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Abstract 

Wildlife crimes, including poaching and illegal trade, pose serious threats to both wildlife 

and human populations. A history of apathy and ineffective enforcement has allowed 

offenders to view these crimes as “low-risk, high-reward.” As a result, they persist, target a 

growing range of species, and there is a pressing need to rethink investigative approaches. 

This thesis identifies a major gap in wildlife crime investigations: the underuse of traditional 

human forensic techniques, including DNA profiling and fingerprinting. Whilst wildlife 

preservation is the driver, this research centres people, both perpetrators and practitioners. 

It explores the largely untested potential of wildlife derivatives (including elephant ivory, 

tiger claw, sawfish rostrum, tortoise shell, deer antler, and gorilla skull) as surfaces for 

recovering fingerprints and human touch DNA and assesses law enforcement capacity to 

carry out this work. 

Recognising the novelty of wildlife derivatives, and constraints on handwashing and face-

touching (grooming) behaviour during COVID-19, I first  examined how handling technique 

and grooming affect fingermark and touch DNA deposition. Results demonstrated grooming 

significantly impacted deposition, while handling technique did not. 

These findings informed the methodology for comparative tests of four fingerprint 

enhancement techniques (including monochromatic, and fluorescent fingerprint powders, 

and gelatin lifters) and four touch DNA recovery techniques (cotton, flocked, and foam 

swabs, and mini-tapes) on multiple wildlife derivatives. Reduced-scale red fluorescent 

magnetic powder excited using a 365nm light source proved most effective for fingerprint 

enhancement across derivatives, providing high contrast on their patterned surfaces. Foam 

swabs, rarely used for touch DNA, yielded the highest average DNA recovery, significantly 

outperforming mini-tapes on several derivatives, likely due to their surface area, 

malleability, and retention properties. PCR inhibitors were suspected of affecting DNA 

sample analysis from multiple derivatives, particularly from the surface of ivory. 

Surveys of UK wildlife crime officers (WCO) and crime scene examiners (CSE) confirmed a 

limited use of human forensics, inconsistent evidence recovery by WCO’s, and minimal 

training for CSEs in wildlife crime investigations. In-person training improved both capacity 

and likelihood of future CSE engagement.  
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This thesis calls for greater forensic parity in wildlife crime and recommends integrating 

CSEs and adopting effective tools, such as reduced  scale red fluorescent magnetic powders 

and foam swabs, to improve investigative outcomes and enforcement efforts. 
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Introduction 

 

The problem of wildlife crime 

Wildlife crime consists of a broad spectrum of activities, geographic ranges, and species of 

interest. The illegal wildlife trade (IWT) is one of the most recognisable iterations of wildlife 

crime and stands as a global crisis, with over 160 countries having reported incidences of 

either illegal import, export or transit of at least 4000 species in recent years (UNODC, 

2024). These figures are already cause for alarm, but,  due to the inherently covert nature 

of the act, they are likely to still be underestimations of the true scale and complexities of 

the IWT (Nijman and Shepherd, 2021). Other well documented examples of wildlife crimes 

include poaching, for both trophies and consumption, (National Wildlife Crime Unit, 2020), 

animal persecution, (RSPB, 2019; Goodall, 2021), and nest/roost destruction (Voigt and 

Kingston, 2016). The resulting impacts of unchecked wildlife crime include unsustainable 

levels of biodiversity loss (Wittemyer et al., 2014) and its subsequent cascading ecological 

impacts, increased zoonoses risks and pandemic like events (Bezerra-Santos et al., 2021), 

and undermining of law enforcement, strengthening the risk of social and economic 

instability within a nation  (Marijnen, 2017).  Despite the long-term risks posed by failing to 

address wildlife crime, this form of criminal activity endures due to a systemic legacy of 

ineffective interventions (Wilson and Boratto, 2020). 

 

Enforcement efforts  in wildlife crime 

There have been both proactive and reactive approaches to tackling wildlife crime. 

Proactive approaches focus on deterrence tactics aimed at preventing wildlife crimes from 

being carried out in the first instance. Examples include, attempts to change perceptions 

and drivers towards engaging with wildlife crime through educational programmes, 
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community engagement, alternative livelihoods, and implementation of policies and 

legislation (Travers et al., 2019; Lemaître and Hervé-Fournereau, 2020; Didarali et al., 2022). 

Deterrence is in part achieved through instilling a mixture of greater understanding of the 

impacts of wildlife crime to both animals and communities, and a fear of apprehension and 

subsequent repercussions (Lam et al., 2023). Reactive approaches occur after the fact and 

include investigating crimes which have already been committed, enforcing the extensive 

national legislation and international agreements that exist, and gathering intelligence 

which can feed back into more proactive work (Anagnostou et al., 2020).  

Enforcement success in wildlife crime has been varied; high profile arrests such as that of 

the “Ivory Queen” (BBC News, 2019) and Lin-Zhang gang (Environmental Investigation 

Agency, 2021) suggest promising developments in targeting principal players in trafficking 

rings. However pre-pandemic, seizure rates remained consistent or increased for a range of 

species (C4ADS, 2024), indicating such arrests were not acting as sufficient deterrents. Post 

pandemic, as the world began reopening its borders, there has seen a return to large scale 

seizures and an increase in exploitation of maritime trade routes (Environmental 

Investigation Agency, 2024). This indicates, despite COVID-19 raising public awareness of 

the potential role wildlife trade plays in the spread of zoonotic (Booth et al., 2021) diseases,  

demand for illegal wildlife goods is still present and criminal organisations are adapting their 

approaches to movements of goods.  Source nations with targeted high risk species 

continue to struggle with making significant progress (Sherman et al., 2022) while lenient 

sentencing and chronically low prosecution and conviction rates is a repeated concern 

(Salum et al., 2017a; Omifolaji et al., 2022; Sosnowski et al., 2022). Suggested underlying 

factors that impede both proactive and reactive approaches include; 1) limited resources, 

2) overwhelming scale, 3) corruption, 4) apathy, and 5) ineffective deterrents (Wellsmith, 
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2011). These challenges lead to an inference that wildlife crime is a low risk, high reward 

activity worthy of criminals time (Salum et al., 2017a; Sollund and Runhovde, 2020).  

 

A tunnel vision approach to forensic interventions 

Significant amounts of wildlife crime discussions centre highly biodiverse low-income 

nations as key exporters of wildlife goods, and highly endangered charismatic species, such 

as pangolin, as flagship representatives of the issue. However, high income nations which 

play a large role in imports and transit also experience failure in the enforcement arena 

(Sosnowski et al., 2022) and species designated as least concern by the International Union 

for Conservation of Nature (IUCN) are still the target of illegal activities (Enari, 2021) . The 

UK, for example, is well placed to support wildlife crime investigations; it has a government 

funded National Wildlife Crime Unit (NWCU) (a UK police intelligence unit which provides 

operational support to law enforcement carrying out wildlife crime investigations), 

stakeholder involvement through the Partnership for Action Against Wildlife Crime (PAW) 

collaboration, as well as clear policy describing their priority areas. Though lauded for their 

contribution to international efforts to tackle wildlife crime, such as the IWT challenge 

fund, a recent United Nations report recommend the UK strengthen their domestic policies 

and efforts (UNODC, 2021). Advice underscored by the increased number of reports of 

crimes against badgers and bats, two priority species, (Wildlife and Countryside Link, 2020) 

but decline in prosecutions and convictions under key wildlife legislation (Figure 1.1).  
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Figure 1.1: Number of prosecutions (A) and convictions (B) under four key pieces of UK wildlife legislation 

between 2013-2020.  

 

Across all nations and crimes, during an investigation law enforcement seeks to confirm, 

firstly, whether a crime as taken place and secondly to positively identify the human 

criminal(s) responsible. This is achieved in part through the production of robust evidence 

to inform and direct criminal investigations. Evidence types are vast but one consistent 

evidence type utilised in criminal investigation is forensic evidence (Ling et al., 2021).  Whilst 
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veterinary forensic pathology has been regularly implemented to ascertain cause of death 

in wildlife crime cases (Millins et al., 2014; Cooper, 2021), it is species identification, through 

the use of DNA barcoding, that  been the main focal area for forensics (Gouda et al., 2020). 

This body of work addresses the need to positively identify wildlife and their derivatives 

particularly in the absence of morphological characteristics. Globally different species are 

afforded different levels of legislative protection depending on context. Therefore, positive 

identification is vital in establishing whether a crime has taken place, and which punishment 

should subsequently be afforded. The discipline has demonstrated its value by contributing 

to several wildlife crime investigations (Caniglia et al., 2010; Ghosh et al., 2019).  A natural 

progression from species identification has been the need for individual identification or 

parentage analysis. This has been used to help link individual wildlife parts to crime scenes 

(Moore and Frazier, 2019), to link shipments (Wasser et al., 2018), to identify individual 

animals from private collections (Gupta et al., 2011) or to camera trap records (Hiby et al., 

2009), and to establish the number of individual animals that are victims in a crime (Moore 

and Frazier, 2019). Species identification and individual identification in wildlife crimes 

commonly employ mitochondrial DNA (mtDNA), and Short Tandem Repeat (STR) profiles of 

nuclear DNA (nDNA) respectively (Gouda et al., 2020). STR typing  uses the same concepts 

as human DNA profiling and the sequencing of the human genome has allowed for human 

DNA profiling to become standard practice in criminal investigations, and multiple 

commercial kits are available for use. To recreate such a commonplace use of species or 

individual level identification for wildlife is a daunting prospect considering the thousands 

of species that fall victim of wildlife crimes (Johnson et al., 2014; Cardinali et al., 2023) and 

due to the extensive resources required progression in this area is significantly slower 

(Moore and Frazier, 2019).  Additionally there are high standards to be met before it can be 

taken seriously within the wider forensic and law enforcement community (Ogden, 2010). 
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ISO/IEC 17025 and 17020 accreditation is the internationally recognised standard, and often 

legal requirement, for forensic laboratories and practitioners to prove their competency to 

collect process forensic evidence (Rankin and Welsh, 2013; UNODC, 2016a). A 2016 CITES 

and United Nations Office on Drugs and Crime (UNODC) commissioned survey of 110 

wildlife forensic associated laboratories found just 22 were externally audited under these 

standards (UNODC, 2016a).  

A more traditional use of forensics in criminal investigation is the application of human 

identity testing, often presented as fingermark or DNA evidence (Ling et al., 2021). Global 

infrastructure for human identity testing, including accredited laboratories, is constantly 

growing (McAndrew et al., 2023) and a wealth of research, knowledge, techniques and 

tools exist for utilisation by law enforcement. Despite ongoing contributions to solving 

human-on-human crime the literature suggests its application and development, is low in 

wildlife crime contexts (Figure 1.2). This is interesting given the theory and concepts behind 

both fingerprints and human DNA profiles have both been contextually applied to 

identification of wildlife. Possible reasons for a lack of application and research in this area 

include i) the observed separation between practitioners of human and wildlife forensics, 

ii) a lack of awareness/interest by researchers as to the cross-applicability of the methods, 

iii) unpalatable costs associated with human forensic methods when investigations only 

lead to small penalties or iv) the methods are not applicable in most wildlife crime cases.  
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Figure 1.2: Number of hits from a literature search using the Boolean terms “Wildlife” AND” forensics” NOT” 

latent” NOR” touch DNA” OR ‘trace DNA’ and a literature search using the Boolean terms "wildlife AND 

forensics" AND including "latent” AND “touch DNA” OR “trace DNA”. 

 

Regardless of the reason, the main aim of any criminal investigation is to identify a suspect 

and establish a link between the suspect and the illegal activity under investigation. Species 

or individual identification of wildlife can establish if a crime has been committed and as 

such is of value in seizures where a suspect is claiming goods are of legal origin. However, 

where no suspect is yet identified it is limited in its evidential value to find one. Two UK 

cases of raptor and badger persecution demonstrate this phenomenon. In both cases, 

carcasses, of white tailed eagles and a badger respectively, were reported to law 

enforcement with the condition of the carcasses rendering morphological assessment 

possible for species identification (BBC News, 2021, 2023). Both incidents occurred in rural 

areas with no immediate suspects and with the carcasses themselves appearing to be the 

only tangible evidence available. The position of the carcasses strongly indicated human 
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involvement or handling therefore by PAW’s own guidelines present as possible surfaces for 

consideration for recovery of human trace evidence (PAW Forensic Working Group, 2014). 

To the best of available knowledge human trace evidence was not carried out at either 

scene, and both cases remain unsolved. These types of cases, where species identity is not 

in question and a lack of direct evidence, such as witness testimony, exists suggest a logical 

need to re-evaluate approaches to wildlife crime investigations and the role human identity 

testing could play. Through human trace evidence recovery additional opportunity should 

present itself to increase the amount of evidence linking an individual to an associated 

crime beyond reliance on direct evidence. This in turn can strengthen or create new leads 

in cases where insufficient evidence is presented to identify a suspect or garner a 

conviction. Unlike species identification, human based identification may also unearth links 

to other crimes, including those non-wildlife related, shedding light on the suspected 

crossovers in organised criminal networks (Wyatt et al., 2020). It appears that the forensic 

community is overlooking the constant in all wildlife crimes: the human perpetrator. 

Research gaps, aims, and objectives 

There is currently stunted approach to the application of forensics in wildlife crime 

investigations, with little consideration given to  the potential of leveraging human identity 

forensics techniques and infrastructure. At the time of writing this thesis there are just 13 

peer reviewed publications on the subject of human trace evidence recovery from the 

surface of wildlife derivatives, including ten publications on fingermark recovery and three 

on touch DNA recovery. Chapter one of this thesis provides a full literature review covering 

these publications. However, to summarise the key takeaways that influenced this thesis’ 

research questions; firstly, each of these publications focuses on either a single species or 

scenario type and typically investigates a limited number of techniques. This is despite  

forensic wildlife crime interventions needing to function on a global scale, across a diverse 
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set of circumstances and evidence types. Secondly, both within these studies and the wider 

literature, there is a lack of effort to assess the existing approaches and capacity of law 

enforcement to recover human forensic evidence in wildlife crime investigations. As a 

result, there is insufficient understanding of how tested techniques can be realistically 

implemented into real-world contexts. Thirdly there is a general lack of recognition 

regarding the novelty of wildlife derivatives as surface types for trace evidence recovery. 

Consequently, little scrutiny has been given to whether existing methodological design 

guidelines, developed around more commonly encountered man-made objects, are 

suitable or require adaptation. Although not an original focus of this thesis, due to the 

events of the COVID-19 pandemic, this third point became increasingly relevant as ethical 

and behavioural constraints relevant to the work, such as increased hand-washing and 

reduced face-touching, altered how forensic research could be conducted safely.  

1. This thesis aims addresses these gaps by answering the following research 

questions: How do variations in touch DNA and fingerprint deposition techniques 

affect the reliability and methodological design of forensic research in novel 

investigative contexts e.g. human trace evidence recovery from the surface of 

wildlife derivatives? 

2. How effective are existing fingerprint and touch DNA recovery techniques in 

handling the variability of wildlife-derived materials encountered in forensic 

contexts?  

3. In what ways is forensic science currently used in wildlife crime investigations by a 

UK urban police force, and can targeted training improve its application by law 

enforcement?  
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These questions are explored and answered within a literature review and five empirical 

chapters, the aims of which are presented in Table 1.1. The thesis concludes with a 

general discussion on their findings, a critique of the work that was carried out, and 

suggestions of future work to further develop the themes investigated in this thesis.  

Table 1.1. Individual empirical chapter aims of this thesis and the associated research questions they endeavour to 
answer: Strengthening the wildlife forensic toolkit through the adoption of human specific approaches to identification. 

Research 

question 

Chapter 
Aim 

1 2 
Investigate the impacts of deposition and preparation methodologies 
on fingermark grade outcomes.  

1 3 
Investigate the impacts of deposition and preparation methodologies 
on quantities of deposited touch DNA. 

2 4 
Compare the efficacy of low-cost field deployable enhancement 
techniques for fingermark recovery from the surfaces of wildlife 
derivatives. 

2 5 
Compare the efficacy of low-cost field deployable human touch DNA 
recovery techniques from the surfaces of  wildlife derivatives. 

3 6 
Explore the current approaches and attitudes towards the use of 
forensics in wildlife crime investigations within UK wildlife crime 
officers.  

3 6 
Explore and build capacity in current and future involvement, 
perceptions, and knowledge of wildlife crime investigations within 
metropolitan based crime scene examiners. 
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Chapter 1: Human identity forensics  in wildlife crime 

 

Preface 

Preface: A version of this chapter has been published in: A. Thomas, L. Gibson, S. McColl, 

R. Rae, R. Ogden, N. Dawnay. What is it vs Who did it? A review of the lack of human 

focused forensic evidence in the context of wildlife crime, Forensic Science International: 

Animals and Environments, 4 (2023) 100073. https://doi.org/10.1016/j.fsiae.2023.100073 

(Appendix I). 

 

1.1 Introduction 

This chapter reviews the existing research into the application of two main forms of 

evidence used in human identity testing, fingermarks, and DNA evidence in wildlife crime 

forensic investigation. It further highlights the limited number of instances where they have 

been applied in wildlife crime research and investigations. This review was carried out in a 

traditional approach combining several evidence gathering methods including the 

identification of relevant stakeholders in the field; a review of UK government and policing 

related policy and guidance documents; identification through United Kingdom 

Accreditation Service (UKAS) of common forensic methods used in human identification; 

and a trawl of the existing scientific literature of the most common methods. 

 

1.2 Human Identity Forensics: Fingermarks   

1.2.1 Background and composition. 

On almost all individuals fingertips there exist friction ridges made up of a finite number of 

characteristics which present themselves in patterns, unique to everyone known as their 

fingerprint. The modern-day human populace has exploited this uniqueness for 

identification and security purposes and fingerprints are now used to gain access to phones, 

personal banking, places of home and work and as a means of border security (Smith and 

https://doi.org/10.1016/j.fsiae.2023.100073
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Miller, 2021). Their most recognisable use however is by law enforcement to link a suspect 

to a crime by way of their location, enhancement, and preservation at a scene of crime or 

on evidence. Once enhanced or recovered from evidence or crime scenes unidentified 

fingerprints, referred to operationally as “fingermarks”, of sufficient quality can be 

compared against fingerprints of known individuals or against other unidentified 

fingermarks to establish a match. Though their composition involves a complexity of factors 

which is a topic of much debate, superficially they are composed of an amalgamation of 

secretions from the palms of hands (eccrine),  dermis (sebaceous), and in adults the axillary 

and pubic regions (apocrine), coupled with skin or environmental contaminants (e.g. beauty 

products, food grease, pollen, dust) (Sears et al., 2012). Their composition changes almost 

immediately upon deposition, with time, environmental exposure and the substrate type 

(porous vs non-porous) all influencing longevity (Girod et al., 2012; Cadd et al., 2015; Bouzin 

et al., 2020). The immediate change to fingermarks occurs with the evaporation or 

absorption (dependent on surface type) of water and volatile lipids. Water loss results in a 

“waxier” fingermark as the remaining organic and inorganic compounds become 

concentrated. Salts will also crystallise and become vulnerable to physical erosion and 

ultraviolet (UV) exposure (Girod et al., 2012). Over the course of around thirty days most 

lipid components of sebaceous secretions will reduce significantly; squalene and 

unsaturated fatty acids are lost first with saturated fatty acids and non-volatile lipids 

including wax esters and triglycerides being more durable (Seah et al., 2005; Weyermann 

et al., 2011; Frick et al., 2020). As well as water, temperature, humidity, UV exposure and 

other forms of radiation contribute to the longevity of latent fingermark constituents (Seah 

et al., 2005; Mountfort et al., 2007; De Paoli et al., 2010; Paine et al., 2011). Despite this 

volatility fingermarks have been recovered decades after deposition (Tapps et al., 2019; 
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Bouzin et al., 2020) and after days or weeks of environmental exposure (Hagan and Green, 

2018; Colella et al., 2020). 

Figure 1.3. (left) Latent fingermark with no mark-up in original state; (middle) Highlighted bifurcations and 

ridge endings as would be placed by an AFIS; (right) A “map” of minutiae that would be searched against. 

Images generated using Fingerprint Minutiae Viewer (FpMV) software (National Institute of Standards and 

Technology, 2014). 

 

For processing of fingermarks the Analysis, Comparison, Evaluation, Verification (ACE-V) 

approach is widely adopted (Needham et al., 2022).  Historically each phase was carried out 

by hand however increasingly countries are utilising biometric Automated Fingerprint 

Identification Systems (AFIS) in their workflows (Drozdowski et al., 2019). A traditional AFIS 

functions via algorithms focused on identifying and tagging fingerprint minutiae, specifically 

bifurcations and ridge endings (Figure 1.3), creating a “map” for comparison (Moses, 

Kenneth R et al., 2011).  Three countries hosting large biometric databases, China, the USA, 

and the UK are notable players within wildlife crime either as import, export, or transit 

countries (Wong, 2019; Tow et al., 2021) or as vocal advocates for improved international 

efforts (UK Government, 2019b).  The transnational nature of wildlife crimes is well 

documented and in this vein INTERPOL hosts an international AFIS accessible to member 

nations (INTERPOL, 2021b).   
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Table 1.2: Common fingermark enhancement methods presented in order of their recommended sequential application. Adapted from the Fingermark Visualisation Manual 

(Home Office, 2022). 

Method Theory Practical limitations Porosity Process 

Fluorescent 
examination 

Exploitation of fluorescing constituents either within 
fingermarks or substrates to provide contrasting 
illumination.  

Requires a dark environment which can be difficult 
to achieve outside laboratory conditions. 

Any Physical 

Powder 
Applied directly to a substrate with the design of having a 
stronger affinity to fingermark constituents comparable to 
the surface they have been deposited on 

Poor application technique can result in damage to 
the fingermark.  

Non-Porous, 
Semi-Porous 

Physical 

Powder suspensions 
Fine powder incorporated through a solution of detergent 
and water believed to interact with eccrine and sebaceous 
components of fingermarks. 

Requires a water wash step after application which 
can be messy and impractical to contain at a scene.  

Non-Porous, 
Semi-Porous 

Physico-
chemical 

Vacuum metal 
deposition 

Functions via the sequential evaporation of metals (gold, 
zinc) onto a surface within a vacuum. Fatty acids within 
fingermarks inhibit the layering process so that they 
become visible within the coated substrate. 

An expensive process requiring specialist 
equipment and training. Irregular shaped objects 
can be difficult to process if areas are shielded 
from direct line of evaporation vessels 

Non-Porous, 
Semi-Porous 

Chemical 

Ninhydrin 
Targets the amine group within amino acids triggering a 
colour change reaction known as Ruhemann’s purple. 

Optimal process conditions are difficult to achieve 
at scene and humidity oven size in laboratory limits 
the size of items which can be processed. 

Semi-Porous, 
Porous 

Chemical 

Basic Violet 3 
A staining process which targets sebaceous sweat 
constitutes, shed skin cells and other contaminants to 
produce a purple mark. 

The rinsing step can make containment of the 
hazardous dye difficult at scenes 

Non-Porous Chemical 

Cyanoacrylate 
(superglue) fuming 

Polymerisation of ethyl cyanoacrylate (superglue) triggered 
by water within eccrine sweat results in the accumulation 
of a “noodle-like” structure presenting as a white residue 
onto a fingermark 

Optimal process conditions are difficult to achieve 
at scene and cabinet size in laboratory limits the 
size of items which can be processed. 

Non-Porous, 
Semi-Porous 

Chemical 

Indandione/DFO 
Reacts with amino acids within a fingermark resulting in a 
pink product which is best viewed using fluorescent 
examination 

The reaction is initiated through heating making it 
problematic to carry out at scene. 

Semi-Porous, 
Porous 

Chemical 

Physical developer 
Fingermark constituents trigger a disturbance within a 
stable silver-based solution resulting in deposition of silver 
at the disturbance site. 

Highly impractical to implement at scene. Cannot 
be followed up by subsequent enhancement 
techniques.  

Semi-Porous, 
Porous 

Chemical 
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1.3. Fingermarks: Application of methods in wildlife crime  

Much of existing fingermark recovery research has been focused on “traditional” crime 

scenes and evidence types; these include vehicles, weapons, clothing and household goods 

or infrastructure such as doors and window frames. This focus has spilled over into the 

wildlife crime context with fingermark recovery attempted on similar substrates in 

environments associated with wildlife crime activity (Mayer, 2019). A less traditional 

evidence type, but one of vital importance in wildlife crime, are animals and their 

derivatives. Comparative to “traditional” evidence types there has been minimal research 

of fingermark recovery in this area. The research that does exist can be loosely grouped into 

surface type and are as follows; leathers and skins, inclusive of mammalian and reptile 

species, ivory, horn, antlers, feathers, eggs, fur, and pangolin scales (Table 1.3).  

1.3.1 Fingermarks: Leather and skins 

Leather and animal skins are animal products commonly encountered in ever day 

circumstance, most often seen in the guise of accessories such as wallets or belts and 

upholstery such as car seats. As such they are regularly encountered in non-wildlife case 

work and enhancement of fingermarks from these items are among some of the earliest 

associated work in this hybrid area. Leather is considered a problematic substrate due to its 

texture,  porosity, and the multiple process stages it may be encountered in (Home Office, 

2022). Despite the regularity in which leather items are encountered in criminal 

investigations success in fingermark retrieval is lacking (Downham et al., 2015). Vacuum 

metal deposition (VMD), superglue fuming, iron oxide powder suspension, a combination 

of superglue and iodine fuming and the development of a novel fingerprint development 

membrane with a ninhydrin developing agent have all proved successful (Yang and Lian, 

2014; Downham et al., 2015; Zheng et al., 2017) at developing identifiable marks on a range 

of leather types. However, results are often inconsistent, and many marks enhanced of poor 
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quality. Due to the intensive processes involved in its creation, including tanning and dyeing, 

the properties of leather differ from the raw original skins from which it is derived. The only 

work carried out retrieving fingermarks from raw animal skins is through the substitution 

of domestic pig skin for human skin in associated research (Beaudoin, 2012; Siah, 2020). 

Black magnetic powder and cyanoacrylate fuming have both proved successful in 

recovering fingermarks off pig skin, even after environmental exposure but the onset of 

putrefaction quickly deteriorates marks (Baran, 2009).  Although there are few similar 

“hairless” mammals that these methods could be trialled on the ones that do exist, 

including hippo (Hippopotamus amphibius) and elephant (Elephantidae sp.), are high value 

targets within IWT (Underwood et al., 2013; Andersson and Gibson, 2018).  

Reptiles represent one of the most trafficked wildlife groups, entering both legal and illegal 

markets as live specimens destined for the exotic pet trade and coveted reptile 

skins/leathers for high-end fashion markets (Brazaitis, 1986; UNODC, 2016b; Sosnowski and 

Petrossian, 2020).  Studies indicate that despite appearances reptile skin has some degree 

of permeability to contaminants and water (Stokes and Dunson, 1982; Weir et al., 2016) 

and likely fall under the “semi-porous” category. As a surface type for retrieving fingermarks 

there is additional complexity with background patterning and scale structure risking 

interrupting ridge lines,  however marks have been successfully enhanced on both snake 

and lizard species (Eveleigh, 2009). Notably this work was conducted on both live and 

deceased specimens, making it applicable to both live seizures and worked goods. On live 

specimens Lightning White Fingerprint Powder® showed the most success, likely due to the 

contrast it produced against the patterned scale coloration of many species tested. 

Lightning Black Fingerprint Powder® successfully enhanced marks on more uniform light 

reptile skins such as the ventral side of alligator (Alligator mississippiensis). Cyanoacrylate 

fuming coupled with rhodamine fluorescing stain excited using 530nm wavelength viewed 
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through a 590nm barrier filter was effective at enhancing marks on multiple deceased 

species specimens. These same species also had marks successfully enhanced using the 

tested fingerprint powders. In keeping with existing knowledge of surface type influence on 

fingermark retrieval it was reported the smaller and rougher the scales the more limited 

the enhancement success. In this research the movement of live specimens either led to 

the destruction of powdered marks or problems with image capture. Within the IWT trade 

transport conditions of live reptiles is often poor (Wyatt, 2013). When subjected to 

transport conditions it has been found reptiles can demonstrate periods of prolonged 

inactivity (Mancera et al., 2014). Though improving the welfare of the animal would be of 

an immediate priority, this temporary period of inactivity could prove useful for fingerprint 

powdering in cases of seized reptiles. The issue of movement could also be overcome by 

use of newly developed techniques such as gelatin lifters which could recover enhanced 

marks from the body of the animal in a non-invasive manner. 
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Table 1.3. Summary of findings in the peer-reviewed literature investigating fingerprint detection methods from the surface of wildlife derivatives. The table outlines wildlife type, deposition 

and enhancement techniques, variable conditions considered (e.g., time, environmental exposure) and the specificity and quality of fingermark recovery achieved.  

Group Substrate type 
Deposition 
method 

Deposition 
type 

Enhancement/Recovery Variables Specificity 
Maximum 

grade 
achieved 

Reference 

Avian Feather Undirected Natural 

Mason Vectron Quasar 2000/30 
connected to an Integrated Rapid 
Imaging System (IRIS), Black 
magnetic powder (BMP), 
magneta flake,  
red and green magnetic 
fluorescent, aluminium flake and 
magnetic bi-chromatic powders 
and cyanoacrylate fuming 

Time 

Positive enhancements 
obtained using red and 
green magnetic fluorescent 
up to 21 days after 
deposition. 
 

4/4 
(McMorris 
et al., 2015) 

Avian Egg Undirected Natural 

Mason Vectron Quasar 2000/30 
connected to an Integrated Rapid 
Imaging System (IRIS), BMP, 
magneta flake,  
red and green magnetic 
fluorescent, aluminium flake and 
magnetic bi-chromatic powders 
and cyanoacrylate fuming 

Time 

Usable prints obtained using 
black magnetic + magnetic 
bichromatic up to 14 days 
after deposition 

4/4 
(McMorris 
et al., 2015) 

Avian Egg 
Consistent 

pressure 10 
seconds 

Natural 

Variable light sources, Mason 
Vactron Quaser 40 MH, 
Cyanoacrylate fuming + Basic 
yellow 40 dye 

None 

Usable prints obtained, with 
an increase in grade 
achieved through the use of 
viewing filters.  

3/4 
(Darby et 
al., 2015) 

Avian Feather 
Consistent 
pressure 2 

seconds 

Natural + 
Groomed 

Blue Crime-Lite 82S (10% 
bandwidth 420-470nm with a 
445nm peak) + yellow long pass 
filter (1% cut-on point – 476nm), 
Green magnetic fluorescent 
powder 

Time +  
Environmental 
exposure 

Usable prints obtained up to 
60 or 14 days after 
deposition when stored 
indoors or outdoors 
respectively 

4/4 
(McMorris 
et al., 2019) 
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Mammal Ivory Undirected Natural 
BMP, Small particle reagent, 
cyanoacrylate fuming, BMP plus 
VMD 

Time 
Usable prints obtained after 
two weeks using 
cyanoacrylate fuming 

Not 
described 

(Azoury et 
al., 2001) 

Mammal Ivory 
Medium 
pressure 1-2 
or 10 seconds 

Natural, 
sebaceous, 
and amino 
acid pads 

Supranano Black Magnetic and 
Black Powder, Jet Black magnetic 
powder and cyanoacrylate fuming, 
532 nm laser 

Time + 
Sensitivity 

Powders with particle sizes 
<40μm performed best, with 
usable prints recovered up 
to 1 week after deposition 
and positive enhancement 
achieved ridge up to 28 days 
post deposition  

6/6 
(Weston-
Ford et al., 
2016) 

Mammal Antler/Horn Undescribed 
Deposited in 

blood 
Vapour phase cyanoacrylate + 
R.A.M stain, leucocrystal violet 

None 
Positive enhancement 
achieved using both 
described techniques 

Not 
described 

(Otis and 
Downing, 
1994) 

Mammal Antler Undescribed Undescribed 

Cyanoacrylate fuming + Volcano 
Black granular fingerprint powder,  
iodine fuming, ninhydrin, silver 
nitrate, magnetic fingerprint 
powders 

Moisture +  
Temperate +  
Time 

Usable prints obtained using 
magnetic fingerprint 
powders up to 16 hours after 
deposition 

Not 
described 

(Czarnecki, 
2002) 

Mammal 

 
Scale 
(pangolin) 
 

Undirected 
5 seconds 

Natural Gelatin Lifters + GelScan Time 
Usable prints obtained up to 
four months after deposition 

4/4 
(Moorat et 
al., 2020) 

Reptile Scale Undescribed Sebaceous 

Polilight w/ 590m barrier filter, 
Cyanoacrylate fuming + rhodamine 
stain, white or black fingerprint 
powder 

None 
Usable prints obtained using 
both methods on a range of 
species 

Not 
described 

(Eveleigh, 
2009) 
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1.3.2 Fingermarks: Feathers 

Globally it is suspected that avian trafficking is underreported and that a significant 

proportion of animals are trafficked live for the pet trade (Heinrich et al., 2020). Other 

species, particularly raptors, are persecuted for their perceived threat to livestock or game 

species such as grouse (Madden et al., 2019).  Feathers are a unique structure found only 

amongst birds and their interlocking barbs and barbules have been compared to fabric 

weave, which at a macro level renders them as a porous material. Feathers are at a high risk 

of disturbance from handling or environmental exposure with barbules readily separated. 

Coupled with the often-flamboyant colours and patterns on feathers which hinder the 

ability to render strong contrasts between mark and background, it makes them a difficult 

surface type for fingermark retrieval. There have been just two complimentary pieces of 

research looking into fingermark retrieval from feathers (McMorris et al., 2015, 2019). For 

fabrics, VMD and cyanoacrylate fuming are the recommended approaches for fingermark 

retrieval with VMD the favoured approach on natural materials; powders of any kind are 

suggested as ineffective (Home Office, 2022). VMD has not been attempted on feathers but 

cyanoacrylate fuming has, and been found to be one of the least effective approaches 

(McMorris et al., 2015). It was postulated this was due to the hydrophobic nature of 

feathers but as cyanoacrylate is regularly used on non-porous and inherently hydrophobic 

surfaces it is more likely the porosity of the feathers was a contributing factor as superglue 

fuming is not recommended on porous materials. Fluorescent magnetic powders, 

specifically red and green were found to be the most consistently successful enhancement 

technique under controlled conditions.  

The species trialled in these studies, kestrel, sparrowhawk, buzzard, red kite, and golden 

and white-tailed eagles have similar colour plumage, and as fabric comparisons were the 

underlying theory of approach plumage weave count rather than colour was a key focus. 
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However, if fluorescent powder enhancement is to be a continued line of research, plumage 

colour may be an important future consideration. Birds light sensitivity range sits between 

300 – 700nm, this is inclusive of the UVA (320-400nm) end of the UV spectrum (100 – 

400nm) (Rajchard, 2018). Feathers of several bird species, including heavily trafficked 

brightly coloured parrots and songbirds, have been found to fluoresce under UV light 

(Hausmann et al., 2003; Burns and Shultz, 2012). This may impact the ability of a fluorescing 

mark to stand out against a fluorescing background and considerations should be taken 

when considering which colour powders and subsequently wavelengths to use during 

enhancement and photography.  

The second piece of research looking at fingermark recovery from feathers focused on 

environmental effects over time on green magnetic fingerprint powder development 

(McMorris et al., 2019). Marks were recovered up to 21 days after deposition with the 

location of the feathers, semi-protected or not from the elements, and precipitation having 

a significant effect on the success rates of recovery. Some relationship was also seen 

between both soil and air temperature and successful mark recovery. Marks recovered from 

control feathers left indoors were recovered up to 60 days after deposition. As noted by 

McMorris et al. (2019), happening upon a singular feather, as used in this study, is an 

unlikely scenario in case work. A whole, or part, carcass is commonly seen in raptor 

persecution cases. These are at risk of scavenging and the likelihood of feathers and thus 

marks being disturbed. Even in these instances knowledge that identifiable marks can be 

recovered after such long periods is beneficial; even if minutiae detail has been disturbed 

there is still opportunity to identify handling sites for subsequent swabbing for DNA 

recovery. For live trafficking, the nature in which birds are often packaged, stuffed in tubes 

or bottles (Australian Federal Police, 2015), and the inevitable movement of the birds 

themselves mean chances of mark recovery from feathers will be greatly diminished and 
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there are greater opportunities for mark recovery from the packaging. It is important to 

consider these types of contexts when deciding which types of wildlife specimens to trial 

forensic techniques on. 

1.3.3 Fingermarks: Eggs 

Egg theft and egg smuggling is a separate vein of avian associated wildlife crimes 

(Formentão et al., 2021). Eggs are easily concealed and have been known to be worn on a 

person’s body for transport purposes (Rosen and Smith, 2010). Therefore sophisticated 

trade routes are not always a requirement and individual criminals can have devastating 

impacts (Walker, 2011; BBC News, 2018; Hammer, 2021). Egg shells are widely diverse in 

size, shell thickness, and surface pattern, and importantly to fingermark enhancement 

shells are porous. This porosity, which varies inter and intra species (Jaeckle et al., 2012; 

Bowers et al., 2015) allows the exchange of oxygen and carbon dioxide and is an important 

consideration for potential enhancement treatments if dealing with live eggs. Research on 

fingermark recovery from eggs as a food item initially found limited success with small 

particle reagent (SPR), a type of powder suspension (Ferguson et al., 2013). A later study 

concluded cyanoacrylate fuming followed by rhodamine 6G treatment was the most 

effective treatment but found best results when the egg had been refrigerated for fifteen 

minutes prior (Hong et al., 2019). Both these studies require potential life-threatening 

interference with the egg, submersion, refrigeration, and exposure to toxic substances and 

as such not suitable for application in many wild egg theft crimes.  

Research in this area with a focus on wildlife crime found black magnetic powder had a 96% 

success rate at positively developing fingermarks on bird of prey eggs with enhancement 

possible up to 14 days after deposition (McMorris et al., 2015). In the McMorris et al. (2015) 

study eggs were described as a non-porous material. However, with the knowledge of the 

inherent porosity of bird’s eggs, a semi-porous designation is also appropriate. Given this, 



47 
 

powder suspensions become a viable option for attempts at enhancement however the 

involvement of surfactants and need to wash the object makes their application to live trade 

limited. The only other study investigating fingermarks on non-domestic avian eggs also 

utilised cyanoacrylate fuming but with a subsequent Basic Yellow 40 dye treatment (Darby 

et al., 2015). Different wavelengths were used to excite fluorescent components within the 

fingermarks but resulted in maximum grades of just one and two (on a scale of zero – four). 

When viewing filters were applied marks increased in quality up to grade three overcoming 

the patterned background of lapwing and grey partridge eggs. Despite their light uniform 

coloration, the same results were not achieved on Canada goose and White-tailed eagle 

eggs. These species possess more notably porous egg surfaces, and the failure was 

attributed to the potential for the eggs to absorb the Basic Yellow 40 dye across its whole 

surface obscuring latent prints. In these studies, no effort was made to lift the fingermarks 

despite the smooth uniform surface of eggs being an ideal candidate for attempts with 

gelatin lifters. If the quality of the fingermark can be retained during the lifting process, 

analysis may be significantly easier as the problematic patterned background factor would 

be removed without the need for cycling through various wavelengths.  

 

1.3.4 Fingermarks: Ivory, horn, and antler 

Ivory, horn, and antler are commonly associated with a wide variety of wildlife crime 

activities, with deer poaching being one of the UKs priority areas. Some of the earliest 

studies focusing on contextual fingermark retrieval from wildlife parts were on deer antlers 

related to poaching cases (Otis and Downing, 1994). Mature antlers are exposed, 

regenerative, porous, rough bone which exist in different developmental states including a 

velveteen stage. On mature antlers, black magnetic fingerprint powder was found to be the 

superior method for consistent fingermark retrieval compared with cyanoacrylate fuming, 
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ninhydrin or granular powders (Otis and Downing, 1994). Over several days fingermarks 

became increasingly more difficult to enhance, presumed to be due to the porosity of the 

antlers causing absorption of constituents. Work on latent print enhancement on human 

bone drew similar conclusions also finding black magnetic powder the favoured technique 

(Steadman and Andersen, 2003). Chemical enhancement was hindered due to the reactions 

with organic material within the antler, with ninhydrin turning the entire surface area of the 

antler purple rendering any contrast to surface and ridge detail minimal. A similar 

phenomenon was seen with leather (Yang and Lian, 2014) demonstrating a theme with the 

application of chemical enhancement methods on organic materials. Further work 

expanded to include enhancement of bloody fingerprints on both antler and horn, a keratin 

based substance (Czarnecki, 2002). The study concluded cyanoacrylate fuming followed by 

fluorescent dye stains to be a viable technique for latent fingermark enhancement differing 

from the conclusions drawn in the first study. It should be noted no attempt at comparisons 

with other enhancement techniques were attempted and no description of the maturity of 

the antlers given. The porosity of antlers decreases over time making their growth stage of 

vital importance to viable fingermark enhancement techniques (Brockstedt-Rasmussen et 

al., 1987).  

A perceived issue of fingermark enhancement for many animal products is their rough 

surface, as generally the smoother the surface the easier it becomes. Of all high risk 

trafficked animal products the smooth surface of polished ivory appears an appropriate 

case study to trial techniques. Whilst the term ivory is most commonly attributed to 

elephant tusks the term itself is applicable to several commercially traded mammalian teeth 

or tusks including elephant, walrus, narwhal, some toothed whales, hippo, and warthog 

(Baker et al., 2020). Several of these have recently been included in the UK’s Ivory Act 2018 

(UK Government, 2023). Ivory is porous, comprised almost entirely of dentine with a thin 
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layer of cementum, and in both elephants and walrus tusk tips are coated in enamel but 

this is eventually worn away and absent in older animals (Baker et al., 2020). Hippo ivory is 

sourced from both their upper and lower canines, and their enamel layer is more 

permanent covering about two-thirds of the tooth. To date there are two published studies 

investigating latent fingermark enhancement on ivory, both elephant, conducted 15 years 

apart (Azoury et al., 2001; Weston-Ford et al., 2016). Both these studies found Black 

Magnetic Powder (BMP) (standard and reduce scale powder respectively) suitable 

enhancement techniques including in a field setting. The main development seen between 

studies was increased success rate for longer intervals between deposition and 

enhancement, with the reduced scale (Supranano™) powder successfully enhancing prints 

up to 28 days after deposition. As an indicator of the continued focus on megafauna, this 

research has spawned the largest uptake in interest in application of fingerprinting 

techniques in wildlife crime cases and demonstration of its value. Fingerprinting kits have 

been  produced and distributed both domestically and overseas with NGO support, with 

reports that use of these techniques have directly led to arrests (Foreign, Commonwealth 

and Development Office, 2018). 

 

1.3.5 Fingermarks: Pangolin scales  

Pangolin scales have recently become a high profile evidential item in IWT, in response 

several countries have carried out actions specific to the pangolin species (Moorhouse et 

al., 2021). Despite this, historical and continued demand has resulted in seizures containing 

tens of thousands of individual scales, representing thousands of individual pangolins 

(Ullmann et al., 2019). Though the number of seizures continues to increase these are not 

synonymous with conviction and arrest rates (Challender and Waterman, 2017; Omifolaji 

et al., 2022). Pangolin scales are keratin based, overlapping to form a protective layer on 
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the dorsal side. The surface presents as a smooth material with shallow grooves running 

vertically from the tip to the base. Under scanning electron microscope they have been 

revealed to be non-porous, opening up the number of enhancement methods available to 

them (Moorat et al., 2020).  

At the time of this review just one attempt has been made to retrieve latent prints from 

pangolin scales using gelatin lifters (Moorat et al., 2020). Gelatin lifters are used to recover 

both treated and untreated latent marks, then subsequently scanned or photographed and 

enhanced using software such as PhotoshopTM (Bleay et al., 2011). Latent marks on pangolin 

scales were retrieved up to four months post deposition and whilst the mean grade failed 

to reach over two point five for any periods, over 28% of all grades were three or above, 

and as such considered of forensic interest. There is sound logic behind the proposed use 

of gelatin lifters as a tool for use in wildlife investigations; they are affordable, portable, 

durable, and pliable, allowing them to be applied to uneven surfaces and used in field 

settings where chemical or traditional powdering techniques are unsuited and in nations 

with minimal resources. Limitations for this method start to creep in surrounding 

documentation of the latent prints. Optimum photography is carried out using specialised 

GLScan equipment, a large stationary scanning machine. As it currently stands to achieve 

best results practitioners would be required to collect marks in-situ and transport to the 

nearest lab with a GLScan machine which could be a significant distance or even located in 

a different jurisdiction. The research proposed the use of smart phones as an alternative, a 

method which is increasingly being investigated (Warren, 2013; Haertel et al., 2021). A 

second limitation is the fact that individual scales, such as those used in this study, are 

usually recovered in large quantities. With minimal resources available to wildlife crime 

case workers, analysis of hundreds or thousands of individual scales is impractical. Live or 

whole pangolins are traded on a smaller scale (Challender et al., 2020) and present a more 
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practical example of case work where gelatin lifters could be applied. However, due to the 

overlapping scales on whole specimens there is higher opportunity for latent marks to 

bridge multiple scales or be destroyed from friction of rubbing scales. Application of gelatin 

lifters also relies on an informed idea of the existence and positioning of a latent mark, 

without this a gel may be applied in a manner which cuts through a mark. As such this work 

would benefit from a preliminary step of investigating techniques for visualising latent 

marks, through oblique lighting, forensic light sources, or powdering.  

 

1.4 Human Identity Forensics; Trace DNA   

1.4.1 Background and Composition 

Like fingermarks, DNA profiles are used in forensic investigation to identify an individual 

and can be full or partial in nature (Jobling and Gill, 2004). The laboratory pipeline for the 

processing of human DNA evidence is well established with validated methods and 

instrumentation available. The aim of forensic DNA analysis is to generate a STR profile 

amplified from a series of known loci, each displaying a maximum of two alleles in a single 

source profile (Figure 1.4). The data is reduced into a string of allele repeat numbers that 

can be compared to a reference sample or searched against a national or international DNA 

databases. During criminal investigations, DNA may be sampled from sources including 

blood, hair, saliva, and semen left behind at crime scenes, often because of physical or 

sexual abuse. However, where these evidence types are not readily available, “trace” or 

“touch” DNA, that which is transferred from person to object via physical contact, may be 

recovered (van Oorschot et al., 2010; Tozzo et al., 2022). The factors that affect the presence 

and retrieval of trace DNA include pre-factors such as the donor, handling time, surface type 

and post-factors like time since deposition and environmental exposure (Raymond et al., 

2009; Alketbi and Goodwin, 2019c; Burrill et al., 2019). This is not to imply that as evidence 
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types they are one of the same; although DNA can be recovered from fingermarks (Subhani 

et al., 2019), fingermarks can exist without detectible DNA, and trace DNA can exist 

independent of fingermarks. Current understanding of the cellular contents and origins of 

trace DNA is limited with many possible origins noted including cell free DNA (Quinones 

and Daniel, 2012), anucleate corneocytes (Burrill et al., 2021b), nucleated epithelial cells 

from hands (Burrill et al., 2019) and fragmentary cells (Alessandrini et al., 2003). More 

recently, it has been proposed that trace DNA originates from various locations or bodily 

fluids, specifically shed keratinocytes from the outer layers of an individual’s hand, 

nucleated epithelial cells from fluids (e.g. eyes, saliva, nasal fluids) or body parts in contact 

with hands and cell free DNA either endogenous to the hands (e.g. sweat) or exogeneous 

(e.g. transferred onto the hands from an external source) (Burrill et al., 2019).   
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Figure 1.4. A single source human STR profile viewed on GeneMapper™ software with Relative Fluorescent Units (RFU) on the Y-axis and fragment size (base pairs) on the 

x-axis. (5a) Overlay of five channel spectra showing all full STR profile. (5b) Five STR loci amplified in blue channel showing example heterozygote and homozygote alleles 

at loci. (5c) Five STR loci and Amelogenin amplified in green channel. (5d) Four STRloci amplified in yellow channel. (5e) Three STR loci amplified in red channel. (5f) Size 

standard used to identify fragment length of STR alleles presented in orange channel. 
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1.5 Trace DNA: Application of methods in wildlife crime 

1.5.1 Trace DNA: Deer 

Like fingermark research some of the earliest attempts at human trace DNA retrieval in the 

context of wildlife crime was conducted in response to deer poaching. Minitapes, a 

common tool used for trace DNA retrieval from clothing (Verdon et al., 2014b), were tested 

for use on limbs of deer handled by hunters (Tobe et al., 2011). The method was successful 

but due to the low levels of DNA recovered the researchers were forced to use a modified 

protocol adapted for low copy number (LCN) samples during amplification. In a second 

iteration of the study the LCN approach was overcome through pooling of samples (Tobe et 

al., 2013). However, the experimental design of their study meant Tobe et al. (2013) had 

the luxury of knowing their combined samples originated from the same “perpetrator”. 

Whilst a single individual handling a carcass may be true for small scale crimes such as deer 

poaching, in reality the supply chains of many wildlife crimes are complex and several 

individuals may be involved either along the whole chain or within just one of the links 

(Cerling et al., 2016; UNODC, 2016b). Mixed source DNA is considered complex and 

combined with the already problematic low levels of DNA in trace samples future studies 

should include several donors to better emulate real life cases. However with over a decade 

of development in the area of trace DNA recovery techniques such as direct PCR make 

processing of challenging samples more accessible (Cavanaugh and Bathrick, 2018).   

 

1.5.2 Trace DNA: Bird of prey, corvid, and rabbits 

In many cases of wildlife crime, the carcass, either whole or in parts, is a commodity 

therefore encountering a carcass as evidence at a crime scene which has been exposed to 

the elements, may be less common than encountering it in transit or on a person. In 

contrast, carcasses of species which are targeted for persecution have no value to the 
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offender and may be left or concealed at the scene of the crime. This is common in crimes 

against birds of prey whose carcasses are regularly found outside having been exposed to 

the elements for undetermined amounts of time  (RSPCA, 2019). The impact of prolonged 

elemental exposure on trace DNA recovery has been investigated and evidence shows 

temperature and humidity both impact the persistence of DNA however whether this is 

positively or negatively is concurrent with the type of surface the DNA has been deposited 

on (Alketbi and Goodwin, 2019c). In one study, minitapes were chosen to remove human 

DNA from rabbit (a common bait), corvid and bird of prey carcasses in both controlled and 

exposed conditions (Mcleish et al., 2018). Profiles were obtainable form corvid and rabbit 

after two days of elemental exposure including heavy rainfall and up to ten days on 

carcasses kept in controlled indoor conditions with the rapid decomposition of the 

carcasses cited as a contributing factor to the decreasing ability to recover DNA. Bird of prey 

carcasses had only one day of exposure with rainy conditions but found significant 

difference in success depending on the species. Other external factors such as scavengers 

or invertebrates associated with decomposition may also contribute to the decline in 

available DNA. This was suspected to be true in a study of trace DNA recovery from pig skin 

submerged in water (Meixner et al., 2020). Both this study and that detailed in (Mcleish et 

al., 2018) managed to produce full DNA profiles from carcasses after being exposed to 

water.  Once conclusion was that trace DNA persisted longer in cold, standing water but a 

full profile was still retrievable after one day of immersion in running water which is in 

keeping with (Mcleish et al., 2018) who retrieved reportable DNA samples from corvid 

carcasses exposed to rain after two days. Effects of rain exposure on trace DNA retrieval in 

wildlife cases deserves more research, given poaching incidents in certain countries peak 

during rainy seasons, as poachers attempt to capitalise on rangers inability to navigate 

flooded protected areas and the lack of tourists (Kyando et al., 2017).  
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1.6 Summary 

Several key themes flow through human identification in wildlife crime. To begin with the 

literature shows it is possible to recover human evidence from wildlife derivatives using 

standard techniques, without the need to deviate from the general recommended 

procedures. Wildlife derivatives are seemingly subject to the same rules of porosity, texture, 

and environmental exposure that must always be considered by crime scene examiners 

when selecting a technique. Colourful, patterned, skins and coats of animals can be a 

challenging factor in producing a good contrast between substrate background and 

fingermark. For species destined for the pet trade or as ornamental display pieces these 

flamboyant features are a driving factor behind their demand, therefore overcoming this 

problem is imperative. Very few of the studies reviewed here attempted to compare 

enhanced mark quality on the substrate to lifted marks, despite lifting being a standard 

procedure by forensic investigators. Chemical enhancements often failed potentially 

because raw animal products are organic material which react in conjunction with 

fingermark residue rendering any contrasts that do occur of minimal quality. The techniques 

that do work, powders, and gelatin lifts, can be cost effective, field deployable and in the 

case of powders do not require expensive laboratory infrastructure for analysis. This makes 

them ideal candidates for take up in by those investigating wildlife crime who cite a lack of 

resources as an obstacle to enforcement. Notably researchers have placed no consideration 

the downstream impacts of fingermark enhancement techniques on potential DNA 

recovery, human or animal. Dual trace evidence recovery from fingermarks is an increasing 

consideration by practitioners for both fresh and archived fingermarks (Kumar et al., 2015; 

Solomon et al., 2018; Subhani et al., 2019) and the techniques employed can have 

significant impact on ability to recover DNA profiles.  



57 
 

Despite decades of successful proofs of concepts on several species there has been only 

one recorded instance of findings being translated into applied casework. One explanation 

behind this is that there has been no real need for recovery of such evidence types. Wildlife 

crime investigations can often begin from a “caught red handed” scenario, whereby an 

individual is found in possession of wildlife products, commonly seen during seizures at 

borders. As such the need to link an individual to the crime is superfluous. This is a weakness 

in the continued chronicling of making IWT synonymous with all wildlife crime and thus 

focusing efforts on highly trafficked species. By assuming this narrative and failing to 

establish robust methods of linking individuals to wildlife crimes a whole subset of cases is 

being ignored. It does injustice to the equally pressing matter of domestic, non-trade 

related, wildlife crimes such as seen in the USA and the UK who, as discussed, have a poor 

track record in wildlife crime conviction rates (Wildlife and Countryside Link, 2020; 

Sosnowski et al., 2022). Persecution and human-wildlife conflict cases in these countries 

may rarely see an individual caught in possession of a wildlife product as the wildlife product 

itself is not a target for commercial gain. The small-scale nature of these crimes, the 

comparably high resources available, including accredited laboratories and well-established 

databases, place such nations in prime position to lead in human evidence recovery in 

wildlife crimes. Ignoring human evidence also fails to consider the additional intelligence it 

can bring to investigations. For example, DNA barcoding with ivory has resulted in linking 

shipments and thus identifying supply chains and trafficking routes. This could also be 

achieved through the presence of repeated instances of the same human DNA profile or 

fingermark on multiple shipments identifying a repeat offender or common link in supply 

chains.  

It is evident from increasing rates and simultaneous decrease in convictions that current 

attempts to tackle wildlife crime are fraught with problems. Along the way forensic 
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solutions posed have focused on the wildlife rather than the perpetrator. This work, 

specifically individual identification of wildlife has important applications, but they are 

limited by resources, lack of accreditation, need on a large scale and the sheer volume of 

wildlife species involved. By contrast human identity testing in forensic applications is a 

globally established industry, with recognised and well-rehearsed best practice methods. 

Human identity testing benefits from existing databases and infrastructure, particularly in 

the global north, but with more and more global south stakeholder countries developing in 

this area, such as India’s new National AFIS (National Crimes Record Bureau, 2021) and 

Kenya’s new forensic laboratory (Siele, Martin, 2022). 

Any prosecution team will benefit from having an much evidence as possible at their 

disposal. Recovery and presentation of human trace evidence in wildlife crime cases 

provides clear links of perpetrators to wildlife products that other types cannot provide. As 

such it is recommended that more research is conducted looking into human trace evidence 

recovery from common substrates encountered in wildlife crime cases. Whilst this review 

has focused on wildlife products and their derivatives there is also opportunity to consider 

traps, snares, weapons, transportation boxes and vehicles. For several of these evidence 

and material types there will be existing research or guidance on best practice methods, 

but work is needed to contextualise them into the world of wildlife crime. Considerations 

should be made dependent on the seizure type or crime scene location. For example, 

seizures from shipping containers will have undergone different environmental exposure 

and periods since deposition comparative to air cargo, similarly crime scenes in an arid 

desert environment will have had significantly less moisture exposure than those in tropical 

humid environments affecting recommended recovery methods.  
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Fingermark work should look beyond just enhancement on substrates and investigate 

effective methods of mark retrieval to overcome problems in establishing contrast on 

patterned backgrounds. Trace DNA work in this area is very much in its infancy but will 

benefit from including mixed profile scenarios, more modern processing techniques and 

interactions with fingermark recovery techniques. It is important that such research is 

completed in appropriate contexts. To do this, researchers must work closely with law 

enforcement to understand their resource limitations, what types of evidence they most 

commonly encounter at wildlife crime scenes, what national priorities are, and the 

practicality of applying developed techniques.  

Finally, there needs to be recognition of the complimentary nature of species identification 

and human identification forensic work. What species identification lacks in terms of 

accreditation and recognition within the wider forensic community, human identification 

possesses in abundance. Species identification benefits from ample examples of proof-of-

concept work as well as media, funding, and research interest whereas in these areas 

human identity work is in its infancy. Encouraging these veins to work together could result 

in robust forensic investigation in wildlife crimes, with the recovery and analysis of several 

streams of forensic evidence being possible. The idea of paired wildlife and human forensic 

labs who agree to take on relevant evidence processing from wildlife crime cases at their 

respective crime scenes could be considered. As well as utilising each institutions unique 

skill set it will strengthen the relationship between the wildlife and human forensic 

community potentially increasing knowledge sharing opportunities and more cohesive and 

streamlined case work. A challenge will be the need for human forensic laboratories to find 

the time and resources to process wildlife crime related evidence. Efforts to access these 

resources will be strengthened by demonstration of the impacts of wildlife crimes on the 

economy, communities, and biodiversity. Better recording of wildlife crimes should be a first 
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step in this area, as is being called for in the UK within campaigns to make wildlife crimes 

notifiable (Wildlife and Countryside Link, 2022a) and recommendations for centralised 

wildlife databases within the European Union (EU) for better monitoring (Engel, 2023). It is 

evident that the presence of wildlife crime attendees that, singularly or collectively, possess 

a holistic set of forensic skills capable of processing and collecting both wildlife and human 

focused evidence is missing within wildlife crime investigations. Even if resources do not 

allow immediate processing of evidence, its correct and effective collection opens avenues 

for utilisation of archival evidence when circumstances allow in the future. This has the 

potential to improve prosecution and conviction rates and act as a serious deterrent to 

wildlife criminals, providing in a part a solution to the ongoing crisis of wildlife crime. 
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Chapter 2: Investigating impacts of handling manner and grooming 

preparation on fingermark quality: Identifying a reliable method of 

deposition. 

 

2.1 Introduction 

Since their recognition as an useful identification tool in criminal investigation during the 

late 19th and early 20th century (Cole, 2001) fingermarks have become one of the most  

recognisable types of forensic trace evidence recovered at crime scenes (Kaplan et al., 2020; 

Ling et al., 2021).  The discovery of  latent fingermarks (Lee and Pagliaro, 2013), those 

invisible to the naked eye, now sees fingermarks as one of the most significant types of 

forensic evidence that contribute to arrests, prosecutions and convictions, particularly 

when coupled with other forms of evidence (Peterson et al., 2013; Steele, 2020). In the UK 

alone, between 2022 and 2023 law enforcement carried out over 400,000 searches of latent 

fingermarks against ten prints stored in the national AFIS database, IDENT 1, resulting in 

just over 14,000 matches (UK Home Office, 2024). Therefore, there is a vested interest by 

the forensic community to continue optimisation and innovation into fingermark recovery 

techniques. An ongoing discussion in this field of work is how to design effective 

experiments investigating and comparing the efficacy of enhancement methods. The 

process is significantly complicated by the fact the dependent variable, in this case 

fingermarks, are highly variable both between and within individual donors even before the 

introduction of any influencing variables (Sears et al., 2012; Steiner et al., 2019). Without 

confidence in the similarity of quality of fingermarks undergoing testing, there could be 

ambiguity as to whether poor experimental results are the product of technique efficacy, 

methodological limitations, or due to a failure of deposition at the outset (Chadwick et al., 

2018). This phenomenon of variability is colloquially referred to as “the donor effect” and 

attempts to control it can be broadly grouped into two categories, the physical way in which 
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a fingerprint is deposited, the “deposition technique” and what constituents that 

fingerprint consists of, the “composition”. Existing attempts to control deposition technique 

and composition are described below.  

 

2.1.1 Controlling the deposition technique 

The pressure, angle, and period of contact a finger has with a surface have all been shown 

to subsequently impact the quality of an enhanced fingermark (Fieldhouse, 2015; Hefetz et 

al., 2019). Increasing  pressure has been shown to correlate with an increase in width and 

length of a fingermark leading to distortion, reducing the distance between ridges and 

risking the loss of detail through merging of ridges or bifurcations (Mil’shtein and Doshi, 

2004; Jasuja et al., 2009).  A simplified approach to minimising excessive use of pressure 

include descriptive instructions, such as applying contact “as naturally as possible” (Harush-

Brosh et al., 2020) or “gently touching” a surface (Hong et al., 2019). However instructions 

such as these are open to subjective interpretation, and it has been shown that too light a 

mark can also misrepresent ridge detailing (Hefetz et al., 2019) and most donors are 

incapable of repeated depositions at the same pressure when left to their own volition 

(Mil’shtein and Doshi, 2004). Some of the most comprehensive work in attempting to 

manage deposition pressure has involved the use of mechanical aids to accurately measure 

the amount of pressure being applied. The most rudimentary of these approaches 

measures exerted pressure using a top pan balance, having donors release their fingers 

when a designated weight is met (Jasuja et al., 2009). However, it has been shown this 

method is not capable of reproducible or consistent results and as donors take varying 

amounts of time to reach the desired pressure it further introduces an unintended but 

known influencing variable, the amount of time in contact with the substrate (Steiner et al., 

2019). More sophisticated attempts to control pressure, including development of 
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mechanical devices which remove any control of the deposition process from the donor 

and relegate it to either a human operator (Fieldhouse, 2015) or through machine 

automation (Reed et al., 2016). Both devices demonstrated a greater level in reproducibility 

of deposited marks comparative to other methods but have not been adopted by the wider 

research community. This may be due to their intricacies making mass production difficult, 

and their designs limiting the types of surfaces that be deposited on, making their use on 

unusual surfaces, such as wildlife specimens, impractical.  

 

2.1.2 Controlling fingermark composition  

As outlined in section 1.4.1 the constituents of a fingermark are a vital factor of 

consideration in choice of enhancement method. As such artificial manipulation of 

depositions can significantly impact results by causing over- or under-representation of 

certain constituents, favouring particular methods. Where novel enhancement techniques 

are being proposed representation of certain constituents may be desired to establish 

which are involved in the mechanism of the technique. Methods to achieve this  include 

artificial secretions presented as printed test strips (Kupferschmid et al., 2010), chemical 

pads (Steiner et al., 2020) or pipetting or stamping formulated residues (Sisco et al., 2015). 

Artificial secretions are contentious as they deviate so significantly from the complexity of 

natural fingermark residue mixtures and have been shown to have unreliable reactions with 

some enhancement types (Zadnik et al., 2013; Steiner et al., 2020). As such their use is 

never encouraged to draw conclusions about the suitability of techniques for operational 

use. Alternative “natural” approaches to producing target constituents include inducing 

eccrine secretions by wearing plastic gloves (Fagert, 2023), or loading on sebaceous 

secretions by rubbing their fingers on their nose or cheeks (Kim et al., 2019). The fingerprint 

visualisation manual, produced by the UK Home Office, is one of the most comprehension 
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resources available for effective operational decision making in choice of fingermark 

enhancement technique (Home Office, 2022). In recognition of the ongoing challenges of 

standardisation Sears et al (Sears et al., 2012) published a paper outlining the methodology 

used to generate the data that underpins the guidelines presented in the Home Office 

manual. A point stressed throughout the paper and similar guidelines published by the 

International Fingerprint Research Group (IFRG) (Almog et al., 2014) is that the use of 

“groomed” fingermarks, whereby donors purposefully touch their face, particularly the t-

zone, prior to deposition, is strongly discouraged. The reasoning given is that “naturally 

deposited” marks are better representative of latent marks encountered operationally due 

to the grooming practice significantly increasing the amount of some fatty acids and lipids, 

particularly squalene in a deposited mark (Croxton et al., 2010; Moraleda Merlo et al., 

2023). Interestingly, despite this assumption being repeated throughout the associated 

literature, I can find no published research which directly compares experimental and 

casework fingermark composition. At least one recent study has stated that despite 

groomed marks resulting in a higher lipid content, this assumption of natural fingermarks 

being a better representation of operation marks may not hold entirely true (Moraleda 

Merlo et al., 2023). Another study has highlighted that latent marks possess significantly 

less water content than previously thought and most contain at least some additional 

sebaceous constituents (Kent, 2016).  In addition, marks “naturally” deposited under 

laboratory conditions fail to take into consideration the contextual factors, such as stress, 

excitement, and fear which may be experienced by a criminal, or victim, during a crime, and 

subsequently influence their actions, such as face touching, or rate of sweating.  

Though drawing attention to the fact fingermarks are not compromised of solely eccrine 

secretions, the recommendations of Sears et al (Sears et al., 2012) for generating “natural 

fingermarks” include no handwashing within 30 minutes prior to deposition, and avoidance 
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of activities including makeup application and deliberate touching of the face. Arguably 

these controls push these natural fingermarks into a territory of over representation of 

eccrine secretions, as the only glands found on the palms, as there has been an active effort 

to avoid the introduction of contaminants or sebaceous secretions. By comparison, the IFRG 

guidelines recommend caution in the use of a hand-washing step and provide no specific 

guidance on any other controls in generating a “natural” fingermark. Throughout the 

literature researchers employ a range of methodological interpretations of both of these 

sets of guidelines ranging from absolutely no attempt to control variables (Dawkins et al., 

2020), to avoiding hand-washing within a certain time-frame (McMorris et al., 2015) to 

opting for the use of groomed prints without specific justification (Lohar et al., 2022).  

 

2.1.3 Other methods of control 

Other reported contributing factors affecting latent fingerprints deposition include, donor 

age and sex (Tozzo et al., 2022), lifestyle associated contaminants present on hands (Bleay 

et al., 2021), substrate type (Bacon, 2012) and time elapsed between deposition and 

collection (Colella et al., 2020). As already discussed, the hand-washing step is often 

introduced to control for contaminants and it is recommended to recruit of a range of 

donors of mixed sex, age, and suitability, to deposit fingermarks (Almog et al., 2014). The 

latter step of establishing “suitability”, may be superfluous given the inter-variability of a 

single donor depositions within and between days. At later stages of research, where 

surface area size allows, techniques such as depletion series use the same finger to deposit 

a diminishing quantity of constituents. This technique allows for the assessment of 

sensitivity of enhancement methods. Split fingerprints are another common approach 

whereby a deposited mark is halved, and different techniques applied to each respective 

half, (Sears et al., 2012; Almog et al., 2014). By using the same mark for comparisons, 
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variables such as pressure, constituents and donor intra-variability are better controlled. 

However, the method functions best on uniform flat surfaces which can be physically 

separated. On other surface types, methods to circumnavigate the inability to physically 

separate, include placing two of the same surface type together and depositing so that the 

seam of connection is placed along the medial line. This method is not conducive to physical 

processes which fair best on a continuous surface, such as powdering (Sears et al., 2012) 

however and almost impossible on any irregular or curved surfaces.  As such experimental 

design for research into fingermark enhancement on irregular and novel surfaces, such as 

wildlife specimens, is challenging. 

In Chapter 4 of this study, I will be comparing the efficacy of reduced scale magnetic 

fingerprint powders and gelatin lifters on a range of wildlife specimens. Wildlife specimens 

present as organic surface types; unless purposefully altered to the contrary, they are 

traditionally non-uniform across their surface, due to natural growth patterns and 

weathering (Figure 2.1).  

 

Figure 2.1. An example of an elephant ivory tusk unsuitable for deposition control methods, such as depletion series, due 
to the variation in texture and colour seen along its length. 

 As such it is impractical in many cases to use the recommended methods of split 

fingermarks and depletion series. In addition, whilst traditional surface types, such as paper, 

glass, plastic, or metal are in abundance, access to wildlife specimens is a greater challenge. 
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This may be particularly true if the specimens represent high-value or rare species and 

therefore may be required for future preservation work or vital for the species future 

preservation, and unavailable for potentially destructive applications such as chemical 

fingermark enhancement techniques. In general, it should be expected that there will be a 

finite number of wildlife specimens available for research. Therefore, there is an increased 

desirability to confidently deposit fingermarks during proof-of-concept as repetitions 

cannot be guaranteed. The techniques being investigated in Chapter 4, powders and gelatin 

lifts, both fall under “physical processes” (Home Office, 2022) capable of adhering and 

interacting to both the water and lipid constituents in eccrine and sebaceous secretions 

respectively (Gaw and Ramotowski, 2012), a factor which makes powders such a versatile 

and highly utilised enhancement technique. Given this, the risks of introducing an 

abundance of favourable constituents, which favour the method, by using “groomed” 

fingerprints may be limited, comparable to say a lipid dye such as Basic-Violet 3. Taking 

these factors into consideration this chapter will assess the impact of deposition method 

and pre-deposition grooming on the quality of powder enhanced fingermarks on porous 

and non-porous substrates, with the aim to identify a methodology that can be taken 

forward for use in Chapter 4 that results in the highest chance of deposition without 

significant deviation from operational latent fingermarks.   

 

2.2 Materials and methods 

2.2.1 Substrate choice and volunteer recruitment 

In an effort to standardise interpreted handling technique between substrates, and 

consideration that later chapters will involve handling wildlife specimens which are 3D in 

nature, cylindrical versions of two porous (pine dowel and cardboard) and two non-porous 

(black polypropylene and reflective stainless steel) substrates were chosen for this study 
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(Figure 2.2). Each cylinder was divided into two areas, the smaller for fingermark deposition 

and the larger designated for DNA deposition for use in a trace DNA iteration of this study 

outlined in Chapter 3. Prior to use, to remove any fingermark residue, all substrates were 

wiped down using DNAaway™ (Thermo Scientific™) and left for at least one hour to dry 

before being handled by participants. In total eight participants were ethically recruited 

with an equal number of males and females assigned at birth represented (Liverpool John 

Moores University ethical approval reference 21/PBS/004). Individual shedder status was 

not determined as part of recruitment.  

2.2.2 Fingermark Deposition 

As a requirement of ethical approval, in relation to COVID-19 risk assessments, prior to each 

deposition session all participants were asked to wash their hands. For natural fingermarks 

participants refrained from touching themselves or objects between handwashing and 

deposition, a period of around 15 minutes to allow time for eccrine secretions to replenish. 

Figure 2.2: Images of the four substrates deposited on during this study. Clockwise from top left, 
cardboard cylinder (porous), polypropylene cylinder (non-porous), stainless steel cylinder (non-
porous) and pine dowel (porous). 
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Whilst eccrine glands are concentrated on the hands and soles of the feet they also exist in 

abundance on the forehead (Haskell, 2010). As such the area is not recommended for 

inclusion in studies requiring “grooming” to load fingerprints with sebaceous secretions 

(Sears et al., 2012). However, to more closely simulate a “natural” fingermark of mixed 

constituents, for groomed preparations in this study participants were asked to rub their 

fingers along their forehead and, bridge of nose. All participants were asked to rub their 

fingertips together to evenly distribute residues present. 

Four deposition methods were tested, three methods included a set two seconds of contact 

time between the surface and fingertip, but instructions left pressure of deposition open to 

subjective interpretation by the participant (methods 1, 2, 4) the final method attempted 

to control pressure through use of a top pan balance but with variable contact time 

depending on participant (Table 2.1). Digit used (forefinger, thumb, ring) and handedness 

(left, right) were randomised across samples. All participants (N = 8) contributed equally to 

each study treatment and substrate, resulting in a total N = 128 individual fingermarks, N = 

32 fingermarks per deposition method and N = 64 fingermarks per preparation type. After 

deposition fingermarks were aged for 30 minutes prior to application of enhancement 

techniques.  

Table 2.1: Deposition methods employed in this study, comprising of three, light touch, heavy touch, 
mechanical, drawn from existing literature and one, undirected, novel devised by study investigators. 

No. 
Deposition 
method 

Fingermark protocol Reference 

1 Light touch ‘Lightly’ press assigned fingertip onto designated area of substrate for two seconds. 
(Richmond, 
2004) 

2 Heavy touch ‘Heavily’ press assigned fingertip onto designated area of substrate for two seconds. 
(Richmond, 
2004) 

3 Mechanical 
Press assigned fingertip onto designated area of substrate, which sits on scales, until 
a consistent force of 500g is read on the scale.  

(Jasuja et al., 
2009) 

4 Undirected 
Press fingertip onto designated area of substrate for two seconds. Interpretation of 
method approach is left up to participant. 

Novel to his 
study 
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2.2.3 Fingermark enhancement and photography 

In July of 2021, The City of London Police (CoLP) forensic services department provided in-

person training, inclusive of crime scene and laboratory-based techniques, in fingermark 

enhancement and photography. The training included simulated crime scenes, during 

which qualified forensic personnel evaluated my practical techniques. SceneSafe™ 

SuprananoTM Black and White Magnetic Powders, applied using a sterile magnetic wand, 

were used for cardboard and pine (black), and polypropylene (white) respectively. 

SceneSafe™ Bronze latent fingerprint powder was used for stainless steel and applied using 

a sterile disposable fibreglass zephyr brush.  

Treated fingermarks were photographed with a reference scale, using a tripod mounted 

Sony DSLR A850 with Sony 100mm f2.8 macro lens attachment, positioned parallel to the 

fingermark, with a ten second delay for enhanced stability. Fingermarks were lit using 

ambient light and images taken using multiple apertures in both RAW and JPEG format. 

Fingermark images were exported into Photoshop© and the following edits applied to RAW 

images: i. scaled to 1:1 ii. converted to grayscale iii. sharpened. The first two edits were to 

bring images in line with standard requirements for uploading to an AFIS and the state in 

which fingerprint experts would most commonly carry out assessment. If images required 

further improvement to facilitate grading, then colour inversion, brightness, and contrast 

editing tools were also utilised. Post photography all fingermarks were lifted using 

SceneSafe Crystal-TabsTM as per manufacturer recommendations. 

 

2.2.4 Fingermark Grading 

Fingerprint experts within the CoLP forensic service department provided training in correct 

methodology in fingermark grading. Training was inclusive of all steps of the ACE-V system 

and involved assessment of correct identification and comparison of fingerprint patterns, 
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and minutiae both manually and via AFIS. Fingermarks were graded using the Home Office 

0 – 4 Centre for Applied Science Technology (CAST) grading scheme , (0 = no evidence of 

fingermarks; 1 = weak development; 2 = limited development; 3 = strong development; 4 = 

very strong development) (Sears et al., 2012). Enhanced fingermarks were first 

photographed in-situ on the substrate and then on the SceneSafe Crystal-TabsTM lifts post 

lifting. For each deposition both versions of the photographed fingermarks were graded 

and the highest scoring of the two taken as the final grade. This approach was taken due to 

the difficulties in photographing enhanced fingermarks on the more reflective substrate 

surfaces and subsequently having high enough quality images for analysis. The CAST grading 

scheme differs to casework where a qualitative assessment is made using the ACE-V 

framework (Needham et al., 2022). In the UK, this process results in a final verdict of 

insufficient (lacking sufficient detail for drawing comparisons), comparable (sufficient detail 

to compare against a known suspect’s ten print) or searchable (sufficient detail to upload 

and search against latent and ten prints stored in an AFIS database). Although CAST grades 

were used as the main dependent variable in this study to support the validity of their 

grading, fingerprint experts from the City of London Police  were also asked to grade the 

fingermarks using their ACE-V system.  

 

2.2.5 Statistical analysis 

Unless otherwise stated all statistical analysis in chapters 2, 3, 4 and 5 were performed using 

R statistical software and functions within the pre-loaded core “stats” package (R Core 

Team, 2024). Graphs, unless otherwise stated, were created in R statistical software using 

the “ggplot2” package (Wickham, 2016). The CAST grading scheme is intended for 

interpretation as ranked ordinal data and therefore non-parametric tests, such as Kruskal-

Wallis, Mann-Whitney U and Chi-squared are recommended (Hockey et al., 2021). For 
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analysis of this data set the Kruskal-Wallis was used when assessing results across the full 

CAST grading scheme (0 – 4). Chi-squared, or, when conditions were not met, Fishers exact, 

was used for assessing results when CAST grades had been collapsed into new factors, for 

example pooling of CAST grades 0 -2 into “marks not of forensic interest” and CAST grades 

3 – 4 into “marks of forensic interest”.    

2.3 Results 

2.3.1 Fingermark enhancement 

Across all samples 75% (N = 96) of fingermarks were graded >1 using the CAST grading 

system, showing at least some evidence of contact. Fingermarks graded three or above are 

considered suitable for identification and subsequently of forensic interest in the context of 

a criminal investigation, 43% of all fingermarks (N = 55) were graded > 3 (Figure 2.3).  

 

Figure 2.3: Examples of fingermarks enhanced during this study which have been converted to grayscale 
using Photoshop© software. Fingermarks depicted in a and c are examples of fingermarks classified as not 
of forensic interest and those in b and d as of forensic interest in terms of quality.  

 

a) b) 

c) d) 
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Comparison of CAST and CoLP assessments showed 100% of fingermarks with a 0 – 1, 2 or 

4 CAST grade awarded by the PI were assigned into a singular assessed category by the 

CoLP. Marks awarded CAST grades of 0 and 1 were designated as insufficient, marks 

awarded CAST grade 2 were designated as comparable and CAST grades of 4 were 

designated as searchable. For fingermarks given a CAST grade of 3, 16% were designated as 

comparable by CoLP and the remaining 84% as searchable (Figure 2.4).  

.  

 

Figure 2.4. Stacked bar plot showing the distribution of CAST grades (0 – 4) within each CoLP designation (Insufficient, 
Comparable, Searchable). Each bar represents the total frequency of fingermarks awarded for each CoLP designation 
with segments indicating the proportion of each CAST grade within them. 

 

2.3.2 Deposition technique 

Within pooled samples the mechanical method produced the most fingermarks graded >3 

(53%, N = 17) the undirected method the least (38%, N = 12) and the light and heavy touch 
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methods an equal quantity (41%, N = 13). A Kruskal Wallis test showed no significant 

association between deposition method and CAST grade, (x2 = 2.02, df = 3, p-value = 0.57) 

for pooled samples. (Figure 2.5). No significant association was found when results were 

separated into porous and non-porous substrates and whether they had been deposited 

naturally or with a grooming step. Individual participants were found to be capable of 

producing a range of grades across all substrate types.  

 

Figure 2.5. Stacked bar plot showing the distribution of deposition methods within each CAST grade. Each bar represents 
the total frequency of fingermarks awarded for each CAST grade with segments indicating the proportion deposited by 
each method.  

 

2.3.3 Preparation 

A total of N = 18 grade >3 marks were recovered from natural depositions and N = 37 from 

groomed. A Kruskal Wallis test found significant association between preparation prior to 

deposition (groomed vs natural) and awarded CAST grade (x2 = 18.30, df = 1, p < 0.001, with 
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a higher number of CAST grades >1 deposited when using a groomed preparation 

technique. When grouping substrates by porosity this significance was only applicable to 

the porous items, wood, and cardboard (x2 = 29.117, df = 1, p < 0.001) (Figure 2.6).  

 

Figure 2.6. Stacked bar plot showing the distribution of preparation (groomed and natural) within each CAST grade for 
both non-porous and porous substrates. Each bar represents the total frequency of fingermarks awarded for each CAST 
grade with segments indicating the proportion deposited by each preparation method.  

 

2.3.4 Marks of forensic interest 

Fingermark grades were reassigned to produce a binomial dependent variable with 0 

representing fingermarks not of forensic interest (grades 0-2) and 1 representing 

fingermarks of forensic interest (grades 3-4). A Chi-square test of independence found no 

significant association between deposition method and type of mark, forensic interest or 

not, recovered. A significant association (x2 = 10.329, df = 1, p < 0.01), was found between 

preparation method, groomed or natural, and type of mark recovered. A binary logistic 
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regression was carried out with deposition method, porosity and preparation included as 

independent variables. The first iteration of the model indicated deposition method was 

not a significant variable in predicting whether a fingermark was of forensic interest or not. 

The final best fit model was run with porosity and preparation as independent variables. 

From this model the odds of a fingermark of forensic interest being enhanced on a non-

porous surface was not found to be significantly greater than the odds of enhancing one on 

a porous surface . The odds of a fingermark of forensic interest being enhanced using a 

groomed digit was found to be 2.61 times the odds for natural digits. (Table 2.2).  

Table 2.2. Results of binary logistic regression analysis on collapsed grade categorisations with preparation and porosity 
as independent variables including coefficient (Coef), p-value, and odds ratio (OR). Groomed and non-porous were used 

as reference categories for preparation and porosity, respectively. Significance values of < 0.01 and < 0.001 
denoted by * and ** respectively.  

 

Preparation 
[Groomed] 

Porosity 
[Non-porous] 

Grade categorisation Coef p-value OR Coef p-value OR 

Forensic interest All Mark CAST 
0.96 0.03* 2.61 

---
18.240 

0.99 0.00 

0 [0 – 2] 
1 [3 – 4] 

      

       
Forensic interest “True Mark” CAST 0.56 0.23 01.75 0.80 0.09 2.22 
0 [1 -2] 
1 [3 – 4] 

      

       
Positive deposition “True Mark” CAST 3.3 1.16e-06** 26.45 3.61 7.54e-07** 36.90 
0 [0] 
1 [1 – 4] 

  
 

  
 

 

Zero graded “fingermarks” by definition “show no evidence of a fingermark” and are 

therefore distinct from true latent fingermarks (those graded 1 - 4). Zero grades accounted 

for 25% of all samples (N = 32) in this study, and in order to analyse the results for “true 

fingermarks” were subsequently removed from the dataset. Within the sample set of “true 

fingermarks”,  groomed fingermark deposits had a higher rate of CAST grade 3 marks 

comparable to natural marks (Figure 2.7), but a chi-square test of independence found no 
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significant relationship between preparation and CAST grades within “true” fingermarks. 

True fingermarks were reassigned for a second time based on whether they were of forensic 

value (CAST grade 3 – 4) or not (CAST grade 1-2). In this iteration of the results a chi square 

test of independence found no significant association between preparation method and the 

forensic value of a deposited mark. A binary logistic regression analysis was repeated on 

this new dataset and none of the influencing variables were found to have significance in 

relation to whether a fingermark of forensic value would be enhanced.  

 

Figure 2.7. Bar plot of frequency of awarded CAST grades 1 – 4 dependent on whether volunteers deposited fingermarks 
using groomed or natural preparations. Results shown are taken from the “true fingermark” dataset which excludes 0 
CAST graded fingermarks. A chi-square independence found no significant relationships between CAST grades award 
within the groomed and natural fingermark depositions in the “true fingermark” dataset.  

 

2.3.5 Successful vs Unsuccessful Depositions 

In response to the above findings one final iteration of the data was explored looking at 

how deposition method, material porosity and preparation relate to whether a fingermark 

of any quality is enhanced. Fingermarks were reassigned a third and final time as to whether 
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they were  successfully deposited (CAST grades 1 - 4) or not (CAST grade 0). A Chi square 

test of independence found a significant association between preparation and whether a 

mark was successfully deposited or not (x2 = 22.04, df = 1, p < 0.001) (Table 2.3).  

 

Table 2.3. Outcomes of tested associations between preparation and deposition methods and awarded CAST grades, 

covering full and collapsed grade categorisations. † and ∞ denotes associations tested with Kruskal Wallis and chi-
square tests of independence, respectively. Significance values of < 0.01 and < 0.001 denoted by * and ** 
respectively.  

 Preparation  Deposition method 

Grade categorisation 
x2 df p-value 

 
x2 df p-value 

Full scope CAST†        
[0 – 4] 18.30 1 1.892e-05**  2.02 3 0.57 
        
Forensic interest All Mark CAST∞        
0 [0 – 2] 
1 [3 – 4] 

10.33 1 0.001*  1.88 3 0.60 

        
Forensic interest “True Mark” CAST∞        
0 [1 -2] 
1 [3 – 4] 

0.82 1 0.37  2.44 3 0.49 

        
Positive deposition “True Mark” CAST∞        
0 [0] 
1 [1 – 4] 

22.04 1 2.67e-06**  2.44 3 0.49 

 

No significant association was found between deposition method and absence or presence 

of a mark. A binary logistic regression using preparation and porosity as indicator variables 

was again found to be best fit for the data. Outputs showed both porosity and preparation 

had a significant relationship with whether a fingermark was enhanced or not (p < 0.001 

and p < 0.001 respectively). The odds of a groomed digit resulting in a successful deposition 

were 26.45 times that of a natural digit and the odds of a fingermark being successfully 

enhanced on a non-porous surface were 36.9 times that of a porous surface (Table 2.2).  
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2.4 Discussion 

2.4.1 CAST grading quality assessment 

In forensic research it is crucial that any drawn conclusions intended to guide law 

enforcement strategies are supported by high quality data. As such in later research stages, 

the IFRG stresses the importance of involving fingerprint experts to validate assessments 

made by researchers with minimal experience in fingermark interpretation. Although this 

thesis presents early-stage proof of concept, to ensure confidence in the results, the 

decision was made to validate the grading conclusions drawn, through consultation by CoLP 

fingerprint experts. Comparison of grades in this study with classifications by CoLP showed 

that grades 0, 1, 2, and 4 fell into distinct categories: insufficient (0–1), comparable (2), and 

searchable (4) whilst grade 3 marks bridged two classifications, comparable and searchable 

(Figure 2.4). It has been shown that professional fingerprint examiners tend to agree on 

assessments for the highest and lowest quality marks but may deviate outside of these 

extreme parameters (Ulery et al., 2012; Hicklin et al., 2020). Although the CAST and ACE-V 

grading schemes are not directly comparable, the results show that marks at the extremes 

of the CAST scale correspond to single classifications by CoLP, supporting this phenomenon. 

Within the CAST scheme grades 3 and 4 are considered of forensic interest due to their 

identifying capacity. Both the comparable and searchable classifications of CoLP’s system 

offer as equivalent quality indicator. As such it is unsurprising that grade 3 marks bridged 

these two classifications due to the higher expertise of CoLP examiners being able to make 

more discernible interpretations of the useability of a grade 3 mark from a case work 

perspective. The classification of all grade 2 marks as “comparable” with no overflow into 

neighbouring classifications, comes at a surprise, as it indicates they hold a distinct level of 

quality and use to fingerprint experts. This value is contrary to their designation within the 

CAST system whereby they are grouped with 0 and 1 grades and seen as non-identifying in 
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quality (Hockey et al., 2021). Although other grading schemes exist, the Home Office CAST 

scheme remains widely used in research. These results challenge conclusions drawn from 

method rejections due to a lack of grade 3 or 4 marks, despite a high frequency of grade 2. 

Given the strength in quality assessment overlap with the CoLP assessments the CAST 

grading conclusions in this study are taken with confidence. However, I have highlighted 

there is a disconnect between the interpreted value of the CAST scale grades and the value 

of the same fingermark in actual casework scenarios.  

2.4.2 Deposition method 

When conducting research into fingermark enhancement techniques, investigators face the 

challenge of attempting to measure impacts on a dependent variable that is characterised 

by its inherent variation, even before the introduction of any independent variables under 

consideration. Fieldhouse’s 2011 study on fingermark reproducibility through managing 

deposition pressure (Fieldhouse, 2011), highlighted that enhancement methods can be 

wrongly deemed ineffective, when in reality, poor results may be a product of the 

deposition method itself. As such the underlying theory of many attempts to control 

deposition pressure has been, if a method can produce “good quality” fingermarks, under 

a range of conditions, then a poorly graded fingermark deposited using that same method 

can be more easily attributed to the enhancement technique under investigation. The 

results of this study found that using a top pan balance to control deposition pressure 

resulted in the highest proportion of grade 3 and 4 marks. It is suspected that the method, 

whilst rudimentary, goes some way to removing subjective interpretation of pressure 

possibly leading to more confidence in the deposition and limiting opportunities for 

distortion caused by hesitant movements. As shown with the high number of absent 

fingermarks within the “light touch” depositions in this study, when left to their own 

interpretation donors may err too far on the side of caution to detrimental effect. Despite 
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some variance seen withing grade frequencies there was no significant relationship found 

between deposition method and CAST grade in any of the breakdowns conducted as part 

of this study. Therefore I concur with others in the literature (Steiner et al., 2019) that whilst 

attempts to control deposition pressure may provide some improvement in quality most 

methods are not sophisticated enough to overcome the natural inter and intra variability of 

donor depositions. These results also highlight the strength of results seen from 

purposefully manufactured pressure control deposition instruments  (Fieldhouse, 2011; 

Reed et al., 2016).  However, until such tools can be mass produced and adapted for work 

on novel surfaces, such as the wildlife specimens that will be featured in Chapter 4, the 

variability of deposition pressures may have to be considered an inevitable factor of 

consideration in research. To this end if high quality fingermarks cannot be consistently 

produced then an experimental design that includes equitable distribution of grade 

frequencies coupled with randomised application of enhancement methods may be 

alternative approach. In research guidelines, control of deposition pressure is 

recommended in early stages but as research progresses into pseudo and full operational 

trials it is encouraged to instead simulate how objects would be handled in a real case 

scenarios (Sears et al., 2012; Almog et al., 2014). Within this studies’ experimental design, 

the “undirected” method most closely aligns with this guidance. The results demonstrate 

such a method does successfully represent intra-variability within donor depositions as well 

as producing the lowest range within grade frequencies. 

 

2.4.3 Preparation 

The decision to use groomed or natural fingermarks, holds significant influence over the 

communities interpretation of experimental outcomes. Results from existing research 

consistently demonstrate the act of grooming influences the composition of fingermarks 
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(Croxton et al., 2010; Kim et al., 2019; Moraleda Merlo et al., 2023). One consistent is that 

squalene is found to be a major component of both natural and groomed marks, degrading 

significantly over the space of a few days (Pleik et al., 2016). Another study found that 

changes in the proportions of certain lipid groups were correlated suggesting they originate 

from the same endo/exogenous sources (Moraleda Merlo et al., 2023). Notably 

composition differences do not extend to amino acids, an important component in chemical 

enhancement techniques including ninhydrin and indandione (Croxton et al., 2010). In 

support of this at least one recent paper found no significant variation in ninhydrin 

enhanced marks regardless of the preparation activity involved (Lange and Carlysle-Davies, 

2024).  Despite the strength of conviction regarding groomed and natural fingermark 

differences a systematic review of studies assessing fingermark composition failed to 

identify any conclusions which could be applied to the wider population or scenarios 

outside of the experimental setting (Robson et al., 2022). This was in part due to the 

significant variability in experimental design amongst papers. The findings related to change 

in lipid quantities within groomed marks appears to be the crux of the argument that 

“natural” fingermarks are inherently closer to ones encountered operationally. Fingerprint 

powders were the main choice of enhancement method in this thesis, due to their cost 

effectiveness and high rate of deployment by forensic practitioners in operational settings. 

Their functionality is tied to adhesion with both eccrine and sebaceous secretions, including 

water and fatty acids, in fingermarks. The loss of water in eccrine secretions through 

absorption or evaporation has been said to reduce the effectiveness of some powders 

(Bleay et al., 2021). The role of water is seen as important enough that in cases of older 

marks, a historical practice of “huffing” has been used to re-humidify prints and restore 

their water content to help powder adhesion processes. Conversely it has been suggested 

they work best on fresh, sebum rich deposits (Bécue and Champod, 2023) and as such an 
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increase in sebaceous constituents, including lipid quantity and composition has the 

potential to increase their effectiveness. With fingerprint powders being one of the most 

widely used enhancement methods on a global scale (Bleay et al., 2018) and one of the 

tested mediums of Chapter 4 of this thesis , there is a responsibility to carefully consider 

these different interactions and how best to imitate the complexity of latent fingermarks. 

As a general observation of the literature there is little to no evidence to support “natural” 

depositions being better representations of operational fingermarks. Indeed, there are 

several studies which demonstrate that face touching (i.e. grooming in an experimental 

setting) increases in correlation with events that induce increased arousal, emotion, stress, 

and cognitive load (Spille et al., 2021; Ralph et al., 2022) and it is reasonable to assume that 

a criminal activity of any kind could be conducive to any of these responses.  As such it calls 

into question that a “natural” fingermark deposited under experimental, and therefore 

non-stressful, conditions can truly be considered representative of a fingermark deposited 

at a crime scene. Particularly when following guidelines such as Sear et al (Sears et al., 2012) 

which discourage the deliberate touching of faces, artificially manipulating donor actions in 

favour of eccrine secretions. In the context of this research the consideration of a “natural” 

fingermark was further complicated by the extenuating circumstances of COVID-19. During 

the period of experimentation recommendations to undertake diligent hand-washing, and 

minimising face touching were parts of public service announcements to control the spread 

of COVID-19. As such individuals were already deviating from normal activities which help 

build the complex constituents seen within fingermarks. In addition to this, as a 

requirement of ethical approval, participants were required to wash their hands before 

handling any objects, without being able to partake in a minimum 30-minute period of 

“normal activity” to accrue national secretions on their fingertips. Deposits from freshly 

washed hands have been found to contain a higher water content, less material, and be 
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significantly less durable than “dirty” (i.e. natural) deposits  (Keisar et al., 2019; Czech et al., 

2020) .  

Given the factors introduced by COVID-19 protocols, along with stringent guidelines and 

concerns in the literature about the negative implications of using groomed marks, a 

significant deviation in quality between groomed and natural marks was expected across 

all depositions in this study. However, this expectation was not reflected in the results, 

which consistently demonstrated that grooming had no significant relationship with the 

quality of a deposited mark but did have a significant relationship with the likelihood of a 

positive deposition. One theory to explain these results is that the powders used in this 

study possess an equitable affinity for adhesion to both eccrine and sebaceous constituents 

but the act of grooming increases quantities available for adhesion. The proportional 

similarities in grade qualities for positive depositions (Figure 2.7) hold credence to this 

theory as it suggests that the additional quantity of fingermarks seen in groomed marks are 

equitably distributed throughout grades. This implies not that grooming adds more of a 

“good thing” but rather more of “everything” that is relevant to enhancement using 

magnetic and brass flake fingerprint powders. For research purposes this holds an 

important distinction as it suggests that grooming can beneficially support research in 

ensuring fingermarks are deposited whilst simultaneously producing a range of grades. 

Traditionally depletion series are used to produce the same effect to assess the sensitivity 

of enhancement techniques on both poor and high quality marks (Almog et al., 2014). This 

study demonstrates that this same variation can be achieved using groomed marks across 

several participants. As it is known grooming does fundamentally change the composition 

of a fingermark this phenomenon may not be replicated with other enhancement 

techniques that target different constituents to fingerprint powders. However given it is 

mostly lipid composition that changes and only three of the most common fingermark 
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enhancement processes target these constituents (Home Office, 2022) these results may in 

fact be applicable for several enhancement techniques. A factor not considered in this study 

but that would be required to investigate this phenomenon further is time elapsed since 

deposition. Fingermarks were left to age for 30 minutes and as such would be considered 

“fresh” with minimal time elapsed to allow for evaporation of water or degradation of lipid 

constituents. In this study over 50% of positive fingermarks for both natural and groomed 

depositions were considered of useable quality. By comparison in 2013 on average 10 % of 

marks recovered at scene were of sufficient quality to be taken forward as evidence in court 

(Brown et al., 2013). Though this quantity may have increased in the decade since there is 

still a disparity in the number of useable marks recovered under controlled conditions, both 

within this study and in studies with an ageing variable and the use of natural and groomed 

marks (McMorris et al., 2019). Other studies that closely replicate real crime scene 

conditions, with no preparatory activity and substrates aged as they would be in operational 

settings, show results that more closely align with the expected 10% recovery rate when 

using the most common enhancement techniques including powders and ninhydrin 

(Dawkins et al., 2020). The similar quality distributions and high recovery rate of both 

natural and groomed marks in this study suggest that contextual simulation of fingermark 

deposition may be a more important control in experimental design than the preparation 

or deposition technique employed. 

2.4.4 Porosity 

While deposition and preparation methods are widely discussed in fingermark research, 

forensic practitioners are unlikely to have access to such detailed contextual information 

about a suspect's actions. Consequently substrate porosity becomes the key guiding factor 

for enhancement method choice (Home Office, 2022) and is why both porous and non-

porous substrates were included in this study. Fingermarks deposited on non-porous 
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substates hold the benefit of retaining constituents at a surface level. As such physical 

enhancement techniques such as powders can readily adhere to the exposed secretions 

and offer opportunity to enhance high quality marks with continuous ridge detailing and 

pore level detail (see section 3.1 for detailed descriptions of fingerprint detail levels) 

(Champod et al., 2016). However, due to their positioning they are vulnerable to damage 

through accidental or purposeful, physical, or environmental processes such as wiping with 

a cloth or hand or being washed away with running water. Even without interference over 

time fingermark components, likely fatty acids, can migrate across non-porous surfaces 

potentially impacting the effectiveness of chemical enhancement techniques that target 

such constituents, such as VMD (Popov et al., 2017). Water is also readily lost through 

evaporation, occurring within minutes if maintained at body temperature (37oC) for the 

majority of eccrine depositions, and at a slower, but still rapid, rate for mixed depositions 

(Keisar et al., 2019). By contrast when fingermarks are deposited on porous substrates 

constituents are absorbed into the surface pores. Eccrine deposits are absorbed within 

seconds of deposition, with the depth of absorption correlated to porosity and relative 

humidity (Champod et al., 2016). Through rendering eccrine constituents inaccessible at 

surface level, they are better protected from physical damage though are still vulnerable to 

being removed with water. This preservation is best seen in cellulose-based products such 

as paper, cardboard and wood, where the water-soluble deposits, specifically, amino acids 

securely bind to the static cellulose compounds (Jelly et al., 2009). Assuming sufficient 

amino acids are present in the deposition, this binding factor prevents the dispersal of 

amino acids through the surface and effectively and securely retains an impression of the 

fingermark for a significant, but not indefinite, period (Champod et al., 2016). By 

comparison sebaceous secretions may remain on the surface of a porous surface for hours 

to days, and some superficial quantities may remain for years. Temperature has a significant 
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effect on rate of sebaceous secretion diffusion, increasing significantly above 35oC 

(Champod et al., 2016). Semi-porous substrates are categorised by their slower rate of 

diffusion of both eccrine and sebaceous constituents comparable to truly porous 

substrates, taking minutes to hours (eccrine) to days to weeks (sebaceous) for full diffusion 

to occur (Champod et al., 2016). Although depositions were aged for a maximum of 30 

minutes in this study, based on the above factors, it is assumed that most water-soluble 

eccrine secretions would have diffused into the porous surfaces by time of enhancement, 

leaving primarily sebaceous secretions which have had minimal time to degrade. Similarly, 

within 30 minutes a large quantity of the water content from marks on non-porous surfaces 

is likely to have evaporated. Fingerprint powders are generally not recommended for use 

on porous substrates however this is not due to absolute ineffectiveness but rather because 

of the superior performance of chemical methods such as ninhydrin and indandione 

(Holder et al., 2011). The results support this assessment with a range of grades recoverable 

on porous substrates but with significantly fewer overall positive depositions (CAST grades 

1 – 4).  

However as with preparation the lack of significant relationship between porosity and CAST 

grades within positive enhancements comes at a surprise. One suggestion is that a 

minimum quantity of constituents, of either eccrine, sebaceous, or mixed origin, is required 

on a surface for powders to adhere successfully, and once this threshold is reached, their 

effectiveness stabilises, regardless of the surface type. Quality then becomes a greater 

matter of well-established factors, such as pressure, angle and the nuances of individual 

donors (Chadwick et al., 2018) which provides the range of grades seen. The sensitivity of 

a powder will affect the threshold and this has been proven in part through the use of 

depletion series in studies where in some cases depletion has no effect on grade outcome 

(La Rocca et al., 2024) and in others increasing depletions are correlated with increased 
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number of unsuccessful deposits though not necessarily decreasing quality  (Chadwick et 

al., 2021). This theory would also explain why preparation only held a significant 

relationship with CAST grades (inclusive of 0 graded marks) on porous items. Natural 

(eccrine) depositions are known to contain lower quantities of materials overall and be 

quickly diffused into porous surfaces, therefore eccrine depositions on porous surfaces are 

less likely to readily reach this proposed “threshold” rendering powders ineffective. 

Grooming by comparison introduces a higher quantity of constituents allowing the 

threshold for powder adhesion to be met. Interestingly, on low porosity paper where 

natural fingermark constituents have minimal penetration it has been shown that enough 

residue is present that techniques, such as powdering, normally favoured for non-porous 

surfaces may be suitable for use (Almog et al., 2004). This supports the suggestion that in 

the case of powdering, grooming simply introduces more, but not necessarily favourable, 

constituents to adhere to as high quantities of available eccrine secretions could produce 

the same suitable environments. As non-porous surfaces do not absorb constituents, the 

“threshold” figure is more easily reached regardless of preparation type and constituent 

make-up. This is theoretically even with immediate water loss from eccrine heavy marks, as 

it has now been proven this accounts for a smaller proportion of fingermarks total 

composition than previously believed (Kent, 2016).  

2.5 Summary 

The aim of this chapter was to assess the impacts of deposition method and preparation on 

recovered fingermark CAST grades and subsequently identify a protocol to take forward for 

Chapter 4 of this thesis. It was found that deposition method had no significant relationship 

with the quality of a deposited mark, regardless of substrate type. Preparation prior to 

deposition, through the act of loading fingerprints by “grooming”, did have a significant 

relationship with the enhanced fingermark but this was limited to whether a fingermark 
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was deposited or not and did not extend to a relationship with the quality of the mark. 

Therefore whilst ”grooming” is more likely to result in a deposited fingermark at a binary 

level the preparatory action retains a variability of grades across depositions when 

enhancing using fingermark powder. A similar relationship was found between substrate 

porosity and successful fingermark depositions.  

As a result of this work, it is suggested that the use of grooming in fingermark research may 

be less contentious than previously discussed, at least regarding studies focused on 

fingerprint powders. Its use in experimental design may simply increase the likelihood of 

the deposition, without introducing a bias within enhancement and recovery testing 

outcomes. In certain contexts, such as the extenuating factors introduced by COVID-19 in 

this study or early stages of experimental research, this introduction of additional, but not 

overtly favourable constituents, may be a sought-after characteristic.  

Though the number of participants used in this study was more than suggested numbers 

for early-stage research, the overall dataset and number of fingermarks remains small, and 

a larger scale study would be required to achieve more reliable statistical interpretation. In 

addition, both the logistical and circumstantial factors bought on by COVID-19, including 

inability to allow “natural” depositions to be accrued over a set period, and excessive 

handwashing procedures both within the experimental requirements and general cultural 

behaviours of the time, may have caused deviation of both groomed and natural deposition 

constituents from what would have been seen outside of these circumstances. Fingermarks 

were also not aged, a decision made to replicate the conditions that will be seen in Chapter 

3, whereby the logistical limitations of having singular examples of each wildlife specimen 

require same day depositions and enhancements. However, ageing for a full 24 hours is 

likely to influence the results due to degradation and diffusion of constituents.  
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In general, these findings highlight the complexities of controlling fingermark depositions 

in research but raise evidence to call into question the significant aversion to grooming 

practices and whether “natural” depositions are better representative of latent fingermarks 

encountered operationally. Despite the limitations discussed these results provided enough 

confidence to pursue the use of groomed fingermark deposits and an “undirected” 

deposition technique for comparison of enhancement techniques on wildlife specimens in 

Chapter 4.  
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Chapter 3: Investigating impacts of handling manner and grooming 

preparation on direct trace DNA transfer: Identifying a reliable method of 

deposition. 

 

3.1 Introduction 

In the 1920’s Edmond Locard postulated his famous theory, “Every contact leaves a trace” 

which would later become better known as Locard’s exchange principle (Mistek et al., 

2019). The theory conceptualises the notion that when two objects make contact there is 

an exchange in materials and this exchange may be of use in a forensic context. Whilst 

Locard’s work helped develop the world of forensic science I see today, particularly with 

regards to fingerprinting technology, it wouldn’t be until 1997 that his exchange principle 

would be applied to the area of DNA profiling, with the introduction of the phenomenon of 

DNA recovery from touched objects (van Oorschot and Jones, 1997). Within the decades 

since it’s discovery, trace DNA has become a fundamental aspect of forensic investigation 

and the communities understanding of its origins, limitations, and affecting factors 

continues to develop (Alketbi, 2018; Burrill et al., 2019; Tozzo et al., 2022). Public awareness 

of its evidentiary role in both incrimination and exoneration has also increased dramatically 

in the advent of a boom in true crime media (Rickard, 2023). Therefore, as with fingermark 

evidence, there is an appetite to further research and understanding of the subject matter. 

Researchers concerned with maximising the applications of trace DNA for forensic 

investigation focus on investigating its transfer, persistence, prevalence, and recovery 

(TPPR). To design effective experiments to investigate these factors it is necessary to 

understand the mechanisms which facilitate deposition of DNA onto the sampling surface, 

i.e. DNA transfer, so that they can be exploited for experimental contexts. However, unlike 

with fingermark research, there appears to be little attempt to understand the complexities 

of DNA transfer with the specific intention of using the knowledge to standardise or inform 



92 
 

experimental design. This is evidenced by the wide range of approaches to trace DNA 

deposition seen within the literature including absence and presence of handwashing 

(Stoop et al., 2017; Alketbi and Goodwin, 2019c), grooming ((Subhani et al., 2019; Alketbi, 

2022a) and shedder status assessments (Johannessen et al., 2021; Jansson et al., 2022) with 

little context as to reasoning behind design choices. Some studies seek to simulate real 

world scenarios and implement no controls, sampling from everyday objects that exist and 

are interacted with by donors in their natural environment (Boyko et al., 2020) whereas 

others have donors interact with objects in their intended manner but within an 

experimental setting (Pfeifer and Wiegand, 2017). Reviews of the literature have raised this 

issue of inconsistent or unreproducible study design (Gosch and Courts, 2019; Meakin et 

al., 2021) and whilst the ISFG provide some guidance this largely focused on replicating 

operational workflows at the recovery and analysis stage rather than model of deposition;  

“the experimental design used to collect the data need to be comparable to the methods 
used in the case” (Gill et al., 2020).  

 

As DNA profiling techniques have become more sensitive and reliable, forensic investigators 

are more readily able to answer the question of who the recovered DNA belongs to 

(Kokshoorn et al., 2017). As a result the boom in DNA transfer research has been spurred 

by a desire to answer the question of how the recovered DNA ended up on the sampled 

surface, commonly referred to as the “activity level” (Gill et al., 2020). Van Oorschot 

describes eight different routes for the transfer of DNA onto a final sampled surface, of 

which two distinct categorisations exist, “direct” and “indirect” transfer (van Oorschot et 

al., 2019). Direct transfer is the most simplistic of activity levels, where the original source 

e.g. a hand, deposits onto the sampled surface, e.g. a handle; indirect transfer occurs when 

the deposited DNA is transferred again, meaning the original source of the recovered DNA 
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may not ever make contact with the sampled surface. The discovery of indirect transfer has 

important implications for the development and analysis of activity level propositions (van 

Oorschot et al., 2021; Buckleton et al., 2022), those that sit at level II in the hierarchy of 

propositions (Cook et al., 1998). Below I discuss some of the known factors that play a role 

in direct and indirect DNA transfer and how they may influence deposition protocols.  

 

3.1.1 Shedder status 

The tendency of an individual to deposit DNA onto surfaces is referred to as their “shedder 

status”. As with fingermarks there has been a long-held perception that certain individuals 

have a greater proclivity for depositing useful forensic material than others (Lowe et al., 

2002). This theory has been supported by a range of studies indicating the existent of 

“good” and “poor shedders” who are capable of consistently depositing higher or lower 

quantities of DNA comparable to others (Goray et al., 2016; Johannessen et al., 2021). The 

commonality within the general public of these two classes of “shedders” is still unknown 

but at least one study suggests the majority of individuals do not fall into these extremities 

of shedder classification but rather sit within the media (Kanokwongnuwut et al., 2018). An 

individual’s shedder status will have implications as to how much DNA is expected to be 

recovered from an object they have touched, and their contributions to mixture profiles. 

The second factor is important for casework considerations as shedder status has potential 

to feed into Bayesian networks assessing the probability of alleles being present as a result 

of either direct or indirect transfer (Fonneløp et al., 2017). In terms of consistencies within 

the populations it has been suggested that men and younger people, are more likely to be 

categorised as ”good” shedders (Ceballos et al., 2015; Goray et al., 2016; Manoli et al., 2016; 

Fonneløp et al., 2017) though whether this is the result of endo or exogenous variables has 

not been explored.   
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In the opposite vein there have also been multiple studies which challenge the concept of 

shedder status and demonstrate a lack of reproducibility in status categorisation across 

both short (days) and long (years) periods of time (Manoli et al., 2016; Tan et al., 2019; Lee 

et al., 2023).  This lack of reproducibility can have implications if selecting donors based on 

shedder status for inclusion in research studies, as an assessment made outside of the 

experimental period may be irrelevant on the day of deposition. Recent studies have 

recommended to effectively incorporate the nuances of “shedder status” into evaluations 

an individual’s quantity of DNA that is transferred should be considered as a distribution 

and this whole distribution should be factored into probability assessments (Samie et al., 

2020). As it stands selecting an individual for inclusion in experimental work based on a 

single assessment of shedder status is unlikely to produce a reliable narrative and may be a 

waste of resources. However increasingly it is being shown that extrinsic and as such 

controllable variables, such as actions prior to donation, may play a large role in quantities 

of DNA deposited (Miller et al., 2021) and these will be discussed further below.  

 

3.1.2 Pre-deposition activities 

As the understanding of trace DNA origins develops there has been interest in the role 

bodily secretions, such as sweat and sebum, may play in the transfer of target forensic 

materials for DNA transfer. A study looking at the impacts of handwashing and contact with 

sebaceous and non-sebaceous areas of the body, on direct and indirect transfer 

demonstrated that post handwashing, profiles could not be obtained from fingerprints 

deposited by direct transfer. By contrast a profile could be obtained as a result of indirect 

transfer from touching a sebaceous area of a second individual after hand-washing. The 

same result could not be achieved when touching a non-sebaceous area (Zoppis et al., 

2014) demonstrating that sebum may be playing a significant role in DNA transfer. Another 
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study supporting this theory demonstrated that lower quantities of DNA were recovered 

from “inactive” hands that were restricted from touching objects and self-comparable to 

“active” and recovered DNA quantities were correlated with DNA quantities found on the 

face, a sebaceous area (Jansson et al., 2022). Other studies have shown DNA profiles can 

be recovered from depositions where contact has not been made with sebaceous areas 

(Oleiwi et al., 2015; Subhani et al., 2019) though touching of sebaceous areas can increase 

the  percentage of alleles recovered (Subhani et al., 2019). These studies suggest both 

eccrine sweat and sebaceous secretions may act as vectors for DNA transfer which may 

have important implications in experimental design, especially when deciding to limit self-

touch (i.e. grooming). Assuming trace DNA depositions are facilitated to some degree by 

such secretions the implications of handwashing become more apparent. Early on it was 

demonstrated that controlling for hand-washing impacted the number of alleles recovered 

from substrates, with a general tendency of increasing numbers of alleles observed with 

greater periods of time post-handwashing (Lowe et al., 2002; Phipps and Petricevic, 2007). 

These results suggest DNA undergoes an initial removal process through hand-washing 

followed by a natural re-accumulation. Again however, like shedder status, there has been 

demonstrations in the literature to the contrary, with handwashing resulting in no 

significant difference in trace DNA depositions (Goray et al., 2016; Szkuta et al., 2017). In 

these studies however there was at least a 5 minute period between hand-washing and 

deposition and it has been shown that accumulation of DNA occurs within 15 minutes of 

hand-washing, though notably this is from exogenous sources rather than the hands 

themselves (Burrill et al., 2021a). Whilst most studies have investigated handwashing 

through the use of standard soap and water at least one study has looked at the impacts of 

hand sanitizer on trace DNA deposition, an important variable of consideration within the 

events of COVID-19 (Bini et al., 2023). Here it was found that whilst hand-sanitiser does 
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decrease the quantity of DNA recovered enough alleles can be identified to warrant a 

sample of being of forensic interest. It is evident that hand-washing steps in experimental 

designs for trace DNA depositions introduce potentially complex impacts on DNA 

quantities. Whilst it may potentially remove any non-self-DNA from an individual’s hands, 

if denied the ability to perform natural activities post-handwashing it may result in failure 

to accumulate quantities of self-DNA reminiscent of real-world scenarios due to the 

importance of exogenous sources. As such a period of accumulation followed by the 

expectation of non-source alleles introduced through indirect transfer during natural 

activity should be standard consideration in research studies. 

 

3.1.3 Handling time, manner, and substrates 

It has been suggested that a large proportion of DNA transfer takes place at the initial point 

of contact (van Oorschot and Jones, 1997; Meakin et al., 2021) and therefore prolonged 

handling will not result in higher levels of deposition. Indeed it has been found that a period 

of just two seconds of contact can provide sufficient quantities of DNA to produce full 

profiles and handling time has no significant impact on quantities recovered (Sessa et al., 

2019). It has also been shown that sampling of habitually used items will result in the main 

user being a major donor a large proportion of the time, however, DNA of another 

individual can be detected after a single use of the same item (Atkinson et al., 2022). This 

supports the theory that a notable amount of DNA is deposited with minimal handling but 

can accumulate to significant levels through separate handling events. The same study 

demonstrated a negative correlation between first and second user contributions with 

increased handling time by the second user. This observation feeds into another 

phenomenon of a second user being capable of removing a first users DNA through the 

handling process and important consideration when including multi-person depositions 
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into experimental designs. The theory of handling by a second user resulting in removal is 

supported by other studies having shown that separate repeated handling events do not 

result in a “saturation” point where no more DNA can be deposited or recovered and that 

the repeated handling has an accumulative effect of unknown end point (Jansson et al., 

2024). Although degradation will play a role, without a removal element by the second user 

it is less likely to achieve the significant differences in DNA that have been observed 

between first and second users over time. 

As such research indicates that rather than length of time the friction and pressure applied 

during handling have a greater influence on DNA transfer (van Oorschot et al., 2019; Sessa 

et al., 2023). Studies have shown that a combination of increasing pressure and friction 

results in a higher rate of DNA transfer comparable to other passive combinations (Goray 

et al., 2010) and increasing pressure significantly increases quantities of deposited DNA and 

subsequently number of alleles (Tobias et al., 2017; Hefetz et al., 2019).  When giving verbal 

instructions regarding the handling process for trace DNA depositions this will need to be 

taking into consideration as guidance that encourages handling practices at either end of 

the scale (i.e. very gently to very heavy handed) could influence results. In most cases 

friction will be introduced through the substrate type being deposited on and it has been 

found that greater quantities of DNA tend to be recovered from rough, porous surfaces 

which are likely to introduce a greater level of friction between hand and surface  (Goray et 

al., 2010; Daly et al., 2012; Burrill et al., 2019). 

Though not the focus of this study whilst initially friction and pressure seem logical variables 

for influencing trace DNA transfer it does raise further questions as to the origins of trace 

DNA. If significant quantities of DNA are deposited during single short-term contact these 

may feasibly originate from exogeneous sources, present on the surface of the skin, as laid 
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out in 3.1.2. In the event of any increase in deposited quantities correlated with increased 

friction and pressure this may subsequently be attributed to loosening and release of DNA 

from the surface of the epidermis. However reviews highlight there is conflicting data and 

ambiguity regarding the role corneocytes from the epidermis play in contributing to trace 

DNA deposits (Burrill et al., 2019). It is likely trace DNA deposits are an amalgamation of 

endogenous and exogenous sources on the skin and as such the active suppression or 

introduction of specific actions need to be carefully considered for their possible impacts 

on deposition quality.  

 

3.1.4 Artificial secretions 

One of the few attempts to standardise the quantity of trace DNA depositions has borrowed 

from fingermark research and manufactured a synthetic proxy (Arsenault et al., 2023). The 

work is influenced by the incoming knowledge of sebum’s role in DNA transfer which has 

not been factored into other studies that had used suspension fluids unrepresentative of 

vectors for trace DNA deposits, such as bodily fluids or buffer solutions. The research looks 

promising as it goes to efforts to consider the deposit medium, and inclusion of both cell 

free and cellular trace DNA, however, is still in the early stages and unlikely to become 

readily available to the wider research community for some time.  

Although there seems to be less concern within the DNA community surrounding 

deposition protocols comparable to those discussed with fingermarks in 2.1 the realities of 

controlling variability in trace DNA are still present. There appears to be no consistent or 

recommended approach within the literature that can be adopted. To add to this 

complexity in Chapter 5 of this study donors will be asked to handle wildlife objects which 

are likely to be novel to them and therefore they will have no frame of reference on their 

weight, texture, or robustness. Without such context the way individuals will handle the 
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items could be removed from their natural handling tendencies and influence outcomes. 

For example, too tentative a handling could result in lower quantities of DNA being 

deposited due to minimisation of friction and pressure.  

To this end the objective of this chapter is to investigate the impacts of substrate handling 

technique and grooming activities on quantity and quality of trace DNA deposits on porous 

and non-porous substrates. Results are to be interpreted the intention of identifying a 

methodology of reliable deposition that can be taken forward for use on wildlife specimens.  

 

3.2 Materials and method 

3.2.1 Substrate preparation 

As described in 2.2.1 two porous and two non-porous cylindrical substrates were used for 

this study (Figure 2.2) with an area representing ¾ of each substrate designated for trace 

DNA deposition. DNAaway™ (Thermo Scientific™) was used to clean the handling area and 

left to dry for a minimum of one hour. Control background swabs were taken for each 

substrate, using a cotton wet/dry swabbing method, to ascertain the effectiveness of the 

cleaning process. Samples were deposited by the same eight participants, from Chapter 2 

and deposited trace DNA samples during the same session as their fingerprint depositions. 

All participants provided a buccal sample at time of deposition to be used for DNA profile 

comparison against amplified trace DNA samples.  

 

3.2.2 Trace DNA deposition 

The same procedure for creating groomed and natural depositions in 2.2.2 were deployed 

for trace DNA depositions which took place directly after fingerprint depositions without 

any additional loading or handwashing steps. Four handling methods were employed, as 

described in Table 3.1. For all handling methods participants used both hands in the 
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process, excluding the “Mechanical” method, where logistics dictated the use of a single 

hand; in these instances, participants were given the choice of which hand to use. Within 

30 minutes of deposition fingerprint powders, the same used to enhance fingerprints in 

Chapter 2, were applied to the area. This approach was taken to pseudo mimic a standard 

forensic investigator approach whereby fingerprint powdering has been prioritised over 

swabbing. Negative control swabs of unhandled, powdered substrates, (N = 16) were 

included. Participants contributed equally to each study treatment and substrate resulting 

in a total of N = 128 trace DNA samples. 

Table 3.1: Trace DNA deposition methods employed in this study, comprising of three, light touch, heavy 
touch, mechanical, drawn from existing literature and one, undirected, novel devised by study investigators. 

No. Deposition method 

 

Verbal instructions for deposition protocol 

 

Reference 

1 Light touch 

 

‘Gently’ handle substrate using both hands for ten seconds.  

 

(Richmond, 2004) 

2 Heavy touch 

 

‘Firmly’ handle substrate using both hands for ten seconds. 

 

(Richmond, 2004) 

3 Mechanical 

 
Grip the substrate allowing enough pliability for the principal 
investigator (PI) to manipulate the substrate for ten seconds. 

 

(Jasuja et al., 2009) 

4 Undirected 

 
Handle for ten seconds. Interpretation of method approach 
left to participant.  

 

Novel to his study 

 

3.2.3 Swabbing 

A wet/dry swabbing protocol described by Hedman et al (Hedman et al., 2021a) was used 

however to more closely represent UK collection protocols,  NaCl, the Swedish standard for 

moistening, was substituted with pure distilled water at middle limit recommendations for 

appropriate surface type assignation. Following these protocols for the pine dowel and 

cardboard tubing (porous substrates) trace DNA was recovered using a cotton head 

moistened with 100 μl distilled water positioned at 60o to the surface wiped over the 

surface four times whilst rotating and applying medium to hard pressure. This method was 

repeated for the polyethylene and stainless tubes (non-porous substrates) but using 50 μl 
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of distilled water. Focus was given to swabbing areas where fingerprint powdering had 

highlighted clear evidence of handling.  

 

3.2.4 Extraction and quantification 

Wet and dry swabs from the same sample were pooled in a single 2ml microcentrifuge tube. 

Samples underwent DNA extraction using the QIAamp DNA investigator kit (Qiagen) 

following the manufacturers recommended protocol for isolation of DNA from surface and 

buccal samples with low numbers of target molecules and the higher recommended 

volumes of Buffer AL, ATL, AW1 and AW2 and ethanol used to ensure full immersion of both 

swabs. As per manufacturer recommendations carrier RNA and QIAshredder spin columns 

were both used during the extraction process and final trace DNA samples were eluted to 

20μl. A negative extraction control was included in each extraction batch. Buccal swabs 

from participants were extracted using the same kit following the manufacturers 

recommended protocol without modifications for low DNA quantities. All samples 

underwent DNA quantification using the Qiagen Investigator Quantiplex Pro RGQ Kit 

(Qiagen) (10μl reaction volume) following manufacturers recommended protocol using 

a Rotor-Gene® Q 5-Plex HRM (Qiagen). This qPCR-based assay targets both small and large 

autosomal and Y-chromosomal loci to produce quantification results for both total human 

and male DNA. DNA degradation is assessed via the human and male degradation indices, 

calculated via the ratio of small to large amplicons. The kit includes an internal control to 

detect potential PCR inhibition. The Rotor-Gene® Q is validated for use with reaction 

volumes between 10 μl - 25 μl and the decision was made to go with the lowest volume 

threshold due to limited reagent availability and a desire for a high-throughput setup. 

Samples were randomly distributed between plates and across runs to ensure any resulting 
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observations could be reliably interpreted. results were analysed with Qiagen Q-Rex 

software.  

3.2.5 STR profiling 

STR amplification was carried out at as per manufacturer recommended guidelines using 

the Qiagen Investigator 24plex QS Kit (25µl reaction volumes, 30 cycles) on a SeqStudio™ 

Genetic Analyzer Instrument (applied BioSystems) with default fragment analysis and 

injection settings. The investigator 24plex QS kit amplifies 22 autosomal STR markers 

including the 20 core CODIS loci and two additional forensic markers, SE33 and DYS391,  

and Amelogenin for sex typing. The kit further includes two internal quality sensors (QS) 

that can be used to detect inhibition and degradation in each reaction. Amplification was 

carried out on all samples that had a concentration greater than the laboratory defined limit 

of detection (LOD) (200pg total input) which equates to ~13.33pg/µl when 15µl DNA was 

added to the STR reaction (N = 6). Where samples did not meet these criteria the next (N = 

6) highest concentrations were chosen to ensure an equitable representation of groomed 

and natural depositions (see Table 3.4). 

Profiles were analysed using GeneMapper ID-X and EuroForMix 4.0 (Bleka et al., 2016) 

software. A 30 RFU threshold was applied for allele calling and 15% for stutter detection. 

Minimum number of contributors (MNOC) was estimated by the maximum number of 

alleles at any given locus. Likelihood ratios (LRs) for each person of interest (POI) were 

calculated in EuroForMix using parameters set by the in-built “Optimal quantitative LR” 

(automatic model search) function. LRs were converted to verbal qualifiers for ease of 

reporting using the scale produced by the European Network of Forensic Science Institutes 

(Willis et al., 2015) Propositions followed recommendations by Buckleton et al. (Buckleton 

et al., 2014) and are outlined in Table 3.2.  
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Table 3.2. Propositions taken into consideration in LR calculations, representing the positions of the prosecution (Hp) and 
defence (Hd). 

Hypothesis Description 

Hp (Prosecution) The DNA originated from the POI (original depositing volunteer) and  𝑁 − 1 
unknown contributors. 

  
Hd (Defence) The DNA originated from 𝑁 unknown contributors. 

 

3.2.6 Statistical analysis 

All samples (N = 128) were successfully quantified, a Shapiro-Wilk test was performed and 

showed that the distribution of DNA concentrations departed significantly from normality 

(W = 0.5145, p-value < 0.001). Based on this median and interquartile range (IQR) were 

used to summarise variables and non-parametric tests were used to assess relationships 

between variables. Kruskal Wallis tests were used to compare DNA concentrations against 

the following categorical variables, deposition method, volunteer, and substrate. Wilcoxon 

signed rank tests were used to compare DNA concentrations recovered dependent on pre-

deposition activities (i.e. presence or absence of grooming).  

3.3 Results 

3.3.1 Exploratory results 

Across all samples, a median DNA concentration value of 0.63pg/µl and IQR of 1.87 pg/µl 

was recovered (Table 3.3). Visualisation of the data showed a high variance across DNA 

concentrations deposited by each volunteer (Figure 3.1). A Kruskal Wallis test identified a 

significant relationship between volunteer and deposited DNA concentration (H (7) = 32.77, 

p-value = 2.92e – 05). A follow up post hoc analysis identified volunteer 1 as depositing a 

significantly different DNA concentration comparable to volunteers 3 (p < 0.05), 4 (p < 0.01), 

5 (p < 0.01) and 7 (p < 0.01). All standard curves for quantification target regions (male, 

human, male degradation, and  human degradation) showed a good linear relationship (R2 

> 0.99) between quantification cycle (cq) values and concentrations. PCR efficiency 

consistently sat within the acceptable 90% – 110% range.  
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Table 3.3. Mean and standard deviation (x̅), median (M), and interquartile range (IQR) of DNA concentration (pg/µl) 
recovered across various influencing variables, including deposition method (N = 32 per method type), preparation (N = 
64 per preparation type), porosity (N = 64 per porosity type), substrate type (N = 32 per substrate type) and all samples 
(N = 128). 

Influencing variable 
DNA concentration pg/µl 

𝒙̅ M IQR 

Deposition method    
Heavy touch 3.22 + 5.5 1.61 2.53 

Light touch 1.60 + 4.4 0.56 0.93 
Mechanical 2.12 + 3.4 0.78 1.77 
Undirected 2.10 + 4.3 0.52 0.68 

    
Preparation    

Groomed 2.63 + 4.6 0.82 2.37 
Natural 1.89 + 4.4 0.51 1.48 

    
Porosity    

Porous 3.15 + 5.5 1.04 2.31 
Non-porous 1.37+ 2.8 0.44 0.92 

    
Substrate    

Wood 3.80 + 6.2 1.99 2.58 
Cardboard 2.50 + 4.8 0.78 1.74 

Plastic 1.26 + 2.5 0.31 0.92 
Metal 1.50 + 3.2 0.50 1.02 

    
All samples 2.26 + 4.6 0.63 1.87 
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Figure 3.1. Boxplots showing distribution of DNA concentrations (pg/µl) recovered from depositions forall eight 

participants under different depositing conditions. . (M) = assigned male at birth, (F) = assigned female at birth. Outliers 

are shown as individual points.  
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3.3.1 Deposition method 

The heavy touch method of deposition resulted in the highest median quantity of trace DNA 

recovered across substrates at 1.61 pg/µl, as well as the highest variability with an IQR of 

2.53 pg/µl. This was followed in descending order by Mechanical, Undirected, and Light 

touch (Table 3.3). The results of Kruskal Wallis tests revealed no significant differences in 

the rank totals of deposition methods (H (3) = 5.6073, p-value = 0.13) (Figure 3.2). Repeated 

tests on porous and non-porous sample sets presented the same order of method efficacy 

in relation to quantity to of DNA recovered, but to no significant degree of difference.  

 

Figure 3.2. Boxplot showing distribution of DNA concentration (pg/µl) for each deposition method (heavy touch, light 
touch, mechanical and undirected). Outliers are shown as individual data points.  
 

3.3.2 Preparation 

Grooming prior to deposition resulted in a higher median concentration of DNA depositions 

0.82 pg/µl comparable to non-preparation (natural) depositions 0.51pg/µl. A Wilcox Signed 
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Rank test showed a significant relationship between recovered DNA concentrations and 

preparation activity (W = 2534, z = -2.1, p < 0.05) (Figure 3.3).  

 

Figure 3.3. Boxplot showing distribution of DNA concentration (pg/µl) for each preparation method (groomed and 
natural). Outliers are shown as individual data points.  

3.3.3 Substrate 

The highest median DNA concentration was recovered from wood (1.99pg/µl), followed in 

descending order by cardboard (0.78 pg/µl), metal, (0.50pg/µl) and plastic 0.31pg/µl 

(Figure 3.4). A Kruskal Wallis test found a significant association between substrate and 

recovered DNA concentration (H (3) = 16.43, p-value = 0.001). A post hoc analysis indicated 

significantly higher concentrations of DNA were recovered from wood comparable to plastic 

(p < 0.01) and metal (p < 0.01). A Wilcox signed rank test indicated porosity also had a 

significant relationship (W = 1271, z = -3.7, p < 0.001) with DNA concentration pg/µl. The 

median recovered DNA concentration from porous items was 1.04 pg/µl and from non-

porous 0.44pg/µl.  
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Figure 3.4. Boxplot showing distribution of DNA concentration (pg/µl) for non-porous (metal and plastic) and porous 
(cardboard and wood) surface types. Outliers are shown as individual data points. 

 

3.3.4 Interactions 

No combination of deposition method and preparation activity was found to deposit 

significantly higher quantities of DNA compared to others (H (7) = 13.458, p-value = 0.06) 

within the collated samples. 

3.3.5 PCR Amplification  

Out of (N = 12) samples taken forward for profiling (N = 4), resulted in failed PCR’s with an 

average DNA concentration of 3.63 + 1.52 pg/µl. The average DNA concentration of 

successfully amplified samples was 16.27 + 8.09 pg/µl. Analysis of peak height ratios of the 

internal PCR controls quality sensors (QS) indicated no occurrence of PCR inhibition within 

amplified samples (Figure 3.5).  
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Figure 3.5. Scatter graph of sum of peak heights produced at each marker in relative fluorescence units (RFU) plotted 

against the average fragment length of marker. The presence and height balance of QS1 and QS2 markers suggest the 

absence of inhibitors during PCR. The downward trend in peak heights with increasing fragment length indicates the 

presence of degradation within the sample. 

 

Using the automatic model search function in EuroForMix four of the eight amplified 

samples were identified as requiring degradation to be factored into the best fit models. 

Presence of degradation was further confirmed via the presence of a downward trend in 

peak heights with increasing allele fragment length (Figure 3.5). Calculations of LR by 

EuroForMix produced five samples with an LR equivalent to a qualifying statement of “Very 

strong evidence” in support of Hp (Figure 3.6). Of these four were produced using groomed 

preparations (Table 3.4). Match rates were calculated against all other volunteers for 

samples where an “Uninformative” LR was achieved against their expected volunteer 

match. Volunteers with the highest match rate were subbed in as POI to the Hp hypothesis 

to identify any instances of cross contamination. 

The same process was repeated subbing in the PI’s profile as POI. Within sample 89 

replacing the expected volunteer (7) with volunteer 8 resulted in a qualifier of “Limited 
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support” (log10(LR) = 1.236) for the Hp hypothesis. Within sample 131 replacing the 

expected volunteer (8) with the PI’s profile resulted in a qualified of “Very strong evidence” 

(log10(LR) = 22.9) to support the Hp hypothesis. Taking into consideration sample 131 

possessed a minimum number of contributors (MNOC) equivalent to two individuals a 

further Hp hypothesis was run with both PI and Volunteer 8 as POI’s and no unknown 

contributors. A resulting qualifier of “Very strong evidence” (log10(LR) = 21.43) was 

produced in this iteration of the model indicating contamination by the PI within the sample 

at some point during the experimental workflow (Figure 3.7). Sample 79 recovered the 

largest overall quantity of DNA across all samples but only produced a 0.27 match rate with 

the relevant participant and an “Uninformative” LR qualifier. Analysis was run individually 

subbing in all eight participant profiles and the PI’s profile. None were found to produce a 

LR above an “Uninformative” qualifier. 
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Figure 3.6. Electropherogram of sample 84 which produced a 0.98 match rate and descriptive LR qualifier of “very strong evidence” in support of the Hp proposition: The DNA originated from the 
POI (original depositing volunteer) and  𝑁 − 1 unknown contributors via analysis through EuroForMix software. Yellow highlighted marker headers are indicative of a genotype quality that sits 
within the “passing” and “low quality” range, red highlighted headers indicate a genotype quality within the low range. Grey marker headers indicate manual editing; in the instance of the 
presented sample this is a result of removing an off-ladder peak from the dataset.  
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Figure 3.7. Electropherogram of sample 131 demonstrating a mixed profile as a result of contamination by the PI. Analysis through EuroForMix software produced a 0.48 match rate and 
descriptive LR qualifier of “Uninformative” in support of the Hp proposition: The DNA originated from the POI (original depositing volunteer) and  𝑁 − 1 unknown contributors via analysis 
through EuroForMix software. Yellow highlighted marker headers are indicative of a genotype quality that sits within the “passing” and “low quality” range, red highlighted headers indicate a 
genotype quality within the low range. Grey marker headers indicate manual editing; in the instance of the presented sample this is a result of removing off-ladder peaks.  
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Table 3.4. Characteristics of amplified samples analysed using EuroForMix software including minimum number of contributors (MNOC), match rates and likelihood ratios (Log10(LR) for original 
depositing volunteers. Descriptive evidence qualifiers adapted from (Buckleton et al., 2020).  

        Known contributor as POI Hp 

Volunteer Preparation Handling 
Substrate DNA concentration 

pg/µl 

Allele 

count 
MNOC 

Match 

rate 
Log10(LR) Evidence qualifier 

7 (89) Natural Mechanical Wood 1.04 17 2 0.08 -13.19 Uninformative 

5 (74) Natural Light touch Wood 2.17 Fail Fail NA NA NA 

6 (9) Groomed Heavy touch Cardboard 3.00 Fail Fail NA NA NA 

2 (25) Natural Undirected Cardboard 3.61 Fail Fail NA NA NA 

3 (92) Groomed Mechanical Wood 5.74 Fail Fail NA NA NA 

1 (63) Groomed Undirected Plastic 11.12 40 1 0.98 20.03 Very strong  

1 (97) Groomed Undirected Wood 12.23 69 2 1.0 16.99 Very strong 

8 (131) Natural Mechanical Metal 15.92 60 2 0.48 -1.633 Uninformative 

1 (27) Natural Undirected Cardboard 19.04 40 1 1.0 25.96 Very strong 

1 (13) Groomed Heavy touch Cardboard 20.52 29 1 0.94 15.76 Very strong 

1 (84) Groomed Heavy touch Wood 25.13 42 2 0.98 20.99 Very strong 

4 (79) Natural Light-touch Wood 25.18 39 1 0.27 -76.34 Uninformative 
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3.4 Discussion 

Recovery and matching of DNA profiles, deposited by a POI via direct transfer, is an 

important part of a forensic practitioners investigative arsenal. Understanding factors 

influencing DNA-TPPR aids in the development of research studies looking to identify best 

practice recovery methods, particularly when introducing novel surfaces or evidence types. 

In this chapter the influence that handling technique, pre-deposition grooming activities, 

and surface type have on quantity and quality of DNA depositions was investigated.  

As addressed in the introduction to this chapter studies will often assess an individual’s 

shedder status prior to their inclusion in a study. This may be done to ensure a range of 

individuals are included, in an attempt to guarantee sufficient quantities of DNA are 

deposited or to provide additional information for DNA transfer probability models 

(Fonneløp et al., 2017; Tan et al., 2019). The results presented in this chapter indicate that 

certain individuals can transfer significantly higher amounts of DNA to surfaces under 

experimental conditions. I have also shown that this higher rate of deposition transcends 

influencing variables (Figure 3.1) and is not the result of contamination (Table 3.4). 

However, in the case of these results, since the high performing participant, and to this 

point all other participants, deposited their individual samples within a single day, the 

findings only demonstrate that on the day of testing they experienced a set of intrinsic 

and/or extrinsic circumstances which rendered them as a “good shedder”. Beyond this and 

without further work to see if the results are reproducible, I can at best suggest that there 

is evidence towards the fact that during experimental research, on the day of deposition 

one individual may significantly outperform other contributors and present as a “good 

shedder”.  

Although the heavy touch method resulted in the highest recovered DNA concentrations it 

did so with considerable variance. By contrast the light touch and undirected methods, 
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despite resulting in lower DNA concentrations, showed a lower variance across volunteers. 

Of further interest is that the light touch method bought participant one’s (identified as a 

“good shedder” in this study), deposited DNA quantities more closely in line with the rest 

of the participants. This is despite results showing their persistence in high deposition rates 

across other factor combinations. A possible explanation for this comes from the 

knowledge that a significant proportion of DNA is deposited at initial point of contact (Sessa 

et al., 2019). Under an instruction of handling with a light touch it may be assumed that 

minimal friction and pressure is being exerted by  participants during  handling, factors 

found to have a significant influence on trace DNA transfer (Tobias et al., 2017; Hefetz et al., 

2019). If in this instance the “good shedder” is by nature already “heavy handed” and prone 

to exerting higher pressure and as a result rates of friction, than their peers, then an 

instruction to handle “lightly” could have helped control for this behaviour. This theory is 

supported when looking at the undirected depositions, which can in some way be 

considered a control for handling technique. The “good shedder” produced significantly 

higher quantities of DNA using this technique and the ability to reduce this through 

instruction to handle “lightly” provides support to the theory it is as a result of a natural 

tendency to handle objects with greater force than their peers. This suggests that even 

subjective instructions may be beneficial in helping to standardise participant handling 

technique and as such deposition rates. In this study the mechanical method exerted 

control of the movement of the substrate in the participants hand to the PI. This required 

participants to hold the substrate with a loose enough grip to allow the PI to manually 

manipulate it in their hand, again leading to an assumption of a lower exertion of pressure 

by the participant. However, the mechanical method displayed the second highest level of 

variance amongst depositions and more importantly was the single incident of known 

contamination by the PI within profiled samples. Therefore, the mechanical method may 
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be introducing a higher risk of contamination due to the involved nature of the technique. 

Despite the observed differences, the lack of significant difference found between 

deposition methods in this study is encouraging in the context of experimental design for 

Chapter 5 of this thesis. In this study uniform shapes for each substrate were used to help 

standardise the application of technique interpretation by each volunteer. However, the 

wildlife items that will be presented for handling in Chapter 5 will differ significantly in 

shape, size, weight, and texture. As such it is expected there will be a degree of variability 

in the way they handled, even if provided with instruction, depending on an individual’s 

familiarity with the item and growth in confidence as they handle items in turn.  

An observation of greater concern are the low quantities of trace DNA recovered during 

this study, consistently achieving mean quantities lower than seen in similar studies which 

also employed hand-washing, short  DNA reconstitution periods,  and grooming steps  

(Alketbi and Goodwin, 2019b).  Plotted qPCR amplification curves did not exhibit signs of 

PCR inhibition, and PCR efficiency percentages sat within acceptable thresholds, however 

the low reaction volume used may have contributed to the observed results. The low input 

quantity of extracted sample DNA would have introduced significant stochastic effects such 

as failure to introduce any target DNA into the reaction despite it being present in the 

extraction elution. This hypothesis could have been tested through technical replicates with 

larger reaction volumes however resource limitations did not allow for these steps. It is also 

possible that    that  low-yields were a result of interference at the extraction stage (Cornwell 

et al., 2020).  Magnetic fingerprint powders, used on wood, cardboard, and plastic 

substrates, have been shown to severely impact DNA recovery which may provide 

explanation (Lin et al., 2017). There appears to be no work looking at the impacts of bronze 

latent fingerprint powders on trace DNA recovery, though aluminium latent fingerprint 

powder has been shown to impart the least impact (Lin et al., 2017). However recovery of 
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low quantities of trace DNA, similar to observed in this study, from stainless steel have been 

reported (Ramsey, 2021). An additional compounding issue may have arisen from the 

COVID-19 pandemic and as suggested in section 2.4.3 an un-naturally high rate of 

handwashing and use of hand-sanitiser carried out by participants even outside of the 

experimental parameters. Fingerprint powders were introduced as part of the trace DNA 

recovery process in this study to mimic the standard protocol of prioritising fingerprints 

over DNA recovery at a crime scene.  

Although the results have shown that trace DNA is recoverable in quantities and of quality 

to make it of use for forensic casework, even after treatment with fingerprint powders, the 

low quantities recovered cannot be ignored. Therefore, going forward for Chapter 5 of this 

thesis fingerprint powders will not be introduced as part of the experimental design, and, 

resource allowing, the recommended reaction volume of 20µl will be used in the 

quantification protocol.  

Results showed that swabs of groomed depositions collected significantly higher quantities 

of trace DNA comparable to natural depositions. As experimental design dictated 

participants could not self-touch between handwashing and natural depositions the 

absence of significant depletion of sebaceous secretions on the hands can be assumed. 

Therefore, these observations draw strength to the suggestions in the literature that 

sebaceous secretions may play a role in facilitating the transfer of trace DNA (Subhani et al., 

2019; Jansson et al., 2022). This is further strengthened by the outcomes of DNA profile 

analysis in this study, whereby for samples originating from natural depositions that met 

the defined LOD, alleles were identified as coming from either contamination by the PI or 

unknown contributors, possibly because of secondary DNA transfer. The only natural 

deposition sample that showed exception was attributed to the “good shedder” identified 
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in this study, already known to deposit significantly higher quantities of DNA. By comparison 

alleles recovered from groomed depositions could routinely be analysed to produce LR’s 

which supported the Hp proposition that the DNA sample originated from the POI (original 

depositing participant) suggesting there is an important role self-touching plays in direct 

DNA transfer. Therefore, groomed depositions may be a favourable approach in research 

looking at direct transfer or comparing recovery methods, to both guarantee higher 

quantities of DNA and likelihood of that DNA originating from the original intended source.  

Surface type is considered an important factor when assessing whether and how trace DNA 

can be recovered in a forensic context (Alketbi, 2018). An in-depth study looking at impact 

of physicochemical surface properties on identification of biological traces found that 

rough, hydrophilic surfaces retained more DNA and subsequently yielded more complete 

profiles  (Recipon et al., 2024). Other studies have supported this with greater quantities of 

useable genetic material being deposited on rough, porous substrates, (Daly et al., 2012; 

Burrill et al., 2019). The results of this study further support these findings with wooden 

substrates retaining significantly higher quantities of DNA comparable to metal and plastic 

surfaces though notably cardboard did not. The significance of wooden substrates lays with 

the surface type producing a greater degree of friction between hands and surface and 

subsequently dislodging of biological materials containing DNA. Though cardboard is 

porous, it is less textured than wood, suggesting that texture (or roughness) may exert a 

greater influence on trace DNA depositions comparable to porosity.  

As shown in this study even under controlled conditions mixed DNA profiles can occur. The 

alleles that were observed in the highest quantified sample were not confidently associated 

with any suggested POI in tested propositions and therefore their origins can only be 

speculated. Control swabs taken post cleaning with DNA AWAY™ returned negative for the 
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presence of DNA indicating the cleaning process sufficiently removed any background DNA 

that may have been present. Therefore, as already ascertained through LRs, the PI was an 

unlikely contributor to the sample, the alleles were likely the result of indirect transfer (van 

Oorschot et al., 2019). In operational settings trace DNA sampling routinely results in mixed 

or partial profiles and therefore single source profiles, whilst holding a place in experimental 

settings, are not always representative of real-world scenarios.  

3.5 Summary 

The aim of this chapter was to assess the impacts of deposition method and preparation on 

direct trace DNA transfer, with the intention of taking forward a protocol for use in a later 

chapter.  

Results showed that manner of handling had no significant impact on quantities of trace 

DNA recovered. However certain techniques showed higher variance in depositions 

between volunteers comparable to others, with both the light touch and undirected 

methods resulting in more consistent rates of depositions however in lower quantities. 

Although generally low DNA quantities were recovered across samples “grooming” or 

“loading” was found to have a significant impact on quantities of deposited DNA. This has 

provided further evidence to the literature suggesting sebaceous secretions may play a role 

in DNA transfer. The impact of substrate type on DNA recovery mirrored results seen 

elsewhere in the literature and successful extraction, amplification, and profiling were 

carried out on multiple samples indicating low recovered quantities are unlikely due to poor 

operator technique.  

Based on the findings of this study it is decided to go ahead with the “undirected” 

deposition technique for trace DNA depositions in Chapter 5, allowing participants to 

handle the wildlife specimens in whatever manner they feel is appropriate for a set period 
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of time. This technique has been chosen due to its low variance between participants and 

as it presents as a closer representation of how a POI may handle the specimens during 

criminal activity. Although the introduction of a grooming step has been shown to produce 

higher quantities of deposited DNA it was a result of grooming before every new instance 

of handling. Logistics surrounding access to specimens are likely to require participants to 

handle all wildlife specimens in Chapter 5 in a single session. As such there are health and 

safety concerns surrounding the repeated touching of an individual’s face after handling 

wildlife specimens, particularly where provenance is unknown. Therefore, to overcome 

potentially low quantities of deposition which may render results uninterpretable, multiple 

donors will be asked to deposit on each specimen in each session. It has been demonstrated 

that for a single wildlife seizure a complex supply chain may exist with multiple individuals 

participating at each point in their movement. Therefore, for the purposes of Chapter 5 of 

this study, the inclusion of multiple donors over singular donors using grooming will both 

help increase the likelihood of sufficient DNA quantities being present on the surface and 

more closely simulate operational encounters. This study has achieved its aim of 

investigating the impact of deposition method and preparation activity have on trace DNA 

deposits and identified a suitable protocol to take forward for Chapter 5.  
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Chapter 4: Recovery of fingermarks from wildlife items: A comparison of 

low cost, field deployable techniques 

 

4.1 Introduction 

With over a century of research behind them fingermarks are one of the most recognisable 

and repeatedly used pieces of forensic evidence to link a suspect to a crime (Bleay, 2014).  

Their value is demonstrated by their ongoing contributions to the outcomes of cases and 

detection of crime, both as an inclusionary and exclusionary tool, including cold cases 

(Federal Bureau of Investigation, 2024), serious crimes (Forsyth, 2020), volume crime 

(Bond, 2009) and wildlife crimes (Foreign, Commonwealth and Development Office, 2018). 

Juries draw more confidence in their verdicts when forensic evidence is included in the 

decision making process (Ling et al., 2021) and the public perceive fingerprints to be one of 

the most accurate evidence types (Kaplan et al., 2020). However as a forensic discipline it 

is not without controversy and has been embroiled in serious instances of miscarriage of 

justice (Lawson, 2003). A 2009 report by the US National Research Council of the National 

Academic of Sciences sent ripples through the forensic world when it raised concerns about 

the scientific rigour behind many non-DNA forensic disciplines, drawing particular criticism 

on the perceived heavily subjective processes surrounding fingerprinting (National 

Research Council, 2009). This subsequently led to reviews of the admissibility of fingerprint 

evidence, the language surrounding the reporting of it and how it should be conveyed in 

court on a global scale (Campbell, 2011; Champod, 2015). Since then regulations and 

frameworks such as the EU Council Framework Decision 2009/095/JHA (European Union, 

2009) and UK Accreditation of Forensic Service Providers Regulations 2018 (UK 

Government, 2018) have been implemented requiring forensic providers to undergo 

accreditation at the ISO/IEC 17025 level to demand some level of standardisation in 

examination of DNA and dactyloscopic data. To carry out fingermark analysis examiners 
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exploit the finite number of characteristics all fingerprints are made up of. These have been 

categorised in three levels of detail (Figure 4.1); level one detail, pattern type and ridge 

flow, are superficial and repeat between individuals but can help narrow down a search or 

aid in quick exclusion. The four basic fingerprint patterns are arch, tent, loop, and whorl 

though sub-divisions of each pattern type exist. Level three detail, pores, and ridge edge 

shapes, require high resolution images to clearly observe and rely on deposited marks to 

be devoid of smudging or smearing and present a strong contrast between print and 

background. Given this are not routinely used in fingermark comparison.  

   

Figure 4.1: Fingermark enhanced using Supranano™ magnetic black powder on a hippo tusk, depicting left to 

right; level 1 detailing of a whorl pattern, level 2 detailing of bifurcations and ridge ending and level 3 detailing 

of pores.  

It is level two detail, ridge characteristics known as minutiae, which is most exploited by law 

enforcement for identification purposes. Much like river systems fingermark ridges are not 

a single continuous flow, they can be interrupted, split apart, or be isolated. The six ridge 

characteristics observed at the level two detail in fingermarks are ridge endings, 

bifurcations, lakes, spurs, independent ridges, or crossovers. Their unique number, relative 

positions to each other, the core (centre) of the mark and the delta (a triangular shaped 

region of ridges demarking a change in direction) are what fingerprint examiners scrutinise 

and compare when analysing fingermark images.  
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Despite the ongoing concerns raised as to their reliability (Campbell, 2011; Bitzer et al., 

2019), to date two identical fingerprints from different individuals have never been 

recorded. Efforts have been made to ascertain the reliability of these assumption, and 

recent research using the powerful pattern recognition capability of artificial intelligence 

has found it was not possible to predict intra-person relatedness using level 2 details, the 

main exploited by fingermark experts, (ridge endings and bifurcations) although it is 

possible to predict intra-person relatedness using level 1 (pattern type and ridge flow) 

detailing (Guo et al., 2024). These discoveries lend credence to and reinforce reliability of 

using level 2 detailing for individual identification purposes as its uniqueness extends to 

both intra and inter-person comparisons. Not only this the ability for intra-person 

relatedness using level one detailing broadens the possibilities of linking crime scenes 

through latent marks from different fingers of the same individual, previously an impossible 

task. All these factors suggest the routine inclusion of fingerprint evidence into casework is 

a worthwhile endeavour, yet it is not being applied as standard to wildlife crime 

investigations where I see chronically low prosecution and conviction rates (Thomas et al., 

2023).  

Latent marks, those invisible to the naked eye, are the most encountered fingermark 

evidence. To maximise their benefits as a tool of identification chosen enhancement 

methods should result in the greatest degree of contrast and clarity between the visualised 

ridge detailing and the background it has been deposited on. To achieve this enhancement 

techniques should ideally only target fingermarks constituents and not react with 

background substrates or vice versa. The chemical composition of fingermarks is complex 

differing within and between individuals at any given point in time depending on a host of 

both endogenous and exogenous factors. Three possible biological secretions are proven to 

contribute to the makeup of fingermark residue, these are, in order of abundance, eccrine, 
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sebaceous, and apocrine sweat (Bleay et al., 2021).  Within these three secretions a range 

of organic and inorganic components, including water, amino acids, proteins, salts, sebum 

comprising of fatty acids, squalene and wax esters, have been identified and exploited by 

both physical and chemical fingermark enhancement processes (Girod et al., 2012).  

In the UK current recommended workflows for appropriate choice fingermark 

enhancement methods are presented in the Fingermark Visualisation Manual, collated and 

published by the Home Office in conjunction with the Forensic Science Regulation Unit, the 

College of Policing, and the National Crime Agency, the most recent edition having been 

published in 2022 (Home Office, 2022). They use porosity as the leading influencing factor 

affecting process selection. As per their recommendations on all surface types (non-porous, 

semi-porous, porous) practitioners should first carry out optical non-invasive inspections 

using appropriately positioned light sources within the visible and UV spectrum in 

combination with filters where needed. Post this initial inspection process 

recommendations deviate dependent on the surface porosity. On non-porous substrates 

the most effective recommended sequence is VMD, powders, powder suspensions and 

finally lipid dyes. On semi-porous surfaces it is black magnetic powder, followed by either 

VMD, superglue fuming (plus enhancement) or powder suspensions, then indandione, 

ninhydrin, and finally PD (plus enhancement). The powder suspension workflow skips both 

indandione and ninhydrin phases due to it involving wetting the surface rendering them 

inoperable. Ninhydrin is globally a first choice enhancement method for marks on porous 

substrates (Zampa et al., 2020) and was the Home Office’s recommended process until 

superseded by indandione in 2022, PD (plus enhancement) is recommended as the final 

step. Magnetic fingerprint powders are included in suggested porous workflows on 

untreated wood or wood treated with oils (Home Office, 2022). A host of other 

enhancement techniques not referenced in these workflows are also available including 
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SPR, single and multi-metal deposition, leuco crystal violet (LCV) and iodine fuming. Despite 

all the options that have become available to examiners over the years, fingerprint powders, 

ninhydrin and superglue fuming remain the three techniques most used in situ (Gomes et 

al., 2023). 

In serious and volume crimes, exhibit types encountered vary but will include items or 

locations that are likely to have been handled in the context of the crime or circumstantially 

by suspects or victims. Examples include weapons, documents, entry and exit points, 

drinking glasses, or food and drink containers. In a wildlife crime exhibits may include traps, 

cages, poisons, weapons, and importantly the wildlife itself. Regardless of the surface in 

question examiners must strip back to the basic questions posed to all pieces of evidence 

encountered. At a crime scene level these may include; any known context of sequence of 

events, which exhibits are likely to provide the most information, which forensic evidence 

type to prioritise if certain techniques will compromise others, the perishable nature of the 

material, health and safety and the logistics of handling, transport and storage if laboratory 

techniques are to be utilised (European Network of Forensic Science Institutes, 2021). At an 

exhibit level considerations’ will include: the porosity, texture, colour, and material of the 

item and precursory or imminent environmental exposure.  

Wildlife specimens present as an oddity for application of fingermark enhancement 

techniques. This is not only due to the irregularity in which they will be encountered by the 

wider law enforcement work force but by the lack of comparable substrates where 

recommendations on best practice approaches to fingermark recovery are available. 

Leather is the only animal product consistently represented in the literature and considered 

a “low yield” surface type; minor success has been found enhancing marks on leather with 

superglue fuming, iodine fuming (Downham et al., 2015; Zheng et al., 2017), powder 
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suspensions (Fairley et al., 2012) and less traditional methods including marble slurry 

powder and plant derivatives (Vadivel et al., 2021) but these methods rarely achieve high 

rates of ridge detailing.  Without comparable references a wildlife specimen exhibit must 

be systemically assessed as any other evidence type would be. Assuming a porous nature 

to the wildlife specimen lab based chemical processes indandione and ninhydrin would be 

recommended best practice. However, both methods work through reaction with amino 

acids present in fingermarks resulting in a coloured product that renders ridge detailing a 

pink/purple colour, known as Joullié’s Pink (indandione) or Ruhemann’s purple (ninhydrin). 

Amino acids are the building blocks of protein, and as such amino acid reagents are 

unreliable for use on organic materials where amino acids are abundant. This renders them 

unsuitable for use on wildlife derivatives and this was proven by Otis et al (Otis and 

Downing, 1994) who saw the entire surface of antlers reacting when treated within 

ninhydrin. This leaves examiners with two choices, either magnetic powders followed by PD 

(and enhancement) or PD alone depending on whether the exhibit holds similar 

characteristics to untreated wood or not. Secondly the wildlife specimen could be 

approached as a semi-porous surface (as is the case of leather). In this scenario the 

examiners first step, post optical processes, would be the use of magnetic powders. As 

discussed in Chapter one fingermark recovery from wildlife derivatives and carcasses has 

been proven using several of these methods (Table 1.3). Within their results two techniques 

repeatedly demonstrated high efficacy, these were magnetic powders (Azoury et al., 2001; 

Czarnecki, 2002; Eveleigh, 2009; Darby et al., 2015; McMorris et al., 2015, 2019; Weston-

Ford et al., 2016) and the use of fluorescence (Otis and Downing, 1994; Eveleigh, 2009; 

Darby et al., 2015; McMorris et al., 2015, 2019). Given the representation of magnetic 

powders in iterations of both porous and semi-porous recommended workflows, in positive 

outcomes across related research streams and the proven effectiveness and inclusion in 
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existing wildlife forensic “toolkits” of Supranano™ black magnetic fingerprint powders on 

both cardboard and untreated pine in Chapter 2 of this thesis, fluorescent and non-

fluorescent Supranano™ magnetic powders (SMP) have been chosen as techniques for 

comparison.   

Where existing studies chose to focus on either a single species or derivatives from within 

a related group the aim of this study is to establish if any single technique demonstrates a 

degree of useability across multiple taxa rendering it a more cost effective and transferable 

method across a global stage. To this point gelatin lifters have also been chosen as a 

recovery/enhancement method for comparison given their proven success in recovering 

fingermarks from pangolins (Moorat et al., 2020) and arguments as to their potential 

suitability as a forensic tool in challenging conditions presented by international wildlife 

crime cases (Mayer, 2019).  

 

4.2 Materials and Methods 

4.2.1 Identification and preparation of specimens 

Earlier studies in this area of work have focused on a specific taxon making their global 

applicability limited. Wildlife seizures often contain mixed shipments of various wildlife 

species as well as other types of illegal goods (FATF, 2020; van Uhm et al., 2021), with 

speculation that criminal syndicates involved in wildlife crime are diversifying their 

acquisitions, potentially, and ironically in response to their own activities limiting access to 

certain species. Trialling techniques on multiple taxa was a key step in this research as a key 

aim was identifying a technique that can be applicable to multiple streams of casework 

maximising its potential use. As well as variety, inclusion of taxa known to be targeted within 

the breadth of wildlife crime was attempted to offer greatest opportunity for translation of 

results into real world scenarios. As such the wildlife specimens used in this study were 
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sourced from collections held at the Institute of Zoology (IOZ), Zoological Society of London 

(ZSL) where confidence in their authenticity as genuine wildlife goods could be ascertained. 

In addition, several of the specimens held at IOZ originate from the Metropolitan Police 

Service wildlife crime unit storage facility, and as such represent examples of real evidence 

seized in wildlife crime investigations in London.  

A total of N = 12 specimens (Figure 4.2) were included in this study, comprising of six 

derivative types (tooth, skin, bone, claw, horn, and shell), originating from twelve different 

taxa (snake, tortoise, tiger, gorilla, elephant, deer, bovine, hippo, antelope, sawfish, and 

conch).  As well as being grouped by derivative type (Table 4.1) specimens were assigned 

as either textured (snakeskin, elephant skin, ungulate skin, antler, conch shell and tortoise 

shell) or smooth (elephant ivory, hippo ivory, sawfish rostrum, tiger claw, bovine horn, and 

gorilla skull). 

To remove any existing fingermarks each specimen was wiped down using mild detergent 

followed by a second dry tissue to soak up any excess liquid and then left to air dry for at 

least one hour. Specimens were then inspected using a handheld 365nm UV wavelength 

torch to confirm there were no existing fluorescent properties within the specimens 

themselves that may affect subsequent fingermark enhancement.  
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Figure 4.2. Photographs of whole specimens used in this study inlaid with macro images depicting surface 

texture: a) juvenile gorilla (Gorilla gorilla gorilla) skull, b) red deer antler (Cervus elepahus), c) bovine horn 

(sp. Unknown) d) mounted tiger (Panthera tigris) claw, e) tortoise (sp unknown) shell modified into guitar, f) 

snake (sp unknown) skin, g) sawfish (Pristidae sp) rostrum, h) hippo (Hippopotamus amphibius) tusk, i) 

elephant (sp unknown) tusk j) conch (Strombus sp) shell k) elephant (sp unknown) skin l) antelope (sp 

unknown) skin. 

 

4.2.2 Deposition of fingermarks 

Ethical approval was granted from LJMU’s Research Ethics Committee (Approval reference 

[21/PBS/004]) prior to recruitment of any volunteer donors. Twenty donors of unknown 

k) 

l) 
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shedding status were recruited through invitation emails circulated to internal ZSL mailing 

lists. On arrival donors were given a brief reminder of the background of the research and 

the study design they would be taking part in that day. Donors deposited fingermarks using 

a combination of the “grooming” and “undirected” techniques devised in Chapter 2 of this 

paper and found to be a practical and effective method of depositing fingermarks on 

multiple surface texture types. Grooming was achieved by donors rubbing their fingertips 

over the bridge of their nose, forehead and back of their neck and then rubbing fingertips 

together to evenly disperse any collected secretions. Donors were then asked to press their 

fingertip onto the specimen for two seconds using either their forefinger, middle finger, or 

thumb on either their dominant or non-dominant hand.  

The order in which donors deposited on specimens as well as the digit and hand used was 

randomised across all samples Each donor deposited one fingermark per enhancement 

method for each specimen resulting in a total of N = 48 depositions by each donor, a total 

of N = 80 depositions per specimen, and a collective total of N = 960 fingermark deposits in 

this study. To avoid risk of constituent depletion, donors deposited all 48 fingermarks within 

the course of a day with a maximum of 6 fingermarks, one per designated digit on each 

hand, deposited in a single session. Post deposition and prior to any enhancement the 

365nm light source was used to inspect for the presence of fluorescent contaminants in 

deposited untreated fingermarks.  

 

4.2.3 Enhancement and recovery method choice and application 

Three enhancement methods were compared, SceneSafe™ red and yellow, fluorescent SMP 

(all specimens), SceneSafe™ black (elephant ivory, hippo tusk, antler, conch, claw, tortoise 

shell, skull, antelope skin, bovine horn) or white SMP (elephant skin, sawfish rostrum, 

snakeskin), and SceneSafe™ BVDA polyester backed black gelatin lifters (all specimens). 
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Black or white coloured fingerprint powder choice was dictated by highest contrast afforded 

compared to background surface colour and established in proof-of-concept experiments. 

All fingerprint powders were applied using a magnetic wand held perpendicular to the 

surface and moved in a circular motion. Once the mark was considered sufficiently 

enhanced the powder was returned to the pot and the empty magnetic wand used to 

collect any excess powder deposited on the surface. Gellifters were cut to a size of 3cm2 

and applied in accordance with BVDA recommended lifting protocols for fingermarks 

(BVDA, 2024).  All fingermarks were enhanced within 30 minutes of deposition.  

 

4.2.4 Photography of fingermarks 

Enhanced fingermarks were photographed in a dark room environment, using a tripod 

mounted Sony DSLR A850 with Sony 100mm f2.8 macro lens attachment. Specimens were 

placed on a table and the camera lens positioned parallel to the fingermark with a reference 

scale in place, a ten second delay was used during each shot to maximise opportunity for 

camera stabilisation. Marks enhanced using fluorescent fingerprint powders were 

photographed in four states, twice pre-lifting and twice post-lifting with gelatin lifter; pre 

lifting i) illuminated by white light ii) excited using a 365nm UV wavelength handheld torch, 

post-lifting iii) without acetate cover on gelatin lifter illuminated with white light iv) without 

acetate cover on gelatin lifter excited using a 365nm UV wavelength handheld torch. 

Fingermarks enhanced using black or white fingerprint powders were photographed in two 

states one pre-lifting and once post-lifting: pre lifting i) directly on the specimen illuminated 

by white light and post lifting ii) without acetate cover on the gelatin lifter using white light. 

Untreated fingermarks recovered using gelatin lifters were photographed in one state i) 

without acetate cover on the gelatin lifter illuminated by white light. In all photographing 

scenarios lighting (UV and white) was positioned at a 45o angle or higher to the fingermark 
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with the aim of finding a point at which the fingermark was fully illuminated but reflections 

were minimised. Once powdered fingermarks had been photographed, they were lifted 

using gelatin lifters. All fingermarks were photographed within 1 hour of enhancement and 

or lifting.  

4.2.5 Grading of fingermarks 

All photography stages of enhanced/recovered fingermarks were graded, resulting in a 

maximum of four grades for fingermarks enhanced using magnetic fluorescent fingerprint 

powders, two grades for marks enhanced using magnetic black or white fingerprint 

powders and one grade for fingermarks recovered using gelatin lifters. All 

enhanced/recovered marks were graded using the same Home Office CAST grading system 

(Sears et al., 2012) within which grades of >3 are considered identifiable and therefore of 

forensic interest in the context of identification through fingermark quality. A multi-grading 

approach was taken to assess any change in perceived grade quality dependent on the stage 

of enhancement.  

 

4.2.6 Statistical analysis  

Repeating protocols outlined in 2.2.5 a Kruskal-Wallis test was used to compare CAST grades 

recovered by different enhancement methods and on different specimen types. when 

assessing results across the full CAST grading scheme (0 – 4). In addition, fingermarks grades 

at differing enhancement states were compared using a Wilcoxon signed rank test. Fishers 

exact tests were used to measure associations between enhancement methods and CAST 

grades for each independent and grouped specimen type and a chi-square test used for the 

same purpose for all pooled samples. Associated standardised residuals for grouped 

specimen types were subsequently represented through mosaic plots.  
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4.3 Results 

4.3.1 Evaluation of enhancement techniques 

4.3.1.1 Claw & Horn 

Red fluorescent SMP and Yellow fluorescent SMP recovered the highest number of 

fingermarks >3 for claw (N = 7) and horn (N = 9) respectively and black gelatin lifters the 

lowest for both specimen types. For horn red fluorescent SMP was the only enhancement 

method which resulted in CAST grade 4 marks (Table 4.1). Across both individual and pooled 

specimen types in this group a Kruskal Walis test found significant association between 

enhancement method and recovered CAST grade (horn: x2 = 22.51, df = 3, p-value = < 0.001; 

claw: x2 = 16.16, df = 3, p-value = < 0.01; pooled: x2 = 35.60, df = 3, p-value = < 0.001). 

Mosaic plots displaying Pearsons residuals show black gelatin lifters produced a higher-

than-expected proportion of low CAST grades for both substrates independently and 

combined (Figure 4.4).  

 

4.3.1.2 Bone 

Fingermarks of CAST grade >3 were recovered from 44% of depositions on gorilla skull and 

5% of depositions on antler. Red fluorescent SMP resulted in the highest number of >3 CAST 

grades for both bone specimens (Figure 4.3). Lowest CAST grades were most frequently 

recovered using black gelatin lifters for both bone specimen types (Table 4.1). A Kruskal 

Wallis test found a significant association between recovered CAST grade and enhancement 

method used for independent and pooled samples (antler: x2 = 9.21, df = 3, p-value < 0.05; 

skull: x2 = 9.88, df = 3, p-value < 0.05; pooled bone: x2 = 13.17, df = 3, p < 0.01). The use of 

black gelatin lifters resulted in a higher expected rate of CAST grade 0 marks being 

recovered (Figure 4.4).  
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Figure 4.3. Clockwise from top left, examples of fingermarks recovered from antler using; Supranano™ black 
magnetic powder, Supranano™ yellow, fluorescent magnetic powder excited with 365nm UV torch, black 
gelatin lifter, Supranano™ red fluorescent magnetic powder excited with 365nm UV torch. 

 

4.3.1.3 Ivory & Substitutes 

CAST grades >3 were recovered at a rate of 61% (elephant), 45% (hippo) and 12.5% (conch) 

in ivory and ivory substitute samples. (Table 4.1). All tested recovery methods could 

produce CAST grades >3 on both elephant and hippo ivory (Figure 4.5). Red fluorescent and 

black SMP enhanced CAST grades >3 on conch. Black gelatin lifters resulted in the lowest 

number of marks of forensic interest across ivory and ivory substitute specimens. A Kruskal 

Wallis test found a significant association between grade quality recovered between 

enhancement methods within pooled ivory specimens, conch and hippo ivory but not 

elephant ivory (hippo ivory: x2 = 8.5, df = 3, p < 0.05; conch: x2 = 24.36, df = 3, p < 0.001; 
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pooled ivory: x2 =26.20, df = 3, p < 0.001). Within pooled ivory, conch, hippo, and elephant 

ivory samples black gelatin lifters produced a higher-than-expected frequency of grade 0 

and/or 1 marks (Figure 4.4).  

 

 

 

Figure 4.4: Mosaic plots visualising the frequency of CAST grade (y axis) against enhancement method (x 
axis), residuals. Box heights are proportional to % of cast grades seen within each enhancement category for 
each specimen group. Standardised residuals indicating significant deviations from the null models are 
represented by colour, the darker the shade the higher the significance. Blue represents a higher-than-
expected number of observations (residuals >2) and red a lower-than-expected number of observations 
(residuals <-2). All plots bar mammal skin depicts significantly higher than expected observations of low cast 
grades recovered when using black gelatin lifters. 
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4.3.1.4 Mammal skin 

All enhancement methods failed to recover grades >2 from either type of mammal skin 

(Table 4.1) demonstrating evidence of contact only (Figure 4.5). A fingermark of CAST grade 

1 was enhanced from depositions on 21% of elephant skin and 11% of antelope skin 

samples. Yellow fluorescent SMP performed best for elephant skin and black gelatin lifters 

for ungulate skin (Table 4.1). No significant association was found between enhancement 

method and CAST grades recovered from mammal skins, pooled or independently.  

 

Figure 4.5: Examples of the highest grade fingermarks recovered from different specimen types using their 

best performing enhancement method a) grade 4 mark on elephant ivory enhanced using Supranano™ black 

magnetic powder, b) grade 4 mark on hippo ivory enhanced using Supranano™ black magnetic powder, c) 

grade 3 mark conch shell enhanced using Supranano™ black magnetic powder, d) grade 1 mark elephant 

skin enhanced using Supranano™ yellow fluorescent magnetic powder excited with a 365nm wavelength 

torch and e) untreated grade 1 mark ungulate skin recovered using black gelatin lifter.  

 

4.3.1.5 Reptile & Fish  

Red fluorescent SMP recovered the highest number of >3 CAST grades for sawfish rostrum 

(N = 8), and tortoise shell (N = 12) and black gelatin lifter the highest number for snake 

skin (N = 1) (Figure 4.6). Black gelatin lifters produced the lowest number of >3 CAST 

grades for both sawfish rostrum and tortoise shell (Table 4.1).  

a) 

e) 

b) c) 

d) 
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Figure 4.6: Examples of fingermarks enhanced on sawfish rostrum using all four tested enhancement 
methods. Clockwise from top left: Supranano™ white magnetic power, Supranano™ yellow, fluorescent 
magnetic powder excited with 365nm wavelength torch, black gelatin lifter, Supranano™ red fluorescent 
magnetic powder excited with 365nm wavelength torch. 

 

Fingermarks graded >3 were recovered from 34% of depositions on tortoise shell, 28% of 

depositions on sawfish rostrum and 1% of depositions on snakeskin. A Kruskal Wallis test 

found a significant association between enhancement method and maximum CAST grade 

for pooled (x2 = 66.46, df = 3, p < 0.001) and individual, sawfish (x2 = 16.63, df = 3, p < 0.001), 

tortoise shell (x2 = 30.15, df = 3, p < 0.001), snakeskin (x2 = 28.69, df = 3, p < 0.001). A 

visualisation of standardised Pearson’s residuals shows a higher-than-expected frequency 

of 0 – 1 level grades for black gelatin lifters and a lower-than-expected frequency of zero 

grades for red fluorescent SMP. This trend was seen within each of the individual reptile & 

fish specimens as well as collectively (Figure 4.4).  
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4.3.1.6 Pooled specimens 

Across all pooled samples (N = 960), a Kruskal Wallis test found a significant association 

between enhancement method and recovered CAST grade (x2 = 81.01, df = 3, p < 0.001). 

Visualisation of the standardised residuals (Figure 4.4) indicates that black gelatin lifters 

resulted in significantly more fingermarks graded <1 and significantly fewer CAST grades >2 

than expected. The use of red fluorescent SMP resulted in significantly fewer CAST grades 

of one and significantly more CAST grades of three than expected.  

 

 Figure 4.7: Examples of fingermarks ehanced using  Supranano™ red fluorescent magnetic powder excited 
with 365nm wavelength light on a) snakeskin, b) gorilla skull,  c) bovine horn, d) tiger claw.  
 

4.3.1.7 Textured specimens 

Using a Kruskal Wallis test a significant association (x2 = 39.52, df = 3, p < 0.001) was found 

between enhancement method and maximum CAST grade achieved within textured 

specimens. Outputted standardised residuals of indicate red fluorescent SMP resulted in 

lower-than-expected rates of grade 1 marks. Black gelatin lifters resulted in lower-than-

a) b) 

c) d) 
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expected rates of grade 2 and 3 marks and higher than expected rates of grades 0 and 1 

marks as demonstrated by standardised residuals of <-2 and >2, respectively. 

4.3.1.8 Smooth specimens 

A significant association was found between enhancement method and maximum CAST 

grade achieved within smooth specimens using a Kruskal Wallis test (x2 = 59.78, df = 3, p < 

0.001). Black gelatin lifters resulted in lower-than-expected mark grades of 3 and 4 and 

higher than expected mark grades of 0 and 1, as indicated by standardised residuals of >2 

and <-2, respectively. Standardised residues of <-2 were presented for grade 1 marks 

enhanced by red fluorescent SMP indicating lower than expected rates (Figure 4.8). 
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Figure 4.8. Mosaic plots visualising the frequency of CAST grade (y axis) against enhancement method (x 

axis), residuals for both smooth (top) and textured (bottom) specimen types. Box heights are proportional to 

% of cast grades seen within each enhancement category for each specimen group. Standardised residuals 

indicating significant deviations from the null models are represented by colour, the darker the shade the 

higher the significance. Blue represents a higher-than-expected number of observations (residuals >2) and 

red a lower-than-expected number of observations (residuals <-2). Significantly higher than expected 

observations of low CAST grades (0 – 1) and lower than expected observation of high CAST grades (3 – 4) 

were seen in fingermarks recovered using black gellifters. Significantly lower than expected observations of 

low CAST grades (0 – 1) were seen in fingermarks enhanced using Supranano red magnetic fluorescent 

powder excited using a 365nm wavelength torch.  
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Table 4.1: Frequency of CAST grades achieved for each combination of specimen type and enhancement method variables. 

 Bone Claw & Horn Ivory & Substitutes Mammal skin Reptile & Fish 

CAST Grade Antler Skull Claw Horn Conch Elephant Ivory Hippo Ivory Elephant skin Ungulate skin Sawfish rostrum Snakeskin Tortoise shell 

Red Fluorescent            

0 3 0 0 0 3 0 0 14 19 0 0 0 

1 7 0 2 3 1 0 2 6 1 1 2 1 

2 8 8 11 9 12 5 8 0 0 11 18 7 

3 2 5 5 6 3 9 7 0 0 5 0 10 

4 0 7 2 2 1 6 3 0 0 3 0 2 

             

Yellow Fluorescent            

0 3 0 0 1 1 2 0 13 18 0 1 2 

1 8 1 2 4 5 0 3 7 2 4 5 2 

2 8 9 13 6 14 7 7 0 0 9 14 6 

3 1 5 3 9 0 3 6 0 0 3 0 9 

4 0 5 2 0 0 8 4 0 0 4 0 1 

             
Mono magnetic            

0 4 0 2 0 2 0 0 17 18 0 1 0 

1 7 3 4 4 1 0 1 3 2 8 9 3 

2 8 10 12 9 11 6 8 0 0 6 10 12 

3 1 2 2 5 6 6 6 0 0 6 0 5 

4 0 5 0 2 0 8 5 0 0 0 0 0 

             

Black gelatin lifter            

0 9 1 1 4 7 2 0 19 16 1 4 9 

1 8 6 10 11 10 2 9 1 4 11 15 5 

2 3 7 8 5 3 7 6 0 0 7 0 6 

3 0 5 1 0 0 5 3 0 0 1 1 0 

4 0 1 0 0 0 4 2 0 0 0 0 0 
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4.3.2 Impact of pre and post lifting enhancement state on mark quality 

For comparison of grades between photographed states of enhancement, samples were 

split into two data sets, those treated with fluorescent powders (both red and yellow 

grouped) and those treated with mono magnetic powders (both black and white grouped). 

Fingermarks treated with mono-chromatic powders were compared in two states of 

enhancement, raw (powdered fingermark in-situ on the specimen) and lifted (powered 

fingermark on a gelatin lifter). A Wilcoxon signed rank test found no significant difference 

between grades awarded pre and post lifting using gelatin lifters for fingermarks enhanced 

using mono-chromatic powders (V = 954, p-value = 0.394). The mono-chromatic sample set 

was further broken down into textured and smooth specimens and Wilcoxon signed rank 

tests carried out on each separate dataset. No significant relationships were found in either 

scenario. Fingermarks treated with fluorescent powders were compared at four states of 

enhancement, raw (powdered fingermark with no UV excitation in-situ on the specimen), 

fluoresced (powdered fingermark with UV excitation in-situ on the specimen), lifted 

(powdered fingermark with no UV excitation on a gelatin lifter) and lifted and fluoresced 

(powdered fingermark with UV excitation on a gelatin lifter) (Figure 4.9). A Friedman rank 

sum test showed there was a significant difference between marks awarded in each of the 

different enhancement states (X2(3) = 184.62, p-value = 2.2e-16). A post-hoc analysis 

established this significant difference was applicable to grades awarded in the raw and 

fluoresced states (p-value < 0 .001). The fluorescent enhanced sample set was further 

broken into textured and smooth samples and the Friedman test’s repeated. A significant 

relationship was found to exist between grades at raw and fluoresced states for both 

textured (p < 0.05) and smooth (p < 0.001) specimen surface types. 
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Figure 4.9. Images of Fingermarks enhanced using Supranano yellow (a-d) and red (e-h) magnetic 
fluorescent powders photographed in four unique recovery states on ivory (a-d) and tortoise shell (e-h): 
directly without fluorescence enhancement (a,e), directly with fluorescent enhancement (b, f), lifted without 
fluorescent enhancement (c,g) and lifted with fluorescent enhancement (d,h). The impact that surface colour 
and texture can have on choosing the best recovery state for grading is clearly demonstrated. 

     

 

a) b) 

c) d) 

e) f) 

g

) 

h) 
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4.4 Discussion 

4.4.1 Impact of texture, porosity, and colour group characteristics 

When presented with a surface for potential fingermark recovery texture will be a priority 

assessment due to its major influence on method choice. The UK Forensic Science Regulator 

has defined texture as the “difference in height between the peaks and troughs of any 

surface features present” (Forensic Science Regulator, 2013). Based on these definitions, 

the visual topography and the feeling to touch in this study I assigned the following 

specimens as “textured” surfaces; elephant, snake, and antelope skin, tortoise shell, conch 

shell and antler and the following as “smooth”; hippo, and elephant ivory, sawfish rostrum, 

gorilla skull, claw, and horn. However, with no defined thresholds there will always be a 

level of subjectivity in assignment of this descriptor and particularly within the context of 

wildlife specimens where there can a wide-ranging presentation of surfaces within closely 

related groups. An in-depth assessment of porosity was not carried out however based on 

existing work in this area for each specimen, outside of the context of forensic applications, 

all substrates were assumed to have some level of porosity sitting within a porous to semi-

porous designation.  

Textured (rough) surfaces are routinely described as challenging for fingermark 

enhancement and recovery. This is in part due to interactions at the point of deposition 

whereby residue is only deposited on the highest peak points creating breaks in the ridge 

detailing where contact has failed to penetrate to lower levels creating a uniform complete 

print. I found this assessment to be true within the grouped specimen types with a higher 

frequency of CAST grades not considered of forensic interest recovered from “textured” 

specimens comparable to  “smooth” specimens. Though textured surfaces often result in 

residue deposition at just the highest peaks there will be instances where increased 

deposition pressure allow for contact to be made at both high and low levels if the 
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topography is less exaggerated. It is suspected this phenomenon contributed to the 

recovered CAST grades from tortoise shell being more closely aligned with results from 

“smooth” specimens and images of enhanced marks clearly show full contact between 

finger pad and tortoise shell surface was regularly made.  

Gelatin lifters have more traditionally been used for recovery of latent footwear marks or 

to lift powdered marks, their application for recovery of untreated latent marks, as used in 

this study is less common (Bleay et al., 2018). They have been suggested for fingermark 

recovery from textured surfaces as their malleable nature allows for manipulation across 

both low and high areas of surface topography (Maloney, 2017). However it has been shown 

that as texture (and porosity) of a surface increases the efficacy of gelatin lifters decreases 

and experimentally they perform best on smooth, non-porous surfaces (Bleay et al., 2011). 

Therefore, their overall inferior performance in this study is unsurprising, first due to all 

specimens being suspected porous or semi-porous in nature and secondly due to the highly 

textured nature of some of their surfaces. The limited malleability of gelatin lifters is 

evidence in lifts from the tortoiseshell where it has failed to penetrate the numerous ridges 

present despite other enhancement methods identifying ridge detail is likely to be present. 

The substrates in which gelatin lifters performed significantly worse on, these being tiger 

claw, bovine horn, conch, sawfish, tortoise shell and snakeskin, lend to the theory that 

texture was a significant influencing factor in the results produced by gelatin lifters. Though 

tiger claw, bovine horn and sawfish were placed into the “smooth” group of specimens all 

possessed superficial characteristics on their surfaces, such as scratches or very shallow 

divots or striations that marginally sets them apart from the smooth polished surface of 

elephant and hippo ivory.  
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An additional reason for the lower efficacy of gelatin lifters found is unrelated to the 

specimens but rather best practice methods of their use. In this study gelatin lifters were 

photographed using a digital camera and not a GLScan machine to visualise recovered 

prints. This equipment was used by Moorat et al. (Moorat et al., 2020) when successfully 

recovering latent fingermarks from pangolin scales, a textured surface, and is the gold 

standard method of visualising untreated marks recovered using gelatin lifters. In the case 

of footwear mark recovery guidance states that if GLScan or similar enclosed light 

equipment is not available then powdering may be a more appropriate approach however 

it will result in loss of fine detail (Bandey and Bleay, 2010). The cost and size of GLScan 

machines means access to the resource will be limited for most law enforcement. 

Photography of gelatin lifters using digital cameras and appropriate lighting has been shown 

to be an effective method of documentation (Tibben et al., 2023) and is also listed as a 

suitable method by manufacturers (BVDA, 2024). These findings show gelatin lifters on 

untreated fingermarks are not a universally appropriate fingermark recovery method from 

wildlife specimens and their success on pangolin scales is an exception rather than the rule. 

However, the results of this chapter have demonstrated their suitability to lift and preserve 

powdered marks, without any significant loss in quality, from a range of wildlife derivative 

surfaces. As such they may still be considered a useful tool in a wildlife crime scene first 

responders forensic arsenal.  

Red fluorescent SMP recovered fingermarks graded as forensic interest, from nine of the 

twelve specimens included in this study. SceneSafe™ SMP are considered micro-scale 

powders with smooth spherical particles of an average size of <~40μm  capable of adhering 

to a wide range of fingermark constituents (Weston-Ford et al., 2016). Despite the name 

they are not the same as nano-technology powders such as quantum dots, which are 

significantly smaller in size and carry higher health and safety risks (Gaw and Ramotowski, 
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2012). Powders as an enhancement process are fundamentally a mechanical (physical) 

process with the theory of their use underpinned by particles preferentially adhering to 

fingermark constituents comparable to the surface they have been deposited on (Bleay et 

al., 2021). Powders are generally not recommended for use on porous, textured surfaces 

due to a tendency for powder particles becoming “trapped” within the texture or pores of 

the surface obscuring any enhanced ridge detailing, this is particularly true of metal flake 

powders one of the most commonly used powder types globally (Home Office, 2022). 

However as techniques have developed magnetic powders overcome this problem by 

retaining particles on the applicator and depositing only on fingerprint residue, as well as 

being able to remove trapped excess powder, improving the clarity of enhanced ridge 

detailing (Sodhi and Kaur, 2001). Small scale powders provide a greater surface to volume 

ratio resulting in easier adhesion to fingermark constituents however as the number of fine 

particles increases it becomes inversely effective on increasingly porous surfaces (Gürbüz 

et al., 2015). This may provide reasoning as to why SMP has found such success in both this 

study and Weston-Ford et al (Weston-Ford et al., 2016) as the small (but larger than other 

reduced scale powders) particle size finds a balance between a high rate of adhesion whilst 

avoiding saturation of pores.  

All three Supranano magnetic powders compared came from the same manufacturer 

(SceneSafe™) and to the best my knowledge will only vary in formulae by the choice of 

chemical(s) used to produce the desired colour and/or fluorescence. To view fine detail and 

minutiae in an enhanced mark a suitable level of contrast must be present between the 

mark and the background surface. The further apart two colours on a colour wheel the 

greater the contrast provided, the highest contrast being afforded to those opposite each 

other, for example blue/yellow, red/green. Black and white provide a high level of contrast 

and therefore it is unsurprising I saw Supranano black magnetic powder performing well on  
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ivory, and ivory substitutes. The rest of the specimens used in this study can be loosely 

grouped into three colour groups; grey (bovine horn, sawfish rostrum and elephant skin); 

brown (snakeskin, tortoise shell, antler); yellow/cream (claw, skull, antelope fur). As ivory 

ages it forms a yellow/brown patina, the elephant ivory used in this study appears to be 

undergoing this process and has a darker hue comparable to the whiteness of the conch 

and hippo tusk. This perceived transitional colour state is reflected in the fact that red 

fluorescent SMP outperformed black SMP in the frequency of forensic interest marks 

recovered. It is suspected that as ivory ages further and the patina deepens then the red 

powders may begin to outperform black powders to a higher degree. Though marketed as 

“red” the colour of the powder, once applied, leans subjectively closer to a pink/purple side 

of the spectrum. Simple colour theory provides some explanation for the success of red 

fluorescent SMP on yellow, cream, and brown surfaces, as the two colour groups sit far 

enough apart on the spectrum to produce a reasonable level of contrast. Grey is a mixture 

of white and black and the best high contrast colour available will vary depending whether 

it lands closer to black or white on a scale. I see this played out within this study’s tested 

specimens, as both yellow and red fluorescent SMP performed similarly. Notably it was on 

elephant skin, the darkest and most uniform grey specimen, where the only instance of 

yellow, fluorescent SMP outperforming red fluorescent SMP occurred.  

A second consideration for the success of red fluorescent SMP is that the wavelength of 

light used in this study (365nm) resulted in a stronger excitation and subsequent 

fluorescence strength of red vs yellow powder. However peak fluorescence of the powders 

used in this study occur with excitation using 415 - 450 nm and 515 – 535 nm wavelengths, 

for yellow and red respectively, making the 365nm wavelength used suboptimal on both 

counts. Additionally, there was a significant improvement in fingermark grade between 

powdered marks in their raw and fluoresced states, indicating that the excitation by this 
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wavelength was beneficial to the efficacy of both yellow and red fluorescent powders. 

Therefore, it is unlikely the choice of wavelength used is a significant factor in the overall 

greater success of the red fluorescent SMP. 

In recent years it has been established that bio-fluorescence is surprisingly common across 

the animal kingdom, showcasing in mammals (Travouillon et al., 2023), reptiles (Paul and 

Mendyk, 2021), invertebrates (Ainsworth et al., 2008) and birds (Hausmann et al., 2003). 

Whilst it was not observed in this study, potential background fluorescence of animal 

specimens should be a consideration when deploying any fluorescent based enhancement 

methods as it may influence powder colour, filter, and wavelength choice. However, where 

this may present as a limitation this study shows that gelatin lifters may be suitable as a 

lifting tool to recovery the powdered fingermark and provide a stronger contrasting 

background.  

 

4.4.2 Impact of morphological and composition characteristics 

4.4.2.1 Mammal skin 

Skin structure and hair/fur density varies widely amongst mammals influenced by their 

evolutionary adaptations (Lillywhite and Stein, 2009; Springer et al., 2021; Mohammed et 

al., 2022). Successful fingermark recovery from human skin has been carried out (Trapecar 

and Balazic, 2007) but the diversity of non-human mammalian skins means assumptions 

regarding porosity and texture, which significantly impact fingermark recovery, may not 

allow these findings to be translated. To become useable for commercial purposes animal 

skins must go through an intensive manufacturing process which can significantly alter their 

physical structure and porosity (Covington, 2009; Gil et al., 2013). Elephant skin presents 

itself as a challenging surface for fingerprint recovery due to it being heavily fissured 

providing ample opportunity for ridge detail to be interrupted (Lillywhite and Stein, 2009). 
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The lack of sweat and sebum glands render it a dry surface with its permeability reliant on 

manual wetting in its natural state and the skin structure resulting in greater spread of water 

meaning fingermark deposits may be quickly distributed(Martins et al., 2018). The suede 

like texture of the underside of antelope fur used in this study was soft to the touch but for 

the purposes of fingermark recovery would be considered a textured and porous surface 

(Bleay et al., 2018). As expected, given these properties this study struggled to enhance any 

high-quality fingermarks from mammal skins using any of the tested methods. However, 

given evidence of touch on multiple samples the potential for trace DNA recovery is 

present.  

 

4.4.2.2 Bone 

Skull and antler are structurally analogous bone with a high collagen content, albeit with 

significant textural differences. The literature states that highly textured surface types are 

more problematic for fingermark enhancement (Home Office, 2022). The results of this 

study mirror this with a greater frequency of higher CAST grades being recovered from the 

smooth gorilla skull comparable to the textured antler despite their similar composition. 

However, the difference in these results may have been artificially heightened as a visual 

and tactile inspection of the skull suggested it may have been treated with a consolidant. It 

has been shown bone treated in this manner is more amenable to fingermark enhancement 

comparable to non-treated bone however mark enhancement on untreated bone is 

possible (Steadman and Andersen, 2003) and I would recommend further work to include 

non-treated bone into this comparison study. As with the existing study on fingermark 

recovery from antler I hypothesise the magnetic quality of the powder overcame the 

problematic texture of the antler by allowing easy removal of excess powder within its 
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grooves. However further comparison work including a non-magnetic powder would be 

needed to determine this (Otis and Downing, 1994; Czarnecki, 2002).  

 

4.4.2.3 Ivory & substitutes 

Elephant ivory and hippo ivory are the upper incisors and upper and lower canines or lower 

incisors, respectively. They are considered semi-porous materials, both structured with a 

thin layer of cementum covering a dentine core. In both groups an enamel layer is also 

present but covering only the most heavily used portions of the teeth. Both the cementum 

and enamel layers may or may not be present in an ivory sample depending on what portion 

of ivory length is being targeted and whether it has been “worked” or not. Both specimens 

used in this study are examples of “raw” polished ivory, making them smooth, uniform, 

light, surfaces which, on initial inspection, lend themselves well to fingermark 

enhancement, was an assumption confirmed by the results seen in this chapter. Though 

conch shells can be used as ivory substitutes they are more often sought after as their own 

independent commodity (Pavitt et al., 2021). Their composition differs significantly from 

elephant and hippo ivory, compromised predominantly of calcium carbonate and 

considered a porous material (Li et al., 2023). The conch shell used in this study had a 

smooth but rippled surface texture, this coupled with its porosity, could provide explanation 

for the comparably lower frequency of fingermarks classified as of forensic interest seen as 

finger pads may be making contact with the high points of the surface rippling whilst failing 

to make contact with the lower topography areas.  

4.4.2.4 Reptile and Fish derivatives 

The outer shell and scales of the tortoise and snake skin specimens used in this study are 

composed of β-keratins and can be categorised as “semi-porous” in nature (Weir et al., 

2016). On first inspection both specimens provided complex backgrounds for fingermark 
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enhancement: the tortoise shell had a ridged surface with a mottled patterning of dark and 

light browns. The snakeskin had similar background patterning of light and dark areas and 

whilst overall flatter topography than the tortoise shell, the overlap of each individual scale 

offered multiple opportunities for interruption of ridge detailing and minutiae.  

An initial assumption regarding the low efficacy of gelatin lifters on tortoise shell is that due 

to the topography of the surfaces participants finger pads did not make contact with the 

lower areas of the surfaces. However, marks enhanced using powders indicate deposition 

itself is unlikely to be a factor as they clearly show contact made at both high and low points 

(Figure 4.9). An alternative reasoning is that although gelatin lifters are malleable the 

complexity of the surface area prevented the gelatin lifters from fully moulding to the 

shape. I saw evidence of this with the tortoise shell lift(s) whereby ridge detail failed to be 

recovered between the thinnest ridges of the shell. However this phenomenon was not 

seen in fingermark recovery using gelatin lifters from pangolin scales (Moorat et al., 2020) 

which present a similarly ridged surface type. Unlike tortoise shell the textural problems 

raised by snakeskin were present across all enhancement types with ridge and minutiae 

detail being lost at the intersection of scales (Figure 4.7). In reptilian species with larger 

individual scales this overlap may not present as such as significant problem as substantial 

portions of a fingermark may be deposited onto a single scale. Sawfish skin is comprised of 

dermal denticles, tooth like structures that in their natural state create a rough sandpaper 

type texture (Welten et al., 2015). The rostrum used in this study has undergone 

unidentified preservation techniques which had altered the expected texture, rendering it 

as a smooth, shiny, surface with a slight undulation caused by a natural depression running 

along the central length of the rostrum. This slight undulation may have contributed to the 

poor performance of gelatin lifters on this specimen if full contact were not being made but 

given the trivial depth of the depression this presents as an unlikely scenario. 
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4.4.2.4 Claw & Horn 

Made up of hard alpha keratin, claw and horn of a range of species function as defensive, 

attack and display tools in their natural state and as such have evolved to withstand 

significant wear and tear (Li et al., 2010; Rothschild et al., 2013).  Both bovine horn and cat 

claw grow as a keratinous sheath which covers a bony core resulting in a variation of density 

along their length, as they grow outer layers of keratin are shed, this can be an entire sheath 

as in feline claws or in flakes as with bovine horn (Homberger et al., 2009). It is known there 

is a level of porosity within horn (Li et al., 2010) and human nail, another keratinous 

substrate, and as such claw and horn could be classified as semi-porous surface types in the 

context of fingermark recovery work.  In all but the cheetah (Acinonyx jubatus) species cats' 

claws are retractable, protected by skin folds when not being used (Homberger et al., 2009; 

Vipin et al., 2016), in contrast bovine horn is continuously exposed to the elements and is 

often polished to improve appearance for commercial uses so may be intercepted in a wider 

range of states than claw. In this study both the horn and claw had visible imperfections 

running horizontally and vertically though none of any comparable depth as seen on the 

antler and both could be considered smooth surfaces in comparison. The horn was light 

grey in colour with lighter mottling dispersed across the surface and the claw an off white 

more uniform colouring. Bovine horn can be used as a faux substitute f tiger claw and as 

such a technique for fingermark recovery that is successful on both derivative types would 

prove beneficial when species identification is not immediately available (Vipin et al., 2016). 

It should be noted that though the findings related to bovine horn found in this study may 

not be immediately transferable to rhino horn, one of the most heavily trafficked wildlife  

derivatives within wildlife crime, there are several similarities in their morphology 
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(Hieronymus et al., 2006). Additionally wild Bovidae suffer from their own pressures within 

the IWT and warrant inclusion in wildlife crime intervention research (Vipin et al., 2022). 

4.4.3 Feasibility of real-world application 

Transitioning proof of concepts into practical implementation is a key step in allowing 

research to move beyond theoretical concepts towards making a tangible impact in 

casework to the benefit of law enforcement (Weyermann et al., 2023). To make this 

transition, resource and infrastructure access, technique and applicability awareness, and 

appetite for take up should all be explored.  

As discussed powders are the most used fingerprint enhancement tool amongst forensic 

practitioners (Gomes et al., 2023). In the UK alone it is estimated 50% of all fingerprint 

identifications per annum are from marks developed using powders (UK Home Office, 

2022).  Whilst reduced scale or fluorescent magnetic powders are not part of standard UK 

toolkits they are utilised elsewhere (Bleay et al., 2018)  and their application method 

functions in the same way as standard magnetic powders.  Their comparable functionality 

means forensic practitioners will not require specialist training and from a purely skill-based 

perspective they could theoretically be readily incorporated into workflows. A more 

apparent obstacle is validation, a necessary requirement by many regulators before a new 

technique can be deployed in the field. Aluminium, magneta flake, black magnetic and black 

granular powders manufactured and supplied by SceneSafe™ are referenced as holding 

similar specifications to those included in original powder validation studies suggesting the 

validation of their red fluorescent SMP used in this study is highly feasible (UK Home Office, 

2022). 

Ability to efficiently collect, store and analyse fingerprint evidence is a key step to seeing it 

adopted in wildlife crime cases. Whilst access to an AFIS streamlines the ability to search 
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and compare latent marks against a database they are not a requirement to successful use 

of fingerprint evidence (Moses, Kenneth R et al., 2011). This has been proven in India who 

regularly reported thousands of successful latent mark recoveries and matches prior to 

their recent full migration to a national AFIS (Bureau and Bureau, 2020). In Tanzania, a hub 

for wildlife crime, fingerprints are the leading forensic evidence type presented in court 

(Jilala and Lwoga, 2022). Of course there are exceptions such as Nigeria, who’s judicial 

system is sceptical in its attitude towards fingerprint evidence in part due to their self-

awareness of national systematic failures resulting high error rates in fingerprint analysis 

protocols (Ezegbogu and Omede, 2023). Like Nigeria, a lack of resources ranging from 

logistical accessibility to crime scenes, budgetary and sheer scale of the demands for 

forensic services in the global south (Jilala and Lwoga, 2022; Wamuyu et al., 2023) has 

pushed calls for a more sustainable and cost effective approach to forensic investigation 

coined “frugal forensics” (Bouzin et al., 2023). Reasons for fingerprint powders being so 

heavily deployed by CSEs include their low cost, ability for use at a crime scene and lack of 

detrimental impact on sequential processes. Crime scene examination limits the amount of 

time passed between deposition and enhancement, risk of mark destruction or disturbance 

through improper handling or transport, avoids logistical challenges of movement and 

storage of large and awkward shaped items, and importantly in the context of wildlife, is 

the most practical option if dealing with a live specimen. However, wildlife crime is not 

isolated to the global south and does not occurring within a vacuum of low-income nations 

with minimal resources. Participation by the global north as importers and transit routes 

(Engler et al., 2007; Olsen et al., 2021) of illegal wildlife goods is well documented and 

domestic wildlife crime within UK, the EU, and North America is an ever present threat. 

Unlike nations in the global south these players in the wildlife crime sphere possess AFIS, 

accredited techniques, personnel and laboratories and regularly include fingerprint 
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evidence in violent and volume crime casework. The FBI’s AFIS, known as the Integrated 

Automated Fingerprint Identification System (IAFIS) is one of the largest in the world 

containing fingerprints of over 156 million individuals (both criminal and civil) as of 2021 

(United States Government, 2021). The UK’s AFIS is referred to as IDENT1 and holds 8.4 

million individual profiles as of March 2020. Therefore the inclusion of fingermark evidence 

within wildlife crime context is not only realistic but arguably a minimum expectation for 

countries who have made statements surrounding their commitment to end the IWT (UK 

Government, 2014). An example case where attempts at fingerprint evidence recovery 

could have been beneficial include the 2024 discovery of seven Aldabra giant 

tortoises carcasses in an Exeter woodland (Grierson, 2024). As shown by this research 

fingermark recovery from tortoise shells is feasible and a successful mark enhancement 

could have been used at a later date to prove suspects handling of the tortoises. As well as 

national AFIS there is the international version managed by Interpol. Member nations can 

search against this database, containing over 220,000 records, if they suspect international 

involvement in the crime they are investigating (INTERPOL, 2021b). The Five Country 

Conference (FCC) Data Sharing Agreement is a similar arrangement involving international 

sharing of biometric data, in this case fingerprints, between the UK, Australia, Canada, New 

Zealand and the USA  (UK Government, 2016). For cases of illegal trade where intelligence 

sharing is vital to progress investigations these types of international data sharing 

agreements or databases could prove valuable. 

Appetite for the use of, and investment in, fingerprinting kits for use in wildlife crimes 

already exists. Kits inclusive of black SMP have already been deployed, and utilised 

worldwide based on the research conducted by Weston-Ford et al (Weston-Ford et al., 

2016). The limiting factor seen in existing research in this area is that solutions are targeted 

at a singular species, often representations of charismatic megafauna. This dilutes the 
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usefulness of such toolkits as their perceived application is narrow and risk duplicating the 

efforts and investment into individual kits when a single more comprehensive one could 

achieve further impactful reach.  

This research indicates that expanding guidance and toolkits to include UV light sources, 

red fluorescent SMP, and gelatin lifters (as a recovery tool for mark preservation), would 

significantly widen the pool of wildlife applicable for their use, rendering the kits of greater 

value for money and deployable in more countries and a greater number of case studies. 

Not only this, fingermark recovery and analysis transcend wildlife crimes making resource 

investment a more beneficial long-term investment for law enforcement agencies.  

4.5 Summary 

This study has found that fresh fingermarks of forensic interest quality (grades >3) can be 

recovered from elephant and hippo ivory, tortoise shell, bovine horn, primate skull and 

tortoise shell at a rate of >25% of cases. Similar quality fingermarks can also be recovered 

from deer antler, tiger claw, conch shells and snakeskin at a lower rate of success. 

Supranano™ red fluorescent magnetic powder excited using a 365nm wavelength torch and 

photographed in-situ on a specimen was found to be the most universally effective 

enhancement method. No significant loss of grade quality was found after lifting powdered 

fingermarks using gelatin lifters and therefore this tool presents as a viable collection 

method for preservation of treated fingermarks. Though fluorescent powders are not 

routinely used in the United Kingdom they are more globally (Bleay et al., 2018) and results 

from this study and others including fingermark enhancement on bird of prey eggs and 

feathers (Darby et al., 2015; McMorris et al., 2015) suggest fluorescent magnetic powders 

should be included in any kits developed specifically for use in wildlife crime investigations 

and mandated first responders trained in their use. Despite their reported success in 

fingermark recovery off pangolin scales (Moorat et al., 2020) black gelatin lifters used in 
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isolation presented the least effective fingermark recovery method used in this study and I 

would not recommend them as a primary recovery method of untreated fingermarks in 

wildlife crime case work. Identification of areas of contact using fingerprint powders is 

possible on all specimen types evaluated in this study presenting opportunities for 

investigation into alternative trace evidence recovery attempts such as trace DNA. This 

study has shown that collection of fingerprint evidence is possible from wildlife specimens 

using low cost, field deployable techniques. More work is required to assess the 

applicability of these techniques in aged fingermarks and those which have undergone 

environmental exposure.  

It is not suggested that fingerprint evidence collected in wildlife crime cases will be the 

arbiter of the outcome of a prosecution or conviction. However, based on the results of this 

study, their practical application, proof of efficacy, positive contribution to case outcomes, 

and the need for “frugal forensics” in highly invested nations it is recommend this evidence 

type deserves consideration and inclusion in wildlife crime investigations. 
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Chapter 5: Human DNA recovery in the context of wildlife crime: 

Comparison of trace DNA collection methods from wildlife specimens. 

 

5.1 Introduction 

The use of forensics has opened a wealth of opportunities to better understand and 

investigate wildlife crimes with a particular focus on the IWT. Forensic disciplines including 

veterinary pathology (Brownlie and Munro, 2016), ballistics (Pankowski et al., 2018), 

biometrics (Hiby et al., 2009), DNA analysis (Garofalo, 2021), digital (Haas, 2023), and 

accounting (Viollaz et al., 2018) shed light on high risk species and regions, exploited trade 

and financial routes, and methods of trapping and killing. With weak or lack of evidence 

cited as a limiting factor in the progression of prosecution and convictions in wildlife crimes 

(Salum et al., 2017b), the use of forensic evidence has the potential to provide law 

enforcement a much needed lifeline to improve in this area. As discussed in section 1.1 by 

far the most applied forensic techniques is the use of DNA barcoding. The importance of 

wildlife forensics, and enthusiasm for its development within relevant stakeholder groups 

is underpinned by its continued contribution to positive outcomes in real world case work. 

As such, significant funding has been put into building relevant infrastructure, such as the 

recently (2023) built laboratory in Malawi (TRAFFIC, 2023), to help law enforcement take 

advantage of this burgeoning area of forensics. However wildlife DNA analysis is expensive 

and therefore despite these investments, as of July 2023 CITES has a directory of just 13 

dedicated wildlife forensic labs existing globally (CITES, 2023), a limiting factor for an 

inherently global criminal activity such as the IWT. Positively, of these, 10 are accredited to 

ISO 17025 the international recognised quality assurance standard of competency for units 

undertaking forensic analysis in range of disciplines (Ross and Neuteboom, 2022). By 

comparison a search of UKAS ISO 17025 accredited labs capable of analysing human “DNA 

crime scene stains”, produces six results in the UK alone (UKAS, 2024) and over 70 countries 
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possess a national DNA database or report the use of human forensic DNA analysis in 

criminal investigations (Amankwaa and McCartney, 2021).  

Several wildlife forensic disciplines mirror their human counterparts and have developed in 

parallel, with similar timelines existing for the exploration of using DNA fingerprinting to 

carry out individual identification in  both humans and animals; the latter first published in 

relation to birds (Burke and Bruford, 1987) just two years after the introduction of the concept 

in human focused forensics. As forensic techniques have become more accurate and 

sensitive both subjects have delved into the recovery of increasingly smaller amounts of 

DNA, known as “touch” or “trace” DNA allowing for forensic identification of both humans 

and wildlife  to take place in the absence of more traditional sample types such as blood or 

hair (van Oorschot and Jones, 1997; Chan et al., 2024).  As the understanding of the nuances 

of wildlife crime have broadened it is clear its impact travels far beyond the ecological and 

environmental spheres it has historically been discussed within. Wildlife crime has 

reportedly been linked to zoonotic disease risk (Bezerra-Santos et al., 2021), drugs and, 

arms trafficking (van Uhm et al., 2021; Anagnostou and Doberstein, 2022), terrorism, and 

increased risk of violence (both by and towards perpetrators (Büscher, 2018)) and economic 

instability (Cardoso et al., 2021; Massé et al., 2021). Therefore, it has become increasingly 

important to identify the players driving and facilitating these crimes and provide strong 

evidentiary links between wildlife crimes and other organised criminal activity. In this vein 

the recovery of human forensic evidence becomes pertinent as human involvement is a 

factor that transcends all crime types, something that wildlife forensics cannot achieve in 

isolation. Similarly, wildlife and its derivatives are the common thread within wildlife 

casework presenting not only as the “victim” of the crime, but also as a piece of evidence, 

and a surface on which evidence can be collected from. Though wildlife crime is inherently 

linked to violent activity it is unlikely that evidence such as human blood, an ideal candidate 
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for DNA profiling, will be present on a specimen or at a crime scene. What can be assumed 

in many cases is that the wildlife has been handled, either by a singular or multiple 

individuals at varying stages of a criminal act and/or trade route, including but not limited 

to acquisition, transport, and delivery. Consequently “touch” DNA, DNA sources which are 

invisible to the naked eye and, potentially deposited during handling of an object, becomes 

an informed candidate for targeted recovery from wildlife. “Touch” DNA is normally 

recovered in very small quantities, impacted by degradation, inhibition, time and, 

environmental factors, and therefore presents as a challenging evidence type for analysis 

in forensic science (Burrill et al., 2019). Efficacy of recovery methods are influenced by 

surface type characteristics such as porosity and texture (Alketbi and Goodwin, 2019b) and 

recommendations on most appropriate techniques are often developed based on 

commonly encountered evidence types such as windowsills, weapons and, clothing (Barash 

et al., 2010; Dziak et al., 2018). Wildlife specimens present as surface types which the 

average law enforcement officer will have rarely encountered, particularly urban 

workforces, and as such they may struggle to apply existing recommendations into these 

more unique contexts.  

This study aims to compare four DNA recovery methods to ascertain whether human trace 

DNA can be recovered from a range of wildlife specimens and if any of the tested methods 

present as superior candidates for inclusion in standard wildlife crime scene protocol 

training or forensic kits. If successful these findings will provide an additional and informed 

tool for evidence recovery in wildlife crime investigations, open up opportunities for 

identification of human perpetrators, and allow for greater collaboration between law 

enforcement agencies involved in investigations into organised criminal activity.  
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5.2 Materials & Methods 

5.2.1 Substrate preparation 

Six wildlife derivatives, deer antler, snake skin, elephant skin, conch shell, elephant ivory 

and antelope fur were sourced from the ZSL Biobank archive. Specimens were chosen as 

common representatives of wildlife goods seized as illegal trade commodities. Additionally 

results from Chapter 4 demonstrated that despite powdering failing to yield significant 

numbers of high-quality fingermarks on deer antler, snake skin, elephant skin, conch shell, 

and antelope fur, evidence of handling was consistent making them candidates for trace 

DNA recovery. Each specimen was divided into four sampling areas of equitable surface 

area size. The surface texture of the ventral of the elephant skin, snake skin, and antelope 

fur presented differently to the dorsal side (which represents the outward facing surface in 

a live or whole specimen) and as such only the dorsal side of these specimens was sampled 

in this study. In the case of snake and elephant skin this was the same side sampled during 

Chapter 4 (Figure 4f & 4i respectively) but an alternative side, fur presenting, for antelope 

fur. Prior to any deposition session each specimen was cleaned with the surface 

decontaminant DNA AWAY™, which Chapter 2 has shown to be effective at removing trace 

DNA, then left to air dry for at least one hour. This process was repeated post sampling 

session and then specimens stored in air tight boxes, also cleaned with DNA AWAY™ 

between sessions.  

 

5.2.2 DNA deposition 

Forty participants were ethically recruited for this study (Liverpool John Moores University 

ethical approval reference 21/PBS/004) and randomly divided into ten groups of four. 

Participants did not carry out any handwashing or other preparatory steps to emulate true 

trace DNA depositions. Wildlife specimens were displayed on a table and a group of four 
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participants were asked to stand in front of a specimen of their choice. For antler, ivory, and 

conch shells participants were asked to pick up the object in front of them and handle it in 

its entirety for one minute total with the only instruction to ensure they make contact with 

all four sampling areas. For snakeskin, elephant skin, and antelope fur, as only one side of 

the object was being sampled participants were asked to handle only the visibly presented 

dorsal surface. After one minute of handling participants were asked to move to the object 

on their immediate left until all participants had handled all objects once in the same 

session. This process was repeated for all ten groups of participants. The decision was made 

to have multiple handlers for each item to maximise the likelihood of sufficient quantities 

of trace DNA being deposited and subsequently recovered to allow for statistical 

comparison of recovery methods to take place as well as conduct mixed DNA analysis. As 

such buccal swabs for the purpose of participant DNA profiling were collected from each 

participant by having them rub an Whatman™ buccal omni swab on the inside of both 

cheeks. As per manufacturer design post swabbing, swab heads were immediately ejected 

from their handles directly into microcentrifuge tubes.  

 

5.2.3 Recovery methods 

Four recovery techniques were trialled; forensic grade MW104 cotton swab (SceneSafe™), 

4520CS01 flocked swab (Copan™), sterile foam tipped applicator swab (Whatman™), and 

minitapes (SceneSafe™), (Figure 5.1). The sampling area for each method was randomised 

across groups and specimens. This was done to remove any potential bias caused by certain 

areas of a specimen being repetitively handled more excessively than others due to being 

more natural points of contact. The differing shapes of each of the three swabs meant slight 

variations on swabbing technique were required to ensure the full surface area of the swab 

was utilised.  
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Figure 5.1: Images of each tested DNA recovery method, (L-R); SceneSafe™ forensic grade MW104 cotton, 

Copan 4520CS01 flocked, Whatman sterile foam tipped applicators, and SceneSafe™ minitapes. 

A wet-dry approach was taken for cotton swabs, with sterile distilled water used to moisten 

the wet swab. This was then drawn across the sampling area using even pressure whilst 

rotating the swab then followed by a dry swab drawn in a direction perpendicular to the 

first. The flocked swabs had a flattened structure with two larger surfaces flanked by smaller 

sides, sterile distilled water was dropped onto one large side of the swab head and drawn 

across the sampling area in the same manner as the cotton swabs but without rotation. The 

swab head was then flipped and the process repeated perpendicular to the first swabbing 

direction. A similar approach was used for the foam swabs whereby one side was wetted 

and drawn across the area before flipping and repeating. Foam swabs demonstrated more 

water resistance than cotton or flocked and sterile distilled water had to be applied in 

smaller quantities spread across the surface area of the swab head and then allowed 

additional time to absorb into the swab material prior to sampling. Mini tapes were applied 

to the sample area working from the centre of the area outwards in a spiral pattern, 
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stopping once the entire sampling area was covered or the tape lost tack, which ever took 

place first. Flock swab tips were ejected into sterile microcentrifuge tubes immediately after 

swabbing, wet and dry cotton swab pairs were grouped and placed in their entirety 

including wooden handle into one sterile transport tube, foam swabs were placed in their 

entirety into sterile transport tubes and tapes were placed in their entirety into their 

original sterile containers. All samples were subsequently stored at -20oC until extracted. 

 

5.2.4 Extraction, Quantification, Amplification and STR profiling. 

Foam, and cotton swab heads were separated from their handles using a sterile scalpel and 

placed into microcentrifuge tubes, paired wet/dry cotton swab heads were placed in a 

single tube. The sampling end of each minitape was separated from the non-tack handling 

end using a sterile scalpel and pushed to the bottom of a microcentrifuge tube with the 

sampling side facing inwards. Flocked and buccal swabs remained in the microcentrifuge 

tube they were placed in at the point of sampling. For all samples DNA was extracted using 

the QIAamp® DNA Investigator kit, as per manufacturer recommendations, QIAshredder 

spin columns were included as a step in the extraction process for cotton, foam, and flocked 

swabs and the upper quantity of recommended buffers and reagents used as a necessity to 

ensure full sample immersion. Quantification was carried out on all samples using the 

Qiagen Investigator Quantiplex Pro RGQ Kit (Qiagen) following manufacturers 

recommended protocol using a Rotor-Gene Q 5-Plex HRM (Qiagen) and quality analysis 

carried out using Qiagen Q-Rex software and Quantification Assay Data Handling and STR 

Setup Tool v 4.3. Out of N = 240 trace DNA samples N= 11 resulted in failed reactions and 

did not produce any quantification data for the internal control, with the same results seen 

upon reruns of the samples. The concentrations of the remaining N = 229 samples were 

used in statistical analysis to compare the efficacy of DNA recovery methods under 
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investigation in this study. To confirm the presence of donor alleles,  and absence of 

contamination, a  sub-set of samples were taken forward for STR profiling, these 

represented the two highest DNA concentration samples for each substrate/method 

combination (N = 48). Of these N = 43 were successfully amplified. STR Amplification was 

carried out using the Qiagen Investigator 24plex QS Kit (25µl reaction volumes). The same 

protocol for STR profiling that was used in Chapter 3 and described in 3.2.5 was repeated 

for successfully amplified samples in this chapter. In addition to using EuroForMix to 

estimate MNOC a manual calculation was carried out by looking at the maximum number 

of alleles at any given loci in the profile. Propositions were repeated four times for each 

sample, subbing in each individual relevant group participant for the POI in each 

subsequent repeat (Table 5.1).  

Table 5.1. Propositions taken into consideration in LR calculations, representing the positions of the prosecution (Hp) and 
defence (Hd). 

Hypothesis Description 

Hp (Prosecution) The DNA originated from the POI (1 of 4 possible depositing participants) 
and  𝑁 − 1 unknown contributors. 

  
Hd (Defence) The DNA originated from 𝑁 unknown contributors. 

 
 

5.2.5 Statistical analysis 

A Shapiro-Wilk test was performed to assess normality within DNA concentrations of the 

assessed dataset (N = 229), results showed significant departure from normality (W = 0.48, 

p-value < 0.001). Mean, median and IQR were subsequently used as exploratory values and 

non-parametric tests used to analyse relationships between variables. A Kruskal-Wallis rank 

sum test followed by post hoc pair-wise comparisons was carried out to compare recovery 

methods for each individual specimen type as well as across pooled data. A second Shapiro-

Wilk test was carried out on the dependent variable, number of alleles, for amplified 

samples (N = 43) and found data to be normally distributed (W = 0.97, p-value = 0.30). Mean 
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and standard deviations were used as summarising variables for the data and an ANOVA 

carried out to compare variances across influencing variables.  

5.3 Results 

5.3.1 Evaluation of DNA recovery by tested method types 

Trace DNA collection using foam swabs resulted in the highest average yield of DNA across 

pooled samples followed, in descending order, by flocked swabs, cotton swabs, and 

minitapes (Figure 5.2). A Kruskal-Wallis test demonstrated there was a statistically 

significant difference in quantities of DNA recovered when comparing recovery methods 

(H(3) = 27.23, p-value = 5.252e-06). A post hoc pairwise comparison using Wilcoxon rank 

sum test with Bonferroni continuity correction found this significance was applicable to 

foam vs cotton (p-value = 0.00026), foam vs minitape (p-value = 4.7e-06) and flocked vs 

minitape (p-value = 0.02) relationships but not cotton vs minitape (p-value = 0.15), foam vs 

flocked (p-value = 0.07), or cotton vs flocked (p-value = 0.16). Out of N = 25 samples which 

either failed or displayed possible inhibition 44% were collected using cotton swabs, 32% 

using foam swabs, 16% using flocked swabs and 8% using mini- tapes.  

 

5.3.2 Evaluation of DNA recovery from different specimen types 

A Kruskal Wallis test found no significant difference in average DNA concentrations 

recovered across specimens (N = 229, H(5) = 4.97 , p-value = 0.42). Highest average DNA 

concentrations were recovered from ivory (N = 38, 150.40 pg/μl), conch (N = 39, 80.48 

pg/μl) and antler (N = 40, 90.20 pg/μl) and lowest from elephant skin (N = 36, 34.84 pg/μl), 

antelope fur (N = 38, 25.67pg/μl) and snake skin (N = 38, 35.90 pg/μl) (Table 5.1). Of failed 

and possibly inhibited samples 32% were recovered from the surface of conch shell, 20% 

each from ivory and elephant skin, 12% from fur and 8% each from antler and snake skin.  

 

https://en.wiktionary.org/wiki/%CE%BCl
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Figure 5.2. Boxplot showing distribution of DNA concentration (pg/µl) for each recovery method (cotton 

swab, flocked swab, foam swab and mini-tape). Outliers are shown as individual data points. Results of 

Kruskal Walis tests between recovery methods is displayed in the top left corner (p-value = 5.252e-06), along 

with corresponding statistically significant relationships, only, between recovery methods, identified through 

post-hoc testing. .  

 

5.3.3 Evaluation of swab types within specimens 

Foam swabs recovered the highest mean DNA concentration for both antler and conch, 

followed in descending order by flocked swabs, cotton swab and minitape for conch and 

minitape, flocked swabs and cotton swabs for antler. Both displayed extreme outliers 

(Figure 5.3), and a review of median values showed that when accounting for these a 

flocked swab was the best performing recovery type on both substrates (Table 5.2). A 

Kruskal Wallis test found no significant difference in DNA yield between recovery methods 

for samples from either antler (H(3) = 0.42, p-value = 0.94) or conch (H(3) = 6.5, p-value = 

0.09). Results from elephant skin and snake skin revealed similar total average DNA 

concentrations recovered (Table 5.2) and method recovery efficacy presenting in the order 

of foam, flocked, minitape, and cotton swabs from highest to lowest recovery rate 

respectively for both specimens. Kruskal-Wallis rank sum tests found significant statistical 
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differences in DNA quantities dependent on method for elephant skin (H(3) = 8.86 , p-value 

< 0.05) but not snake skin (H(3) = 7.7, p-value = 0.05). Post hoc pairwise comparisons using 

Wilcoxon rank sum tests with Bonferroni continuity correction found this significance 

applicable to only foam vs cotton (p-value < 0.05) and foam vs minitape methods (p-value 

< 0.05). 

 Sampling from antelope fur resulted in the lowest average DNA yields across all specimen 

types with foam swabs recovering the highest average DNA quantities. A Kruskal-Wallis rank 

sum test found statistically significant differences between recovery methods (H(3) = 

12.858, p-value < 0.01). A post hoc test pairwise comparison using Wilcoxon rank sum tests 

with Bonferroni continuity correction found this was only applicable to foam swabs vs 

minitapes (p-value = 0.0046) (Figure 5.3).  

Table 5.2. Mean (𝑥̅), median (M), and interquartile range (IQR) of DNA concentrations(pg/μl) recovered for 

each combination of specimen type and tested recovery method. 

 Recovery method  

 Cotton swab  Flocked swab  Foam swab  Mini tape  

Specimen 𝑥̅ M IQR 𝑥̅ M IQR 𝑥̅ M IQR 𝑥̅ M IQR 

Antler 69.4 28.2 56.8 78.06 64.6 154.7 130.19 34.0 130.1 83.15 63.4 96.4 

Conch 29.9 21.1 37.6 112.35 115.8 187.4 168.48 62.1 142.1 14.37 6.1 8.6 

Elephant skin 6.8 3.1 11.7 50.63 24.0 86.9 60.84 50.7 60.0 15.26 14.4 18.8 

Antelope fur 27.7 6.5 10.7 22.53 17.7 25.0 47.93 28.2 33.5 4.67 4.7 7.2 

Ivory 60.3 14.1 27.6 157.25 67.9 170.6 396.00 236.2 384.0 3.60 3.2 3.1 

Snake skin 16.7 9.6 12.4 38.22 20.7 64.9 68.32 76.9 61.6 21.70 18.3 30.1 

 

Mean and median DNA quantity recovered from ivory was highest comparable to all other 

specimen types. Recovery from ivory using foam swabs also resulted in the highest average 

concentration for all recovery methods across all specimens. The use of minitapes on ivory 
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also presented the lowest average concentration for all recovery methods across all 

specimens. Within ivory samples a Kruskal-Wallis rank sum test found statistically significant 

differences between recovery methods (H(3) = 8.96, p-value = 0.03). A post hoc pairwise 

comparisons using Wilcoxon rank sum tests with Bonferroni continuity correction did not 

identify any one specific relationship between recovery methods to explain this. 
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Figure 5.3. Box and whisker plots showing distribution of  DNA concentrations (pg/μl) recovered by each 
recovery method (A - cotton swab, B – flocked swab, C – foam swab, D – minitape) for individual specimen 
types. Clockwise from top left: antler, conch, elephant skin, snake skin, ivory, antelope fur. Black data points 
are representative of potential outliers.  
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5.3.4 STR profiling 

Out of N = 48 samples taken forward for profiling N = 5 resulted in failed PCR, a repeat 

run did not solve the problem. This resulted in only N = 43 samples being taken forward 

for further analysis. Average number of amplified alleles were calculated for each 

recovery method. The highest average number of alleles were recovered in descending 

order of foam swab, cotton swab, flocked swab and minitapes (Table 5.3). An ANOVA 

found no significant difference in the average number of alleles recovered by method 

type. 

Table 5.3: Mean (𝑥̅) and standard deviations (sd) for number of alleles recovered for each specimen and 
recovery type combination. Missing values indicate where standard deviations could not be calculated. 

 Specimen 

Recovery 

method 

Antler Conch Elephant skin Antelope fur Ivory Snake skin Aggregate 

𝑥̅ sd 𝑥̅ sd 𝑥̅ sd 𝑥̅ sd 𝑥̅ sd 𝑥̅ sd 𝑥̅ 

Cotton swab 71 23 74 6 53 NA 61 28 53 28 45 28 60 

Flocked swab 85 25 49 33 55 28 88 11 19 4 63 26 60 

Foam swab 60 - 61 12 68 36 74 13 - - 89 4 69 

Minitape 93 18 44 - 46 - 32 21 13 1 47 6 46 

Aggregate 80 20 59 19 57 22 63 26 30 22 61 24 59 

 

An ANOVA test found a significant difference in average number of alleles recovered from specimens 

(F(5, 37) = 3.50, p-value = 0.011)). Post hoc testing via revealing a significantly lower number of 

alleles recovered from ivory, comparable to antler (p < 0.001) and antelope fur (p < 0.05) (Figure 

5.4). 

All samples presented evidence of degradation, and its presence was recommended for 

inclusion into best fit models identified by EuroForMix. Calculation and visualisation of peak 

height summaries further confirmed this assessment (Figure 5.5). 
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Figure 5.4. Box and whisker plots showing the distribution of allele counts recovered from individual specimen 
types. P-value of an ANOVA test between specimen types is displayed in the top left corner along with 
statistically significant differences, only, in allele counts recovered from specimen type,  identified through 
posthoc testing using ivory as a control group.  

 

Peak height ratios of internal PCR controls QS were calculated and from this analysis PCR 

inhibition was identified in N = 14 profiled samples (Figure 5.6), the majority of which 

derived from swabs taken from ivory (Table 5.4). 
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Figure 5.5. Scatter graph of sum of peak heights produced at each marker in relative fluorescence units (RFU) plotted 

against the average fragment length of marker for a random sample from the Chapter 5 dataset. The presence and height 

balance of QS1 and QS2 markers suggest the absence of inhibitors during PCR. The downward trend in peak heights with 

increasing fragment length indicates the presence of degradation within the sample. 

 

MNOC were estimated for each sample by looking at the maximum number of alleles at any 

given loci. Two samples were estimated to have a minimum of N = 5 contributors (Figure 

5.7). These were subsequently excluded from analysis using EuroForMix which has a 

suggested maximum capacity of four unknown contributors in a model due to excessive 

computing times. Match rates and LRs based on propositions outlined in 5.2.4 were 

calculated using EuroForMix. Of the N = 41 samples analysed N = 19 produced an LR 

equivalent to a qualifying statement of “Very strong evidence” for the Hp proposition 

outlined in Table 5.1, for at least one of the four participants who handled the item in 

question (Figure 5.8). 
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Table 5.4. Total DNA quantities (pg/µl), the maximum likelihood ratio (log10(LR) achieved by a single contributor and 
the descriptive equivalent for amplified samples which either failed or displayed PCR inhibition.  

Specimen Method Total pg/µl Max log10(LR) Descriptive equivalent PCR diagnosis 

Conch 

Foam swab 914.42 12.05 Very strong support Inhibition 

Flocked swab 326.23 2.882 Moderate support Inhibition 

Mini tape 16.69 N/A Fail Failed PCR 
      

Elephant 
skin 

Flocked swab 167.65 1.467 Limited support Inhibition 

Cotton swab 13.41 3.441 Moderate support Inhibition 

Foam swab 196.90 20 Very strong support Inhibition 

Mini tape 25.21 N/A Fail Failed PCR 

Cotton swab 16.09 N/A Fail Failed PCR 
      

Ivory 

Cotton swab 381.37 3.393 Moderate support Inhibition 

Mini tape 15.47 1.678 Limited support Inhibition 

Flocked swab 127.89 0.8277 Limited support Inhibition 

Flocked swab 706.78 8.648 Very strong support Inhibition 

Mini tape 4.38 4.128 Strong support Inhibition 

Foam swab 117.49 N/A Fail Failed PCR 
      

Snake 
skin 

Cotton swab 59.3 7.762 Very strong support Inhibition 

Flocked swab 92.22 6.233 Very strong support Inhibition 
      
Antler Cotton swab 102.32 12.32 Very strong support Inhibition 
 Foam swab 103.65 N/A Fail Failed PCR 
      
Fur Mini tape 9.87 0.1472 Uninformative Inhibition 
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Figure 5.6. An electropherogram produced using GeneMapper™ software showcasing a mixed DNA profile recovered from ivory using minitape. Amplification of four alleles at 
the TPOX locus suggests places the MNOC at an estimated two donors. The presence of the quality sensory (QS) 1 peak but absence of the second QS peak indicate inhibition 
during PCR. 
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Figure 5.7. An electropherogram produced using GeneMapper™ software showcasing a mixed DNA profile recovered from an antler using minitape. Nine alleles 
are present at the D1S1656 locus leading to an estimation of a minimum of five contributors to the sample. Presence and balance of both QS peaks indicates a 
successful PCR without inhibition. 
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A linear model was fitted to predict LR with match rates and showed match rates had a 

statistically significant effect and explained a substantial proportion of variance (R2 = 0.28, 

F(1, 166) = 64.23, p < .001 (Figure 5.8). 

 

 

Figure 5.8. Scatter pot of match rate against likelihood ratio (Log10(LR)) including regression lines for each specimen type. 
The Log10(LR) value threshold (y = 6), above which a verbal qualifier of “Very strong support” is awarded is depicted via 
the dotted line.  

 

5.4 Discussion 

5.4.1 Trace DNA recovery from wildlife specimens 

Trace DNA samples have historically been challenging to analyse however as processes 

advanced their adoption into routine criminal investigation has become common place (van 

Oorschot et al., 2021). When investigating the best method of DNA recovery the same 

considerations are taken regardless of the surface type being presented, these include but 
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are not limited to surface porosity and texture (Alketbi and Goodwin, 2019b). In fingermark 

research, an area with greater focus than trace DNA recovery in the context of wildlife crime 

(Thomas et al., 2023), substrate porosity assignation is three tiered, either porous, semi-

porous, or non-porous (Home Office, 2022). Leather, the most common animal product 

encountered, is considered semi-porous (Home Office, 2022) and this term has also been 

used to describe other biological materials (Weston-Ford et al., 2016). Other studies 

indicate there is at least some level of porosity in ivory (Vollrath et al., 2018), conch (Hou et 

al., 2004), reptile skin (Weir et al., 2016) and antler (Evans et al., 2005). The semi-porous 

categorisation is rarely used in the research literature for trace DNA recovery techniques 

with substrate receiving either porous or non-porous assignations. Therefore, in the context 

of this study the tested specimens tested would fall into the “porous” category and further 

categorised as either smooth (ivory, conch, antelope fur) or rough (snake skin, elephant 

skin, antler). Jurisdictions across the globe have employed two key recovery techniques as 

their “go to” methods categorised in their application choice by the porosity of the items. 

These are the wet/dry cotton swab for non-porous materials, and minitapes for porous 

materials (Burmuzoska et al., 2022). In keeping with this minitapes have been the chosen 

recovery method for the few existing studies looking at trace human DNA recovery from 

wildlife specimens and have successfully been used to recover reportable DNA profiles from 

deer fur, corvid, buzzard and, hare carcasses (Tobe et al., 2013; Mcleish et al., 2018). 

However work on live domestic animal fur has employed the wet/dry swabbing method 

(Monkman et al., 2022, 2023). Whilst this study did successfully recover DNA using both 

minitapes and wet/dry swabbing techniques they were the worst two performing methods 

on average and recovered DNA at lower average concentrations comparable to other 

studies even with the multi contributor factor (Tobe et al., 2013; Monkman et al., 2022, 

2023). These traditionally adopted methods outperformed foam or flocked swabs in only 
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two instances; minitapes outperformed both cotton and flocked swabs, but not foam, for 

recovery from antlers and wet dry swabbing with cotton swabs outperformed flocked 

swabs, but not foam, on fur.  

A key distinction between this study and the existing studies is the origin of the wildlife 

derivatives being used; all other studies worked from either fresh carcasses or live animals 

whereas this study worked from items which had undergone chemical preservation (snake 

skin, antelope fur and, elephant skin) or had been long since removed from their living 

counterpart (elephant ivory, conch shell and, antler). Results from this study found that 

overall, significantly lower quantities of DNA were recovered from the three specimens that 

had undergone some kind of preservation technique comparable to ivory, conch and, antler 

which are assumed to have not. Chemical processes used in taxidermy or preservation have 

been shown to impede DNA analysis of wildlife specimens when attempting species 

identification (Hall et al., 1997; Hebenstreitova et al., 2024) and leather is known to contain 

PCR inhibitors derived from the tanning process that impact downstream analysis of human 

trace DNA (Bright and Petricevic, 2004). Evidence of inhibition was present in profiled 

samples for all three of the “preserved” specimen types but was most prolific within trace 

DNA samples recovered from elephant skin, an outcome echoed in quantification data for 

the full dataset. This analysis also found a significant difference between recovery 

technique efficacy for elephant skin, snake skin, and antelope fur, with minitapes and/or 

cotton swabs recovering significantly lower amounts of DNA than foam swabs, a result not 

seen with the “non preserved” specimens. The results for elephant and snake skin mirror 

other studies which show minitapes outperform the wet dry swabbing method on porous 

surfaces with the assumption they more effectively avoid collection of PCR inhibitors 

(Barash et al., 2010). Indeed, trace DNA samples recovered from the surface of elephant 

and snake skin using cotton swabs showed higher rates of inhibition comparable to 
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minitapes in both profiled and quantified datasets, although sample numbers were too low 

to draw meaningful statistical comparisons. Minitapes did not outperform wet dry 

swabbing on antelope fur and I hypothesise this may be due to the collection and 

subsequent introduction of inhibitors such as melanin known to be present in animal hair 

and fur (Kirkinen et al., 2022; Vajpayee et al., 2023). The only instance of PCR inhibition 

seen in successfully profiled trace DNA samples from fur was in a sample collected via 

minitape but was also observed for cotton swab and foam swab collections in the wider 

quantified dataset. The phenomenon of hair and debris collection by minitapes has been 

observed by Tobe et al (Tobe et al., 2013) during their deer leg sampling. Though they make 

no mention of their possible influence on the analysis process the presence of melanin and 

other inhibitors from collected dirt such as humic acid (Sutlovic et al., 2008) could provide 

explanation as to their need for a modified protocol. As such PCR inhibition provides a 

possible theoretical explanation as to why low DNA quantities were consistently recovered 

from fur, snake skin, and elephant skin, despite the snake and elephant skin being 

subjectively “rough” surfaces which have been shown to better surfaces for DNA retention 

and yield (Goray et al., 2010). However the inhibition and failure breakdown within the 

larger quantified dataset do not fully support this theory as inhibition was observed across 

the board and most commonly within touch DNA samples recovered from the surface of 

conch shells Significant further work is required to understand the role inhibition may or 

may not be playing in these results. Future work will benefit from including multiple 

examples of each wildlife derivative type to sample form the surface of to ascertain the 

reproducibility of these results.  

A factor that may have been a greater contributor to lower recovered quantities of DNA on 

skins and fur may was the experimental design. For all items participants were instructed 

to “handle” the item and left to a subjective interpretation of what this should consist of, 
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using the “undirected” protocol outlined in Table 3.1. The only distinction given, was that 

participants were instructed to handle only the visibly presented surface (dorsal side) for 

these three items, but free to handle the conch, ivory and, antler in their entirety. No 

further description was given on what “handling” within these parameters should consist 

of. When observing participants interact with conch, ivory, and antler the items were 

routinely lifted from the table, moved from hand to hand and turned in hands during the 

handling period. By contrast participants were observed interacting with the furs and skins 

through stroking movements. Increased pressure and friction have been found to 

significantly influence trace DNA depositions (Tobias et al., 2017; Alketbi, 2018; van 

Oorschot et al., 2019). In this study it is assumed a stroking movement would place less 

pressure and friction then gripping and turning on a surface which would result in the 

discrepancies seen in these results. Although a heavy handling technique was not found to 

be result in a significantly higher quantity of DNA in Chapter 3 it did produce the highest 

average quantities in part supporting this theory. This interpretation is also in keeping with 

existing advice to forensic examiners whereby it is important to consider how an object may 

have been handled when carrying out targeted trace DNA swabbing (Gosch and Courts, 

2019; van Oorschot et al., 2019). Leathers and fur are routinely used by the fashion industry 

and thus may be presented as bags, shoes or wallets, commodities in the IWT (Heinrich et 

al., 2019; Sosnowski and Petrossian, 2020). In these formats the objects will have been 

handled in a manner closer to the way ivory, conch, and antler were in this study and thus 

potentially yield more trace DNA evidence and as such these surface types should not be 

negated from trace DNA recovery consideration based on the outcome of this study. 

An additional factor to consider is that the tanning process can impact leather porosity (Gil 

et al., 2013). At least one study looking at trace DNA recovery from leather steering wheels 

classified the surface as a rough, non-porous material (Comte et al., 2019). For these surface 



187 
 

types nylon flocked swabs have been shown to be one of the most effective method of DNA 

recovery (Alketbi and Goodwin, 2019a). Again this chapter’s results mirror these with nylon 

flocked swabs outperforming both minitape and cotton swabs for elephant and snake skin 

and notably being outperformed by cotton swabs for fur which, assuming altered porosity, 

could be considered a smooth, non-porous surface (assuming participants did not go 

against the grain of the fur when handling) for which cotton swabs are often the 

recommended recovery type (Verdon et al., 2014a; Hartless et al., 2019). If non-porosity is 

assumed, I would expect to see cotton swabs outperform minitapes on elephant and snake 

skin however this discrepancy has already been explained by supposed more efficient 

collection of PCR inhibitors by cotton swabs.  

Whilst minitapes are often recommended over cotton swabs for porous surfaces, it is 

almost always in the context of absorbent fabrics (Daly et al., 2012; Verdon et al., 2014b; 

Alketbi, 2022b; Währer et al., 2023). Wooden objects as a porous representative have also 

been considered and minitapes shown to be more effective than cotton swabs when the 

wood has been classified as both “rough, porous” (Alketbi and Goodwin, 2019b), and 

“smooth, porous”(Verdon et al., 2014a). Given the specimens tested in this study fall into 

both of these categories the averagely poor performance of minitapes is somewhat 

surprising particularly on ivory, conch, and fur, where they were outperformed by cotton 

swabs and in the case of ivory and fur low concentrations and allele numbers were 

observed. Possible explanations include practitioner skill set,  inadequate extraction or 

substrate to tape size ratio, are all known factors affecting effective trace evidence recovery 

(Verdon et al., 2014b; Wood et al., 2017). However, minitapes recovered the second highest 

average DNA concentration for samples taken from antlers, at an average concentration 

higher than 79% of other averages across specimens and recovery methods. Mini tapes also 

recovered an average of 117 alleles from antler a number higher than 92% of other 
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specimens and recovery method combinations and demonstrated good allele recovery on 

substrates, including elephant skin and conch, despite low DNA concentrations. These 

results suggest experimental design nor operator to be a contributing factor to the results 

seen from minitapes as they have outperformed cotton swabs on three of the six items and 

a possible theory is available (PCR inhibition) for their low results for fur has been provided.  

Foam swabs are an uncommon trace DNA recovery method in forensics and traditionally 

used in conjunction with FTA cards for buccal sample collection (Date Chong and Wallin, 

2022). Nylon flocked swabs are more recognisable in day to day forensic work but due to 

their high price are often sidelined for cotton swabs due to budgetary constraints 

experienced by law enforcement (Budowle et al., 2022). However several studies have 

demonstrated that both foam and flocked swabs have been found to be equitable or even 

outperform a variety of swab and minitapes types in a range of different scenarios (Hansson 

et al., 2009; O’Brien, Robert and Figarelli, Debra, 2012; Verdon et al., 2014a; Hartless et al., 

2019; Hedman et al., 2021b; Bruijns, 2024). This study found that, despite their 

unconventional application as a trace DNA recovery method, foam swabs were a superior 

recovery type across all specimens, both in terms of DNA quantity and allele average. Whilst 

this is keeping for the literature on smooth, porous surfaces it goes against existing studies 

which found foam swabs one of the least effective recovery method on rough, porous 

surfaces (Verdon et al., 2014a). Flocked swabs presented as a second-tier recovery method 

in all specimens bar fur for DNA concentrations and resulted in the second highest allele 

average. However flocked swabs showed a greater variance in allele recovery within 

specimen types comparable to foam swabs, with minitapes and/or cotton swab either 

matching or exceeding numbers of alleles recovered in four of the six specimens. By 

comparison foam swabs did not recover the highest number of alleles for only two of the 
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specimens, antler, and ivory, being outperformed by minitapes and cotton swabs, 

respectively.  

It has been suggested that the flexibility afforded by the structure of foam swab heads 

allows greater penetration into porous substrates thus recovering higher quantities of 

material. Additionally the more open structure of foam swabs may facilitate better DNA 

release (Wood et al., 2017; Bruijns et al., 2018). The flexible structure may also allow for 

greater manipulation across uneven surface types, able to penetrate creases and grooves 

in textured surfaces, such as the elephant skin in this study. Though one existing study found 

foam swabs ineffective on rough, porous surfaces (Verdon et al., 2014a) brick was used as 

the representative substrate which can be argued presents a highly skewed degree of 

roughness and porosity comparable to the specimens included in this study. Conflicting 

results and guidance on best method recovery for different surface types is common in the 

literature, and as this is the first instance of comparison of trace DNA recovery methods on 

wildlife specimens, I do not find this discrepancy unusual.  

Finally in this study the sampling area of the foam swab was the largest of all recovery types 

which may have resulted in a greater quantity of DNA being recoverable in the first instance 

due to the larger surface area. This theory is also suggested by Hedman et al (Hedman et 

al., 2021b) who found differences in recovery efficiency between large and small foam 

swabs. Foam swabs have also been found to perform better than other swab types on large 

sampling areas of both porous and non-porous surfaces for microbial sampling (Jansson et 

al., 2020).  Whilst swabs and minitapes have been found to be equitable in effectiveness for 

sampling large areas of fabric (Alketbi, 2022a) to date studies looking into the effects of 

surface area on performance of recovery methods do not appear to have included foam 

swabs in their comparisons. Therefore, given their superiority over other swabs on large 
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sampling areas in other contexts, the sampling size of area may provide additional 

explanation as to my results. For all specimens bar conch, the area sizes sampled in this 

study would be considered “large” in the context of the study by Alketbi & Salem (2022). 

Whilst this does not appear to have been investigated in the literature, I postulate that foam 

swabs may also be better at isolated recovery of DNA, and avoiding the recovery of PCR 

inhibitors, comparable to cotton swabs, which is why they performed significantly better on 

the taxidermy specimens included in this study, an observation also seen in the larger 

quantified dataset.  

Foam swabs have been found to perform significantly better at allele recovery from wooden 

surfaces (Hartless et al., 2019) however at least one study has found despite foam swabs 

recovering high amounts of DNA this did not always translate to alleles/profiles (Verdon et 

al., 2014a). By comparison, this study found the higher concentrations recovered by foam 

swabs tended to correlate to higher allele recovery. However, my results do report the same 

phenomenon in one instance, ivory, categorised the same as the wood used in the study, 

that is as a smooth, porous surface. Observations from ivory samples were the most 

unexpected of this study; whilst recovered samples had the highest average DNA 

concentrations across specimens, they had significantly lower number of alleles recovered 

compared to other specimens and profiled samples showed the highest rate of inhibition 

compared to all other specimens. None of the recovery methods tested on ivory resulted 

in the minimum number of alleles expected from a four person mixture (Perez et al., 2011). 

The reasons for this are unclear as the same outcome was not seen in the conch shell, a 

visually similar surface type which actually displayed a higher rate of possible inhibition 

across the quantified dataset. As the low allele count was seen across recovery techniques 

it suggests an interaction with DNA deposits taking place at substrate level. In species 

identification work using ivory as raw material calcium is seen as a risk factor for PCR 
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inhibition (Kitpipit et al., 2016) however this is unlikely to have been a contributing factor 

in the context of this study due to the non-destructive trace DNA recovery methods used. 

However, it should not be ignored that inhibition and reaction failure was most common 

amongst samples taken from the surface of two derivatives with high calcium levels, conch, 

and ivory. PCR inhibition by way of humic acid presents as a more likely scenario for the 

high rates of inhibition seen in both elephant derived products tested in this study. Humic 

acid is a known PCR inhibitor found in soil and plant materials and efforts are made to 

remove it or develop assays that can withstand its presence in the context of forensic 

casework (Coutu et al., 2016; Potoczniak et al., 2020). Elephants are routinely observed 

using their tusks to dig into the ground, seeking water, food sources and to loosen soil which 

they then apply to their skin for the proposed purpose of sun protection. In fact it is humic 

acid which may play a significant role in making this behaviour a viable method of UV 

protection (Kaiser et al., 2019). Therefore, the presence of humic acid is highly possible in 

raw, unwashed samples; in the context of this study humic acid may be present in the pores 

of ivory however its lack of water solubility (Klučáková and Pekař, 2005) raises the question 

as to whether the swabbing techniques used would reliably recover it from the pores. 

Further work is needed to identify the inhibitors at play in trace DNA samples recovered 

from ivory and compare these to other wildlife derivatives. The results seen in this study 

highlight the importance of looking beyond just quantification results when carrying out 

recovery method comparisons particularly on novel substrates.  

 

5.4.2 Feasibility of real-world application 

It is estimated there are over one hundred countries who either have DNA database for 

forensic investigation either already in place or in some stage of development (Machado 

and Granja, 2020). However, these databases contain fewer profiles comparable to AFIS. 



192 
 

Combined DNA Index System (CODIS) is the FBI’s main software for management of DNA 

profiles; the National DNA Index System (NDIS) contains DNA profiles contributed by 

enforcement and is a facet of the larger CODIS program. In April 2021, the twenty millionth 

DNA profile was uploaded to the database, this is only ~13% of the number of fingerprint 

profiles available on IAFIS although it should be noted that profiles stored via NDIS are 

almost exclusively criminal offenders unlike IAFIS. The UK’s system known as the National 

DNA Database (NDNAD) contained ~2.5 million profiles as of March 2020 (NPCC, 2020), 

around 30% of the number held in IDENT1. These lower numbers of searchable profiles 

suggest DNA retrieval from a wildlife crime without a POI to compare against may not have 

as high a chance as matching compared to fingerprint evidence. However Interpol’s shared 

DNA database, which works in a similar capacity to their AIFS, contains around 247,000 

profiles, over 20,000 more than their AFIS (INTERPOL, 2021a). Notably for the shared DNA 

database profiles contain no nominal data and it is at the discretion of the member country 

in ownership of the profile as to whether they wish to share. Though ethical concerns exist 

about the possession and sharing of biometric data (Mordini, 2017) there appears to be 

existing infrastructure that could lend well to the argument of putting in time and resources 

to retrieving human centric trace evidence from wildlife specimens to help solve associated 

crimes.  

Whilst access to infrastructure and databases may not be barriers to the use of human DNA 

evidence in wildlife crimes financial resources afforded to investigations may be. Storage 

and analysis of DNA evidence is costly; operation of the UK’s NDNAD is estimated to cost 

~£2.5 million annually (Amankwaa and McCartney, 2019) and studies in North America 

found the average laboratory costs for analysis of DNA evidence to be ~$1000 – 1500 per 

sample (Davis and Wells, 2019; Wickenheiser, 2021).  Enforcement institutes must carry out 

cost-benefit analysis within their decision to choice of investigative approach. These 
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assessments will go beyond a linear observation of inputted costs and successful conviction 

outcomes and encompass physical and emotional harm caused by the criminal activity as 

well as economic losses such as time off work (Heeks et al., 2018).  The value of wildlife 

crime is routinely reported as being quantifiable to billions, or even trillions of dollars but 

at a wider scale its long-term impacts transcend monetary value (Wyatt, 2022). Whilst these 

impacts suggest the investigation and deterrence of wildlife crimes warrants investment for 

tools such as human DNA analysis, the reality is more complex.  

In the UK, the NWCU does not receive permanent funding from the government. It’s most 

recent round of funding bought it through to 2020 but there have been calls to parliament 

for permanent funding to be received (UK Government, 2020b). Funding specifically for 

forensic case work is available through PAW, FWG, ‘Forensic Analysis Fund”(TRACE, 2021) 

and the ‘Raptor Forensics Fund’ to ‘support forensic testing in wild raptor crime 

investigations’ was launched by Wildlife Justice in 2020 (Wild Justice, 2020). However, this 

is currently earmarked and utilised for wildlife species identification not human trace 

evidence recovery or analysis, again highlighting a narrow vision within forensic 

interventions in this context. Despite the lack of permanent funding for the NWCU the UK 

is not averse to funding the protection of wildlife. In 2019 the prime minister announced a 

£220 million international biodiversity fund (UK Government, 2019a),  the Illegal Wildlife 

Trade Challenge Fund has distributed £26 million between 85 projects since its inception 

(UK Government, 2020a) and the short-lived Wildlife Crime Tech Challenge fund (2014 – 

2017) dedicated six out of ten of its spotlighted projects related to strengthening forensic 

evidence and data sharing to UK and USA based recipients. However forensic investment is 

haphazard, a review by SWFS and UNDOC on casework capacity implied a lack of funding 

and international coordination were major setbacks in the progression of wildlife forensics 

(UNODC, 2016a) though with almost a decade since this review the landscape may have 
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changed. In contrast the review of international funding for IWT by World Bank indicated 

the law enforcement category (which I have interpreted to include wildlife forensic) to be 

in receipt of the second highest cumulative commitment amount at $253 million (World 

Bank Group, 2016). However, this category still trailed behind protected areas management 

which received $609 million or almost half of all funding distributed between 2010-2016. 

At time of publication forensics was referred to just once as a tool in relation to work 

undertaken by UNODC within the whole review.  

Beyond wildlife crime, a review by the UK Forensic Science Regulator of human centric 

forensics as a whole stated the lack of funding is putting “justice at risk” (Tully, 2021). Similar 

opinions have been voiced in more recent years about the threats to the future of forensic 

science due to the lack of funding (Gallop, 2020; Geddes, 2021), although in 2020 the UK 

Home Office announced £28.6 million of funding for forensics (Forensic Capability Network, 

2021). The UK however has a distinct focus on funding research into digital and cyber 

projects comparable to more original approaches such as fingerprint and DNA work 

(Morgan and Levin, 2019). This may explain why wildlife forensic in all its factions is 

struggling from a perceived lack of funding as whilst innovative the approaches still fall 

under this “traditional” umbrella.  

At a baseline level enforcement possess the knowledge, skills, and infrastructure to 

implement human trace DNA recovery at wildlife crime scenes and seamlessly integrate it 

into investigative workflows as with any other crime type. However, given the higher 

associated costs relative to fingermark recovery there will need to provide sufficient proof 

of its evidentiary value to encourage the funding required to carry it out. Diversification of 

the existing forensic funding pots dedicated to species identification would provide vital 
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support in this area and further encourage enforcement to consider all evidence types 

available to them.  

 

5.5 Summary 

The potential for human trace evidence recovery in wildlife crime cases has been 

overlooked as an investigative avenue. This study shows the recovery of fresh human trace 

DNA deposits from wildlife specimens is possible at rates of allele quantities expected in 

multiple person mixtures. These results indicate foam swabs present as a “catch-all” 

effective recovery method transcending a range of challenging textural diversity. Whilst 

foam swabs are not routinely included in comparison studies due to their lack of use in-situ 

by law enforcement and high costs (Comment et al., 2023) I have demonstrated their 

unique suitability for use in wildlife crime casework.  

The nature of wildlife crimes mean that scenes and evidence may not be encountered until 

several days, or even weeks, after the initial deposition of DNA. Further work is needed to 

assess the efficacy of foam swabs in simulated real-world scenarios, inclusive of persistence 

studies and environmental impacts. Taxidermy introduces a potentially complex element to 

recovery method decision making and investigators may encounter failure when using 

traditional wet/dry swabbing or mini taping on taxidermized items despite previous success 

on non-taxidermized carcasses or live specimens. Additional work is recommended to 

investigate the role PCR inhibition may play in downstream DNA analysis for human trace 

evidence recovery from the surface of wildlife derivatives . Microscope analysis of surface 

porosity, of both taxidermized and raw wildlife derivatives, would ensure a fully informed 

view of influencing factors can be considered by forensic practitioners. Finally further work 

is required to investigate the effectiveness of foam swabs on non-taxidermized fresh wildlife 
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carcasses and derivatives to establish their suitability as a true “catch all” recovery method 

applicable to a wide range of wildlife crime case work.  

Though wildlife crime is a prolific problem the potentially minimal applicability human DNA 

recovery from wildlife derivatives is recognised, however it is argued when it can be utilised 

the inclusion of human DNA forensic evidence in casework can be of significant benefit to 

the positive outcome of investigations. The combined factors of lack of evidence being a 

limiting factor to wildlife crime prosecutions and convictions, human trace DNA being a 

high-value evidence type and, the low contextual incident of application make a strong 

argument for the use of more expensive resources being utilised as long-term compound 

costs will remain comparatively low offset against potential beneficial outcomes.  

The results of this chapter indicate further consideration should be given to the recovery of 

human trace DNA from wildlife items at wildlife crime scenes. Successful recovery and DNA 

profiling would present as a unique opportunity for robust links to suspects suspected of 

involvement, a form of intelligence which may not otherwise be present itself during the 

course of an investigation. Should resources allow, foam swabs should be the favoured 

recovery method in this line of work. However, if these are part of their standard kits 

forensic practitioners should not be discouraged from utilising either flocked swabs, 

minitapes or cotton swabs given their success in demonstrated ability to recover trace DNA 

in both this study and others. 
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Chapter 6:  Investigating the approaches, perceptions, and awareness of UK 

urban police forces in relation to the use of forensics in wildlife crime 

investigations. 

 

6.1 Introduction 

A key theme mentioned throughout this thesis is the lack of resource investment acting as 

a barrier to development of effective wildlife crime interventions. However not all 

intervention types suffer equally, with research showing that  available resources are 

consistently funnelled into enforcement based activities (Plowman, 2020). Enforcement 

approaches broadly cover the concept of end-to-end investigative steps, including 

intelligence and evidence gathering, arrest, prosecution, and conviction. Whilst most 

enforcement activities are carried out by law enforcement, it is common in a wildlife crime 

context for intelligence and evidence gathering steps to involve, or even rely on, external 

stakeholders (Nurse, 2020; INTERPOL, 2023). Non-law-enforcement agencies have long 

been engaged at multiple points in the investigative journey, either purposefully and 

collaboratively with law enforcement (Nurse and Harding, 2022), or without direct intent 

through data collection carried out in the context of conservation biology (Kurland et al., 

2017). Their role in enforcement based activities is being continually scrutinised by 

stakeholders (White, 2013; Duggan and Newcomer, 2015; Nurse, 2016, 2020); as well as in 

self-reflection by organisations, as they decide to what degree they wish to participate in 

investigations and the costs and benefits of their involvement towards successful 

prosecutions. In 2021, The Royal Society for Prevention of Cruelty to Animals (RSPCA), 

which possess a historical precedent for bringing forward private prosecutions in wildlife 

crime cases, announced a desire to begin passing a larger portion of their prosecutor role 

to the crown prosecution service (RSPCA, 2021). This was presented as part of their 

“strategy to 2030”, with the complexity of casework, and crossover with other criminal 
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enterprises outside of their expertise as an animal focused organisation, being cited as 

contributing factors. Involvement of wildlife or environmental focused non-law-

enforcement agencies can be advantageous, as their objectives require a strong baseline 

knowledge of the commodities and victims involved in wildlife crimes as a pre-requisite. 

Despite their global prevalence, wildlife crimes remain a niche criminal activity for many 

law enforcement agencies, and therefore possession of specialised knowledge or training 

in the subject matter is unlikely. In-depth knowledge provided by external agencies can help 

contextualise decisions made during intelligence and evidence gathering activities 

improving the efficacy of investigations. As such with highly experienced and 

knowledgeable organisations such as the RSPCA stepping back from prosecutions, it is 

important to review the capacity of law enforcement to step in and fill these gaps. 

In the UK wildlife related offences are non-notifiable, meaning they are excluded from crime 

statistics compiled by the Home Office. Without this data, understanding the extent of 

crimes, to what degree legislation is being enforced, and which methods of investigation 

are being used, remains challenging. Even when available, crime statistics are known to be 

insufficient in both representing the extent of criminal activity and the effectiveness of 

enforcement (Loveday, 2000; Brunton-Smith et al., 2023). At present the success of 

enforcement activities is routinely measured in seizures and prosecution outcomes, of 

which fines and nominal prison time are the most prolific method of consequence 

(Bamwine, 2019; Lynch et al., 2020; Hutchinson et al., 2023). Rarely are intervention 

methods assessed for their capacity building value, deterrent effects, or cascading impacts 

on other crime types, despite their known associations (Adhiasto et al., 2023). With little 

impact data available there is room to question the efficacy of many wildlife crime 

enforcement activities such as seizures. It is difficult to assess whether variability in seizure 

rates, or arrests of smugglers, is inherently linked to enforcement activity. Increased 
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seizures could be a result of a higher rate of trade taking place rather than more efficient 

detection; a decrease in number of seizures could be due to a change in trade routes, better 

concealment tactics or change in demand, rather than reduction in illegal activity. Within 

expansive supply chains, individuals tasked with moving items across borders may also fail 

to represent significant players facilitating and driving trade. As reactive based approaches 

with a punitive aim, on the spot seizures can consequently fail to address the underlying 

drivers of wildlife crime activities, including poverty, lack of alternative livelihoods, 

coercion, and considered cultural and social acceptability. Therefore the ethics and risks of 

exploitation related to enforcement and often associated militarisation involvement also 

require consideration (Duffy, 2022).  

Despite these concerns research has shown the absence of enforcement approaches in 

non-regulatory interventions, such as grassroots community engagement, can be 

detrimental to overall success (Sherman et al., 2022). It is also recognised that community 

engagement level work alone will not solve the problem of wildlife crime and local 

communities may welcome law enforcement activities assuming it is carried out effectively 

(Roe and Booker, 2019; Travers et al., 2019). Even with successful enforcement campaigns, 

repercussions are often considered minor comparative to the impacts of wildlife crime and 

there are routine requests for harsher penalties. However high profile cases with lengthy 

prison sentences suggest there is traction in this area and  that wildlife crimes are being 

taken more seriously (Environmental Investigation Agency, 2021). These cases are often the 

result of long-term intelligence led investigations afforded significant resources, 

international collaboration, and achieved through the collection of a range of intelligence 

and evidence types. Examples include “Operation Crash” an investigation focused on rhino 

horn theft and smuggling by organised criminal gangs, conducted by Irish, and US law 

enforcement (U.S. Department of Justice, 2017), and  “Operation Dragon” a two year 
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investigation into turtle and tortoise trade involving law enforcement from India, and 

Malaysia, and the not for profit organisation, Wildlife Justice Commission (WJC) (Wildlife 

Justice Commission, 2018). The outcomes of these operations demonstrate the benefits to 

utilisation of multiple factions and resources within law enforcement agencies.  

As the pool of stakeholders with a vested interested grows and the impacts of wildlife crime 

become more apparent, it is a reasonable assumption that there will be scrutiny on 

investigation quality and impact as a result. The pressure on law enforcement will be further 

exacerbated by the discussed events of external support loss, expectations of greater 

penalties and need to justify the favourable funding of enforcement activities over other 

intervention types. A peripheral stakeholder who holds interest in investigation quality 

includes suspect defence teams. Whereas historically defendants may have been willing to 

pay fines trivial comparable to the gains of trade, as prison time and high fines become 

more realistic outcomes of a guilty verdict, the low risk-high reward appeal that wildlife 

crime has become associated with diminishes. As such the defence may increasingly look 

for arguments towards case dismissal; this risks undermining law enforcement, wasting 

resources, and negates the perceived increased risk afforded to high fines and prison time, 

forcing a continuous seesaw of the risk, reward balance perception. These concerns are not 

unfounded, in at least one review of wildlife related citations in Canda, dismissals accounted 

for a third of decisions, though reasons for the high number were unclear (Lynch et al., 

2020).  Justification is further evidenced by a pattern of compromised cases related to poor 

investigative practices at administrative and procedurals levels including crime scene 

management, evidence handling and collection, and chain of custody reporting (Ceccato 

and Uittenbogaard, 2013; Salum et al., 2017b; UNODC, 2020; Wildlife and Countryside Link, 

2022b). This phenomenon is not isolated to wildlife crimes with scrutiny of law enforcement 

activities at an all-time high (Walsh, 2023).  
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Considering these pressures a number of organisations have developed training 

programmes focused on capacity building for those engaged in wildlife crime investigations. 

TRACE (TRACE, 2024), the UNODC (UNODC, 2024a), the International Consortium on 

Combatting Wildlife Crime (UNODC, 2012) , PAW and NWCU (National Wildlife Crime Unit, 

2023), ZSL (Global Wildlife Program, 2018), the International Fund for Animal Welfare 

(International Fund for Animal Welfare, 2021), and TRAFFIC (TRAFFIC, 2024b) represent just 

some of the organisations both independently, and collaboratively contributing to this 

endeavour. Topics covered are far ranging but one of the most prevalent avenues of interest 

is the application of forensic techniques and best practice approaches to crime scene 

investigation. As laid out in 1.2 the application of forensics in wildlife crime investigations 

has seen significant interest in recent decades but is skewed towards recovery and analysis 

of wildlife specimens, derivatives, and DNA concerning their use in species identification. 

Training programmes and resources can mirror this bias with  a focus on helping parties 

detect incidences of wildlife crime through effective morphological identification (Baker et 

al., 2020; Murray et al., 2023) or collection, storage, and analysis of wildlife samples (Ogden 

et al., 2009; Partnership for Action Against Wildlife Crime Forensic Working Group, 2017; 

UNODC, 2024b). Others deliver more holistic packages, championing recipients ability to 

walk away with a comprehensive awareness of end-to-end crime scene management 

inclusive of considerations for both human and wildlife related forensic evidence (PAW 

Forensic Working Group, 2014; UNODC, 2019; Merwyn et al., 2020). Some such as the 

TRACE network goes as far as to partner training with infrastructure development, 

supporting the application of skills sets and newly acquired techniques in the long-term to 

ensure they remain a sustainable facet of wildlife crime investigations (TRAFFIC, 2023).   

Targeted recipients of these training programmes are often what is collectively referred to 

as “wildlife crime scene first responders” (UNODC, 2019); individuals involved in wildlife 
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crime interventions who may be first to arrive at a scene. Dependent on an organisations 

interpretation of the role, recipients could encapsulate, rangers (IFAW, 2022), veterinarians 

(Smith-Blackmore, 2023) and border and customs officials (TRAFFIC, 2024a). Due to breadth 

of types of potential “first responders”, training is often delivered with the perception that 

attendees existing knowledge of best practice forensics is either absent in its entirety or 

severely lacking (Potter and Underkoffler, 2021).   

Several training packages include content on the correct method for handling and collecting 

forensic evidence. However, whether the first responders are mandated to do so must be 

considered. Both the UNDOC “Wildlife Crime Scene Guide for First Responders” (UNODC, 

2019) and the PAWFG “Guide to the Use of Forensic and Specialist Techniques in the 

Investigation of Wildlife Crime” (PAW Forensic Working Group, 2014) stress upon the 

importance of only carrying out evidence collection where mandated otherwise deferring 

to those who are. Who is mandated to collect forensic evidence is dependent on individual 

jurisdictions and the forensic evidence in question. UK protocols dictate forensic evidence 

collection from a crime scene, inclusive of fingerprints and human DNA be deferred to 

qualified CSE in possession of ISO 17020 accreditation, and since 2013 National DNA 

regulatory guidance states that the recovery of human DNA should be carried out at the 

primary crime scene (PAW Forensic Working Group, 2014). If impossible it must be 

transported and opened in a laboratory with an ISO 17205 accreditation, lengthening an 

investigation and risking evidence degradation over time. The presence of a CSE may only 

be triggered through requests by police officers (Bitzer et al., 2022; Plombon et al., 2023). 

Therefore, an officer requires a suitable degree of understanding as to the potential forensic 

evidence that presents itself within the crime scene. Wildlife crime scene training for 

officers helps build their capacity to carry out an initial assessment as to the cost benefit 

analysis of a request for a CSE to attend making it an important and necessary endeavour 
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in the UK. However, as holders of, and authorities on applicable ISO accreditations CSE’s 

remain the ultimate subject matter experts in the forensic element of an investigation and 

their presence at crime scenes provides valuable knowledge and skillsets that may help 

avoid case compromission.  

As part of their role CSE’s must also make an assessment as to whether their presence is 

warranted, or if they can provide guidance to the attending officer dependent on the facts 

and context presented to them by the officer. A long term study into the skillsets of CSE’s 

found that the basis for professionalism and success come from a sound and well-rounded 

knowledge of their subject matter, bolstered through training and exposure (Kelty et al., 

2011, 2017, 2023). Despite these factors CSE’s rarely appear to be the focal recipients of 

training related wildlife crime investigations. Without inclusion in wildlife crime scene 

investigation training programmes CSE’s lose the opportunity to experience contextual 

application of their knowledge and skills. This inherently limits the advice they can offer to 

officers attending crime scenes and their capacity to assess the value of their own 

contributions and/or presence. Therefore, forensic training of just “wildlife crime first 

responders”, may be a necessary but stunted approach to associated capacity building 

programmes.  

Through delivery of training programmes focused on forensic potential at wildlife crime 

scenes, and surveys of UK wildlife crime officers (WCO) and CSE’s this study aims to achieve 

the following: map the current approaches and perceptions of  forensic evidence collection 

in wildlife crime investigations, establish whether a gap exists that could benefit from the 

professional input of CSE’s, and assess the value tailored face to face training programmes 

may hold for greater CSE input in wildlife crime investigations.  



204 
 

6.2 Method 

6.2.1 Questionnaire composition and delivery 

6.2.1.1 Wildlife crime scene officers 

In May of 2023, a short presentation was given to a group of Metropolitan Police Borough 

Wildlife Crime Officers (BWCO); these are serving officers who have volunteered to be 

responsible for the investigation of wildlife crimes in their borough as part of their standard 

duties. The presentation included descriptions of existing research into the recovery of 

human trace evidence from wildlife specimens, inclusive of early proof of concept results 

found in Chapters 3 and 4 of this study. The objective of the presentation was to 

demonstrate to officers that there is justification for the attempt of human trace evidence 

recovery from wildlife specimens and encourage them to build its potential into their 

considerations during future wildlife crime investigations. Post in-person training, a 

member of the Metropolitan Police Wildlife Crime Unit (WCU) was recruited to act as 

gatekeeper and circulate an online questionnaire (Appendix II), hosted by Microsoft Office 

Forms™, to email mailing lists of all UK law enforcement officers involved in wildlife crime 

investigations. This included but was not limited to, all Metropolitan Police BWCO’s and 

members of the NWCU. Completion of the survey was voluntary, and background 

information and purpose of the questionnaire was included in the email request as well as 

at the start of the questionnaire itself. Definitions were provided in-situ for jargon, such as 

“Direct evidence”. A copy of the presentation was made available for those who did not 

attend the in-person training event. The questionnaires objectives were threefold: i. to gain 

an insight into officer’s wildlife crime scene attendance rates and caseload types, ii. 

understand how the collection of forensic evidence at wildlife crime scenes is currently 

approached iii. garner officers opinions on perceived contributors to unsuccessful 

prosecutions and convictions in this area of work. Respondents were given the opportunity 

to provide additional information related to forensic evidence collection in wildlife crimes 
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not covered within structured questions through an open-ended question at the end of the 

questionnaire. Question types were a mixture of demographic, open, ranked, and multiple 

choice. Questionnaire design was aesthetically simple and comprised of sixteen questions 

total, with the intention of being able to be completed in less than ten minutes, as these 

factors have been shown to increase response rates in web-based surveys (Sammut et al., 

2021). This dataset is referred to as the WCO dataset from this point forward.  

 

6.2.1.2 Crime Scene Examiners 

In collaboration with the Metropolitan Police WCU a two-hour training module was 

developed for in-person delivery to all Metropolitan Police CSE’s. The module was delivered 

over the course of 10 repeated sessions spanning 10 weeks between January – March 2024 

as part of a routine annual training cycle. Module content was divided into three 

components: an introduction to the activities undertaken by the Metropolitan Police WCU, 

including types of crimes, methods of investigation and the challenges they face, the second 

component outlined forensic opportunities and best practice methods for human trace 

evidence recovery from wildlife crime scenes based on existing literature, the findings of 

Chapters 4 and 5 of this thesis, and responses from the WCO surveys, the third section 

involved an interactive case study discussion where CSE’s were invited to comment on how 

they would have engaged with real world case examples should they have been in 

attendance. 

An accompanying questionnaire was developed as part of the training module (Appendix 

III) and designed to be completed as a pre and post training exercise. Section one, Questions 

1-4, was completed prior to the delivery of any training content with two key objectives: i. 

to ascertain current rates of CSE engagement in wildlife crime, including training and case 

involvement, ii. establish CSE’s existing perceptions around wildlife crime, including a 
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crossover question with the WCO questionnaire on contributing factors to unsuccessful 

prosecutions and convictions. Section two, Questions 5 – 15, was to be completed after 

receipt of training and designed with the objective of assessing whether the training 

resulted in any change in CSE’s perceptions, knowledge, and apathy towards participation, 

in wildlife crime casework. Question types were a mixture of multiple choice, Likert-type, 

and Likert-scale. Likert scales were designed to assess two specific outcomes of the training, 

these being whether CSE’s, had i. acquired knowledge related to wildlife crime, ii. were 

likely to participate in future activities related to wildlife crime. This dataset is referred to 

as the CSE dataset from this point forward. To encourage completion, hardcopies of 

questionnaires were disseminated at the beginning of each training session with a verbal 

explanation as to their design and purpose. As with WCO questionnaires designed to be 

aesthetically simple and capable of completion in ten minutes or under.  

Both questionnaires received ethical approval for this study through the ZSL Human Ethics 

Committee (ZSLHEC-006) and were voluntary in their completion.  

 

6.2.2 Analysis 

6.2.2.1 Missing data 

A total of (N = 46) questionnaires were returned from the WCO and (N = 206) from CSE. 

Collated questionnaires were reviewed for blank responses or anomalies, such as selecting 

more than the maximum number of options, in a multiple-choice answer. Within WCO 

responses (N = 22) instances of missing data were identified across (N = 10) questionnaires, 

representing 22% of responses (Figure 6.1). Within CSE responses (N = 15) instances of 

excessive choice were identified in multiple choice questions. These responses were 

subsequently considered null and void and treated as “missing” data. A further four 
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instances of missing data were identified from CSE responses totalling (N = 19) missing 

entries across (N = 19) questionnaires representing 9% of responses (Figure 6.2).  

A Little’s test to assess a missing completely at random (MCAR) assumption was carried out 

in R statistical software v. 4.1.1. using the “nanier” package (Tierney and Cook, 2023). 

Resulting p values led to accepting the null hypothesis that the data was MCAR for both 

WCO (test statistic = 38.6, p-value = 0.136) and CSE surveys (test statistic = 59, p-value = 

0.684). Following Mirzaei et al (Mirzaei et al., 2022) recommendations for MCAR datasets 

multiple imputation (MI) was carried out on both datasets. MI for WCO data was performed 

in R statistical software v. 4.1.1 using the “class” package (Venables and Ripley, 2002) and 

the k-nearest neighbours (kNN) algorithm function as recommended for categorical 

variables (Memon et al., 2023).. A k value of k = 7 was used whereby 𝑘 =  √𝑁, with 𝑁 

representing total number of samples. Due to presenting as a constant value of “Yes”, MI 

was unable to be carried out on responses to the question “Would you be likely to submit 

wildlife items (whole or parts) for attempted human trace evidence recovery if it was 

proven to be achievable?”. This question was subsequently omitted from MI and statistical 

analysis but still included in discussion. MI for CSE data was carried out using the Multiple 

Imputation by Chained Equations (MICE) algorithm function of the “mice” package in R 

statistical software v. 4.1.1 (van Buuren and Groothuis-Oudshoorn, 2011). All questions 

were included in the datasets and ten imputations carried out, resulting in 11 total versions 

of the dataset. The resulting pooled imputations used for subsequent statistical and 

descriptive analysis. Graphs were produced using a mixture of Microsoft excel and the 

“ggplot2” (Wickham, 2016) and “ggmice” (Oberman, 2023) packages in R.  
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Figure 6.1. Frequency and pattern of missing data in wildlife crime officer questionnaire dataset. 

 

 

Figure 6.2. Frequency and pattern of missing data in crime scene examiner questionnaire dataset. 
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6.2.2.2 Statistical analysis 

6.2.2.2.1 WCO datasets 

Chi square tests of independence with a Monte Carlo procedure were used to assess 

associations between variables within the WCO datasets. Post hoc analyses were carried 

out for significant associations and standardised residuals used to ascertain what level 

associations were operating at.  

 

6.2.2.2.2 CSE datasets 

Multiple linear regression was carried out using the total sum of Likert items in the two 

Likert-scales, i. acquired knowledge related to wildlife crime, ii. likelihood to participate in 

future activities related to wildlife crime as dependent variables. Independent variables 

were selected by comparing AIC values of model variations. Presence of heteroscedasticity 

in selected models showing significance was tested using a studentized Breusch-Pagan test.  

6.2.2.2.3 Open-ended responses 

Open ended responses for all respondents (CSE and WCO) were analysed using a thematic 

analysis with an inductive coding scheme approach. The six-phase method outlined by 

Braun and Clarke (Braun and Clarke, 2006) was used to guide the thematic analysis 

methodology. Open comments were first transcribed from hard-copy questionnaires into 

soft copy format, during this process responses were read through several times to 

familiarise myself with the data. Responses were then read through line by line and coding 

carried out. Codes were then collated and collapsed into possible themes using rough 

thematic maps to sort the data until preliminary themes were identified that were then 

taken forward for a more in-depth review. Proposed themes were then thoroughly 

reviewed and broken into sub-themes where necessary, during this process themes were 

consistently referred back to the original dataset to ensure they appropriately represented 

the data and coding that had taken place. Once full confidence that themes and sub-themes 
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were a good representation of the dataset they were defined and results presented 

graphical following guidance by Rouder et al (Rouder et al., 2021).  

6.3 Results 

6.3.1 Wildlife Crime Officers 

6.3.1.1 Demographics 

Out of (N = 46) respondents, 52% (N = 24) identified as BWCO, 11% (N = 5) as part of the 

NWCU and 41% (N = 19) as neither. Two respondents (N = 2) self-identified as falling under 

both BWCO and NWCU categories. The majority of both BWCO (38%, N = 9) and NWCU 

(40%, N = 2), respondents had worked in these roles for more than five years. 

6.3.1.2 Crime Scene Attendance Rates and Case Proportion 

The majority of the respondents (N = 18) attended more than 15 wildlife crime scenes in 

person a year. The second most common attendance rate presented at the other end of the 

spectrum with N = 13 respondents attending 0 – 5 wildlife crime scenes in person a year 

(Figure 6.3). The majority of officers (52%, N = 24) listed poaching as their highest case load 

proportion, followed by badger persecution (20%, N = 9), CITES (9%, N = 4), raptor 

persecution (7%, N = 3), cyber enabled wildlife crime (4%, N = 2) and bat persecution (2%, 

N = 1). Freshwater pearl mussels were reported as the lowest proportion of caseload for 

72% (N = 33) of respondents followed by CITES (11%, N = 5), cyber enabled wildlife crime 

(9%, N = 4) and poaching (2%, N = 1) (Figure 6.4).  
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Figure 6.3. Frequency of number of wildlife crime scenes attended annually by WCOs. 
 

 

Figure 6.4. Percentage frequency of national wildlife crime priorities listed as either highest or lowest proportion of case 
types.  

 

6.3.1.3 Unsuccessful prosecutions/convictions 

Prioritisation of other crime types was placed as one of the biggest contributors to 

unsuccessful prosecutions/convictions by 59% (N = 27). A lack of evidence was the second 

most listed highest contributor at 48% (N = 22), followed by a lack of funding (37%, N = 17), 

manpower (30%, N = 14), infrastructure and other (13%, N = 6) (Table 6.1). Lack of 
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prioritisation paired with lack of evidence was the most common combination of 

contributing factors listed by respondents (N = 10) (Table 6.1).  

Table 6.1. Frequency of paired variables perceived as highest contributors to failed prosecutions and convictions by 
WCOs. 

Lack of… Evidence Funding Infrastructure Manpower Prioritisation Other Blank 

Evidence   5 1 5 10 1 0 

Funding     2 1 8 1 0 

Infrastructure       1 0 0 1 

Manpower         5 0 1 

Prioritisation           2 1 

Other             1 

Blank               

 

6.3.1.4 Successful evidence types 

Out of (N = 46) respondents, 63% (N = 29) listed “direct” evidence as one of the types of 

evidence they believe most greatly contributes to successful prosecutions and/or 

convictions in wildlife crime cases. This was followed by “forensic” (52%, N = 24), expert, 

(39%, N = 18), “primary” (22%, N = 10), “circumstantial” (15%, N = 7) and “secondary” (7%, 

N = 3). The most cited combined response was “direct” and “forensic” evidence (24%, N = 

11) (Table 6.2). Evidence type definitions can be found in Appendix II. 

 
Table 6.2. Frequency of evidence types perceived as highest contributors to successful prosecutions and convictions by 
WCOs. 

 

 

 

Evidence type Direct Circumstantial Primary Secondary Forensic Expert Blank 

Direct  6 3 1 11 8 0 

Circumstantial   0 0 1 0 0 

Primary    2 3 1 1 

Secondary     0 0 0 

Forensic      9 0 

Expert        
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6.3.1.5 Forensic evidence submissions 

 

Wildlife carcasses (52%, N = 24) were the most common type of evidence submitted for 

forensic analysis by respondents (Figure 6.5). Some iteration of wildlife evidence (live, 

derivative or carcass) was listed as the highest proportion of submitted evidence types for 

67% (N = 31) of respondents. Vehicles presented as both the second most (after wildlife 

grouping) and least common submitted evidence type at 13% (N = 6). The least commonly 

submitted evidence types were “Other” (48%, N = 22), items listed as examples included: 

tools, clothing, firearms, and documentation. There was a close majority split between 

respondents who had submitted an item for human trace evidence recovery (53%, N = 25) 

and those who had not (47%, N = 21). Within those who had the majority had submitted 

for both fingerprints and DNA (37%, N = 17).  

 

Figure 6.5. Frequency of most and least common submissions for forensic analysis by evidence type by WCOs. 
  

6.3.1.6 Associations 

Fifteen Chi square tests of independence were carried out using “length of service”, 

“annual number of scenes attended” and “highest caseload proportion of by crime type” 

as dependent variables (Table 6.3). Of tested association nine variable combinations 

demonstrated statistically significant associations and these are presented in detail below. 
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Table 6.3. Results of chi square tests of independence between questionnaire responses in WCO’s questionnaires. 
Statistically significant associations denoted as * (p < 0 .05) or ** (p < 0.01). 

Independent variables 

Length of service 
as WCO 

Annual number of 
scenes attended 

Highest caseload 
proportion by crime type 

x2 p - value x2 p - value x2 p - value 

Largest proportion of 
evidence types submitted 
for forensic analysis  

75.45 0.0025** 43.02 0.0025** 53.86 0.025* 

       
Historical submission of 
evidence for human trace 
recovery 

18.45 0.2304 22.67 0.03348* 62.41 0.0004998** 

       
Largest contributing 
variables to successful case 
outcomes 

15.21 0.957 14.15 0.8511 25.09 0.7331 

       
Largest contributing 
variables to unsuccessful 
outcomes 

20.06 0.7591 22.97 0.3013 48.68 0.02499* 

       
Length of service as a WCO   47.05 0.001** 65.395 0.0015** 
       
Annual number of scenes 
attended 

    
120.9 0.0004998** 

 

 

6.3.1.6.1 Caseload proportion 

A significant relationship found between an officers highest case proportion type and: 

which factors they considered to be the greatest contributors to unsuccessful prosecutions 

and convictions X2(N = 46) = 53.86, p < 0.05; whether they had historically submitted wildlife 

crime scene evidence for human evidence recovery X2(N = 46) = , p < 0.001; the largest 

proportion of evidence types submitted for forensic analysis X2(N = 46) = p < 0.05; length of 

service of as a wildlife crime officer X2(N = 46) = p < 0.01); and annual number of scenes 

attended X2(N = 46) = p < 0.00). Investigation and visualisation of standardised residuals 

demonstrate which levels of significance are operating at within variables (Figures 6.6 – 

6.10). A higher-than-expected frequency of officers with cyber enabled wildlife crime as 

their highest caseload cited lack of infrastructure or “other” as the greatest contributing 

factors to unsuccessful prosecutions and convictions (Figure 6.6). Prioritisation of other 

crimes was cited at a higher-than-expected rate for officers with raptor persecution as their 
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highest caseload. A higher-than-expected frequency of traps are submitted for forensic 

analysis by officers whose largest case proportion is badger persecution (Figure 6.7).  

 

Figure 6.6. Correlation matrix of standardised residuals amongst factors of a WCO’s highest proportion of caseloads and 
what they considered as significant contributing factors to failed prosecutions and convictions. Circle size and colour 
depth are representative of correlative strength and contribution level to the chi-square test for the tested association. 
Increasing size and opaqueness show increasing strength in positive (blue) and negative (red) correlation between 
variables.  

 

A higher-than-expected frequency of wildlife (derivatives) are submitted for forensic 

analysis by officers with either CITES or cyber enabled wildlife crimes as their highest 

case proportion. Live wildlife submissions occur at a higher-than-expected rate 

amongst officers with CITES as their highest caseload.  
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Figure 6.7. Correlation matrix showing standardised residuals amongst factors of a WCO’s highest proportion of 
caseloads and highest proportion of evidence types submitted for forensic analysis of any kind. 

 

A higher-than-expected frequency of officers with badger persecution as their highest 

caseload had submitted human DNA but not fingerprints for analysis from wildlife 

crime scenes and a higher-than-expected frequency of officers with CITES as their 

highest caseload proportion had submitted fingerprints but not human DNA for 

analysis from a crime scene (Figure 6.8). Officers in service for 1 – 2 had a higher-than-

expected number of bat persecution cases as their most common case type, those in 

the role for 3-5 years a higher-than-expected rate of cyber enabled wildlife crime as 

their most common case type. Longest serving officers (5+ years) had a higher-than-

expected proportion of CITES cases as their most common case type (6.9)  
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Figure 6.8. Correlation matrix showing standardised residuals amongst factors of a WCO’s highest proportion of 
caseloads and whether they had ever submitted something for human evidence recovery from a wildlife crime scene. 

 

Figure 6.9. Correlation matrix showing standardised residuals amongst factors of highest caseload proportion and 
length of time in service as a WCO. 
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A higher-than-expected frequency of officers attending 11 – 15 crime scenes annually 

listed CITES as their highest caseload proportion (Figure 6.10). A higher-than-expected 

number of officers attending 0 – 5 scenes annually had bat persecution as their highest 

caseload proportion, the same officers had a lower-than-expected rate of raptor 

persecution as their highest caseload proportion.  

 

Figure 6.10. Correlation matrix showing standardised residuals amongst factors of highest caseload proportion and 
number of scenes attended annually by WCOs. 

 

6.3.1.6.2 Annual frequency of scene attendance 

A significant association was found between number of scenes attended annually and: most 

common evidence types submitted for forensic analysis X2(N = 46) = 43.02, p < 0.001; 

whether they have historically submitted anything for human evidence recovery, X2 (N = 46) 

= 22.67, p < 0.05; and their length of time in service in the role X2(N = 46) = 22.67, p < 0.01). 

Standardised residuals indicate a higher-than-expected frequency of officers who attend 11 
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– 15 scenes a year having live wildlife submissions being their biggest proportion of 

evidence types submitted for forensic analysis (Figure 6.11) and having submitted evidence 

from wildlife crime scenes for fingerprint recovery only (Figure 6.12). Officers attending 

between 0 – 5 wildlife crime scenes a year also submitted a higher-than-expected frequency 

of “other” types of evidence for forensic analysis and were more likely to have been in their 

roles for 1 – 2 years. Those in the role 2 – 3 years, or 5 or more years, were more likely to 

attend over 15 crime scenes annually (Figure 6.13).  

 

Figure 6.11. Correlation matrix showing standardised residuals between factors of the number of scenes attended 
annually by WCOs and their most commonly submitted evidence type for forensic analysis. 
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Figure 6.12. Correlation matrix showing standardised residuals between factors of the number of scenes attended 
annually by WCO’s and whether they have ever submitted anything from a wildlife crime scene for human forensic 
analysis. 
 

 

Figure 6.13.  Correlation matrix showing standardised residuals between factors of the number of scenes attended 
annually by WCO’s and their length of time in service in the role. 
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6.3.1.6.3 Length of service 

Length of time somebody has been in a wildlife related role had a significant relationship 

with the highest proportion of evidence types being submitted for forensic analysis (Figure 

6.14). Officers in their roles for 1 – 2 years submitted weapons at a higher-than-expected 

frequency than other evidence types. Vehicles were submitted at a higher-than-expected 

frequency by officers in their role for 2 – 3 years, wildlife (carcass) by those in their role 3 – 

5 years and traps by those in their role 5+ years.  

 

 

Figure 6.14. Correlation matrix demonstrating strength of association between a WCO’s length of service in a wildlife 
related role and their largest proportion of evidence types submitted for forensic analysis. 
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6.3.2 Crime Scene Examiners 

6.3.2.1 Descriptive statistics of pre-training questions 

The majority of respondents had neither received any training related to wildlife crime 

(80.8%, N = 168) or a call to attend a wildlife crime scene (75.4%, N = 157). When asked to 

rate their existing knowledge on wildlife crime, CSE’s gave an average response rate of 2 

and the majority of responses were skewed towards the lowest end of the presented Likert 

type scale 1 (Non-existent) to 5 (Excellent), 25.3% (N = 55) rated their knowledge as one 

and 50.67 (N = 110) at two. Lack of prioritisation was the most cited factor contributing to 

unsuccessful prosecutions and convictions (67.4%, N = 231), followed by lack of manpower 

(37.61%, N = 129) and lack of evidence (34.1%, N = 117) (Table 6.4)  

Table 6.4. Aggregate count data of pooled MI dataset of evidence types perceived as largest contributors to failed 
prosecutions and convictions 

Lack of… Evidence Funding Infrastructure Manpower Prioritisation Other Blank Total 

Evidence   43 0 135 447 67 121 813 

Funding    0 54 235 0 33 322 

Infrastructure     35 129 11 11 186 

Manpower      422 45 83 550 

Prioritisation       56 272 328 

Other        74 74 

Blank        15 15 

Total 0 43 0 224 1233 179 609 2288 

  

6.3.2.2 Descriptive statistics of post-training questions 

6.3.2.2.1 Likert type 

An average response rate of 3.0 was given for both Likert type questions. In response to the 

statement “I feel attending wildlife crime scenes may increase my workload to 

unsustainable levels.” 46.6% (N = 99) skewed towards disagreement (Strongly Disagree or 

Disagree). The majority (41.07%, N = 88) overall disagreed (Strongly disagree or disagree), 

they did not have the resources available to effectively attend wildlife crime scenes.  
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6.3.2.2.2 Likert Scale 

Out of a maximum composite score of 20 a calculated mean central tendency for Likert 

scale questions resulted in (16.50 + 0.2) for confirmation of an increase in knowledge 

related to the subject of wildlife crime, and (15.0 + 0.25) for an increased likelihood of 

participation in future wildlife crime related events, as a result of the delivered training. 

Table 6.5 indicates percentage responses for each individual question within the two 

presented Likert scales.  

Table 6.5. Percentage of Likert scale and Likert type responses amongst MI CSE survey datasets. † denotes questions 
which contained missing entries in complete case dataset prior to MI. 

Likert Scale 

Response % 

Strongly 
Disagree 

Disagree Neutral Agree 
Strongly 

Agree 

Increased likelihood of future participation 
Q9. I consider participation in wildlife crime casework to 
be an increased priority. † 

1.38 10.6 35.0 29.0 23.9 

Q10. I am more likely to respond to a call to attend a 
wildlife crime scene. † 

3.2 6.5 21.7 32.7 35.9 

Q13. I am interested in receiving more training sessions 
focused on wildlife crime case work. 

2.4 10.6 28.9 28.4 29.8 

Q14. I am interested in supporting further research 
related to wildlife forensics. 

1.9 14.4 24.0 24.0 35.6 

      
Increased knowledge of subject matter 
Q5. I have a greater understanding of the types of wildlife 
crime casework encountered by the Metropolitan police. 

1.4 1.9 13.5 34.6 48.6 

Q6. I have a greater understanding surrounding the 
associated impacts of wildlife crimes 

1.0 2.4 15.9 40.4 40.4 

Q7. I feel more confident in identifying potential evidence 
at a wildlife crime scene. 

1.0 2.9 23.6 42.8 29.8 

Q8. I feel more confident in which human trace evidence 
recovery techniques can be used on wildlife carcasses and 
derivatives. 

1.0 3.4 16.8 44.2 34.6 

      

Likert type 
     
     

Q11. I feel attending wildlife crime scenes may increase 
my workload to unsustainable levels. 

22.6 24 32.2 13.9 7.2 

      
Q12. I do not feel I have the resources available to me to 
effectively attend wildlife crime scenes. † 

11.58 29.49 31.33 18.43 9.22 

 

6.3.2.3 Relationships 

Model comparison found existing level of knowledge, knowledge acquisition, and choice 

of lack of funding (as a contributing factor to failed prosecutions and convictions), as best 

fit explanatory variables for Likert Scale responses on likelihood of future participation. 
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The model was accepted after a studentized Breusch-Pagan test of 11.19 with 6 degrees 

of freedom and p-value – 0.08, confirmed homoskedasticity.  

 

Figure 6.15. Scatter plot with regression line showing a statistically significant  correlation between Likert Scale 
responses for knowledge acquisition and likelihood of future participation in wildlife crime related events. 

 

For every incremental increase in composite knowledge acquisition score a statistically 

significant (p < 0.001), 0.69-point increase in composite score of likelihood of future 

participation was seen (Figure 6.15). Moving from a self-assessed knowledge rating of 1 to 

2 gained a statistically significant (p-value = 0.01) 1.18-point increase in composite 

participation likelihood score and a movement of 1 to 3 gained a statistically significant (p-

value = 0.002) 1.8-point increase in composite participation likelihood score (Figure 6.16). 

If lack of funding was chosen as a contributor to unsuccessful prosecutions and convictions 

this resulted in a statistically significant (p-value = 0.01) estimated 1.4-point increase in 

composite score of participation likelihood over non-choice (Figure 6.17). No significant 
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relationships were found between the Likert Scale of knowledge acquisition and any 

dependent variables. 

 

Figure 6.16. Boxplots showing distribution of summed Likert scores for likelihood of future participation for each self-
assessed knowledge level among crime scene examiners for both observed and imputted data. The plot also shows 
individual data points to help visualise the spread of data. Each data point has been randomly offset using the 
geom_jitter function to mitigate overplotting.  
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Figure 6.17. Boxplots showing distribution of summed Likert scores for likelihood of future participation whether or not 
crime scene examiner respondents consider lack of funding a significant contributor to unsuccessful case outcomes. The 
plot also shows individual data points to help visualise the spread of data. Each data point has been randomly offset 
using the geom_jitter function to mitigate overplotting.  . 

 

6.3.3. Open-ended responses 

Two categories “personal capacity” and “external influences” were identified as 

themes within open-ended responses of both CSE and WCO (Figure 6.18 & 6.19). 

Further sub-themes of “Low staffing levels”, “lack of training”, “Workloads too high”, 

“Lack of prioritisation”, “Officer apathy” and “Failure to invite” were established. A 

third theme of “equipment” was identified within CSE responses only, with further 

sub-themes of “Methods not validated” and “Best equipment not available” (Figure 

6.18).  
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Figure 6.18. Sunburst diagram showing frequency of responses to themes and sub-themes established during thematic 
analysis of open-ended responses in CSE questionnaires  related to  organisational limitations to effective wildlife crime 
investigations. External influences reference personnel level actions outside of direct CSE involvement. 
   

CSE 
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Figure 6.19. Sunburst diagram showing frequency of responses to themes and sub-themes established during thematic 
analysis of open-ended responses in WCO questionnaires  related to  organisational limitations to effective wildlife crime 
investigations. External influences reference personnel level actions 

 

6.4 Discussion 

Before encouraging the increased involvement of forensic practitioners in wildlife crimes it 

is important to first establish how and when forensics is currently being used. 

Understanding case load demographics and commonly encountered evidence types helps 

to visualise whether a gap exists for CSEs to fill. It is evident that WCO’s place significant 

value on forensic evidence with it cited as a the second most common contributor to 

successful prosecutions and convictions. Despite its collectively agreed value this studies 

results paint an inconsistent approach to its use amongst officers, largely influenced by the 

types of case they proportionally encounter. Case studies included in guidance documents 

such as those provided by PAW, provide contextual insights as to possible reasons behind 

WCO 
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these deviations (PAW Forensic Working Group, 2014). In incidents involving domestic UK 

species, species identity is not in question, therefore greater effort appears to be placed on 

collection of a larger diversity of evidence types, often focused on linking a human 

perpetrator to the crime. By comparison case studies involving CITES species are the result 

of seizures, where a suspect is already identified, and as such heavy focus is placed on 

carrying out species identification of the seized wildlife specimens. The results on common 

forensic submissions by case type strongly mirror the approaches seen in these case studies 

indicating tailored approaches to evidence collection by WCOs, potentially because of 

guidance literature. Despite forensic submissions both taking place and holding perceived 

importance, survey results reinforce the narrative that lack of evidence presents a challenge 

for police officers investigating wildlife crimes. As such there is an expectation that at least 

attempts will be made to capitalise on all potential avenues of forensic evidence whenever 

the situation presents itself. The results indicate this is not the case, and evidence of almost 

50% of WCOs showing a failure to consider human trace evidence in their wildlife crime 

scenes seems a gross oversight. Inexperience fails to fully explain this phenomenon. No 

significant relationship was found between length of service and historical submission of 

human trace evidence, and low, high, and middling, rates of scene attendance showed 

variation as to types of human trace evidence submitted. I would hypothesis that the higher 

number of scenes attended annually would provide greater number of opportunities for 

both DNA and fingerprint evidence collection. However, WCO’s attending 11 – 15 scenes a 

year showed significantly higher than expected rates of only fingerprint submissions and 

those attending 6 - 10 scenes a year a skew towards DNA collection only. The inconsistencies 

seen here are challenging to interpret. Again, experience fails to paint a full picture; 

tendency towards one evidence type through learned experience would still require trial 

and error of both DNA and fingerprint collection at some point in a WCO’s wildlife case 
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experience, which these results do not present. It is possible that their encountered case 

types simply do not present opportunities for both types of human trace evidence recovery, 

but this is unlikely given the breadth of evidence types demonstrated in case studies (PAW 

Forensic Working Group, 2014). WCO’s focused on fingermark recovery only may be 

deterred by the high costs associated with DNA evidence, particularly given reports of 

concerns around funding limitations (Figure 6.19). Although the aggregate value of DNA 

evidence across all crime types is up for debate its contribution to individual cases remains 

strong (Amankwaa and McCartney, 2021). As such, with comparatively low numbers of 

wildlife crimes comparable to volume crimes and lack of evidence a concern, complete 

dismissal based on funding concerns could still be considered a blinkered approach to 

investigations. One potential explanatory variable is the required involvement of CSE’s. 

Officers attending 11 – 15 scenes a year had a higher-than-expected rate of CITES cases and 

submission of live wildlife specimens for forensic analysis. Any scene involving a live animal 

will be time sensitive, therefore it is reasonable to assume a WCO may decide to focus on 

prioritising evidence which can be bagged up for fingerprint enhancement attempts, over 

waiting on the arrival and attendance of a CSE for human DNA recovery at scene. This 

theory fails in my DNA focus example however, as officers attending 6 – 10 scenes a year 

had a higher-than-expected rate of poaching cases as their highest caseload, and vehicles 

as their most commonly submitted evidence type for forensic analysis. Vehicles present as 

large objects that benefit from on scene attendance by CSE’s due to the logistics and 

challenges of moving them. As surface types they are suitable for recovery of both trace 

DNA and fingermarks without the need for lab based techniques (Kirgiz and Calloway, 2017; 

Giovanelli et al., 2022) making in-situ collection at crime scenes both possible and 

recommended per guidelines. Further work is needed to understand individual officers 

motivations behind focus on singular human trace evidence types in wildlife crime 
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investigations. Work should also be carried out to establish whether there is a pattern of 

significant deviation between their approaches to wildlife investigations and other crime 

types, such as volume crime, as alluded to by one officer in their open-ended comments 

(Appendix III).  

Concerns raised within open comments further demonstrate the value of CSE’s professional 

experience when considering forensic interventions in wildlife crime case work. Despite 

both WCO’s and CSE’s being presented with research results on best practice methods of 

human trace evidence recovery from wildlife specimens, established in Chapters 1, 4 and 5 

of this study, only CSE’s raised valid concerns related to their accessibility and validation 

(Figures 6.17 & 6.18). The ability to critically assess presented forensic interventions and 

question the legitimacy of training programmes is an important requirement of training 

recipients. These skillsets will help to reduce the risk of investment or implementation of 

ineffective or inadmissible methodologies so often cited as hampering investigations 

(Ceccato and Uittenbogaard, 2013; Salum et al., 2017b; UNODC, 2020; Wildlife and 

Countryside Link, 2022b). A significant relationship was found between a WCO’s length of 

time in service and highest proportion of case types. Whilst there is insufficient information 

available to reliably organise case types by complexity, as alluded to throughout this thesis, 

cases related to the IWT are comparatively heavily represented in the media, and thus 

investigations are at risk of scrutiny and may be entrusted to more experienced officers. 

Though professional experience may provide benefits to investigations, it can also lead to 

officers being forced to take on larger, complex caseloads beyond the scope of new recruits 

(HM Inspectorate of Prisons, 2024). This in turn increases regular exposure to traumatic 

events leading to burnout and impacts to mental health (Craddock and Telesco, 2022). My 

results indicate experienced WCO’s may be at risk of these same pressures, with those in 

the role for 5+ years having a larger proportion of CITES cases and numbers of scenes 
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attended annually. The UK College of Policing recommends a wildlife crime officer 

investigates wildlife crimes (College of Policing, 2022) and in England and Wales, it is 

recommended that police forces should have at least one designated wildlife crime officer 

(Nurse and Harding, 2022). Within the Metropolitan Police this recommendation is 

expanded to encompass each individual borough. This places a potential for a minimum of 

seventy-five wildlife crime officers (43 police forces and 32 London boroughs) spread across 

England and Wales. In 2022 the Wildlife and Countryside Link estimated 4457 reported 

incidents of wildlife crime in England and Wales (Wildlife and Countryside Link, 2023). 

Based on these figures individual officers would need to handle 60 wildlife cases a year, or 

5 per month to cover all reports. Whilst the survey question in this study specifically refers 

to crime scene attendance, not general caseloads, with only 39% of officers attending an 

estimated 1.25 wildlife crime scenes a month, and 28% of officers attending a maximum of 

0.4 scenes a month it suggests UK law enforcement may be under resourced in manpower 

to meaningfully deliver on investigations. Interestingly this assessment is not one shared by 

surveyed officers. A lack of manpower was only the fourth most cited reason for failed 

prosecutions and convictions, potentially negating any significant concerns of burnout.  

By contrast CSE’s placed lack of manpower as the second most assumed factor contributing 

to unsuccessful prosecutions and convictions. As with police officers high caseloads and 

backlog, repeated exposure to violent scenes and lack of resources are known contributors 

to stress and burnout amongst forensic practitioners (Almazrouei et al., 2021). Several open 

comments given by CSE’s allude to these challenges, with staffing levels repeatedly cited as 

a limitation to participation (Figure 6.17), suggesting a heightened level of sensitivity to 

perceptions of increased workloads. For a significant proportion of CSEs this training 

module was their first exposure to the subject of wildlife crime and the casework 

experienced by the WCU and therefore the perception of a newly introduced crime type 
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would result in higher workloads is understandable. This perception was anticipated, and a 

point made during the training to provide CSE’s with an expected rate of scene attendance 

at less than one per month. This figure was based on the number of CSEs employed by the 

Metropolitan Police, attending WCU detectives professional experiences, and data from 

officer surveys. Responses indicate inclusion of this guidance had a positive impact on CSEs 

perceptions; more than double the number of respondents disagreed involvement in 

wildlife crime would increase workloads to unsustainable levels comparative to those who 

agreed with the statement. The neutral response given by a third of responses could 

suggest CSEs already consider their workloads unsustainable, a concern reinforced by open 

comment response (Figure 6.17). Though significant case numbers may not be an issue, 

wildlife crimes can present as violent or disturbing scenes (BBC News, 2021). If increased 

forensic engagement in wildlife crimes is a desired outcome for law enforcement, serious 

consideration should be given to providing adequate resources to CSEs so they can handle 

what, for many, will be a novel situation which they will not have had the opportunity to 

develop coping mechanisms for (Cartwright and Roach, 2022). 

It is clear that there is an absence of a standardised and complete approach to human trace 

evidence recovery in wildlife crimes. WCO’s confidently and regularly submit wildlife 

specimens for forensic analysis but falter in their approach to decisions surrounding trace 

DNA and fingermark recovery. This chapter paints a telling picture of lack of communication 

and engagement between the CSE’s and WCO’s. Open comments in both sets of surveys 

considered apathy by their colleagues to be an influencing factor to lack of CSE involvement 

in casework (Figure 6.17). Despite this suggestion my results do not portray a systemic 

aversion to wildlife crime scene attendance by CSE’s but rather a systematic failure to 

actively include them in both training and casework.  
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Lack of resources for wildlife crime investigations remains a named concern in England and 

Wales (Nurse and Harding, 2022). These findings suggest that perception of what these 

resources are can differ within organisation groups influenced by their individual roles. 

However, lack of prioritisation is seen by both groups as a leading contributor to failed 

outcomes. Between the completion of this training and writing of this chapter the 

Metropolitan police WCU was disbanded and detectives re-assigned within the 

organisation. This has left the Greater London area without a co-ordinated and expert input 

into wildlife crime investigations, putting casework prioritisation and outcomes at the 

mercy of individual detectives and officers. Due to the voluntary nature of WCO role it can 

be assumed there exists an above average interest in wildlife crimes amongst them. 

However, it cannot be assumed this extends en masse to elsewhere within the police force 

inclusive of CSEs. As individual contributions play such an important role in wildlife crime 

investigations in the UK (Nurse and Harding, 2022) if the disbandment of these dedicated 

units is not simultaneously delivered with awareness and skill training for the wider 

enforcement populace there presents a serious risk of collapse of wildlife crime 

investigations in the Greater London region. The findings of this chapter have demonstrated 

that a 2-hour dedicated training programme for CSE’s can result in knowledge acquisition, 

and an increase in potential for future participation, inclusive of higher prioritisation of 

wildlife crime case work. Such training has the potential for high returns on quality of crime 

scene management and evidence handling in wildlife crimes for minimal investment of both 

time and resources.  

6.5 Summary 

My findings support those seen in other reports that forensic support is lacking in wildlife 

crimes risking ineffective and sporadic contributions to overall investigative outcomes 

(Frances Goodrum et al., 2023). Collection of wildlife specimens present as key focal area 
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for WCO’s, indicating the success of current wildlife forensic training programmes, however 

there is an overall lack of standardisation in management of wildlife crime scenes in the UK. 

A significant proportion of officers fail to consider fingermarks or trace DNA in their 

investigations, indicating a strong potential for missed evidence. A portion of the training 

delivered in these programmes focused on drawing attention to the potential for human 

trace evidence recovery from wildlife specimens. There are encouraging reports from 

surveyed WCO’s that attempts of this strategy have positively contributed to casework. 

Evidence of operational benefits coupled with findings of best practice methods from 

Chapters 4 & 5 in this thesis help build a foundation of justification for their considered 

application in wildlife crimes. However, due to existing protocols and mandates the lack of 

inclusion of CSE’s in wildlife crime casework inherently limits possibilities for wider take up 

of these methods. Overall CSE’s agreed that the training increased their knowledge on the 

subject of wildlife crime. The significant correlation between a CSE’s knowledge on the 

subject of wildlife crime and their likelihood of participation in an associated case 

demonstrates the value of their inclusion in training exercises. Given CSE attendance at a 

scene must be triggered by officer invitation WCO’s need to take on a more proactive role 

in communicating and advocating for their involvement in relevant training. WCO’s, 

particularly those still new to their roles, should also consider the significant contributions 

CSE’s can make beyond their scientific expertise such as investigative experience, 

community engagement, institutional understanding and engagement with other 

departments (Chowdhury, 2021).  
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Chapter 7: General discussion 

 

7.1. Contributions to understanding current approaches to the use of forensics in wildlife 

crime investigations 

 

The introduction and literature review of this thesis revealed that the focal aspect of 

forensic interventions in wildlife crime investigations is firmly set upon wildlife identification  

(Thomas et al., 2023). As such a significant proportion of research was found to have 

objectives that geared towards the development of robust methodologies in both 

morphological and molecular identification techniques. In turn associated capacity building 

endeavours for enforcement actors were shown to be skewed towards training in the 

identification, collection, handling, and preservation of wildlife specimens. I have discussed 

how this apparent tunnel vision in forensic interventions hinders progress by pooling 

limited resources into the development of new costly infrastructure, techniques, and 

training programs that serve a function with limited transferability outside of their 

immediate context. In recognition of a need to address this, and the continued narrative of 

low resourcing and prioritisation, the review drew attention to the chronic failure to 

capitalise on existing forensic infrastructure, theories, and techniques in wildlife crime 

investigation, namely the recovery and analysis of human trace evidence. A critical analysis 

of the minimal work that had been done in this area showed it presented with a narrow 

focus on singular species or scenarios. Chapter 1 therefore concluded there was not only 

an overarching lack of consideration of human trace evidence recovery in wildlife crime 

investigations but also a failure to consider that technique functionality must accommodate 

the diversity in which wildlife crimes present themselves.  

The results from Chapter 6 of this study, of which one objective was to investigate the 

current use of forensics in wildlife crime investigations in a UK context, provided evidence 
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in support of the conclusions drawn in Chapter 1. Results from its surveys confirmed that 

lack of prioritisation and evidence are considered by UK law enforcement to be significant 

contributors to negative outcomes in wildlife crime investigations. In addition, they 

revealed that direct and forensic evidence is considered an important contributor to 

obtaining successful outcomes in investigations. These insights provide important guidance 

on direction for resource investment; these being efforts to increase the prioritisation of 

wildlife crimes and collecting larger quantities of evidence with focus on direct and forensic 

in the first instance. Importantly I have revealed that despite a consensus on the need for 

more forensic evidence, there is a lack of consistency in officers approach to its use in 

wildlife crime investigation and that there is a high rate of absence in attempts at human 

trace evidence recovery. This was evidenced by responses from both officer and crime 

scene examiner surveys with a lack of evidence submissions by the former and a lack of 

invitation to attend crime scenes for the latter. These results however demonstrated that a 

lack of contextual knowledge within CSEs, beneficial to ability to effectively contribute to 

investigations, can be overcome through face-to-face training. Results from the post-

training assessment indicate that such focused training sessions can also help improve 

perceptions of priority and likelihood of participation in investigations.  

7.2 Contributions to identification of human trace evidence recovery techniques viable for 

use on wildlife specimens. 

 

Chapters 4 and 5 aimed to identify human trace evidence recovery techniques effective on 

multiple types of wildlife derivatives, recognizing that diversifying forensic evidence 

collection fits in strategically with enforcements opinions on successful wildlife crime 

interventions and that wildlife specimens are already key targets for forensic submissions. 

To this end this thesis has produced a body of evidence that the recovery of fresh 
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fingermarks and trace DNA depositions is a feasible endeavour from wildlife specimens of 

various colours, textures, and materials and that specific techniques significantly 

outperform others in their efficacy.  

Within Chapter 4 it was demonstrated that the reduced scale Supranano™ powders that 

showed promise in research on fingermark enhancement on ivory (Weston-Ford et al., 

2016) are also capable of enhancing fresh fingermarks of identifiable quality from antler, 

hippo ivory, conch shell, snake skin, sawfish rostrum, primate skull, Panthera claw, tortoise 

shell and bovine horn. I have shown however that mono-chromatic powders often fail to 

produce the necessary degree of contrast that is desired for easy interpretation and 

photography of ridge detailing for subsequent grading purposes. Instead, it was shown that 

a powder with fluorescent properties offers up a higher rate of success in providing contrast 

and this contrast can be further strengthened through excitation using a commercially 

available UV torch projecting a 365nm wavelength. Red fluorescent powders were found to 

provide a strong level of contrast on multiple specimens, and it was postulated this was due 

to colour theory placing red as further away on the colour wheel comparable to the major 

presenting colour of the specimens tested in this study.  

In this thesis experimental outcomes demonstrated that despite their success on pangolin 

scales (Moorat et al., 2020), gelatin lifters generally perform poorly in untreated fingermark 

recovery from wildlife specimens. However, when used to lift powdered fingermarks they 

can retain ridge definition without any significant loss in grade quality, indicating their 

useability in an alternate capacity in wildlife crime investigations. This finding reinforces the 

concerns laid out in Chapter 1 regarding existing research efforts having too narrow a focus 

of singular species and as such missing full potential of tools that may render them of higher 

consideration for a wider uptake amongst the forensic community.  
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Chapter 1 revealed research into trace DNA recovery from wildlife specimens was even 

more scarce than that looking into fingermark recovery. Chapter five of this thesis has 

provided evidence that greater consideration should be given for its inclusion in both 

research and investigations. It was found that fresh trace DNA can recovered from ungulate 

fur, elephant skin, elephant ivory, conch shell, antler and snake skin. As with fingermarks 

one method of recovery, a wet/dry swabbing technique using foam swabs, presented itself 

as capable of performing successfully across a diverse range of specimen types. Not only 

did this method recovery high average quantities of DNA it was demonstrated this 

translated into numbers of alleles. This made mixed profile interpretation possible, to the 

degree that LR’s equivalent of “very strong support” for the prosecution proposition could 

be produced for known contributors to the sample. Results from Chapter 5 also raise the 

point that certain recovery techniques introduce potential for inhibitory constituents found 

in wildlife specimens, particularly those that have been taxidermized, into the PCR 

workflow making them less suitable for use. The success of foam swabs was attributed to 

their larger surface area, looser weave, and malleability, allowing for greater ability for 

manipulation across the varying presented textures and the subsequent easier release of 

DNA during extraction.  

As a result of this thesis, I have identified Supranano™ red fluorescent magnetic fingerprint 

powder and Whatman foam swabs as methods that demonstrate wide-ranging applicability 

for recovery of fresh trace evidence deposits from wildlife specimens.  

7.3 Contributions to the wider forensic research community 

 

Chapters 2 and 3 aimed to identify a deposition technique to be used in later stages of this 

thesis however their results additionally offered insights into factors influencing fingermark 

deposition and DNA transfer. On all counts handling technique was not found to hold any 
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significant relationship with depositions but the act of “grooming” or “loading” does. The 

results provided further evidence that sebum may play an important role in trace DNA 

transfer contributing important knowledge to the discussion on the origins of trace DNA 

and potential consequences of actively abstaining from face-touching as part of 

experimental designs. Our results on the role grooming plays in influencing fingermark 

depositions and subsequent enhancement using powders were more complex. However 

enough evidence was provided to justify the methods chosen for depositions in Chapter 4, 

and to open up conversations as to whether the existing strict guidelines regarding the 

inclusion of “grooming” activities are fully justified in being representative of operational 

scenarios.  

7.4 Contributions to strengthening the wildlife forensic toolkit 

 

This thesis proposed an original observation and subsequently a supporting body of 

evidence that forensic interventions in wildlife crime lack the comprehensive approach 

seen in other crime types, with a chronic failure to consider human trace evidence at related 

crime scenes. To address this gap novel research was carried out comparing trace evidence 

recovery techniques on a wide range of wildlife specimens. Resulting experiments identified 

a reduced scale magnetic fluorescent fingerprint powder and foam swab that would be 

capable of performing trace evidence recovery in a multitude of wildlife crime contexts. 

Therefore, this thesis has provided law enforcement and forensic communities with the 

potential to expand the quantity and diversity of evidence types collected during wildlife 

crime investigations. Outcomes of this thesis also established that, in the current UK 

context, even if these techniques are validated promptly, their immediate adoption is 

unlikely without significant efforts to integrate wildlife crime into CSE training and improve 

communication between officers and CSEs. However, it is shown that within a city based 
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CSE workforce an increase in awareness and prioritisation is achievable through short face 

to face training programmes.  

7.5 Study limitations and future work 

The experimental limitations of Chapter 2 – 5 in this research are recognised and namely 

include deviation from current suggested guidelines in conducting trace evidence research, 

such as those provide by the IFRG (Almog et al., 2014). For example, although existing 

guidelines are not prescriptive and Chapter 2 justified the use of groomed fingermarks in 

this thesis, especially due to the abnormal anthropogenic environments created by COVID-

19, their use remains contentious within the forensic community. This makes the results of 

Chapter 4 subject to greater scrutiny than if "natural" fingermarks were used. Fortunately, 

the timing of experimentation for Chapter 5 allowed for a closer adherence to other 

research seen in the trace DNA literature. However, neither set of experiments included any 

significant period of ageing and whilst confident the experimental designs were sufficient 

in their aims of comparing recovery techniques, they lacked the ability to draw conclusions 

regarding the persistence of fingermarks and trace DNA on the tested specimens. This 

limitation presents with a natural progression for future work into persistent studies with 

experimental designs including time, exposure to environmental and simulated storage and 

transport scenarios conditions as variables. This will provide important contextual 

knowledge to enforcement as to when best to place appropriate forensic resources in an 

operational setting.  

In the long-term to ensure adoption of these techniques by law enforcement and the wider 

forensic community it will be important to ensure research is in keeping with expectations 

put forward by relevant bodies and have the techniques validated. Within Chapter 4 the 

fingermark enhancement and recovery techniques chosen for comparison were based on 

their existing success in the literature but also due to the fact Supranano™ BMP and gelatin 
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lifters have both already been included in forensic recovery kits specifically developed and 

deployed for use in wildlife crime casework. It therefore seemed a logical and justifiable 

approach to test their efficacy on a wider variety of specimens so that organisations in 

possession of these kits could realise and employ their full potential. However, it is 

recognised that inclusion of a more common fingerprint powder, such as aluminium, 

magneta flake, or standard black magnetic would have strengthened the work by 

introducing a powdering technique for comparison that is already validated and utilised by 

the majority of CSEs. To further investigate the value of red fluorescent SMP as an 

enhancement technique work should be done to compare it against more standard issue 

powders and lab-based enhancement techniques. Finally, although this thesis 

demonstrated that within the UK there will be required steps before the identified 

techniques can be implemented it does not delve into their potential for implementation 

outside of a UK setting. This opens another line of needed research into investigating the 

current use of forensics in wildlife crime investigations on an international scale and their 

capacity for deployment of the techniques identified in both this study and others.  



243 
 

References 

Adhiasto, D.N., Exploitasia, I., Giyanto, -, Fahlapie, P., Johnsen, P., Andriansyah, M.I., 
Hafizoh, N., Setyorini, Y.D., Mardiah, S., Mardhiah, U. and Linkie, M., (2023) A criminal justice 
response to address the illegal trade of wildlife in Indonesia. Conservation Letters, p.e12937. 

Ainsworth, T.D., Hoegh-Guldberg, O. and Leggat, W., (2008) Imaging the fluorescence of 
marine invertebrates and their associated flora. Journal of Microscopy, 2322, pp.197–199. 

Alessandrini, F., Cecati, M., Pesaresi, M., Turchi, C., Carle, F. and Tagliabracci, A., (2003) 
Fingerprints as Evidence for a Genetic Profile: Morphological Study on Fingerprints and 
Analysis of Exogenous and Individual Factors Affecting DNA Typing. Journal of Forensic 
Sciences, 483, p.2002260. 

Alketbi, S.K., (2018) The Affecting Factors of Touch DNA. Journal of Forensic Research, 0903. 

Alketbi, S.K., (2022a) The Impact of Area Size and Fabric Type on Touch DNA Collected from 
Fabric. Journal of Forensic Sciences, 161. 

Alketbi, S.K., (2022b) The Impact of Collection Method on Touch DNA Collected from Fabric. 
Journal of Forensic Sciences & Criminal Investigation, [online] 155. Available at: 
https://juniperpublishers.com/jfsci/JFSCI.MS.ID.555923.php [Accessed 28 Nov. 2022]. 

Alketbi, S.K. and Goodwin, W., (2019a) The Effect Of Sandy Surfaces On Touch DNA. Journal 
of Forensic, Legal & Investigative Sciences, 53, pp.1–3. 

Alketbi, S.K. and Goodwin, W., (2019b) The effect of surface type, collection and extraction 
methods on touch DNA. Forensic Science International: Genetics Supplement Series, 71, 
pp.704–706. 

Alketbi, S.K. and Goodwin, W., (2019c) The effect of time and environmental conditions on 
Touch DNA. Forensic Science International: Genetics Supplement Series, 71, pp.701–703. 

Almazrouei, M.A., Morgan, R.M. and Dror, I.E., (2021) Stress and support in the workplace: 
The perspective of forensic examiners. Forensic Science International: Mind and Law, 2, 
p.100059. 

Almog, J., Azoury, M., Elmaliah, Y., Berenstein, L. and Zaban, A., (2004) Fingerprint’s Third 
Dimension: The Depth and Shape of Fingerprints Penetration into Paper—Cross Section 
Examination by Fluorescence Microscopy. Journal of Forensic Sciences, 495, 
pp.JFS2004009-5. 

Almog, J., Cantu, A.A., Champod, C., Kent, T. and Lennard, C., (2014) Guidelines for the 
assessment of fingermark detection techniques International Fingerprint Research Group 
(IFRG). Journal of Forensic Identification, 642, pp.174–197. 

Amankwaa, A.O. and McCartney, C., (2019) The effectiveness of the UK national DNA 
database. Forensic Science International: Synergy, 1, pp.45–55. 

Amankwaa, A.O. and McCartney, C., (2021) The effectiveness of the current use of forensic 
DNA in criminal investigations in England and Wales. WIREs Forensic Science, 36, p.e1414. 

Anagnostou, M. and Doberstein, B., (2022) Illegal wildlife trade and other organised crime: A 
scoping review. Ambio, 517, pp.1615–1631. 



244 
 

Anagnostou, M., Mwedde, G., Roe, D., Smith, R.J., Travers, H. and Baker, J., (2020) Ranger 
perceptions of the role of local communities in providing actionable information on wildlife 
crime. Conservation Science and Practice, 26, pp.1–13. 

Andersson, A. and Gibson, L., (2018) Missing teeth: Discordances in the trade of hippo ivory 
between Africa and Hong Kong. African Journal of Ecology, 562, pp.235–243. 

Arsenault, H., Nic Daeid, N. and Gray, A., (2023) A synthetic fingerprint solution and its 
importance in DNA transfer, persistence and recovery studies. Forensic Science 
International: Synergy, 6, p.100330. 

Atkinson, K., Arsenault, H., Taylor, C., Volgin, L. and Millman, J., (2022) Transfer and 
persistence of DNA on items routinely encountered in forensic casework following habitual 
and short-duration one-time use. Forensic Science International. Genetics, 60, p.102737. 

Australian Federal Police, (2015) Smuggler caught in Indonesia with rare birds jammed inside 
water bottles. The Guardian. [online] 6 May. Available at: 
https://www.theguardian.com/environment/2015/may/06/smuggler-caught-in-indonesia-
with-rare-birds-jammed-inside-water-bottles [Accessed 20 Jun. 2023]. 

Azoury, M., Clark, B., Geller, B., Levin-Elad, M. and Rozen, E., (2001) Latent Print Detection on 
Raw Ivory of African Elephants. Journal of Forensic Identification, 515, pp.496–503. 

Bacon, S.R., (2012) Interactions between latent fingermarks, deposition surfaces and 
development agents. p.96. 

Baker, B., Jacobs, R., Mann, M.-J., Espinoza, E. and Grein, G., (2020) CITES Identification 
Guide for Ivory and Ivory Substitutes. 4th ed. [online] Washington DC: World Wildlife Fund. 
Available at: https://www.worldwildlife.org/publications/identification-guide-for-ivory-and-
ivory-substitutes [Accessed 28 Nov. 2022]. 

Bamwine, F., (2019) The Efficacy of Prosecuting Wildlife Crimes in Uganda. Environmental 
Policy and Law, 492/3, pp.181–189. 

Bandey, H. and Bleay, S., (2010) Fingerprint and Footwear Forensics Newsletter, Special 
Edition: Footwear Mark Recovery and Imaging. p.20. 

Baran, M., (2009) Lifting Fingerprints from Skin Using Silicone. Canadian Society of Forensic 
Science Journal, 422, pp.121–131. 

Barash, M., Reshef, A. and Brauner, P., (2010) The Use of Adhesive Tape for Recovery of DNA 
from Crime Scene Items. Journal of Forensic Sciences, 554, pp.1058–1064. 

BBC News, (2018) Norfolk man who illegally hoarded 5,000 rare eggs jailed. BBC News. 
[online] 27 Nov. Available at: https://www.bbc.com/news/uk-england-norfolk-46358627 
[Accessed 28 Nov. 2022]. 

BBC News, (2019) Chinese ‘Ivory Queen’ Yang Fenglan jailed in Tanzania. BBC News, [online] 
202120/6/2021. Available at: https://www.bbc.co.uk/news/world-africa-47294715. 

BBC News, (2021) Denbigh: Police investigate death of badger nailed to a tree. BBC News. 
[online] 20 Aug. Available at: https://www.bbc.com/news/uk-wales-58281232 [Accessed 22 
Mar. 2023]. 



245 
 

BBC News, (2023) White-tailed eagles: Police investigating deaths of birds. BBC News. 
[online] 17 May. Available at: https://www.bbc.com/news/uk-northern-ireland-65624834 
[Accessed 15 Jun. 2023]. 

Beaudoin, A., (2012) Comparison of ortho-tolidine and amido black for development of 
blood-based fingerprints on skin. Journal of Forensic Identification, 62, pp.588–601. 

Bécue, A. and Champod, C., (2023) Interpol review of fingermarks and other body 
impressions (2019 – 2022). Forensic Science International: Synergy, 6, p.100304. 

Bezerra-Santos, M.A., Mendoza-Roldan, J.A., Thompson, R.C.A., Dantas-Torres, F. and 
Otranto, D., (2021) Illegal Wildlife Trade: A Gateway to Zoonotic Infectious Diseases. Trends 
in Parasitology, 373, pp.181–184. 

Bini, C., Giorgetti, A., Fazio, G., Amurri, S., Pelletti, G. and Pelotti, S., (2023) Impact on touch 
DNA of an alcohol-based hand sanitizer used in COVID-19 prevention. International Journal 
of Legal Medicine, 1373, pp.645–653. 

Bitzer, S., Margot, P. and Delémont, O., (2019) Is Forensic Science Worth It? Policing 
(Oxford), 131, pp.12–20. 

Bitzer, S., Miranda, M.D. and Bucht, R.E., (2022) Forensic advisors: The missing link. WIREs 
Forensic Science, 43, p.e1444. 

Bleay, S., (2014) Still making a mark? Fingerprints in the 21st century. Science and Justice, 
541, pp.1–2. 

Bleay, S.M., Bailey, M.J., Croxton, R.S. and Francese, S., (2021) The forensic exploitation of 
fingermark chemistry: A review. WIREs Forensic Science, [online] 34. Available at: 
https://doi.org/10.1002/wfs2.1403. 

Bleay, S.M., Bandey, H.L., Black, M. and Sears, V.G., (2011) The Gelatin Lifting Process: An 
Evaluation of its Effectiveness in the Recovery of Latent Fingerprints. Journal of Forensic 
Identification, 616, pp.581–606. 

Bleay, S.M., Croxton, R.S. and De Puit, M., (2018) Fingerprint Development Techniques: 
Theory and Application. [online] Newark, UNITED KINGDOM: John Wiley & Sons, 
Incorporated. Available at: 
http://ebookcentral.proquest.com/lib/ljmu/detail.action?docID=5302506 [Accessed 15 Nov. 
2022]. 

Bleka, Ø., Storvik, G. and Gill, P., (2016) EuroForMix: An open source software based on a 
continuous model to evaluate STR DNA profiles from a mixture of contributors with artefacts. 
Forensic Science International: Genetics, 21, pp.35–44. 

Bond, J.W., (2009) The Value of Fingerprint Evidence in Detecting Crime. International Journal 
of Police Science & Management. [online] Available at: 
https://journals.sagepub.com/doi/epdf/10.1350/ijps.2009.11.1.111 [Accessed 7 May 2024]. 

Booth, H., Arias, M., Brittain, S., Challender, D.W.S., Khanyari, M., Kuiper, T., Li, Y., Olmedo, 
A., Oyanedel, R., Pienkowski, T. and Milner-Gulland, E.J., (2021) “Saving Lives, Protecting 
Livelihoods, and Safeguarding Nature”: Risk-Based Wildlife Trade Policy for Sustainable 
Development Outcomes Post-COVID-19. Frontiers in Ecology and Evolution, [online] 9. 
Available at: https://www.frontiersin.org/articles/10.3389/fevo.2021.639216 [Accessed 4 
Jun. 2024]. 



246 
 

Bouzin, J.T., Lópes, T., Heavey, A.L., Parrish, J., Sauzier, G. and Lewis, S.W., (2023) Mind the 
gap: The challenges of sustainable forensic science service provision. Forensic Science 
International: Synergy, 6, p.100318. 

Bouzin, J.T., Merendino, J., Bleay, S.M., Sauzier, G. and Lewis, S.W., (2020) New light on old 
fingermarks: The detection of historic latent fingermarks on old paper documents using 1,2-
indanedione/zinc. Forensic Science International: Reports, 2, p.100145. 

Bowers, E.K., White, A., Lang, A., Podgorski, L., Thompson, C.F., Sakaluk, S.K., Jaeckle, W.B. 
and Harper, R.G., (2015) Eggshell porosity covaries with egg size among female house wrens 
(troglodytes aedon), but is unrelated to incubation onset and egg-laying order within 
clutches. Canadian Journal of Zoology, 936, pp.421–425. 

Boyko, T., Szkuta, B., Mitchell, R.J. and van Oorschot, R.A.H., (2020) Prevalence of DNA from 
the driver, passengers and others within a car of an exclusive driver. Forensic Science 
International, 307, p.110139. 

Braun, V. and Clarke, V., (2006) Using thematic analysis in psychology. Qualitative Research 
in Psychology, 32, pp.77–101. 

Brazaitis, P., (1986) Reptile Leather Trade: The Forensic Science Examiner’s Role in Litigation 
and Wildlife Law Enforcement. Journal of Forensic Sciences, [online] 312. Available at: 
https://www.astm.org/DIGITAL_LIBRARY/JOURNALS/FORENSIC/PAGES/JFS12295J.htm. 

Bright, J.-A. and Petricevic, S.F., (2004) Recovery of trace DNA and its application to DNA 
profiling of shoe insoles. Forensic Science International, 1451, pp.7–12. 

Brockstedt-Rasmussen, H., Sørensen, P.L., Ewald, H. and Melsen, F., (1987) The rhythmic 
relation between antler and bone porosity in Danish deer. Bone, 81, pp.19–22. 

Brown, R.M.S. (nee, Ryder, K.S., Fullarton, C., Skoda, M., Dalgliesh, R.M., Watkins, E.B., 
Beebee, C., Barker, R., Glidle, A. and Hillman, A.R., (2013) Nanoscale control of interfacial 
processes for latent fingerprint enhancement. Faraday Discussions, 1640, pp.391–410. 

Brownlie, H.W.B. and Munro, R., (2016) The Veterinary Forensic Necropsy: A Review of 
Procedures and Protocols. Veterinary Pathology, 535, pp.919–928. 

Bruijns, B., (2024) What Are the Limitations and Challenges of Swab-Based DNA Sampling? 
Forensic Sciences, 41, pp.76–95. 

Bruijns, B.B., Tiggelaar, R.M. and Gardeniers, H., (2018) The Extraction and Recovery 
Efficiency of Pure DNA for Different Types of Swabs. Journal of Forensic Sciences, 635, 
pp.1492–1499. 

Brunton-Smith, I., Buil-Gil, D., Pina-Sánchez, J., Cernat, A. and Moretti, A., (2023) Using 
synthetic crime data to understand patterns of police under-counting at the local level. 
CrimRxiv. Available at: https://www.crimrxiv.com/pub/2j7s2j6z/release/1 [Accessed 25 Aug. 
2024]. 

Buckleton, J., Bright, J.-A., Taylor, D., Evett, I., Hicks, T., Jackson, G. and Curran, J.M., (2014) 
Helping formulate propositions in forensic DNA analysis. Science & Justice, 544, pp.258–
261. 

Buckleton, J., Kalafut, T. and Curran, J., (2022) Guiding proposition setting in forensic DNA 
interpretation. Science & Justice, 625, pp.540–546. 



247 
 

Buckleton, J.S., Pugh, S.N., Bright, J.-A., Taylor, D.A., Curran, J.M., Kruijver, M., Gill, P., 
Budowle, B. and Cheng, K., (2020) Are low LRs reliable? Forensic Science International: 
Genetics, 49, p.102350. 

Budowle, B., Ge, J. and Sajantila, A., (2022) A prospective cost–benefit analysis for nylon 
4N6FLOQSwabs®: example of the process and potential benefits. International Journal of 
Legal Medicine, 1366, pp.1541–1549. 

Bureau, C.F.P. and Bureau, N.C.R., (2020) Finger Prints in India 2020. 

Burke, T. and Bruford, M.W., (1987) DNA fingerprinting in birds. Nature, 3276118, pp.149–
152. 

Burmuzoska, I., Hogg, K., Raymond, J., Hitchcock, C. and Meakin, G.E., (2022) Comparison of 
operational DNA recovery methods: Swabs versus tapelifts. Forensic Science International: 
Genetics Supplement Series, 8, pp.50–52. 

Burns, K.J. and Shultz, A.J., (2012) Widespread Cryptic Dichromatism and Ultraviolet 
Reflectance in the Largest Radiation of Neotropical Songbirds: Implications of Accounting for 
Avian Vision in the Study of Plumage Evolution. https://doi.org/10.1525/auk.2012.11182, 
1292, pp.211–221. 

Burrill, J., Daniel, B. and Frascione, N., (2019) A review of trace “Touch DNA” deposits: 
Variability factors and an exploration of cellular composition. Forensic Science International: 
Genetics, 39May 2018, pp.8–18. 

Burrill, J., Hotta, R., Daniel, B. and Frascione, N., (2021a) Accumulation of endogenous and 
exogenous nucleic acids in “Touch DNA” components on hands. ELECTROPHORESIS, 4216, 
pp.1594–1604. 

Burrill, J., Rammenou, E., Alawar, F., Daniel, B. and Frascione, N., (2021b) Corneocyte lysis 
and fragmented DNA considerations for the cellular component of forensic touch DNA. 
Forensic Science International. Genetics, 51, p.102428. 

Büscher, B., (2018) From Biopower to Ontopower? Violent Responses to Wildlife Crime and 
the New Geographies of Conservation. Conservation and Society, 162, pp.157–169. 

van Buuren, S. and Groothuis-Oudshoorn, K., (2011) mice: Multivariate Imputation by 
Chained Equations   in R. Journal of Statistical Software, 453, pp.1–67. 

BVDA, (2024) Gellifters product information. 

C4ADS, (2024) C4ADS Wildlife Seizure Dashboard. [online] Available at: 
https://wildlifedashboard.c4ads.org/over_time [Accessed 25 Jun. 2023]. 

Cadd, S., Islam, M., Manson, P. and Bleay, S., (2015) Fingerprint composition and aging: A 
literature review. Science & Justice, 554, pp.219–238. 

Campbell, A., (2011) The Fingerprint Inquiry Report. 

Caniglia, R., Fabbri, E., Greco, C., Galaverni, M. and Randi, E., (2010) Forensic DNA against 
wildlife poaching: Identification of a serial wolf killing in Italy. Forensic Science International: 
Genetics, 45, pp.334–338. 



248 
 

Cardinali, I., Tancredi, D. and Lancioni, H., (2023) The Revolution of Animal Genomics in 
Forensic Sciences. International Journal of Molecular Sciences, 2410, p.8821. 

Cardoso, P., Amponsah-Mensah, K., Barreiros, J.P., Bouhuys, J., Cheung, H., Davies, A., 
Kumschick, S., Longhorn, S.J., Martínez-Muñoz, C.A., Morcatty, T.Q., Peters, G., Ripple, W.J., 
Rivera-Téllez, E., Stringham, O.C., Toomes, A., Tricorache, P. and Fukushima, C.S., (2021) 
Scientists’ warning to humanity on illegal or unsustainable wildlife trade. Biological 
Conservation, 263, p.109341. 

Cartwright, A. and Roach, J., (2022) A price paid? A review of the research on the impact of 
investigating serious crime on the wellbeing of police staff. The Police Journal, 951, pp.109–
126. 

Cavanaugh, S.E. and Bathrick, A.S., (2018) Direct PCR amplification of forensic touch and 
other challenging DNA samples: A review. Forensic Science International: Genetics, 32, 
pp.40–49. 

Ceballos, G., Ehrlich, P.R., Barnosky, A.D., Garcia, A., Pringle, R.M. and Palmer, T., (2015) 
Accelerated modern human–induced species losses: Entering the sixth mass extinction. Sci 
Adv. 

Ceccato, V. and Uittenbogaard, A., (2013) Environmental and Wildlife Crime in Sweden. 
[online] Available at: https://kb.osu.edu/handle/1811/58848 [Accessed 4 Oct. 2023]. 

Cerling, T.E., Barnette, J.E., Chesson, L.A., Douglas-Hamilton, I., Gobush, K.S., Uno, K.T., 
Wasser, S.K. and Xu, X., (2016) Radiocarbon dating of seized ivory confirms rapid decline in 
African elephant populations and provides insight into illegal trade. Proc Natl Acad Sci U S A, 
11347, pp.13330–13335. 

Chadwick, S., Cvetanovski, M., Ross, M., Sharp, A. and Moret, S., (2021) Comparison of NIR 
powders to conventional fingerprint powders. Forensic Science International, 328, p.111023. 

Chadwick, S., Moret, S., Jayashanka, N., Lennard, C., Spindler, X. and Roux, C., (2018) 
Investigation of some of the factors influencing fingermark detection. Forensic Science 
International, 289, pp.381–389. 

Challender, D. and Waterman, C., (2017) Implementation of CITES decisions 17.239 b) and 
17.240 on Pangolins (Manis spp.). CITES Secretariat, September, p.128. 

Challender, D.W.S., Heinrich, S., Shepherd, C.R. and Katsis, L.K.D., (2020) International 
trade and trafficking in pangolins, 1900–2019. Pangolins: Science, Society and Conservation, 
pp.259–276. 

Champod, C., (2015) Fingerprint identification: advances since the 2009 National Research 
Council report. Philosophical Transactions of the Royal Society B: Biological Sciences, 
3701674, p.20140259. 

Champod, C., Lennard, C.J., Margot, P. and Stoilovic, M., (2016) Fingerprints and Other Ridge 
Skin Impressions. [online] Oxford, UNITED KINGDOM: Taylor & Francis Group. Available at: 
http://ebookcentral.proquest.com/lib/ljmu/detail.action?docID=4542949 [Accessed 20 Nov. 
2024]. 

Chan, A.H.J., Gardner, M.G. and Linacre, A., (2024) Visualisation and detection of latent DNA 
deposited by pangolin scales onto plastic packaging materials. Forensic Science 
International: Genetics, 68, p.102975. 



249 
 

Chowdhury, M., (2021) Beyond bagging and tagging — An empirical investigation into the 
roles, designations and responsibilities of crime scene practitioners. Science & Justice, 613, 
pp.271–279. 

CITES, (2023) Directory of Laboratories that Conduct Wildlife Forensic Testing. 

Cole, S.A., (2001) Suspect Identities: A History of Fingerprinting and Criminal Identification. 
[online] Cambridge, UNITED STATES: Harvard University Press. Available at: 
http://ebookcentral.proquest.com/lib/ljmu/detail.action?docID=3300479 [Accessed 31 Oct. 
2024]. 

Colella, O., Miller, M., Boone, E., Buffington‐Lester, S., Curran, F.J. and Simmons, T., (2020) 
The Effect of Time and Temperature on the Persistence and Quality of Latent Fingerprints 
Recovered from 60‐Watt Incandescent Light Bulbs. Journal of Forensic Sciences, 651, pp.90–
96. 

College of Policing, (2022) Wildlife Crime: Authorised professional practice. [online] Available 
at: https://www.college.police.uk/app/investigation/wildlife-crime [Accessed 29 Aug. 2024]. 

Comment, D., Gouy, A., Zingg, C. and Zieger, M., (2023) A holistic approach for the selection 
of forensic DNA swabs. Forensic Science International, 348, p.111737. 

Comte, J., Baechler, S., Gervaix, J., Lock, E., Milon, M.P., Delémont, O. and Castella, V., 
(2019) Touch DNA collection – Performance of four different swabs. Forensic Science 
International: Genetics, 43, p.102113. 

Cook, R., Evett, I.W., Jackson, G., Jones, P.J. and Lambert, J.A., (1998) A hierarchy of 
propositions: deciding which level to address in casework. Science & Justice, 384, pp.231–
239. 

Cooper, J.E., (2021) Wildlife Forensic Pathology. In: S.C. Underkoffler and H.R. Adams, eds., 
Wildlife Biodiversity Conservation: Multidisciplinary and Forensic Approaches. [online] 
Cham: Springer International Publishing, pp.211–286. Available at: 
https://doi.org/10.1007/978-3-030-64682-0_10 [Accessed 15 Jun. 2023]. 

Cornwell, S.J., Tay, J.W., Allan, R.K., Zoranjic, J., O’Rourke, N.J., Byard, G.B. and Rye, M.S., 
(2020) Evaluation of DNA Extraction Methods for Processing Fingerprint Powder-Coated 
Forensic Evidence. Journal of Forensic Sciences, 653, pp.960–965. 

Coutu, A.N., Whitelaw, G., le Roux, P. and Sealy, J., (2016) Earliest Evidence for the Ivory 
Trade in Southern Africa: Isotopic and ZooMS Analysis of Seventh–Tenth Century ad Ivory 
from KwaZulu-Natal. African Archaeological Review, 334, pp.411–435. 

Covington, A.D., (2009) Tanning Chemistry: The Science of Leather. Royal Society of 
Chemistry. 

Craddock, T.B. and Telesco, G., (2022) Police Stress and Deleterious Outcomes: Efforts 
Towards Improving Police Mental Health. Journal of Police and Criminal Psychology, 371, 
pp.173–182. 

Croxton, R.S., Baron, M.G., Butler, D., Kent, T. and Sears, V.G., (2010) Variation in amino acid 
and lipid composition of latent fingerprints. Forensic Science International, 1991, pp.93–102. 

Czarnecki, E.R., (2002) Development of prints on antlers and horns. Journal of Forensic 
Identification, 524, pp.433–437. 



250 
 

Czech, A., Gryszczyk, N., Szabelak, A. and Sowiński, A., (2020) Changes in Fingerprints and 
the Quantity of Material Forming the Print Depending on Hand Cleanliness, Gender, and 
Ambient Conditions. Journal of Forensic Sciences, 651, pp.84–89. 

Daly, D.J., Murphy, C. and McDermott, S.D., (2012) The transfer of touch DNA from hands to 
glass, fabric and wood. Forensic Science International: Genetics, 61, pp.41–46. 

Darby, A., Rogers, C.J., Greene, B., Parry, E., Wray, E. and Yang, J., (2015) Visualisation of 
Latent Fingerprint on Wild Bird Eggshells by Alternate Light Sources Following Superglue 
Fuming. Journal of Forensic Research, 0603. 

Date Chong, M. and Wallin, J., (2022) A single direct amplification method for forensic 
casework references on a variety of substrates. Forensic Science International: Reports, 5, 
p.100260. 

Davis, R.C. and Wells, W., (2019) DNA testing in sexual assault cases: When do the benefits 
outweigh the costs? Forensic Science International, 299, pp.44–48. 

Dawkins, J., Gautam, L., Bandey, H., Armitage, R. and Ferguson, L., (2020) The effect of paint 
type on the development of latent fingermarks on walls. Forensic Science International, 309, 
p.110186. 

De Paoli, G., Lewis Sr., S.A., Schuette, E.L., Lewis, L.A., Connatser, R.M. and Farkas, T., 
(2010) Photo- and Thermal-Degradation Studies of Select Eccrine Fingerprint Constituents. 
Journal of Forensic Sciences, 554, pp.962–969. 

Didarali, Z., Kuiper, T., Brink, C.W., Buij, R., Virani, M.Z., Reson, E.O. and Santangeli, A., 
(2022) Awareness of environmental legislation as a deterrent for wildlife crime: A case with 
Masaai pastoralists, poison use and the Kenya Wildlife Act. Ambio, 517, pp.1632–1642. 

Downham, R.P., Kelly, S. and Sears, V.G., (2015) Feasibility studies for fingermark 
visualisation on leather and artificial leather. Journal of Forensic Identification, 13865. 

Drozdowski, P., Rathgeb, C. and Busch, C., (2019) Computational workload in biometric 
identification systems: an overview. IET Biometrics, 86, pp.351–368. 

Duffy, R., (2022) Security and Conservation: The Politics of the Illegal Wildlife Trade. [online] 
Yale University Press. Available at: 
https://www.degruyter.com/document/doi/10.12987/9780300265156/html?lang=en 
[Accessed 27 Aug. 2024]. 

Duggan, P.M. and Newcomer, E., (2015) Working with Non-Governmental Organizations in 
Criminal Wildlife Cases. United States Attorneys’ Bulletin, 63, p.69. 

Dziak, R., Peneder, A., Buetter, A. and Hageman, C., (2018) Trace DNA Sampling Success 
from Evidence Items Commonly Encountered in Forensic Casework. Journal of Forensic 
Sciences, 633, pp.835–841. 

Enari, H., (2021) Human–Macaque Conflicts in Shrinking Communities: Recent 
Achievements and Challenges in Problem Solving in Modern Japan. Mammal Study, 462, 
pp.115–130. 

Engel, K., (2023) Uncovering the Invisible: Successes and Challenges for Wildlife Crime 
Prosecution in Europe: European Summary Report. Successful Wildlife Crime Prosecution in 
Europe. WWF. 



251 
 

Engler, M., Parry-Jones, R. and Europe, T., (2007) Opportunity or Threat: The Role of the 
European Union in Global Wildlife Trade. Brussels, Belgium. 

Environmental Investigation Agency, (2021) Notorious kingpin of wildlife crime syndicate 
jailed for 14 years in Malawi. [online] Environmental Investigation Agency. Available at: 
https://eia-international.org/press-releases/notorious-kingpin-of-wildlife-crime-syndicate-
jailed-for-14-years-in-malawi/ [Accessed 4 Jun. 2024]. 

Environmental Investigation Agency, (2024) Large ivory seizure in Mozambique comes amid 
worrying signs of increasing elephant poaching. [online] Available at: https://eia-
international.org/news/large-ivory-seizure-in-mozambique-comes-amid-worrying-signs-of-
increasing-elephant-poaching/ [Accessed 29 May 2024]. 

European Network of Forensic Science Institutes, (2021) Best Practice Manual for Scene of 
Crime Examination. 

European Union, (2009) Council framework Decision 2009/905/JHA of 30 November 2009 on 
Accreditation of forensic service providers carrying out laboratory activities. 

Evans, L., McCutcheon, A., Dennis, G., Mulley, R. and Wilson, M., (2005) Pore size analysis of 
fallow deer (Dama dama) antler bone. Journal of Material Science, 40, 5733-5739. Journal of 
Materials Science, 40, pp.5733–5739. 

Eveleigh, G., (2009) Development of latent fingerprints on reptile skin. Journal of Forensic 
Identification, 593, pp.285–296. 

Ezegbogu, M.O. and Omede, P.I.-O., (2023) The admissibility of fingerprint evidence: An 
African perspective. Canadian Society of Forensic Science Journal, 561, pp.23–41. 

Fagert, M., (2023) Analyzing Fingerprint Distortion as it Appears in Developed Eccrine and 
Sebaceous Impressions. Journal of Forensic Identification, 731, pp.71–107. 

Fairley, C., Bleay, S.M., Sears, V.G. and NicDaeid, N., (2012) A comparison of multi-metal 
deposition processes utilising gold nanoparticles and an evaluation of their application to 
‘low yield’ surfaces for finger mark development. Forensic Science International, 2171–3, 
pp.5–18. 

FATF, (2020) Money Laundering and the Illegal Wildlife Trade. [online] Paris, France: FATF. 
Available at: www.fatf-gafi.org/publications/methodandtrends/documents/money-
laundering-illegal-wildlife-trade.html. 

Federal Bureau of Investigation, (2024) 30-Year-Old Murder Solved. [Story] Federal Bureau of 
Investigation. Available at: https://www.fbi.gov/news/stories/30-year-old-murder-solved 
[Accessed 7 May 2024]. 

Ferguson, S., Nicholson, L., Farrugia, K., Bremner, D. and Gentles, D., (2013) A preliminary 
investigation into the acquisition of fingerprints on food. Science and Justice, 531, pp.67–72. 

Fieldhouse, S., (2011) Consistency and reproducibility in fingermark deposition. Forensic 
Science International, 2071–3, pp.96–100. 

Fieldhouse, S.J., (2015) An Investigation into the Effects of Force Applied During Deposition 
on Latent Fingermarks and Inked Fingerprints Using a Variable Force Fingerprint Sampler. 
Journal of Forensic Sciences, 602, pp.422–427. 



252 
 

Fonneløp, A.E., Ramse, M., Egeland, T. and Gill, P., (2017) The implications of shedder status 
and background DNA on direct and secondary transfer in an attack scenario. Forensic 
Science International: Genetics, 29, pp.48–60. 

Foreign, Commonwealth and Development Office, (2018) UK scientists develop new 
fingerprinting kit for poached ivory. Available at: 
https://blogs.fcdo.gov.uk/katechambers/2018/02/28/uk-scientists-develop-new-
fingerprinting-kit-for-poached-ivory/ [Accessed 21 Jun. 2023]. 

Forensic Capability Network, (2021) Forensics secures £28.6m in government funding. 
[online] Available at: https://www.fcn.police.uk/news/2020-02/forensics-secures-28m-
government-funding-boost. 

Forensic Science Regulator, (2013) Fingerprint examination: terminology, definitions and 
acronyms. January, pp.1–41. 

Formentão, L., Saraiva, A.S. and Marrero, A.R., (2021) DNA barcoding exposes the need to 
control the illegal trade of eggs of non-threatened parrots in Brazil. Conservation Genetics 
Resources, 133, pp.275–281. 

Forsyth, C., (2020) Fingerprint Identifications from Explicit Photographs Lead to Pedophile 
Convictions: Journal of Forensic Identification. Journal of Forensic Identification, 701, pp.17–
22. 

Frances Goodrum, Laura Castaño Martinez, and Kirsty Warren, (2023) System set to fail 
prosecuting wildlife crime. IFAW. 

Frick, A.A., Kummer, N., Moraleda, A. and Weyermann, C., (2020) Changes in latent 
fingermark glyceride composition as a function of sample age using UPLC-IMS-QToF-MSE. 
Analyst, 14512, pp.4212–4223. 

Gallop, A., (2020) If the UK cares about justice, it must fund forensic services properly. The 
Guardian. [online] Available at: 
https://www.theguardian.com/commentisfree/2020/feb/13/uk-justice-fund-forensic-
services-budget-cuts. 

Garofalo, R.L., Luisa, (2021) Wildlife Forensics: DNA Analysis in Wildlife Forensic 
Investigations. In: Forensic DNA Analysis. Apple Academic Press. 

Gaw, A. and Ramotowski, R., (2012) Lee and Gaensslen’s Advances in Fingerprint 
Technology. [online] Baton Rouge, UNITED STATES: Taylor & Francis Group. Available at: 
http://ebookcentral.proquest.com/lib/ljmu/detail.action?docID=1010256 [Accessed 15 Nov. 
2022]. 

Geddes, L., (2021) Forensic science rationing is putting justice at risk, says outgoing 
regulator. The Guardian. [online] Available at: https://www.theguardian.com/uk-
news/2021/feb/16/forensic-science-funding-cuts-putting-justice-at-risk-says-outgoing-
regulator. 

Ghosh, A., Basu, S., Jabin, G., Khatri, H., Singh, S.K., Maheswaran, G., Chandra, K. and 
Thakur, M., (2019) Wildlife forensics in voiding false offences: A case study to deal with 
unidentified cooked meat. Forensic Science International: Reports, 1May, p.100011. 



253 
 

Gil, R.R., Ruiz, B., Lozano, M.S. and Fuente, E., (2013) The role of crosslinking treatment on 
the pore structure and water transmission of biocollagenic materials. Journal of Applied 
Polymer Science, 1303, pp.1812–1822. 

Gill, P., Hicks, T., Butler, J.M., Connolly, E., Gusmão, L., Kokshoorn, B., Morling, N., van 
Oorschot, R.A.H., Parson, W., Prinz, M., Schneider, P.M., Sijen, T. and Taylor, D., (2020) DNA 
commission of the International society for forensic genetics: Assessing the value of forensic 
biological evidence - Guidelines highlighting the importance of propositions. Part II: 
Evaluation of biological traces considering activity level propositions. Forensic Science 
International: Genetics, 44, p.102186. 

Giovanelli, A., Garrido, R., Rocha, A. and Hessab, T., (2022) Touch DNA recovery from vehicle 
surfaces using different swabs. Journal of Forensic Sciences, 672, pp.707–711. 

Girod, A., Ramotowski, R. and Weyermann, C., (2012) Composition of fingermark residue: A 
qualitative and quantitative review. Forensic Science International, 2231–3, pp.10–24. 

Global Wildlife Program, (2018) Supporting and Building Capacity of Law Enforcement Agents 
through Conservation Oriented Policing Skills (COPS) in the TRIDOM Landscape of Southern 
Cameroon. 

Gomes, F.M., De Pereira, C.M.P., De Cássia Mariotti, K., Magaiver Pereira, T., Dos Santos, 
N.A. and Romão, W., (2023) Study of latent fingerprints – A review. Forensic Chemistry, 35, 
p.100525. 

Goodall, O., (2021) The Reality of Rural Crime: The unintended consequences of rural policy 
in the co-production of badger persecution and the illegal taking of deer. The British Journal 
of Criminology, pp.1–21. 

Goray, M., Eken, E., Mitchell, R.J. and van Oorschot, R.A.H., (2010) Secondary DNA transfer 
of biological substances under varying test conditions. Forensic Science International. 
Genetics, 42, pp.62–67. 

Goray, M., Fowler, S., Szkuta, B. and van Oorschot, R.A.H., (2016) Shedder status—An 
analysis of self and non-self DNA in multiple handprints deposited by the same individuals 
over time. Forensic Science International: Genetics, 23, pp.190–196. 

Gosch, A. and Courts, C., (2019) On DNA transfer: The lack and difficulty of systematic 
research and how to do it better. Forensic Science International: Genetics, 40, pp.24–36. 

Gouda, S., Kerry, R.G., Das, A. and Chauhan, N.S., (2020) Wildlife forensics: A boon for 
species identification and conservation implications. Forensic Science International, 317, 
p.110530. 

Grierson, J., (2024) Seven Aldabra giant tortoises found dead in woodland near Exeter. The 
Guardian. [online] 16 Jan. Available at: https://www.theguardian.com/uk-
news/2024/jan/16/aldabra-giant-tortoises-found-dead-woodland-near-exeter [Accessed 6 
May 2024]. 

Guo, G., Ray, A., Izydorczak, M., Goldfeder, J., Lipson, H. and Xu, W., (2024) Unveiling intra-
person fingerprint similarity via deep contrastive learning. Science Advances, 102, 
p.eadi0329. 



254 
 

Gupta, S.K., Bhagavatula, J., Thangaraj, K. and Singh, L., (2011) Establishing the identity of 
the massacred tigress in a case of wildlife crime. Forensic Science International: Genetics, 
51, pp.74–75. 

Gürbüz, S., Özmen Monkul, B., İpeksaç, T., Gürtekin Seden, M. and Erol, M., (2015) A 
Systematic Study to Understand the Effects of Particle Size Distribution of Magnetic 
Fingerprint Powders on Surfaces with Various Porosities. Journal of Forensic Sciences, 603, 
pp.727–736. 

Haas, T.C., (2023) Adapting cybersecurity practice to reduce wildlife cybercrime. Journal of 
Cybersecurity, 91, p.tyad004. 

Haertel, M.E.M., Linhares, E.J. and Melo, A.L., (2021) Smartphones for latent fingerprint 
processing and photography: A revolution in forensic science. WIREs Forensic Science, 
[online] 36. Available at: https://onlinelibrary.wiley.com/doi/10.1002/wfs2.1410 [Accessed 
28 Nov. 2022]. 

Hagan, A.O. and Green, S., (2018) Crime scene to court : a study on finger-mark aging. 
6Figure 1, pp.491–503. 

Hall, L.M., Willcox, M.S. and Jones, D.S., (1997) Association of Enzyme Inhibition with 
Methods of Museum Skin Preparation. BioTechniques, 225, pp.928–934. 

Hammer, J., (2021) The Falcon Thief: A True Tale of Adventure, Treachery, and the Hunt for the 
Perfect Bird. Simon and Schuster. 

Hansson, O., Finnebraaten, M., Heitmann, I.K., Ramse, M. and Bouzga, M., (2009) Trace DNA 
collection—Performance of minitape and three different swabs. Forensic Science 
International: Genetics Supplement Series, 21, pp.189–190. 

Hartless, S., Walton-Williams, L. and Williams, G., (2019) Critical evaluation of touch DNA 
recovery methods for forensic purposes. Forensic Science International: Genetics 
Supplement Series, 71, pp.379–380. 

Harush-Brosh, Y., Hefetz, I., Hauzer, M., Mayuoni-Kirshenbaum, L., Mashiach, Y., Faerman, 
M. and Levin-Elad, M., (2020) Clean and clear (out): A neat method for the recovery of latent 
fingermarks from crime-scenes. Forensic Science International, 306, p.110049. 

Haskell, H., (2010) Introduction. In: K.J. Busam, ed., Dermatopathology, Foundations in 
Diagnostic Pathology. [online] Philadelphia: W.B. Saunders, pp.1–8. Available at: 
https://www.sciencedirect.com/science/article/pii/B9780443066542000184 [Accessed 30 
Oct. 2024]. 

Hausmann, F., Arnold, K.E., Marshall, N.J. and Owens, I.P.F., (2003) Ultraviolet signals in 
birds are special. Proceedings of the Royal Society of London. Series B: Biological Sciences, 
2701510, pp.61–67. 

Hebenstreitova, K., Salaba, O., Trubac, J., Kufnerova, J. and Vanek, D., (2024) The Influence 
of Tanning Chemical Agents on DNA Degradation: A Robust Procedure for the Analysis of 
Tanned Animal Hide—A Pilot Study. Life, 141, p.147. 

Hedman, J., Akel, Y., Jansson, L., Hedell, R., Wallmark, N., Forsberg, C. and Ansell, R., 
(2021a) Enhanced forensic DNA recovery with appropriate swabs and optimized swabbing 
technique. Forensic Science International: Genetics, 53March, p.102491. 



255 
 

Hedman, J., Akel, Y., Jansson, L., Hedell, R., Wallmark, N., Forsberg, C. and Ansell, R., 
(2021b) Enhanced forensic DNA recovery with appropriate swabs and optimized swabbing 
technique. Forensic Science International: Genetics, 53, p.102491. 

Heeks, M., Reed, S., Tafsiri, M. and Prince, S., (2018) The economic and social costs of crime 
second edition. [online] UK Home Office. Available at: 
https://www.gov.uk/government/publications/the-economic-and-social-costs-of-crime 
[Accessed 17 Jan. 2025]. 

Hefetz, I., Einot, N., Faerman, M., Horowitz, M. and Almog, J., (2019) Touch DNA: The effect of 
the deposition pressure on the quality of latent fingermarks and STR profiles. Forensic 
Science International: Genetics, 38October 2018, pp.105–112. 

Heinrich, S., Ross, J.V. and Cassey, P., (2019) Of cowboys, fish, and pangolins: US trade in 
exotic leather. Conservation Science and Practice, 18, pp.1–10. 

Heinrich, S., Ross, J.V., Gray, T.N.E., Delean, S., Marx, N. and Cassey, P., (2020) Plight of the 
commons: 17 years of wildlife trafficking in Cambodia. Biological Conservation, 241, 
p.108379. 

Hiby, L., Lovell, P., Patil, N., Kumar, N.S., Gopalaswamy, A.M. and Karanth, K.U., (2009) A 
tiger cannot change its stripes: Using a three-dimensional model to match images of living 
tigers and tiger skins. Biology Letters, 53, pp.383–386. 

Hicklin, R.A., Ulery, B.T., Ausdemore, M. and Buscaglia, J., (2020) Why do latent fingerprint 
examiners differ in their conclusions? Forensic Science International, 316, p.110542. 

Hieronymus, T.L., Witmer, L.M. and Ridgely, R.C., (2006) Structure of white rhinoceros 
(Ceratotherium simum) horn investigated by X-ray computed tomography and histology with 
implications for growth and external form. Journal of Morphology, 26710, pp.1172–1176. 

HM Inspectorate of Prisons, (2024) Efficiency spotlight report: The impact of recruitment and 
retention on the criminal justice system – HM Inspectorate of Prisons. [online] Available at: 
https://hmiprisons.justiceinspectorates.gov.uk/hmipris_reports/efficiency-spotlight-report-
the-impact-of-recruitment-and-retention-on-the-criminal-justice-system/ [Accessed 17 Sep. 
2024]. 

Hockey, D., Dove, A. and Kent, T., (2021) Guidelines for the use and statistical analysis of the 
Home Office fingermark grading scheme for comparing fingermark development techniques. 
Forensic Science International, 318, p.110604. 

Holder, E.H., Robinson, L.O. and Laub, J.H., (2011) The Fingerprint SourceBook. Washington 
DC: U.S. Dept of Justice, Office of Justice Programs, National Institute of Justice. 

Homberger, D.G., Ham, K., Ogunbakin, T., Bonin, J.A., Hopkins, B.A., Osborn, M.L., Hossain, 
I., Barnett, H.A., Matthews II, K.L., Butler, L.G. and Bragulla, H.H., (2009) The structure of the 
cornified claw sheath in the domesticated cat (Felis catus): implications for the claw-
shedding mechanism and the evolution of cornified digital end organs. Journal of Anatomy, 
2144, pp.620–643. 

Home Office, (2022) Fingermark Visulisation Manual: Second Edition 2022. 2nd ed. 

Hong, S., Park, J.H., Park, J.H., Oh, H. byeol, Choi, E.J., Cho, I.H. and Mok, Y.J., (2019) 
Development of Latent Fingermarks on Surfaces of Food-A More Realistic Approach. Journal 
of Forensic Sciences, 644, pp.1040–1047. 



256 
 

Hou, D.F., Zhou, G.S. and Zheng, M., (2004) Conch shell structure and its effect on 
mechanical behaviors. Biomaterials, 254, pp.751–756. 

Hutchinson, A., Camino-Troya, M. and Watt, T., (2023) Global scoping of wildlife crime 
offences, penalties, and statistics. Global Journal of Animal Law, [online] 11. Available at: 
https://ojs.abo.fi/ojs/index.php/gjal/article/view/1810 [Accessed 15 Aug. 2024]. 

IFAW, (2022) Olgulului Community Wildlife Rangers trained as first responders. IFAW. 
[online] 25 Apr. Available at: https://www.ifaw.org/uk/news/community-rangers-wildlife-
crime-training [Accessed 8 Jul. 2024]. 

International Fund for Animal Welfare, (2021) Disrupting illegal wildlife trade through training. 

INTERPOL, (2021a) DNA. [online] Available at: https://www.interpol.int/en/How-we-
work/Forensics/DNA. 

INTERPOL, (2021b) Fingerprints. [online] Available at: https://www.interpol.int/en/How-we-
work/Forensics/Fingerprints. 

INTERPOL, (2023) 2,114 seizures of endangered animals and timber in major international 
law enforcement operation. [online] Available at: https://www.interpol.int/en/News-and-
Events/News/2023/2-114-seizures-of-endangered-animals-and-timber-in-major-
international-law-enforcement-operation [Accessed 8 Jul. 2024]. 

Jaeckle, W.B., Kiefer, M., Childs, B., Harper, R.G., Rivers, J.W. and Peer, B.D., (2012) 
Comparison of eggshell porosity and estimated gas flux between the brown-headed cowbird 
and two common hosts. Journal of Avian Biology, 436, pp.486–490. 

Jansson, L., Akel, Y., Eriksson, R., Lavander, M. and Hedman, J., (2020) Impact of swab 
material on microbial surface sampling. Journal of Microbiological Methods, 176July, 
p.106006. 

Jansson, L., Siti, C., Hedell, R., Forsberg, C., Ansell, R. and Hedman, J., (2024) Assessing the 
consistency of shedder status under various experimental conditions. Forensic Science 
International: Genetics, [online] 69. Available at: https://www.fsigenetics.com/article/S1872-
4973(23)00177-1/fulltext [Accessed 7 Dec. 2024]. 

Jansson, L., Swensson, M., Gifvars, E., Hedell, R., Forsberg, C., Ansell, R. and Hedman, J., 
(2022) Individual shedder status and the origin of touch DNA. Forensic Science International: 
Genetics, 56, p.102626. 

Jasuja, O.P., Toofany, M.A., Singh, G. and Sodhi, G.S., (2009) Dynamics of latent fingerprints: 
The effect of physical factors on quality of ninhydrin developed prints - A preliminary study. 
Science and Justice, 491, pp.8–11. 

Jelly, R., Patton, E.L.T., Lennard, C., Lewis, S.W. and Lim (), K.F., (2009) The detection of 
latent fingermarks on porous surfaces using amino acid sensitive reagents: A review. 
Analytica Chimica Acta, 6521–2, pp.128–142. 

Jilala, W. and Lwoga, N., (2022) A brief history of forensic services in Tanzania: Current 
challenges and mitigation efforts. Forensic Science International: Synergy, 4, p.100227. 

Jobling, M.A. and Gill, P., (2004) Encoded evidence: DNA in forensic analysis. Nature Reviews 
Genetics, 510, pp.739–751. 



257 
 

Johannessen, H., Gill, P., Roseth, A. and Fonneløp, A.E., (2021) Determination of shedder 
status: A comparison of two methods involving cell counting in fingerprints and the DNA 
analysis of handheld tubes. Forensic Science International: Genetics, 53, p.102541. 

Johnson, R.N., Wilson-Wilde, L. and Linacre, A., (2014) Current and future directions of DNA 
in wildlife forensic science. Forensic Science International: Genetics, 101, pp.1–11. 

Kaiser, D., Bacher, S., Mène‐Saffrané, L. and Grabenweger, G., (2019) Efficiency of natural 
substances to protect Beauveria bassiana conidia from UV radiation. Pest Management 
Science, 752, pp.556–563. 

Kanokwongnuwut, P., Martin, B., Kirkbride, K.P. and Linacre, A., (2018) Shedding light on 
shedders. Forensic Science International: Genetics, 36, pp.20–25. 

Kaplan, J., Ling, S. and Cuellar, M., (2020) Public beliefs about the accuracy and importance 
of forensic evidence in the United States. Science & Justice, 603, pp.263–272. 

Keisar, O., Cohen, Y., Finkelstein, Y., Kostirya, N., Ben-David, R., Danon, A., Porat, Z. and 
Almog, J., (2019) Measuring the water content in freshly-deposited fingermarks. Forensic 
Science International, 294, pp.204–210. 

Kelty, S.F., Julian, R. and Robertson, J., (2011) Professionalism in Crime Scene Examination: 
The Seven Key Attributes of Top Crime Scene Examiners. Forensic Science Policy & 
Management: An International Journal, 24, pp.175–186. 

Kelty, S.F., Ribaux, O. and Robertson, J., (2023) Identifying the critical skillset of top crime 
scene examiners: Why this matters and why agencies should develop top performers. WIREs 
Forensic Science, 55, p.e1494. 

Kelty, S.F., Robertson, J. and Julian, R., (2017) Beyond Technical Training to Professionalism 
in Crime Scene Examination: Enhancing Cognitive, Leadership, and Social Abilities in Career 
Development Programs. Forensic Science Policy & Management: An International Journal, 
83–4, pp.65–78. 

Kent, T., (2016) Water content of latent fingerprints – Dispelling the myth. Forensic Science 
International, 266, pp.134–138. 

Kim, Y., Choi, W., Choi, E.J., Jeon, B., Kim, J., Park, G.H., Huang, Y., Wufuer, M., Jin, X., Kim, 
M.O., Xu, L., Piao, Y.L., Park, J.H., Kim, W.-K. and Choi, T.H., (2019) Evaluation of fatty acids 
in groomed fingerprint by gas chromatographic analysis using various extraction solvents and 
treatment methods. Journal of Analytical Science and Technology, 101, p.29. 

Kirgiz, I.A. and Calloway, C., (2017) Increased recovery of touch DNA evidence using FTA 
paper compared to conventional collection methods. Journal of Forensic and Legal 
Medicine, 47, pp.9–15. 

Kirkinen, T., Honka, J., Salazar, D., Kvist, L., Saastamoinen, M. and Hemmann, K., (2022) 
Determination of different predictors affecting DNA concentration isolated from historical 
hairs of the Finnhorse. Journal of Archaeological Science: Reports, 41, p.103262. 

Kitpipit, T., Penchart, K., Ouithavon, K., Satasook, C., Linacre, A. and Thanakiatkrai, P., (2016) 
A novel real time PCR assay using melt curve analysis for ivory identification. Forensic Sci Int, 
267, pp.210–217. 



258 
 

Klučáková, M. and Pekař, M., (2005) Solubility and dissociation of lignitic humic acids in 
water suspension. Colloids and Surfaces A: Physicochemical and Engineering Aspects, 
2522, pp.157–163. 

Kokshoorn, B., Blankers, B.J., de Zoete, J. and Berger, C.E.H., (2017) Activity level DNA 
evidence evaluation: On propositions addressing the actor or the activity. Forensic Science 
International, 278, pp.115–124. 

Kumar, P., Gupta, R., Singh, R. and Jasuja, O.P., (2015) Effects of latent fingerprint 
development reagents on subsequent forensic DNA typing: A review. Journal of Forensic and 
Legal Medicine, 32, pp.64–69. 

Kupferschmid, E., Schwarz, L. and Champod, C., (2010) Development of standardized test 
strips as a process control for the detection of latent fingermarks using physical developers. 
Journal of Forensic Identification, 606, pp.639–655. 

Kurland, J., Pires, S.F., McFann, S.C. and Moreto, W.D., (2017) Wildlife crime: a conceptual 
integration, literature review, and methodological critique. Crime Science, 61, p.4. 

Kyando, M., Ikanda, D. and Røskaft, E., (2017) Hotspot elephant-poaching areas in the 
Eastern Selous Game Reserve, Tanzania. African Journal of Ecology, 553, pp.365–371. 

La Rocca, R., Pitman, R., Shahbazi, S., Lópes, T., Dallerba, E., Massi, M., Smith, G.D. and 
Lewis, S.W., (2024) Preliminary investigations into the use of the ancient pigments Han blue 
and Han purple as luminescent dusting powders for the detection of latent fingermarks. 
Forensic Science International, 362, p.112172. 

Lam, W.Y., Phung, C.-C., Mat, Z.A., Jamaluddin, H., Sivayogam, C.P., Zainal Abidin, F.A., 
Sulaiman, A., Cheok, M.K.Y., Osama, N.A.W., Sabaan, S., Abu Hashim, A.K., Booton, M.D., 
Harihar, A., Clements, G.R. and Pickles, R.S.A., (2023) Using a crime prevention framework 
to evaluate tiger counter-poaching in a Southeast Asian rainforest. Frontiers in Conservation 
Science, 4. 

Lange, E. and Carlysle-Davies, F., (2024) Presumptive drug identification by ninhydrin 
fingerprint analysis. Forensic Chemistry, [online] 40. Available at: 
https://www.sciencedirect.com/science/article/pii/S2468170924000493 [Accessed 13 Nov. 
2024]. 

Lawson, T.F., (2003) Can Fingerprints Lie: Re-Weighing Fingerprint Evidence in Criminal Jury 
Trials. American Journal of Criminal Law, 31, p.1. 

Lee, H.C. and Pagliaro, E.M., (2013) Forensic Evidence and Crime Scene Investigation. 
Journal of Forensic Investigation, 12. 

Lee, L.Y.C., Tan, J., Lee, Y.S. and Syn, C.K.-C., (2023) Shedder status—An analysis over time 
and assessment of various contributing factors. Journal of Forensic Sciences, 684, pp.1292–
1301. 

Lemaître, S. and Hervé-Fournereau, N., (2020) Fighting Wildlife Trafficking: An Overview of 
the EU’s Implementation of Its Action Plan Against Wildlife Trafficking. Journal of 
International Wildlife Law and Policy, 231, pp.62–81. 

Li, B.W., Zhao, H.P., Feng, X.Q., Guo, W.W. and Shan, S.C., (2010) Experimental study on the 
mechanical properties of the horn sheaths from cattle. Journal of Experimental Biology, 
2133, pp.479–486. 



259 
 

Li, T., Xin, R., Wang, D., Yuan, L., Wu, D. and Wu, X., (2023) Research Progress on the 
Applications of Seashell Adsorption Behaviors in Cement-Based Materials. Buildings, 135, 
p.1289. 

Lillywhite, H.B. and Stein, B.R., (2009) Surface sculpturing and water retention of elephant 
skin. Journal of Zoology, 211, pp.727–734. 

Lin, S.-W., Ip, S.C.Y., Lam, T.-T., Tan, T.-F., Yeung, W.-L. and Tam, W.-M., (2017) 
Compatibility of DNA IQTM, QIAamp® DNA Investigator, and QIAsymphony® DNA Investigator® 
with various fingerprint treatments. International Journal of Legal Medicine, 1312, pp.293–
301. 

Ling, S., Kaplan, J. and Berryessa, C.M., (2021) The importance of forensic evidence for 
decisions on criminal guilt. Science & Justice, 612, pp.142–149. 

Lohar, S., Aseri, V., Godara, V., Kumari, P., Nagar, V., Pandit, P.P., Chopade, R.L., Singh, A., 
Awasthi, K.K., Sankhla, M.S., Kaur, N. and Singh, G.K., (2022) Comparative study of 
development of latent fingerprint by using cost effective waste materials. Materials Today: 
Proceedings, 68, pp.848–853. 

Loveday, B., (2000) Managing Crime: Police Use of Crime Data as an Indicator of 
Effectiveness. International Journal of the Sociology of Law, 283, pp.215–237. 

Lowe, A., Murray, C., Whitaker, J., Tully, G. and Gill, P., (2002) The propensity of individuals to 
deposit DNA and secondary transfer of low level DNA from individuals to inert surfaces. 
Forensic Science International, 1291, pp.25–34. 

Lynch, M.J., Stretesky, P.B. and Long, M.A., (2020) Wildlife officer enforcement activities in 
Colorado, 2005-2014. Human Dimensions of Wildlife, 256, pp.544–559. 

Machado, H. and Granja, R., (2020) DNA Databases and Big Data. In: Forensic Genetics in 
the Governance of Crime. pp.57–70. 

Madden, K.K., Rozhon, G.C. and Dwyer, J.F., (2019) Conservation Letter: Raptor Persecution. 
Journal of Raptor Research, 532, pp.230–233. 

Maloney, M.S., (2017) Friction Ridge Evidence. In: Death Scene Investigation, 2nd ed. CRC 
Press. 

Mancera, K., Murray, P.J., Gao, Y.N., Lisle, A. and Phillips, C.J.C., (2014) The effects of 
simulated transport on the behaviour of eastern blue tongued lizards (Tiliqua scincoides). 
Animal Welfare, 233, pp.239–249. 

Manoli, P., Antoniou, A., Bashiardes, E., Xenophontos, S., Photiades, M., Stribley, V., Mylona, 
M., Demetriou, C. and Cariolou, M.A., (2016) Sex-specific age association with primary DNA 
transfer. International Journal of Legal Medicine, 1301, pp.103–112. 

Marijnen, E., (2017) The ‘green militarisation’ of development aid: the European Commission 
and the Virunga National Park, DR Congo. Third World Quarterly, 387, pp.1566–1582. 

Martins, A.F., Bennett, N.C., Clavel, S., Groenewald, H., Hensman, S., Hoby, S., Joris, A., 
Manger, P.R. and Milinkovitch, M.C., (2018) Locally-curved geometry generates bending 
cracks in the African elephant skin. Nature Communications, 91, p.3865. 



260 
 

Massé, F., Givá, N. and Lunstrum, E., (2021) A feminist political ecology of wildlife crime: The 
gendered dimensions of a poaching economy and its impacts in Southern Africa. Geoforum, 
126, pp.205–214. 

Mayer, C.-H., (2019) Combating Wildlife Crime in South Africa: Using Gelatine Lifters for 
Forensic Trace Recovery. Springer Briefs in Criminology. SpringerBriefs in Criminology. New 
York: Springer. 

McAndrew, W.P., Speaker, P.J. and Houck, M.M., (2023) Interpol review of forensic 
management, 2019–2022. Forensic Science International: Synergy, 6, p.100301. 

Mcleish, K., Ferguson, S., Gannicliffe, C., Campbell, S., Thomson, P.I.T. and Webster, L.M.I., 
(2018) Profiling in wildlife crime: Recovery of human DNA deposited outside. Forensic 
Science International: Genetics, 35December 2017, pp.65–69. 

McMorris, H., Farrugia, K. and Gentles, D., (2015) An investigation into the detection of latent 
marks on the feathers and eggs of birds of prey. Science and Justice, 552, pp.90–96. 

McMorris, H., Sturrock, K., Gentles, D., Jones, B.J. and Farrugia, K.J., (2019) Environmental 
effects on magnetic fluorescent powder development of fingermarks on bird of prey feathers. 
Science and Justice, 592, pp.117–124. 

Meakin, G.E., Kokshoorn, B., van Oorschot, R.A.H. and Szkuta, B., (2021) Evaluating forensic 
DNA evidence: Connecting the dots. WIREs Forensic Science, 34, p.e1404. 

Meixner, E., Kallupurackal, V., Kratzer, A., Voegeli, P., Thali, M.J. and Bolliger, S.A., (2020) 
Persistence and detection of touch DNA and blood stain DNA on pig skin exposed to water. 
Forensic Science, Medicine, and Pathology, 162, pp.243–251. 

Memon, S.MZ., Wamala, R. and Kabano, I.H., (2023) A comparison of imputation methods for 
categorical data. Informatics in Medicine Unlocked, 42, p.101382. 

Merwyn, F., Agarwal, S., Gautam, A. and Badola, S., (2020) Wildlife Crime Scene 
Management and Forensic Evidence Collection. Training Manual. 

Miller, M., Philpott, M.K., Olsen, A., Tootham, M., Yadavalli, V.K. and Ehrhardt, C.J., (2021) 
Technical note: Survey of extracellular and cell-pellet-associated DNA from ’touch’/trace 
samples. Forensic Science International, 318, p.110557. 

Millins, C., Howie, F., Everitt, C., Shand, M. and Lamm, C., (2014) Analysis of suspected 
wildlife crimes submitted for forensic examinations in Scotland. Forensic Sci Med Pathol, 
103, pp.357–362. 

Mil’shtein, S. and Doshi, U., (2004) Scanning the pressure-induced distortion of fingerprints. 
Scanning, 266, pp.270–272. 

Mirzaei, A., Carter, S.R., Patanwala, A.E. and Schneider, C.R., (2022) Missing data in surveys: 
Key concepts, approaches, and applications. Research in Social and Administrative 
Pharmacy, 182, pp.2308–2316. 

Mistek, E., Fikiet, M.A., Khandasammy, S.R. and Lednev, I.K., (2019) Toward Locard’s 
Exchange Principle: Recent Developments in Forensic Trace Evidence Analysis. Analytical 
Chemistry, 911, pp.637–654. 



261 
 

Mohammed, E.S.I., Madkour, F.A., Zayed, M., Radey, R., Ghallab, A. and Hassan, R., (2022) 
Comparative histological analysis of the skin for forensic investigation of some animal 
species. EXCLI Journal, 21, pp.1286–1298. 

Monkman, H., van Oorschot, R.A.H. and Goray, M., (2022) Is there human DNA on cats. 
Forensic Science International: Genetics Supplement Series, 8, pp.145–146. 

Monkman, H., Szkuta, B. and van Oorschot, R.A.H., (2023) Presence of Human DNA on 
Household Dogs and Its Bi-Directional Transfer. Genes, 147, p.1486. 

Moorat, G., Reed, J., Bleay, S., Amaral, M.A., Chappell, B., Pamment, N., Plowman, C. and 
Smith, P.A., (2020) The visualisation of fingermarks on Pangolin scales using gelatine lifters. 
Forensic Science International, 313, p.110221. 

Moore, M.K. and Frazier, K., (2019) Humans Are Animals, Too: Critical Commonalities and 
Differences Between Human and Wildlife Forensic Genetics. Journal of Forensic Sciences, 
646, pp.1603–1621. 

Moorhouse, T.P., Elwin, A., Ye, Y.-C., Zhou, Z.-M., Cruze, N.C.D. and Macdonald, D.W., 
(2021) Beyond the Pharmacopoeia: To what extent is trade for “TCM” limited to official TCM 
taxa? Global Ecology and Conservation, 32, p.e01906. 

Moraleda Merlo, A.B., Roux, C., Bécue, A. and Weyermann, C., (2023) A comparison of the 
natural and groomed fingermark lipid composition of different donors using GC/MS. Forensic 
Science International, 348, p.111709. 

Mordini, E., (2017) Ethics and Policy of Forensic Biometrics. In: M. Tistarelli and C. Champod, 
eds., Handbook of Biometrics for Forensic Science. [online] Cham: Springer International 
Publishing, pp.353–365. Available at: https://doi.org/10.1007/978-3-319-50673-9_16. 

Morgan, R.M. and Levin, E.A., (2019) A crisis for the future of forensic science: Lessons from 
the UK of the importance of epistemology for funding research and development. Forensic 
Science International: Synergy, 1, pp.243–252. 

Moses, Kenneth R, Higgins, Peter, McCabe, Michael, Probhakar, Salil, and Swann, Scott, 
(2011) Automated Fingerprint Identification System (AFIS). In: Fingerprint Sourcebook. 
[online] National Insitute of Justice. Available at: https://www.ojp.gov/ncjrs/virtual-
library/abstracts/fingerprint-sourcebook-chapter-6-automated-fingerprint [Accessed 15 Jun. 
2023]. 

Mountfort, K.A., Bronstein, H., Archer, N. and Jickells, S.M., (2007) Identification of Oxidation 
Products of Squalene in Solution and in Latent Fingerprints by ESI-MS and LC/APCI-MS. 
Analytical Chemistry, 797, pp.2650–2657. 

Murray, J., Muttaqin, E., Jessop, C., Prasetyo, A. and Agung, F., (2023) Illegal Wildlife Trade 
(IWT) Challenge Fund Final Report: Building capacity to reduce illegal trade of shark products 
in Indonesia. 

National Crimes Record Bureau, (2021) Fingerprints in India 2021. Government of India. 

National Institute of Standards and Technology, (2014) Fingerprint Minutiae Viewer (FpMV). 
Available at: https://www.nist.gov/services-resources/software/fingerprint-minutiae-viewer-
fpmv [Accessed 11 May 2023]. 



262 
 

National Research Council, (2009) Strengthening Forensic Science in the United States: A 
Path Forward. [online] Washington DC: The Nationl Academies Press. Available at: 
https://www.crimrxiv.com/pub/z6cvxsr8 [Accessed 7 May 2024]. 

National Wildlife Crime Unit, (2020) Strategic Assessment – UK Wildlife Crime 2020 - 2022. 
National Wildlife Crime Unit. 

National Wildlife Crime Unit, (2023) Wildlife detectives take part in new Forensics Training 
programme. Available at: https://www.nwcu.police.uk/news/wildlife-crime-press-
coverage/wildlife-detectives-take-part-in-new-forensics-training-programme/ [Accessed 29 
Aug. 2024]. 

Needham, M., Fieldhouse, S., Morris, W., Wheeler, J. and Nicholls, G., (2022) Collaborative 
practise in forensic science and academia: The development of a documentation strategy for 
fingerprint examinations in an English fingerprint bureau in the ISO 17025 era. Science & 
Justice: Journal of the Forensic Science Society, 623, pp.336–348. 

Nijman, V. and Shepherd, C.R., (2021) Underestimating the illegal wildlife trade: A ton or a 
tonne of pangolins? Biological Conservation, 253December 2020, p.108887. 

NPCC, (2020) National DNA Database Strategy Board Biennial Report 2018-2020. London, 
UK: National Police Chief’s Council. 

Nurse, A., (2016) A global movement: NGOs and the policing of international wildlife 
trafficking. Journal of Trafficking, Organized Crime and Security, 21, pp.50–61. 

Nurse, A., (2020) Preventing wildlife crime: Contemporary issues in enforcement and policy 
perspectives. In: Rural Crime Prevention. Routledge. 

Nurse, A. and Harding, N., (2022) Policing Wildlife: The Nature of Wildlife Crime in the UK and 
its Public Policy Response. Nottingham Trent University. 

Oberman, H., (2023) ggmice: Visualizations for ‘mice’ with ‘ggplot2’. [online] Available at: 
https://CRAN.R-project.org/package=ggmice. 

O’Brien, Robert and Figarelli, Debra, (2012) Swab Collection Study. Largo, FL: National 
Institute of Justice Forensic Technologies Centre of Excellence. 

Ogden, R., (2010) Forensic science, genetics and wildlife biology: Getting the right mix for a 
wildlife DNA forensics lab. Forensic Science, Medicine, and Pathology, 63, pp.172–179. 

Ogden, R., Dawnay, N. and McEwing, R., (2009) Wildlife DNA forensics - Bridging the gap 
between conservation genetics and law enforcement. Endangered Species Research, 93, 
pp.179–195. 

Oleiwi, A.A., Morris, M.R., Schmerer, W.M. and Sutton, R., (2015) The relative DNA-shedding 
propensity of the palm and finger surfaces. Science & Justice: Journal of the Forensic 
Science Society, 555, pp.329–334. 

Olsen, M.T.B., Geldmann, J., Harfoot, M., Tittensor, D.P., Price, B., Sinovas, P., Nowak, K., 
Sanders, N.J. and Burgess, N.D., (2021) Thirty-six years of legal and illegal wildlife trade 
entering the USA. Oryx, 553, pp.432–441. 



263 
 

Omifolaji, J.K., Hughes, A.C., Ibrahim, A.S., Zhou, J., Zhang, S., Ikyaagba, E.T. and Luan, X., 
(2022) Dissecting the illegal pangolin trade in China: An insight from seizures data reports. 
Nature Conservation, 46, pp.17–38. 

van Oorschot, R.A. and Jones, M.K., (1997) DNA fingerprints from fingerprints. Nature, 
3876635, p.767. 

van Oorschot, R.A.H., Ballantyne, K.N. and Mitchell, R.J., (2010) Forensic trace DNA: A 
review. Investigative Genetics, 11, pp.1–17. 

van Oorschot, R.A.H., Meakin, G.E., Kokshoorn, B., Goray, M. and Szkuta, B., (2021) DNA 
Transfer in Forensic Science: Recent Progress towards Meeting Challenges. Genes, 1211, 
p.1766. 

van Oorschot, R.A.H., Szkuta, B., Meakin, G.E., Kokshoorn, B. and Goray, M., (2019) DNA 
transfer in forensic science: A review. Forensic Science International: Genetics, 38July 2018, 
pp.140–166. 

Otis, J.C. and Downing, A., (1994) Development of Latent Fingerprint Impressions on Deer 
Antlers. Forensic Identification, 441, pp.9–14. 

Paine, M., Bandey, H.L., Bleay, S.M. and Willson, H., (2011) The effect of relative humidity on 
the effectiveness of the cyanoacrylate fuming process for fingermark development and on 
the microstructure of the developed marks. Forensic Science International, 2121–3, pp.130–
142. 

Pankowski, F., Bogiel, G., Paśko, S., Rzepiński, F., Misiewicz, J., Staszak, A., Bonecka, J., 
Dzierzęcka, M. and Bartyzel, B.J., (2018) Fatal gunshot injuries in the common buzzard Buteo 
buteo L. 1758 – imaging and ballistic findings. Forensic Science, Medicine and Pathology, 
144, pp.526–530. 

Partnership for Action Against Wildlife Crime Forensic Working Group, (2017) Wildlife DNA 
Sampling Guide. 

Paul, L. and Mendyk, R., (2021) Glow and Behold: Biofluorescence and New Insights on the 
Tails of Pitvipers (Viperidae: Crotalinae) and Other Snakes. Herpetological Review, 52, 
pp.221–237. 

Pavitt, A., Malsch, K., King, E., Chevalier, A., Kachelriess, D., Vannuccini, S. and Friedman, K., 
(2021) CITES and the sea Trade in commercially exploited CITES-listed marine species. FAO 
Fisheries and Aquaculture Technical Paper, 666, p.0_1,1-9,11-59,61-81,83-100,I-XIII. 

PAW Forensic Working Group, (2014) Wildlife Crime: A guide to the use of forensic and 
specialist techniques in the investigation of wildlife crime. 

Perez, J., Mitchell, A.A., Ducasse, N., Tamariz, J. and Caragine, T., (2011) Estimating the 
number of contributors to two-, three-, and four-person mixtures containing DNA in high 
template and low template amounts. Croatian Medical Journal, 523, pp.314–326. 

Peterson, J.L., Hickman, M.J., Strom, K.J. and Johnson, D.J., (2013) Effect of Forensic 
Evidence on Criminal Justice Case Processing. Journal of Forensic Sciences, 58s1, pp.S78–
S90. 

Pfeifer, C.M. and Wiegand, P., (2017) Persistence of touch DNA on burglary-related tools. 
International Journal of Legal Medicine, 1314, pp.941–953. 



264 
 

Phipps, M. and Petricevic, S., (2007) The tendency of individuals to transfer DNA to handled 
items. Forensic Science International, 1682–3, pp.162–168. 

Pleik, S., Spengler, B., Schäfer, T., Urbach, D., Luhn, S. and Kirsch, D., (2016) Fatty Acid 
Structure and Degradation Analysis in Fingerprint Residues. Journal of The American Society 
for Mass Spectrometry, 279, pp.1565–1574. 

Plombon, B., Bryant, T. and Haskamp, C., (2023) Crime Scene Investigators. In: M.L. Bourke, 
V.B. Van Hasselt and S.J. Buser, eds., First Responder Mental Health: A Clinician’s Guide. 
[online] Cham: Springer International Publishing, pp.59–79. Available at: 
https://doi.org/10.1007/978-3-031-38149-2_4 [Accessed 3 Sep. 2024]. 

Plowman, C., (2020) Combating the illegal pangolin trade-a law enforcement practitioner’s 
perspective. [online] Available at: https://doi.org/10.1016/B978-0-12-815507-3.00018-6. 

Popov, K.T., Sears, V.G. and Jones, B.J., (2017) Migration of latent fingermarks on non-porous 
surfaces: Observation technique and nanoscale variations. Forensic Science International, 
275, pp.44–56. 

Potoczniak, M.J., Chermak, M., Quarino, L., Tobe, S.S. and Conte, J., (2020) Development of a 
multiplex, PCR-based genotyping assay for African and Asian elephants for forensic 
purposes. International Journal of Legal Medicine, 1341, pp.55–62. 

Potter, R.B. and Underkoffler, S.C., (2021) Processing the Wildlife Crime Scene and Evidence 
of Forensic Importance. In: S.C. Underkoffler and H.R. Adams, eds., Wildlife Biodiversity 
Conservation: Multidisciplinary and Forensic Approaches. [online] Cham: Springer 
International Publishing, pp.323–367. Available at: https://doi.org/10.1007/978-3-030-
64682-0_12 [Accessed 4 Jan. 2024]. 

Quinones, I. and Daniel, B., (2012) Cell free DNA as a component of forensic evidence 
recovered from touched surfaces. Forensic Science International: Genetics, 61, pp.26–30. 

R Core Team, (2024) R: A Language and Environment for Statistical Computing_. R 
Foundation for   Statistical Computing. Available at: https://www.R-project.org/. 

Rajchard, J., (2018) Ultraviolet (UV) light perception by birds: A review. Veterinarni Medicina, 
548, pp.360–366. 

Ralph, F., Large, D.R., Burnett, G., Lang, A. and Morris, A., (2022) U can’t touch this! Face 
touching behaviour whilst driving: implications for health, hygiene and human factors. 
Ergonomics, 657, pp.943–959. 

Ramsey, M., (2021) Persistence of Touch DNA for Forensic Analysis. [online] Office of Justice 
Programs. Available at: https://nij.ojp.gov/library/publications/persistence-touch-dna-
forensic-analysis [Accessed 3 Dec. 2024]. 

Rankin, B.W.J. and Welsh, C., (2013) Accreditation. In: Encyclopedia of Forensic Sciences. 
[online] Elsevier, pp.515–518. Available at: 
https://linkinghub.elsevier.com/retrieve/pii/B978012382165200235X [Accessed 28 Nov. 
2022]. 

Raymond, J.J., van Oorschot, R.A.H., Gunn, P.R., Walsh, S.J. and Roux, C., (2009) Trace 
evidence characteristics of DNA: A preliminary investigation of the persistence of DNA at 
crime scenes. Forensic Science International: Genetics, 41, pp.26–33. 



265 
 

Recipon, M., Agniel, R., Kunemann, P., Ponche, A., Carreiras, F., Hermitte, F., Leroy-Dudal, J., 
Hubac, S., Gallet, O. and Kellouche, S., (2024) Detection of invisible biological traces in 
relation to the physicochemical properties of substrates surfaces in forensic casework. 
Scientific Reports, 141, p.13271. 

Reed, H., Stanton, A., Wheat, J., Kelley, J., Davis, L., Rao, W., Smith, A., Owen, D. and 
Francese, S., (2016) The Reed-Stanton press rig for the generation of reproducible 
fingermarks: Towards a standardised methodology for fingermark research. Science and 
Justice, 561, pp.9–17. 

Richmond, S., (2004) Do fingerprint ridges and characteristics within ridges change with 
pressure ? Australian Federal Police Forensic Services, p.70. 

Rickard, D., (2023) The New True Crime: How the Rise of Serialized Storytelling Is 
Transforming Innocence. NYU Press. 

Robson, R., Ginige, T., Mansour, S., Khan, I. and Assi, S., (2022) Analysis of fingermark 
constituents: a systematic review of quantitative studies. Chemical Papers, 768, pp.4645–
4667. 

Roe, D. and Booker, F., (2019) Engaging local communities in tackling illegal wildlife trade: A 
synthesis of approaches and lessons for best practice. Conservation Science and Practice, 
15, p.e26. 

Rosen, G.E. and Smith, K.F., (2010) Summarizing the evidence on the international trade in 
illegal wildlife. EcoHealth, 71, pp.24–32. 

Ross, A. and Neuteboom, W., (2022) ISO-accreditation - is that all there is for forensic 
science? Australian Journal of Forensic Sciences, 541, pp.2–14. 

Rothschild, B.M., Bryant, B., Hubbard, C., Tuxhorn, K., Kilgore, G.P., Martin, L. and Naples, V., 
(2013) The Power of the Claw. PLoS ONE, 89, p.e73811. 

Rouder, J., Saucier, O., Kinder, R. and Jans, M., (2021) What to Do With All Those Open-Ended 
Responses? Data Visualization Techniques for Survey Researchers. Survey Practice. [online] 
Available at: https://www.surveypractice.org/article/25699-what-to-do-with-all-those-open-
ended-responses- [Accessed 8 Jun. 2025]. 

RSPB, (2019) Birdcrime 2019 - Exposing Bird of Prey Persecution in the UK. pp.1–4. 

RSPCA, (2019) Birdcrime 2019: Exposing bird of prey persecution in the UK. Birdcrime. 
RSPCA. 

RSPCA, (2021) Getting justice for animals: Changes to our prosecution role. [online] RSPCA. 
Available at: https://www.rspca.org.uk/whatwedo/strategy/prosecution [Accessed 10 Jul. 
2024]. 

Salum, J., Eustace, A., Malata, P.F. and Mbangwa, O.F., (2017a) Wildlife Crime Promoted by 
Weak Governance. African Journal of Ecology, 561, pp.101–108. 

Salum, J., Eustace, A., Malata, P.F. and Mbangwa, O.F., (2017b) Wildlife crime promoted by 
weak governance. African Journal of Ecology, 561, pp.101–108. 

Samie, L., Taroni, F. and Champod, C., (2020) Estimating the quantity of transferred DNA in 
primary and secondary transfers. Science & Justice, 602, pp.128–135. 



266 
 

Sammut, R., Griscti, O. and Norman, I.J., (2021) Strategies to improve response rates to web 
surveys: A literature review. International Journal of Nursing Studies, 123, p.104058. 

Seah, L.K., Dinish, U.S., Phang, W.F., Chao, Z.X. and Murukeshan, V.M., (2005) Fluorescence 
optimisation and lifetime studies of fingerprints treated with magnetic powders. Forensic 
Science International, 1522–3, pp.249–257. 

Sears, V.G., Bleay, S.M., Bandey, H.L. and Bowman, V.J., (2012) A methodology for finger 
mark research. Science and Justice, 523, pp.145–160. 

Sessa, F., Pomara, C., Esposito, M., Grassi, P., Cocimano, G. and Salerno, M., (2023) Indirect 
DNA Transfer and Forensic Implications: A Literature Review. Genes, 1412, p.2153. 

Sessa, F., Salerno, M., Bertozzi, G., Messina, G., Ricci, P., Ledda, C., Rapisarda, V., 
Cantatore, S., Turillazzi, E. and Pomara, C., (2019) Touch DNA: Impact of handling time on 
touch deposit and evaluation of different recovery techniques: An experimental study. 
Scientific Reports, 91, pp.1–9. 

Sherman, J., Voigt, M., Ancrenaz, M., Wich, S.A., Qomariah, I.N., Lyman, E., Massingham, E. 
and Meijaard, E., (2022) Orangutan killing and trade in Indonesia: Wildlife crime, 
enforcement, and deterrence patterns. Biological Conservation, 276, p.109744. 

Siah, J., (2020) Identification of the Optimum Latent Fingerprint Recovery Method from Pig 
Skin at Varying Temperatures. pp.1–85. 

Siele, Martin, (2022) Inside New Multi-Billion DCI Forensic Laboratory - Business Today 
Kenya. Business Today. [online] 13 Jun. Available at: https://businesstoday.co.ke/inside-
new-multi-billion-dci-forensic-laboratory/ [Accessed 25 Jun. 2023]. 

Sisco, E., Staymates, J. and Schilling, K., (2015) A chemically relevant artificial fingerprint 
material for the cross-comparison of mass spectrometry techniques. Canadian Society of 
Forensic Science Journal, 484, pp.200–214. 

Smith, M. and Miller, S., (2021) Biometric Identification, Law and Ethics. [online] Springer 
Nature. Available at: https://library.oapen.org/handle/20.500.12657/61241 [Accessed 14 
Jan. 2025]. 

Smith-Blackmore, M., (2023) The Forensic Veterinarian at the Crime Scene. In: Investigating 
Animal Abuse Crime Scenes. CRC Press. 

Sodhi, G.S. and Kaur, J., (2001) Powder method for detecting latent fingerprints: A review. 
Forensic Science International, 1203, pp.172–176. 

Sollund, R.A. and Runhovde, S.R., (2020) Responses to wildlife crime in post-colonial times 
Who fares best? British Journal of Criminology, 604, pp.1014–1033. 

Solomon, A.D., Hytinen, M.E., McClain, A.M., Miller, M.T. and Dawson Cruz, T., (2018) An 
Optimized DNA Analysis Workflow for the Sampling, Extraction, and Concentration of DNA 
obtained from Archived Latent Fingerprints. Journal of Forensic Sciences, 631, pp.47–57. 

Sosnowski, M.C., Kim, Y., Petrossian, G.A. and Asner, M., (2022) Profiling Wildlife Crimes 
Prosecuted Federally by the United States. Frontiers in Conservation Science, 2February. 

Sosnowski, M.C. and Petrossian, G.A., (2020) Luxury Fashion Wildlife Contraband in the USA. 
EcoHealth, 171, pp.94–110. 



267 
 

Spille, J.L., Grunwald, M., Martin, S. and Mueller, S.M., (2021) Stop touching your face! A 
systematic review of triggers, characteristics, regulatory functions and neuro-physiology of 
facial self touch. Neuroscience & Biobehavioral Reviews, 128, pp.102–116. 

Springer, M.S., Guerrero-Juarez, C.F., Huelsmann, M., Collin, M.A., Danil, K., McGowen, 
M.R., Oh, J.W., Ramos, R., Hiller, M., Plikus, M.V. and Gatesy, J., (2021) Genomic and 
anatomical comparisons of skin support independent adaptation to life in water by 
cetaceans and hippos. Current biology: CB, 3110, pp.2124-2139.e3. 

Steadman, D.W. and Andersen, S.A., (2003) Latent print processing of human bones. Journal 
of Forensic Identification, 535, pp.556–565. 

Steele, M.J., (2020) Effects of Different Types of Forensic Evidence on Arrest Probability: 
Toward a New Typology of Evidence. Criminology, Criminal Justice, Law and Society, 213, 
pp.17–38. 

Steiner, R., Moret, S. and Roux, C., (2020) Evaluation of the use of chemical pads to mimic 
latent fingermarks for research purposes. Forensic Science International, 314, p.110411. 

Steiner, R., Roux, C. and Moret, S., (2019) Controlling fingermark variability for research 
purposes: A review. Wiley Interdisciplinary Reviews: Forensic Science, December 2018, 
p.e1338. 

Stokes, G.D. and Dunson, W.A., (1982) Permeability and channel structure of reptilian skin. 
The American Journal of Physiology, 2426, pp.F681-689. 

Stoop, B., Defaux, P.M., Utz, S. and Zieger, M., (2017) Touch DNA sampling with SceneSafe 
FastTM minitapes. Legal Medicine, 29, pp.68–71. 

Subhani, Z., Daniel, B. and Frascione, N., (2019) DNA Profiles from Fingerprint Lifts—
Enhancing the Evidential Value of Fingermarks Through Successful DNA Typing. Journal of 
Forensic Sciences, 641, pp.201–206. 

Sutlovic, D., Gamulin, S., Definis-Gojanovic, M., Gugic, D. and Andjelinovic, S., (2008) 
Interaction of humic acids with human DNA: Proposed mechanisms and kinetics. 
ELECTROPHORESIS, 297, pp.1467–1472. 

Szkuta, B., Ballantyne, K.N. and van Oorschot, R.A.H., (2017) Transfer and persistence of 
DNA on the hands and the influence of activities performed. Forensic Science International: 
Genetics, 28, pp.10–20. 

Tan, J., Lee, J.Y., Lee, L.Y.C., Aw, Z.Q., Chew, M.H., Ishak, N.I.B., Lee, Y.S., Mugni, M.A. and 
Syn, C.K.C., (2019) Shedder status: Does it really exist? Forensic Science International: 
Genetics Supplement Series, 71, pp.360–362. 

Tapps, M., McMullen, L., Gagné, M.-E. and Beaudoin, A., (2019) Revealing a decades-old 
fingermark with cyanoacrylate fuming and rhodamine 6G. Forensic Science International, 
300, pp.e9–e12. 

Thomas, A., Gibson, L., McColl, S., Rae, R., Ogden, R. and Dawnay, N., (2023) What is it vs 
Who did it? A review of the lack of human focused forensic evidence in the context of wildlife 
crime. Forensic Science International: Animals and Environments, 4, p.100073. 

Tibben, A., McGuire, M., Renfro, S. and Carriquiry, A., (2023) ShoeCase: A data set of mock 
crime scene footwear impressions. Data in Brief, 50, p.109546. 



268 
 

Tierney, N. and Cook, D., (2023) Expanding Tidy Data Principles to Facilitate Missing Data 
Exploration,   Visualization and Assessment of Imputations. Journal of Statistical Software, 
1057, pp.1–31. 

Tobe, S.S., Bailey, S., Govan, J. and Welch, L.A., (2013) Recovery of human DNA profiles from 
poached deer remains part 2: Improved recovery protocol without the need for LCN analysis. 
Science and Justice, 531, pp.23–27. 

Tobe, S.S., Govan, J. and Welch, L.A., (2011) Recovery of human DNA profiles from poached 
deer remains: A feasibility study. Science and Justice, 514, pp.190–195. 

Tobias, S.H.A., Jacques, G.S., Morgan, R.M. and Meakin, G.E., (2017) The effect of pressure 
on DNA deposition by touch. Forensic Science International: Genetics Supplement Series, 
6September, pp.e12–e14. 

Tow, J.H., Symes, W.S. and Carrasco, L.R., (2021) Economic value of illegal wildlife trade 
entering the USA. PLoS ONE, 1610, p.e0258523. 

Tozzo, P., Mazzobel, E., Marcante, B., Delicati, A. and Caenazzo, L., (2022) Touch DNA 
Sampling Methods: Efficacy Evaluation and Systematic Review. International Journal of 
Molecular Sciences, 2324, p.15541. 

TRACE, (2021) Financial Support for Wildlife Forensics. [online] Available at: 
https://www.tracenetwork.org/paw/financial-support-for-wildlife-forensics/. 

TRACE, (2024) What we do – Trace Network TRACE Wildlife Forensics Network. Available at: 
https://www.tracenetwork.org/what-we-do/ [Accessed 29 Aug. 2024]. 

TRAFFIC, (2023) New wildlife crime lab to help catch traffickers in Malawi. [online] 20 Nov. 
Available at: https://www.traffic.org/news/new-wildlife-crime-lab-to-help-catch-traffickers-
in-malawi/ [Accessed 9 Apr. 2024]. 

TRAFFIC, (2024a) China Fortifies Anti-Wildlife Trafficking Efforts at its Borders - Wildlife Trade 
News from TRAFFIC. [online] Jul. Available at: https://www.traffic.org/news/china-fortifies-
anti-wildlife-trafficking-efforts-at-its-borders/ [Accessed 29 Aug. 2024]. 

TRAFFIC, (2024b) Specialised training for improved investigations of wildlife crime in 
Malaysia. Available at: https://www.traffic.org/news/specialised-training-for-improved-
investigations-of-wildlife-crime-in-malaysia/ [Accessed 29 Aug. 2024]. 

Trapecar, M. and Balazic, J., (2007) Fingerprint recovery from human skin surfaces. Science & 
justice : journal of the Forensic Science Society, 473, pp.136–140. 

Travers, H., Archer, L.J., Mwedde, G., Roe, D., Baker, J., Plumptre, A.J., Rwetsiba, A. and 
Milner-Gulland, E. j., (2019) Understanding complex drivers of wildlife crime to design 
effective conservation interventions. Conservation Biology, 336, pp.1296–1306. 

Travouillon, K.J., Cooper, C., Bouzin, J.T., Umbrello, L.S. and Lewis, S.W., (2023) All-a-glow: 
spectral characteristics confirm widespread fluorescence for mammals. Royal Society Open 
Science, 1010, p.230325. 

Tully, G., (2021) Forensic Science Regulator: Annual Report. 

van Uhm, D., South, N. and Wyatt, T., (2021) Connections between trades and trafficking in 
wildlife and drugs. Trends in Organized Crime, 244, pp.425–446. 



269 
 

UK Government, (2014) UK Commitment to Action on the Illegal Wildlfie Trade (IWT). 

UK Government, (2016) Biometric data-sharing process (Five Country Conference (FCC) 
data-sharing process). 

UK Government, (2018) Accreditation of Forensic Service Providers Regulations 2018. 
Available at: https://www.legislation.gov.uk/uksi/2018/1276/made. 

UK Government, (2019a) PM launches new action plan to save the natural world. [online] 1. 
Available at: https://www.gov.uk/government/news/pm-launches-new-action-plan-to-save-
the-natural-world. 

UK Government, (2019b) UK government supports global action to fight illegal wildlife trade. 
GOV.UK. [online] 24 Apr. Available at: https://www.gov.uk/government/news/uk-
government-supports-global-action-to-fight-illegal-wildlife-trade [Accessed 11 May 2023]. 

UK Government, (2020a) Illegal Wildlife Trade (IWT) Challenge Fund. Available at: 
https://www.gov.uk/government/collections/illegal-wildlife-trade-iwt-challenge-fund. 

UK Government, (2020b) Permanent Funding for the National Wildlife Crime Unit. Available 
at: https://edm.parliament.uk/early-day-motion/54596/permanent-funding-for-the-national-
wildlife-crime-unit. 

UK Government, (2023) Five new species set to be protected under Ivory Act extension. 
GOV.UK. [online] Available at: https://www.gov.uk/government/news/five-new-species-set-
to-be-protected-under-ivory-act-extension [Accessed 21 Jun. 2023]. 

UK Home Office, (2022) Fingermark Visualisation Source Book v 3.0: The Scientific Rationale 
behind the Processes within Fingermark Visualisation Manual Second Edition 2022. 

UK Home Office, (2024) Forensic Information Databases annual report 2022 to 2023. [online] 
Available at: https://www.gov.uk/government/publications/forensic-information-databases-
annual-report-2022-to-2023/forensic-information-databases-annual-report-2022-to-2023-
accessible [Accessed 1 Nov. 2024]. 

UKAS, (2024) Who’s accredited? Browse UKAS accredited organisations in our directory. 
[online] UKAS. Available at: https://www.ukas.com/ [Accessed 9 Apr. 2024]. 

Ulery, B.T., Hicklin, R.A., Buscaglia, J.A. and Roberts, M.A., (2012) Repeatability and 
reproducibility of decisions by latent fingerprint examiners. PLoS ONE, 73, p.32800. 

Ullmann, T., Veríssimo, D. and Challender, D.W.S., (2019) Evaluating the application of scale 
frequency to estimate the size of pangolin scale seizures. Global Ecology and Conservation, 
20, p.e00776. 

Underwood, F.M., Burn, R.W. and Milliken, T., (2013) Dissecting the illegal ivory trade: an 
analysis of ivory seizures data. PLoS One, 810, p.e76539. 

United States Government, (2021) Next Generation Identification (NGI) Factsheet. Available 
at: https://www.fbi.gov/file-repository/ngi-monthly-fact-sheet/view. 

UNODC, (2012) Wildlife and Forest Crime Analytic Toolkit: Revised Edition. New York. 

UNODC, (2016a) A review of wildlife forensic science and laboratory capacity to support the 
implementation and enforcement of CITES. [online] Available at: chrome-



270 
 

extension://efaidnbmnnnibpcajpcglclefindmkaj/https://cites.org/sites/default/files/eng/cop
/17/WorkingDocs/E-CoP17-25-A4.pdf. 

UNODC, (2016b) World Wildlife Crime Report: Trafficking in protected species 2016. New 
York: United Nations. 

UNODC, (2019) Wildlife Crime Scene Guide for First Responders. Vienna: United Nations 
Office at Vienna. 

UNODC, (2020) World Wildlife Crime Report 2020: Trafficking in protected species. New 
York. 

UNODC, (2021) Wildlife and Forest Crime Analytic Toolkit Report: United Kingdom of Great 
Britain and Northern Ireland. August. 

UNODC, (2024a) Partnership with CITES MIKE to improve wildlife crime responses in West 
and Central Africa. [online] United Nations : Office on Drugs and Crime. Available at: 
//www.unodc.org/unodc/en/environment-climate/webstories/cites-mike-partnership.html 
[Accessed 29 Aug. 2024]. 

UNODC, (2024b) UNODC host DNA forensic training in Lao PDR. [online] United Nations : 
UNODC Regional Office for Southeast Asia and the Pacific. Available at: 
https://www.unodc.org/roseap/en/laopdr/2019/11/wildlife-dna-forensic-training/story.html 
[Accessed 28 Aug. 2024]. 

UNODC, (2024) World Wildlife Crime Report: Trafficking in Protected Species 2024. New 
York. 

U.S. Department of Justice, (2017) Irish National Sentenced to 18 Months in Prison for 
Trafficking of Endangered Rhinoceros Horn Libation Cup. [online] 14 Nov. Available at: 
https://www.justice.gov/opa/pr/irish-national-sentenced-18-months-prison-trafficking-
endangered-rhinoceros-horn-libation-cup [Accessed 29 Aug. 2024]. 

Vadivel, R., Nirmala, M. and Anbukumaran, K., (2021) Commonly available, everyday 
materials as non-conventional powders for the visualization of latent fingerprints. Forensic 
Chemistry, 24, p.100339. 

Vajpayee, K., Dash, H.R., Parekh, P.B. and Shukla, R.K., (2023) PCR inhibitors and facilitators 
– Their role in forensic DNA analysis. Forensic Science International, 349, p.111773. 

Venables, W.N. and Ripley, B.D., (2002) Modern Applied Statistics with S. 4th ed. [online] 
New York: Springer. Available at: https://www.stats.ox.ac.uk/pub/MASS4/. 

Verdon, T.J., Mitchell, R.J. and van Oorschot, R.A.H., (2014a) Swabs as DNA collection 
devices for sampling different biological materials from different substrates. Journal of 
Forensic Sciences, 594, pp.1080–1089. 

Verdon, T.J., Mitchell, R.J. and Van Oorschot, R.A.H., (2014b) Evaluation of tapelifting as a 
collection method for touch DNA. Forensic Science International: Genetics, 81, pp.179–186. 

Viollaz, J., Graham, J. and Lantsman, L., (2018) Using script analysis to understand the 
financial crimes involved in wildlife trafficking. Crime, Law and Social Change, 695, pp.595–
614. 



271 
 

Vipin, Sharma, V., Sharma, C.P., Goyal, S.P., Stevens, H. and Gupta, S.K., (2022) A pioneering 
method to identify bovine horn trophy: A combined morphometric and DNA-based approach 
in wildlife forensics. Forensic Science International: Animals and Environments, 2, p.100056. 

Vipin, Sharma, V., Sharma, C.P., Kumar, V.P. and Goyal, S.P., (2016) Pioneer identification of 
fake tiger claws using morphometric and DNA-based analysis in wildlife forensics in India. 
Forensic Science International, 266, pp.226–233. 

Voigt, C.C. and Kingston, T., (2016) Bats in the Anthropocene. In: C.C. Voigt and T. Kingston, 
eds., Bats in the Anthropocene: Conservation of Bats in a Changing World. [online] Cham: 
Springer International Publishing, pp.1–9. Available at: https://doi.org/10.1007/978-3-319-
25220-9_1 [Accessed 25 Apr. 2023]. 

Vollrath, F., Mi, R. and Shah, D.U., (2018) Ivory as an Important Model Bio-composite. 
Curator: The Museum Journal, 611, pp.95–110. 

Währer, J., Kehm, S., Allen, M., Brauer, L., Eidam, O., Seiberle, I., Kron, S., Scheurer, E. and 
Schulz, I., (2023) The DNA‐Buster: The evaluation of an alternative DNA recovery approach. 
Forensic Science International: Genetics, 64, p.102830. 

Walker, P., (2011) Rare bird egg thief, with collection of 700 snatched from nests, jailed. The 
Guardian. [online] 13 Dec. Available at: 
https://www.theguardian.com/uk/2011/dec/13/prolific-egg-thief-700-jailed [Accessed 28 
Nov. 2022]. 

Walsh, S.J., (2023) Forensic science in the criminal justice system: the good, the bad and the 
academy. Australian Journal of Forensic Sciences, 553, pp.285–294. 

Wamuyu, M., Lucy, Wambui, M., Judy and Samuel, K., (2023) Effect of Resources on Latent 
Fingerprint Processing In Crime Investigations in Kenya. Journal of African Interdisciplinary 
Studies, 710, pp.93–101. 

Warren, T., (2013) Smartphone Technology for Capturing Untreated Latent Fingerprints 
Feasibility Research. 

Wasser, S.K., Torkelson, A., Winters, M., Horeaux, Y., Tucker, S., Otiende, M.Y., Sitam, F.A.T., 
Buckleton, J. and Weir, B.S., (2018) Combating transnational organized crime by linking 
multiple large ivory seizures to the same dealer. Sci Adv, 49, p.eaat0625. 

Weir, S.M., Talent, L.G., Anderson, T.A. and Salice, C.J., (2016) Insights into reptile dermal 
contaminant exposure: Reptile skin permeability to pesticides. Chemosphere, 154, pp.17–
22. 

Wellsmith, M., (2011) Wildlife Crime: The Problems of Enforcement. European Journal on 
Criminal Policy and Research, 172, pp.125–148. 

Welten, M., Smith, M.M., Underwood, C. and Johanson, Z., (2015) Evolutionary origins and 
development of saw-teeth on the sawfish and sawshark rostrum (Elasmobranchii; 
Chondrichthyes). Royal Society Open Science, 29, p.150189. 

Weston-Ford, K.A., Moseley, M.L., Hall, L.J., Marsh, N.P., Morgan, R.M. and Barron, L.P., 
(2016) The retrieval of fingerprint friction ridge detail from elephant ivory using reduced-scale 
magnetic and non-magnetic powdering materials. Science and Justice, 561, pp.1–8. 



272 
 

Weyermann, C., Roux, C. and Champod, C., (2011) Initial Results on the Composition of 
Fingerprints and its Evolution as a Function of Time by GC/MS Analysis. Journal of Forensic 
Sciences, 561, pp.102–108. 

Weyermann, C., Willis, S., Margot, P. and Roux, C., (2023) Towards more relevance in 
forensic science research and development. Forensic Science International, 348, p.111592. 

White, R., (2013) NGO Engagement in Environmental Law Enforcement: Critical Reflections. 
In: Transnational Environmental Crime. Routledge. 

Wickenheiser, R.A., (2021) The value of forensic DNA leads in preventing crime and 
eliminating the innocent. Forensic Science International: Synergy, 3, p.100201. 

Wickham, H., (2016) ggplot2: Elegant Graphics for Data Analysis. [online] New York: Springer-
Verlag. Available at: https://ggplot2.tidyverse.org. 

Wild Justice, (2020) Raptor Forensics Fund opens with £10K. [online] Available at: 
https://wildjustice.org.uk/general/raptor-forensics-fund-opens-with-10k/. 

Wildlife and Countryside Link, (2020) Wildlife Crime in 2019: A report on the scale of wildlife 
crime in England and Wales. 

Wildlife and Countryside Link, (2022a) Record high wildlife crime levels could be worsened 
by new Government law warn, wildlife campaigners. Wildlife and Countryside Link. [online] 
Available at: http://www.wcl.org.uk/wildlife-crime-could-be-worsened-by-new-government-
law.asp [Accessed 13 Sep. 2023]. 

Wildlife and Countryside Link, (2022b) Wildlife Crime in 2021: A report on the scale of wildlife 
crime in England and Wales. 

Wildlife and Countryside Link, (2023) Wildlife Crime in 2022: A report on the scale of wildlife 
crime in England and Wales. 

Wildlife Justice Commission, (2018) Operation Dragon. Wildlife Justice Commission. 

Willis, S.M., McKenna, L., McDermott, S., O’Donnell, G., Barrett, A., Rasmusson, B., 
Höglund, T., Berger, C.E.H., Sierps, M.J. and Lucena-Molina, J.J., (2015) ENFSI guideline for 
evaluative reporting in forensic science. European Network of Forensic Science Institutes. 

Wilson, L. and Boratto, R., (2020) Conservation, wildlife crime, and tough-on-crime policies: 
Lessons from the criminological literature. Biological Conservation, 251September, 
p.108810. 

Wittemyer, G., Northrup, J.M., Blanc, J., Douglas-Hamilton, I., Omondi, P. and Burnham, K.P., 
(2014) Illegal killing for ivory drives global decline in African elephants. Proc Natl Acad Sci U S 
A, 11136, pp.13117–13121. 

Wong, R.W.Y., (2019) The Illegal Wildlife Trade in China: Understanding The Distribution 
Networks. [online] Cham: Springer International Publishing. Available at: 
http://link.springer.com/10.1007/978-3-030-13666-6 [Accessed 10 May 2023]. 

Wood, I., Park, S., Tooke, J., Smith, O., Morgan, R.M. and Meakin, G.E., (2017) Efficiencies of 
recovery and extraction of trace DNA from non-porous surfaces. Forensic Science 
International: Genetics Supplement Series, 6, pp.e153–e155. 



273 
 

World Bank Group, (2016) Analysis of International Funding to Tackle Illegal Wildlife Trade. 
World Bank, Washington, DC. 

Wyatt, T., (2013) The Local Context of Transnational Wildlife Trafficking: The Heathrow 
Animal Reception Centre. In: R. Walters, D.S. Westerhuis and T. Wyatt, eds., Emerging Issues 
in Green Criminology: Exploring Power, Justice and Harm, Critical Criminological 
Perspectives. [online] London: Palgrave Macmillan UK, pp.108–123. Available at: 
https://doi.org/10.1057/9781137273994_7 [Accessed 20 Jun. 2023]. 

Wyatt, T., (2022) Wildlife Trafficking: A Deconstruction of the Crime, Victims and Offenders. 
Critical Criminological Perspectives. [online] Cham: Springer International Publishing. 
Available at: https://link.springer.com/10.1007/978-3-030-83753-2 [Accessed 17 Jan. 2025]. 

Wyatt, T., van Uhm, D. and Nurse, A., (2020) Differentiating criminal networks in the illegal 
wildlife trade: organized, corporate and disorganized crime. Trends in Organized Crime, 234, 
pp.350–366. 

Yang, R. and Lian, J., (2014) Studies on the development of latent fingerprints by the method 
of solid-medium ninhydrin. Forensic Science International, 242, pp.123–126. 

Zadnik, S., Van Bronswijk, W., Frick, A.A., Fritz, P. and Lewis, S.W., (2013) Fingermark 
simulants and their inherent problems: A comparison with latent fingermark deposits. 
Journal of Forensic Identification, 635, pp.593–608. 

Zampa, F., Hilgert, M., Malmborg, J., Svensson, M., Schwarz, L. and Mattei, A., (2020) 
Evaluation of ninhydrin as a fingermark visualisation method – A comparison between 
different procedures as an outcome of the 2017 collaborative exercise of the ENFSI 
Fingerprint Working Group. Science & Justice, 602, pp.191–200. 

Zheng, X., Li, K., Xu, J. and Lin, Z., (2017) The effectiveness and practicality of using 
simultaneous superglue & iodine fuming method for fingermark development on ‘low yield’ 
leather surfaces: A feasibility study. Forensic Science International, 281, pp.152–160. 

Zoppis, S., Muciaccia, B., D’Alessio, A., Ziparo, E., Vecchiotti, C. and Filippini, A., (2014) DNA 
fingerprinting secondary transfer from different skin areas: Morphological and genetic 
studies. Forensic Science International: Genetics, 11, pp.137–143. 

 Appendix I 

 



274 
 

 

  



275 
 

 

  



276 
 

 

  



277 
 

 

  



278 
 

 

  



279 
 

 

  



280 
 

 

  



281 
 

 

  



282 
 

 

  



283 
 

 

  



284 
 

 

  



285 
 

 

  



286 
 

 

  



287 
 

 

  



288 
 

 

 

  



289 
 

Appendix II 

 

 

 



290 
 

 

  



291 
 

 

  



292 
 

 

  



293 
 

 

  



311 
 

Appendix III 

Appendix III 

Prior to today’s session: 

1. Have you ever received training 
on the topic of wildlife crime? 
 

A. Yes, in-person only 
B. Yes, eLearning only 
C. Yes, both in-person and 

eLearning 
D. No 

 
2. Have you ever had a call-out to a 

wildlife crime scene? 
 

A. Yes and attended 
B. Yes but didn’t attend 
C. No 

 
3. In your opinion which of the below 

options contributes the most to 
unsuccessful 
prosecutions/convictions. You 
may select up to two options. 
 

A. Lack of funding 
B. Lack of manpower 
C. Lack of infrastructure 
D. Lack of evidence 
E. Prioritisation of other crimes 
F. Other 

If other please elaborate (more space 
overleaf) 

 

4. How would you rate your general 
knowledge on the subject of 
wildlife crime? 

 1  2  3  4  5 

Non-existent Excellent 
 

 

 

As a result of today’s session: 

5. I have a greater understanding of 
the types of wildlife crime 
casework encountered by the 
Metropolitan police. 

 1  2  3  4  5 

Strongly disagree Strongly agree 
 

6. I have a greater understanding 
surrounding the associated 
impacts of wildlife crimes. 
 

 1  2  3  4  5 

Strongly disagree Strongly agree 
 

7. I feel more confident in identifying 
potential evidence at a wildlife 
crime scene. 

 1  2  3  4  5 

Strongly disagree Strongly agree 
 

8. I feel more confident in which 
human trace evidence recovery 
techniques can be used on 
wildlife carcasses and 
derivatives. 

 1  2  3  4  5 

Strongly disagree Strongly agree 
 

9. I consider participation in wildlife 
crime casework to be an 
increased priority. 

 1  2  3  4  5 

Strongly disagree Strongly agree 
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10. I am more likely to respond to a  
call to attend a wildlife crime 
scene. 

 1  2  3  4  5 

Strongly disagree Strongly agree 
 

11. I feel attending wildlife crime 
scenes may increase my workload 
to unsustainable levels. 

 1  2  3  4  5 

Strongly disagree Strongly agree 
  

  
12. I do not feel I have the resources 

available to me to effectively 
attend wildlife crime scenes. 

 1  2  3  4  5 

Strongly disagree Strongly agree 
 

13. I am interested in receiving more 
training sessions focused on 
wildlife crime case work. 

 1  2  3  4  5 

Strongly disagree Strongly agree 
 

14. I am interested in supporting 
further research related to wildlife 
forensics. 

 1  2  3  4  5 

Strongly disagree Strongly agree 
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Training Day Feedback Form: 

Gaining insight into crime scene examiners views on wildlife crime casework 

 

As new methods and techniques for evidence recovery in wildlife crimes are developed it is 

imperative that their suitability for real world deployment is established. This questionnaire 

aims to understand the collection and use of evidence in wildlife crime cases, with a focus on 

forensic evidence and identify where, if any, gaps exist.  

 

Responses to this questionnaire are anonymous however collated data may be analysed, and 

the results published. By completing and submitting this questionnaire, you consent to this 

data being collected and processed for research. If you wish to issue a complaint or have 

further questions regarding this questionnaire, please email louise.gibson@ioz.ac.uk.  

 

Please use this space to elaborate on question 3 or  add any additional information 

regarding evidence collection and processing in wildlife crime cases you feel may be of 

interest. 

 

Q3.            

   

 

            

   

 

            

   

 

            

   

 

Other comments:          
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