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Objective Environmental DNA (eDNA) is a rapidly emerging data source with the potential to support environmental
monitoring and biodiversity conservation around the world. Current efforts to standardize eDNA methods and
reporting are aimed at strengthening credibility and supporting adoption. In doing this, however, researchers must
be mindful of diverse capacities and ecological contexts both regionally and around the world. The objective of our
research is to understand how international standards for eDNA may support or hinder the uptake of eDNA methods
and tools for conservation and biodiversity work. This was accomplished through two interactive workshops that
brought together eDNA researchers and practitioners from around the world to surface broad and specific barriers to

Results The most prevalent concern across all stages of the workflow was affordability. Workshop participants found
the sampling and bioinformatics workflow stages to be the largest barriers. Participants also identified substantial
hurdles: (1) the need for more clarity around eDNA methods and appropriate applications and protocols, (2) lack of
access to suitable laboratories, (3) the need for different standards for diverse systems, species, and locations, and (4)
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Introduction

The eDNA Collaborative at the University of Wash-
ington is a program that disseminates, accelerates, and
reinforces science to bring environmental DNA (eDNA)
analysis and techniques out of the lab and into rou-
tine practice around the world. As eDNA emerges as an
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important source for biodiversity data [1-3], and is sub-
sequently adopted into monitoring programs [4, 5] and
regulatory practice [6, 7], standards for eDNA research
are being developed at multiple regional and global
scales [8-11]. Yet, researchers working with eDNA in
the Global South, remote areas, or less-well-resourced
institutions may not have access to the same materials
and technologies as those in countries with more access,
thus making standards challenging to implement under
resource constraints [12]. To date, no study has captured
real-time practitioner feedback on standards develop-
ment, leaving a disconnect between standard-setters and
end-users.
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To meet our goal of bringing the tools of eDNA to
more people, we have been investigating why research-
ers may, or may not, reach for eDNA as a tool for biodi-
versity monitoring. These reasons include standards that
might support, or hinder, access to and use of eDNA in
routine conservation practice. To this end, we convened
two workshops that brought eDNA researchers and prac-
titioners together to facilitate a conversation around the
potentials and concerns of eDNA standards for research.
Workshops were held during scientific conferences held
in Kigali - Rwanda, and Belém- Brazil. Data from these
workshops was gathered from participants through a
series of activities and then coded using a grounded
theory methodology [13, 14]. This resulted in a series of
qualitative findings including common barriers to using
eDNA and recommendations to overcome them.

Methods

In order to gather a broad range of views from research-
ers outside of the Global North, the workshops were held
at two international conservation conferences in 2024:
(1) the Association for Tropical Conservation Biology
Annual Meeting in Kigali, Rwanda and (2) the Interna-
tional Barcode of Life Conference in Belém, Brazil. At
each conference, we conducted a 90—120 min workshop
using interactive methods for eliciting user opinions and
concerns. Anyone attending the conference was encour-
aged to attend, and estimated numbers of workshop
attendees were: 30 in Kigali and 50 in Belém. There was
no requirement for prior knowledge or use of eDNA, and
the conferences drew diverse audiences of conservation
professionals from around the world. At each conference,
the majority of the attendees were from the continent
where the conference was held, but participants attended
from around the world. The in-person and interactive
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nature of this event was important to its success, as put-
ting researchers from around the world, in the same
room, in the same time-zone, and face-to face was key to
eliciting diverse perspectives across varying cultures and
language differences.

Both workshops followed the same format and used
a series of interactive discussions and gallery walks (see
below) to elicit user experiences of eDNA workflows from
sample collection to data and bioinformatics. After a
brief introduction to the broad concept of standards and
eDNA standards development internationally, we held a
brief, open discussion about individuals’ use of standards.
Following this we convened a “gallery-walk,” in which
participants could move around the room to engage with
posters at different stations representing each stage of the
eDNA workflow (Fig. 1). At each stage, participants were
encouraged to contribute their thoughts by writing into
and pasting post-it notes onto posters. Red post-it notes
were used to represent barriers, problems or concerns,
while green or blue were used to represent positive out-
comes or questions respectively. There was no limit to
the number of notes/comments an individual could con-
tribute. After a brief facilitated discussion, a “vote” was
held, with a limit of 4 votes per participant. Each vote
represented a barrier, three yellow stickers represented
important barriers, and one blue sticker to represent the
most impactful barrier. These materials (post-it notes,
posters, stickers) form the data for this study and were
analyzed using the following method.

The gallery walk portion of the workshop. Each stage
was represented by a poster at the gallery walk, in which
participants wrote their thoughts and voted for the most
meaningful among them.

Analysis of the data followed the following protocol,
based on qualitative grounded-theoretical coding in
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which the text of the post-it notes served as data. This
text was systematically coded using patterns emerging
from the text itself [13]. For each workshop, the text from
each note was entered into a spreadsheet according to
the workflow stage and the color (representing positive/
negative), along with the number of “votes” each note or
stage had in total. To weigh the importance of the final
votes, one point (vote) was given for each yellow sticker,
and three points (votes) to each blue sticker. Finally, all
entries were coded using an iterative process whereby the
coder grouped each entry into similar themes, both per
stage and as a whole. The data was then explored using
several visualizations [14] including “heat-mapping” of
most “important” themes and notes, as well as bar graphs
of each stage and theme (Figs. 2 and 3).

Results
Differences between the results from the two confer-
ences vary slightly (see Figs. 2 and 3), although we
hesitate to make regional assumptions based on these
differences because both conferences were international
in attendance. Due to differences in conference topics,
we assume that there were generally more participants
familiar with eDNA methods participating in the Belém
workshop. While the work stages (as outlined in Fig. 1)
supported gathering data about all aspects of an eDNA
study, the results from the different stages were overlap-
ping, although some stages appeared to be more prob-
lematic than others.

Affordability is the most prevalent concern combined
across all stages of the workflow (45 code count out of
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344 coded comments). Affordability ranked very high as
a barrier in all stages except bioinformatics. It is impor-
tant to note that we distinguish affordability (cost) from
accessibility (cold chain/logistics). Although related,
some items might be inaccessible due to reasons such
as logistics or cold chain shipping, whereas the issue of
affordability denotes that cost is the foremost barrier.
Examples of affordability issues include concerns around
the cost of sampling campaigns, analysis, reagents, and
equipment, and prohibitive shipping fees. The cost of
sending samples to a service provider for analysis may
also be beyond the budget of many practitioners. Eco-
nomic disparities, including unequal exchange rates
between countries are cited by participants as a major
contributing factor to lack of affordability for researchers.

Across all stages, there is a call for more clarity around
eDNA methods and tools due to widespread and funda-
mental confusion creating a barrier. Lack of information
about choosing primers, the appropriate applications of
each sequencing technology, and comparability across
these technologies were all highly ranked barriers. Stan-
dards are sometimes cited as a way to increase clarity,
especially in terms of sampling protocols and compa-
rability across regions, study sites, and laboratories. It
should be noted, however, that “clarity,” is one perspec-
tive related to a broader lack of knowledge and can thus
be addressed in different ways (i.e. courses vs. standards).
Clarity also extends to a concern many people had
around the transparency of service providers (i.e. Labora-
tories that analyze samples and return data).
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Fig. 2 Total “vote” count for each eDNA workflow stage across each workshop when asked “What is the most impactful barrier?” Each participant was

given one (blue dot) vote for this question
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Fig. 3 Number of coded comments and votes across all workflow stages in Kigali and Belém workshops

A lack of suitable laboratories is a major barrier for
many participants. This barrier is characterized in differ-
ent ways, described as a matter of access, such as access
to sequencing laboratories capable of processing environ-
mental samples (as opposed to human), or lack of access
to other equipment such as cold storage or even stable
electricity supply that may not exist in many remote and
low-resourced areas of the world. Contamination was
cited as the main concern for the “extraction” stage of the
workflow. This barrier is also associated with the need
for appropriate laboratory workspaces for extraction
and analysis, but it can also be associated with credibility
of the method. Increased false positives caused by con-
tamination and the lack of appropriate laboratory infra-
structure are not only barriers to implementing eDNA
workflows but also threaten the credibility of the method
as its use continues to expand.

Many participants were concerned about the appli-
cability of standards to different systems, species, and
locations. They highlighted the need to foreground this
difference in any standards or sample designs that are
developed. Related to difference is a particular concern
that was highly ranked across both workshops: the need
for comprehensive species libraries containing reference
sequences from across the globe, especially in remote and
lesser-studied areas such as the tropics, as sequencing
data will be unusable without the appropriate libraries.

Finally, the entire stage of bioinformatics rose to the
foreground as a major “pinch point” for participants
who wanted to use eDNA in their research. Participants
highlighted the need for trained experts, standards, and
open-source pipelines. They also highlighted the com-
putationally intensive nature of bioinformatics and the
lack of capacity in many remote regions. For many par-
ticipants, lack of access to bioinformatics expertise was a
fundamental reason not to embrace eDNA methods and
tools.

Although most of the gathered comments were barri-
ers, some “positive” comments were also collected, nota-
bly several recommendations for self-made, open-source,
or DIY protocols, buffers, or other tools. There were
also many comments that highlighted the need for and
importance of simple and accessible standards.

Discussion/Recommendations

The findings from this study highlight individual and col-
lective hesitations and structural barriers to useful uptake
of eDNA by conservation practitioners around the world.
We uncovered perspectives that went well beyond inter-
national standards. These findings should be considered
when developing any standards for the field, as well as
those working to make eDNA more accessible and useful.
These issues and barriers outlined by workshop partici-
pants have been echoed in other studies and forums [12,
15, 16]. A discussion of some practical ways to support
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the reduction of barriers when crafting eDNA standards
or programs follows.

The most-commented on and highest-ranked stages as
a barrier of the workflow were sample collection, DNA
extraction and bioinformatics (Fig. 2). This may be due
to the entry-point (sample collection/DNA extraction)
and results (bioinformatics) being the most visible and
engaged-with stages of the workflow. It is common for
conservation scientists to gather samples (sample collec-
tion) and send them off to a service provider for process-
ing (DNA extraction, amplification, library preparation,
and sequencing) to receive the results in the form of
bioinformatics data. Therefore, most of the participants
were likely less familiar with the “black boxed,” interme-
diate stages that would be executed by a service provider,
resulting in more barriers encountered at the end stages.

Support knowledge transfer

One of the main issues identified was a need for clar-
ity around how to use eDNA-driven techniques
appropriately and in different contexts. Further, bioin-
formatics expertise is a fundamental gap that is prevent-
ing researchers from using eDNA methods and tools.
Training in eDNA methods is therefore critically needed
in both resourced and less-resourced parts of the world.
This is especially the case in terms of bioinformatics
training, as there is a lack of expertise internal to conser-
vation fields, and even a lack of researchers to consult for
bioinformatics support. Capacity for bioinformatics will
need to be developed and training will need to be made
available to a wide range of people from different disci-
plines and backgrounds. A good example of this capacity
building has been taking place in a regional context in the
Africa BioGenome Project, which has trained over 3500
African scientists in bioinformatics and other genetic
methods [16-19].

However, while dedicated bioinformatics training
remains essential, the growing accessibility of Al assis-
tants and language models, which can help inexperienced
users generate and troubleshoot code and bioinformat-
ics pipelines, offers a valuable way to “level the playing
field” potentially enabling broader participation in eDNA
workflows [20, 21].

Ensure affordability and accessibility

Affordability and accessibility of technologies and materi-
als will remain an issue with eDNA until regional supply
networks and laboratories are developed. Portable long-
read sequencers (e.g., handheld/field-deployable units)
can reduce shipping and cod-chain dependencies and
enable near-field sequencing. However, cost-effectiveness
and performance are use-case dependent and should be
weighed against accuracy, throughput, and local exper-
tise [23]. eDNA methods and tools span a wide range of
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low-tech (i.e. some filters) and high-tech (i.e. advanced
sequencers) worlds. The rapid innovation within the
eDNA community should be embraced and used to cre-
ate low-cost, open-source technologies and protocols
that can be used by almost anyone [22, 23].

Strengthen reliability

Reliability should be demonstrated with platform-agnos-
tic Quality assurance/Quality control metrics: contami-
nation safeguards and field blanks, positive controls or
mock communities, replicate concordance, and transpar-
ent, versioned analysis pipelines, alongside inter-labora-
tory ring trials. Technological innovation can improve
access and speed, but workflow choices should be justi-
fied by performance metrics not instrument brand [8,
23]. Any workflow proposed on affordability or porta-
bility grounds should show comparable detection/error
profiles and be reproduced across multiple laboratories
before inclusion in standards.

Conclusion

We urge funders and standard-setting bodies to co-
develop tiered standards that align with regional capacity,
ensuring equity in eDNA adoption. Conservation prac-
titioners generally feel that standards will support the
uptake of eDNA methods and tools. However, if different
systems and capabilities are not considered, standards
could hinder the uptake of eDNA tools by creating bar-
riers to use. This means that eDNA technologies that are
required or suggested for inclusion in standards and pro-
tocols should be globally accessible and cost as little as
possible, while still being comparable. The results gath-
ered from these workshops highlight the need for general
capacity building alongside any efforts at standardization
if eDNA methods and tools are to become accessible and
useful to conservation practitioners around the world.

Limitations

This study is qualitative and thus aligns with the general
limitations of qualitative research. The sample size was
not intended to support quantitative analysis, and thus
all results should be read within the context of the two
conference workshops in which the data was gathered.
All participants were self-selected to participate in the
workshops.

Abbreviations

ATBC Association for tropical biology
eDNA  Environmental DNA
IBOL International barcode of life

Supplementary Information
The online version contains supplementary material available at https://doi.or
g/10.1186/513104-026-07693-x.


https://doi.org/10.1186/s13104-026-07693-x
https://doi.org/10.1186/s13104-026-07693-x

Hirsch et al. BMC Research Notes (2026) 19:107

[ Supplementary Material 1. ]

Acknowledgements

We gratefully acknowledge the David and Lucile Packard Foundation for
their funding support that enabled this research. Special thanks to Adriana
Radulovici, Executive Secretary of IBOL, who supported the Brazil workshop.

Author contributions

SH, EA, and RK conceptualized the research. SH designed the methods and
managed the data. Al and PB assisted in data collection. SH drafted the
manuscript. All authors contributed to and approved the final manuscript.

Data availability
The datasets used and/or analyzed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

This study received an exempt determination from the University of
Washington Institutional Review Board (IRB #00019295). The research involved
anonymous, voluntary opinion surveys conducted with adult participants,
after obtaining informed consent, during open workshops at an international
scientific conference. No personal identifiers or health information were
collected. Rwanda and Brazil served solely as the physical locations of the
conference workshops; no research activities, recruitment, or institutional
partnerships occurred within local institutions in either country. As confirmed
by the University of Washington Human Subjects Division, no local ethics
committee approval was required under these circumstances. All procedures
were conducted in accordance with the principles of the Declaration of
Helsinki..

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 28 July 2025 / Accepted: 29 January 2026
Published online: 04 February 2026

References

1. Altermatt F, Couton M, Carraro L, Keck F, Lawson-Handley L, Lesse F et al.
Utilizing aquatic environmental DNA to address global biodiversity targets.
Nat Rev Biodivers. 2025;:332-46.

2. SchenekarT.The current state of eDNA research in freshwater ecosystems:
are we shifting from the developmental phase to standard application in
biomonitoring? Hydrobiologia. 2023;850(6):1263-82. https://doi.org/10.1007/
$10750-022-04891-z.

3. BaniA, De Brauwer M, Creer S, Dumbrell AJ, Limmon G, Jompa J, et al. Chap-
ter ten: informing marine Spatial planning decisions with environmental
DNA. Adv Ecol Res. 2020;62:375-407. https://doi.org/10.1016/bs.aecr.2020.02.
011.

4. Abbott C, Coulson M, Gagné N, Lacoursiere-Roussel A, Parent GJ, Bajno R et
al. Guidance on the use of targeted environmental DNA (eDNA) analysis for
the management of aquatic invasive species and species at risk. Fisheries and
Oceans Canada, Science Advisory Secretariat. 2021. Available from: http://www.
dfo-mpo.gc.ca/csas-sccs/

5. Darling JA.How to learn to stop worrying and love environmental DNA
monitoring. Aquat Ecosyst Health Manag. 2020;22(4):440-5. https://doi.org/1
0.1080/14634988.2019.1682912.

Page 6 of 6

6. Kelly RP, Lodge DM, Lee KN, Theroux S, Sepulveda AJ, Scholin CA, et al. Toward
a National eDNA strategy for the united States. Environ DNA. 2023;6(1):e432.
https://doi.org/10.1002/edn3.432.

7. LeeKN, Kelly RP, Demir-Hilton E, Laschever E, Allan EA. Adoption of environ-
mental DNA in public agency practice. Environ DNA. 2023;6(1):e470. https://d
0i.0org/10.1002/edn3.470.

8. Theroux S, Sepulveda A, Abbott CL, Gold Z, Watts AW, Hunter ME, et al. What
is e DNA method standardization and why do we need it? Metabarcoding
Metagenomics. 2025;,9:91-106. https://doi.org/10.3897/mbmg.9.123076.

9. Helbing CC, Hobbs J. Environmental DNA standardization needs for fish and
wildlife population assessments and monitoring. CSA Group, Canada. 2019.
Available from: https://www.csagroup.org/wp-content/uploads/CSA-Grou
p-Research-Environmental-DNA.pdf

10.  Weigand A, Zimmermann J, Bouchez A, Leese F. DNAqua-Net: advancing
Methods, connecting communities and envisaging standards. Biodivers Inf
Sci Stand. 2017;1:€20310. https://doi.org/10.3897/tdwgproceedings.1.20310.

11. Takahashi M, Fraslev TG, Paupério J, Thalinger B, Klymus K, Helbing CC, et
al. A metadata checklist and data formatting guidelines to make eDNA
FAIR (Findable, Accessible, Interoperable, and Reusable). Environ DNA.
2025;7(3):e70100.

12. Hirsch S, Acharya-Patel N, Amamoo PA, Borrero-Pérez GH, Cahyani NKD,
Ginigini JGM, et al. Centering accessibility, increasing capacity, and fostering
innovation in the development of international eDNA standards. Metabar-
coding Metagenomics. 2024,8:e126058. https://doi.org/10.3897/mbmg.8.126
058.

13. Charmaz K. Grounded theory in the 21st century: A qualitative method
for advancing social justice research. In: Denzin NK, Lincoln YS, editors.
Handbook of qualitative research. 3rd ed. Thousand Oaks, CA: Sage; 2005. pp.
507-36.

14.  Clarke A. Situational analysis: grounded theory after the postmodern turn.
Thousand Oaks, CA: Sage; 2005.

15. von der Heyden S. Environmental DNA surveys of African biodiversity: state
of knowledge, challenges, and opportunities. Environ DNA. 2022,5(1):12-7. ht
tps://doi.org/10.1002/edn3.363.

16. Ebenezer TE, Muigai AWT, Nouala S, Badaoui B, Blaxter M, Buddie AG, et
al. Africa: sequence 100,000 species to safeguard biodiversity. Nature.
2022;603(7901):388-92. https://doi.org/10.1038/d41586-022-00712-4.

17. Sharaf A, Nesengani LT, Hayah |, et al. Establish grassroots genomics and bio-
informatics programs to train 400 Africans yearly. African biogenome project
(AfricaBP). Open Institute for Genomics and Bioinformatics; 2024.

18.  Sharaf A, Ndiribe CC, Omotoriogun TC, Abueg L, Badaoui B, Badiane Markey
FJ, et al. Bridging the gap in African biodiversity genomics and bioinformatics.
Nat Biotechnol. 2023;41(9):1348-54. https://doi.org/10.1038/541587-023-019
33-2.

19.  Moore B, Carvajal-Lépez P, Chauke PA, Cristancho M, Del Angel VD,
Fernandez-Valverde SL, et al. Ten simple rules for organizing a bioinformat-
ics training course in low- and middle-income countries. PLoS Comput Biol.
2021;17(8):21009232.

20. Piccolo SR, Denny P, Luxton-Reilly A, Payne SH, Ridge PG. Evaluating a large
Language model's ability to solve programming exercises from an introduc-
tory bioinformatics course. PLoS Comput Biol. 2023;19(9):e1011511.

21. Shuek, LiuL, Li B, Feng Z, Li X, Hu G. Empowering beginners in bioinformat-
ics with ChatGPT. Quant Biol. 2023;11(2):105-8.

22. Anderson W, Antaw F, Kenny S, Rupani H, Khamis R, Constantin N, et al.
DIYNAFLUOR: an affordable DIY plug-and-play nucleic acid fluorometer for
eDNA quantification in resource-limited settings. BioRxiv. 2024. https://doi.or
9/10.1101/2024.12.16.626200.

23. Chang JJM, Ip YCA, Neo WL, Mowe MA, Jaafar Z, Huang D. Primed and ready:
nanopore metabarcoding can now recover highly accurate consensus
barcodes that are generally indel-free. BMC Genomics. 2024;25(1):842.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.1007/s10750-022-04891-z
https://doi.org/10.1007/s10750-022-04891-z
https://doi.org/10.1016/bs.aecr.2020.02.011
https://doi.org/10.1016/bs.aecr.2020.02.011
http://www.dfo-mpo.gc.ca/csas-sccs/
http://www.dfo-mpo.gc.ca/csas-sccs/
https://doi.org/10.1080/14634988.2019.1682912
https://doi.org/10.1080/14634988.2019.1682912
https://doi.org/10.1002/edn3.432
https://doi.org/10.1002/edn3.432
https://doi.org/10.1002/edn3.470
https://doi.org/10.1002/edn3.470
https://doi.org/10.3897/mbmg.9.123076
https://www.csagroup.org/wp-content/uploads/CSA-Group-Research-Environmental-DNA.pdf
https://www.csagroup.org/wp-content/uploads/CSA-Group-Research-Environmental-DNA.pdf
https://doi.org/10.3897/tdwgproceedings.1.20310
https://doi.org/10.3897/mbmg.8.126058
https://doi.org/10.3897/mbmg.8.126058
https://doi.org/10.1002/edn3.363
https://doi.org/10.1002/edn3.363
https://doi.org/10.1038/d41586-022-00712-4
https://doi.org/10.1038/s41587-023-01933-2
https://doi.org/10.1038/s41587-023-01933-2
https://doi.org/10.1101/2024.12.16.626200
https://doi.org/10.1101/2024.12.16.626200

	﻿Understanding practical barriers to the global adoption of environmental DNA (eDNA) methods, tools, and standards
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Results
	﻿Discussion/Recommendations
	﻿Support knowledge transfer
	﻿Ensure affordability and accessibility
	﻿Strengthen reliability

	﻿Conclusion
	﻿Limitations
	﻿References


