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INTRODUCTION

Abstract

For genetic data to be used in forensic casework, it has to be produced within
a controlled environment that follows strict quality standards. However,
recent reviews have suggested that wildlife forensic laboratories are behind in
the development and adherence to appropriate standards for casework. This
paper will address these concerns by documenting the standards that have
been produced, highlighting the systems of assessment and competency testing
available, and reviewing the status of validated reference genetic databases.
Networks of dedicated wildlife forensic scientists across the globe, represented
in part by the author list for this paper, illustrate the strides taken to build
capacity in this field, and an ongoing commitment to present quality wildlife
forensic evidence in court.
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(Shorrock, 1998) and DNA sequencing for identifying
species in trade (Cronin et al., 1991). Since the early

The discipline of wildlife DNA forensic science can 1990s, it has developed alongside human DNA forensics,
be traced back to the earliest applications of DNA albeit at a slower pace due to its lower enforcement pri-
fingerprinting for examining individual relatedness ority and associated reduced resources, but also because
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of the much broader taxonomic scope of wildlife ev-
idence. Much as human forensics genetics grew out of
ongoing academic work on human relatedness and
population genetics (e.g. Jeffreys et al., 1985; Wyman &
White, 1980), wildlife forensic genetics relies on and re-
tains close ties to academic fields such as conservation
genetics (Ogden et al., 2009). Conservation geneticists'
work to develop markers and assays for non-model or-
ganisms and establish biobanking resources, infrastruc-
ture, and associated reference materials continues to
provide a strong foundation for wildlife forensic geneti-
cists' work. Numerous reviews of wildlife DNA forensics
have highlighted technical developments and relevant in-
vestigative uses over the past 15years (Alacs et al., 2010;
Johnson et al., 2014; Linacre & Tobe, 2011; Meiklejohn
et al., 2021; Moore & Frazier, 2019; Ogden et al., 2009;
Ogden & Linacre, 2015), charting its progress towards
becoming a mainstream forensic discipline. A recent
review by Kanthaswamy (2024) on DNA-based wildlife
forensics suggested that one of the main challenges for
wildlife forensic science was the lack of standardisa-
tion across the field and the lack of progress since the
2012 development of the Scientific Working Group for
Wildlife Forensic Science (SWGWILD) Standards and
Guidelines (SWGWILD, 2012). This criticism reiterated
a similar sentiment put forward by Amorim (2019) in his
review of non-human forensic genetics. While the wild-
life DNA forensic community welcomes critical review,
these publications indicate a lack of awareness within
the wider scientific community of the significant prog-
ress made to develop and implement quality assurance in
the field of non-human forensic genetics as a whole and
wildlife DNA forensic applications in particular. This
review seeks to highlight existing standards for wildlife
forensics, and in doing so address outdated concerns
raised by Kanthaswamy (2024) and signpost resources
that demonstrate the current state of play in wildlife
DNA forensic science.

WILDLIFE FORENSIC SCIENCE —
WHAT IS IT AND WHEN IS IT
USED?

It is important to first define wildlife forensic sci-
ence, and the scenarios in which it is applied, as we do
not agree that the wide range of activities described in
Kanthaswamy (2024) and Amorim (2019) constitute
wildlife forensic science. For the purpose of this review,
we will use the definition agreed upon by the Society for
Wildlife Forensic Science (SWFS), that wildlife forensic
science is the application of a range of scientific disciplines
to legal cases involving non-human biological evidence.
Wildlife forensic scientists, as with all forensic scientists,
provide impartial analysis of evidentiary items in service
of the court, and do not perform investigative duties such
as carrying out interviews, surveillance, or undercover

work as suggested by Kanthaswamy (2024), or con-
servation monitoring as suggested by Amorim (2019).
Importantly, while wildlife forensics relies on taxonomy,
casework does not involve “naming, describing and clas-
sifying organisms” (Kanthaswamy, 2024); it involves
specimen identification, not species discovery (as de-
fined by Collins & Cruickshank, 2013).

As with human forensic science, there are multiple
analytical tools that can be applied to wildlife evidence,
but molecular genetic analysis is currently the most
widely used, focusing on different investigative ques-
tions. Typically, a wildlife forensic scientist using DNA
methods will carry out DNA analysis for the purpose of
species identification, sex determination, individualisa-
tion, geographic source, and/or estimating the number
of individuals contributing to evidence in a case (Moore
& Frazier, 2019). The genetic markers used are selected
to provide the appropriate resolution (e.g. species, pop-
ulation, or individual) required for the investigative
questions at hand. Mitochondrial or chloroplast DNA
sequence analysis enables species identification across a
wide range of taxa and is an analysis common to most
wildlife forensic laboratories. For higher-resolution
analysis, such as population-level applications, typically
nuclear DNA markers including short tandem repeats
(STRs) or single nucleotide polymorphisms (SNPs) are
used, which require extensive validation for forensic ap-
plication and the construction of reference databases
from which to calculate statistical support. For further
details on the application of DNA analysis in wildlife
forensics, we recommend the reviews by Moore and
Frazier (2019), Meiklejohn et al. (2021), and Robertson
et al. (2020).

STANDARDS IN WILDLIFE
FORENSIC SCIENCE—A BRIEF
HISTORY

While forensic casework has always demanded high
standards, the rapid development and increasing impact
of forensic science in law enforcement around the turn
of the century led to greater focus on scientific rigour
and quality assurance, with pressure to define and im-
prove standards across all forensic science disciplines
exemplified by a US National Academy of Sciences re-
port (NRC, 2009) that was broadly critical of the field.
Laboratories that carry out forensic science are now
increasingly encouraged to be accredited to the ISO/
IEC 17025 testing standard, which can incorporate a
dedicated module (e.g. ILAC: G-19 06/2022, n.d.; ANSI/
ANAB, AR 3125, 2023) that adds additional specific
forensic quality assurance components. A specific ISO
standard for forensic laboratories is also in development
(ISO 21043). However, these standards remain rather ge-
neric and do not accommodate the detailed considera-
tions required for the wildlife forensic science discipline.
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Initial calls for wildlife forensic genetics to adhere to
standards developed for and by human forensic geneti-
cists are not appropriate; although there are similarities
in laboratory methods, the purpose of the testing and
the reference data required are very different (Linacre
et al.,, 2011; Moore & Frazier, 2019).

To support the professional development of wildlife
forensic science, existing practitioners came together to
form the SWFS in the USA in 2009 and the European
Network of Forensic Science Institutes Animal, Plant
and Soil Traces working group (ENFSI-APST) in 2010
(Table 1). Through SWFS, the SWGWILD produced
Standards and Guidelines in 2012 (SWGWILD, 2012).
This was followed by the ENFSI-APST Best Practice
Manual for the application of molecular methods for the
forensic examination of non-human biological traces in
2015 (ENFSI APST, 2015). The efforts of SWGWILD
led to wildlife forensics being included as a stand-
alone discipline within the Organisation of Scientific
Area Committees for Forensic Sciences (OSAC) in the
USA, when this was established in 2014. Subsequently,
SWGWILD was re-organised into two parts—the OSAC
Wildlife Forensics Biology Subcommittee (WFBS),
which works on standardisation within the USA, and the
SWES Technical Working Group (TWG; Table 1) which
seeks to disseminate globally applicable consensus-
based standards, guidelines, best practices, and recom-
mendations (e.g. Webster et al., 2024).

The 2012 SWGWILD Standards and Guidelines were
revised by the TWG in 2019, re-named as the SWFS
Standards and Guidelines, translated into six languages
(French, Spanish, Mandarin, Thai, Vietnamese, and
Malay), and published in 2021 (Moore et al., 2021). These
standards cover over 150 criteria ranging from ethics,
education, and facility infrastructure to detailed tech-
nical criteria for genetic and morphological analysis
of flora and fauna. Within the DNA section, these re-
vised standards included sections for DNA sequencing,
STRs and SNPs. To date the OSAC WEBS has authored
seven wildlife forensic standards, from general standards
through to method validation and reporting, which have
subsequently been published by the American Academy
of Forensic Sciences' Academy Standards Board (AAFS
ASB) and listed on the OSAC registry (OSAC, n.d.). The
OSAC WEFBS also has additional standards in develop-
ment  (https://www.nist.gov/osac/subcommittees/wildl
ife-forensic-biology) and has co-authored several train-
ing standards with the OSAC Human Forensic Biology
Subcommittee. All the aforementioned standards are
complemented by a number of resources to assist with the
development of laboratory quality management systems,
such as a SWFS Template Quality Manual, standard op-
erating procedures, and forms, which are actively shared
within the SWFS membership.

Standards follow a cycle of review and improvement,
which is particularly relevant in a field such as DNA
analysis where technology rapidly advances. However,
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forensic science cannot adopt novel methods until they
have been formally validated (Ogden et al., 2009; Webster
et al., 2024). For instance, mass parallel sequencing
technologies are not addressed in the current SWFS
Standards and Guidelines (Moore et al., 2021), and while
these methods are commonly used in academic research,
there is limited use of these technologies in current wild-
life forensic casework. However as more validation stud-
ies are published for wildlife forensic applications (e.g.
Vasiljevic et al., 2021), they are likely to be incorporated
into future standards and guidelines across our field. It
is the remit of the TWG to regularly review the standards
in the light of new methods which have been validated
and peer reviewed. In the USA, the AAFS ASB also con-
ducts regular review and updating of its wildlife foren-
sic standards. By working together, our community can
harmonise the relevant standards for laboratories across
the world (Table 1).

In 2023 the Forensic Science Regulator (FSR) for
England and Wales was granted statutory powers to en-
force compliance with their Code of Practice (Forensic
Science Regulator, 2023). This code includes standards
for wildlife forensic fields, and a subgroup for the FSR
(Table 1) has been recently set up to provide advice to the
regulator on requirements for forensic analysis of non-
human biological material, which will inform future it-
erations of the code. In the USA, the DNA Identification
Act of 1994 established DNA databases and mandated
standardisation of human forensic genetic analysis in
the USA, as well as enabling US government funding to
support such standardisation. Though DNA analyses in
wildlife forensics is necessarily more diverse than that in
human forensics, the DNA Identification Act of 1994 and
the FSR provide models for other countries to consider
in implementing their own high-quality systems.

ACCREDITATION AND
ALTERNATIVE FORMS OF
ASSESSMENT

All forensic laboratories, whether they deal with non-
human or human forensic applications, should oper-
ate a system of continual improvement through their
internal quality management system (QMS). The QMS
should be regularly audited against agreed standards, as
these themselves emerge and evolve. The process of ac-
creditation, through which a laboratory gains external
recognition for the implementation of its QMS via an
accreditation body, enables these laboratories to dem-
onstrate adherence to specific standards (e.g. ISO/TEC
17025: International Organization for Standardization,
2017). However, as Kanthaswamy (2024) states, and we
agree, it is a huge financial burden to obtain and retain
formal accreditation to these standards, which many
small laboratories cannot afford. It is therefore impor-
tant to acknowledge that, while accreditation to ISO
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STANDARDS IN WILDLIFE FORENSIC SCIENCE

standards is the ‘gold standard’ for a forensic laboratory,
if this is not financially viable for a laboratory, especially
in the developmental phase, there are other options
for laboratories to be recognised as delivering quality-
assured wildlife forensic testing.

To help recognise the laboratories which adopt the
SWES Standards and Guidelines, SWFS established
the SWFS Assessment Program in 2018. The SWFS
Assessment Program is not an accreditation service
but is an independent assessment against the SWFS
Standards and Guidelines (Moore et al., 2021), which
also focuses on requirements that are unique to the field
of wildlife forensics, and not considered by ISO stan-
dards. The assessments and resultant outcomes are con-
fidential and thus laboratories may or may not choose
to disclose if they have undergone assessment. However,
the results of assessments can be used by laboratories to
demonstrate the quality of work they provide and give
confidence to their customers (e.g. enforcement agencies
and the judiciary), or to help build a business case to ob-
tain the resources needed to fill any gaps that still exist
within their QMS. To date, nine wildlife forensic labora-
tories have undergone assessment by SWFS, including
the Marine Forensic Laboratory at the National Oceanic
and Atmospheric Administration's Northwest Fisheries
Science Center (Seattle, WA and Charleston, SC, USA)
and Vietnam's wildlife forensic laboratory, based at the
Institute of Ecology and Biological Resources in Hanoi,
both of which deal with a wide range of illegal wild-
life trade casework (e.g. Ewart et al., 2018; Martinsohn
et al.,, 2019; Moore & Frazier, 2019).

TRAINING AND COMPETENCE IN
WILDLIFE FORENSIC SCIENCE

Considerable efforts have also been made by SWFS and
ENFSI-APST in developing training, professional devel-
opment and competency resources aimed at analysts at
the individual level, arising from the emphasis on train-
ing and competence in ISO/TEC: 17025 and in the field of
forensic science in general.

Proficiency tests are designed to evaluate participant
performance against pre-established criteria by means of
interlaboratory comparisons (ENFSI, 2023). Proficiency
testing is an essential part of any forensic scientist's
demonstration of ongoing competency. Both SWFS and
ENFSI-APST offer annual wildlife identification profi-
ciency tests (involving species identification, sex deter-
mination, and/or individualisation testing), which are
regularly undertaken by 3040 laboratories worldwide.
Collaborative Exercises are interlaboratory exercises de-
signed to address issues and may also monitor labora-
tory performance (ENFSI, 2023). The African Wildlife
Forensics Network (AWFN), along with TRACE
Wildlife Forensics Network, coordinates Collaborative
Exercises for DNA-based species identification among
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wildlife forensic laboratory practitioners across Africa.
Both the AWFN and SWEFES run in-person morphologi-
cal ivory identification training and proficiency testing,
and SWFS is currently developing a timber identifica-
tion proficiency test.

One of the recommendations from the National
Research Council report (2009) was that forensic scien-
tists become certified in their specialist forensic disci-
plines. In response, the SWFS certification programme
for the wildlife forensics community was launched in
2013. Through this programme, applicants are peer as-
sessed to ensure they are conducting and satisfactorily
completing annual proficiency tests, have the appropri-
ate education, training, and casework experience, and
are using methods accepted within the community for
the casework they are undertaking. Certification lasts
3years, upon which they must undergo re-assessment to
retain their certification. Currently there are 18 analysts
assessed as Certified Wildlife Forensic Scientists across
the globe.

VALIDATED REFERENCE
GENETIC DATA FOR FORENSIC
APPLICATION

Kanthaswamy (2024) correctly identifies the availability
of validated reference genetic data as an issue in wildlife
DNA forensics, and it is a concern that the wildlife foren-
sic community is actively addressing. There are two prin-
cipal data types to consider: (i) reference DNA sequence
data; and (ii) individual DNA profile data. Reference
DNA sequence data are primarily used for species
identification but can also be used for broad-scale geo-
graphic origin assignment. Individual DNA profile data
are used for sample matching/exclusion, parentage and
geographic provenance identification. The establish-
ment of population DNA profile databases are required
for statistical inference of profile matches, familial rela-
tionships, and fine-scale geographic origin assignment
tools.

DNA sequence data

Species identification relies on the availability of com-
parative sequence databases, primarily mitochondrial
or chloroplast DNA markers. The largest and most ac-
cessible sequence databases with the greatest species
representation are also the least validated and contain
the most errors (e.g. GenBank). The potential issues
with using publicly available sequence data for species
identification highlighted by Kanthaswamy (2024) are
well understood across the wildlife forensic community
(Meiklejohn et al., 2021), and guidelines have been de-
veloped to assist in the interpretation of identifications
that use these data (Patel et al., 2023). Although there are
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initiatives for developing validated sequence data spe-
cifically for wildlife forensic identification (e.g. Ahlers
et al.,, 2017, Baxter et al., 2024), most databases are
generated and curated in-house, and are seldom made
available to the public for a number of reasons (e.g. data
sharing constraints, commercial viability). It is recog-
nised that not all wildlife forensics laboratories have the
resources, capacity or access to appropriate sample ma-
terial to develop their own in-house reference databases.
This is why one of the current priorities of the TWG is
to develop a mitochondrial DNA reference database for
species identification that holds data verified for foren-
sic applications. This reference database will contain
data vetted on various quality assurance criteria, and in
some cases private data that cannot be shared on pub-
licly available databases. Its purpose will be for wildlife
forensic laboratories to carry out species identification
only and data will not be available for research purposes.
In the meantime, to address the ongoing and necessary
use of databases such as GenBank in forensic casework,
the OSAC WFBS authored and AAFS ASB subsequently
published Standard for the Selection and Evaluation of
GenBank® Results for Taxonomic Assignment of Wildlife
(ANSI/ASB Standard 180, 2024). Additionally, a pub-
lished interlaboratory study demonstrated the successful
use of this standard as a framework for using GenBank
in casework (Patel et al., 2023).

Individual DNA profile data

The development and validation of nuclear DNA STR
or SNP marker profiling systems in forensic science
requires considerable investment of both time and re-
sources. There are a number of species globally that
have had these developed for forensic purposes, includ-
ing dogs (Berger et al., 2014), white-tailed deer (Hamlin
et al., 2021), roe deer (Morf et al., 2021), African rhi-
noceros (Harper, 2021), big leaf maple (Dormontt
et al., 2020), and birch trees (Wesselink et al., 2018).
DNA profiling systems are typically species-specific,
which creates challenges in wildlife forensics where in-
vestigative questions involve many different species,
often in quite localised enforcement contexts. This has
historically limited the publication of individual DNA
profiling validation studies to relatively few species of
widespread interest, with further challenges to inter-
laboratory transfer of data, due to a lack of allelic lad-
ders or positive control genotypes. However, some of
this may be remedied by ensuring publication of newly
developed and validated assays as well as profile refer-
ence databases and allele frequencies. Recognising these
challenges, OSAC standards for development of non-
human STR panels, interpretation of STR results in the
absence of an allelic ladder, and validation of multi-locus
databases are in preparation (https:/www.nist.gov/osac/

subcommittees/wildlife-forensic-biology). The ongoing
transition to more transferable SNP-based profiling sys-
tems in wildlife forensics (Ogden, 2011) will further aid
the dissemination of DNA test methods.

GLOBAL WILDLIFE FORENSICS
CAPACITY AND NETWORKS

Wildlife DNA forensics emerged in a number of coun-
tries simultaneously in the 1990s and has since spread
internationally. Interestingly, given its primary applica-
tion to inform the enforcement of wildlife protection leg-
islation, the need for wildlife DNA forensics is arguably
higher in biodiverse countries that have retained wildlife
populations of value to illegal criminal networks, rather
than in countries where the discipline enjoys the strong-
est infrastructure. The largest gaps for wildlife DNA fo-
rensic capacity are therefore often in Africa, Asia, and
South America, where human DNA forensic capacity is
also arguably lowest. This creates needs for international
coordination and capacity building, which have both re-
ceived significant attention over the past decade.

Since 2016, the Secretariat of the Convention on
International Trade in Endangered Species of Wild
Flora and Fauna has maintained a directory of approved
laboratories that are willing and able to undertake in-
ternational wildlife forensic casework, which currently
lists 13 ISO-accredited services across North America,
Europe, East and Southeast Asia, and Australasia. Other
accredited wildlife forensic laboratories are not listed
as they focus solely on national service delivery, such
as those within the US Customs and Border Protection
agency and the Forensic Science Service in Botswana.
Throughout Europe, wildlife DNA forensic analysis is
delivered by existing forensic service providers that are
committed to the development and execution of best
practices through ENFSI-APST.

However, the vast majority of wildlife DNA forensic
laboratories provide national services which, alhough
not yet accredited, demonstrate their commitment to
quality service delivery through implementation of their
internal QMSs. In Africa, for example, this includes
laboratories in Gabon, Kenya, South Africa, Tanzania,
Uganda, Zambia, and Zimbabwe, with more laborato-
ries at earlier stages of development. The importance of
establishing and maintaining rigorous quality assured
processes is widely recognised by the community, which
is why organisations such as the AWFN have been cre-
ated, bringing together early career practitioners and
highly experienced forensic scientists to support the
development of and access to wildlife forensic services
across the African continent. Operating since 2016,
AWFN has practitioner members from 15 African na-
tions working in partnership with wildlife forensic sci-
entists from around the world. Other networks and
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partnerships exist in Southeast Asia, China, Russia and
central Asia, and on the Indian subcontinent. Scientists
from many of these regions are also members of the
SWES, which meets every 2years to bring the commu-
nity together. The 2024 SWFS meeting held in Malaysia
hosted 120 participants from 29 countries. At the 2023
meeting of the International Association of Forensic
Sciences, two dedicated wildlife forensic sessions served
to illustrate the seriousness with which the discipline is
now regarded.

CONCLUSION

This brief review of standards in wildlife forensic sci-
ence serves to demonstrate that the discipline is in-
creasingly meeting or exceeding the quality assurance
thresholds demanded by the international forensic sci-
ence community, and is considerably further along this
road than other reviews have suggested (Amorim, 2019;
Kanthaswamy, 2024). As an applied field, it is perhaps
harder to communicate such developments, as they do
not always appear in the scientific literature but are in-
stead published by standards organisations and dissemi-
nated through practitioner networks associated with
groups such as SWFS and ENFSI-APST. It is hoped that
this review raises awareness of progress in wildlife fo-
rensic standards and effectively signposts resources for
any International Society for Animal Genetics labora-
tories who have an interest in this field but are not al-
ready involved. While there is always room for continual
improvement, quality assurance is at the core of wildlife
forensic science, and as practitioners we will continue to
face this challenge head on by engaging with other foren-
sic disciplines as well as the wider scientific community.
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