pupae were infested 

by parasitic wasps (possibly Pteromalidae 

or Chalcidae); their shells exhibited the 

characteristic circular hatching holes of  the 

wasp’s offspring.

In Italy, fl ies of  the genera Calliphora and 

Lucilia are typical initial corpse colonisers 

(VANIN et al. 2008, 2011; BONACCI et al. 

2009, 2017). In Peru, in contrast, Cochliomyia 
macellaria (Fabricius, 1775), whose larvae 

were found in a grave, is the most frequent 
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species of  blowfl y on cadavers (BAUMGART-

NER & GREENBERG 1985; IANNACONE 2003). 

Together with the blowfly Compsomyiops 
verena (MELO 1968), which was also found in 

pupae shells in the same investigation, these 

two species were probably among the fi rst 
colonisers of  the bodies (HUCHET 2010).

Blowfl ies were not able to be determined 

directly in Palermo. The feeding traces of  

their larvae in the mummifi ed rotten tissue 

suggests that they were present, however. 

Which blowflies left their traces here is 

unknown. Pupae and their fragments could 

not be determined. In contrast to the studies 

on mummies and graves which have already 

been mentioned, the corpses here have hard-

ly been moved or had their position changed, 

or were not moved at all after their death, 

so the migrated and pupated fl y larvae were 

able to be found as pupae shells.

The numerous feeding traces in the (facial) 

tissue of  the mummies suggest that an ex-

posure period after death occurred above 

the earth surface. The access to the corpses 

in the vault that the animals have must 

also be included here, as we do not have 

any information about the chronological 

sequence after death until storage in the 

Colatoio room.

4.4. Conclusions

While forensic entomology frequently works 

with living animals and larval stages, archaeol-

ogy has to refer to their remains from which 

they obtain the information. These fragments 

withstand the infl uences of  bad weather that 

they are exposed to and frequently consist 

of  keratin. This includes fl y pupae and also 

fragments of  adult fl ies, which are, however, 

very fragile. Fragments of  beetle bodies such 

as the thorax or elytron may on the contrary 

be well preserved. Fly pupae can even (min-

eralised) still be analysed after 34-40 million 

years (VAN DE KAMP et al. 2018).

The mummies of  Palermo are in a poor 

state of  preservation. Little is known about 

how the bodies were handled after death 

until they were laid out in the basement. 

There must be speculation about the early 

opportunities for insects having had access 

to the bodies. In contrast to the studies cited 

in this investigation about the insect fauna 

in graves and in mummies, the dead bodies 

in Palermo have been moved, re-clothed 

and relocated several times. Whatever in-

formation there is with regards to animal 

colonisers accompanying this is also un-

known. We fi nd three groups of  insects on 

the bodies: corpse colonisers, nuisance pests 

and predators. All three of  these groups are 

in accordance with the conditions described 

and the storage situations in the monastery 

of  Palermo.

The mummy basement is even until now 

breezy and is not protected against insects. 

Beetles that prefer dry tissue and animals 

who can break down the fi lling material and 

also the hair of  the mummies continue to 

have free access. Damaging micro-organ-

isms and fungi as described by PINAR et al. 

(2013) continue to affect the mummies. The 

method originally developed to retain and 

preserve the deceased of  natural mummi-

fi cation has failed as a result of  the storage 

conditions.
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