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MEMORANDUM
TO: Council Members
FROM: Jeff Allen

SUBJECT: Update on Genetic Monitoring Program

BACKGROUND:

Presenters: Dr. Shawn Narum, Lead Geneticist, CRITFC
Matt Campbell, Fisheries Genetics Program Coordinator, IDFG

Summary: In 2009, the CRITFC and IDFG first presented to NWPCC the concept of
using genetic tools to monitor distinct stocks of salmonids in the Columbia
River Basin. The overarching goal was to monitor stock specific
abundance, run-timing, and harvest to contribute to fisheries management
and recovery in the Columbia River Basin. Three BPA funded projects
(CRITFC 2008-907-00; IDFG 2010-026-00; IDFG 2010-031-00) enabled
this concept to be developed into ongoing studies to identify stock of origin
of salmonids at fixed locations (Bonneville Dam and Lower Granite Dam)
and intercepted in mainstem fisheries (commercial, sport, tribal). An
update on progress was delivered to the NWPCC Tagging Forum in
February of 2012 that summarized the development of genetic resources,
empirical testing/demonstration, and results for long-term status and trend
monitoring of steelhead and Chinook Salmon stocks.

Now in 2018, we provide an update on this broadly implemented genetic
monitoring program of salmonids in the Columbia River Basin. This
includes use of two powerful approaches to identify hatchery origin fish
with Parentage Based Tagging (PBT) and natural origin fish with Genetic
Stock Identification (GSI). We summarize how these technologies work,
the status of genetic baselines, and provide examples of how these
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studies inform fisheries management and recovery. Finally, we highlight
recent advances that have led to improvements in assignment accuracy of
stocks, cost efficiency, and better understanding of variable life histories of
salmonids. We also discuss directions for further improvements in
upcoming years.
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Talk Outline

[.  Background
»  Why these projects were initiated
=  What these genetic technologies are and how they work
»  The major objectives achieved during proof-of-concept period

[I. Current Status
= Review projects that provide status and trend monitoring of ESA-
listed stocks in the CRB
* These contribute directly to ESA status reviews and BiOp reporting
requirements
v Campbell-Snake River Basin
v" Narum- Columbia River Basin



Why these genetic projects were initiated?

BONNEVILLE POWER ADMINISTRATION

1. RPAsin the 2008 FCRPS BlOp RECORD OF DECISION

RPAs (reasonable and prudent alternatives) are required
mitigation actions to prevent jeopardy of these species

following the

v RPA 62.5 MAY 2008 NOAA FISHERIES
v RPAs0.5 BiOp says genetic tools can RS BIOOBIEAt oPeT
v RPAso7 ¢ address these! on
v RPA64.2
OPERATION
of the
« C )
2 . The ISAB / I SRP Tagglng Report U FEDERAL COLUMBIA RIVER POWER SYSTEM
» They endorsed proof-of-concept trials for these genetic INDEPENDENT SotTHG ADVISORY BORRD
methods!!!! TAGGING REPORT
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A comprehensive review of Columbia River
Basin fish tagging technologies and programs

March 17, 2009
ISRP/ISAB 2009-1




What these genetic technologies are and how they work

/

>~

Parentage-based genetic tagging - PBT
(Hatchery Fish)

* Genetic-based fish tagging method that involves genotyping hatchery broodstock
* By genetically sampling the parents, all offspring are genetically “tagged”

» ‘Tag recovery is non-lethal, and possible at all life stages




What these genetic technologies are and how they work

Genetic Stock Identification- GSI
(Wild fish)
» Uses genetic profiles from all contributing wild populations to identify the
stock of origin of any unknown fish
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PBT achievements during proof-of-concept period:

What we demonstrated:

» PBT accurate and matched CWT assignments (Steele et al 2014)
» PBT/GSI genetic marker panels combined (efficient), multiple labs = same data

High Snake River genetic tagging annually for each species (>95%) (2009- present)
v ~9 million hatchery steelhead
v' ~14 million hatchery Chinook Salmon

* Now expanded throughout CRB

It's all in the genes—including the tracking device
June 24,2013, Canadian Science Publishing (NRC Research Fress)
: - m'iﬁ?m ARTICLE

A validation of parentage-based tagging using hatchery steelhead in
the Snake River basin

Craig A. Steele, Eric C. Anderson, Michael W. Ackerman, Maureen A. Hess, Nathan R. Campbell, Shawn R. Narum, and Matthew R. Campbell

matched 5
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GSI achievements during proof-of-concept period:

What we demonstrated:
« (Can monitor these species at the ESU and MPG level

» Stock abundance estimates using GSI baselines exhibit low bias (Powell et al 2018) and high
precision (Steinhorst et al 2016)
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Transition from proof-of-concept to
Status and Trend Monitoring Programs

Example: Steelhead VSP
Monitoring in the Snake River

Basin



V/SP: viable Salmonid Population Monitoring

« ABUNDANCE is one of the primary metrics NOAA uses to evaluate a population’s viability

*Estimates of abundance (combined with age and sex data) over time allows estimation of
population growth and productivity parameters

* Estimates of these metrics provide indicators of the resiliency and viability of populations and
allows assessment of extinction risk

Snake River Basin’

Stéelhead DPS C Aiase BRIy
. o e, ESU Viability
S Y : ’ Assessment

ESU Status

Population Status:

Status of Viability Parameters
Abundance
*Productivity

«Spatial Distribution
«Diversity
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Are these populations recovering?




Before GSI/PBT: Steelhead Monitoring Difficulties

* Viability assessments for the Snake River steelhead ESU were impossible due to...
* Wide distribution
* Winter/Spring spawning

* Most Snake River steelhead MPGs and populations had little or no abundance/productivity
information
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These parameters can be estimated annually for the entire Snake River basin
using a comprehensive sampling and genetic program at Lower Granite Dam



ranite Dam

—

 Facilities and programs in Adult
. Trapping
place to representatively Facility
sample fish during adult and .
juvenile migrations %3:‘;‘;::5

* 3,500 - 4,500 adults sampled annually
* 1,500 - 2,500 juveniles sampled annually

Adult Fish Ladder

Juvenile sampling .
facility




PIT Tag

Tissue (Genetic profile and Sex)

*Trapining date also recorded



Wild Abundance by Genetic

: / l .
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What genetic
stock am I from?

Our goal with this
sampling is to
partition the

returning wild run
over LGR into their
genetic stocks



Am I hatchery or wild?

Some hatchery fish are unclipped/ marked:V

NOAA FISHERIES

National Oceanic and Atmospheric Administration

« Intentionally released NOAA Requires
e Miss-clipped accurate estimates
« CWT/PIT shed of wild

e CWT/PIT undetected
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Removing unchpped hatchery flsh crltlcal'
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Spawn Year Spawn Year
Steelhead Chinook Salmon
Species | Without PBT | With PBT | Difference %

Steelhead 19,592 15,576 4,016 20.4%
Chinook 9,049 5,793 3,256 35.9%

Only now can we get accurate estimates of wild E—)
abundance back to the Snake River!!!
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Annual estimates of
wild abundance
needed to determine
recovery status are
now available
annually!!!!

Same estimates

available for Snake
River Chinook ESU

Same technology

used throughout the
CRB

Escapement above Lower Granite Dam of STHD by stock from spawn years 2009 to

2016



[ have provided VSP example in
the Snake River
Other programs throughout the
Columbia River Basin uses these
genetic technologies for status
and recovery monitoring...



Other status and trend monitoring programs: HATCHERY REFORM

v" BPA funds many hatchery programs

integration with, or segregation from, wild populations

v Our projects provide annual monitoring of HGMP goals for the entire Snake River Fall Chinook ESU
(includes monitoring natural production areas, necessary for recovery and ESA Delisting)

v On a smaller scale projects provide annual monitoring of HGMP goals for Integrated hatchery programs
at Sawtooth, Pashimeroi and McCall

HATCHERY AND GENETIC MANAGEMENT PLAN
(HGMP)




Other status and trend monitoring programs: Predation Monitering

Some examples: (sea lion and bird predation on ESA listed stocks)

v Rub et al 2017- NOAA researchers showed 24% mortality of spring/summer Chinook and concluded that
“about 68% of the Chinook Salmon tagged and sampled near Astoria were destined for the river and
tributaries above Bonneville based on genetic testing’...

v" Kuligowski et al 2014-NOAA researchers concluded that “PBT analysis suggests Snake River steelhead
and Chinook Salmon are a larger proportion of the birds diets’...

Survival of adult spring/summer
hinook salmon through the estuary and lower Columbia
River amid a rapidly changing predator population

s A. Michelle Warge Rub, Ben Sandford, Don Van Doornik, Matthew Nesbhit,
NOAA Samuel Rambo, Jesse Lamb, Louis Tulles, Gordon Axel, Brian Burke, Kinsey Frick,
Mark Sorel, David Huff, & Rich Zabel
FISHERIES NOAA Fisheries Northwest Fisheries Science Center (NWFSC)

Genetic Analysis of Caspian Tern (Hydroprogne caspia) and Double Crested
Cormorant (Phalacrocorax auritus) Salmonid depredation in the Columbia River
Estuary 2006-2013

David Kuligowski/', Laurie Weitkamp', Curtis Roegner’, Daniel Roby?,
Ken Collis?, Donald Lyons*, Donald Van Doornik', Lauren Reinalda?,
Allen Evans?® Tim Marcella*, Peter Loschl4, and David Teel'.

Sea Lion Photo: U.S. Army Corps of Engineers
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Bonneville Dam:
-Weekly sampli L

-In-season analysis
Week 1 Week 2 Week 3 Week 4

5 PBTt 1

Week 1 Week 2 Week 3 Week 4



Monitor Harvest in mainstem Columbia River
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equires High Genotyping Capacity

CRITFC — Hagerman Genetics Lab

2016

ninook salmon
85,611

Total: 126,000

Steelhead 22,400

Sockeye salmon

Coho salmon

P. Lamprey

hite sturgeon

2017

White sturgeon 774 Coho Salmon 1,338

P. lamprey 10,439

Sockeye salmo
13,676

Steelhead

20,850
Chinook

salmon
104,807

Total: 151,884



~—Improved Cost Efficie

GT-seq - Genotyping-in-thousands by sequencing

$10.00
$9.00
$8.00
§7.00
$6.00
$5.00
$4.00
$3.00

$2.00

Cost per sample (one lane)

$1.00

$0.00

««++«Cost per sample sequencing: GT-seq
——Total cost: GT-seq genotyping

——Total cost: 5' exonuclease

$4.00/fish

$16.50/fish

\ - $160,000
e v

$140,000

$120,000
$100,000
$80,000

$60,000

- $40,000

$20,000

Individual Samples

Campbell and Narum 2015,
Mol. Ecol. Res

Total cost of genotyping
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~Advances in Genomic Methods

Highly Informative Regions of the Genome - Outliers
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—Long-term Monitoring of Genetic Diversity
in the Columbia River Basin

Genetic Monitoring

Distinct stocks
+

“Genes that matter”

Powertful approach to monitor distinct stocks and
phenotypic traits in salmonids
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