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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.

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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Abstract
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 
uptake of eDNA methods and tools.

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) 
the lack of trained experts in bioinformatics.
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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 

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 

Fig. 1  Simplified eDNA workflow with six “stages” used 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 

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).

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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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 

Fig. 3  Number of coded comments and votes across all workflow stages in Kigali and Belém workshops
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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 AI 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 

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.
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