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Abstract: Decompositional processes depend on temperature, humidity, and light, as well as on
animals that can access the body. In low-level cases, suicides, or cases of self-neglect especially, these
factors are not always taken into consideration because a full investigation may not have taken place.
Misinterpretations of environmental factors can put crime scene investigators on the wrong track,
and natural causes of missing tissue may be wrongly interpreted as violence or wounds. Here, we
give some examples for the influence of invertebrate land animals on corpses.
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1. Introduction
1.1. Invertebrates in General

Land-based invertebrates may cause tissue defects (missing tissue) on deceased per-
sons. Such wound artifacts, if they remain unnoticed, may cause misinterpretations and
could be challenging during forensic case investigations [1-6].

Feeding defects from birds, ants, and canines have also been reported [6-8].

Invertebrate animals such as insects use corpses as a food source or a breeding site, or
they may predatorily feed on other corpse colonizers. Few reports address the importance
of postmortem tissue changes caused by insects, even though the wounds may appear so
similar to an injury that they could be misinterpreted as such [9-11] (Figure 1).

Figure 1. Postmortem tissue changes caused by insects or by an external force impact before or after death.
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To clarify the origin of such defects, an investigation of the place where the corpse
was found and its surroundings is necessary since biologically important information
may easily be lost in the dissecting room, given that ants, beetles, etc., may no longer be
identified as having (possibly misleadingly) caused the loss of tissue and possible wounds.

Here, we present some examples for injuries caused postmortem by animals; these
cases were or would have been challenging during case investigations.

1.2. Ants

Feeding defects of ants may look very similar to skin abrasions [12,13], strangulation
marks, or (electrical) burns, and may therefore be misidentified as being vital injuries [8,12-17].

The red imported fire ant Solenopsis invicta Buren 1972 originally comes from South
America and feeds on human tissue and human skin [18]. This species leaves wound-like
defects that appear similar to burns (Figure 2). As a result of global trade and global
warming, the red imported fire ant is becoming increasingly common at latitudes with
formerly lower temperatures, i.e., uninhabitable environments for the ants. “Burn patterns”
on corpses found in open land and in residences should be interpreted with reservations,
and ants at the scene considered to be evidence should be documented and collected for
identification purposes.

Figure 2. Post-mortem skin lesions caused by the red imported fire ant may appear similar to burns
or chemical burn, further information in [18].

In one of our cases, the finding of ants in the face and on a suspects’ boot and the
blouse of the deceased also led to the conviction of the suspect, a priest who had killed
his wife. Lasius foliginosus (Latreille, 1798), the jet black ant, was found in the immediate
vicinity of the crime scene, which was just a few meters away from the nest. Animals of
this species were collected and were seen on the body in pictures of the crime scene, where
they had caused a loss of tissue by feeding from the skin. A coincidental meeting of the
boot and the nest (or other nests of the same ant species) was extremely unlikely as the ant
species in question does not travel far away from the nest [17].

Ants can also be found on dead bodies as predators feeding on fly eggs and fly
larvae [19,20] (Figure 3). This may influence the determination of the colonization by using
the development of insect larvae.
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Figure 3. Ant on a piglet’s cadaver.

1.3. Beetles

Some beetle species may also cause circular holes that can be confused with gunshot
wounds [21,22] (Figures 4 and 5).

Figure 4. Hole in the shoulder region of a human body produced by beetles.
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Figure 5. Hole produced by dung beetles (MB observed the development of this hole). Possible
confusion with close-range superimposed shot wound, further information in [22].

The occurrence of beetles and beetle larvae is often associated with later stages of de-
composition [23]. Rove and dermestid beetles may, however, predatorily feed on fly maggots
(rove) or actual corpse tissue (dermestids) earlier in succession (Figures 6 and 7). In one of our
cases, the skin defects caused by beetle feeding did resemble stabbing injuries (Figure 8).

Figure 6. Rove beetle predatorily feeding on fly maggots and “swiping”, with some feeding on a
piglet’s cadaver.

This observation has been confirmed by Caballero and Leon-Cortes in 2014 [24]. Sev-
eral beetle species may occur during the entire decomposition process, even at unexpected
times, due to climate change.

The presence of adult beetles, their larvae, or the beetle’s feeding marks may provide
evidence that the corpse was moved if the beetle species found on the corpse lives in
restricted biotopes and is brought into a different biotope [22,25].
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Figure 7. Flat abrasion caused by feeding from dermestid beetles on a fresh piglet cadaver.
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Figure 8. Experimental wound reconstruction from Figure 7. A stabbing wound with the left tool
resembles Figure 7.

1.4. Maggots and Adult Blow Flies

Fly larvae cause tissue loss which may be misinterpreted as pre-mortem or postmortem
injury patterns (Figures 9 and 10). In 1988, Pollak and Reiter [9] reported a case of a highly
decomposed body where such a loss of tissue due to maggots was incorrectly interpreted
as being shot wounds in the left orbital roof.

Differentiation between Bloodstains and Fly Artefacts

Presumed blood spatter arising from an acceleration of blood at a crime scene may
have been caused by flies (Figure 11). DNA is not always an effective means of help here,
as flies can also absorb genuine blood from the crime scene and then distribute it (through
vomiting, excrement, etc.).
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Figure 10. Another example for alleged “shotgun holes”. Trace caused by insects on the Anthroplogi-
cal Research Facility (“Body Farm”), Tennessee, USA.
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Figure 11. Homicide with more than ten stab wounds (top) (source: our case) vs. defecation/spitting
traces by flies (bottom) [26]. Artefacts by insects may resemble blood stains; their body-length-to-tail
ratio is often larger than 1. Gray bar = 1 cm.

Even though fly artifacts may be differentiated from blood spatter patterns from
humans by DNA analysis [27,28] and also by the following steps [26], we recommend:

A documentation of the fly activity (and presence of dead flies) at the possible crime
scene: if (dead) flies are found then fly artifacts may also be present.

A range of stains/possible spatters: fly activity is frequent in the vicinity of light
sources, on light-colored walls, windows, and mirrors. A comparison of stains near the
corpse with those that are to be found far apart from the body is therefore recommended.
Adult dead flies may be found in rooms other than where the corpse is found.

A comparison of the pattern at the scene with known/experimental fly artifact pat-
terns.

An identification of presumed human blood stains that appear in a point-like or
teardrop-like form (and could potentially be used for reconstruction) and an exclusion of
the following stains:

Traces with a tail-body relationship greater than 1 (Figure 11);

Traces with a spermatozoa or tadpole-like structure;

Traces that are similar to a spermatozoid and do not end in a small point;

all traces without a distinguishable body and tail;

all traces with a wavelike or uneven structure;

all traces whose orientation does not correspond to other spatters, which in turn point to a
point of origin. Larger fly artifacts in a group point in different directions; human blood
spatters arranged in a group point towards a point of origin (see also [27,28]).

The absence of known characteristics of human blood stains in finger-like shapes
around the edges.
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An attempt to cover blood stains on the floor with paper, particularly those on the
ground, so that they are preserved as well as possible, and not destroyed by investigators,
emergency personnel, etc.

Good close-up photographs using a high-resolution camera and a scale on every
picture.

The importance of differentiating between blood spatter and artifacts that have been
caused by flies is presented and described in detail in [26-28].

1.5. Snails
Slugs alter the tissue of freshly dead or decomposing corpses (Figure 12).

Figure 12. Preference for cadaver tissue by snails, revealing a possible source of change in postmortem
interval (colonization time) calculations using the size and age of blow fly eggs. Additionally, rasping
on dried-out areas/lines on the neck. Danger of confusion with injuries caused by assault against the
head /neck, especially with scratch marks.

They produce (smaller) tissue defects by scraping with their radula tongues at soft
tissue. Due to penetration, and therefore the process of stretching these defects by continued
rasping and the properties of the tissue itself, the abrasions become larger; occasionally, they
become actual holes (Figure 13). The shape of the defects varies. We repeatedly observed
slugs on piglets’ tongues (Figure 14). Misinterpretations regarding possible trauma may
easily occur.

1.6. Wasps

There are only a few reports on wasps found on corpses. A study from Brazil by
Simoes et al. [29] reported wasps on dead pigs and the influence of wasps on the speed of
decomposition. Certain species of wasp may prefer certain stages of decomposition.

Wasps can feed on eggs of blow flies and thus wrongly reset the “developmental
clock” on the postmortem interval. Their feeding activity caused traces on the body’s tissue
similar to skin abrasions or scratch marks (Figure 15).
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Figure 13. Snails eating dead tissue and thereby causing holes which may resemble wounds.
Left: snail feeding on pig’s tongue; right: hole in pig’s tongue produced by the same snail.

Figure 14. Feeding defects by snails may have unusual shapes and can occur on different body parts.
Left: snail feeding on right foot leg of piglet; right: wound-like tissue defect (also note the presence
of blow fly eggs).

Figure 15. By feeding on eggs of blow flies, wasps wrongly reset the “developmental clock” on the
post-mortem interval. They also create skin defects similar to skin abrasions or scratch marks.
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Due to their feeding activity, wasps also sometimes expose bones under thinner areas
of the skin (Figure 16). These skin defects caused by feeding must be differentiated from
traces that are caused by violence.

Figure 16. Skin defects caused by wasps vary strongly. Left: the edges of these feeding traces are
often irregular and “frayed”. Bones (right) can appear as if they have been gnawed off neatly.

Barbosa et al. [30] present postmortem injuries to pig carcasses caused by the South
American wasp species Agelaia fulvofasciata (Deg. 1773). These wasps prefer to feed from
the lips but also on the snout and the anus. At the same time, they feed predatorily on
fly maggots of a fly species that is used to calculate the colonization interval of corpses.
If corpse colonizers are eaten by predators, then this may influence the calculations by
wrongly “resetting” the decompositional starting point.

In our field trainings for students in a garden in Cologne, Germany, whole chunks of
meat the size of a human head were consumed by local wasps (Vespula vulgaris (Linnaeus,
1758)) within a few days.

2. Environmental Influences

Decompositional processes depend, to a large extent, on environmental factors, in-
cluding temperature, humidity, light, rainfall, soil, location, and the condition of the corpse
et cetera [31-34].

Access for corpse-visiting insects to dead bodies is also dependent on the environment.
It is therefore not only the location where the corpse is found that must be considered
(forest, town, field edge, buried, sunny, in shadow, indoors, and open land [25]), but
also the animals that are present there (insects, vertebrates (such as pets) [3-6,35,36], wild
animals [37], birds [38], etc.). The animal’s life habits in turn play an important role in the
later interpretation of possible feeding defects and in differentiating them from genuine
injury patterns.

Naturally, caution has to be taken in cases in which the body may have been moved
after insect colonization has started. The range of animals found on a body may not
only depend on the environment in which the body was found, but also possible former
environments with a probable different range of insects (or other animals).

The following cases illustrate the importance of light and temperature in the insect
colonization of corpses in indoor areas.

2.1. Case 1: Influence of Clothing and Mummification

On 11 July 2017, the dead body of a 39 year old man was found in his apartment
in a small district town in the eastern Ruhr area in Germany. The man was last seen on
24 June 2017. He suffered from a personality disorder, as well as drug and alcohol addiction.
The body was found near the town center. There was urban greenery vegetation in the
street; yet, there were no parks or larger green areas near to where the body was found.

The apartment was untidy; the body was lying on the floor, clothed in sweatpants
and a pullover. Greasy brown deposits on the front left outer edge of the sofa and on the
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upper edge of a bucket for excrement and vomit alongside the sofa to the left were visible
(Figure 17). The bed sheets in the bed room also exhibited similar brown deposits.

Figure 17. Brownish greasy spots on the left forward outer edge of the sofa as well as on the edge of
the bucket on the left side of the sofa.

The body was in an advanced state of decomposition, and the skin on the trunk
and back, as well as the extremities, did show some red—green to grey—green color. The
epidermis of the stomach area had detached in strips in places. Much of the epidermis of
the trunk was detached.

While the front side of the upper body was dried out, the back section appeared damp
and putrid.

There were numerous maggots and fly pupae found on both the body and in the
clothing of the deceased, and numerous egg clutches were present too.

Tissue defects had been caused by feeding blow fly larvae on the left lower side of the
thorax, the flank area, and above the side area of the right eyebrow. Maggots were found
on and in parts of the corpse, as well as in the perineum and anus.

The left arm was covered in clothing that otherwise appears to have been pulled up to
the neck; the right arm and the entire upper body were uncovered up to the neck by the
clothing.

In contrast to the rest of the body, hands and feet were clearly mummified. In particular,
the hands at the wrist were strongly distinct from the lighter skin of the upper arm (Figure 18).

The clothing may have been pulled up by the emergency physician so that the clothing
had formerly protected the area of the body underneath against desiccation.

Sun was shining from both the left side as well as from above onto the body (Figure 18).
The lower side of the foot that was facing the left window was mildly dried out; the head
was turned in the direction of the upper window and also exhibited dryness (partial
mummification) in the forehead, nose, and eye area.
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Figure 18. Finding situation of the body. Arrows mark the direction of light coming through the
window in the apartment of the deceased (arrowhead = window). Distinct dried-out areas of the face,
hands, and feet.

The fact that clothing protects against desiccation but also against decomposition was
shown in experiments using piglets. Partially clothed piglets were lain out in open land.
The head often decomposed considerably more quickly than the rest of the body which
was largely covered by the clothing (Figures 19 and 20). The higher attractiveness of the
face to deposit eggs, and the stronger maggot feeding activity in this area on the one hand,
as well as the protective function of the clothing on the other, was evident [36]. Overall,
decomposition may happen in unevenly distributed patterns that can only be understood
from the situation at the original scene, but sometimes not on the autopsy table.
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Figure 19. Differential decomposition: clear differences in the decomposition process of a piglet
between head and clothed lower body in open land (forest). (Experiments were conducted by Kristina
Baumjohann, unpublished.)

Figure 20. Visible differences in the decomposition process of a piglet between clothed and unclothed
body areas in open land (forest). Top: Original situation; bottom left: shirt removed to show
differential state of decomposition: the area that was formerly clothed does not show maggot activity;
bottom right: shirt liftet for inspection: no maggot acitivy under the shirt. Note that this pattern may
be reversed under different weather or climate conditions. (Experiments were conducted by Kristina
Baumjohann, unpublished.)
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2.2. Case 2: Influence of Light

In August 2001, the partly mummified body of a man was found in his bed in a large
city in the Rhineland area of Germany [39]. The eye sockets had been emptied by fly larvae
feeding from the tissue. The lips and the left area of his hips also exhibited signs of maggot
feeding activity. The corpse was separated from the rest of the large room that had no fully
closed separate room units due to a room partition wall. A lamp was attached on the right
side of the bed, with the light bulb pointing away from the bed.

The corpse showed an uneven (differential) colonization by blow fly maggots of the
eye socket facing the light source, showing that juvenile stages of blow flies tend to avoid
light (Figure 21). They initially fed on the eye (socket) that faced away from the light,
and then changed to the eye socket that was turned towards the light as a result of a food
shortage. This finding could have led to a misinterpretation of the colonization sequence
and the wrong assumption of an injury to the eye before death. As maggots prefer injuries
compared to natural body openings to lay their eggs (and for adult colonization), it sounds
plausible but would have been still wrong to assume that, for example, a puncture site in
or near the eye may have led to unusual maggot colonization. (The deceased worked in a
nearby hospital as a medical doctor; during this time, no injuries were seen.)

Figure 21. Unilateral colonization by blow fly maggots of the eye socket due to light conditions, not
to injury; further information in [39].
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3. Conclusions

When a corpse is discovered, the overall “biological” picture from and at the scene
should be considered and documented by good photographs with a scale.

The contribution of flies in the creation of what may; at first glance, be taken to be a
blood stain spatter, in particular indoors, should be borne in mind.

If a partial decomposition pattern or a pattern of different signs of decomposition
are observed on a body, then the micro-climate underneath the clothing should also be
considered. The clothing can partially protect the tissue from light, rain, sunshine, etc., and
hence lead to extreme differences in the decomposition process [40,41]. Snails and ants are
also of relevance, as well as cockroaches [12,13].

Environmental influences may be checked experimentally.

4. Impact Statement

This communication illustrates the importance of taking environmental factors and
animals at crime scenes into account so that misinterpretations and wrong assumptions
can be avoided in forensic case work.
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