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Abstract-Forensic entomology utilizes insect biology to 

aid criminal investigations by analyzing the life cycles 

and behaviors of insects on decomposing bodies. This 

overview examines the evolution of the field from 

antiquated methodologies to contemporary approaches, 

emphasizing its pivotal function in ascertaining post-

mortem intervals (PMIs) and furnishing background 

information for inquiries into deaths. The identification 

of forensic insects, their life cycles, and the effects of 

temperature and humidity on insect growth are all 

covered in the review. Insect evidence collection and 

preservation techniques are covered, with a focus on the 

importance of precise laboratory analysis. The 

interdisciplinary aspect of forensic research is 

highlighted by the integration of entomological evidence 

with other forensic data. Examined are legal and ethical 

issues as well, such as the admissibility of evidence and 

the function of expert witnesses. New methods for 

accurate analysis have been made possible by recent 

technological breakthroughs, and study on the 

opportunities and problems associated with 

environmental changes is still ongoing. 
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INTRODUCTION 

 

 
Figure 1 FORENSIC ENTOMOLOGY 

In forensic entomology, arthropods—most notably 

insects—that are connected to criminal activity and 

other facets of the legal system are studied. 

Identification of insects and other arthropods found in 

human remains is a common procedure in forensic 

entomology, which helps establish the date and 

location of death [1].  

 

SCOPE OF FORENSIC ENTOMOLOGY IN 

SOLVING CRIME 

 

 
Figure 2 INSECTS AS EVIDENCE 

 

1. POST-MORTEM INTERVAL (PMI) 

ESTIMATION 

Estimating the post-mortem interval (PMI), or the 

amount of time since death, is the main use of forensic 

entomology. An insect's colonization of a corpse 

follows a regular pattern, especially with blowflies. 

Using a combination of species and developmental 

phases, forensic entomologists may determine the PMI 

with a high degree of precision. "Forensic 

entomologists utilize the predictable sequence of 

insect colonization on a corpse to estimate the post-

mortem interval with significant accuracy" [2]. 
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2. DETERMINING THE LOCATION OF DEATH 

Finding out if a body has been transported after death 

can also be aided by insect evidence. The presence of 

a particular type of bug can reveal whether the body 

was moved from another area since different settings 

support different populations of insects. "The presence 

of specific insect species can reveal if a body has been 

moved post-mortem, as different environments host 

distinct insect populations" [3]. 

3. DETECTING TOXINS AND DRUGS 

Toxins and medications found in the body can be 

accumulated by insects that consume decaying 

remnants. Information on potential drug usage or 

toxicity can be obtained by analyzing these insects. 

"Analyzing insects that have fed on decomposing 

remains can provide information on toxins and drugs 

present in the body, even when tissue samples are no 

longer available" [4]. 

4. INVESTIGATING NEGLECT AND ABUSE 

When it comes to incidents of abuse and neglect, 

especially involving vulnerable groups like the elderly 

or disabled, forensic entomology plays a valuable role. 

In cases of abuse or neglect, the presence of insects on 

a living individual might serve as evidence of 

inadequate hygiene and neglect. "In urban settings, 

forensic entomology has become an essential tool in 

investigations of neglect and abuse, where insects 

serve as indicators of poor living conditions and 

insufficient care" [5]. 

5. ESTABLISHING TIME FRAMES AND ALIBIS 

Insect evidence creates timeliness, which can support 

or refute alibis. For instance, depending on the 

estimated PMI, the insect activity on the body can 

confirm or contradict a suspect's allegation that they 

were somewhere else when they died. "Insect evidence 

can be crucial in establishing timelines, corroborating 

or refuting suspect alibis based on the estimated post-

mortem interval" [6]. 

 

HISTORY OF FORENSIC ENTOMOLOGY 

 

➢ EARLY BEGINNINGS 

Forensic entomology was first used in China in the 

thirteenth century. In "The Washing Away of 

Wrongs," Sung Tz'u wrote about how a murder 

weapon in a homicide case was discovered when flies 

were present on a sickle. "The first documented case 

of forensic entomology can be traced back to 1235 in 

China, where flies attracted to a bloodied sickle helped 

solve a murder" [3] 

 

➢ 19TH AND 20TH CENTURIES 

The work of French entomologist Jean Pierre Mégnin, 

who published important writings describing the 

succession of insect colonization on corpses, provided 

forensic entomology with a scientific foundation in the 

19th century. "Jean Pierre Mégnin's pioneering work 

in the late 19th century laid the foundation for modern 

forensic entomology by systematically documenting 

the stages of insect colonization on decomposing 

bodies" 

Researchers like Bernard Greenberg and Jerry Payne 

made significant contributions to the field's 

development in the 20th century, expanding our 

knowledge of insect behavior and development as it 

relates to forensic investigations. "Significant 

advancements in forensic entomology during the 20th 

century were driven by researchers such as Bernard 

Greenberg and Jerry Payne, who enhanced the 

understanding of insect succession and 

decomposition" [2] 

 

➢ MODERN DEVELOPMENTS 

According to enhanced techniques and technology, 

forensic entomology has made significant strides in 

the last few decades. Post-mortem interval estimations 

are now more accurate due to the precise species 

identification that can be achieved through genetic 

analysis, even from microscopic insect fragments. 

"Recent advancements in genetic analysis have 

enabled forensic entomologists to achieve precise 

species identification, even in cases where 

morphological features are not distinctive, thereby 

enhancing the accuracy of post-mortem interval 

estimations" [2] 

Applications of forensic entomology have been further 

enhanced by its interaction with other scientific fields 

including ecology and molecular biology. Because of 

this interdisciplinary approach, forensic entomology 

now has a wider range of applications and is a crucial 

instrument in contemporary criminal investigations. 

"The integration of molecular biology and ecological 

principles with forensic entomology has significantly 

broadened its applications, making it indispensable in 

contemporary forensic science" [3] 
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INSECT BIOLOGY AND LIFE CYCLE 

 

➢ COMMON FORENSIC INSECTS 

1. BLOW FLIES (FAMILY CALLIPHORIDAE)  

 
Figure 3 BLOW FLY 

Their eggs are laid on the body, and while their larvae 

(maggots) grow swiftly, they provide important details 

about the moment of death. 

 

2. FLESH FLIES (FAMILY SARCOPHAGIDAE) 

 
Figure 4 FLESH FLY 

Corresponding to blow flies, but usually appearing a 

little later, are flesh flies. Because they give birth to 

live larvae rather than eggs, they are viviparous, which 

may have an impact on PMI estimate. 

 

3. HOUSE FLIES (FAMILY MUSCIDAE)  

 
Figure 5 HOUSE FLY 

Depending on decaying remains, house flies are also 

common, particularly in urban areas. Their larvae aid 

in the decomposition process and provide information 

about the circumstances and timing of death. 

4. CHEESE SKIPPERS (FAMILY PIOPHILIDAE)  

 
Figure 6 CHEESE SKIPPERS 

One of the most well-known characteristics of cheese 

skippers is their capacity to "skip." They can be found 

both indoors and outdoors and typically emerge in the 

later phases of decomposition. 

 

5. CARRION BEETLES (FAMILY SILPHIDAE)  

 
Figure 7 . CARRION BEETLES 

In the later phases of decomposition, carrion insects 

are important. Their diet consists of other insects and 

decaying meat, which gives them more forensic 

information about the time that passed after death. 

 

6. DERMESTID BEETLES (FAMILY 

DERMESTIDAE)  

 
Figure 8 DERMESTID BEETLES 

Scavengers, dermestid beetles eat dry, decomposing 

flesh. They can be used to determine a longer PMI and 

are frequently discovered on bodies that have been 

dead for a while. 
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7. ANTS, WASPS, AND BEES (ORDER 

HYMENOPTERA)  

  
Figure 9 ANTS  Figure 10 WASPS 

 
Figure 11  BEE 

These insects have the ability to feed on a body and 

also scavenge it. Their existence may be a sign of 

certain environmental factors or phases of secondary 

colonization. [7] 

➢ LIFE CYCLE STAGES 

 
FIGURE 12 LIFE CYCLE 

"Accurate estimation of the post-mortem interval 

(PMI) often hinges on understanding the precise 

developmental timelines of various insect species, 

particularly through their egg, larval, pupal, and adult 

stages"  

1. EGG STAGE 

During the egg stage, adult females deposit their eggs 

on the decomposing carcass. The duration required for 

eggs to hatch can differ among species and 

environmental factors. 

2. LARVAL STAGES 

Larvae normally go through three phases, or instars, 

during which they feed and develop quickly. 

• FIRST INSTAR: The larvae dig into the flesh 

frequently, and they are quite little. 

• SECOND INSTAR :  The larvae become bigger 

and more gregarious. 

• THIRD INSTAR :  The larvae attain their largest 

size and are ready to pupate. 

3. PUPAL STAGE 

Larvae go through metamorphosis and produce a hard 

shell (puparium) during the pupal stage. This phase 

may extend for a few days or weeks, contingent upon 

the surrounding circumstances. 

4. ADULT STAGE 

When the insect matures into an adult and is 

prepared to procreate and carry on the cycle, this is the 

last stage. [8] 

➢ FACTORS INFLUENCING INSECT 

DEVELOPMENT 

1. TEMPERATURE 

The primary variable influencing the rate of insect 

development is temperature. Since insects are 

ectothermic, the temperature of their surroundings 

affects both their body temperature and rate of 

metabolism. There are developmental thresholds for 

every species; the range of temperatures at which 

development can occur is defined by the ideal, 

minimum, and maximum temperatures. [9] 

2. HUMIDITY 

The water balance in insect bodies is impacted by 

humidity. Developmental phases, particularly larval 

stages, can be impacted by both excessive moisture 

and extreme dryness. Low humidity can cause 

dehydration and slower growth, whereas high 

humidity encourages rapid growth and lessens 

desiccation. [10] 

3. ACCESS TO FOOD RESOURCES 

A decomposing body's quality and quantity of food 

sources have a direct impact on the rate of larval 

growth and the overall development of insects. While 

nutrient-poor conditions slow down development and 

lower survival rates, nutrient-rich environments 

encourage faster growth and larger size. [11] 

4. LIGHT AND PHOTOPERIOD 

The amount of sunshine and exposure to light can have 

an impact on an insect species' behavior, mobility, and 
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rate of development. Particular species are 

photoperiod-sensitive, which means variations in the 

length of light can affect their rates of development 

and life cycles. [12] 

5. INTERSPECIFIC COMPETITION 

When different insect species coexist on the same 

body, competition for resources may result, which 

could have an impact on the rates of individual growth 

and survival. The accuracy of PMI estimations can be 

affected by competitive interactions, which can 

change developmental timeframes and lead to the 

dominance of some species. [13] 

6. DRUGS AND TOXINS 

Developmental rates and mortality of insects feeding 

on the body can be changed by substances found in the 

body, including chemicals, medications, and toxins. 

These drugs may result in abnormal growth patterns, 

delayed or accelerated development, and higher death 

rates. [14] 

7. SEASON AND CLIMATE 

Insect development and activity are influenced by 

climatic and seasonal factors such as changes in 

temperature, precipitation, and time of year. Insect 

populations and rates of growth vary with the seasons; 

warmer seasons tend to see faster rates of 

development. [15] 

8. GEOGRAPHIC LOCATION 

Caused by varying environmental conditions, 

geographic variances can affect the types of insects 

present as well as their rates of development. Because 

of the constant warmth, insects in tropical locations 

may mature more quickly than those in temperate 

ones. [16] 

9. BODY CONDITION AND CAUSE OF DEATH 

Insect colonization patterns and growth rates can be 

impacted by the state of the body (such as trauma or 

illness) as well as the reason of death. Significant 

trauma or unique conditions on a body may draw in 

different species or cause normal developmental 

timeframes to change. [17] 

10. ENVIRONMENTAL CONTAMINANTS 

The development and behavior of insects can be 

impacted by pollutants and environmental toxins 

found at the crime scene. Industrial chemicals, 

insecticides, heavy metals, and other contaminants can 

obstruct healthy growth and development. [18] 

 

PROTOCOLS FOR COLLECTING INSECT EVIDENCE 

 
Figure 13 USE OF TOOLS WHILE DEALING WITH INSECTS 
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CRIME SCENE EXAMINATION 

 

I. Initial Assessment 

Search the crime scene in an organized manner. 

Pay attention to the body and any locations that are 

likely to be home to insects. Before making any 

changes, make sure the full scene is captured on 

camera  [19] 

➢ Photographic Records: To fully capture the 

context of the evidence and its placement in 

relation to other scene elements, take high-

resolution pictures from a variety of viewpoints 

and distances.  [20] 

II. Sampling strategy 

• Body: Gather insects straight from the body, if at 

all possible, especially from cavities and under 

garments. To prevent upsetting the developmental 

stages, take a soft approach. [21]  

• Surrounding Environment: Gather samples from 

surrounding trash cans, vegetation, or soil 

anywhere that flies and other insects could lay 

eggs or larvae. This helps explain any fluctuations 

in the number of insects in the area. [19] 

 

TOOLS AND EQUIPMENT 

 

 
FIGURE 14 TOOLS USED FOR COLLECTION  

 

Collection Tools  

➢ Forceps and Brushes:  To carefully remove debris, 

use soft brushes [21] 

➢ Aspirators and Nets:  Use nets and aspirators to 

collect flying insects. Make sure nets are sanitized 

and devoid of pollutants  [22] 

 

Containers 

➢ Vials: For the preservation of individual 

specimens, use small, airtight vials and be sure to 

label them with specific information [23] 

➢ Killing Jars: Use jars containing killing agents 

such as ethyl acetate for larger specimens. Insects 

can be swiftly put to sleep using this technique 

while still maintaining their physical condition [22] 

 

DOCUMENTATION 

 

Detailed Records 

➢ Scene Specifics: If at all feasible, note the precise 

locations of the bug collections, including the 

GPS coordinates. Record the weather, 

temperature, and humidity, among other 

environmental factors [24] 

➢ Information on Specimens: Keep a record of 

every specimen, including its location, the day 

and time it was collected, and any further 

pertinent observations [25] 

 

TECHNIQUES FOR PRESERVATION 

 

Immediate Storage 

➢ Freezing: Specimens should be frozen to stop 

decomposition if they are not preserved right 

away. It is imperative to place specimens in 

sealed, labeled bags or containers [26] 

➢ Cold Storage: To reduce enzymatic and 

microbiological activity, store specimens at low 

temperatures (e.g., -20°C) [27] 

 

Chemical Preservation 

➢ Ethanol: For long-term preservation, use 70–80% 

ethanol. It is less likely to result in color 

alterations and successfully protects the majority 

of insect species [28] 

➢ Formalin: An additional preservation method, 

although it may alter the way specimens look. 

Make sure to ventilate properly and use with 

caution [26] 

 

HANDLING PROCEDURES 

 

Careful Manipulation 

➢ Forceps Usage: Handle small specimens gently 

with forceps that have a fine point. Refrain from 
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squeezing or pinching the specimens as this may 

cause damage [29] 

➢ Brushes: To clear trash without hurting insects, 

use soft brushes [30] 

 

Labeling 

➢   Clear Labels: Ensure all containers are labeled 

with detailed information including collection 

date, location, and specimen details. Use 

waterproof labels or write directly on the 

container with indelible ink [30] 

 

Challenges in Evidence Collection 

1. Environmental Factors: Variations in humidity 

and temperature can have an effect on how insects 

develop, which could have an impact on how 

accurately postmortem interval calculations are 

made. To maintain the integrity of the evidence, 

environmental conditions must be monitored and 

controlled [31] 

2. Contamination Issues: It's imperative to avoid 

cross-contamination with garbage and insects 

from other sources. In order to prevent 

compromising the quality of the evidence, this 

entails employing distinct tools and following 

stringent handling rules. The accuracy of the 

evidence can also be compromised by handling 

errors, such as incorrect tool use or inappropriate 

labeling  [32] 

3. Species Identification: It takes specialized 

knowledge and complexity to accurately identify 

insect species. Inaccurate judgments may result 

from misidentification. Accurate species 

identification requires cooperation with 

entomologists and the use of extensive reference 

collections [33] 

 

ANALYSIS OF ENTOMOLOGICAL EVIDENCE 

 

LAB TECHNIQUES FOR IDENTIFICATION AND 

ESTIMATION OF POSTMORTEM INTERVAL 

A variety of contemporary laboratory techniques are 

used in the study of entomological evidence in order 

to identify species and estimate the postmortem 

interval (PMI). The process of identification begins 

with a microscope inspection of the specimens to 

identify the species and developmental stages. Modern 

developments in molecular techniques, such DNA 

barcoding and next-generation sequencing, improve 

the precision of species identification and provide 

solutions to challenging situations when 

morphological traits alone are insufficient. [34] 

Entomologists examine the eggs, larval, and pupae 

stages of insect development in order to estimate PMI. 

Modern techniques use complex mathematical models 

and software to take into consideration environmental 

factors like humidity and temperature, which have an 

impact on insect development rates.  

By combining developmental data with environmental 

factors, tools like as the Degree-Day (DD) model and 

sophisticated statistical methods, such as Bayesian 

inference, produce more accurate PMI estimations [35] 

. Additionally, the accuracy and effectiveness of PMI 

estimation have increased with the adoption of 

automated systems for monitoring developmental 

stages and environmental data.[36] 

All things considered, the reliability and accuracy of 

entomological evidence analysis in forensic 

investigations are improved by the combination of 

sophisticated morphological, genetic, and statistical 

approaches. 

 

INTEGRATION OF FORENSIC ENTOMOLOGY 

WITH CRIME SCENE INVESTIGATION 

Enhanced PMI Estimations: To increase the precision 

of PMI estimates, entomological data such as insect 

developmental stages is combined with additional 

forensic evidence, such as toxicology and pathology. 

By combining data from several approaches, this 

integration facilitates cross-verification and improves 

the accuracy of calculating the time since death[35] 

Crime Scene Reconstruction: By offering details about 

the body's exposure and movement, insect evidence 

helps to reconstruct the crime scene. Insect 

development and presence provide information on the 

location and state of the body that can be verified or 

refuted by additional forensic evidence [37] 

Integration of Environmental and Biological Data: To 

improve PMI estimations, contemporary forensic 

entomology combines biological data, such as insect 

life cycles, with environmental factors, such as 

temperature and humidity. These elements combined 

with entomological data enable a thorough 

examination of the crime scene and postmortem 

activities [38] 
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LEGAL AND ETHICAL CONSIDERATIONS 

 

The study of insects in legal investigations, or forensic 

entomology, raises a number of significant legal and 

moral issues. The admissibility of entomological 

evidence in court is one important consideration. 

Standards such as Daubert or Frye are commonly 

employed by courts to evaluate the reliability and 

relevance of scientific evidence. these criteria demand 

that the techniques utilized to collect and evaluate 

entomological data be generally acknowledged in the 

scientific community and have a strong scientific 

foundation. [39] 

Expert testimony is still another important element. In 

order to properly communicate their results to juries, 

forensic entomologists must explain to them the 

importance of bug evidence in determining aspects 

like the postmortem interval (PMI). For the evidence 

to be convincing, the expert witness must be credible 

and able to communicate difficult scientific facts in 

plain language [40] 

In forensic entomology, ethical factors include 

preserving objectivity, preventing contamination, and 

guaranteeing the integrity of evidence collection and 

analysis. Strict ethical standards must be followed by 

forensic entomologists to guarantee that the values of 

justice and scientific integrity are upheld in their work. 

This entails thorough documentation as well as 

openness about their procedures and conclusions [41] 

Current research demonstrates the efforts being made 

to resolve ethical concerns and standardize procedures 

in forensic entomology. These include talks about the 

ethical obligations of forensic scientists and 

improvements in the procedures for gathering and 

analyzing evidence. [42] 

 

ADVANCES IN FORENSIC ENTOMOLOGY FOR 

CRIMINAL CASES 

 

The accuracy of postmortem interval (PMI) 

estimations has improved recently in forensic 

entomology with the development of automated 

techniques for tracking insect development stages and 

environmental monitoring. Additionally, advances in 

DNA barcoding techniques have made it possible to 

identify bug species discovered at crime scenes with 

greater precision. In order to give a thorough 

examination of crime scenes, there is also a greater 

emphasis on combining entomological evidence with 

other forensic data, such as toxicology and pathology. 

These developments assist forensic entomologists in 

providing more accurate and thorough data for legal 

investigations. [43] 

 

CONCLUSION 

 

In criminal investigations, forensic entomology is 

essential because it provides information about post-

mortem times, death sites, and causes through insect 

activity. Genetic analysis is one example of a 

technological innovation that improves accuracy. 

Even with obstacles like changing environmental 

conditions and identifying insects, ongoing study and 

established procedures guarantee its dependability. 

Strict scientific procedures are emphasized by ethical 

issues. It continues to be an essential instrument in 

forensic science as it develops, helping to bring about 

justice and reveal facts. 
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