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eDNA = gen et ic t r aces  r ecovered  from  t h e wa t er

Bu t  wh a t  does  it  m ean ? Wh a t  a r e  we sam p lin g?



Mor e of a  sp ecies  = m or e of it s  DNA (in  t h e wor ld )

Shelton et al., unpublished



Organ ism s  a r e  d iscr et e; eDNA is  m ore con t in u ou s

Shelton et al., unpublished



For m s  of In for m at ion  
fr om  eDNA (+ eRNA)

Detection
Concentration

eDNA (various  fragments )
eRNA (various  fragments )

Sequence Information
Haplotypes
Functional genetics  + expres s ion
Methylation 



Ch allen ge: Lin kin g t h is  in for m at ion  t o  
p a r am et er s  of in t er es t  in  t h e  r ea l wor ld



Cet acean  eDNA in
Sp ace an d  Tim e

Xiong et al. 2025

Particle tracks  predict 

eDNA dispersal

Expected vs  real-

world observations

High-res  

oceanographic 

model

Captive Turs iops as  model



Cet acean  eDNA in
Sp ace an d  Tim e

Brendão et al. 2025

At scales  of 1-10km: 
- we can trace eDNA dispersal via oceanography
- eRNA degrades  very quickly; eDNA pretty quickly



Cet acean  eDNA a t  
La r ge Sp a t ia l Sca les

West coas t samples  
via NOAA

50% of all samples  
have cetacean 
sequences



Next  Up
Quantifying and Smoothing

Guri et al. (in review)

Applying fisheries  work to 
cetaceans



Next  Up
J ointly es timating cetacean abundance 
from visual, acous tic, and eDNA 
observations

Guri et a l. 2024 ICES J  Mar Sci – Commercial Fisheries  in Norwegian Fjords

Reciprocal out-of-sample cross -validation
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Wh at  is  eDNA?

Skin and 
scales

Tissue

Free DNA / 
RNA / 
Proteins

Metabolic 
waste

A soup of information

Water filtration
DNA 

extraction

Quantitative PCR: 
single-target, quantitative

Metabarcoding: 
Hundreds/thousands of species,
less quantitative

Scalable
Automatable
Sensitive
Non-invasive

PCR

AGCACTC…

AGCACTC…

GTCGATA…
GTCGATA…

GAATCGC…

CTCGATA…



Sin gle- Sp ecies  (qPCR /  ddPCR) vs . Mu lt i- Sp ecies  (Met abar cod in g)

Kelly et al. 2019 PeerJSheelton et al. 2019 Biol. Conserv.



Im p or t an t  Not e  on  Met aba r cod in g

Uncalibrated

Calibrated

Shelton et al. 2022 Ecology

Amplification Bias : Different species  may/do amplify at different rates



Ot h er  Im p or t an t  Not e  on  Met aba r cod in g

Shelton et al. 2022 Ecology

The resulting dataset is  compos itional and contains  little/no info about absolute concentration

- We model the PCR proces s  for each species  in a  compos ition
- Getting to absolute abundance requires  additional information

- e.g., visual counts , trawl, trap, whatever



Sin gle  Sp ecies  – qPCR /  ddPCR

Shelton et al. (2022): smoothed qPCR s ignal reflects  Hake 

(Merluccius  productus) eDNA dis tribution
J o and Yamanaka (2022) – Zebrafish aquarium 

s tudy acros s  pore s izes  + fragment s izes .
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Quantitative es timates  of eDNA concentration



Mu lt isp ecies  (Met abar cod in g)

Guri et al. 2024 ICES J  Mar Sci – Commercial Fisheries  in Norwegian Fjords

Quantitative es timates  of species  abundanceMetabarcoding (proportions ) + dPCR (ref species  quantity) + trawls

Reciprocal out-of-sample cros s -validation



Com p ou n d in g Noise

The spatial/ temporal s cale of proces s  + observation variability determine what correlations  might exis t

Variable mass -per-fish

1:1  eDNA copies  per unit mass

Moderate 
Observation 
Variability

Low 
Observation 
Variability
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