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Abstract

From 1994 to 2013, French forensic entomology laboratories investigated 1093 cases. Larder
beetles (Coleoptera: Dermestidae) were observed in 81 (7.5%) of these cases. To describe and
analyze these 81 cases, Eight parameters were used: city, location (indoor or outdoor), decay
stage (fresh, decay or dry), dermestid species and instar (adults and/or larvae), presence of
living calliphorid larvae, presence of calliphorid pupae or adults and presence of other
necrophagous species.

Eight Dermestidae species were observed: D. frischii (42% of cases), D. undulatus (35.8%), D.
peruvianus (12.3%), D. lardarius (9.9%), D. haemorrhoidalis (8.6%), D. maculatus (7.4%), D.
bicolor (3.7%) and D. ater (1.2%). Larder beetles primarily developed on human cadavers in
outdoor locations in areas with a dry climate and were never reported in oceanic areas (which
are characterized by frequent rainfall and high ambient humidity).

The number of dermestid species on a single corpse never exceeded 3. Typically, one species
was found per corpse. Species differed between indoor and outdoor cases, with D. frischii and
D. undulatus dominant in outdoor cases while D. peruvianus was dominant in indoor cases.
Calliphoridae were found in 88% of the cases, while Hydrotaea and Piophilidae were observed
40% of the time. Regarding Coleoptera, Necrobia spp. (Coleoptera: Cleridae) were observed in
46% of the cases.

Lastly, we observed a typical decomposition pattern, with preferential feeding areas on the face,
hands and feet (i.e. the extremities). Pupation chambers on or inside the bones were not

observed.
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Introduction

The significance of larder beetles (Coleoptera: Dermestidae) in indoor or outdoor taphonomic
processes has been poorly studied and remains generally misunderstood. Although many
authors have cited these species [1-4], only a few case reports describing the activity of larder
beetles on human corpses have been identified in the literature [5-9]. This study describes 81
unpublished forensic cases involving larder beetles and highlights the specific characteristics of

these species in a forensic context.

Decomposition changes a fresh human body into a complete skeleton. These postmortem
changes are highly complex and variable and depend on the environmental conditions [10, 11].
Several processes, such as cellular autolysis, putrefaction and insect activity, contribute to this
skeletonization. Given this complexity, the time required for a body to become a skeleton can
vary from days to years. The decomposition rate depends primarily on two key factors specific
to the local environment: temperature/humidity and accessibility to insects [12, 13]. Several
authors have identified outdoor patterns of decomposition in hot arid climates [14, 15], in hot
and moist climates [13] and in cold climates [16]. Although the outdoor patterns are well studied,
the indoor decomposition patterns are the focus of only a few publications [17—19]. If death
occurs at home, in a socially isolated environment, the postmortem interval can be extended
[20]. Such indoor corpses are exposed to specific external factors that can disrupt the traditional
taphonomic processes. For example, it is quite common to observe hundreds of dermestids

feeding on the cadaver [6, 8, 9].

Larder beetles (Coleoptera: Dermestidae) are small (0.5 to 1 cm long) necrophagous beetles
with a worldwide distribution. The adults have a characteristic oval shape and dark coloration
and larvae are even more characteristic with long setae all along the body (figure 1). These

species are well described, as they are common pests in poultry houses, fish or meat
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smokehouses, tanneries and natural history museums [21]. Indeed, dermestids can feed on the
dried muscle tissue and skins of animals and can cause severe damage to stored products. In a
forensic context, a recent study of 46 forensic cases in France has placed dermestid larvae in a
group of insects occurring late in the decay process, when the corpse was dry [22]. However,
the use of these species as indicators of the time or season of the death needs further

investigations [23].

Fig. 1. development instars of Dermestes maculatus (De Geer 1774). Clockwise from

top right: first instar larvae, fully developed larvae before pupation, nympha and adult

One of the first detailed case studies involving dermestids feeding on human remains was
reported by Voigt in 1965 [8]. The author describes the case of a mummified/skeletonized body
discovered in a Copenhagen (Denmark) flat. The tissues were completely replaced by a
‘network of slender, dry, brownish and whitish, fairly long fibres”. This material was
subsequently identified as frass, i.e., fecal material wrapped in peritrophic membrane. Two

larder beetle species were identified: Dermestes lardarius and D. haemorrhoidalis. No other
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insect species were reported on the corpse. Medico-legal experts and subsequent inquiries

estimated the PMI as 1-2 years.

Shroeder et al. (2002) have reported a similar case in Germany [6]. The mummified corpse of a
man was discovered in an apartment with significant heat (25°C) and all of the windows closed.
The head was totally skeletonized and had fallen from the corpse (figure 2). The hands were also
skeletonized, and the muscles and organs were transformed into frass. Molts, larvae and adults
of Dermestes maculatus were found in large quantities in and all around the corpse. Empty pupae
and dead flies were also found. The victim was seen alive for the last time 5 months previously.
The authors concluded that skeletonization had occurred extremely rapidly due to the accelerating
effect of high temperature (heater turned on) on the drying of the corpse and the development of
larder beetles. Finally, a recent study by Kumara et al. (2009) reported an infestation of Dermestes
ater in Malaysia [9]. Only a few specimens (larvae and adults) were present, primarily on the face
or crawling around the corpse. As the PMI was established as 14 days, the authors emphasized
the unusually rapid arrival of dermestids, most likely due to the warm climate of the country. Other

less detailed cases involving dermestid species can also be found in the literature [1-3, 24, 25].
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Fig. 2: Skeletonized head of a 78-year-old man discovered dead on the floor in his flat.
The victim was seen alive for the last time 6 months previously (PMImax). The corpse
was surrounded by larder beetle molts and frass, and the cadaver was partially
skeletonized. Mummified skin with marks produced by larder beetle feeding was still

visible.

Dataset and methodology

This study is based on the analysis of 1093 forensic entomology cases that we investigated
from 1994 to 2013; the results reflect the trend and patterns observed in the study of these
cases. However, as forensic entomology cases are inherently not homogeneously or even
randomly distributed over space and time, they constitute a biased sample of necrophagous

entomofaunal colonization patterns. Furthermore, the present analysis is based on the material
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that was sampled when the corpse was discovered and, thus, do not reflect the ongoing
temporal processes. Finally, despite the training of the crime scene technicians, sampling bias

cannot be excluded. These limitations should be noted in the context of this study.

Eight parameters were examined in this study: city, location (indoors, including, e.g., cars and
barns, or outdoors), larder beetle species, instar (larvae and molts or adults), presence of living
calliphorid larvae, presence of calliphorid pupae or adults, presence of other (non-calliphorid)
necrophagous species and decomposition stage. However, as different people described the
decomposition in different terms, this parameter was unreliable. Thus, only 3 categories were
considered to describe decomposition stages: fresh, decay and dry/skeletonization. Lastly, as
some cases were documented with detailed pictures and reports, the decomposition patterns of

certain corpses were visible and were included in the study.

Location and seasonality

Over 20 years, larder beetles have been observed in 7.5% of the forensic entomology cases
analyzed in France (n=81). All of these cases occurred in metropolitan France (including
Corsica); 2 additional cases from the overseas territories were not considered. In all, 70% were
outdoor cases, 30% indoor cases. This distribution did not differ significantly from that observed
for the entire dataset that we analyzed (1093 French forensic cases: outdoor=61.8%, indoor=
38.2%, y? test, p=0.1).

Among cases involving dermestids, larvae or exuviae were observed in 75% of indoor cases but
only in 44% of outdoor ones. In contrast, the occurrence of adults was the same in indoor and
outdoor cases (71% vs. 74%) (table 1). The species distribution also differed significantly
between indoor and outdoor cases (x? test, p<0.01). Total species diversity did not vary (6

species), but D. frischii, D. maculatus and D. undulatus were dominant in the outdoor cases,
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whereas other species were dominant in the indoor cases (figure 3). Interestingly, D. undulatus,

the most frequent outdoor species (42%), was never observed indoors.

Tab. 1: Occurrence of larder beetles (adults and larvae or molts) according to the location of the
cadaver. The percentage is based on the total number of cases in a given location. As both
larvae and adults can be simultaneously observed on a corpse, the sums differ from 100%.

Numbers of cases involving a given instar are reported in brackets.

indoor (n=24) outdoor (n=57) Total (n=81)

adults 71% (17) 74% (42) 73% (59)

larvae or molts 75% (18) 44% (25) 53% (43)
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Fig. 3: Distribution over seasons of 1093 forensic cases examined in France from 1994
to 2013 (oblique lines) compared to the 81 cases involving larder beetles (Coleoptera:
Dermestidae) during the same period (black). These two seasonal distribution differed

significantly (x? test, p<0.001). Values are reported as the percentage of total cases.

More cases were observed during spring and summer, with 15% of total cases in May, 9.8% in
June, 18.8% in July and August and 16.3% in September (figure 4). The same seasonal trend
was observed for the outdoor cases alone (18% in May, 10% in June, 17.6% in July and
September and 13.7% in August). These seasonal patterns differed significantly from the
distribution observed for the total dataset of 1093 French forensic cases that we analyzed (x?
test, p<0.001) but does not appear to be species-specific. Indeed, distribution over month of the
two main species, D. frischii and D. undulatus, did not differ and were the same than global
larder-beetles cases distribution (x? test, a=0.05) (figure 5). Distribution over months of other

species was not tested due to the low number of cases involved.
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Fig. 5: Distribution over months of the occurrence of larder beetles (Coleoptera:
Dermestidae) in forensic cases. Global trend (all species together) is reported with black
curve. The distribution of D. frischii (black) and D. undulatus (white) did not differ among
themselves and from this global distribution (x? test, a=0.05). Due to the low number of

cases involved, distribution over months of other species was not tested..

Post-mortem interval and decomposition

The date on which the victim was seen alive for the last time was known in 25% of the cases.
Among these cases, the maximum post-mortem interval (PMImax, i.e., the number of days
between the day on which the victim was seen alive for the last time and the discovery of the
cadaver) ranged between 9 days and more than 2 years (figure 6). The decomposition of the

corpse varied among the cases, ranging from fresh cadavers to skeletonized bodies.

@decay O skeletonization ONA

U 1
8 16 32 64 128 256 512 1024

PMImax (in days)

Fig. 6: PMImax values (number of days between the day on which the victim was seen
alive for the last time and the discovery of the cadaver, log2 scale) for 21 forensic cases

involving larder beetles (1994-2013, France). NA: not available.
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Three decomposition stages were used in this study: fresh, decay or dry, skeletonization.
Among the 81 cases involving larder beetles, fifty percent of the cadavers were in the active
decay stage while 35% were dry or skeletonized. Only one was reported as fresh. Finally, two
corpses were burned and the decomposition stage was not reported for 10 cases (12.3%). No

correlation was found between species and decomposition stage (x? test, a=0.05) (figure 7).

decay (n=49)

B dry/skeletonization

Fig. 7: Species according to decomposition stage (decay or skeletonization, fresh
cadavers not shown (n=1)). Values are reported as the number of cases involving a
given species. Total number of decay stages: 49; skeletonization stages: 38. The
species did not differed significantly between decaying and skeletonized cadavers (x>

test, a=0.05).
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206  preferential feeding area of larvae and adults (figures 1 and 8). On 10 corpses, the head, hands
207 and feet were skeletonized, with complete disarticulation. The chest, thighs and arms appeared
208 to be the last body parts to be consumed with only 4 cases of total skeletonization. We
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Fig. 8: Decomposition pattern due to larder beetles activity inferred from 14 cases of

skeletonized cadavers discovered in France.

Species and specific associations

Eight dermestid species were observed: D. frischii (42%), D. undulatus (35.8%), D. peruvianus
(12.3%), D. lardarius (9.9%), D. haemorrhoidalis (8.6%), D. maculatus (7.4%), D. bicolor (3.7%)
and D. ater (1.2%, i.e., a single case). According to the French National Institute of Agronomical
Research (INRA), all these species shows widespread distribution in France and Europe [26].
However, we never observed more than 3 different species on a corpse, and only one species
of larder beetle was usually found on a given corpse (table 2). If more than one species was
involved, the D. undulatus + D. frischii association was the most common (11 cases in a total of

18).

Tab. 2: Occurrence of 1, 2 or 3 different larder beetle species on a single corpse according to

the location of the cadaver.

all indoor outdoor

% (n) % (n) % (n)

1 species 77.8(63) 70.8(17)| 80.7 (46)
2 species 19.8 (16) 25(6)| 17.5(10)
3 species 2.4 (2) 4.2 (1) 1.8 (1)
total 81 24 57

14
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One or more other insect species (Diptera and Coleoptera) were observed in 99% of the cases
(figure 9). The most common coleopteran species associated with dermestids were Necrobia
spp. (Coleoptera: Cleridae). These beetles were observed in 46% of the cases, especially
outdoor ones (30 cases on 37), with 2 or 3 different species present simultaneously in most
cases. With a total of 26 cases (32%), Necrodes littoralis (Coleoptera: Silphidae) was also
frequently associated with larder beetles. Most likely due to the size and biology of this species,
Necrodes littoralis was primarily found outdoors (22 cases).

Among the dipterans found, calliphorids (larvae, pupae or adults) were found on the corpse in
88% of the cases. However, living calliphorid larvae were observed in only 48% of the cases.
Among Muscidae, Hydrotaea spp. were the most common species and were observed in 41%
of the cases. Piophilidae were observed in 40% of the cases, primarily due to Stearibia
nigriceps, which was observed in 30 cases. Finally, Phoridae were observed in only 4 cases

(5%).

— Calliphoridae (88%) —— larvae (48%)

—— Muscidae (63%) Hydrotaea spp. (41%)
——— Piophilidae (40%) Stearibia nigriceps (37%)
——— Phoridae (5%)

— Diptera (99%)

Other insects present (99%)

—— Necrobia spp. (46%)

Coleoptera (85%)

(other than Dermestidae)

——— Necrodes littoralis. (32%)

Fig. 9: Main taxa and instar sampled with Dermestidae on human cadavers. Values are
reported as the percent of the total cases where a given taxa was observed. For example,
Calliphoridae flies were present in 71 cases on 81 (88% of cases). Only main relevant

taxa have been reported.
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Discussion

Hundreds of dermestid species have been reported worldwide, but less than 10 of them are
commonly observed on human remains [2, 27]. In France, 8 species have been observed in
forensic cases during the past 20 years. Note, however, that this study only focused on forensic
cases that have been analyzed by French entomology laboratories.

Although larder beetles are considered common, they have been observed in only 81 cases
since 1994. Such a low number of cases could be due to a lack of sampling (sampling is not
always performed by forensic entomologists) [28, 29]. However, larder beetles (adults and
larvae) are mostly large and highly mobile species and are thus easy to see (figure 1).
Accordingly, a specific lack of sampling of these species appears highly unlikely. Another
explanation could be the strong selectivity of these species. Indeed, larder beetle larvae are well
known to feed on dry organic materials, especially on vertebrate remains [27, 30]. Such
substrates are associated with recruitment and mating behavior and provide the best food
source for both adults and larvae [30-32]. Accordingly, we suppose that larder beetles are
selective in their choice of feeding and breeding substrates. Thus, as dry/mummified human
cadavers represent only a small fraction of forensic (and, moreover, forensic entomology) cases

[14, 20], observations of larder beetles on human cadavers should be rare.

Location and seasonality

An important question raised by the cases reported in this (and the previous) study is the
significance of indoor/outdoor locations for the abundance of larder beetles [6, 33]. In the
present dataset, feeding larvae were observed in 75% of indoor cases involving larder beetles
but in only 44% of outdoor cases. This skewed distribution was not observed with adults. Larvae
and adults being equally visible (figure 1), sampling effects can reasonably be excluded. On the

other hand, it is well known that dermestid larvae feed on dry organic material and avoid
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excessive humidity [30, 34] and light [35]. Thus, climate should play an important role in laying
and larvae development, especially on outdoor corpses. Accordingly, we observed a strong
seasonality in cases: 83% occurred during spring and summer, i.e. dry and hot months.
Focusing on cases in which the development of larder beetles occurred (i.e., living larvae or
molts), we reported the indoor and outdoor cases on a map (figure 10). Although indoor cases
were located throughout France (except Bretagne - Brittany), no outdoor cases were reported
from the west coast during the 20-year study period. As this part of the country has a typical
oceanic climate (in which small temperature ranges and frequent rainfall create a high relative
humidity), these conditions are inconsistent with the drying and mummification of outdoor
corpses. Thus, rainfall/lhumidity appears to be the key climatic factor affecting the settlement
and subsequent development of dermestids on corpses. This hypothesis is reinforced by the
total lack of forensic cases (indoor or outdoor) involving larder beetles in Bretagne, a part of
France that is surrounded by the sea and has a strongly oceanic climate (true oceanic climate)
(figure 10) [36]. On the contrary, as many outdoor cases were reported from usually cold areas

such as the east of France, it is probable that temperature plays a few role (figure 10).

17
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Fig. 10: Number (inside circles) and location of indoor (black circles) and outdoor (white

circles) forensic entomology cases involving larder beetle larvae or molts. For

convenience, locations have been grouped by department. In 20 years, no outdoor
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cases involving larder beetle larvae were observed in type 4 and 5 climate areas
(oceanic climate with frequent rainfalls and high humidity). Climatic areas are reported
from Joly et al. (2010) as follows: Type 1: mountain climate, 2: semi-continental climate,
3: center-oceanic climate, 4: oceanic-modified climate, 5: true oceanic climate, 6:

Mediterranean-modified climate, 7: south-west climate, 8: true Mediterranean climate.

In contrast to outdoor cases, cadavers discovered inside dwellings should offer relevant
conditions for the multiplication of larder beetles [6]. Indeed, a hot and dry environment
contributes to a rapid mummification of the corpse and limits active decomposition stages that
are attractive to many other necrophagous species (especially Diptera) [12, 17, 33].
Furthermore, indoor locations prevent predation and offer many suitable places for pupation [34-
36]. However, of the 81 dermestids cases analyzed in this study, only 24 were located indoors.
This distribution was consistent with the skewed dataset (two-thirds of the 1093 forensic
entomology cases were outdoor cases) and does not indicate a preference of larder beetles for
indoor locations. For example, D. undulatus was very common outside but was never observed
in indoor environments. This result could reflect two principal mechanisms. First, due to the
rapid discovery of cadavers (e.g., by neighbors), the average PMI of indoor cases may be too
short to attract larder beetles [20, 41]. In this study, however, the mean value of the maximum
PMI did not differ between indoor and outdoor cases (191+255 vs. 160179 days). The second
hypothesis is the poor ability of larder beetles (or at least some species) to locate and/or access
concealed corpses. Although previous studies have demonstrated the ability of larder beetles to
detect odors from decomposed remains and to fly toward such a food source [31, 32, 42], their
ability to detect small openings, to fly and land with accuracy and to crawl inside buildings is

uncertain. Such a mechanism could explain the lack of some common outdoor species (e.g. D.
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undulatus) on indoor cadavers. This difference may also result from species-specific location

preferences (figure 4).

Post-mortem interval and decomposition

We observed a typical decomposition pattern, with preferential feeding areas on the extremities
(face, hands and feet); such a pattern is consistent with the findings of previous studies [6, 8].
However, the potential use of the chronology of these specific post-mortem changes to establish
a post-mortem interval is still uncertain. It is probable that the skeletonization of the head results
from the feeding of both blowflies and dermestids larvae, whereas the skeletonization of the
hands and feet was, most likely, due only to the dermestids. Indeed, as hands and feet are
primarily composed of bones, muscles and skin, they dry more rapidly than other parts of the
body. It is probable that such drying prevents feeding by the larvae of necrophagous blowflies

and restricts consumption to dry-tissue-specific species, such as dermestids [43].

This decomposition pattern and the estimation of a PMI based on the development time of
several generations of larder beetles may be useful tools for forensic entomologists in the future
[23]. However, more research is needed and forthcoming cases should be better documented.
Along other forensic entomology investigations, extensive on-site sampling of dermestidae,
including larvae, nympha and adults, should be realized (figure 1). As larvae usually burrow
galleries in soft materials around the corpse (e.g. wood pieces or mattress) to molt and pupate,
presence of such galleries should possibly be investigated by crime-scene examiners and
reported to forensic entomologist. Lastly, detailed pictures of skeletonized body parts should be

provided (e.g. figure 2).

Finally, bone damage due to larder beetle activity was not observed within our dataset.

Schroeder (2002) report a typical “larva-shaped” feeding defect on the humerus of a 5 month
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cadaver discovered inside an apartment, but this artifact was not clearly documented. Marks
attributed to larder beetles have also been reported on dinosaur bones [44—-48]. The authors of
those reports observed circular, semi-circular or semi-elliptical structures that were attributed to
the construction of pupation chambers by larder beetle larvae. The dimensions described
ranged from 5 mm to 15.8 mm. However, neither studies describing the use of larder beetles to
deflesh human bones [49-51] nor cases analyzed in this study mentioned such marks. This

issue remains to be studied more closely.

Species and specific associations

We only exceptionally observed more than a single species of larder beetle species on a single
corpse. In 78% of the cases reported in this study, only a single species was observed.
Furthermore, we never observed more than 3 species on the same corpse, even in places
where four different species had previously been observed (e.g., Paris or Strasbourg). The
same trend has been observed in previously published cases [1, 3, 6, 9, 52] and within
unpublished cases and data (personal communication). Such limitations on the number of

species could result from the colonization process or could be due to exclusion mechanisms.

According to the first hypothesis, the number of species would simply be the result of the
probability that n different species would discover and settle on the same corpse. After reaching
the corpse, the first adults would start feeding and emit sexual pheromones [31, 32]. These
pheromones are highly attractive to both males and females, especially if associated with
decomposition odors. Such a mechanism could allow a rapid increase of the population.
Furthermore, under favorable conditions, dermestids are rapid breeders. According to published
development data, a pair of larder beetles developing in dry and warm conditions with sufficient

food can give birth to hundreds of larvae in a few months [34, 53-56]. Thus, large populations
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(several generations, up to thousands of larvae feeding at the same time) can be the progeny of
only a few initial settlers. However, although this hypothesis can explain the colonization of
concealed cadavers by one or two species, it fails to explain similar observations on outdoor
corpses, where access is not physically restricted. Furthermore, as the probability that n
different species settled would increase with time, a correlation should be observed between the

PMImax and the number of species; such a correlation was not observed in our dataset.

The second hypothesis postulates one or several mechanisms linked to the presence of one
species and decreasing the probability that additional species would subsequently colonize the
corpse. These mechanisms could involve repulsion, competition or predation. Case data do not
allow testing such interspecific interactions; experiments under controlled conditions would be
necessary to determine the mechanism involved. However, note that the species distribution
was clearly more balanced in indoor cases than in outdoor ones. This result suggests that the
indoor environment could act as a refuge for species with lower competitive abilities and thus
supports the hypothesis of exclusion mechanism. Such a result could be used to highlight

corpse displacement between indoor and outdoor location.

Several other necrophagous species were closely associated with larder beetles. These
associated species included Necrobia spp., which have feeding habits and a way of life similar
to those of dermestids [57]. Interestingly, these species have been reported as predatory of
larder beetles larvae and thus may limit the proliferation of dermestidae on cadavers [58]. Their
particular abundance on outdoor cases may explain the limited number of different dermestidae
species. However, specific predation of Necrobia spp. against certain dermestidae species is
still to be documented.

The close association with Necrodes littoralis was surprising, as this species usually feeds

during active decay, i.e., before the drying of the tissues [59]. This result suggest that similar
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decomposition odours, e.g. benzyl butyrate, may act as attractant for both dermestidae and N.
littoralis [31, 60]. Furthermore, a body can simultaneously be putrefied and partially mummified
or skeletonized depending on the body part [61]. This observation is particularly valid for clothed
corpses, for which mummification of exposed parts, such as the face or the hands, can occur
while covered parts (e.g., the abdomen) are still in an active state of decay. Among Diptera,
Piophilidae and Hydrotaea were frequently found with larder beetles. Both of these taxa are
common in France and can be found on human corpses, from the fresh stage until the
beginning of mummification [2, 62—64]. In contrast to adults or pupae, living calliphorid larvae
were recovered in less than one-half of the cases. The most likely explanation of this finding is
that the blowfly larvae had already finished their development when the corpses were
discovered. Indeed, calliphorids are usually pioneer species and lay eggs on fresh cadavers.
Furthermore, larder beetles and Necrobia spp. are predators of fly larvae and, most likely,

decreased the populations of dipteran larvae [39].
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