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Eulachon Background

Eulachon Range
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Endangered Species Act Recovery Plan for the Southern Distinct Population
Segment of Eulachon (Thaleichthys pacificus)

Prepared by: National Marine Fisheries Service, West Coast Region




Life History

* Columbia River spawning — 2yrs.
e Alaska spawning — 4-5yrs.
— Otolith & isotope
* Discrepancy in semelparous (carketa. 2007 VS. it€roparous patrick .

Biondo (WDFW), Personal communication & Barraclough, 1964)

— Ovary & isotope
* Regional population structure
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Flannery et al. 2013. Microsatellite Analysis of Population Structure in Alaska Eulachon with Application to Mixed-stock Analysis






Method 1:
Mark-Recapture

ALASKA

Outline Map

Inttial capture,
adipose fin clip
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Fopulation Estimate (Millions)

Chilkoot River Mark-Recapture
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Challenges

* Active subsistence fishing & foraging — does
not meet closed population assumptions

* Single river
e Costly: ~ $20,000 annually




Method 2:

ENVIRONMENTAL DNA (eDNA)

- eDNA is found in a variety of substrates: soil, water, air
- Noninvasive, efficient, and relatively inexpensive
- A relatively new but established tool for detecting the

presence and absence of fishes in freshwater systems

- Relies on mitochondrial genome

E. Dziedzic, 2018



Origin of eDNA for monitoring aquatic vertebrates

biology Bl Ler.
ot 1O 1R b 2K 0118
letters oAb

Population genetics

Species detection using
environmental DNA from

water samples

Gentile Francesco Ficetola'“ *, Claude Miaud”®,
Frangois Pompanon’ and Pierre Taberlet’

First Paperin 2008



eDNA research started slow

e

2011 “Sight-unseen” detection of rare aquatic species using
environmental DNA

Christopher L. Jerde!, Andrew R. Mahon', W. Lindsay Chadderton?, & David M. Lodge’

OPEN @ ACCESS Freely available online ="PLoS One

Molecular Detection of Vertebrates in Stream Water: A

2011 Demonstration Using Rocky Mountain Tailed Frogs and
Idaho Giant Salamanders

Caren S. Goldberg'*, David S. Pilliod? Robert S. Arkle?, Lisette P. Waits’

MOLECULAR ECOLOGY

Molecular Ecology (2011) doi: 10.1111/}.1365-294X.2011.05418.x

FROM THE COVER

Monitoring endangered freshwater biodiversity using
2012 environmental DNA

PHILIP FRANCIS THOMSEN,'* JOS KIELGAST,'* LARS L. IVERSEN,+ CARSTEN WIUF,}
MORTEN RASMUSSEN,* M. THOMAS P. GILBERT,* LUDOVIC ORLANDO* and ESKE
WILLERSLEV*

Now many hundreds of papers
Primary focus on technical aspects
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How an eDNA assay works

Isolate eulachon specific DNA

How do we detect DNA from one
organism and not others?

Primer If the primer sequence matches,

I I the DNA will be copied

DNA of Target Organism

Merkes, C. (2017) USGS National Water Quality Monitoring Program



How an eDNA assay works

Isolate eulachon specific DNA

How do we detect DNA from one
organism and not others?

Primer If the primer sequence does not match,
the DNA will not be copied
Y X X X

DNA of NON-Target Organism

Merkes, C. (2017) USGS National Water Quality Monitoring Program



How an eDNA assay works

Isolate eulachon specific DNA

How do we detect DNA from one
organism and not others?

Fluorescent signal will only be detected if Primer

seaquence maticnes AND Probe seagquence maiwcnes

Primer *

N —

DNA of Target Organism

Merkes, C. (2017) USGS National Water Quality Monitoring Program



How an eDNA assay works

Osmeridae Alignment

Eulachon forward prlmer has at least 2bp mismatch to other Osmeridae

Identity

L& 1. Osmerus mordax den...
L+ 2. Spirinchus thaleichthy...
L« 3. Thaleichthys pacificu...

Ce 4. Mallotus villosus vouc...

310 320 330 340 350
GG TG T TG AAG ERGGHG EEGGGABE G GETGAACAGTTTAFCEGEEAT

|dentity

L« 1. Osmerus mordax den...
L« 2. Spirinchus thaleichthy...
L+ 3. Thaleichthys pacificu...

Ce 4. Mallotus villosus vouc...

_'IJI .]‘v GI_,T:IIJM'IETA
GGAGCTTCEGTERGATETAAC

|dentity

Ce 1. Osmerus mordax den...
L+ 2. Spirinchus thaleichthy...
C« 3. Thaleichthys pacificu...

Ce 4. Mallotus villosus vouc...

ATETC(

A
@ "TI;ECATITCCCAGTACCAGACCj CC

TGAARCCTCCTGCHMATT CICAGTACCAGACHCCETTATTERGTETGA

TGAAGCC

BGTGCTEATTAC

IGCCGTRCTTCTRCTECTRT CCCTHRC CIK

GTCETAGCEGCTGGEATTACHEATGCTTC

Tan ann sin san San San Scn san

B5n_o87a

Eulachon reverse primer has 2bp mismatch to longfin smelt and at least 1bp mismatch to other Osmeridae




ddPCR

: 4 Primer
TTTTGGTATAACCCTGCAACAACAACAACAAAAAAGGACAGCCTCCTCAAAAAAGTAATTCTGCCAATTTAATCAGAGGY \u GTuTTAC AGTTCTTATGGTATGTCCGGAGTT

Primer v F, Probe @ @

Droplet dlgltal PCR ‘ ‘-
. \ e & ’

Bio-Rad QX100
/ UL J L_
1. MAKE 2. CYCLE 3. READ
Sample is Run PCR Measure Calculate
partitioned cycles in all fluorescence concentration
into 20,000 droplets intensity in each  from number of
droplets simultaneously droplet positive droplets

ww.labcritics.com




Ch1 Amphtude

Eulachon Tissue
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Eulachon Rare
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Ch1 Ampliitude
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DNA concentration and species
detection is affected by:

" * Variance in production among individuals

through time (pilliod et al. 2014, Klymus et al. 2015, Spear et
al. 2015)

- * Degradations rate — UV, temp. (Barnes et al. 2014,
Strickler et al. 2015)

* Transport downstream, dilutiondiffusion (wilcoxet =~
al. 2016, Deiner and Altematt 2014, Eichmiller et al. 2014) =

— Flow-corrected concentration: DNA Concentraion =
(copies/ul) * Discharge (cfs) =

= It
i |

Photo: Felipe Pedrosa



Chilkoot River Mark-Recapture

Population Estimate (Millions)

12.6

Results

e 2 metrics
— Size of Peak
— Area under the curve
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Mark-Recapture

151

-
o
1

()]
1

o
1

Comparing eDNA & M-R

eDNA log(Size of Peak)
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Mark-Recapture
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Does Flow-Correcting Matter?

P-value = 0.31
R2=0.331
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eDNA log(Size of Peak) NFC

Mark-Recapture
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eDNA for Regional Spatial and
Temporal Monitoring

eDNA peak and AUC

— Flow-correction
limitations

Peak vs. river latitude

Run timing —
environmental
covariates (Chilkoot)

x ﬁ‘ .\‘.’ T’ & \ -l-k.l‘l ] X
Eulachon eDNA Sampling Sites
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Results

2017 & 2018
— Not always typical

highest NFC eDNA
e Taiya was 2" in

IN

 Chilkoot had

2017
e Chilkat 2 in 2018

e All rivers showed a

decline from 2017

to 2018
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Conclusion

 eDNA — cost effective monitoring tool for
e NOOr SPpecie

00 per river

Photo: National Geographic



Future Research

Auto-sampler, OSU OPENS Lab
Southeast regional tribal
eulachon monitoring network

— Expanding to new areas that are
unmonitored

Regional flow-correction
— Inter-river comparison

— Discharge model and/or surrogate
flow (Hill et al. 2015)

Life history investigation

— Age at spawning, size,
reproduction
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Chilkoot River packed with eulachon in 2011!




