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More of a species = more of its DNA (in the world)




What we observe # what is there
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Signal: organisms are discrete; DNA is more continuous




Different sampling frames = different relationships




Different Observation Models

gPCR / ddPCR vs. Metabarcoding
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Raw signal should NOT reflect

- abundance +/- noise - Calibrate (e.g., with mocks)
Ssl\jvnzgr?sel ir}?ﬁlcisrgﬂed - Amp bias ) - PJ|| out Of proportion space with

- Compositionality additional data



Real-World Applications

Single-Species
gPCR and biomass at different spatial scales
gPCR + traps to estimate animal density

Multi-Species
12S metabarcoding + trawl to estimate fish abundance
12S metabarcoding + gPCR to estimate eDNA concentrations for many species
12S metabarcoding + visual survey to estimate biomass of many species



Sing].e Sp@CiES = qPCR / ddPCR Quantitative estimates of eDNA concentration
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Jo and Yamanaka (2022) — Zebrafish aquarium

study across pore sizes + fragment sizes.
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Shelton et al. (2022): smoothed gPCR signal reflects Hake

(Merluccius productus) eDNA distribution



Single Species — multiple data sources

Quantitative estimates of species abundance

Green Crab (Carcinus maenas): gPCR + Traps

eDNA + one other data source:
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Metabarcoding (proportions) + dPCR (ref species quantity) + trawls

Data:

" Standard samples
" (known DNA concentration)

" Environmental samples
v (unknown DNA concentration)

g Trawl catch count data
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ddPCR model ]

Trawl catch count data
from trawl surveys
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Trawl catchability
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<DNA shedding and degradation rate,
DNA transport and dilution rate,
DNA recovery and isolation efficiency

coples/ul

Latent parameter of interest

q, = species-specific trawl catchability

A = species-specific integrated eDNA factor

0, = species-specific conversion factor between
unobserved fish density and eDNA concentration

Subscripts
i = species

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

Quantitative estimates of species abundance

Trawl-derived V,, (hsh/km?)

eDNA-modeled V,, (fish/km?)

Reciprocal out-of-sample cross-validation




MU ].ti S p eC ie S (Metabarcoding)

Metabarcoding (proportions) + visual survey Quantitative estimates of species abundance
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Multispecies Errmts v

Metabarcoding (proportions) +
qPCR (ref species)

Quantitative estimates of eDNA abundance
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Extra Slides




Different sampling frames = different relationships

More red = more fish
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Salter et al. 2019 Comms. Biology — Cod in Faroe Islands



Important Note on Metabarcoding

Amplification Bias: Different species may/do amplify at different rates
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Other Important Note on Metabarcoding

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

Y ~Multinomial(p, N),

- We model the PCR process for each species in a composition
- Getting to absolute abundance requires additional information
- e.g., visual counts, trawl, trap, whatever

v; = P; + Npcreti + €5,

Ei ~ N(Ov Tl)s

Shelton et al. 2022 Ecology



Compounding NOise Variable mass-per-fish

1:1 eDNA copies per unit mass
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The spatial/temporal scale of process + observation variability determine what correlations might exist
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