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A very short primer on eDNA

Everything sheds “stuff” as it lives in the environment
- skin, slime, excrement, etc.

DNA and associated cells degrade relatively quickly in the liquid environment 
- scale of hours to days

Samples of the DNA collected from water should reveal 
what is nearby
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Maybe we can survey creatures without 
having to actually catch or see them?
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eDNA as a new kind of net
We understand the characteristics of this net.

- area sampled
- mesh size
- depths sampled
- what it catches

Can translate to abundance, biomass
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eDNA as a new kind of net
What about this “net”?

- Spatial & temporal variability of DNA
Transport?
Production?
Degradation?

- Translation to abundance? biomass?

Rapid advances over the past decade 
on all of these topics.
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Present an overview of the state of the science

Suggest potential avenues for incorporating eDNA information 
into the PFMC process

Request feedback on areas for improvement / further research

Goals for this review
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1. eDNA observations are really not that different from most other 
fisheries data sources

2. eDNA observations are inherently quantitative.
3. We don’t have to understand all DNA processes to provide 

useful fisheries advice.

A starting point 
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Collected 
IndividualsDi,l,t

Subsampled 
IndividualsEi,l,t

Taxon specific 
Count or BiomassFi,l,t

Conc. of DNA in 
the environmentWi,l,t

Collected DNA
(e.g. DNA on filter)Xi,l,t

Yi,l,t
DNA present 
after extraction

Zi,l,t
DNA present 
after sequencing

Biomass of taxon i, 
location l, time t

Bi,l,t

Water / Soil Collection
Filtration 
Sample preservation

eDNA:

Shedding Rate
Degradation Rate
Immigration/Emigration 

Traditional 
Sampling:

Detection probability    
Sampling method biases

Sample preservation
Subsampling

Taxonomic Identification
Measurement (count or mass)DNA Extraction

PCR amplification 
DNA Sequencing
Assigning DNA to taxa 

Observations

2016



U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries | Page 12

Today:
Goals and overview and purpose
Background for eDNA observations 
Background for eDNA processes
Empirical lab and field examples 

Tomorrow: 
Application: hake abundance index
Applications: beyond hake

Environmental DNA (eDNA) and 
fisheries management



13

What are eDNA observations and 
how do we collect them?
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eDNA 
Basics

What are we capturing?
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What is eDNA?

Skin and 
scales

Tissue

Free DNA / 
RNA / 
Proteins

Metabolic 
waste

A soup of information from many taxa

Target cell-associated DNA
- filter pore size
- avoid swamping eukaryote DNA with

bacterial DNA  

Target mitochondrial DNA 
- primer choices
- choose relatively short, informative   

DNA fragments
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Once a sample is in hand, two options

1. Amplify (select for) DNA using a primer that matches one taxon.
- quantitative PCR (qPCR), digital droplet PCR (ddPCR)
- relatively straightforward lab methodology
- provides a direct measurement of DNA concentration for a single taxon

2. Amplify using a DNA primer that matches more than one taxa.
- Metabarcoding.
- complicated laboratory protocols involving DNA sequencing.
- complicated bioinformatics post-processing.
- provides relative sequence abundance information



U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries | Page 17

qPCR in pictures
Measure fluorescence of samples of 
known concentration

Measure fluorescence 
of unknown samples

Translate fluorescence 
to DNA concentration
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Metabarcoding Workflow
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Primer match determines 
which taxa are observed

DNA sequence of two fish primers
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Primer match determines 
which taxa are observed

DNA sequence of two fish primers

MiFishU rarely observes Carcharodon (Great White Shark) 
or whales.

MarVer1 detects all of these taxa similarly.
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Amplicon variability determines
potential taxonomic resolution
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Metabarcoding produces a table (taxon by 
sample) of sequence counts

Sample Chinook 
Salmon

Lingcod Pacific 
Herring

A 10,025 0 2,343
B 8,523 12 0
C 52,333 8,909 6,852
D 0 12,003 65,235

How do you 
interpret this 

data?
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eDNA processes relevant 
for fisheries management

• Production

• Loss

• Transport
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Production

Brasseale et al. 2025
Allan et al. 2020
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Loss

eDNA decays quickly

Lance et al. 2017 Sassoubre et al. 2017
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Transport

eDNA goes where the water goes

Xiong et al. 2025
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eDNA processes summary

• eDNA production appears to be closely related to biomass.
- temporal and life-history variability.

• Most eDNA is lost from the environment on the order of hours 

• Loss rates do not appear to vary too much across environmental 
conditions.

- difficult to investigate in the field
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Jo and Yamanaka 2022

Zebrafish in tanks



Ledger et al. 2024

Gadids in Tanks



Shelton et al. 2019

Chinook salmon in Skagit Bay,  WA

Monthly comparison
Site-to-site 
comparison



Salter et al. 2019

Faroe Islands Cod



Fin Whales in silico

Jacobsen et al. In Review
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• 186 stations sampled

• 2 x 2.5 L seawater filtered from 6 depths
> 1800 bottles sampled annually.

• Assayed with Single-species qPCR primer
• Pacific hake DNA concentration

Hake in 2019

Largest eDNA sampling effort in the world

2019

• Direct acoustics and DNA not collected simultaneously 
(sample-to-sample comparisons are not possible)

• A range of controls to check for contamination 
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Spatial and depth patterns of hake DNA in 2019

You cannot sample the surface to understand deep  waters.
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Spatial and depth patterns of hake DNA in 2019

You cannot sample the surface to understand deep  waters.

Acoustic biomass
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Generate indices 
of abundance 

comparable to 
acoustic-trawl 

surveys
Used spatial Index standardization very 
similar to methods currently used for 
PFMC groundfish stocks
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Estimates of abundance are strongly correlated 
(at large spatial scales)

Relationship at 5km cell Relationship in 1 degree latitude bins

0.87[0.62-0.95]0.52[0.48-0.56]
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Similarities extend to estimates 
of species distribution…
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Depth-distribution of DNA correspond to 
published estimates for hake

Largest hake DNA concentrations:

Moderate water depths 
-100-300m sampling depth 

Along the continental shelf break 
- 150-300m bottom depth 
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What do we know about how 
eDNA behaves in the field?

• DNA is not necessarily co-located with individuals
- DNA stays with water, not taxa
- DNA degrades on the order of hours

• Relationship between DNA conc. and biomass will likely vary 
across taxa to some extent.

- Production: variability in amount of DNA produced per unit mass among taxa. 
Absolute magnitude of DNA shedding rates is generally unknown.

- Transport: balance of the mobility of species and the flow environment

• At larger spatial scales, the relationship between biomass and 
eDNA improves markedly.
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DNA 
ConcentrationW

qPCRObservations

Biomass of taxon i, 
loc l : L, time t : t-𝛕𝛕

B

Metabarcoding qPCR + 
Metabarcoding

∝𝑖𝑖

eDNA to
inform biomass

• Need adequate sampling (space, time) and well-defined target.
• Provides relative abundance estimates.
• Need for assumptions and/or sensitivity checks

- spatial / temporal variation in loss rates
- age / size structure effects on DNA production
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DNA 
ConcentrationW

qPCRObservations

Biomass of taxon i, 
loc l : L, time t : t-𝛕𝛕

B

Metabarcoding qPCR + 
Metabarcoding

∝𝑖𝑖

eDNA to 
inform biomass

qPCR
(single-species primers)
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• >180 stations sampled each year 

• 2 x 2.5 L seawater filtered from 6 depths
> 1800 bottles sampled annually.
depths vary somewhat among years (to 500m)

• Assayed with Single-species qPCR primer
• Pacific hake DNA concentration

eDNA (2019, 2021, 2023, 2025, …) 

Largest eDNA sampling effort in the world

2019

• Acoustics and DNA not collected simultaneously 
(sample-to-sample comparisons are not possible)

• A range of controls to check for contamination 



Hake DNA 
concentration
(all depths, 2019-2023)



Fisheries Index Checklist
• Spatial : 

- Did we sample the full range (N-S, E-W, depth) of the population?
- No on N-S (Canada). Otherwise, yes. We did sample the core habitats.

• Temporal :
- Did we sample at the right time of year?
- Yes. Paired with the acoustic survey

• Sample attributes:
- Did we take enough samples?
- eDNA index values have reasonable CVs… comparable to Acoustic CVs
- Was each sample large enough?
- Relatively few zero observation, few extremely high values. Relatively low bottle to 

bottle variability
• Closure assumptions met?

- Did a bunch of hake leave the area between the start and end of the survey? 
- We assume no.
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Treat eDNA independently from other information

Building an index for hake from eDNA

eDNA Components:
Field samples 
Standards (calibrate qPCR measurements)
Controls (checks for possible contamination)

Spatio-temporal statistical model

Projections, defining index areas, and summations
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DNA Components:
Field samples 
Standards (calibrate qPCR measurements)
Controls (checks for possible contamination)

Building an index for hake from eDNA
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Spatio-temporal statistical model
Fixed effects 

- year-intercepts,  smooth with bottom depth, sample processing in 2019.

Offsets
- dilutions due to PCR inhibition, water volume filtered

Random effects
- spatial factors to generate fields for each year x depth

- SPDE – INLA approach
- bottle effects for concentrations at year-station-depth

Building an index for hake from eDNA

Estimated in TMB 
(maximum likelihood, uncertainties derived from the delta-method, convergence diagnostics, etc.)



Fixed

Random



Make Predictions

5km grid every 50m



Make Predictions

East-West Transects



Sum to Surface

5km grid, every 50m depth. 
Sum between surface and 

500m

Unusual units: 
DNA copies per L per 
25km2 of ocean column

Likely better to move to 
predicted total DNA copies 



Survey area varies 
among years

Eastern-Westen edge defined 
by acoustic-trawl survey.

North-South edges defined by 
areas sampled for eDNA.



Survey area varies among years

∝ DNA Concentration



Acoustics and eDNA suggest a ~40% decline 
between 2019 and 2023



We have an index.
Now what? 

Two general issues for inclusion in an assessment:

Selectivity

Catchability



Catchability
(the relative proportion of a fish population that is sampled by a survey)

Scales the units of the eDNA index to population biomass

2025 Hake assessment estimated catchability within the model

Deserves additional thought and research
Should reflect the uncertainty in the biomass to DNA concentration proportionality
Perhaps this proportionality is partially measurable with experiments?
Any reason for time-varying Catchability?

Standardized sensitivities to investigate for any new assessment?



Selectivity

Do not currently have a way to identify attributes of the DNA source 
- age, sex, maturity, etc.

Hake assessment Implemented knife-edge selectivity (ages 1+)

Deserves additional thought and research
Some literature support for eDNA as a function of surface area, not biomass
Faster growing individuals over-represented in DNA?
Any reason for time-varying Selectivity? 

Standardized sensitivities to investigate for any new assessment?



eDNA Index as a sensitivity
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DNA 
ConcentrationW

qPCRObservations

Biomass of taxon i, 
loc l : L, time t : t-𝛕𝛕

B

Metabarcoding qPCR + 
Metabarcoding

∝

eDNA to
inform biomass



U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries | Page 70

DNA 
ConcentrationW

qPCRObservations

Biomass of taxon i, 
loc l : L, time t : t-𝛕𝛕

B

Metabarcoding qPCR + 
Metabarcoding

∝
eDNA to

inform biomass

qPCR
(single-species primers)

• Need adequate sampling (space, time) and well-defined target. 
• qPCR directly measures concentration.
• Make indices to your heart’s content.

Hake, Sardines, Anchovy



CPS
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DNA 
ConcentrationW

qPCRObservations

Biomass of taxon i, 
loc l : L, time t : t-𝛕𝛕

B

Metabarcoding qPCR + 
Metabarcoding

∝
eDNA to

inform biomass
qPCR + 

Metabarcoding

• Need adequate sampling (space, time) and well-defined target. 
• qPCR directly measures concentration.
• Metabarcoding provides relative proportions.

Unreplicated or Replicated metabarcoding.
Some caveats.  
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Hake sample stations 2019-2025

• 2019: 211 fish taxa*, and 21 marine mammal species detected

• ~2000 samples / year
• Surface to 500m.
• All >50m bottom depth



U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries | Page 74

Example metabarcoding data.

*Sebastes is (mostly) not separable with standard fish markers
We now have a working marker for separating Sebastes
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Example metabarcoding data, Olympic Coast
using Sebastes primer

We now have a working marker for separating Sebastes
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Pacific white sided dolphin 
(Lagenorhynchus obliquidens)

51 detections

Humpback whale
(Megaptera novaeangliae)

33 detections

Dall’s porpoise
(Phocoenoides dalli)

36 detections

Mismatches



U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries | Page 77

Sharks
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DNA 
ConcentrationW

qPCRObservations

Biomass of taxon i, 
loc l : L, time t : t-𝛕𝛕

B

Metabarcoding qPCR + 
Metabarcoding

∝
eDNA to

inform biomass
qPCR + 

Metabarcoding

• Need adequate sampling (space, time) and well-defined target. 
• qPCR directly measures concentration.
• Metabarcoding provides relative proportions.

Unreplicated or Replicated metabarcoding.
Some caveats.  



qPCR + Metabarcoding

Guri et al. 2026
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qPCR + 
Metabarcoding

Guri et al. 2026
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qPCR + 
Metabarcoding

Guri et al. 2026
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qPCR + Metabarcoding
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DNA 
ConcentrationW

qPCRObservations

Biomass of taxon i, 
loc l : L, time t : t-𝛕𝛕

B

Metabarcoding qPCR + 
Metabarcoding

∝

eDNA to
inform biomass

Replicated
Metabarcoding 

(multi-species)

• Need adequate sampling (space, time) and well-defined target. 
• Metabarcoding provides absolute concentration.

requires replicated metabarcoding for individual samples
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Replicated 
Metabarcoding

Shelton et al. In Press

Mean-Variance relationship 
among metabarcoding 
replicates informs DNA 
concentration
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Replicated 
Metabarcoding

Shelton et al. In Press

True vs. Predicted 
for mock communities.
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Simulated

Estimated

Building Generalized
Estimation Tools
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Conclusions

• All kinds of eDNA observations can lead to concentration.

• Proportionality between DNA and biomass is supported
- appropriate scale of sampling may vary among taxa
- units of a DNA index are not in biomass (comparable to a CPUE index)

• None of it matters if you haven’t done necessary sampling design 
work to get enough samples in the right places.

- a great survey for one species may be awful for another.
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Potential Uses in the PFMC process

• Building abundance indices for focal species
• Particularly for poorly surveyed / unsurveyed stocks

• Ecosystem Component Species abundance and distribution

• Prey and predator abundances to inform risk tables

• Life-stage specific Indices?
• Use pelagic samples to measure early life-stages of benthic fish?
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Additional Paths for incorporating 
eDNA observations 

Joining eDNA with traditional surveys.
• Linking species composition from eDNA and acoustic 

backscatter (NWFSC)
• Visual surveys and eDNA to measure cryptic taxa (PIFSC)
• Crab Trap and eDNA (UW & WDFW)
• Drop Cameras and eDNA
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