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Introduction

Forensic entomology is a specialized
field within forensic science that involves the
study of insects and their developmental
stages to assist in criminal investigations. By
analyzing the presence, life cycle, and
succession patterns of insects found on or
around human remains, forensic
entomologists can provide crucial information
about the time, location, and circumstances of
death. This field is particularly valuable in
estimating the post-mortem interval (PMI),
determining whether a body has been moved,
and assessing other environmental factors
that may influence decomposition.

Forensic entomology requires a deep
understanding of insect biology, ecology, and
behavior, as well as the ability to interpret
these factors within the context of a legal
investigation. This discipline has become
increasingly important in modern forensic
investigations, offering insights that other
methods may not be able to provide, especially
in cases where the time of death is difficult to

determine through traditional means.

The foundational principle of forensic
entomology is based on the predictable
patterns of insect colonization and succession
on a decomposing body. When a person dies,
the body begins to attract insects, most
notably flies, which are often the first to arrive.
The flies like Blow flies, Flesh flies, Carrion

beetles, dermestid beetles etc. These flies lay
eggs on the body, and their larvae (maggots)
feed on the decomposing tissues. Over time,
other insects, such as beetles, arrive and
contribute to the decomposition process. The
specific types of insects present, their
developmental stages, and the sequence in
which they appear are influenced by
numerous factors, including environmental
conditions, geographical location, and the
state of the body itself. By understanding these
patterns, forensic entomologists can estimate
the time of death with remarkable accuracy,
even in cases where the body is significantly
decomposed and other methods are
ineffective.

Insects are among the most reliable
indicators of PMI because their development is
temperature-dependent and follows a
predictable timeline. By collecting and
analyzing insect samples from a body, forensic
entomologists can determine how long the
insects have been present, which in turn
provides an estimate of how long the body has
been deceased. This is particularly useful in
situations where the body is in an advanced
state of decomposition, making it difficult to
determine the time of death through other
means such as rigor mortis or body
temperature.

In addition to PMI estimation and the
determination of body relocation, forensic
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entomology can also be used to assess other
environmental factors that may influence
decomposition. For instance, the presence of
certain insects can indicate whether the body
was exposed to specific chemicals or toxins,
which may have either delayed or accelerated
decomposition. In cases involving suspected
foul play, forensic entomologists can analyze
insect evidence to determine whether
substances were used to conceal a body or to
alter the decomposition process. This can
provide important clues about the
circumstances surrounding the death and can
help investigators build a more comprehensive
understanding of the case.

The expertise required for forensic
entomology extends beyond the mere
identification of insects. It necessitates a
thorough understanding of insect biology,
ecology, and behavior, as well as the ability to
interpret these factors in the context of a legal
investigation. Forensic entomologists must
also be skilled in collecting and preserving
insect evidence from a crime scene, ensuring
that it is handled in a way that maintains its
integrity for analysis.  This includes
understanding the appropriate techniques for
sampling, storing, and transporting insect
specimens, as well as the ability to work closely
with other forensic professionals to integrate
entomological evidence into the broader
investigative framework.

The field of forensic entomology is
constantly evolving as new research enhances
our understanding of insect behavior and
decomposition. Advances in  molecular
techniques, such as DNA analysis, have
opened new avenues for identifying insect
species and understanding their role in the
decomposition process. Additionally, the
development of sophisticated models and

software for predicting insect development
and succession patterns has improved the
accuracy and reliability of PMI estimations. As
forensic entomology continues to grow as a
discipline, it is likely to play an increasingly
important role in forensic investigations,
providing critical insights that help solve
crimes and bring justice to victims and their
families.

"Insects that play a crucial role in forensic
entomology"

Blue/Green bottle Flies

Family: Calliphoridae
Blowflies are commonly known as blue-bottles

or green-bottles due to their striking metallic
blue-green coloration.

These insects have an incredible ability to
detect the scent of decay from as far as 20
kilometers away, guiding them to lay their eggs
on suitable carcasses.

As some of earliest insects to appear on a
corpse, blowflies are particularly attracted to
fresh, moist tissue.

Flesh Flies

Family: Sarcophagidae
Flesh flies are among the first to arrive at a

crime scene, frequently laying their eggs in
exposed wounds on mammals.
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Adult flesh flies are typically found on corpses
during the initial stages of decomposition,
particularly when the body is still moist.

Cheese skipper

Family: Piophilidae

Cheese flies are drawn to the strong odor of
cheese that emerges from a corpse during the
advanced stages of decomposition, typically 3
to 6 months after death, especially when the
body is undergoing butyric fermentation.

These flies can be found in coffins buried as
deep as 3 meters and on corpses that are up
to 10 years old.

BEETLES
Carrion Beetles

Family : Siphilidae

Beetles are among the first insects to arrive at
a corpse once the body starts to decompose
significantly.

Unlike flies, beetles possess chewing
mouthparts, allowing them to feed on more
solid materials rather than just semi-liquid
substances.

Initially, predatory adult beetles appear,
feeding on fly larvae. Although there are over
200 species in this family, it is the beetles in the

subfamily Necrophorinae that are specifically
known for consuming decaying flesh.

Rove Beetles

Family: Staphylinidae

They feed on the organisms present on and
inside a corpse. Adults are among the first to
arrive at a body, preying on the larvae and eggs
of different fly species.

Hide Beetles

Family: Dermistidae

These late-arriving species are specialized
scavengers that feed on tougher tissues, such
as skin and tendons, as the body begins to dry
out.

Historical Landmarks in Forensic Entomology

Year Name Contribution

The initial use of
insects as
1235 Sung TZ'u evidence in
criminal
investigations
Francesco The first to

Redi challenge the

1668
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theory that
maggots
spontaneously
emerged from
decaying meat
(abiogenesis)

1855

Begeret
d'Arbois

The first to apply
entomology for
estimating the

postmortem
interval

1881

Jean Pierre
Megnin

The first to
categorize human
decomposition
into eight distinct
stages

1894

Hermann
Reinhard

The first to
investigate
exhumed bodies
and the insects
associated with
them

1960

Jerry Payne

The number of
decomposition
stages was
reduced to six

ESTIMATION OF PMI

Postmortem Interval (PMI), the time between
death and the discovery of the body).

1. Succession

2. Lifecycle of fly

Flies (blow
2 flies and Odour
flesh flies)
3 Dermestid Fats are 3-6
beetles rancid months
Various
4 .
flies
Various .
) Ammonia 4-8
5 flies and )
fermentation | months
beetles
) 6-12
6 Mites
months
. Dermestid | Completely 1-3
beetles dry years

Five Stages of Human Decomposition

. Principle
Succession | | State of | Age of
insect
wave corpse corpse
fauna P P
Flies (blow First 3
1 ) Fresh
flies) months

RErMANS

————

> Fresh
> Bloat
» Decay

» Post Decay
» Dry (skeletal)

1.Fresh Stage

The process begins at the time of death, with
flesh flies, blow flies, ants consuming fly eggs,
and predatory wasps appearing. The initial
indication of bloating is caused by putrefaction
from anaerobic bacteria.
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2.Bloat (2-7 days)

The body swells due to gas production by
bacteria, leading to an increase in
temperature. Flies are also present.

3.Decay (5-13 days)

As gases diminish, decomposition fluids start
to leak from the body. Bacteria and maggots
penetrate the skin. Predatory beetles, such as
rove and hister beetles, are drawn to the
remains. An unpleasant odor is present, and
larvae begin the pupation process. At this
stage, the corpse is reduced to roughly 20% of
its original mass.

4.Post-Decay (10-23 days)

The carcass eventually decomposes to a state
consisting primarily of hair, skin, and bones.
During this stage, the fly population decreases
and is succeeded by other arthropods. In dry
environments, hide beetles become the
predominant species. Meanwhile, populations
of mites and predatory beetles increase.

5.Dry (Skeletal) (8-10 days)

This process does not always take place,
particularly if the body is wet. Maggots may
persist longer, and beetles can be replaced by
reduviid insects. The body typically
decomposes to approximately 10% of its
original mass. In the final stage, known as the
skeletal stage, only bones and remnants of the
body remain.

Significance of Forensic Entomology

1. Estimating Time of Death (Post-Mortem
Interval - PMI): Forensic entomologists
estimate the time since death by examining
the types and developmental stages of insects

on decomposing bodies, which is particularly
useful when conventional methods fail.

2. Identifying Body Movement: Insects that
thrive in specific environments can indicate
whether a body has been relocated after
death, helping to reconstruct the sequence of
events leading to death.

3. Detecting Abuse or Neglect: Certain insect
species can signal extended neglect or
environmental conditions experienced prior to
death, offering clues in cases of abuse or
neglect.

4. Environmental and Geographic Clues: The
presence of specific insect species can provide
insights into the environmental conditions and
geographical location where the body was
initially found or exposed.

5. Reconstructing Death Events: Insect
evidence can aid in piecing together the
timeline and conditions of death, including any
efforts to alter the decomposition process with
chemicals.

6. Legal Testimony: Forensic entomologists
offer expert testimony based on scientific
analysis, which can either support or challenge
evidence presented in court.

7. Advancing Research and Education: This
field supports scientific research by refining
forensic techniques and deepening our
understanding of both ecological and
entomological processes.

Limitations of forensic entomology:

1. Environmental Factors: The development
of insects is influenced by environmental
conditions such as temperature and humidity,
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which can impact the accuracy of the
Postmortem Interval (PMI) estimation.

2. Delay in Insect Colonization: Insects may
take time to colonize a corpse due to factors
such as the body's location or the time of year,
which can affect the precision of PMI
estimations.

3. Bodies in Hard-to-Reach Locations: Bodies
that are buried or submerged may not have
visible insect evidence, which limits the
forensic analysis that can be performed.

4. Incorrect Species Identification: Errors in
identifying insect species can lead to
inaccurate conclusions about the time of
death.

5. Human Disturbances: Actions like using
insecticides or moving the body can interfere
with insect colonization, making it more
difficult to interpret the evidence.

6. Geographic Variability: Insect species
differ by region, and a lack of local data can
hinder the accuracy of PMI estimations.

7. Need for Expertise: The field requires
highly specialized knowledge, and a shortage
of experts can affect the quality of forensic
investigations.

8. Acceptance in Court: Legal professionals
may be skeptical or lack familiarity with
entomological evidence, posing challenges for
its acceptance in legal proceedings.
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