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eDNA First: A Framework for
Transition in Biodiversity
Monitoring
Biodiversity is vast, but the methods we use to observe it rely on capturing and identi-
fying individual organisms. We are making decisions that carry legal, operational, and
reputational consequences for both project developers and environmental agencies
with precarious information
In 2017, I heard Pablos Holman describe the problem through Excel: if you use the
spreadsheet, you cannot use all the data; if you use all the data, you cannot use the
spreadsheet. Biodiversity presents that same mismatch between what we need to ob-
serve and the tools we routinely use. It is a big data problem with small data tools.
Capture based surveys observe isolated points while biodiversity varies across space
and time.
Morphological taxonomy allows us to speak in great detail about what was collected,
but it cannot tell us anything about what was not captured: the vast majority.
Confidence comes from long time series, which can only exist if we start measuring
before demand arises. When a decision is required, the data will already exist and can
be converted into actionable information that is comparable, traceable, and technically
auditable.
Mind the gap
Building reference databases from the or-
ganisms we have captured is legitimate,
but is it the priority whenmost organisms
remain unknown to us [7]?
In 2025, Basecamp Research described
the lack of data as a data wall limiting the
training of AI models in biology [8]. The
paper struck me for two reasons: the size
of the gap and the business opportunity
in biodiversity data.
UniRef held 454 million protein se-
quences accumulated over decades,
while BaseData held 9.8 billion, generated
through a collection network spanning 26
countries and autonomous regions. Even
after accounting for redundancy, Base-
Data expanded known protein diversity
more than tenfold relative to the protein
databases compared in the paper [8].
Reference libraries help us name the se-
quences we collect; they cannot sup-
ply environmental observations we never
made. For me, the Basecamp result

makes postponing eDNA until those li-
braries are complete untenable.
For me, the priority is to collect and se-
quence environmental samples now, so
decisions can draw onmore data, even at
lower taxonomic resolution.

Fill in the blanks
We can fill this gap if we accept measur-
ing a proxy for individuals: the DNA they
leave in the environment.
In 2011, a Scientific American title caught
my attention: “DNA in a Cup of Water Re-
veals Lake Denizens” [9]. A cup of water
could showus a lake’s inhabitantswithout
capturing them.
Organisms leave DNA traces in water, soil,
and air. Sequencing reads the order of
bases in those traces, turning atoms into
bytes. The resulting sequences can iden-
tify organisms and compare communities
across places and time—without captur-
ing each organism first.
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eDNA is an informative proxy. It does not merely com-
plement capture data: it fills the gap capture leaves—the
organisms we could not capture. By changing the unit of
observation from the individual to its DNA, we can sample
more broadly.

We already have sequencing technology capable ofwork-
ing at this scale, and the science is mature for this transition.
Environmental monitoring practice has not caught up.
Prêt-à-porter
Environmentalmonitoring needs to compare ecosystems across
space and time, but it uses methods invented by naturalists
to catalogue individuals in collections more than three cen-
turies ago. In a difficult dinoflagellate identification task, 16
experts correctly labelled 72% of specimens; agreement be-
tween experts in earlier tests fell to 43% [16].

In Guanabara Bay, 28 water samples from ten localities
produced 31,667 sequence groupswith a singlemarker. Com-
paring their composition separated the bay into regions; the
result changed when we compared unnamed sequences in-
steadof named species. That is information about the ecosys-
tem’s structure that a list of captured individuals wouldmiss.

Saturation curves show the additional diversity each sam-
ple contributes, allowing us to estimate how representative
the sampling is in each region and whether we can compare
regions [3]. If uncertainty remains, we can use targeted PCR

on the same samples, or an independent method such as
capture and morphological identification when higher reso-
lution is needed. ISO 17805:2026 provides procedures for
sampling, capturing, and preserving eDNA from water [6].
eDNA first
We propose eDNA first, not eDNA only: an automated way
to approach the environment at large scale before deciding
what needs closer inspection.

Think of a satellite image. You use it to find the tree you
need to examine. You would not measure one tree first and
then take a satellite image to find out whether that tree is
beautiful.

eDNA first also means OTUs first. The technological bet
is thatOTU richness and abundance can carrymore informa-
tion about differences between environments than a list of
BLAST-assigned taxa [2]. A named species brings its history—
what we already know about where and how it lives—and
that matters.

It alsomeans, inevitably, shotgun sequencing. Whenever
the eDNA data is insufficient for a conclusion, we can check,
double-check, triple-check the conclusionwith different com-
plementary data and techniques, including capture andmor-
phological taxonomy.

Because DNA sequencing is scalable and eDNA sampling
is simpler, we will be able to survey more frequently and

Figure 1. NHGRI/NIH estimated cost per sequenced human genome from 2001 to 2022 (logarithmic scale). This shows the decline insequencing cost; it does not measure the total cost of eDNA monitoring [1].
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collect more data, compare biodiversity structure and func-
tional potential from individual sites towhole territories, and
show how they change over time. Those comparisons will
back regulatory reports, the biodiversity outcomes of forest
restoration, the biodiversity claims of REDD+ carbon credits,
and territorial and financial instruments such as CPR Verde
in Brazil and biodiversity credits globally.
On shore and offshore
Wewanted to test-drive the framework in two scenarios. One
was easy to access and hard to conserve, to show the fea-
sibility and importance of frequent monitoring. We chose
Guanabara Bay, our backyard and a postcard of Brazil. With
ten million people living around it, thousands of companies
operating along its shores, and with city, port, industry, and
mangrove meeting there, it was the perfect location. The
other was hard to access and hard to sample: an FPSO in
the Santos Basin, representing the access challenge of off-
shore oil operations. There we could test eDNA first under
the conditions environmental monitoring actually faces.

In September 2025, we collected 28 samples at ten loca-
tions in Guanabara Bay over three days by sailboat. In April
2026, FIDO—the Filtering Instrument for DNAObservation—
collected more than 100 samples autonomously at Marina
da Glória over ten days. At the same time, the uncrewed
Tupan II spent seven days surveying Santos Basin oil fields;
around the FPSO, it collected 47 samples at 21 points. The
April operations were a joint effort by Bio Bureau, TideWise,
and MBARI under Equinor’s ANP R&D project. The offshore
methods and results are reported in our preprint [10].

In Guanabara Bay, Jaccard-based analyses separated the
ten localities (p = 0.001), and DAPC found differences after
Holm correction. In the OTU analysis, the coastal stations
Marina daGlória, Jurujuba/BoaViagem, EnseadadeBotafogo,
Praia daGlória, andPraia Vermelha formedone group; Museu
do Amanhã, the two Vão Central sites, and Ilha do Fundão
formed another; Paquetá stood apart. IndVal associated
Guinardia striatawith Jurujuba/BoaViagem, Perna viridiswith
Vão Central north, and Streblospio gynobranchiata with Pa-
quetá (unpublished data).

At Marina da Glória, 110 FIDO samples collected over
about ten days yielded 122 assigned species. The accumu-
lation analysis measured what each additional sample con-
tributed. One sample a day retained all 22 recurring species;
sampling about every two hours recovered at least 90% of
the full species inventory. Those results let us choose fre-
quency according to what the monitoring needs to detect
(unpublished data).

Figure 2. FIDO (Filtering Instrument for DNA Observation),developed by the Monterey Bay Aquarium Research Institute(MBARI), during the April 2026 autonomous sampling campaign atMarina da Glória. Photo: Bio Bureau.

Around the FPSO, 47 samples from 21 points between
300 and 1,500 m showed no distinct radial groups with ei-
ther 12S or 16S. Samples collected one or two hours apart
at the same point were almost as different as samples from
different points, while technical replicates agreed. That re-
sult supports testing fewer stations with more frequent col-
lections.
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Figure 3. FIDO detections at Marina da Glória over ten days, including charismatic and invasive species, commercially important fish, and rare fish. The final frame shows the species accumulationcurve reaching saturation, allowing us to estimate how often to sample this area—an unprecedented result for Guanabara Bay. View the animation. Analysis: Bio Bureau/MBARI (unpublished data).
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The pilots met the scope we set for them. In Guanabara
Bay, 28 water samples collected in three days yielded 1,894
assigned taxa—an inventory we found larger than a decade
of PELD surveys in the bay [11]. Offshore, the uncrewed ex-
pedition collected 47 samples at 21 points around the FPSO
at an estimated one tenth of the cost of a conventional cap-
ture campaign. FIDO’s 110 samples over ten days, together
with the offshore expedition, demonstrated that autonomous
eDNA sampling canprovide the repeatedobservations needed
for long-term monitoring.

eDNA first is not eDNA only. We now have a course of
action that can work with the existing requirements of the
Brazilian Institute of Environment and Renewable Natural
Resources (IBAMA), Brazil’s federal environmental agency.
The Environmental Characterization Project (PCA) character-
izes an oil field block through a process established over
decades, with legal certainty. The Environmental Monitor-
ing Project (PMA) [15] is more flexible because its monitor-
ing plan responds to the reality of each project. No one
wants to dismantle an established process to introduce a
new technique; eDNA would have to be added. But compa-
nies do not want another permanent expense either. How
do we solve that dilemma? We propose adding eDNA to the
PCA, atmarginal cost within a campaign that already collects
large amounts of sediment and water. When the PMA be-
gins, that baseline can support eDNAfirst, with capture used
where the molecular results leave a specific question to re-
solve. The added cost in the PCA could then be offset by a
different use of sampling effort in the PMA, within IBAMA’s
requirements.
Trustless chain of custody
If there is a dispute between stakeholders, an environmen-
tal decision may eventually need to stand up in court. So
must the evidence behind it.

An emergent property of the amount of genetic infor-
mation in an environmental sample is its uniqueness and
power to discriminate. A biodiversity profile works like a fin-
gerprint of a place and time. A rich profile gives us more
features with which to test its declared origin, provided sam-
ples from the same timeandplace share a recognizable iden-
tity anddiffer fromsamples fromother environments. Some-
one could create a FASTQ file and say it came from a se-
quencer. To make it appear to come from a particular en-
vironment, they would have to reproduce that pattern—not
merely include the species expected there [4].

We can test the declared origin by asking whether an
unknown sample is classified with reference samples from
that place and time—for example, using DAPC. Sequencing
also turns biological information into digital files. A SHA-256
hash lets us check whether a file has changed since its hash

was recorded: compare the two values, and any alteration
becomes visible [5]. The hashes of the raw files and bioin-
formatics outputs could be combined in a Merkle-tree-like
structure. Registering its final hash as a non-fungible asset
on a public blockchain would provide dated proof that those
files existed. These are separate proofs of origin, integrity,
and existence [4].

We took eDNA, an almost digitally native asset, andmade
its record fully digital. More samples let us measure uncer-
tainty and reduce it, while making it dramatically harder to
recreate the profile of a specific place and time. This is the
trustless chain of custody we were missing: an environmen-
tal agency does not have to rely only on someone’s declara-
tion of origin, and later tampering with the digital files can
be detected. This is legal certainty.

In Michigan v. United States Army Corps of Engineers, 667
F.3d 765, 783–84 (7th Cir. 2011), the appeals court consid-
ered eDNA evidence about invasive carp alongside capture
results [12]. The court did not grant the injunction the states
sought, but it treated the eDNA results as evidence worth
considering. We have an example of a court examiningwhat
eDNA can show. The next step is to collect such records be-
fore a dispute arises. Records that can be reexamined can
support scrutiny across research, industry, public debate,
regulation, and litigation.
A call for a molecular REVIZEE
If data is the new oil, eDNA is the new exclusive exploration
zone. REVIZEEwasBrazil’s effort to inventory living resources
across its Exclusive Economic Zone andestimate sustainable
catches [13]. Itmobilized researchers and vessels for a decade.
Today, we are using eDNA largely to put nameson sequences,
measuring it against records built from the small fraction of
biodiversity that capture-based taxonomy reached—including
errors carried intoGBIF andGenBank [14]. That keepsmolec-
ular bioprospecting inside the limits of the method it could
surpass. The resource is already in our waters, andwe know
almost nothing about it. Whoever breaks free of that con-
straint and starts collecting it at scale will gain the prize: the
information itself.

In Luciano Candisani’s photograph, Tupan II leaves Guan-
abara Bay for Santos. The TideWise uncrewed vessel carried
MBARI’s ESP on a Bio Bureau expedition, traveled 200 miles
to an FPSO in the Santos Basin, and collected around 50
eDNA samples over three days. The image captures the po-
tential of uncrewed navigation, autonomous sampling, and
eDNA sequencing working together. The technology for a
molecular REVIZEE exists. We have deployed it.

The next step is opportunistic and speculative sampling:
collect before amonitoring project or a bioprospecting ques-
tion tells us what to look for, using the vessels and places
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Figure 4. Tupan II leaving Guanabara Bay for the Santos Basin with MBARI’s Environmental Sample Processor aboard. The uncrewedexpedition brought autonomous eDNA sampling offshore. Photo: Luciano Candisani/Bio Bureau.

already within reach. Sampling can be active, as with Tu-
pan’s ESP, or passive where a sampler can remain in the
water. Offshore support vessels, oceanographic buoys, and
sailors could contribute across different places and times.
Sequence the samples, keep their location and date, and
connect them to oceanographic and satellite data. Together,
those records would become a database we can question
again as new uses emerge.

The database would serve two purposes. Repeated sam-
ples would let us compare biodiversity across places and
time, including changeswedid not know to look forwhenwe
collected them, as we are already doing with TODABIO. The
same sequences could lead bioprospectors to genes, pro-
teins, and enzymes. We do not need a species name for ev-
ery sequence before either kind of work can begin; names
and interpretations can improve as the database grows.

eDNA is amature technology whenwe use it for the right
purpose. It gives us a satellite image of biodiversity, not
a magnifying glass: more information per sample, better
suited to comparing environments than theprecarious record
built from captured individuals. Lower sampling costs make
frequent observation possible, so uncertainty can be mea-

sured and reduced over time. Digital records make tamper-
ing detectable and let us examine biodiversity that capture
never reached. eDNA first is not eDNA only. Capture and
taxonomy remain available to verify results when we need
greater resolution. The science is established. The technol-
ogy has been deployed. With eDNA first, we can start now.

Darwin sailed on HMS Beagle without knowing what he
would find. Today, we can use Tupan II to explore themolec-
ular biodiversity of our waters. The next molecular REVIZEE
should begin before we know every question its data will an-
swer.
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