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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!?




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?
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Rapid advances over the past decade
on all of these topics.
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Goals for this review

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
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A starting point

Ecological Applications, 26(6), 2016, pp. 1645-1659
© 2016 by the Ecological Society of America

A framework for inferring biological communities from
environmental DNA

ANDREW OLAF SHELTON, ! JaMES LAWRENCE O’DonNNELL,2 JAMEAL F. SAMHOURL! NATALIE LOoWELL,2
GREGORY D. WiLLIAMS,? AND Ryan P KELLY?

eDNA observations are really not that different from most other

fisheries data sources
eDNA observations are inherently quantitative.
We don’t have to understand all DNA processes to provide

useful fisheries advice.
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2016

Eecological Applications, 26(6), 2016, pp. 1645-1659
© 2016 by the Ecological Society of America

A framework for inferring biological communities from
environmental DNA

ANDREW OLAF SHELTON, 14 JaMES LAWRENCE O'DoNNELL,2 JAMEAL F. SAMHOURI,! NATALIE LOWELL,?
GREGORY D. WiLL1AMS,3 AND Ryan P KELLY?
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rater or

B Traditional
eDNA: bt |ocation I, time t Sampling:

Biomass of taxon i,

Shedding Rate
Degradation Rate
Immigration/Emigration

Detection probability
Sampling method biases

W Conc. of DNA in Collected
ilt  the environment [ Individuals

Water / Soil Collection
Filtration
Sample preservation

Sample preservation
Subsampling

Collected DNA Subsampled
bt (e.g. DNA on filter) ' Individuals

Taxonomic Identification

DNA Extraction
Measurement (count or mass)

Y DNA present Taxon specific

it after extraction

F.

it Count or Biomass

PCR amplification
DNA Sequencing
Assigning DNA to taxa

&«— Observations

DNA present
Lt after sequencing
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What are eDNA observations and
how do we collect them?
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eDNA
Basics

Collection

Capture

3 2ml
LA+ Longmire
| e buffer
1um
phenol-chloroform + phase-lock m
DNA T ] ﬁ P
Extraction s E : \/

What are we capturing?
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What is eDNA?

A soup of information from many taxa

Skin and
scales

Tissue

Metabolic
waste

Free DNA/
RNA /
Proteins

g o o

S
N
S

eDNA profile

properties

Length ‘EBE W

S~
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]
Particle size
e Lol Y
L ] -
Canformation @ :n({f{{
Methylation -ﬁ%
‘| Packaging .'-'f'i
state
Particle-adsorbed 55
Dissolved W
Intracellular g w
molecular origin
Mitochondrial
F . .'i{'il..‘."*—
Nuclear E.ﬁ;f _
Plastidial ==

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

|. 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
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qPCR in pictures

Measure fluorescence of samples of
known concentration

40~

Measure fluorescence
of unknown samples

Ct

Detection Probability
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10,000

100,000

Translate fluorescence
to DNA concentration

DNA Concentration

(copies per ulL)
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Metabarcoding Workflow

DNA

Sample

Library High-throughput Bioinformatic Taxonomic Data
collection extraction preparation sequencing processing assignment analysis

AGTCCCTGAATCGATGCTACATGCAAG
AACTGATCCTAGATCGACGATCACGTG
AAACCCTTAGATGACGGTCAGCCGCAA
GCGGAATTGGCGACATAACAAGTACTG
AGTCGGCGTTCGCCTAACCGCAGTATT
TTCCAGGCCCTTCTGCCGAGCTGATGC

AGCCACAATCGGGCTGAGGGGTCTTGG :
AAACGGGTGGGGTAACGCCGTGATCGC M““U“
AAATATCATGCGCATTCTGAGGGAGTCA

Demultiplex by sample;
trim adapters and primers

National Library of Medicine
Filter by quality;
merge paired-end reds
’ Global Biodiversity
kG BI F Information Facility
Denoise;
remove chimeras
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Primer match determines

which taxa are observed

MarVert =000 e CGTGCCAGCCACCGCG . :
MiFishU ~GCCGGTAAAACTCGTGCCAGC———m—- — DNA sequence of two fish primers
Carcharodon carcharias
Clupea pallasii
Diogenichthys aflanticus
Engraulis mordax
Hippoglossus stenolepis
Leuroglossus stilbius
Merluccius productus
Oncorhynchus nerka
Oncorhynchus tshawytscha
Sardinops sagax
Thaleichthys pacificus
Trachurus symmetricus
Balaenoptera acuforostrata
Balaenoptera musculus
Balaenoptera physalus
Delphinus delphis
Globicephala macrorhychus
Grampus griseus
Megaptera novaeangliae
Mesoplodon densirostris
Orcinus orca
Peponocephala electra
Phocoena phocoena
Phocoenoides dallii
Physeter catodon

Ziphius cavirostris

12S

Mismatch by Class [l Actinopterygii [l Chondrichthyes Mammalia

&
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Primer match determines

which taxa are observed

MarVert =00 e CGTGCCAGCCACCGCG . :

MiFishU  CCCOCT AAMACTCOTCCCAGE oo — DNA sequence of two fish primers

Carcharodon carcharias - GULIGGTEAALJICTCGTGCCAGCCACCGCG

Clupea pallasii -GCCGGTAAAACTCGTGCCAGCCACCGCG

Diogenichthys aflanticus -GCCGGTAAAACTCGTGCCAGCCACCGCG

Engraulis mordax -GCCGGTAAAACTCGTGCCAGCCACCGCG

Hippoglossus stenolepis -GCCGGTAAAACTCGTGCCAGCCACCGCG

Leuroglossus stilbius -GCCGGTAAAACTCGTGCCAGCCACCGCG

Merluccius productus Jeda N ALEIC TCGTGCCAGCCACCGCG

Oncorhynchus nerka -GCCGGTAAAACTCGTGCCAGCCACCGCG

Oncorhynchus tshawytscha -GCCGGTAAAACTCGTGCCAGCCACCGCG

Sardinops sagax -GCCGGTAAAACTCGTGCCAGCCACCGCG e . \
o) Thaleichthys pacificus ~GCCGGTPAALICTCGTGCCAGCCACCGCG MiFishU rarely observes Carcharodon (Great White Shark
g Trachurus symmetricus -GCCGGTAAAACTCGTGCCAGCCACCGCG or whales

Balaenoptera acutorostrata -G ' GGTAAA TCGTGCCAGCCACCGCG ‘ )

Balaenoptera musculus -G IGGTAAA“ 'TCGTGCCAGCCACCGCG

Balaenoptera physalus -G |GGTAAA® ' TCGTGCCAGCCACCGCG ..

Delphinus de/ph/Js/ -G 'GGTAAA © TCGTGCCAGCCACCGCG MarVer1 detects all of these taxa Slmllarly.

Globicephala macrorhychus -G 1 GGTAAA ' ITCGTGCCAGCCACCGCG

Grampus griseus -G | 'GGTAAA | ITCGTGCCAGCCACCGCG

Megaptera novaeangliae -G | IGGTAAA“ ITCGTGCCAGCCACCGCG

Mesoplodon densirostris -G | IGGTAAA“ ITCGTGCCAGCCACCGCG

Orcinus orca -G | IGGTAAA | ITCGTGCCAGCCACCGCG

Peponocephala electra -G ' IGGTAAA ' 'TCGTGCCAGCCACCGCG

Phocoena phocoena -G " IGGTAAA ' 'TCGTGCCAGCCACCGCG

Phocoenoides dallii -G | IGGTAAA | ITCGTGCCAGCCACCGCG

Physeter catodon -G | IGGTAAA | ITCGTGCCAGCCACCGCG

Ziphius cavirostris -G | (GGTAAA® TCGTGCCAGCCACCGCG

Mismatch by Class [l Actinopterygii [l Chondrichthyes Mammalia
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Amplicon variability determines

potential taxonomic resolution

1 10 20 30 40 50 70 80 100 110 120 130 140 150 170 180 190 200
Consensus o[ = L = ont ol ol ety LAY S R HEDE H S H 7 7 2 LIEYWIBHDNHHNHS 7 [8 o872 LYIRM 7 7 [ K8 S BIWR 7 RNDRNH? 7 ? NHHWMICIR I8 Y HR MEIB VB Y YB Y HNNR S HEBEN Y S8 Y WH Y Y RRVRVHD NEEINHH Y HNH Y R SV R Y R R SIm s HHH ETER - ATEEEAE - AMTADETTAY - FTARARSET - CATTA C ATAEET
dentiy I - T . o e - —— . HHEE——— - i T

MV1_F
L+ 1. Alosa-sapidissima_KY769128 C CGCGGTHA I - GC G - - GG T AR A P T~ .~ TTTA

MV1_F

Ce 2. Anoplopoma-fimbria_AB109301 C A AT

G AAGE- -

SO TIHAA MAASSAT - TARADT B0 CTTTA

L+ 3. Artedius-fenestralis_KM057943 I CAEAETE O W EAE IO BT CETASATAETEASAE T A8 A

CTTTA

L+ 4, Citharichthys-stigmaeus_NC_083050 ACAEACE AGHE - - GlIGE TS HEATATATASADT BN &0 ETTEmATA CTTTA
L+ 5. Clupea-pallasii_NC_009578 A TSI - - GO G A~ GE - - GEGE TG C A - AR 75~ CENEA . G CIA o C G Tl AT A C G CTTTA
L+ 6. Cymatogaster-aggregata_FJ616304 2 T A - G G A A - - GG T T ST AT T 2 8 . I A A - CTTTA

L+ 7. Diaphus-theta_LCGE9124 A - R

AAACCCAAAADT-A-CET A0 CEQ BA

L+ 8. Engraulis-mordax_MHG13715 AN CEBEGHEG- C = TN A TN T = A - P T A BCTTTA

L+ 9. Enophrys-bison_OL806590 AAACATD 0 TIIAE AAARAT - DAEAET CTTTA

L+ 10. Gasterosteus-aculeatus_MWE56890 AATTAD L TTAA CTAAAATTAAAADTS CTTTA L GCIEEGEE

Ce 11. Lumpenus-sagitta_OR482565 A AT o TTAA TTAAAATTTATAET: CTTTA Yelu ' [ele) |
L+ 12. Merluccius-productus_NC_068842 A AR © OO Gl A A Gl - - GIGE TIRA - BAREET - ITTASEET - & TACAATTAC “OEEO- - - -AETTTOAE SATCATAAA S
L+ 13, Oncorhynchus-gorbuscha_EF455489 £ TS - o G A 2 Gl - - GG T A T -, £, G A - CTT T - - - - G 5 C I O

B+ 14, Oncorhynchus-keta_AF125512

G - I A T A G A - CTT T ARSI - - - - GG 4 5 T O .

L+ 15. Oncorhynchus-kisutch_NC_009263 AAA ATATTTAAT: ACCTACC CTT TSI - - - -G I
L+ 16. Oncorhynchus-mykiss_AF113121 AAAA-TATTTAAT: ACCTACT CTT T A ST - - - -GG 24 0 TR O
Ce 17. Oncorhynchus-nerka_OL806600 AAAA- TATTTAAT AECTAET CTT TAJSIE - - - - MG A 5 C T O
L+ 18. Oncorhynchus-tshawytscha_NC_002980 ABAAATATTTAAT: ACCTACT CTT TR - - - - G 5 C T
L& 19, 5ardinops-sagax_PP033008 A DTSR - 5 G A Gl - - GG RSN 8 P PO T B . ST - G THAT A CTTTA
L& 20. Scomber-japonicus_LC669541 A A - G A A Gl - - GG T S A T A B - I CTTTA
L+ 21, Sebastes-entomelas_ORG641518 .~ AT - C AGH- - GllG AT — AR C A T G EGIEECTTTA
O+ 22, Stenobrachius-leucopsarus_AP012245 e e e A C PN C i CIAm: CTTTA
L+ 23, Stenobrachius-leucopsarus_ONDOSG17  « GC G AAGE - - GEGE TS - PPN - O T~ GO~ I T C I * C G - A A CTTTA

L+ 24, Tactostoma-macropus_OP035325

a4 GGG CEAAC - AR - - EEAETAR - - B A TR -

A C AN - (B O CTTTA
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Metabarcoding produces a table (taxon by
sample) of sequence counts

Sample Chinook Lingcod Pacific
Salmon Herring

1.00
Taxon

" Allosmerus elongatus
M Citharichthys sordidus
B Citharichthys stigmaeus
[ Clupea pallasii

[ Cololabis saira

M Diaphus theta

451 0.7

(&)}

How do you

[ Sebastes

[T Sebastes mystinus

[ Stenobrachius leucopsarus

B Symbolophorus californiensis

W Tarletonbeania crenularis
Tetragonurus cuvieri

[ Thunnus

B Trachurus symmetricus

1]
o
é B Hypomesus )
) o [ | kffolagu:s ochotensis
® ® g ~—1 © B Merluccius productus
Interpret this  : :
= £ [ Pleuronectidae
404 . §_ Sardinops sagax
o

)]

data?

fw"‘“mx 351 0.00
v@g NOAAFISHERIES 126 -124 -122 -120
- Longitude Sample
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eDNA processes relevant
for fisheries management

Production

Loss

Transport
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DNA conc (copies puL™1)

Production
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Date, Time (UTC)

PN

Brasseale et al. 2025
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— 400 -
-
o
2
c 300 - -
2
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8 200- * i
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L
<
z i * L
Z 100
m -
|
D-F*g [ | T = -
| T T T T T T T T T T
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Time since start of experiment (hours)

(b)

| ® Mummichog m Grass Shrimp 4 Moon Jelly 4 Nettle|

T

3t i;
o-+§ . +

Log,; eDNA concentration {pg/ml)
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Allan et al. 2020
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eDNA decays quickly

LossS
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Lance et al. 2017
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Transport

eDNA goes where the water goes

Flow field + numerical particles

1 td
4 II ‘-’,‘
B 1
' I
] A : |
] 4 A 4
L S
A DNA
] / i
/ ~ /,¢DNA source
A s
/ 7 o

--> U, v, w, and eddy diffusivity
from ocean model

Numerical particles
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47.78°N

predictes
eDNA
distribttion

47.76°N -

47.74°N

wind & tide

during sgmpling
Wind (m/s)
., ,?i/ I;
47.72 1
06!05 05[ 6 OBIOE
2.5 Tide (m)
0,0
A\ ling fuslos 06/05 06/06 06/01
47.70°N o ' —20
122.76°W 122.72°W

~ 100%

- 75%

50%

Particle density
(% of shared peak)

25%

centroid 0. |
from source

0%

.

Xiong et al. 2025

U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries | Page 27



eDNA processes summary

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

e 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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2016

Eecological Applications, 26(6), 2016, pp. 1645-1659
© 2016 by the Ecological Society of America

A framework for inferring biological communities from
environmental DNA

ANDREW OLAF SHELTON, 14 JaMES LAWRENCE O'DoNNELL,2 JAMEAL F. SAMHOURI,! NATALIE LOWELL,?
GREGORY D. WiLL1AMS,3 AND Ryan P KELLY?

o AT¥0s:

@ NOAA FISHERIES
b 4

rater or

B Traditional
eDNA: bt |ocation I, time t Sampling:

Biomass of taxon i,

Shedding Rate
Degradation Rate
Immigration/Emigration

Detection probability
Sampling method biases

W Density of DNA in Collected
ilt  the environment [ Individuals

Water / Soil Collection
Filtration
Sample preservation

Sample preservation
Subsampling

Collected DNA Subsampled
bt (e.g. DNA on filter) ' Individuals

Taxonomic Identification

DNA Extraction
Measurement (count or mass)

Y DNA present Taxon specific

it after extraction

F.

it Count or Biomass

PCR amplification
DNA Sequencing
Assigning DNA to taxa

&«— Observations

DNA present
Lt after sequencing

U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries | Page 30



2026

o AT¥0s:

rater or

Traditional

eDNA: B. Biomass of taxon i, B Biomass of taxon i,
_— bLtToc | : L, time t : t-T ﬁ bhe loc I, time t Sampling:
Shedding Rate
Degradation Rate ¢ SomeWh at dlffe re nt Detec'tlon probab|I|.ty
Immigration/Emigration . Sampling method biases
spatial and temporal
W Density of DNA in Collected
it the environment Scales ' ivi
Individuals
Water / Soil Collection
Filtration Sample preservation
Sample preservation Subsampling
Collected DNA Subsampled
bt (e.g. DNA on filter) Individuals
DNA Extraction Taxonomic ldentification
Measurement (count or mass)
Yi Lt DfNA presen.t Taxon specific
Wt after extraction Fi,l,t Count or Biomass
PCR amplification
DNA Sequencing
Assigning DNA to taxa
DNA t i
presen < Observations

it after sequencing

I norr g
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Zebrafish in tanks

RO,

§ NOAAFISHERIES

>

Jo and Yamanaka 2022

log10(eDNA conc.) [copies/mL water sample]

4

10 ym /132 bp

| Adj. R? = 0.440
Slope = 0.018

LI T T T T T T

5 10 20 30 40

10 pm / 430 bp

| Adi. R® = 0.358
Slope = 0.016

10 pm / 715 bp

1 Adi. RZ=0.108
Slope = 0.011

5 10 20 30 40

10 um /1021 bp

1 Ad). RZ=0.133
Slope = 0.012
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J ]
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Slope = 0.028 o Slope = 0.020
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_—
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Gadids in Tanks

Pacific cod Walleye pollock

Arctic cod
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1.00 0.00
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DNA concentration (copies per reaction)
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Chinook salmon in Skagit Bay, WA

log1o(Chinook DNA concentration)
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Fin Whales in silico
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Fin Whales in silico

Mean = 43 km?
(~5 x 8 km)
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Fin Whales in silico
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Hake in 2019 T

48 A

* |86 stations sampled

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

* Assayed with Single-species qPCR primer

e Pacific hake DNA concentration

* Direct acoustics and DNA not collected simultaneously
(sample-to-sample comparisons are not possible)
40 -
* Arange of controls to check for contamination

Largest eDNA sampling effort in the world
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Spatial and depth patterns of hake DNA in 2019

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)
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DNA Index (1000s)
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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

@ NOAA FISHERIES
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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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2026

o AT¥0s:

rater or
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eDNA: B. Biomass of taxon i, B Biomass of taxon i,
_— bLtT |oc L, time t: t-T ﬁ bt Joc I, time t Sampling:
Shedding Rate .

Degradation Rate Somewhat different Detection probability
Immigration/Emigration . Sampling method biases
spatial and temporal
W Density of DNA in Collected

it the environment Scales ' ivi
Individuals
Water / Soil Collection
Filtration Sample preservation
Sample preservation Subsampling
Collected DNA Subsampled
bt (e.g. DNA on filter) Individuals
DNA Extraction Taxonomic ldentification
Measurement (count or mass)
Y. DNA presen.t Taxon specific
Lt after extraction F.. Count or Biomass
PCR amplification
DNA Sequencing
Assigning DNA to taxa
DNA t i
presen <€ Observations

it after sequencing
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e D NA to B Biomass of taxon i,

loc|: L, timet:t-T

inform biomass \L o
l

DNA
[ W Concentration ]

P

Observations [ qPCR ] [ Metabarcoding ] [ qPCR + J

Metabarcoding

* 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
‘5@ NOAA FISHER'ES U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries | Page 48
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Environmental DNA (eDNA) and

fisheries management

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



eDNA to B el e vren
inform biomass ‘LOCi

qPCR N

Concentration
(single-species primers) /

Observations [ qPCR ] [ Metabarcoding ] [ qPCR + J

Metabarcoding
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eDNA (2019, 2021, 2023, 2025, ...)

>]80 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

e Pacific hake DNA concentration

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

* Arange of controls to check for contamination

Largest eDNA sampling effort in the world

@ NOAA FISHERIES
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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.
5@ NOAA FISHERIES



Building an index for hake from eDNA

Treat eDNA independently from other information

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

Spatio-temporal statistical model

Projections, defining index areas, and summations

fﬂ““m
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Building an index for hake from eDNA

DNA Components:

Field samples
Standards (calibrate qPCR measurements)

Controls (chec
®
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Building an index for hake from eDNA

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

Estimated in TMB

(maximum likelihood, uncertainties derived from the delta-method, convergence diagnostics, etc.)
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Make Predictions

5km grid every 50m
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Lat = 40

2019 2021 2023

Make Predictions

Estimated DNA
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Sum to Surface

5km grid, every 50m depth.
Sum between surface and
500m

45 4

Depth Integrated
eDNA Index

1e+03
3e+02
1e+02
3e+01
1e+01

Unusual units:
DNA copies per L per
25km? of ocean column

Latitude

40 -

1e+00

Likely better to move to
predicted total DNA copies

35+
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Survey area varies
among years

45 -

Eastern-VWesten edge defined
by acoustic-trawl survey.

Latitude

N
o

North-South edges defined by
areas sampled for eDNA.

35 -
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Survey area varies among years

eDNA index (1000s)

o DNA Concentration
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eDNA index (1000s)

Acoustics and eDNA suggest a ~40% decline
between 2019 and 2023
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We have an index.
Now what?

Two general issues for inclusion in an assessment:
Selectivity

Catchability

\&J) NOAAFISHERIES
4



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?

&) NOAAFISHERIES



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?
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eDNA Index as a sensitivity
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Environmental DNA (eDNA) and

fisheries management

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



e D N A to B Biomass of taxon i,

loc|: L, timet:t-T

inform biomass \LOC

DNA
[ W Concentration ]

P

Observations [ qPCR ] [ Metabarcoding ] [ qPCR + J

Metabarcoding
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e D N A to B Biomass of taxon i,

loc|: L timet:tT

inform biomass J o

[ W goNnAc\entration ]
qPCR
(single-species primers) /

Observations [ qPCR ] [ Metabarcoding ] [ qPCR + J

Metabarcoding

* Need adequate sampling (space, time) and well-defined target.
* gPCR directly measures concentration.

* Make indices to your heart’s content.
Hake, Sardines, Anchovy

P
é’@%} NOAAFISHERIES U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries | Page 70
S 4



CPS

Copies / uL

10 T T
100
1000

o
Iz w“\é
‘NY4 NOAAFISHERIES 10000
'va‘f



e D N A to B Biomass of taxon i,

loc|: L timet:tT

inform biomass J o

qPCR + CE

Concentration

Metabarcoding \

Observations [ qPCR ] [ Metabarcoding ] [ qPCR + J

Metabarcoding

* Need adequate sampling (space, time) and well-defined target.
* gPCR directly measures concentration.

* Metabarcoding provides relative proportions.

Unreplicated or Replicated metabarcoding.
Some caveats.

PP
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Hake sample stations 2019-2025

« ~2000 samples / year
« Surface to 500m.
* All >50m bottom depth
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 2019: 211 fish taxa®, and 21 marine mammal species detected
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A

1.0

o

Taxon

~ Allosmerus elongatus
W Citharichthys sordidus
B Citharichthys stigmaeus
" Clupea pallasii
"~ Cololabis saira
B Diaphus theta
Hypomesus :
[ !ﬁ)olagus ochotensis
B Merluccius productus
M Mola
" Pleuronectidae
= gagdfn?ps sagax
ebastes —
" Sebastes mystinus
. Stenobrachius leucopsarus

[8)

Latitude

401

Proportion of Reads
o
o
o

0.2

(8}

B Symbolophorus californiensis

B Tarletonbeania crenularis
Tetragonurus cuvieri

. Thunnus

B Trachurus symmetricus

Example metabarcoding data.

L1
126 -124 -122 -120

Longitude Sample

0.0

o

*Sebastes is (mostly) not separable with standard fish markers

We now have a working marker for separating Sebastes
f@ NOAA FlSHERlES U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries | Page 74

ey



Example metabarcoding data,

using Sebastes primer

ALAVA
bottom surface
1.00-
0.75-
Q.
2 050-
o
0.25-
0.00-
1 2 3 4 5 6 8 9 10 1" 12
as.factor(sample)
DESTRUCTION
surface

8 9 10 11 12 13 5 6 7
as.factor(sample)

w
[}
2]
3
%)
x
o
=]

Sebastes entomelas
Sebastes flavidus
Sebastes melanops
Sebastes mystinus
Sebastes nebulosus
Sebastes pinniger
NA

@
[
b
3
L
3
o
=

Sebastes

Sebastes entomelas
Sebastes flavidus
Sebastes melanops
Sebastes mystinus
Sebastes nebulosus
Sebastes paucispinis
Sebastes pinniger

NA

TATOOSH
bottom surface BestT
estlaxon

" . Sebastes caurinus
. Sebastes entomelas

0.751 . Sebastes flavidus
. Sebastes jordani

2 0.50- . Sebastes maliger

. Sebastes melanops

025 P sebastes mystinus
. Sebastes pinniger
. Sebastes proriger

0.00- . ' ' . | | . | | . | . . NA

1 2 3 4 5 6 7 8 9
as.factor(sample)

NEAH

surface

1.00-
0.75-
0.50-
0.25-
0.00-
1 2 3 4 5

as.factor(sample)

BestTaxon
Sebastes elongatus
Sebastes flavidus

Sebastes maliger

Prop

Sebastes melanops
Sebastes proriger

NA

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

Humpbaék whale
(Megaptera novaeangliae)
33 detections

Dall’s porpoise
(Phocoenoides dalli)
36 detections
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e D N A to B Biomass of taxon i,

loc|: L timet:tT

inform biomass J o

qPCR + CE

Concentration

Metabarcoding \

Observations [ qPCR ] [ Metabarcoding ] [ qPCR + J

Metabarcoding

* Need adequate sampling (space, time) and well-defined target.
* gPCR directly measures concentration.

* Metabarcoding provides relative proportions.

Unreplicated or Replicated metabarcoding.
Some caveats.
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qPCR + Metabarcoding

Hake DNA (log conc.)
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N
~
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Guri et al. 2026
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@j NOAAFISH

Smooth DNA predictions (conc.)

-
-
-
-

Eyji = Dpj +log Vi +log I; + IC + 6

[ d3ji ~ N(0,0p)

‘DNA (log conc.)
species s in bottle 2

qPCR Standards

Zgpr ~ Bernoulli (1 — exp(—2eXw0))
Yfﬂlr ~ N(ﬁﬂp + "':iIPK'JP'a-Y'IP) if Zr;pr =]
Oyvap = expl0 + N Kyp)

Mock-community Metabarcoding

exp(tem )

Wem = Yo exp(am)

W, ~ Multinomial (7, T, )

Vgm = (L.-srn == LRm) + Npcr ((l,, = ﬂ")

g

Zyjipe ~ Bernoulli (1 — exp{—2eF1:49))
Yuiior ~ N(Bop + B1pErji.oviip) if Zhjipe =1
oy jip = exp(70 + 11 Ewji)

Hake qPCR Likelihood

sji = (Esji — ER,ji) + Npcr(as — ag,)

explri)
2= exp(Vygi)

Wi ~ Multinomial (7r;;, 7})

Tsji =

Metabarcoding Likelihood

Index

s = species (H = Hake)

J = location (northing, easting, depth)
x = northing

y = easting

d = depth

i = biological replicate

r = technical replicate

p = qPCR plate

m = mock community sample

¢ = qPCR standard aliquote sample
R = metabarcoding reference species

Parameters and derived quantities

v’ = mean hake eDNA concentration (log(copies/pL)

& = biological replicate random effect

Vi = volume filtered and aliquote dilution offset

¢ = qPCR amplification parameter

oy = standard deviation of qPCR Ct values

Bop: B1p = intercept and slope defining mean qPCR -
DNA concentration relationship

~0,71 = intercept and slope defining standard deviation
of qPCR - DNA concentration relationship

a, = amplification efficiency relative to reference species
7« = predicted sequence proportions at the end of PCR
¢ = ethanol wash effect

7 = standard deviation among biological replicates

Observations

Z = qPCR amplification (ves=1: no=0)

Y = gPCR Ct values

K = known DNA cone. (log(copies/uL))

L = known DNA conc. (log(copies/uL))

W = metabarcoding sequencing reads

T = total number sequencing reads

V' = volume filtered and aliquote dilution offset
I = aliquote dilution factor

States

D = DNA cone. at a station-depth
(log(copies/puL))

E = DNA cone. in a biological replicate
(log(copies/uL))

F = Smoothed DNA cone. (copies/L)
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qPCR +

Metabarcoding -y

Guri et al. 2026
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qPCR + Metabarcoding
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e D N A tO B Biomass of taxon i,

loc|: L timet:tT

inform biomass xl/oc

Replicated [ oA ]

Concentration

Metabarcoding \1/

(multi-species)

Observations [ qPCR ] [ Metabarcoding ] [ qPCR + J

Metabarcoding

* 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

Mean-Variance relationship
among metabarcoding
replicates informs DNA
concentration

Shelton et al. In Press
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Replicated
Metabarcoding

True vs. Predicted

for mock communities.

Shelton et al. In Press
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Bl Simulated eDNA fields - vS1 (zero-mean GP) I ———————G

Kriged log(A) on a 1 km grid; open circles = station locations: white contours = 200 m / 1000 m isobaths
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Conclusions

e 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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