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ABSTRACT

The field of wildlife forensic science is essential to both law enforcement and wildlife conservation. The
definition of wildlife forensic science, its range, and its importance in preventing wildlife crimes are
covered in the first sections of this paper. The fundamental methods of animal forensics, including as
chemical profiling, DNA analysis, isotope analysis, and forensic entomology, are studied in detail. These
methods are essential for identifying species from biological samples and analyzing illegal wildlife trade
and poaching. There is also discussion of the various difficulties faced by wildlife forensic scientists. The
restrictions imposed by resources and technology are examined, along with issues pertaining to sample
collection, preservation, legal and ethical considerations, and more. In spite of these obstacles, forensic
investigations are now much more accurate and efficient because to technological breakthroughs; this
analysis examines these developments and their possibilities going forward. Another important area of focus
is how legislation and politics affect wildlife forensic science. The paper addresses the ways in which laws
protecting wildlife have been impacted by forensic science and emphasizes the value of interdisciplinary
cooperation between scientists, law enforcement, and environmentalists. The analysis concludes by
highlighting the wider significance of wildlife forensic science for the preservation of ecosystems and
biodiversity. It highlights current study topics and forecasts future trends, urging more funding and public

awareness to strengthen the field's influence on international conservation initiatives.

Keywords: Wildlife Forensic Science, Forensic Entomology , Wildlife crime, Poaching Investigation,

Conservation Law Enforcement
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INTRODUCTION

Figure 1 WILDLIFE FORENSIC

Utilizing scientific techniques to examine crimes against wildlife, such as poaching and illegal trafficking,
wildlife forensic science is crucial for both law enforcement and conservation ™. Methods such as chemical
profiling and DNA analysis supply evidence that is essential for prosecuting criminals and preventing
similar crimes in the future?!. Wildlife forensics informs conservation policy and increases public awareness
of biodiversity concerns in addition to its legal ramificationst®!. The significance of safeguarding endangered
species and their habitats is emphasized by high-profile cases and media attention®l. Additionally, the field

promotes global collaboration in the fight against wildlife trafficking!®..
SCOPE

The field of wildlife forensic science encompasses a wide range of scientific disciplines and procedures that

are essential for addressing crimes involving wildlife.

> Identification of species from biological samples is crucial in cases of poaching and illegal trade.

> Methods like chemical profiling and DNA analysis are utilized for this purpose

> Investigating insect activity on animal carcasses to ascertain the time of death and other pertinent
information is known as forensic entomology !

> Isotope Analysis helps in tracking geographic origins and migration patterns through the analysis of
isotopic fingerprints in animal tissues [}

> Chemical profiling is the process of identifying chemical signatures that can be used to track down

the source of illegal wildlife items or link suspects to crime scenes !
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IMPORTANCE IN CONSERVATION AND LAW ENFORCEMENT

Figure 2 IMPORTANCE IN CONSERVATION

CONSERVATION

> STRENGTHENING LEGAL PROTECTION: Strong evidence backs up the application of
international treaties like CITES (Convention on International Trade in Endangered Species of Wild Fauna
and Flora) and legislation protecting wildlife 1.

> SUPPORTING CONSERVATION POLICIES: Using data from scientific studies to illustrate the
scope and consequences of wildlife crimes for biodiversity in order to inform policy decisions 91,

> INCREASING PUBLIC KNOWLEDGE: Public awareness of the value of preserving endangered
animals and their habitats is increased by high-profile instances and media coverage of forensic

investigations 41,
LAW ENFORCEMENT

> CRIMINAL PROSECUTION: Presenting indisputable proof that can enable wildlife offenders to be
successfully prosecuted, hence discouraging further offenses [,

> CROSS-BORDER COLLABORATION : In order to combat wildlife trafficking, which frequently
involves intricate, worldwide networks, cross-border collaboration is facilitated ! .

> RESOURCE ALLOCATION: Aiding authorities in setting priorities for their efforts and resources
according to scientific data on the areas where wildlife crimes are most common and destructive [,
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HISTORY AND EVOLUTION OF WILDLIFE FORENSIC SCIENCE
ORIGIN OF WILDLIFE FORENSIC SCIENCE

The necessity to stop the illegal wildlife trade and poaching emerged in the late 20th century, which is when
wildlife forensic science first emerged. Initially, physical traits and crude biochemical techniques were used
to identify species and determine the origin of animal products. The primary forces behind the early
initiatives were biologists and environmentalists who realized that enforcing animal protection regulations
required the use of scientific concepts. The science of molecular biology underwent a revolution in the
1980s with the introduction of DNA profiling tools. During this time, DNA analysis for species
identification was first used. This greatly improved the capacity to connect biological samples to particular

individuals or populations, strengthening the evidence in wildlife crime investigations 14,

NOTABLE ACCOMPLISHMENTS IN THE 1980S DNA PROFILING DEVELOPMENT FIELD
The development of DNA sequencing and polymerase chain reaction (PCR) technologies made it
possible to precisely identify and individualize species from minuscule biological samples [*21. This research

provided irrefutable DNA proof, which made it easier to prosecute poachers and traffickers.

THE 1990S SAW THE ESTABLISHMENT OF WILDLIFE FORENSIC LABORATORIES

A number of nations have created forensic laboratories specifically focused on animal crimes. One
such facility is the U.S. Fish and animal Service Forensics Laboratory, which is the first full-service forensic
laboratory globally 3. The infrastructure and knowledge required to address wildlife issues methodically

were supplied by these facilities.
IN THE 2000S, THE INTEGRATION OF FORENSIC ENTOMOLOGY

Scientists have been able to estimate post-mortem intervals and comprehend ecological interactions through
the use of forensic entomology in wildlife investigations. This has made it easier to investigate wildlife

deaths and poaching situations 41,
PROGRESS IN ISOTOPE ANALYSIS IN THE 2010S

An effective method for determining the geographical origin and migratory habits of animals is isotope
analysis. This method has proven useful in tracking the flow of animal items that are being traded illegally

and connecting them to certain places [*°1,

UTILIZING TRACE ELEMENT ANALYSIS AND CHEMICAL PROFILING IN THE 2010S
When it comes to determining the composition and provenance of wildlife items like rhino horn and
ivory, chemical profiling and trace element analysis have become essential tools. These techniques have

made it easier to identify the origin of illicit animal products and link them to specific geographical areas
[16]

IJNRD2408082 International Journal Of Novel Research And Development (www.ijnrd.org)



http://www.ijrti.org/

© 2024 IJNRD | Volume 9, Issue 8 August 2024| ISSN: 2456-4184 | ]NRD.ORG

GLOBAL PARTNERSHIPS AND INITIATIVES (2020S)

The creation of global partnerships and databases, such the Wildlife DNA Database, has made it easier to
share genetic data between countries. By enabling nations to collaborate more successfully this cooperation
has bolstered the international campaign to combat wildlife crime 161,

TECHNIQUES IN THE FORENSICS OF WILDLIFE

DNA EXAMINATION

The foundation of wildlife forensic research is DNA analysis, which makes accurate population
assignment, individualization, and species identification possible. Forensic scientists can examine genetic
material from a range of biological samples, such as blood, tissue, hair, and bones, using methods like
polymerase chain reaction (PCR), DNA sequencing, and DNA barcoding . This strategy has been helpful

in connecting stolen animals to particular areas and populations, giving law enforcement vital proof 1]

ANALYSIS OF ISOTOPES

Analyzing isotopes entails calculating the proportions of stable isotopes in biological tissues, such as
carbon, nitrogen, and oxygen. By comparing isotopic fingerprints to established environmental baselines,
this method assists in determining the geographic origin and migration patterns of animals ™° ! . Isotope
analysis, for instance, can help with the investigation of the illegal wildlife trade by identifying whether an

ivory sample came from a certain area of Africa 2% ,

CHEMICAL EVALUATION

The process of chemical profiling entails locating particular chemical markers or molecules in
biological samples. Analyzing trace elements and chemical compositions is done with methods like liquid
chromatography-mass spectrometry (LC-MS) and gas chromatography-mass spectrometry (GC-MS) 2%
This technique is also helpful for determining the origin of animal products, such as differentiating between

ivory that is legal and unlawful 22

FORENSIC ENTOMOLOGY

Studying insect activity on animal remains to determine post-mortem intervals and comprehend
decomposition processes is known as forensic entomology in the field of wildlife forensics . Insects have a
consistent pattern of colonizing carcasses, and their presence can reveal important details about the cause

and timing of death. This method has been used to look into situations of wildlife trafficking and poaching
[23]
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NEW TECHNOLOGIES

> ENVIRONMENTAL DNA (EDNA) : Analysis can identify DNA in environmental materials such

as soil, water, and air. This makes it possible to monitor non-invasive species and identify illicit activities?*

> NEXT-GENERATION SEQUENCING (NGS) : High-throughput DNA sequencing is made
possible by next-generation sequencing (NGS), which makes it possible to analyze complicated genetic data
from several samples at once 2°!

> DIGITAL FORENSICS: Using cyber monitoring and geospatial technology, digital forensics tracks
illegal wildlife trade routes and keeps an eye on internet networks involved in wildlife trafficking 2!

INVESTIGATION OF THE CRIME SCENE IN WILDLIFE

CRIMES AGAINST WILDLIFE

Figure 3 CRIMES AGAINST WILDLIFE

Crimes related to wildlife comprise a variety of unlawful actions, such as poaching, trafficking, and the
illicit exchange of wildlife and its byproducts. These actions disturb ecosystems, put species in jeopardy,

and pose serious dangers to biodiversity.

POACHING

Figure 4 POACHING

IJNRD2408082 International Journal Of Novel Research And Development (www.ijnrd.org)



http://www.ijrti.org/

© 2024 IJNRD | Volume 9, Issue 8 August 2024| ISSN: 2456-4184 | INRD.ORG

Poaching is the illegal taking of wildlife for the purpose of selling its body parts, such as tiger pelts, rhino
horns, and ivory, usually aimed at endangered species 2] . Poaching threatens not just local businesses that
depend on ecotourism but also conservation efforts and wildlife populations.

TRAFFICKING

Figure 5 TRAFFICKING

The illegal cross-border trade in wildlife, fueled by the desire for luxury goods, exotic pets, and traditional
remedies %81, Since networks of organized crime are frequently connected to the trafficking of wildlife, this

is a worldwide problem requiring international cooperation.

ILLEGAL TRADE

Figure 6 ILLEGAL TRADE

It is the unlicensed sale and distribution of wildlife and products derived from it, circumventing legal
frameworks intended to keep species from being overfished®! . By dispersing zoonotic diseases, this trade

endangers not only the health of the general populace but also wildlife.
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THE SIGNIFICANCE OF FORENSIC SCIENCE IN INVESTIGATING WILDLIFE
CRIME SCENES

Figure 7 INVESTIGATING WILDLIFE CRIME SCENES

Considering forensic science offers the methods and instruments required to collect and examine evidence,
it is essential to the investigation of crimes involving wildlife. In the investigation of wildlife crime scenes,

forensic science plays a role that includes
SPECIES IDENTIFICATION

The process of identifying species from biological materials, such as blood, tissue, hair, and bones, using
DNA analysis. Establishing a connection between seized wildlife items and particular species and

populations is crucial as it furnishes tangible proof for legal proceedings 2]
GEOGRAPHIC ORIGIN TRACING

By analyzing the isotopic fingerprints in animal tissues, isotope analysis assists in tracing the geographic
origin of wildlife products. This method can help with the examination of illicit trade channels by

determining whether an ivory sample came from a certain area of Africa £,
CHEMICAL PROFILING

Trace elements and chemical compositions in wildlife products are analyzed using methods such as liquid
chromatography-mass spectrometry (LC-MS) and gas chromatography-mass spectrometry (GC-MS). This
technique can identify animal products that are lawful and those that are banned and connect them to

specific geographical areas (31

DETERMINING THE TIME OF DEATH

Post-mortem intervals are estimated by forensic entomology, which examines insect activity on animal
remains. The time and circumstances of poaching episodes can be ascertained with the use of this

information 32
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EMERGING TECHNOLOGIES

Next-generation sequencing (NGS), digital forensics, and environmental DNA (eDNA) analysis are
expanding the possibilities for wildlife crime investigations. These technologies enable high-throughput

genetic analysis, tracing of illegal wildlife trade networks, and monitoring of non-invasive species!®!

IDENTIFICATION OF SPECIES IN WILDLIFE FORENSICS

Figure 8 SPECIES IN WILDLIFE FORENSICS

Wildlife forensics uses a variety of approaches for species identification, each with pros and cons. DNA
barcoding is a popular method for identifying species from a variety of biological samples, including blood,

tissue, hair, and bones. It works by using a brief genetic sequence from a defined section of the genome B34

In order to analyze damaged or trace samples, which are typical in wildlife forensic investigations,
polymerase chain reaction (PCR) amplifies particular DNA fragmentst®! . High-throughput sequencing is
made possible by next-generation sequencing (NGS), which offers thorough genetic information and is

especially helpful for assessing complicated or mixed samples that may contain many species I

But these techniques have drawbacks, include handling deteriorated materials, which might produce results
that are unclear or incomplete Bl and hybridization, which can obfuscate genetic differences between
species B8 . Furthermore, reliable identification may be hampered by certain genetic markers' inability to

differentiate closely related species with enough resolution

These methods' drawbacks include their dependence on thorough and reliable reference databases, which

might not adequately represent a wide range of species, particularly uncommon or recently found ones 1,
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The use of advanced genetic techniques is restricted to areas with high biodiversity and wildlife crime rates

due to their high cost and need for specialized equipment and knowledge[*!!

Moreover, the acquisition and application of genetic material from wildlife must adhere to intricate ethical

and legal protocols, particularly in global settings where legislation differ (42

A COMPREHENSIVE OVERVIEW OF FORENSIC ENTOMOLOGY IN
WILDLIFE FORENSICS

Figure 9 FORENSIC ENTOMOLOGY IN WILDLIFE FORENSICS

Wildlife forensics heavily relies on forensic entomology, the study of insects and their life stages on

decaying corpses. It provides insightful information on a range of wildlife crime investigative topics.

APPLICATION

Wildlife forensics uses forensic entomology to investigate the circumstances surrounding an animal's
death. Using the kinds and stages of development of insects found on a cadaver, forensic entomologists can
obtain important information regarding the circumstances and timing of death. Determining the moment of
death is crucial for legal processes in cases of poaching, unlawful hunting, and other crimes involving

wildlife*3 . This information is crucial in these situations.
ESTIMATING THE PROBABILITY OF DEATH TIME

The assessment of the post-mortem interval (PMI), or the amount of time since the animal's death, is one of
the main uses of forensic entomology in wildlife forensics. The presence and developmental stages of
insects, which colonize decomposing remains in a predictable succession, can be utilized to estimate the
PMI. Blowflies, for example, are usually among the first insects to settle on a cadaver, and the growth stages
of their larvae might reveal the approximate time of death. When tissue analysis or other methods of

estimating the PMI are not practical because of the state of the remains, this method is especially helpful 14
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ADDITIONAL BENEFITS

In addition to PMI calculation, forensic entomology can be used to establish whether an animal was
relocated after it was killed based on the presence of bug species that are not normally present in the region
where the remains were discovered. If particular insect species are linked to particular kinds of wounds or
trauma, it may also shed light on the cause of death. Furthermore, because temperature and habitat have an
impact on insect activity and development, forensic entomology helps to determine the environmental

factors around the death [*®!

CHALLENGES

Numerous obstacles prevent wildlife forensics from effectively investigating and prosecuting crimes
involving wildlife. Degradation of biological materials is a significant obstacle that can make DNA
extraction and analysis more difficult. Genetic material is commonly destroyed in samples taken from
animals that have been poached because of their frequent exposure to harsh environmental conditions “¢
The scarcity of thorough reference databases, which are necessary for precise species identification, is
another problem. Matching unknown samples might be challenging because many species, especially those
that are uncommon or recently discovered, might not be listed in these databases (1 . Furthermore, efforts to
identify species can be complicated and genetic differences obscured by hybridization, or the interbreeding
of multiple species (8]

TECHNOLOGICAL ADVANCEMENT

Innovations in technology have greatly expanded the potential of wildlife forensic investigations. High-
throughput DNA sequencing is made possible by next-generation sequencing (NGS), which also makes it
possible to analyze complicated or mixed samples and provides thorough genetic information 191 . By
analyzing the isotopic fingerprints in animal tissues, isotope analysis has also progressed, aiding in the
geographic origin traceability of wildlife products. For locating routes used in illegal commerce, this method
is quite helpfull B% . Furthermore, two cutting-edge technologies that provide non-invasive species
monitoring and tracing of illegal wildlife trade networks are environmental DNA (eDNA) analysis and

digital forensics B2

LAW AND POLICY

} I

Figure 10 LAW AND POLICY FOR WILDLIFE
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To prevent wildlife crimes and aid forensic investigations, effective policy and regulation are
essential. A legal framework for controlling the trade in endangered species and their products is provided
by laws safeguarding wildlife, such as the Convention on International Trade in Endangered Species of
Wild Fauna and Flora (CITES) B .| These regulations are necessary to ensure that forensic evidence
pertaining to wildlife is acceptable in court and to prosecute perpetrators. International collaboration and
enforcement, however, may face difficulties due to disparate country rules. Hence, in order to address the
global nature of wildlife crimes, it is imperative to harmonize wildlife protection regulations and improve

cross-border coordination 2!
MULTIDISCIPLINARY COOPERATION

For wildlife forensic investigations to be successful, interdisciplinary cooperation is essential. Combating
wildlife crimes is more effective when scientists, law enforcement, and environmental organizations work
together. The technical know-how required to evaluate evidence is supplied by forensic scientists, and law

enforcement organizations make sure that this evidence is utilized successfully in court.

Environmental groups are essential in educating the public and promoting stricter laws protecting
wildlife [ Additionally, working together with international organizations and non-governmental groups
can facilitate cross-border coordination of operations as well as the sharing of resources and information,

resulting in more thorough and complete approaches to the investigation and prevention of wildlife crime [,

Wildlife forensic science plays a crucial role in the preservation of ecosystems and biodiversity. This
field not only aids in the enforcement of laws protecting wildlife but also provides critical insights into the
dynamics of wildlife populations and ecosystems. By accurately identifying species involved in wildlife
crimes, forensic science helps to curb illegal activities such as poaching and trafficking, thereby contributing
to the conservation of endangered species and the maintenance of ecological balance [1]

DISCUSSION

To prevent wildlife crimes and preserve biodiversity, wildlife forensic science is essential. Advanced
scientific methods such as DNA analysis, isotope analysis, and forensic entomology are combined to
improve species identification, the determination of origins, and the investigation of animal crimes. The
accuracy and effectiveness of forensic investigations are greatly increased by technology improvements and
interdisciplinary cooperation, even in the face of obstacles like deteriorating samples and scarce resources.

CONCLUSION

The importance of wildlife forensic science goes beyond legal enforcement to protect biodiversity
and ecosystems. To maximize the field's influence on global conservation initiatives, more funding and

public awareness are needed to address both future trends and existing study subjects.
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