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Abstract3

Environmental DNA (eDNA) data makes it possible to measure and monitor biodiversity4

at unprecedented resolution and scale. As use-cases multiply and scientific consensus grows5

regarding the value of eDNA analysis, public agencies have an opportunity to decide how6

and where eDNA data fits into their mandates. Within the United States, many federal7

and state agencies are individually using eDNA data in various applications and developing8

relevant scientific expertise. A national strategy for eDNA implementation would capitalize9

on recent scientific developments, providing a common set of next-generation tools for federal10

natural-resource management and public-health protection. Such a strategy would avoid11

patchwork and possibly inconsistent guidelines in different agencies, smoothing the way for12

efficient uptake of eDNA data in federal management. Because eDNA analysis is already in13

widespread use in both ocean and freshwater settings, we focus here on applications in these14

environments. However, we foresee broad adoption of eDNA analysis to meet many resource15

management issues across the nation because the same tools have immediate terrestrial and16

aerial applications.17

Introduction18

The United States federal government manages living resources for the benefit of its citizens19

at a vast scale. Sustainable use of these resources requires federal agencies to detect and20

monitor many species of commercial interest (e.g., fisheries, timber) and potential threats21

(e.g., invasive species, pathogens), and to assess shifts in biodiversity in a changing climate22

all while balancing the environmental impacts of their decisions. Responsible management23

accordingly requires understanding species distributions, how their abundances change over24

space and time, and how they adapt to pollution, harvesting, and large-scale stressors such25

as climate change.26

The mismatch between the scale of such tasks and the resources available to address27

them is increasingly apparent. For example, at present, maintaining a single research ves-28

sel to monitor our coasts and Great Lakes costs between US$2.2-$40 million per year; the29

United States has more such vessels than any other nation (Luis Valdes & Intergovernmental30

Oceanographic Commission, 2017) and other critical environmental-monitoring infrastruc-31

ture is similarly expensive. Such high costs limit our ability to provide the data needed to32

improve earth-system modeling and prediction in the face of rapidly changing environmen-33

tal conditions. Accordingly, there is substantial opportunity for more economically efficient34

approaches to large-scale biological observation.35

Biologists have made tremendous strides over the past decade, learning to collect and36

analyze the genetic material constantly generated and shed by living organisms. This am-37

bient genetic information – encoded in environmental DNA, or eDNA – reflects the species38

present in a given place and time and greatly enhances our ability to assess biology in39

much the same way that remote sensing has revolutionized our perspective on agriculture,40

oceanography, hydrology, chemistry, and landscape ecology, with applications from weather41

forecasting to GIS. Importantly, genetic information allows direct measurement of biology42

and biological responses, as opposed to using chemical and physical oceanographic proxies.43

eDNA data has become increasingly applicable to management as technology has ma-44

tured, throughput has grown, and costs have declined – sequencing one megabase of DNA45

cost nearly $5300 in 2001 and was less than $0.006 in 2021 (Wetterstrand, 2021) – so that46

large numbers of samples can now be analyzed quickly and cheaply. Widespread methods of47

analyzing eDNA currently include single-species assays using quantitative PCR (qPCR) or48

digital PCR (dPCR), and multi-species amplicon sequencing (metabarcoding); qPCR studies49

have become common over the past decade to track the movement, abundance, and inter-50

actions of species over increasingly broad geographic scales (Beng & Corlett, 2020; Miya,51

2022), and eDNA metabarcoding work has begun to generate multispecies and community-52

level views of the same phenomena.53

The scientific and technological gains of the past decade make eDNA analysis ready for54
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use as a practical management tool at a federal scale (Lodge, 2022), and federal agencies55

have individually developed eDNA applications to meet their own mandates (see examples56

below). In some applications, the use of eDNA is now a powerful complement to traditional57

biological monitoring techniques, and in other applications is replacing more expensive and58

slower traditional techniques (Evans et al., 2017; Qu & Stewart, 2019). As a result, the59

European Union and nations elsewhere are moving quickly toward standardized eDNA im-60

plementation for ecosystem management – as reflected in multiyear efforts funded by Eu-61

ropean Cooperation in Science and Technology (DNAqua-NET; Leese et al. 2018), and by62

the European Biodiversity Partnership (e.g., eWhale; https://ewhale.eu/). Canada, for ex-63

ample, has implemented a cross-sector national standard through the Canadian Standards64

Association (CSA Group) accredited by the Standards Council of Canada for eDNA re-65

porting requirements and terminology (Gagné et al, 2021). Other high-profile national- and66

international-scale documents and applications include examples from Finland (Norros et67

al. 2022), Australia and New Zealand (De Brauwer et al. 2022; Trujillo-González 2021),68

UNESCO (2023), and elsewhere.69

An eDNA strategy for the United States would capitalize on the last 15 years of eDNA70

research and development. Such a strategy would harmonize the application of eDNA tech-71

niques across agencies, encouraging consistent standards and guidelines as the relevant tech-72

niques mature, and thus would avoid a patchwork of inconsistent policies in different agencies.73

This unified strategy would smooth the path for efficient tools that would lead natural-74

resources management into the future. Moreover, it could ensure agency practice keeps pace75

with the dynamism of scientific, technological and industry advances, creating mechanisms76

to improve the accuracy, reliability and sensitivity of eDNA, broadening species and habitat77

coverage, while reducing costs. Indeed, many federal statutes require agencies to use the78

best available technology to meet mission needs, keeping pace with the best available science79

and most effective methods as they continue to evolve.80

Management-Ready Applications81

eDNA analysis offers a means of improved decision support for environmental management.82

A national strategy could foster the institutional conditions to ensure that comprehensive and83

sustained use of eDNA analysis remains salient (answering questions important to decision84

makers), scientifically credible, and legitimate (standing up to legal scrutiny) (Clark et al.,85

2016). Increased deployment of consensus eDNA applications could, for example, accelerate86

U.S. national priority programs including NOAA’s large-scale effort to characterize the na-87

tion’s offshore exclusive economic zone (National Strategy for Ocean Mapping, Exploration,88

and Characterization (NOMEC)), the goal to conserve 30% of national lands and waters89

by 2030 (Exec. Order No. 14008, 2021), the National Nature Assessment (Exec. Order90

No. 14072, 2022), the USGS Biothreats Program, the Department of Interior National Early91

Detection and Rapid Response (EDRR) Framework, and many others.92

Applications of eDNA around which scientific consensus exists fall generally into three93

categories.94

First, using qPCR or digital PCR to detect individual target species at low population95

density has repeatedly been shown to be more sensitive, faster, and cheaper than traditional96

biological surveillance and monitoring tools. Applications include the early detection of97

invasive species, imperiled species, and indicator species.98

Within the U.S. government, the Environmental Protection Agency (EPA) led the way99

with molecular methods to provide rapid water-quality assessments, partnering with aca-100

demic labs and other agencies to develop qPCR assays for assessing fecal indicator bacteria101

and markers for sources of fecal contamination (e.g., USEPA 2015, USEPA 2019); iden-102

tical methods have subsequently been used for COVID detection in wastewater streams103

(Boehm et al., 2022; Soller et al., 2022). The U.S. Geological Survey (USGS) and EPA –104

among more than a dozen federal agencies represented on the interagency National Invasive105

Species Council – leveraged qPCR assays into powerful methods for detecting invasive ani-106

mal species (Darling, 2019), NISC 2022). USGS, U.S. Fish & Wildlife Service (FWS), and107

several state agencies have led the effort to monitor invasive carp species; this is perhaps the108

most well-developed eDNA monitoring program, which has vastly improved our ability to109

detect harmful species at scale (FWS 2022). eDNA data have similarly proved invaluable110

in assessing the success of restoration projects – as USGS researchers showed in tracking111

native salmon reoccupying upstream habitat following the removals of the Elwha dams in112
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Washington state (Duda et al., 2021).113

Second, eDNA metabarcoding makes it possible to assess many species and trophic114

levels at once, an approach that provides more comprehensive species richness assessments115

vastly more quickly and cheaply than traditional biological monitoring tools (Andres et116

al., 2023). These kinds of data are often necessary for environmental-impact assessment117

under the National Environmental Policy Act (NEPA), state equivalents, and environmental118

assessments required by other statutes. For example, multispecies eDNA data are being used119

for environmental assessments in offshore-energy projects permitted by the Bureau of Ocean120

Energy Management (BOEM 2022).121

Third, in many circumstances, eDNA data can provide a useful index of population122

size – where more of a species is present, more of its DNA is inevitably present – although123

estimating organismal abundance in an absolute sense remains an area of active research124

(Shelton et al., 2022; Yates et al., 2021). NOAA, in collaboration with academic partners125

have demonstrated the quantitative value of eDNA for commercial fisheries at continental126

scales along both the Atlantic (Metabarcoding; (Stoeckle et al., 2021)) and Pacific (qPCR;127

(Shelton et al., 2022)) coasts – in both cases, eDNA data closely reflected species’ abundance128

trends estimated by traditional net or acoustic methods. Similarly, a NOAA study quantified129

a threatened salmon population using qPCR data, where the molecular data captured the130

same trends with less uncertainty than the traditional (and more labor-intensive) seine nets131

(Shelton et al. 2019). Moreover, this observation that “more animal = more DNA” is132

repeatable and robust across DNA isolation methods and markers (Jo and Yamanaka 2022).133

In sum, it is clear that across many federal agencies, eDNA is facilitating more efficient134

and comprehensive data collection, and adding new information to critical resource monitor-135

ing, management and conservation. A unified national strategy would consolidate the field's136

technological gains, harmonize the nascent efforts already in process in different agencies,137

and facilitate the standardization of methods for widespread management applications.138

From Research to Management139

A national eDNA strategy could accelerate agency uptake of consensus applications (see140

examples in Figure 1) and, by supporting ongoing research, guide further development of141

eDNA-based methods for natural-resources management. In particular, government agencies142

(as opposed to academic researchers, NGOs, or private-sector actors) are uniquely situated143

to minimize externalities arising from the incentives of individual actors and to generate144

public benefits efficiently. Accordingly, we highlight these roles below, setting out categories145

of actions in which a national eDNA strategy would likely require support.146

Figure 1: Examples of near-term applications that could be widely implemented under a
national eDNA strategy.

Coordination147

Although some federal agencies have developed plans to accelerate the routine use of eDNA148

and other molecular techniques in aquatic systems (Goodwin, 2020a, 2020b; Morisette et149
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al., 2021; United States. National Oceanic and Atmospheric Administration, 2021) – and150

although eDNA data has survived judicial scrutiny and has supported federal rulemakings151

under the Endangered Species Act (ESA; see below) – on the whole, there appears to be a152

spectrum of acceptability of eDNA data across different agencies. Several key steps would153

facilitate the high-level harmonization in eDNA policy across federal agencies, with sub-154

sidiary benefits to a range of non-federal entities, avoiding confusion and making uptake155

more efficient.156

• Clear Statement of Acceptability. eDNA data have featured signifi-157

cantly in several federal court cases and regulatory decisions (Endangered158

and Threatened Wildlife and Plants; Endangered Species Status for Black159

Warrior Waterdog and Designation of Critical Habitat, 2018; Michigan v.160

U.S. Army Corps of Engineers, 2011), signaling legal acceptability in the161

contexts of invasive- and endangered-species management. Insofar as eDNA162

data reflect the species present in or near the sampled environments, for le-163

gal purposes, eDNA data are merely another form of biological information164

and give results analogous to existing survey methods. A formal interagency165

position statement would clarify the legal status of eDNA data in the federal166

context and could usefully characterize the minimum attributes of accept-167

able data (Bustin et al., 2009), and would open the door to broader-scale168

eDNA applications in the private sector by reducing regulatory uncertainty.169

• Mechanisms for Coordination. High-level coordination is a key function170

of federal governance and would channel existing momentum and provide171

helpful guidance for state and local governments as well as the judiciary,172

with core goals being rapid dissemination of the best practices and avoiding173

inconsistent, ad-hoc policies. Specific activities might include interagency174

working groups – perhaps facilitated by the White House Office of Science &175

Technology Policy (OSTP), the Council on Environmental Quality (CEQ)176

or a similar administrative entity – to develop guidance and, if necessary,177

rules for the use of eDNA data under statutes such as the ESA, Marine178

Mammal Protection Act (MMPA), and National Environmental Policy Act179

(NEPA), among others. Similar guidance would apply to federal duties under180

treaties such as CITES and overarching goals such as improving invasive-181

species biosecurity.182

• Common Sets of Best Practices. Developing and distributing best prac-183

tices for every phase of eDNA analysis, from sampling design, equipment, and184

collection through interpretation and metadata standards, would consolidate185

recent advances and identify horizons of opportunity for eDNA-based mon-186

itoring. Such an effort would capture evolving science from existing agency187

practice and from emerging efforts in Canada, the EU (Bruce et al. 2021),188

and other international entities. As a recent nonpartisan Congressional Re-189

search Service Report (Kuiken et al. 2022) notes, such shared resources190

“could aid in research collaboration, interoperability of reference databases,191

and quality control, as well as affect how data is analyzed, shared, and used.”192

Quantifying repeatability and reliability of assays – for example, via inter-193

calibration experiments using standard reference materials and proficiency194

testing (as is common, for example, in public health and forensic sciences) –195

would be an important element of the process of developing best practices.196

• Mechanisms for Continuous Improvement. Even the best technolo-197

gies of a given era are eventually superseded, particularly in areas of rapid198

development such as eDNA analysis. Consequently, there is a danger of de-199

veloping overly prescriptive sets of best practices and protocols; dynamic sci-200

ence can quickly render such static requirements outmoded, saddling agency201

scientists with substantial opportunity-costs, unable to benefit from ever-202

advancing techniques (Blancher et al., 2022). This mismatch between the203

pace of science and the pace of implementation rules is a general problem in204

administrative law, which federal statutes often solve by including ratchet-205

ing mechanisms requiring the use of the best available technologies – what-206
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ever those technologies are at the time of implementation. A national eDNA207

strategy could include similar best-available-technology mechanisms or other208

ways of ensuring agency practices keep pace with evolving science, in part209

by supporting lab-intercalibration studies and certification processes, and by210

developing clear ways of assessing methodological improvement over current211

best practices (Bland & Altman, 1986). Certification is a function of gov-212

ernment in fields ranging from consumer-product safety to pharmaceuticals,213

encompassing both products and processes. Wildlife forensics certification,214

for example, is an existing analog for eDNA process certification, and at least215

one private eDNA-services company has received international certification216

for its quality-management system (Ocean News 2022).217

Capacity-Building218

Adopting eDNA as an information source for routine management will require developing219

capacity within agencies and across sectors. Federal agencies do a significant amount of220

capacity-building in the form of primary research (e.g., NOAA and USGS science centers,221

USDA research-driven sub-agencies), collaboration with academic and other researchers, and222

outright funding (National Science Foundation, National Institutes of Health). We therefore223

focus the itemized needs below on mechanisms for deepening and leveraging existing federal224

commitments as agencies work to move eDNA techniques into routine practice.225

• Research & Development. Increasing and coordinating research-and-226

development across federal eDNA efforts would help expand genetic moni-227

toring from the scale of individual projects into routine, systemic use. Sub-228

stantial support is necessary to promote and fund collaborative projects,229

particularly those at first that follow standardization guidelines, and pro-230

duce freely accessible protocols. Specific activities might include (1) inte-231

grating eDNA monitoring into existing surveys – perhaps in combination232

with existing survey techniques, as is beginning to happen at NOAA and233

other agencies (e.g., Shelton et al. 2022) – and generalizable validation exer-234

cises via comparison with “gold-standard” metrics (e.g., field samples from235

populations of known size), (2) investing in the development of scalable, au-236

tomated sample-collection and analysis platforms, including data-processing,237

visualization, and data management, and (3) building capacity in the federal238

workforce to carry out these efforts and to build up long-term, routine use239

within agencies.240

• Public-Private Partnerships. As noted above, federal efforts to advance241

technology- development often reduce risk to private-sector firms while gener-242

ating public benefit. Explicitly endorsing the use of eDNA in decisionmaking243

would create demand for eDNA equipment, supplies, and services, incentiviz-244

ing private-sector investment and helping to expand a market sector with245

considerable potential for job creation and economic growth. Promoting246

eDNA training and workforce-development could be a key area of public-247

private partnership, and entering into fixed-price contracts for reagents and248

equipment from preferred vendors – for example, via the General Services249

Administration’s GSA Advantage service – would create price certainty and250

scaling incentives for manufacturers. Further, clear guidance on outsourc-251

ing requirements would help private-sector eDNA-service firms – several of252

which already exist and are growing rapidly in the domestic and international253

spheres – develop efficient analysis chains.254

• Infrastructure. Much of the infrastructure for a genomic revolution in bio-255

logical monitoring is already in place at federal laboratories and universities256

nationwide, as well as in a budding private sector. Here again, however, a257

national strategy could create far more value than currently exists by helping258

overcome the individualized incentives of the relevant actors. For example:259

(1) developing standard reference materials for common eDNA assays, as260

is common in the public-health sphere and many other fields (2) provid-261

ing state, local, and tribal training – perhaps including durable Centers of262
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Excellence in regions of strategic interest – and (3) building out interop-263

erable databases (below, “Technology Needs”) are important for spurring264

widespread adoption of eDNA-based monitoring techniques, but these mea-265

sures are often beyond the scope of any one institution’s normal activities.266

• Communications. Clear communication between researchers, stakehold-267

ers, environmental managers, and the broader community is critical to the268

success of eDNA method adoption. Early experiences with eDNA surveys269

for invasive carp species revealed significant concern around – and misinter-270

pretation of – the monitoring results. Developing communication plans will271

help to inspire and involve the broader community in eDNA work, increasing272

comprehension of the methods and maximizing acceptance. These commu-273

nication guidelines can include details on sampling and analytical methods,274

probabilistic survey design, interpretation of false positives/negatives (Dar-275

ling et al. 2021), and decision-making in the face of uncertainty (Sepulveda276

et al., 2022). Additionally, a key motivation in generating communication277

guidance is ensuring perfect is not the enemy of the good – we should not278

limit uptake of powerful molecular tools because all unknowns are not yet an-279

swered. Understanding limitations and benefits, performance of eDNA com-280

pared to traditional approaches, and how the resulting eDNA data can be281

used, allows for risk-based assessments in how and where eDNA approaches282

can be applied now. Improved communication will lead to better comfort283

with and therefore accessibility of these tools.284

• Ethics. New sources of information bring with them concerns about the285

scope of its appropriate and ethical uses. A national strategy could work286

toward transparent, public assessments of concerns surrounding privacy, the287

ownership of information, potential misuse (and safeguards against it), and288

filtering of data for sensitive species.289

Technical Needs290

Although eDNA analysis is already used for many management applications (see examples291

above), existing uses only hint at the potential for eDNA as a source of environmental in-292

formation. Developing this potential more fully will require advances – and investments – in293

both conceptual models and tools fit for purpose. Below we include descriptions of some of294

the most pressing technical needs as eDNA moves from research into implementation at a295

national scale. These needs are not specific to government, and indeed many nongovernmen-296

tal research groups around the world are already engaged in developing relevant information.297

A review of these efforts is beyond the present scope, however to the extent that a national298

eDNA strategy would include priority areas for research and development, the below areas299

stand out as among the most important.300

Conceptual Models301

• Fate and Transport. Better information on the ways in which an eDNA302

signal changes over space and time will enable us to better link observations303

to management needs. Because DNA molecules degrade in the environment304

over time, and because DNA can be transported away from its source organ-305

isms, management applications that require precision in space and time will306

require that we understand the likely combined effects of degradation and307

transport (Harrison et al. 2019). For example, fate-and-transport models308

can show how far upstream a species is likely to be given the detection of309

its eDNA at a particular point. Such information is also required for identi-310

fying sources and pathways of invasive species and biological contaminants311

(Andruszkiewicz et al., 2019; Ellis et al., 2022).312

• Abundance. Organismal abundance is often necessary information for man-313

agement – for example, to determine the allowable level of take of a com-314

mercially important species, or to populate data-layers that agencies use for315

risk assessment under NEPA, ESA, MMPA, and other federal environmen-316

tal statutes. Translating eDNA concentrations into known abundances of317
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organisms is an important area of eDNA research because each eDNA tem-318

plate molecule does not typically exist in a one-to-one relationship with an319

organism. Developing models of the ways in which eDNA is generated, col-320

lected, and detected will substantially improve our ability to link molecules321

to organisms in a quantitative way (Rourke et al., 2022).322

Tools323

• Mechanical Sampling Tools. Many species of management concern are324

rare (e.g., endangered species) or occupy difficult-to-sample habitats (e.g.,325

marine mammals in the open ocean or in deep water). Adequately sam-326

pling for these species is a mechanical challenge in terms of acquiring the327

eDNA samples. The existence of robust mechanical and statistical (below)328

sampling tools will be critical for reliably surveying many species and ecosys-329

tems (Simmons et al., 2022).330

• Statistical and Bioinformatics Tools. Some eDNA methods, in partic-331

ular metabarcoding, produce large amounts of data that must be filtered,332

sorted, and analyzed to provide usable biological information. Such process-333

ing – broadly referred to as bioinformatics – is a necessary and specialized334

skill set that, at present, is often in short supply (but see Hakimzadeh et al. in335

review). Moreover, appropriately interpreting the data obtained from eDNA336

analysis requires a robust quantitative foundation, and available statistical337

methods are often misapplied to eDNA data. Statistics for understanding338

rare events (e.g., qPCR detections of scarce molecules) and compositional339

data analysis, for example, presently demand specialized expertise; responsi-340

bly scaling eDNA analysis into routine monitoring will require user-friendly341

statistical tools.342

• Targeted Assays. Developing a standard library of eDNA assays specifi-343

cally targeting species of management interest would put mutually compati-344

ble, off-the-shelf tools into the hands of a wide array of users (see Takahashi345

et al. 2023). This would enable national-scale surveys of economically im-346

portant species, imperiled species, invasives, and so on, the results of which347

would become the substance of interoperable data repositories (see below).348

Reliable assays have known specificity and sensitivity, consistent with exist-349

ing information standards (Bustin et al., 2009)350

• In Silico PCR Models. With potentially limited target DNA in an en-351

vironmental sample, Much eDNA research relies on the amplification of tar-352

geted gene-regions of interest using PCR. Predictive computer-based mod-353

els of the PCR process would exponentially accelerate the development of354

targeted assays and broad-spectrum metabarcoding primer sets, enabling355

researchers to rapidly screen for useful assays out of trillions of theoretical356

possibilities. At present, in silico PCR only partially predicts the real-world357

behavior of oligonucleotide primers (So et al., 2020).358

• Reference Databases. Accurately identifying the species detected by359

eDNA metabarcoding requires a complete, curated database of relevant tax-360

onomic and sequence information. Presently available nucleotide databases361

(such as the National Center for Biotechnology Information (NCBI), hosted362

by the National Institutes of Health; the Barcode of Life Database (BOLD),363

Silva, Midori, and others) would benefit from systematic curation and devel-364

opment in their taxonomic and geographic coverage. Priorities for improved365

databases might include groups of special management concern (e.g., dozens366

of ESA-listed coral species around the Indo-Pacific), for which monitoring367

is currently difficult. Expanding collections of reference specimens would368

facilitate the development of new assays and the taxonomic interpretation369

of eDNA metabarcoding results. Where populations within species differ370

genetically, population-level databases may also be desirable (Juhel et al.,371

2020; Weigand et al., 2019).372
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• Analysis and Visualization Tools. Policy-relevant science requires raw373

data to be converted into interpretable answers to management questions.374

At present, most tools for the analysis and interpretation of eDNA data375

are project-specific, custom fragments of code not intended for broader use.376

Thankfully, a wide range of visualization tools already exist for clinical and377

water-quality assessments, and these can be adapted for conveying manage-378

ment progress with eDNA-based assessments.379

• Interoperable Data and Sample Repositories. Current eDNA data-380

management requires individualized bioinformatics effort to synthesize data381

siloed across private and public repositories (e.g., NCBI). A means of ac-382

quiring eDNA data from many, widely distributed sources would enable383

continental-scale analysis of biological data, akin to the tools with which384

meteorological data are processed today. Archives for extracted eDNA sam-385

ples would enable future analyses, as analytical approaches and reference386

databases improve over time or new questions arise, particularly in the con-387

text of climate change and the loss of biodiversity (Zizka et al., 2022).388

Conclusion389

Dozens of federal agencies require vast amounts of information about the location and abun-390

dance of wildlife and other living natural resources, and the same kinds of information is391

critically important to a wide spectrum of stakeholders. Historically, generating such data392

has been cumbersome, costly, and slow – and as a result many species and areas remain393

essentially unsurveyed. The advent of eDNA analysis positions societies to transform the394

ways ecosystems and changes to those ecosystems are monitored at a wholesale level; exam-395

ples include the ways offshore oil and gas operators monitor their operations, port operators396

dredge, fisheries open and close, researchers explore and track ecological changes, coastal de-397

velopers assure the public that their works operate responsibly, and governments nominate398

areas for protection and restoration and evaluate their success.399

In short, the analysis of eDNA may significantly improve how many federal agencies do400

business by permitting them to track, report, and archive biological information at (some-401

times unprecedented) spatial and temporal scales relevant to natural-resource management.402

The relevant technologies have matured to the point at which many of these applications403

have already begun to come online; a national eDNA strategy would consolidate and har-404

ness these innovations for the public benefit, bringing natural-resources management into405

the twenty-first century.406

407
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