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Large-scale watershed assessment in the Chehalis River

Tom Rooda, CWI

- Examine how change due to land use
management and habitat restoration actions
effects potential salmonid production

« Quantify historical & current habitat area

o Delta/bay habitats
o Mainstem river

o Floodplain habitats
o Tributaries

o Beaver ponds and lake

« Estimate historical & current salmon
production




Large-scale watershed assessment in the Chehalis River

Spring Chinook salmon Coho salmon

Floodplain habitat Floodplain habitat
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Beechie et al. 2020



Columbia River basin-wide habitat models

Estimates of spring Chinook
rearing capacity by
increasing floodplain width
in:

Percent increase in
capacity
< 5%
~ 5% -25%
B > 25%

* Cropland

* Rangeland
* Unimproved roads

Drawbacks to approach:
* |nsensitive to other

restoration actions
* “Static” model

75 150 300 Km
N

Bond, M.H., Nodine, T.G., Beechie, T.J., and Zabel, R.W. 2018. Canadian Journal of Fisheries and Aquatic Sciences



Matching estimates of habitat and streamflow

H|gh resolutmn satellite i |magery (< 1 m)
= ok I T

Multispectral National Water Model streamflow
ndices estimates 1993-2018+

* Condensation

I Transpiration

Mﬂachme learning

habitat
classification models
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- Reach-specific response to flow | September

10000
8000
6000

4000 @ :

2000

Water area (m?)

0
0 5 10 15 20
Estimated Streamflow m? * s-1

3 i

-

Constructing flow-habitat curves for all stream reaches.
Continually updated as new imagery is available.
Addresses multiple scenarios simultaneously:

o How much flow is needed to activate floodplain? " &

o How much habitat gained from flow addition? fy, k

o How much habitat is available for the population on
at any date (flow)? # -T f:




Elwha River dam removal and ecosystem response
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Elwha River dam removal and ecosystem response

Elwha River mouth 2015

Elwha River mouth 2006
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Recolonization and Elwha River harvest moratorium

Harvest moratorum
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Chinook salmon redds

Chinook salmon spawnars
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Year

® Recreational and commercial fishing closure since 2011
e |mplemented to facilitate recolonization of Elwha
® Reduced exploitation by ~50% compared to other Puget Sound stocks

® Since 2011, moratorium resulted in >3,700 spawners (orange)

J. McMillan




The ‘re-awakening’ of summer steelhead (0. mykiss)

Number of summer steelhead
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*+  The GREE1L pre-migration marker is evident in Elwha summer
steelhead, but not Elwha winter steelhead

] «  ‘Re-awakening’ of summer steelhead, likely owing to the harboring of
First documented summer steelhead Oct 2013 alleles for run timing in up-river resident O. mykiss populations



Freshwater rearing
Estuary rearing
Early ocean entry

Life cycle integration




Historical extent and loss of vegetated tidal wetlands

1) Map historical extents of
Pacific Coast estuaries using
elevation based maps

2) Map current vegetated
wetlands using National
Wetlands Inventory

3) Historical — Current = Lost
Result:

85% of tidal wetlands have

been lost from the U.S.
West Coast
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Washington, Oregon,
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Southem California Bight

58.7% loss

Estuary included in

» tidal wetland loss
assessment

Brophy et al. 2019



Effects of spawners, flow, landscape context, &
climate on juvenile Chinook salmon habitat use

1. How does climate constrain annual rearing

Sacramento Rivers

per ; windows?

B Middle Ground Island
@® San Francisco Bay

Sadibaiadioid 2. How are escapement and flow likely to contribute

O San Joaquin River gage;
%4

to occupancy of restoration sites?

121°25'W
|



Effects of spawners, flow, & landscape context on habitat occupancy of
naturally spawned Chinook salmon fry in the Central Valley
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Advance wild salmon recovery and sustainable fisheries

 What happened to marine survival since the 1980’s?

-

e Can we improve the situation for juvenile Chinook salmon, coho
- sa_lr_n_og, and steelhead? . . '

* How do we better manage harvest hatch ries, and natural
spawning with such data? -~




Salish Sea Marine Survival Project

Understanding causes of current low survival -
> Bottom-up hypotheses (e.g., impacts on growth) T |
> Top-down hypotheses (e.g., predation)

o Anthropogenic impacts (e.g., habitat loss)
> Field studies in Puget Sound

i Fuget Sound

1@ et of
Geargia

Reconstructing historical patterns oA A AR AL AR AT
o Geoduck growth as indicators of primary production
> Forage fish and jellyfish trends

Assessing importance of multiple stressors 2 _Jd-ﬁ

5]

Ecosystem modeling using Atlantis (with CB Division)

Ecosystem indicators for forecasting returns
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Salmon Olcean
Behavior and
Distribution

Northwest Fisheries Science Center
Fish Ecology Division

Estuary and Ocean Ecology Program
David Huff and Joe Smith



Implanting salmon T
with acoustictags [

f'\ Tagged in 2019
\ Chinook

NOAA= 142

DFO =100
UBC =100
NOAA = 35

Page 20 U.S. Department of Commerce | National Oceanic and Atmospheric Administration | National Marine Fisheries Service
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ICES Journal of Marine Science (2019), doi:10.1093/icesjms/fsz189 -
Contribution to the Themed Section: ‘Science in support of a nonlinear non-equilibrium
world’

Ecological thresholds in forecast performance for key United
States West Coast Chinook salmon stocks

William H. Satterthwaite @ '* Kelly S. Andrews’, Brian ). Burke?, Jennifer L. Gosselin®,
Correigh M. Greene’, Chris J. Harveyz, Stuart H. Munsch’, Michael R. O’Farrell’,
Jameal F. Samhouri®, and Kathryn L. Sobocinski*®




Basin-scale marine drivers Forecast performance metric each year:

(PDO, NPI, MEI, ONI, NPGO, SSTarc)

Proportional error in yeary
Average magnitude of proportional error all years

Positive values mean over-forecasting

Ocean growth
(1 to 4 years)

year t+1

year t-1

Early
marine

Freshwater drivers

Localized marine drivers Early marine drivers (temperature, snowpack, flow)
(SST, SLH, CUI) (spring transition)



Ecological thresholds

* Klamath River Fall Chinook: no clear relationships

* Sacramento River Fall Chinook: two well-supported models were
nonlinear with thresholds

Post>Pre

forecast performance

Post<Pre

15 10 05 0.0 0.5 1.0 1.5 20
PDO in spring year of return

b)

15 10 05 0.0 0.5 1.0

NPl in winter year of return

* Puget Sound Chinook stocks: support for nonlinear models with
thresholds for multiple stock-driver-lag combinations

1.5

2.0




Habitat indicators for stocks in rebuilding plans

SACRAMENTO RIVER FALL CHINOOK
Sacramento and Klamath stocks in rebuilding plans after poor (JuLy 2019)

productivity from brood years 2012-2014
SALMON REBUILDING PLAN,

ENVIRONMENTAL ASSESSMENT,

Rebuilding plans suggested multiple possible habitat impacts MAGNUSON-STEVENS FISHERY CONSERVATION AND
MANAGEMENT ACT ANALYSIS®,

. . . . . i REGULATORY IMPACT REVIEW*, AND
Habitat Committee review: track life-stage specific habitat change INITIAL REGULATORY FLEXIBILITY ANALYSIS*

using indicators
GOa|SI oty e g SR
1) highlight poor habitat conditions in critical years of rebuilding plan

o) —

s — AR
2) document how habitat impacts have changed in years after the
rebuilding plan KLAMATH RIVER FALL CHINOOK

(JuLy, 2019)

3) identify cumulative impacts at different life stages
SALMON REBUILDING PLAN,

ENVIRONMENTAL ASSESSMENT?,
4) identify habitat actions for potential Council engagement MAGNUSON-STEVENS FISHERY CONSERVATION AND
MANAGEMENT ACT ANALYSIS*,
REGULATORY IMPACT REVIEW*, AND
INITIAL REGULATORY FLEXIBILITY ANALYSIS*



Life stages

Habitat indicators for stocks in rebuilding plans

Brood
year
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Habitat indicators for stocks in rebuilding plans

Life stages

Multiple indicators

Brood
year
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
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Habitat indicators for stocks in rebuilding plans

e Life stages

* Multiple indicators

* Indicators by brood year
* Each indicator is reported as
anomaly in direction of positive

effect on productivity

* Green=Top 33%
* Red =Bottom 33%

e Critical brood years

Brood
year
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Habitat indicators for stocks in rebuilding plans

Life stages

Multiple indicators

Indicators by brood year

Each indicator is reported as
anomaly in direction of positive
effect on productivity

Green =Top 33%
Red = Bottom 33%

More information in Ecosystem
Status Report
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Habitat indicators for stocks in

rebuilding plans

Freshwater habitat conditions have tended to vary
inversely with marine conditions

During brood years defined by rebuilding plans, both
freshwater and marine conditions were below average

Since the rebuilding plan, freshwater habitat conditions
have improved somewhat but marine conditions have
declined to historically low levels.

Average of standardized scores

Average of standardized scores

1.5
—Freshwater

——Marine Sacramento
1.0
0.5
0.0 \
-0.5
-1.0
1.5
——Freshwater Klamath
——Marine
1.0
0.5
0.0
-0.5
-1.0
1980 1990 2000 2010 2020

Brood year



Summary

Reproduction 5u(($

Keyword: integration

» Across life cycles

* Multiple datasets

e Multiple H’s

* Collaboration of effort
Important to document habitat
relationships and successful

approaches to restoration and
recovery
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