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ficking of protected wildlife species. This study presents the first comprehensive retrospective
assessment of wildlife forensic case files handled by the Government Chemist Laboratory Au-
thority (GCLA) between 2013 and 2022. A total of 75 case files and 280 associated samples were
analysed to identify trends in sample types, regional origins, investigative priorities, and the
effectiveness of forensic methods employed. Tissue samples from wildlife species were the most
frequently received, with the Arusha region contributing the highest number of submissions. The
majority of forensic inquiries from the law enforcement agents focused on species identification
(75 inquiries) and classification (61), while species individualisation (18) and origin determi-
nation (2) were less commonly inquired. Among the analytical methods used, Deoxyribonucleic
Acid (DNA) Sanger sequencing was found to be the most effective for classification and species
identification, while traditional methods, including precipitin testing and morphological or
anatomical analysis, showed scope limitations. Despite the growing application of forensic sci-
ence in wildlife crime investigations, the current study identified gaps in sample submission rates
and the use of advanced methods in wildlife forensics analysis. To enhance the effectiveness of
wildlife forensic services in Tanzania, the study recommends strengthening analytical capacity,
expanding molecular approaches for individualisation and provenance analysis, and promoting
greater collaboration among enforcement, conservation, and forensic institutions.

Introduction

Tanzania is globally recognized for its rich and diverse wildlife population, hosting approximately 20% of Africa’s large mammal
population within its numerous national parks, game reserves, and conservation areas[1-3]. The wildlife sector plays a vital economic
role, contributing significantly to Tanzania’s Gross Domestic Product (GDP) through hunting concessions, trophy licenses, live animal
exports, and non-consumptive tourism [4]. Despite its economic value, wildlife crime poses a serious threat to the country's biodi-
versity, economic stability, and global conservation efforts. Wildlife crime, which includes poaching, illegal trade, and trafficking of
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endangered wildlife species, is a widespread phenomenon driven by high financial rewards. It is estimated to generate approximately
$32 billion USD annually, excluding additional revenue losses from illegal timber harvesting ($4 billion USD) and illicit fishing ($17
billion USD) [5,6]. This illicit trade is second only to narcotics in terms of international trafficking, highlighting its scale and sig-
nificance [6,7].

Tanzania, renowned for its wildlife heritage, has been severely affected by the increasing demand for ivory and other wildlife
products, particularly in East and Southeast Asia [8]. The illegal trade impacts not only large species such as elephants and rhinos but
also numerous other wildlife species. The United Nations Office on Drugs and Crime (UNODC) reported that over 7,000 species were
documented in more than 164,000 seizures affecting 120 countries in 2016 [9]. Though local and international collaboration efforts
aimed at combating wildlife crime, challenges persist in effectively tracing and prosecuting wildlife-related crimes. Since forensic
science plays a significant role in tackling wildlife crime by providing robust scientific evidence that supports law enforcement and
judicial processes [10,11], wildlife forensic laboratories, particularly those focusing on DNA analysis, are essential for species iden-
tification, individualisation, and classification of wildlife samples. These methods provide valuable information that can aid in
determining the origin and authenticity of samples, hence supporting legal proceedings and conservation efforts [12,13].

In Tanzania, the Government Chemist Laboratory Authority (GCLA), which is a supreme and national referral laboratory in fo-
rensics, has been working in support of combating wildlife crime. Over the years, GCLA has employed diverse analytical methods for
wildlife forensic casework, including precipitin ring tests for serological species identification of bloodstains and tissue extracts via
antigen-antibody precipitation reactions, morphological analyses of animal remains such as skin cuticle scale patterns and medullary
structures in hair, bone osteon diameters and Haversian systems, feather plumage characteristics, and Schreger line angle measure-
ments (>100° for elephant ivory) alongside UV fluorescence screening for biological hydroxyapatite confirmation, and DNA
sequencing targeting mitochondrial genes like cytochrome b and COI via Sanger sequencing. These complementary approaches enable
robust species classification from family to species level across diverse evidence types, including aged and fragmented remains, though
individualisation and geographic origin determination remain underdeveloped areas requiring advanced genomic techniques[14-18].

However, due to limited information regarding the types of wildlife samples received, analysed at GCLA, and its overall contri-
bution to combating wildlife crime, it is not well-reported. Furthermore, challenges associated with current wildlife forensics, such as
inadequate recovery of evidence from trace materials, sample management, and poor chain of custody practices, continue to hinder
effective forensic investigations [19,20]. This study represents the first comprehensive retrospective review of wildlife forensic
casework at GCLA, aimed to evaluate the contribution and effectiveness of GCLA in handling wildlife forensic cases, focusing on the
types of samples received, their origins, and the investigative forensic questions addressed. Additionally, it seeks to assess the suit-
ability of scientific approaches used by GCLA and provide recommendations for improving forensic wildlife services in Tanzania.

Methodology
Study area

This study was conducted at the Government Chemist Laboratory Authority located in Dar es Salaam, Tanzania. GCLA serves as a
key forensic science institution in the country, providing expertise in wildlife forensic analysis to aid in wildlife crime investigations.

Study design

A retrospective survey study design was employed. Data collection was conducted from May 2023 to October 2023, during which
archived forensic wildlife case files from ten years (January 2013 to December 2022) were retrieved, reviewed, and analysed.

Sampling and Sample Size

A purposive sampling method was applied to select archived forensic wildlife case files available at GCLA. The selection criteria
included case files with complete information regarding sample type, sample origin, analytical requests, and case-specific investigative
questions from 2013 to 2022.

Data collection

Data were extracted from GCLA sample registers and sample receiving forms using a pre-tested checklist. The checklist was
designed to capture critical information, including the place of sample origin, Types and number of samples received, Analysis
requested (e.g., provenance, individualisation, species identification) and Investigative questions posed by the submitting authority.
Additionally, information on the analytical methods employed in each case was recorded. These included Precipitin ring tests for
protein-based species classification, Morphological analyses, including Schreger line assessment of ivory and other structural features
and DNA sequencing primarily targeting mitochondrial genes such as cytochrome b and COI using Sanger sequencing for species
identification.

Data analysis

The collected data were analysed using R statistical software. Descriptive statistics were employed to summarise the types and
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frequency of wildlife samples received, their regional distribution, and the investigative purposes associated with each case. Visual-
isations, including bar charts, histograms and maps, were generated to illustrate trends and patterns over the ten years.

Practical considerations

Before data collection, permission to access archived Wildlife DNA case files was obtained from the Chief Government Chemist.
Confidentiality and ethical considerations were adhered to throughout the study to ensure responsible handling of sensitive
information.

Results

As shown in Fig. 1, the number of wildlife forensic case files and samples received at the GCLA varied annually between 2013 and
2022. In total, 75 case files accompanied by 280 samples were processed during the study period. The annual number of case files
ranged from 1 to 19. Case file submissions were lowest from 1 to 4 between 2013 and 2016, increased from 6 case files in 2017 onward,
and reached their highest level of 19 case files in 2022. The number of samples submitted for analysis also exhibited marked year-to-
year variation, ranging from 2 to 73 samples annually. Peaks in sample submissions were 42, 53, and 73 observed in 2014, 2019, and
2022, respectively, with the highest number recorded in 2022.

Across all years, the number of samples exceeded the number of case files. Overall, Fig. 1 demonstrates clear temporal variation in
both wildlife forensic case files and associated samples over ten years.

The proportional distribution of wildlife-related sample types received and analysed at GCLA during the study period. Tissue
samples constituted the largest proportion of submissions (41.1%), followed by bones (20.0%) and samples classified as others
(17.9%). Fat and oil samples accounted for 9.3%, while powdered samples represented 4.3% of the total submissions. Ivory samples
comprised 2.5%, weapons-associated samples accounted for 1.8%, and blood samples represented 1.4%. Stains and feathers each
accounted for 0.7%, while faecal samples constituted the smallest proportion (0.4%) (Fig. 2).

The category labelled others (17.9%) comprised samples that were not directly derived from wildlife species but were associated
with wildlife crime investigations. These included items suspected of carrying wildlife or human DNA, such as vehicles, motorbikes,
and other seized materials submitted for forensic examination. For example, one case file from 2015 included 15 human buccal swabs
collected from suspects in a poaching investigation, together with a blood stain recovered from a motorcycle suspected of transporting
wildlife products. Another case file from 2014 contained 35, which included mixed, degraded, or atypical materials not falling into
standard categories, and was submitted for species identification. These records illustrate the range of evidence types processed during
the study period.

Wildlife forensic case files and samples were submitted to GCLA from several regions across Tanzania during the study period
(Fig. 3). Arusha Region recorded the highest number of submissions, with 32 case files received and analysed, followed by Kilimanjaro
Region with 13 case files. Manyara and Dodoma Regions recorded 10 and 3 case files, respectively.

Other regions, including Iringa, Dar es Salaam, Musoma, Shinyanga, Pwani, Rukwa, Kigoma, Mara, Katavi, Tanga, Ruvuma, and
Mwanza, each submitted between one and four case files. Regions shown in grey in Fig. 3 did not submit any wildlife forensic case files
or samples during the study period.

Within the reported study period, most samples received were aimed at addressing four fundamental forensic questions: the
determination of wildlife species Identity, classification, individualisation, and origin. A total of 156 investigation inquiries were
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Fig. 1. Annual trends in wildlife forensic case files and samples analysed at the government chemist laboratory authority (GCLA), 2013-2022.
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Fig. 2. Proportional distribution of wildlife-related sample types received and analysed at the government chemist laboratory authority (GCLA)
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Fig. 3. Regional distribution of wildlife forensic case files received at the government chemist laboratory authority (GCLA) from 2013 to 2022.
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categorised into these areas: Specie Classification (61 inquiries), Species Identification (75 inquiries), comparison or individualisation
(18 inquiries), and Origin (2 inquiries). These questions were distributed and addressed according to specific investigative needs,
reflecting evolving priorities in wildlife conservation and management. Fig. 4 illustrates this distribution, with species identification
and classification as the most frequently asked questions.

Different analytical methods were used to address forensic investigative questions, with varying outcomes across classification,
species identification, individualisation, and origin determination (Table 1). The precipitin test was applied to 115 samples and
achieved classification in all cases, but did not yield species identification, individualisation, or origin determination. Morphological
analysis was applied to nine samples and resulted in successful classification and species identification in all cases. No individualisation
or origin determination was recorded for samples analysed using this method.

Sequencing (Sanger sequencing) was applied to 161 samples between 2018 and 2022. All sequenced samples were successfully
classified and identified at the species level. No individualisation or origin determination was achieved for samples analysed using
sequencing.

Overall, sequencing accounted for the largest number of analysed samples and showed complete success in classification and
species identification, while precipitin and morphological methods were limited to classification and, in the case of morphology,
species identification (Table 1).

Discussion

Over the ten years from 2013 to 2022, GCLA received and processed a total of 75 wildlife forensic case files, accompanied by 280
samples submitted for analysis. The number of case files varied over the years, with a noticeable increase in the later years of the study
period. This rising trend in case files may be attributed to increased awareness of wildlife crime, improved enforcement efforts, and the
establishment of more efficient reporting and investigation mechanisms. Additionally, the growing number of wildlife crimes due to
heightened poaching and illegal wildlife trade could also explain this trend, as highlighted by Jilala and Lwoga [21]. Their study
underscores the evolution of forensic services in Tanzania, emphasising infrastructure enhancements and expertise development,
which likely contributed to the rise in processed cases. Additionally, the notable forensic investigation of "Faru John," referenced in the
same study, demonstrated the importance of forensic science in wildlife crime investigations and may have influenced the growing
reliance on forensic analysis. Interestingly, the total number of samples submitted for analysis is considerably lower than the number of
wildlife cases as reported by the Tanzania Wildlife Management Authority (TAWA) conducting 69,278 patrols between its inception
and September 2016, leading to the arrest of 1,563 poachers and the confiscation of various illegal items, including elephant tusks and
bush meat [22] and between June 2016 and June 2017, Tanzania's Ministry of Natural Resources and Tourism reported 3,185 arrests
related to poaching wildlife or timber, with at least 1,500 individuals charged. During this period, 270 firearms and 1,058 rounds of
ammunition were confiscated [23]. This discrepancy may suggest that not all wildlife crimes result in sample submissions to GCLA,
possibly because some cases are resolved using other investigative techniques or because the available evidence is deemed sufficient
for legal proceedings without forensic analysis. Furthermore, samples submitted to GCLA are often those associated with more complex
or controversial cases where standard investigative methods alone are inadequate. The gap between the number of cases and the
samples submitted underlines the importance of enhancing the collection, submission, and analysis processes to ensure comprehensive
forensic investigations. Strengthening collaboration between enforcement agencies, wildlife protection authorities, and forensic
laboratories is essential to improving evidence submission rates. Additionally, promoting awareness of the role of forensic analysis in
wildlife crime investigations may encourage more frequent submission of samples, thereby contributing to more robust and reliable
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Fig. 4. Wildlife forensic investigative questions addressed at the government chemist laboratory authority (GCLA), from 2013-2022.
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Table 1
Effectiveness of analytical methods used on samples in addressing wildlife forensic investigative questions at the Government Chemist Laboratory
Authority (GCLA).

Method Classification Species ID Individualization Origin
Precipitin ring test Yes (115) No (0) No (0) No (0)
Morphology Yes (9) Yes (9) No (0) No (0)
Sequencing (Sanger sequencing) Yes (161) Yes (161) No (0) No (0)

forensic evidence for wildlife crime resolution.

The proportional distribution of wildlife-related sample types submitted to the Government Chemist Laboratory Authority (GCLA)
reflects established patterns in wildlife forensic investigations, where the nature of submitted evidence is closely linked to the form in
which wildlife products are encountered during illegal exploitation and trade (Fig. 2). Tissue samples constituted the largest pro-
portion of submissions (41.1%), followed by bones (20.0%). These sample types are widely recognised as the most common forms of
biological evidence in wildlife crime investigations, particularly in cases involving poaching, illegal bush meat trade, and seizures of
carcasses or skeletal remains [24]. Tissue and bone samples are also considered optimal substrates for forensic analysis due to their
relatively high DNA yield and suitability for both morphological and molecular approaches, including species identification and ge-
netic profiling[17,18].

Fat and oil samples (9.3%) and powdered materials (4.3%) represent processed wildlife products, which are frequently encoun-
tered in illegal trade chains where raw animal materials are altered to obscure their origin or species identity. Such sample types are
well documented in wildlife forensic literature as requiring laboratory-based analysis, as visual or morphological identification is often
unreliable once extensive processing has occurred [25,26]. Similarly, ivory samples (2.5%) remain a key focus of wildlife forensic
investigations globally, particularly in elephant poaching cases, where forensic analysis supports species confirmation and, in some
contexts, geographic origin determination [27].

Weapons-associated samples (1.8%), blood (1.4%), stains (0.7%), feathers (0.7%), and faecal samples (0.4%) were less frequently
submitted but represent recognised categories of wildlife forensic evidence. Feathers and faecal samples are commonly used in non-
invasive wildlife forensic investigations, particularly for protected bird species and elusive mammals, although their forensic use may
be limited by DNA degradation and low DNA quantity [18]. Blood and trace stains recovered from crime scenes, tools, or transport
equipment are increasingly used to link suspects, weapons, or vehicles to wildlife offences, paralleling approaches used in human
forensic science [15,28].

Notably, the category labelled others (17.9%) comprised samples not directly derived from wildlife species but still integral to
wildlife crime investigations. These included vehicles, motorbikes, and other seized items suspected of carrying wildlife or human
DNA. Similar categories of “associated evidence” have been described in wildlife forensic frameworks as critical for reconstructing
crime scenes and establishing links between suspects, transport mechanisms, and illegal wildlife products [29]. For example, one case
file from 2015 included 15 human buccal swabs collected from suspects in a poaching investigation, together with a blood stain
recovered from a motorcycle suspected of transporting wildlife products. Another case file from 2014 comprised 35 mixed, degraded,
or atypical samples that did not conform to standard wildlife categories and were submitted for species identification.

Overall, the diversity of sample types submitted to GCLA is consistent with internationally recognised wildlife forensic practice,
which encompasses both traditional biological materials and associated forensic evidence linked to wildlife crime scenes [19,27,
30-32] This distribution highlights the expanding scope of wildlife forensic analysis in Tanzania and underscores the importance of
maintaining flexible analytical capacity capable of addressing a wide range of biological and non-biological evidence types.

The regional distribution of wildlife forensic case files submitted to GCLA from 2013 to 2022 indicates that Arusha was a significant
hotspot, contributing nearly half of the total submissions. This prominence is likely due to Arusha's proximity to major national parks
and its role as a transit hub for both tourists and wildlife traffickers. Kilimanjaro, Manyara, and Dodoma also reported varying numbers
of cases, while regions like Iringa, Dar es Salaam, and Musoma had fewer submissions. Notably, regions such as Morogoro, despite
hosting significant wildlife areas like Mikumi National Park, reported fewer cases, possibly due to interceptions occurring at major exit
points. This uneven distribution may reflect differences in law enforcement efficiency and surveillance mechanisms rather than the
actual occurrence of wildlife crime, underscoring the need for improved coordination and monitoring across all regions to ensure
comprehensive wildlife crime management in Tanzania. Comparatively, data from TAWA provides additional insights into regional
wildlife crime activities; between its inception and September 2016, TAWA conducted 69,278 patrols, resulting in the arrest of 1,563
poachers and the confiscation of items including 90 pieces of elephant tusks (376.33 kg), 29,529.5 kg of bush meat, 141 firearms, and
278 rounds of ammunition, with operations concentrated in and around Game Reserves and Game Controlled Areas particularly in
regions such as Arusha and Manyara [33]. Furthermore, the Serengeti De-Snaring Programme, initiated by the Frankfurt Zoological
Society in collaboration with TAWA, underscores the severity of poaching in the Serengeti National Park located within the Mara and
Simiyu regions; over 16 months, the programme confiscated 6.2 tonnes of snares, arrested 32 poachers, and dismantled 125 poachers'
camps, highlighting significant poaching activities in these areas [34]. These findings collectively indicate that while Arusha and
Kilimanjaro are prominent in terms of case submissions and enforcement actions, other regions like Mara, Simiyu, and Manyara also
experience substantial wildlife crime activities. The discrepancies in case file submissions across regions may reflect variations in law
enforcement efficiency, surveillance mechanisms, and the strategic importance of certain areas as transit hubs for wildlife trafficking,
underscoring the need for enhanced coordination, monitoring, and reporting across all critical regions to ensure comprehensive
wildlife crime management in Tanzania.
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The distribution of forensic inquiries over the reported period has demonstrated a clear focus on species identification (75 in-
quiries) and classification (61 inquiries), with considerably fewer cases addressing individualisation (18 inquiries) and origin deter-
mination (2 inquiries). This pattern is consistent with trends observed in other studies. For example, Jilala and Lwoga [21] noted that
many wildlife forensic investigations prioritise species-level analysis due to its cost-effectiveness and direct relevance in addressing
issues such as the bushmeat trade, illegal wildlife trafficking, and poaching of protected species. Similarly, Linacre [35] observed that
while advanced forensic techniques such as individualisation and origin determination are critical for tracking complex wildlife crime
networks, their application remains limited due to the need for specialised resources and technical expertise. Recent advances in
molecular techniques, such as DNA barcoding, microsatellite analysis, single-nucleotide polymorphism (SNP) genotyping and pro-
teomics, have shown promise in overcoming these limitations by enhancing individualisation through species-specific genetic and
protein markers, as well as improving geographical origin determination via stable isotope ratios and protein expression profiles
[36-40]. Together, these findings suggest that while accessible methods like species identification and classification form the back-
bone of wildlife forensic investigations, there is a pressing need to invest in and expand advanced molecular and proteomic techniques
to fully address the multifaceted challenges of wildlife crime.

The comparative analysis of forensic methods used over the study period underscores the clear differences in their applicability and
effectiveness, particularly in addressing classification, species identification, individualisation, and origin determination. The pre-
cipitin ring test, employed as a preliminary screening tool for 115 samples, demonstrated its utility in efficiently classifying biological
materials into broad categories before more resource-intensive analyses were conducted. Its simplicity and rapidity make it a valuable
method for ruling out irrelevant samples; however, its inability to provide species-level identification or individualisation underscores
its limited scope in forensic investigations.

Morphological classification, applied to a limited set of nine samples, proved effective in confirming elephant ivory through the
identification of Schreger lines. This approach is well-suited for physical evidence where species-specific anatomical features are
present. However, its lack of applicability for individualisation or origin determination significantly restricts its forensic utility to basic
species identification, particularly in cases involving ivory trafficking.

The introduction of Sanger sequencing techniques in 2018, following the establishment of the DNA wildlife laboratory at GCLA,
marked a transformative advancement in forensic investigations. Sequencing was applied to 161 samples and consistently demon-
strated high efficacy in both classification and species identification. Its superiority over traditional methods lies in its molecular
approach, which provides reliable species-level resolution even in degraded or minimal samples. However, the barcoding techniques
predominantly used in this context are optimised for species identification rather than individual-level resolution or geographic origin
tracing. This limitation is not inherent to sequencing itself but rather a consequence of the analytical approach employed. With the
adoption of more advanced techniques, such as microsatellite analysis, single-nucleotide polymorphism (SNP) profiling, or even
whole-genome sequencing, sequencing could potentially address individualisation and origin-related questions more effectively.

Conclusion and recommendation

This study represents the first comprehensive retrospective assessment of wildlife forensic casework at the GCLA Forensic Biology
and DNA Laboratory, covering the period from 2013 to 2022. Our analysis demonstrates a positive trend in case file submissions,
reflecting heightened awareness of wildlife crime and improvements in enforcement mechanisms. However, observed discrepancies
between case files and submitted samples highlight the need for better coordination and a stronger understanding of the role of forensic
analysis in wildlife crime investigations.

The introduction of DNA sequencing has significantly enhanced species identification and classification, yet critical areas such as
individualisation and determination of geographic origin remain underdeveloped. To strengthen wildlife forensic investigations in
Tanzania, it is essential to enhance analytical capacity, promote systematic evidence submission and processing, and foster interagency
collaboration. Specifically, the adoption of advanced molecular techniques, including microsatellite and SNP genotyping, along with
stable isotope analysis, would address current gaps in individualisation and provenance determination.

By documenting GCLA’s contribution and identifying areas for improvement, this study provides a data-driven foundation for
enhancing wildlife forensic capacity in Tanzania and across the region, supporting more effective enforcement, conservation, and legal
interventions.
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