Transitioning eDNA from research to operational
use for invasive species early detection
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Adapted from Lodge et. al. 2006 Craphlc by Bome 2012

Early Detection - Rapid Response (EDRR)
saves money, reduces negative effects

< USGS



Early detection monitoring

95% prob detecting in 1 sample when rare

74 — 149 plankton tow
samples

2-30 eDNA
samples

Winder M, Sepulveda AJ, Hoegh A (2022) An initial assessment of Sepulveda AJ, Amberg JJ, Hanson E (2019) Using environmental
plankton tow detection probabilities for dreissenid mussels in the DNA to extend the window of early detection for dreissenid
western United States. Management of Biological Invasions mussels. Management of Biological Invasions 10(2): 342-358

13(4): 659-678
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eDNA has matured
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Beng, K.C., Corlett, R.T. Applications of environmental DNA (eDNA) in ecology and conservation: opportunities, challenges and
prospects. Biodivers Conserv 29, 2089-2121 (2020). https://doi.org/10.1007/s10531-020-01980-0



eDNA application increasing

Federal register
* 23 entries

* Snail darter

* acceptable use of eDNA to determine
distribution

* eDNA detections contributed to
delisting decision

Laschever, Eric, et al. "The next generation of
environmental monitoring: Environmental DNA
in agency practice." Columbia Journal of
Environmental Law 48.S (2023): 51-51.

| Agency

Species Council (NISC)

multiple cabinet-
level agencies)

Parent Agency Application Locations/programs
Interior (with Invasive species 2022 framework for using

National Invasive membership eDNA,27 white paper,28
made up of technical report?®

Interior Invasive species, Great Lakes, Yellowstone
United States ecosystem recovery | National Park, Florida
Geological Survey (Elwha River Everglades3!
(USGS) recovery post-dam
removal)30
Bureau of Offshore Interior Environmental Offshore energy leasing32
Energy Impact Statement
Management (BOEM) (EIS)
Interior Invasive species, Aquatic Nuisance Species
Fish and Wildlife Endangered species | Task Force (ANS Task
Service For'ce) Aquatic eDNAtlas
(FWS) Project®3
Commerce Invasive species, Aquatic Nuisance Species
National Oceanic and nearshore fish Task Force (ANS Task
Atmospheric assessments,3* Force) Aquatic eDNA Atlas
Administration public outreach Project,?> NOAA'’s Atlantic
(NOAA) Laboratory video series on
and National Marine eDNA,36 NOAA's Fisheries
Fisheries Service Strategic Initiative to use
(NOAA NMFS) eDNA libraries,?” offshore
energy leasing with BOEM.
Agriculture Invasive and National Genomics Center
endangered species | for Wildlife and Fish
Forest Service Conservation, eDNA Atlas,
(USFS) the Range-Wide Bull Trout
eDNA Project,3® Hiawatha
National Forest3?
Envitoninental N/A Water quality EPA Regiop 3 in.
; collaboration with West
Protection Agency IR
(EPA) Virginia, Maryland and

Pennsylvania*®




Problem 1
Early detection hard, even for eDNA




Problem 2
eDNA not always trusted

Figure 1. eDNA Science Panel, left to right: Karen Vargas, Robert Bajno, John Darling, Jim Snider, Jon Amberg, and Caren
Goldberg.

Trendsin Ecology & Evolution

Hajibabaei 2022 How to learn to stop worrying and love environmental

DNA itori
https://doi.org/10.1016/j.tree.2022.06.015 monitoring

John A. Darling®

National Exposure Research Laboratory, United States Environmental Protection Agency, Research Triangle
Park, North Carolina 27711, USA
*darling. foln @epa. gov
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Solutions

USA EARLY DETECTION RAPID END-TO-END
RESPONSE FRAMEWORK eDNA DETECTION PROGRAM

Scoping &
Prioritization
(Horizon Scanning,
Watch Lists,
Hotspot
Analysis)

Response
Measure
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Rapid eDNA Assessment and
Deployment Initiative & Network

transitioning eDNA biomonitoring from research to actionable science
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Adapted from Reaser et al 2020. The early detection
of and rapid response (EDRR) to invasives. Graphic by
Don Maclean, U.S. Fish and Wildlife Service
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READI-Net

Technology

Autonomous
eDNA samplers

Where & when
to sample

READI-Net

Rapid eDNA Assessment and
Deployment Initiative & Network

transitioning eDNA biomonitoring from research to actionable science

Lab analysis
standards

Communication

Information
framework

Improve eDNA detection
technology

Improve trust in eDNA methods
and results

Reduce impacts and costs of
invasive species




MBARI

Autonomous

eDNA samplers Monterey Bay Aquarium
Research Institute

Sepulveda, Adam J., et al. "Robotic environmental DNA bio-surveillance of freshwater health." Scientific
Reports 10.1 (2020): 1-8.



Where & when
to sample

eDNA fate & transport models

Average eDNA Concentration Across Scenarios (N/m3)
10 detectors

* spatial configuration of auto- samplers o
* sampling frequency 025
* improved information

* detection probability

* eDNA source location

Expected 111.32 of 395 possible sources detected

one unique design found




Lab analysis

standards Repeatable & reproducible
IZE:@ results across READI-Net labs

iTrackD

A
o

Deployment Initiative & Network (st it

Establish lab protocols and set lab performance baselines
* 17 USA & CAN labs
* 4-phase intercalibration exercise

* Increased complexity & realism with each phase

11:35 Caren Helbing & Katy Klymus

aUSGS



Information

et Multi-Lab Information

ﬁ—?’ Management System

=~ Electronic Medical Records

ArcGlS WaorkHow ArcGlS

Arcil 5 Fnterprise
‘v Data storage far N sefver ‘ Field and lab data | iManager ‘s Comumunication N Dashboards

every piece of data Diate control cent collection A ve tata ft portal . .
L'U"EL'[ELI L a DoEirD CEnter A | ¥ AUNHTRYDE CAaTa Teree I L ISy e
* Aut ed quality and quality control * Provide accass toal of lab prajects

» Advanced query * Manage who has assurance for fewer lah=s ard limited heal t pot]
= Heal time ne g

capabilties access o what mistakes * "!'umﬂ“-‘tf . accass topublic 4 ity
comumrmrmcation and gquery capabal

. ArcGlS Survey123 amarg labs
L — S0 Server . 4 -
& bxcel lemplates

=] IIII.II -

D= -0

Tracking system to automate QA/QC, share workflows, and provide transparency to end-users

aUSGS



ST Shift attitudes,

project uptake

Partner engagement

Integrate
Available knowledge

Implement actions
together
Learn from
experience

Squire 2014
https://doi.org/10.1186/1753-6561-9-510-52

Kaylin Clements
kclements@contractor.usgs.gov

eDNA results communication

Internal sharing External sharing

Trust, transparency,
no surprises

Weeks

Clknt — Ay AT . o raipase
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eDNA research to operation

Autonomous Lab analysis
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Contact info

Adam Sepulveda: asepulveda@usgs.gov

Kaylin Clements: kclements@contractor.usgs.gov

READI-Net

Rapid eDNA Assessment and
Deployment Initiative & Network

Autonomous
transitioning eDNA bit itoril m to
eDNA samplers i) i

Lab analysis
standards

Where & when S Communication .
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Information
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Autonomous

cONAsampier eDNA sampler
N\
‘§ cheaper, robust, scalable

MBARI

* Filter & preserve... not in situ analysis

e 144 samples

* 2-way communication

* Easy to use & maintain

* ~ 30 min to retrieve & resupply samples
e Standardize field sampling

JHU/APL Operational Genomics Researc h Program

Schedule

In situ analysis
alternatives

aUSGS




What are your thoughts?

> How can READI-Net add value / fill gaps in your program?

> What aspects of READI-Net are of most vs least use to
you?

> What is still missing?

> How can we keep you informed?

aUSGS



eDNA normalization

* Call for National Strategy

 White House OSTP
* National eDNA strategy
for oceans & great lakes

 Consideration as ‘best
available science’
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Toward a national eDNA strategy for the United States
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