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Abstract 

Background: Wildlife crime, including illegal poaching, trafficking, and habitat destruction, has emerged 

as a major global concern threatening biodiversity and ecological stability. Forensic science has become an 

essential tool in wildlife crime investigations by enabling species identification, geographic origin tracing, 

and evidence authentication. 

Objective 

To evaluate the challenges and opportunities associated with the application of forensic science in wildlife 

crime investigations and conservation efforts. 

Methods: A narrative review and analytical study were conducted using published literature, forensic case 

reports, and conservation data from international wildlife protection organizations. Key areas analyzed 
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included DNA profiling, toxicology, ballistics, digital forensics, and legal frameworks associated with 

wildlife forensic investigations. 

Results: Wildlife forensic science has significantly improved the identification of illegally traded species 

and strengthened prosecution processes. DNA-based methods demonstrated high accuracy in species 

identification and geographic tracing. However, major challenges include inadequate laboratory 

infrastructure, lack of trained personnel, limited funding, and inconsistent international legal cooperation. 

Emerging technologies such as next-generation sequencing and artificial intelligence present promising 

opportunities for enhancing wildlife conservation efforts. 

Conclusion: Forensic science plays a critical role in combating wildlife crime and supporting conservation 

initiatives. Strengthening forensic infrastructure, international collaboration, and technological innovation 

is essential for improving the effectiveness of wildlife crime investigations. 

Keywords: Wildlife forensics, Conservation biology, DNA analysis, Wildlife trafficking, Environmental 

crime, Biodiversity protection 

1. Introduction 

Wildlife crime has become one of the fastest-growing transnational criminal activities worldwide, posing a 

serious threat to biodiversity, ecological balance, and global conservation efforts. Illegal hunting, 

trafficking of endangered species, habitat destruction, and illicit trade in wildlife products contribute 

significantly to the decline of numerous animal and plant species [1]. According to international 

conservation agencies, wildlife trafficking generates billions of dollars annually, making it one of the most 

profitable forms of organized crime after drug and human trafficking [2]. The increasing sophistication of 

wildlife criminals has necessitated the development of advanced investigative techniques to strengthen law 

enforcement and conservation initiatives. 

Forensic science has emerged as a powerful interdisciplinary tool in the fight against wildlife crime. 

Wildlife forensic investigations apply scientific techniques traditionally used in criminal investigations, 

including DNA analysis, toxicology, ballistics, pathology, and digital forensics, to identify species, 

determine geographic origins, and establish links between suspects and criminal activities [3]. These 
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methods provide reliable scientific evidence that can support legal proceedings and improve conviction 

rates in wildlife-related crimes. 

DNA-based forensic techniques have revolutionized wildlife investigations by enabling accurate species 

identification even from fragmented biological samples such as hair, bone, blood, ivory, or processed 

animal products [4]. Molecular methods, including mitochondrial DNA sequencing and microsatellite 

analysis, are widely used to differentiate endangered species from legally traded ones. These technologies 

have proven especially valuable in combating illegal ivory trade, rhinoceros horn trafficking, and illegal 

fisheries [5]. 

In addition to genetic analysis, forensic toxicology and pathology play critical roles in identifying causes 

of death in poaching cases and detecting exposure to environmental toxins. Ballistic analysis helps 

determine the types of weapons used in illegal hunting activities, while digital forensics has become 

increasingly important in tracking online wildlife trafficking networks operating through social media and 

e-commerce platforms [6]. 

Despite the growing importance of wildlife forensic science, numerous challenges limit its effectiveness. 

Many countries, particularly developing nations with rich biodiversity, lack adequate forensic laboratories, 

trained personnel, and financial resources [7]. Limited access to standardized databases and insufficient 

legal frameworks further hinder international cooperation in wildlife crime investigations. Additionally, 

variations in national legislation and enforcement capacity create obstacles in prosecuting transnational 

wildlife offenders [8]. 

Recent technological advancements offer significant opportunities for improving wildlife forensic 

investigations. Innovations such as next-generation sequencing, environmental DNA (eDNA) analysis, 

artificial intelligence, and geographic information systems have enhanced the ability to detect and monitor 

illegal wildlife activities [9]. Collaborative international networks and the establishment of specialized 

wildlife forensic laboratories are also strengthening conservation strategies globally. 

Given the increasing scale of wildlife crime and the growing reliance on scientific evidence in conservation 

law enforcement, it is essential to evaluate both the opportunities and challenges associated with wildlife 

forensic science. This study aims to explore the current applications of forensic science in wildlife crime 
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investigations, identify existing limitations, and highlight emerging opportunities for improving 

conservation efforts and biodiversity protection. 

2. Methodology 

Study Design 

Narrative review and analytical study 

Data Sources 

Data were collected from: 

 PubMed  

 Scopus  

 Web of Science  

 Reports from INTERPOL, CITES, and WWF  

Inclusion Criteria 

 Articles published between 2010–2025  

 English-language publications  

 Studies related to wildlife forensics and conservation  

Parameters Evaluated 

 DNA analysis techniques  

 Toxicological investigations  

 Ballistic and digital forensic methods  

 Challenges in wildlife forensic implementation  

 Emerging technologies in conservation  
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3. Results 

Table 1: Major Applications of Wildlife Forensic Science 

Application Purpose Common Techniques 

Species Identification Identify endangered species DNA sequencing 

Geographic Origin Tracing Determine source location Isotope analysis 

Ballistics Identify poaching weapons Firearm analysis 

Toxicology Detect poisoning Chemical assays 

 

Table 2: Major Challenges in Wildlife Forensics 

Challenge Impact 

Lack of forensic laboratories Delayed investigations 

Limited funding Reduced research capacity 

Insufficient trained experts Low-quality evidence 

Weak legal frameworks Poor prosecution rates 

 

Table 3: Emerging Opportunities 

Technology Potential Benefit 

AI-based surveillance Real-time monitoring 

eDNA analysis Non-invasive species detection 

Next-generation sequencing Improved genetic accuracy 

GIS mapping Wildlife trafficking tracking 

 

4. Discussion 
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The findings of this study highlight the increasingly important role of forensic science in wildlife crime 

investigations and biodiversity conservation. Scientific methods such as DNA profiling, toxicology, and 

digital forensics have significantly improved the identification and prosecution of wildlife offenders. These 

techniques provide objective and reliable evidence that strengthens legal proceedings and supports 

conservation policies [10]. 

DNA analysis remains one of the most valuable tools in wildlife forensics due to its high specificity and 

sensitivity. The ability to identify species from small or degraded samples has transformed efforts to combat 

illegal trade in ivory, tiger parts, rhinoceros horns, and exotic birds [11]. Molecular techniques also facilitate 

population monitoring and conservation genetics, enabling authorities to identify poaching hotspots and 

trafficking routes [12]. 

Despite these advancements, substantial barriers continue to limit the effectiveness of wildlife forensic 

investigations. One of the most critical challenges is the lack of specialized forensic laboratories in 

biodiversity-rich regions. Many developing countries face financial and technical constraints that hinder 

the establishment of advanced forensic facilities [13]. Inadequate training of law enforcement personnel 

further compromises evidence collection and preservation. 

Another major issue is the lack of standardized international databases for wildlife DNA profiles. Variations 

in legal systems and enforcement mechanisms make international collaboration difficult, especially in 

transboundary wildlife crimes [14]. Furthermore, wildlife criminals increasingly use sophisticated 

trafficking networks and online platforms, complicating detection and prosecution efforts. 

Emerging technologies provide promising opportunities to address these challenges. Artificial intelligence 

and machine learning algorithms can assist in analyzing surveillance data and identifying illegal trade 

patterns [15]. Environmental DNA analysis allows non-invasive monitoring of species in ecosystems, 

which can improve conservation management and ecological research [16]. 

International cooperation is essential for enhancing the effectiveness of wildlife forensic science. 

Collaborative initiatives between governments, conservation organizations, and forensic laboratories can 

facilitate data sharing, capacity building, and harmonization of legal frameworks [17]. Expanding access to 
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forensic technologies and training programs in developing countries is also crucial for strengthening global 

wildlife protection efforts. 

Overall, wildlife forensic science represents a powerful tool for combating environmental crime and 

supporting conservation initiatives. Continued investment in research, infrastructure, and international 

partnerships will be critical for addressing future wildlife crime challenges and preserving global 

biodiversity. 

5. Conclusion 

Forensic science has become an indispensable component of wildlife crime investigations and conservation 

efforts. DNA analysis, toxicology, and digital forensic techniques have enhanced species identification, 

evidence authentication, and prosecution success. However, challenges such as limited resources, 

inadequate infrastructure, and weak international coordination continue to hinder progress. 

Advances in technology and growing global collaboration offer substantial opportunities for strengthening 

wildlife forensic capabilities. Expanding forensic infrastructure, improving legal frameworks, and 

promoting scientific innovation are essential for protecting endangered species and combating wildlife 

crime effectively. 
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