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INTRODUCTION

ABSTRACT

Wildlife crime, including illegal poaching, trafficking, and the trade in endangered species, has escalated into one of the
most pressing global threats to biodiversity and ecosystem integrity. These illicit activities have profound and far-reaching
consequences, contributing to the depletion of critical species, destabilization of ecosystems, and disruption of ecological
balance. The complexity and transnational nature of wildlife crime, coupled with the involvement of organized criminal
networks, have increasingly challenged traditional law enforcement mechanisms, rendering them insufficient in addressing
the scale of the issue. Consequently, the application of forensic science in wildlife crime investigations has emerged as a
vital tool for providing irrefutable scientific evidence to support the prosecution of offenders.

Wildlife forensics, a specialized discipline that combines zoological research with forensic science, is pivotal in bridging
the gap between criminal justice and biodiversity conservation. This paper critically examines the role of wildlife forensics
in the investigation, identification, and prosecution of wildlife crimes, with a particular focus on advanced forensic
techniques such as DNA analysis, stable isotope analysis, and morphometric identification. These methods not only enable
the precise identification of species involved in illegal trade but also facilitate the tracing of wildlife products to their
geographical origins, thereby establishing strong links between criminals and illicit activities.

Through a detailed exploration of relevant case studies, legal frameworks, and forensic methodologies, this study
demonstrates how wildlife forensics has been successfully employed to secure convictions and dismantle transnational
criminal syndicates engaged in poaching and trafficking. The analysis highlights the growing significance of
interdisciplinary collaboration between forensic scientists, legal professionals, and policymakers, which is crucial for the
effective enforcement of wildlife protection laws. Furthermore, the paper underscores the transformative potential of
wildlife forensics in enhancing global wildlife law enforcement efforts, ensuring justice for endangered species, and

strengthening legal accountability for wildlife crimes.

Wildlife crimes have emerged as a major global issue, endangering
species, destabilizing ecosystems, and threatening biodiversity on

The environment provides the very foundation of sustainable
development, our health, food security as well as our economies.
Clean water supply is provided by our ecosystems as well as clean
air and secure food and finally physical as well as mental well-
being. A natural resource provides livelihoods, jobs and revenues
to the government which would be used for education, medical
facilities, and development and helps to prepare sustainable
business models. In 2015, environment role has been recognized
across internationally agreed sustainable development goals. In
today’s date, environmental crime is rapidly increasing day by day
which is endangering not only wildlife populations but the entire
ecosystems, sustainable livelihoods and revenue streams to
governments. Environmental crime specially Wildlife crime more
specific; includes offenses like poaching, illegal wildlife trade,
trafficking of endangered species, hunting violations, etc.

an unprecedented scale. These crimes, which encompass illegal
poaching, wildlife trafficking, habitat destruction, and trade in
endangered species, have not only intensified in frequency but
also in sophistication. According to the UNODC, wildlife crime is
ranked as the fourth largest transnational crime, surpassed only
by drug trafficking, counterfeiting, and human trafficking
(UNODC, 2020). This has posed significant challenges for
traditional law enforcement frameworks, highlighting the critical
need for advanced scientific methods to bolster legal
investigations and prosecutions.

The growing complexity and scale of wildlife crime necessitate
the integration of multidisciplinary approaches, wherein forensic
science, specifically wildlife forensics, has proven indispensable.
Wildlife forensics, an evolving subfield of forensic science,
combines zoological research and legal principles to provide
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scientific evidence that supports the prosecution of wildlife
offenders. The primary aim of wildlife forensics is to link
individuals and organizations to illicit wildlife trade, poaching, or
other related crimes through scientifically verified and legally
admissible evidence.

1.1. Definition of Wildlife Crime:

Wildlife, in its literal meaning, refers to the wild fauna and flora
of a region. The term “wildlife” was first used by the famous
American zoologist William Temple Hornaday in his book Our
Vanishing Wildlife (Its Extermination and Preservation), published
in 1913. It was only in the 1930s that the term "wildlife" was
written as a single word (Hornaday, 1913).

According to the Wildlife (Protection) Act, 1972, wildlife is
defined as "any animal, aquatic or land vegetation which forms
part of any vegetation” (Government of India, 1972). This
definition is broad and encompasses both animal and plant life.

ILLEGAL
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ENDANGERED SPECIES

i |

When any offense is committed against the life mentioned above,
it is considered a wildlife crime, though the term "wildlife crime”
is not specifically mentioned in the Act itself.

As wildlife protection legislation has evolved from colonial times
Forest Act to Constitutional Provisions of conservations to penal
liability in Wildlife Act, there has been a subsequent increase in
cases appearing in Court. There are so many provisions in
legislation still there are sweeping difference in the number of
cases registered and actual conviction materialize in such
matters. The Wild Life (Protection) Act, 1972 defines different
actions and omissions as wildlife crime but as the world become
globalised such crimes also turn out to be a globalised crime and
it is considered as an organised crime which is fourth largest crime
in money value term after crime related to drugs, but our laws
still country centric in implementation which need to be
transform.

ILLEGAL
PET TRADE

Figure 1: Major forms and impacts of wildlife crime, including poaching, trafficking, and habitat destruction.

Source: TRAFFIC. (2019). Wildlife crime: A serious crime with
serious consequences. TRAFFIC International.
https: //www.traffic.org

1.2. The Global Scope of Wildlife Crime

Wildlife crime is a pervasive issue that transcends borders,
involving complex networks of poachers, traders, and consumers.
The illegal wildlife trade (IWT) has become one of the most
lucrative criminal industries globally, generating billions of dollars
annually. The trade often targets species that are already
endangered or at risk of extinction, exacerbating the biodiversity
crisis. The illicit trade in tiger parts, rhinoceros’ horns, ivory, and
pangolins is particularly notorious, with organized criminal

syndicates these activities national
boundaries.

In addition to poaching and trafficking, habitat destruction
resulting from illegal logging, mining, and urban development
further exacerbates the threat to wildlife. These crimes not only
harm the animals directly but also disrupt the ecosystems upon
which countless species depend. The complex nature of wildlife
crime, combined with the involvement of transnational criminal
organizations, demands a sophisticated approach to
enforcement—one that integrates advanced scientific techniques

with legal frameworks.

orchestrating across

Wildlife Crime Data in India:
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State-wise Number of Elephant Deaths due to Poaching (2019-20 to 2023-24)
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Figure 2. Here’s the grouped bar chart showing state-wise Source: Government of India. (n.d.). Open Government Data
elephant deaths due to poaching from 2019-20 to 2023-24. (OGD) Platform India. National Informatics Centre.
Each group of bars represents a year, with each bar indicating
the number of deaths for a specific state.
https://www.data.gov.in/
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Figure 3. Year-wise Details of Tiger Deaths reported by States Source: Government of India. (n.d.). Open Government Data
due to Poaching, Seizure and Unnatural Causes from 2021 to (OGD) Platform India. National Informatics Centre.
2024 https://www.data.gov.in/
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Recent Wildlife Crime Data in India (Last Decade and 2021-2023)
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Figure 4. Here’s a graphical representation of the recent
wildlife crime data in India:

e The left chart shows the number of individuals
arrested and animals trafficked in the past decade.

e  The right chart highlights seizures of exotic wildlife
at airports and land borders between 2021 and 2023.

2. Defining Wildlife Forensics: Scope and Applications
The word “forensic” has its roots in the Latin word “forenses”
which means a forum. Back in early Rome, a forum referred to a
public place where judicial proceedings and debates were held.
Thus, the origin and the very definition of ‘forensic science’ points
to its close association with the legal system. Forensic Science
involves the collection, preservation, and analysis of evidence
suitable for prosecuting an offender in the court of law. Forensic
science is an applied discipline concerned with the controlled use
of analytical scientific methods to generate evidence in relation
to legal proceedings. The forensic scientist addresses the needs of
prosecution or defense investigators, by applying appropriate
tools to answer questions that arise during the investigation or
prosecution of a case. The illegal wildlife trade threatens the
existence of stable wildlife populations. The underground and
covert nature of WLC makes it difficult to enforcement agencies.
In such situations use of different genetic tools to identify the
origins of wildlife during transport. It increased focus on
enforcement in a few areas could help interpose criminal
activities and reinstate wildlife populations.
While tackling such crimes, investigative questions may relate to
both the identification of the perpetrators and, importantly, the
identification of the wildlife product in trade. The former is the
subject of traditional forensic analyses, such as human DNA
profiling or ballistics, while the latter is the subject of wildlife
forensics. These categorizations are not entirely fixed within the
forensic community, but are generally considered the best rule of
thumb.

3. Wildlife Forensics: A Critical Tool in Law Enforcement
Wildlife forensics offers essential tools in the fight against wildlife
crime. By applying rigorous scientific methods, wildlife forensics
provides crucial evidence that can be used in court to link
criminals to specific wildlife crimes. The role of forensics in
wildlife law enforcement can be broken down into several key
areas:

1. DNA Barcoding and Sequencing: Unlocking Species Identity
One of the most powerful forensic tools in wildlife crime
investigations is DNA analysis. DNA barcoding, which involves
analyzing short genetic markers in a species’ mitochondrial DNA,
allows scientists to precisely identify species from even small or
degraded biological samples, such as feathers, scales, or hair. This
technique has been instrumental in identifying illegally traded
wildlife products, such as rhino horns, ivory, and tiger skins, even
when the evidence has been processed or altered to obscure its
origin (Alacs et al., 2010). DNA sequencing also aids in confirming
the geographic origin of wildlife products, thereby linking them to
specific poaching sites or criminal networks.
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Exotic Wildlife Trafficking (2021-2023)

Land Border Seizures

Airport Seizures

Sources: The Hindu. (2024, April 15). India, four other nations
plan coordinated crackdown on wildlife traffickers using
Interpol channels. https://www.thehindu.com/sci-tech/energy-
and-environment/india-four-other-nations-plan-coordinated-
crackdown-on-wildlife-traffickers-using-interpol-
channels/article67884691.ece.

For instance, in the case of tiger poaching, DNA samples collected
from seized pelts have been matched with DNA databases,
enabling law enforcement agencies to trace the source of the
poaching to specific wildlife reserves. This direct link between
crime scenes and wildlife forensics enhances the ability of law
enforcement agencies to make arrests and secure convictions
(Harper et al., 2013).

2. Stable Isotope Analysis: Tracing Geographic Origin

Stable isotope analysis is another invaluable tool in wildlife
forensics. By analyzing isotopic signatures in animal tissues,
scientists can trace the geographical origin of wildlife products.
This is particularly useful in cases where wildlife products such as
elephant ivory, rhino horns, or pangolin scales are seized in transit
but lack any clear identification of their origin. Isotope signatures
are unique to the region where the animal was born and raised,
enabling forensic experts to determine the habitat of origin, even
when the product has been transported across borders.

This method has been employed in cases involving elephants and
rhinos, where ivory and horns were traced back to specific regions
in Africa and Asia, helping to dismantle transnational trafficking
networks. Stable isotope analysis not only strengthens cases
against poachers and traffickers but also provides vital
intelligence that can be used to disrupt criminal syndicates
operating across borders.

3. Morphometric and Osteological Comparisons: ldentifying
Species Without DNA

In cases where DNA is unavailable or degraded, morphometric and
osteological analysis becomes crucial. By examining the size,
shape, and structure of bones, skulls, or other animal remains,
forensic experts can identify species and confirm whether the
remains belong to protected or endangered species. For example,
the analysis of elephant tusks and bones can distinguish between
tusks from elephants poached for ivory and tusks of elephants
found naturally dead.

This technique is particularly valuable in cases where forensic
samples, such as those from the African lion, may be difficult to
match using DNA alone. Morphological analysis has been used
successfully in identifying elephant ivory seized in illegal trade,
providing irrefutable evidence of wildlife crime in judicial
proceedings (Wildlife Institute of India Report, 2012).

4. Toxicology and Histopathological Analysis: Investigating
Causes of Death

In wildlife crime investigations, toxicology and histopathology are
often used to determine the cause of death in animals. Forensic
pathologists analyze tissues to detect the presence of poisons,
toxins, or chemicals, which can help determine whether an animal
was intentionally poisoned or killed by other means. In cases of
wildlife poisoning, such as the poisoning of vultures with
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diclofenac or the deliberate poisoning of tigers, histopathological
analysis plays a critical role in identifying the toxins used and
linking the poisoning to specific individuals or organizations.
Organs, body fluids may be used as sample products in
toxicological investigations.

a. Blood/serum: useful in medicine and detection of certain heavy
metals.

b. Liver: beneficial for
pharmaceuticals
c. Kidney: useful for heavy metals and pharmaceuticals.

d. Brain: good for gauging enzyme activity in organophosphate
poisoning

e. Lung: good for inhaled toxins
f. Hair/feathers: can disclose intoxication time frame
g. Stomach contents/crop contents in birds/vomitus: useful for
detecting topical toxin ingestion, particularly if highly toxic
substances that cause acute death are suspected.

h. Baits: if there is a suspicion of illegal baiting

i. Carcass insects: Useful if the corpse is cruelly degraded; may
only indicate the presence or absence of toxin; Toxins may take
out from eggs, pupae, and pupa cases.
Toxicology also plays a key role in investigations involving wildlife
electrocution, a growing threat to species like elephants, which
are often killed by poorly maintained electric fences. By
examining tissue samples for burns or signs of electrocution,
wildlife forensics can help determine the cause of death and link
it to a criminal activity.

5. Footprints Analysis
Wildlife footprints are crucial evidence in forensic research.
Footprints are the imprints of an animal's foot on areas where it
walks or in captivity. The pattern and scale of the footprints are
used to determine the species type and age. The detection of
undetectable tracks on hard surfaces is a serious difficulty for
species identity based on footprint impressions, and these
footprint locations are frequently contaminated by the presence
of other animals.

6. Microscopy

Microscopy involves morphology, elemental analysis and cuticular
scale pattern of the hair. Hair plays an important role which can
be used in identification of the species. Scanning Electron
Microscope (SEM) can be used for the identification of the animals
based on hair evidences. SEM provides higher range of
magnification and coupled Energy Dispersive Spectra (EDS) which
will be helpful in the identification of geographical region by
elemental analysis like Sodium, Potassium, Calcium and Sulphur.

Hair scale pattern of different types of species have been
described in Australia and Europe for the mammalian species.
Microscopic techniques require samples for microscopic
examination in well preserved which is a limitation of this
technique.

7. Radiography
Forensic radiography (i.e. the use of x-rays) is a crucial and
mostly used complementary examination tool in forensic
examinations. Various abnormalities and thus evidences may be
documented with this method, the most significant being:

« Foreign objects (projectiles, projectile parts/-abrasion, etc.)
Metal residues like steel or lead show high opacity in radiographs
and small fragments of them can be detected by radiography.
Copper, mostly used as a jacketing material for bullets which is
less opaque and more difficult to detect. Dirt on the skin of soiled
carcasses or grit in the stomach of birds should not be confused
with bullet fragments. Radiograph is also helpful in showing metal
residues in the stomach of birds of prey that have scavenged on
hunted animals or their remains, thereby ingesting bullet remains.
One thing should be taken care that finding metal residues in a
corpse does NOT necessarily mean that the animal died due to
shooting since, especially with shotgun-pellets, these may be
retained in the body after a non-lethal shooting.

« Measurement of bone density, age determination Bone density
may provide information on the health - and the nutritional status
- of an animal. Evaluation of the epiphyseal plate or - line in long
bones sometimes help to determine the approximate age of an
animal

4, Legal Frameworks and Wildlife Forensics

Heavy metals, chemicals, and

The integration of wildlife forensics with legal frameworks has
proven crucial in prosecuting wildlife crime. National and
international laws provide the legal basis for investigating and
prosecuting wildlife criminals, while wildlife forensics supplies the
scientific evidence needed to support these cases. Key legal
instruments include:

1. International Legal Frameworks: CITES and the Convention
on Biological Diversity

At the forefront of global wildlife governance, two international
legal instruments—the Convention on International Trade in
Endangered Species of Wild Fauna and Flora (CITES) and the
Convention on Biological Diversity (CBD)—serve as foundational
frameworks for the regulation of biodiversity and wildlife
conservation across jurisdictions. These conventions have
significantly influenced the evolution of domestic legal systems in
relation to environmental protection and the enforcement of
wildlife crime statutes.

A. CITES: A Regulatory Instrument for Wildlife Trade

Adopted in 1973 and entering into force in 1975, CITES was
established in response to the growing international concern over
the unsustainable exploitation of wild fauna and flora through
international trade. CITES operates by listing species in three
appendices based on the degree of protection they require.
Appendix | includes species threatened with extinction and
prohibits international trade in specimens of these species except
under exceptional circumstances; Appendix Il includes species not
necessarily threatened with extinction, but for which trade must
be controlled; and Appendix Il contains species that are protected
in at least one country that has asked other CITES Parties for
assistance in controlling the trade (CITES, 2024).

CITES is distinctive among international environmental
agreements in that it directly regulates international trade
through a permit system, without requiring domestic
implementation legislation—although in practice, most member
states have enacted enabling statutes. Through a licensing
mechanism and a system of monitoring compliance via national
management and scientific authorities, CITES has contributed to
reducing illicit trade in endangered species and increasing global
awareness of biodiversity loss (Reeve, 2002).

Moreover, the role of CITES in shaping national enforcement
mechanisms cannot be understated. Many countries have adopted
domestic legislation that criminalizes violations of CITES
obligations, including the unauthorized export, import, and re-
export of listed species. The convention also emphasizes
international cooperation among customs, police, and wildlife
enforcement agencies, a goal that has become increasingly
critical with the rise of transnational organized wildlife crime
(Scanlon, 2011).

B. The Convention on Biological Diversity: A Holistic Approach
to Biodiversity Conservation

Complementing the trade-focused approach of CITES, the
Convention on Biological Diversity (CBD), signed at the 1992 Earth
Summit in Rio de Janeiro and entering into force in 1993, adopts
a broader, ecosystem-based approach to biodiversity
conservation. The CBD sets out three primary objectives: the
conservation of biological diversity, the sustainable use of its
components, and the fair and equitable sharing of benefits arising
from genetic resources (CBD, 2024).

Unlike CITES, which is narrower in scope and trade-centric, the
CBD provides a comprehensive framework addressing the root
causes of biodiversity loss. It obliges Parties to develop national
biodiversity strategies and action plans (NBSAPs), integrate
biodiversity considerations into other sectoral policies, and
engage in ex-situ and in-situ conservation efforts. The CBD's
flexible implementation model allows member states to tailor
their conservation strategies to local ecological, social, and
economic contexts (Glowka et al., 1994).

Importantly, the CBD has spawned significant protocols that
expand its normative scope, such as the Cartagena Protocol on
Biosafety and the Nagoya Protocol on Access and Benefit-Sharing.
These instruments address emerging issues in biotechnology and
genetic resource use, further entrenching the CBD’s role as a
central pillar of global biodiversity law (Morgera & Tsioumani,
2010).

C. Synergistic Impacts and Global Enforcement

e

82



Though distinct in their primary focus areas—CITES on trade
regulation and the CBD on biodiversity conservation—the two
conventions are complementary. CITES contributes to the CBD’s
objectives by preventing over-exploitation through international
trade, while the CBD reinforces CITES through habitat protection
and national conservation planning. Their synergy is vital in
shaping comprehensive national wildlife protection laws and
promoting coordinated enforcement strategies at the global level
(Rosen & Smith, 2010).
International organizations such as INTERPOL, the World Customs
Organization (WCO), and the United Nations Office on Drugs and
Crime (UNODC) have increasingly leveraged both conventions to
enhance cross-border cooperation in combating wildlife crime.
Furthermore, the recognition of wildlife trafficking as a form of
transnational organized crime under the United Nations
Convention against Transnational Organized Crime (UNTOC) has
further bolstered enforcement mechanisms, with CITES and CBD
serving as foundational legal references.
2. National Legal Framework: The Wildlife (Protection) Act,
1972 and Wildlife Crime Enforcement in India
India, as one of the world’s megadiverse countries, hosts a
significant proportion of global biodiversity. In response to
escalating threats to its native flora and fauna, the Government
of India enacted the Wildlife (Protection) Act, 1972 (WPA), which
remains the cornerstone of the country’s legal regime for wildlife
conservation. The Act provides a comprehensive legal framework
for the protection of endangered species, regulation of wildlife
trade, and management of protected areas.

A. Structure and Scope of the Wildlife (Protection) Act,

1972

The WPA criminalizes a range of activities that endanger wildlife,
including hunting, poaching, capturing, poisoning, and trading of
wild animals and their derivatives. The Act categorizes species
under six schedules, with Schedule | and Il offering the highest
level of protection. Offences against species listed under these
schedules attract stringent penalties, including imprisonment and
monetary fines (MoEFCC, 2022).
Section 9 of the Act categorically prohibits the hunting of any wild
animal listed in the Schedules unless specifically permitted under
circumstances such as self-defense or population control
sanctioned by competent authorities. Furthermore, the Act
empowers both central and state governments to declare
protected areas including national parks, wildlife sanctuaries, and
conservation reserves, thereby facilitating habitat-based
conservation strategies (Menon, 2017).

B. Forensic Science in Wildlife Crime Prosecution
With the increasing sophistication of wildlife crimes—often
involving transnational networks—the Indian judiciary and
investigative agencies have begun to rely more heavily on wildlife
forensics to support prosecutions. Forensic tools such as DNA
profiling, isotope analysis, hair and bone identification, and
toxicological screening have proven instrumental in establishing
species identity, origin, and cause of death, thereby strengthening
evidentiary standards in wildlife cases (Verma et al., 2002; Singh
& Mondol, 2020).
Indian courts have progressively acknowledged the probative
value of forensic evidence in wildlife crime trials. For instance, in
Sansar Chand v. State of Rajasthan [(2010) 10 SCC 604], the
Supreme Court highlighted the importance of rigorous
enforcement and modern scientific techniques in curbing the
illegal trade of protected species. The case underscored the need
for multidisciplinary approaches involving wildlife experts,
forensic scientists, and enforcement agencies.

C. Wildlife Crime Control Bureau (WCCB): A National

Enforcement Arm

Recognizing the need for a centralized enforcement body to
coordinate efforts against wildlife trafficking, the Wildlife Crime
Control Bureau (WCCB) was established in 2007 under Section
38(Z) of the WPA. The WCCB operates under the Ministry of
Environment, Forest and Climate Change (MoEFCC) and functions
as a multi-disciplinary agency that facilitates intelligence
collection, inter-agency cooperation, and prosecution of wildlife
crimes at the national and international levels (WCCB, 2023).
The Bureau maintains a nationwide intelligence network,
conducts capacity-building for forest and police personnel, and

serves as the nodal body for liaising with INTERPOL and CITES
Secretariat. The WCCB also maintains a central database of
wildlife offenders and provides expert support for forensic
examinations and legal prosecutions. Its role has been
instrumental in numerous high-profile seizures of tiger skins,
ivory, pangolin scales, and exotic birds and reptiles smuggled into
or out of India (Kumar & Tiwari, 2019).
Moreover, the WCCB's integration with platforms such as ENVIS
(Environmental Information System) and NATGRID enables real-
time surveillance and data-sharing to track wildlife contraband.
Its efforts have been globally recognized, with the WCCB receiving
the Asia Environmental Enforcement Award from the United
Nations Environment Programme in 2018 for its exemplary work in
combating wildlife crime.

5. Admissibility and Probative Value of Wildlife Forensic

Evidence

The application of forensic science in wildlife crime investigations
has gained substantial traction over the past two decades,
transforming how courts assess and adjudicate environmental
offences.  Wildlife  forensics—an interdisciplinary  field
encompassing biology, genetics, toxicology, pathology, and
chemistry—aims to provide scientifically verifiable evidence in
support of legal proceedings against wildlife crimes such as
poaching, trafficking, and illegal possession. The increasing
incorporation of forensic evidence in judicial processes globally
has prompted critical analysis of its admissibility and probative
value in courts of law.
Admissibility of Wildlife Forensic Evidence
The admissibility of forensic evidence in legal proceedings is
governed by jurisdiction-specific evidentiary laws that assess
relevance, reliability, and the scientific validity of methods used.
In common law countries like India, the United States, and the
United Kingdom, forensic evidence is admitted based on
foundational legal tests such as the Frye Standard (1923) and the
more rigorous Daubert Standard (Daubert v. Merrell Dow
Pharmaceuticals, 1993), which evaluate whether the scientific
technique is generally accepted by the scientific community and
whether it meets criteria of testability, peer review, known error
rates, and widespread acceptance (Giannelli, 2003).
In India, the Bhartiya Sakshya Adhiniyam, 2023 (BSA) governs the
admission of expert evidence under Sections 39 and 40, which are
as follows: “ When the Court has to form an opinion upon a point
of foreign law or of science or art, or any other field, or as to
identity of handwriting or finger impressions, the opinions upon
that point of persons specially skilled in such foreign law, science
or art, or any other field, or in questions as to identity of
handwriting or finger impressions are relevant facts and such
persons are called experts”. Thus, it allows courts to consider the
opinions of persons especially skilled in fields such as biology and
chemistry(science). Wildlife forensic scientists qualify as such
experts, and courts have increasingly relied on their reports to
establish species identity, the source of animal parts, and the
cause of death (Verma et al., 2003). Although Indian courts
historically emphasized eyewitness testimony and circumstantial
evidence, recent trends indicate a shift towards greater reliance
on scientifically derived, objective evidence in environmental
crime cases (Singh & Mondol, 2020).
Probative Value and Judicial Reception
Probative value refers to the ability of evidence to prove a fact in
issue. Wildlife forensic evidence, particularly DNA analysis,
isotope profiling, and hair or tissue identification, has high
probative value due to its precision, reproducibility, and
objectivity (Ogden, 2010). In wildlife crime cases—where physical
witnesses may be absent and conventional investigative tools are
often inadequate—such evidence becomes crucial in proving
species identity, individual linkage, and trade chain
documentation.
For example, mitochondrial DNA (mtDNA) analysis has been used
successfully to trace the geographic origin of confiscated ivory,
aiding not only in prosecutions but also in informing conservation
policy (Wasser et al., 2009). Similarly, in India, cases involving
seizures of tiger skins or leopard bones have relied on DNA
barcoding and morphological comparisons conducted at
institutions like the Wildlife Institute of India (WIl) and Centre for
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Cellular and Molecular Biology (CCMB) to confirm species and
validate prosecution narratives (Singh et al., 2015).
Courts have begun to accord substantial weight to such scientific
evidence. In Sansar Chand v. State of Rajasthan [(2010) 10 SCC
604], the Indian Supreme Court underlined the importance of
forensic validation in combating wildlife trafficking, calling for an
integrated response involving scientific and legal domains.
Moreover, courts have increasingly acknowledged chain of custody
protocols, laboratory accreditation, and expert witness credibility
as essential in ensuring the reliability and admissibility of wildlife
forensic findings.
The cases in which testimony of an expert is admissible are of
two types:
1). When the conclusions to be drawn by the Court depends upon
the existence of facts which are not of common knowledge and
which are peculiarly with in the special knowledge of men whose
experience and study enables them to speak with authority up on
the subjects in question.
2). When the conclusions to be drawn by the Court depends both
upon the facts stated as well as the knowledge of the facts
themselves not within the range of ordinary intelligence. In the
first class of cases the facts are to be stated by the expert and the
conclusion is to be drawn by the Court. In the second class of cases
the expert states the facts and give his conclusions in the form of
opinion which may be accepted or rejected by the Court from
appreciation of evidence.
The credibility of the expert witness and his competency to
give opinion and the reasons given supporting it are the
material aspects in the appreciation of evidence by the Court
concerned:
(i) The test to determine competency of an expert is: Educational
background in the field; Practical knowledge in the field; Careful
analysis in arriving to the conclusion opined & Ability to explain
the expertise and how he arrived to the conclusion opined.
(ii) The test to determine credibility of an expert is: Basis of
opinion- The opinion must be based on facts and reasons there
from to support the conclusion. How far to rely there from is a
matter of appreciation in evidence by the Court. The expert
furnishes the data with reasons to his opinion there from and the
Court decides there from and from other material in evidence if
any.
(iii) The correct approach for the Court would be to weigh the
reasons on which the expert report is based and the quality of
expert’s opinion would ultimately depend upon the soundness of
the reasons on which it is founded-

6. Case Studies: Application of Wildlife Forensics in

Prosecutions

A. International:
Wildlife forensics has become an essential tool in the prosecution
of wildlife crimes. By providing scientifically reliable evidence,
forensic tools such as DNA analysis, isotope profiling, and chemical
analysis offer invaluable support to law enforcement agencies and
judicial authorities in combating illegal wildlife trade, poaching,
and habitat destruction. The following case studies highlight how
wildlife forensics has been effectively applied in various legal
contexts, showcasing its significance in upholding justice and
protecting biodiversity.
1. The Elephant Ivory Seizure Case in Kenya
One of the most notable cases involving wildlife forensics occurred
in Kenya in 2006, where a large seizure of elephant ivory was
made. The case involved more than 3 tons of ivory that were
illegally transported from Central Africa to Kenya, bound for Asian
markets. Law enforcement authorities faced a major challenge in
identifying the origins of the ivory, which was crucial for proving
the connection to illegal poaching networks.
Wildlife forensic experts at the Wildlife Conservation Society
(WCS) employed DNA analysis to establish the provenance of the
ivory. By extracting DNA from the seized ivory and comparing it to
a database of elephant populations across Africa, they were able
to trace the ivory back to specific elephant populations in central
Africa, which had been decimated by poaching. This forensic
evidence provided irrefutable proof of the illicit nature of the
ivory trade and played a key role in the successful prosecution of
the traffickers involved in the case (Wasser et al., 2009).

Significance: This case illustrates the potential of DNA analysis in
tracing the geographic origin of wildlife products, providing a
concrete link between the crime and the perpetrators, and
offering a tool for enforcing international wildlife trade
regulations like CITES (Convention on International Trade in
Endangered Species of Wild Fauna and Flora).

2. The Caviar Trafficking Case in Europe

A case in Europe in 2012 involved a major trafficking operation of
sturgeon caviar, a high-value product derived from the
endangered sturgeon species. The traffickers were illegally
exporting caviar to various markets, violating both national and
international regulations concerning the conservation of sturgeon
species.

Forensic scientists from the European Wildlife DNA Network
(EWDN) employed DNA analysis to identify the species of sturgeon
from the seized caviar samples. The analysis revealed that the
caviar originated from critically endangered species, including the
Beluga sturgeon. Furthermore, the forensic team was able to
trace the specific geographic location where the sturgeon had
been harvested, using mitochondrial DNA markers. This
information was crucial for prosecuting the individuals involved in
the illegal trafficking of endangered sturgeon products and led to
significant convictions.

Significance: This case highlights the utility of DNA-based forensic
techniques, such as species identification, in detecting and
preventing illegal wildlife trade, particularly in the context of
luxury wildlife products like caviar, where traceability is often
difficult to establish.

3. The lllegal Rhino Horn Trade in South Africa

South Africa has been grappling with rhino poaching for years,
with organized criminal syndicates driving the illegal trade of
rhino horn. One such case, involving the seizure of rhino horn in
Johannesburg in 2014, involved multiple trafficking rings. The
challenge in prosecuting the case was that the seized horns were
not linked to specific poaching incidents, and the authorities
lacked direct evidence to identify the poachers.

Wildlife forensic scientists used stable isotope analysis to examine
the chemical composition of the rhino horn. By analyzing the
isotopic signature, they were able to trace the horns back to a
specific region in South Africa, where rhinos had been illegally
poached. The results of the forensic tests played a pivotal role in
connecting the horns to specific poaching incidents, ultimately
leading to the dismantling of an international trafficking network
(Lavin et al., 2014).

Significance: This case underscores the use of isotope analysis as
a tool for geographic tracking of wildlife products, which can
provide valuable evidence in cases where traditional methods of
investigation are insufficient.

4. The Pangolin Poaching Case in Southeast Asia

Pangolins, which are heavily trafficked for their scales, are among
the most trafficked mammals in the world. In a 2018 case in
Southeast Asia, authorities intercepted a shipment containing
several tons of pangolin scales destined for illegal markets in
China. Despite the large amount of contraband, investigators
lacked direct evidence linking the shipment to specific poaching
activities.

Forensic scientists used morphological analysis and genetic
fingerprinting to identify the species of pangolin from the scales,
and also traced the origin of the pangolins to a specific region in
Southeast Asia. The evidence provided by wildlife forensic experts
was instrumental in the successful prosecution of traffickers and
the dismantling of a large-scale pangolin trafficking network
(Schoppe, 2019).

Significance: This case highlights the use of genetic fingerprinting
and morphological analysis in identifying species-specific wildlife
products, offering a vital tool in wildlife crime investigations,
especially for endangered species like pangolins.

B. National

In India, the application of wildlife forensics has emerged as a
critical component of wildlife crime investigations. The Wildlife
Protection Act, 1972 provides the legal framework for protecting
wildlife, but the increasing complexity of wildlife crime
necessitates the integration of scientific methods for effective
prosecution. Wildlife forensic science, encompassing various
techniques such as DNA analysis, stable isotope analysis, and
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chemical fingerprinting, plays a pivotal role in overcoming
challenges such as the lack of direct evidence and eyewitness
testimony. This section examines prominent case studies in India
where wildlife forensics has been instrumental in securing
convictions and dismantling illicit wildlife trade networks.

1. The Dudhwa Tiger Poaching Case (2008)

The Dudhwa Tiger Poaching Case came to light in 2008 when
multiple tiger carcasses were discovered within the Reserve. The
poaching activities were part of a larger trafficking syndicate that
operated across several states in India and extended to
international markets. The poachers used advanced methods to
kill the tigers, which included the use of traps and poison, making
it difficult for authorities to identify the criminals or establish a
link to the illegal wildlife trade.

The situation called for a comprehensive forensic investigation to
gather evidence that would hold up in a court of law. The critical
challenge faced by law enforcement was proving that the tigers
had been poached and not died of natural causes, given the
limited direct evidence at the crime scene.

In this case, forensic scientists from the Wildlife Institute of India
(WIl) and the Central Forensic Science Laboratory (CFSL)
employed several advanced forensic techniques to analyze the
evidence. DNA analysis was used to link tiger pelts seized from
poachers to specific tigers poached in Dudhwa National Park. The
DNA evidence played a crucial role in securing the conviction of
the poachers under the Wildlife Protection Act, 1972, showcasing
the power of forensic science in wildlife crime prosecutions.
Significance and Conclusion

The Dudhwa Tiger Poaching Case is a prime example of how
wildlife forensic science can be applied in the prosecution of
wildlife crimes. The integration of DNA profiling, isotope analysis,
and morphological analysis allowed authorities to overcome the
challenges of proving that the tigers had been poached, despite
the absence of direct eyewitness testimony. This case also
highlights the importance of interdisciplinary collaboration
between law enforcement agencies, forensic scientists, and
conservation experts in combating wildlife crime.

The successful prosecution of the poaching syndicate in the
Dudhwa case serves as a testament to the potential of forensic
science in wildlife crime investigations and the critical role it
plays in preserving biodiversity. The case underscores the need for
continued investment in forensic tools and resources to
strengthen wildlife law enforcement and ensure that poaching and
trafficking activities are effectively curtailed in India and globally.
2. The Tiger Poaching Syndicate in Madhya Pradesh (2010)

A significant case of tiger poaching in Madhya Pradesh involved a
syndicate engaged in the illegal killing of tigers for their pelts,
bones, and other body parts, which were subsequently trafficked
within domestic and international markets. Despite the seizure of
tiger body parts, the challenge for law enforcement was
establishing a definitive link between the seized materials and
specific poaching incidents.

Forensic investigators from the Wildlife Institute of India (WIl) and
the Centre for Cellular and Molecular Biology (CCMB) employed
DNA barcoding and genetic fingerprinting to analyze the seized
tiger bones, claws, and pelts. The DNA evidence was cross-
referenced with a national database of tiger populations,
revealing the specific geographic origin of the poached animals.
This forensic evidence provided a robust connection between the
trafficked materials and the poaching incidents, ultimately
leading to the conviction of the involved poaching syndicate (Singh
et al., 2015).

Significance: This case underscores the critical role of DNA
barcoding in species identification and the verification of
geographic origin. The forensic evidence demonstrated the
capacity of scientific methods to substantiate legal claims and
strengthen the prosecution of wildlife crimes, even in the absence
of direct eyewitness testimonies.

3. Leopard Skin Smuggling in Uttarakhand (2012)

In 2012, the state of Uttarakhand was the site of a significant
wildlife crime involving the illegal trafficking of leopard skins. A
trafficking network was uncovered, with several leopard skins
seized from the suspects. While the seized skins were valuable
evidence, law enforcement faced challenges in establishing the

species of origin and linking the skins to specific poaching
incidents.

Forensic experts from the Wildlife Crime Control Bureau (WCCB)
and affiliated institutions utilized DNA profiling and morphological
analysis to identify the species of the leopard skins. DNA analysis
confirmed that the skins belonged to Panthera pardus, the Indian
leopard, which is a protected species under the Wildlife
Protection Act, 1972. The forensic evidence, paired with physical
examinations of the skins, corroborated the link to illegal
poaching activities in Uttarakhand, resulting in the dismantling of
the trafficking network.

Significance: This case highlights the value of DNA profiling as a
reliable method for species identification and as evidence in
wildlife trafficking cases. The use of forensic science in this
instance provided irrefutable evidence, enabling authorities to
secure convictions and prevent further illegal trade of endangered
species.

4. Ivory Smuggling and Elephant Poaching in Assam (2015)

In Assam, a major case involving the smuggling of elephant ivory
highlighted the challenges of linking trafficked ivory to specific
poaching activities. In 2015, authorities intercepted a shipment of
ivory, but the absence of direct evidence connecting the ivory to
poaching incidents posed a significant challenge for investigators.
Wildlife forensic scientists utilized stable isotope analysis to
determine the origin of the ivory. By analyzing the isotopic
composition of the ivory, forensic experts identified its
provenance as originating from elephants in Assam. This isotopic
evidence played a crucial role in connecting the ivory to poaching
incidents in the region, leading to the successful prosecution of
the traffickers involved in the illegal wildlife trade.

Significance: The case exemplifies the utility of stable isotope
analysis as a forensic tool to trace the origin of wildlife products.
This method offers a reliable approach to linking trafficked
wildlife products to specific regions, even when conventional
evidence is unavailable. It further underscores the importance of
interdisciplinary forensic techniques in addressing wildlife crime.
5. Pangolin Scale Trafficking in Tamil Nadu (2016)

The trafficking of pangolin scales is one of the most pressing
wildlife crimes in India. In 2016, law enforcement agencies in
Tamil Nadu intercepted a significant shipment of pangolin scales.
The traffickers were linked to a larger international network
involved in the illegal trade of pangolin products. However, the
challenge for authorities was identifying the species and
confirming the illegal nature of the trade.

Forensic experts employed DNA barcoding to identify the species
of the pangolin scales, confirming that they belonged to the Indian
Pangolin (Manis crassicaudata), which is listed as a Schedule |
species under the Wildlife Protection Act, 1972. This
identification, combined with further evidence, facilitated the
prosecution of the traffickers and the dismantling of an
international wildlife trafficking network.

Significance: This case highlights the role of DNA barcoding in
species identification and the confirmation of the illegal nature of
wildlife trafficking. In cases where wildlife products are not easily
distinguishable by visual inspection, DNA-based forensic
techniques provide critical evidence for legal proceedings.

6. Rhino Horn Smuggling in Assam (2018)

Rhino poaching remains a significant challenge in India,
particularly in Assam, where the One-Horned Rhinoceros
(Rhinoceros unicornis) is targeted for its horn. In 2018, authorities
intercepted a large shipment of rhino horns in Assam. The
investigation into the source of the horns faced several obstacles,
particularly in terms of linking the seized horns to specific
poaching incidents.

Wildlife forensic scientists applied stable isotope analysis to the
rhino horns, determining their chemical composition and
identifying their origin within Assam. The isotopic evidence
directly connected the horns to poaching activities in the region,
leading to successful legal actions against the poaching syndicate
involved in the trafficking network.

Significance: This case illustrates the application of stable isotope
analysis in tracing the origin of wildlife products, which can be
particularly valuable in cases where physical evidence linking
trafficked materials to specific poaching events is difficult to
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obtain. It emphasizes the growing reliance on forensic science in
wildlife crime investigations.

7. Challenges in Wildlife Forensics and Legal Prosecution
Wildlife forensics has emerged as a pivotal tool in the fight against
wildlife crime, playing an essential role in the investigation and
prosecution of offenses related to the illegal trade of endangered
species, poaching, and environmental violations. However,
despite its growing significance, wildlife forensics faces several
inherent challenges that hinder its optimal application and
effectiveness. These challenges are multifaceted, encompassing
both scientific and legal dimensions, and require coordinated
efforts at the international, national, and local levels to
overcome.

1. Lack of Standardization in Forensic Techniques
One of the most critical challenges facing wildlife forensics is the
lack of standardization in forensic methods and techniques across
jurisdictions. The effectiveness of forensic science depends on the
accuracy, reliability, and uniformity of the tools and
methodologies employed, whether it be DNA analysis, toxicology,
isotope analysis, or other specialized techniques. However,
different countries and regions often use varying standards, which
can complicate the interpretation and comparison of evidence.
For example, in some countries, advanced genetic sequencing
methods may be employed to identify poached species, while
others may rely on simpler, less precise techniques. This variation
can lead to discrepancies in the quality of evidence collected, the
consistency of analysis, and the overall credibility of forensic
results. Moreover, the lack of a unified database or standardized
protocols for identifying species through DNA barcoding or other
forensic methods further exacerbates the issue. As a result, when
cases involve international cooperation or transnational wildlife
crimes, the challenge of ensuring that forensic evidence meets
internationally recognized standards can be daunting.

2. Legal and Jurisdictional Barriers
Another significant challenge is the transnational nature of
wildlife crime, which often involves cross-border poaching,
trafficking, and illegal trade networks. Criminal organizations
exploit the porous nature of national borders, often using multiple
countries as transit points to traffic illegal wildlife products. This
complexity poses difficulties in the investigation and prosecution
of wildlife crimes, particularly when it comes to jurisdictional and
legal enforcement.

In many cases, wildlife crimes span several countries, each with
its own legal framework, enforcement mechanisms, and
penalties. The lack of consistent international agreements and
protocols for prosecuting wildlife crime can lead to fragmented
legal proceedings. The Convention on International Trade in
Endangered Species of Wild Fauna and Flora (CITES) has made
strides in creating a framework for international cooperation, but
differences in national laws, political will, and the capacity to
implement these agreements remain major obstacles.
Furthermore, the complexity of cross-border investigations is
exacerbated by differences in legal definitions of key terms, such
as "endangered species,” and the types of evidence considered
acceptable in court. These discrepancies can delay investigations,
hinder cooperation among countries, and result in the failure to
prosecute wildlife crimes effectively. The lack of coordination
between enforcement agencies in different jurisdictions often
leads to difficulties in obtaining evidence, particularly when
criminals exploit weaknesses in national border controls.

3. Capacity Building in Forensic Techniques and Legal

Knowledge

The growing sophistication of wildlife crimes requires capacity
building in both forensic techniques and legal knowledge. Many
countries, especially those with limited resources, struggle to
invest in advanced forensic infrastructure or specialized training
for law enforcement and judicial officials. The development of
state-of-the-art forensic labs, the recruitment of trained
personnel, and the continuous updating of scientific methods are
crucial for enhancing the efficiency of wildlife forensic
investigations.

Equally important is the development of legal knowledge and
expertise. Forensic evidence can be of little value in the absence
of skilled legal professionals who understand how to properly
integrate and present this evidence in court. This requires not only

training for law enforcement officers but also for prosecutors,
judges, and defence attorneys who are tasked with ensuring that
forensic evidence is admissible, interpreted correctly, and used
effectively in criminal proceedings. The Wildlife Protection Act,
1972 along with Bharatiya Saksha Adhiniyam in India, for instance,
is a vital tool for prosecuting wildlife crimes, but the law's
successful application depends on the capacity of those enforcing
it to understand and implement scientific evidence in court.

4. International Collaboration and Legal Frameworks
The fight against wildlife crime demands enhanced international
collaboration and the development of cohesive legal frameworks
that transcend national borders. Organizations such as INTERPOL,
CITES, and the United Nations Environment Programme (UNEP)
have worked toward establishing international conventions and
frameworks to curb wildlife trafficking. However, the legal
enforcement of these frameworks remains inconsistent due to the
sovereignty concerns of individual nations, leading to gaps in the
enforcement of international laws.
International cooperation is particularly essential in combating
transnational wildlife trafficking networks, which often involve
organized crime syndicates operating in multiple jurisdictions.
These networks exploit legal loopholes, making it crucial to
establish mechanisms for cross-border legal cooperation,
including mutual legal assistance treaties (MLATs) and enhanced
information-sharing systems. Furthermore, the creation of global
databases of forensic data, such as DNA profiles of endangered
species, could greatly enhance the ability of countries to share
and compare evidence in real-time.

8. Conclusion: The Future of Wildlife Forensics in Law

Enforcement

Wildlife forensics has become an essential and increasingly
sophisticated tool in the fight against illegal wildlife trade,
poaching, and environmental crimes. As wildlife crimes continue
to evolve in terms of scope, complexity, and the involvement of
organized criminal networks, the role of forensics in law
enforcement is more crucial than ever. The utilization of
advanced forensic techniques, such as DNA analysis, isotope
tracing, morphometric comparisons, and toxicological studies, has
proven to be invaluable in linking criminal activities to specific
individuals and species. These tools not only assist in the
identification and prosecution of perpetrators but also contribute
significantly to dismantling illegal wildlife trade syndicates.
The interdisciplinary nature of wildlife forensics necessitates
robust collaboration between forensic scientists, legal
professionals, and policymakers. The integration of forensic
science with the legal and judicial systems is essential to ensure
that the evidence gathered through scientific methods is
admissible and effectively used in court. Moreover, legal
professionals must be adequately trained in understanding and
interpreting complex forensic data, thereby strengthening the
capacity to prosecute wildlife crimes successfully. This
interdisciplinary collaboration will be critical as the scope of
wildlife crime expands, with transnational poaching and
trafficking networks operating across multiple jurisdictions.
One of the ongoing challenges in wildlife forensics is the lack of
standardization in forensic methodologies, which can hinder the
effectiveness of investigations, particularly in cases involving
cross-border criminal networks. The lack of uniform protocols and
databases for wildlife forensics complicates international
cooperation, making it difficult for countries to share critical data
and collaborate on investigations. Addressing these gaps through
the development of global standards and comprehensive
databases is vital for enhancing the effectiveness of wildlife
forensics. The establishment of international frameworks for
cooperation, such as mutual legal assistance treaties (MLATSs) and
shared forensic databases, will enable law enforcement agencies
to respond more effectively to wildlife crime.
Investing in the research and development of forensic techniques
will continue to play a critical role in the evolution of wildlife
forensics. Advances in genetic sequencing, novel isotope analysis,
and the use of remote sensing technologies will provide new
avenues for tracking and identifying wildlife crime. Moreover,
increasing capacity building efforts in developing countries will
ensure that even regions with limited resources are equipped to
use forensic science in combating wildlife crime effectively.
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Training law enforcement officers, prosecutors, and judicial
authorities to use and interpret forensic evidence will be key to
ensuring successful prosecutions.

At the same time, the future of wildlife forensics hinges on
international cooperation. Criminal networks involved in wildlife
trafficking operate across borders, exploiting legal and
enforcement weaknesses between countries. Therefore,
strengthening  global  partnerships—through international
organizations like INTERPOL, CITES, and the United Nations
Environment Programme (UNEP)—is crucial for coordinated
responses to wildlife crimes. By working together, nations can
enhance information sharing, synchronize legal frameworks, and
establish unified standards for forensic investigations, thus
improving the efficacy of global wildlife protection efforts.

In conclusion, wildlife forensics will remain a cornerstone of law
enforcement in the fight against wildlife crime, but its success
will depend on continuous advancements in forensic research,
international collaboration, and legal integration. By addressing
current challenges such as the standardization of forensic
methods and enhancing cross-border cooperation, the global
community can ensure that justice for endangered species is not
only attainable but achievable. As the fight against wildlife crime
intensifies, the integration of scientific expertise and legal
frameworks will be paramount in safeguarding biodiversity for
future generations.
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