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MEMORANDUM
TO: Council Members
FROM: Jim Ruff, Manager, Mainstem Passage and River Operations

SUBJECT: NOAA'’s Northwest Fisheries Science Center Presentations on Ocean Conditions,
Snake River Spring/Summer Chinook Parr Response to Climate Change, and
Incised Channels Research

At the March 11, 2008, Council meeting in Boise, Idaho, four scientists from NOAA’s
Northwest Fisheries Science Center in Seattle will provide briefings on the following topics.
First, John Ferguson, who is the Director of the Fish Ecology Division at the Science Center, will
introduce the three topics and provide an overview of current research on the potential effects of
climate variability on fisheries resources in the Pacific Northwest.

Bill Peterson, an Oceanographer working out of NOAA’s Newport, Oregon laboratory, will
provide the Council with an update of ocean ecosystem indicators of salmon marine survival in
the Northern California current off the Washington and Oregon coasts. He will show that
biological indicators are directly linked to the success of salmon during their first year at sea
through food-chain processes. These biological indicators, coupled with physical oceanographic
data, offer new insight into the mechanisms that lead to success or failure for salmon runs.

Next up will be Rich Zabel, a Team Leader of the Quantitative Ecology Team, who will discuss
differential population response to climate change indices in freshwater habitats of Salmon River
Basin spring/summer Chinook salmon. His work indicates that juvenile salmon survival is
related to climate indices of stream flow and water temperature during the parr life stage, and the
response to freshwater climate varies across salmon populations depending on habitat
characteristics.

Finally, Tim Beechie, who is a Team Leader of Ecosystem Processes Research, will present
information about using beavers to restore incised streams in the interior Columbia River Basin.
He will show that beaver dams and sediment retention structures help increase sediment
aggradation rates and reduce the time required to reconnect incised channels to their historical
floodplains. Restoring beaver populations raises the water table, creates new fish habitat and
expands the extent of riparian vegetation.

851 S.W. Sixth Avenue, Suite 1100 Steve Crow 503-222-5161
Portland, Oregon 97204-1348 Executive Director 800-452-5161
www.nwcouncil.org Fax: 503-820-2370



Cim rrenﬁ%ﬁrcW =

OJFE‘ lialelifestsieficlimate.... .
\/clch'_O |ty on flsherles resources

= Inthe Pacific NW

_;___ﬂ-:f- ~ NOAA Fisheries
Northwest Fisheries Science Center




JOINT - -

OCEAN (COMMISSION -

INITIATIVE

. —

-
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SEININISSIGNIONNOCEANFRPOIICY and the PewW OcCeans
swimIssion (led by Adm. Watkins and Hon. LLeon
Peipjatizl)
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> Q( ——added “Links between oceans and climate
snge” to their joint initiative:

‘G1ven the staggering economic and ecological
_ramlflcatlons assoclated with climate change, the
Joint Initiative stresses that a better understanding of
ocean-related processes and their impacts will be
necessary for policy makers and the public to make
iInformed decisions on mitigation and adaptation
strategies.”
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= IRfermation, research, and monitoring

s Draft Action Plarn

— Preparing for the Effects of Climate
Change
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-Understandlng which types of restoration
“actions are robust to climate change is
critical for effective recovery of federally
listed pepulations.
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Iriclivieltizl grewwith, fishrsize, reproductlve output,

ainicl gree ator dlstrlbutlon and abundance are all
lirec J/~ mked to temperature.

~ FO] iil I"Tﬁon — recruitment into the sub-adult life
= Stage IS directly related to the ecosystem smolts
== experience during the first few days, weeks,
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—— i i
=
=
R e
-

- EXampIes of recent phenomenon:

— Harmful algal blooms (HABs) and anoxia events are
Increasing in scope, magnitude, and duration, and these
changes have been linked to climate change.
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SHIIES to, determine the effects of fverflow and water
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.‘J'Jr]ng/surr“f' AIREEK SAlMER PEFIZSMOILS (today)

£C d_etermlne mlgratlonal pehavior of fall Chinook salmon
"Lhé‘;;.\ mmerin the lower Snake River

.

_r. Stlmate survival through the Columbia River estuary
COL Stic tags (September science-policy workshop)

VVIEe]] p Vear timing of juvenile ocean entry and marine survival
eleited to climate

2 :__':_.\ & ellng climate change in Puget Sound

i

— =3 Forage fish and predator fish studies and climate/ocean conditions

——

- =" Climate, marine food webs and Pacific salmon in the coastal

= upwelling zone of the Pacific NW (today)

- e Jellyfish as indicators of climate change and their role in the
ecosystem?

e Effects of climate on salmon ocean feeding and bioenergetics
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tlal population response to climate change Iin
Water habltats of Salmon River basin

- — Using beaver to restore incised streams in the interior
Columbia River basin




STIREELE ;n?
Uorle F-= of ©Ocean Ecosystem Indicators

of Jév Marine Survival in the
N e hern California Current — 2007



Climate, ocean conditions and salmon
Bill Peterson

NOAA Fisheries
Northwest Fisheries Science Center
Hatfield Marine Science Center

Newport Oregon



We are taking a holls’rlc approach to development of indices
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1. Develop time series
2. Relate to salmon through

simple bivariate analyses Local Biological Conditions
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La Push

Queets River

Grays Harbor

Willapa Bay

Columbia River

Cape Falcon

Cape Meares

Cascade Head

Newport

Cape Perpetua

* Newport Line
biweekly sampling
since 1996

» Juvenile salmon
sampling in June and
September since
1998



+ Strength of coastal upwelling

- Seasohal reversal of coastal currents:

southward in summer - northward in winter

* Phase of the Pacific Decadal Oscillation (PDO



ES. EAST SAKHALIN CURRENT
6. GAUTEMALA C. (COSTA RICA COASTAL C.)
K. KURIL C,

KC. KURIL COUNTER C. NORTHERN SUMMER

L. LUZON C.
M. MINDANAO C.
S. SOYA C

Ta. TAWAN C.

Ts. TSUGARU C.

T TSUSHIMA C.
WK. W. KAMCHATKA C.
Y. YELLOW SEA C.4

CURRENT {—

NORTH¥ PACIF
—~ /
/ 4
EQUATORIAL CURRENT

- | —

—_— —
RTH EQUATORIAL COUNTER _CUR

—_—

—_— je—

el - -
EQUATORIAL CURRENT
i =] =

=3

-— -
et R ——

TH-=EQUATORIAL COUNTER CURRENT
SOUTH | EQUATORIAL CUYRRENT

Sk

—

—_—

Co. COLUMBIA C. —

]

EA EAST AUCKLAND C. {ARCYIC LIRCU

UNDERCURRENT

CU. CALIFORNIA UNDERCURRENT

EV. EQUATORIAL UNDERCURRENT
NS.C. NORTH SUBTROPICAL COUNTER C. ’ l : P-C.U. PERU-CHILE UNDERCURRENT

WA WEST AUCKLAND C.
W. WESTLAND C.




v & -
50° N+ A/K

P

Circulation off the
T\ Pacific Northwest

ska
rren

Vancouver

Subarctic Current

West Wind Drift

TN

._
Current
—

Cape
Mendocino

Southern
California Bight

Baja

Central Pacific Ca -
30° N »:
Cye WIND STRESS VECTOR
\_ California EKMAN TRANSPORT VECTOR
g Current
20° N [
Coastal Transition Coastal Central
Downwelling Zone Upwelling Subarctic
10° N T T T T T T T
180°W 170° W 160° W 150°' W 140° W 130°' W 1200 W 110° W

Courtesy of NOAAPFEL



FNMOC OTIS 4.0: NCEP S5T Clhimatology (C 12 Jul 2002 127
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CHART OF SEA SURFACE TEMPERATURE

* Note: warm water between the equator and ~ 30 N
+ Because of upwelling off North America, S. America
N. Africa and S. Africa, cool water is found at
the coast. Without upwelling, the coasts would be
~ 5-10°C warmer during summer because offshore
waters would move shoreward.
Without upwelling we would have no salmon off PNW




—J» } Newport

*Winter:
Winds from the South
Downwelling
Poleward-flowing Davidson Current
Subtropical/southern species |
transported northward & onshore =

48N

4N

: ae : : WA
-Spring Transition in April/May @Eer' &&LV
*Summer: &N OR
Strong winds from the North T} Newport
Coastal upwelling o
Equatorward alongshore transport
Boreal/northern species transported -
southward ¢
‘Fall Transition in October =



on the right result
from basin scale
winds: W'ly and
NW'ly [negative
phase] and SW'ly
[positive phase]

Westerlies are
dominating this
winter (07-08).

PDO & SST

Negative Phase Positive Phase
1947-1976 1977-1998
1999-2002 2003-2006
2007-

Blue is cold water
Red is warm water



PDO Index

PDO: May-Sep Average, 1925-2007

(May-Sept)

-15 4 WARM Regime | COOL Regime -} WARM Regime| C: ~W-

1930 1940 1950 1960 1970 1980 1990 2000

From 1925-1998, PDO shifted every 20-30 years. Some refer to
these as "salmon” regimes (cool) and "sardine” regimes (warm).

However, we have had two shifts of four years duration
recently: 1999-2002 and 2003-2006, thus we have a natural
experiment to test the affects of PDO on salmon populations.



Anomaly of number of adults

returning to spawn
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Percent Survival
(@]

1960 1970 §1980 1990

2000

Spring Chinook Salnﬁon
average = 102,813 fish
1960-2007

1960 1970 %1980 1990

2000

Coho Salmon

1960 1970 1980 1990
YEAR

2000

Shifting baselines:

PDO and salmon

1977.; HUGE RETURNS of
fish in 2001-2003
surprised everyone.

Percent of Coho salmon
that return to hatcheries
track the PDO since 1960

PROGNOSIS: negative
PDO a good salmon;
positive PDO not good for
salmon.



12 year time series of SST off Newport

shows that PDO downscales to local SST
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PDO Index
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12 year time series of zooplankton sampling of f
Newport shows that monthly anomalies of copepod

species richness are correlated with the PDO
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As with SST, there are time lags of a few months between the
recent 4-year "cold periods” and "warm periods”. Cold periods

1))

are characterized by "cold water” copepods and vice versa.



Contrasting Communities

Negative PDO = low diversity and "cold-water”
copepod species. These are dominants in Bering
Sea, coastal GOA, coastal northern California
Current

— Pseudocalanus mimus, Calanus marshallae,
Acartia longiremis

Positive PDO = high diversity and "warm-water”
copepods. These are common in the Southern
California Current neritic and offshore NCC waters

— Clausocalanus spp., Ctenocalanus vanus,
Paracalanus parvus, Mesocalanus tenuicornis,
Calocalanus styliremis

Based on Peterson and Keister (2003)




Comparisons in size and chemical

composition

« Warm-water taxa -
(from offshore OR) are
small in size and have
limited high energy wax
ester lipid depots

 Cold-water taxa —
(boreal coastal species)
are large and store wax
esters as an over-
wintering strategy




A working mechanistic

hypothesis: source
waters.

Cool Phase =

Transport of boreal
coastal copepods into
NCC from Gulf of
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Salmon Habitat Work

establish where they live in the ocean.



Yearling Coho Salmon Yearling Chinook Salmon  Subyearling Chinook Salmon
June September June September June September
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Juvenile coho salmon in trawl
surveys (maroon): high in
June 2007 but very low by
September 2007

Ratio of September-to-
June catches of coho may
be a measure of survival
over the summer.

1998 2000 2002 2004 2006 20

08

SEPTEMBER

1998 2000 2002 2004 2006 2008

Sept/June Catches
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1998
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Catches of juv. salmon vs. number of
returning spring Chinook jacks and OPTH

coho one year later
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Predator Densities off the Columbia River

Forage Fish Densities off the Columbia River
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Survival relates to Growth relates to

growth food
° ° (Y
Adult
return Growth
Factor o
)
o)
Growth Factor Salmon food

Food relates to
ocean conditions in
the California Current
Ecosystem

Salmon
food

April upwelling



» Changes in basin-scale

winds lead to sign Negative Positive
changes in PDO

»+ SST changes as do Negative  Positive
water types off Oregon  Cold/salty Warm/fresh

*  Spring transition Early Late

- Upwelling season Long Short

* Zooplankton production  Cold species Warm species

* Forage Fish Many Few

» Juvenile salmonids Many Few

* Predatory fish (hake) Few Many

But time lags complicate interpretations



Physical and biological features of the California Current
ecosystem appear to change rapidly due to phase shifts in the
large scale forces reflected in the PDO

Marine survival of salmon similarly appears to reflect rapid
changes in ocean conditions of the northern California Current
ecosystem

Because global warming could affect duration and variability in
large scale forcing, managers of fishery resources will need a
broad variety of forecasting tools

An example of one a set of forecasting tool documents current
ocean conditions and potential impact of salmon survival 1 to 2
years ahead of their actual return (See webpage
www.hwfsc.noaa.gov)



PDO

MEI

MEI Jan-June

SST at 46050

SST at NH 05

SST winter before going to sea

Upwelling

Physical Spring Transition

Deep Temperature

Deep Salinity

Copepod richness

N.Copepod Anomaly

Biological Transition

Length of upwelling season

June-Chinook Catches

Sept-Coho Catches

Mean of Ranks

RANK of the mean rank

Coho Salmon Survival (Ocean Entry Year)
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A lot depends on the PDO pattern. Will it continue?
Food chain effects likely (cold --> warm water communities)
Northerly shifts in all populations likely.

But...given the uncertainties (especially surprises as seen
recently), best to set catch quotas on the low side.

May see a shift in fishing effort from salmon to tuna

Shifts to less snow and more rain will change river flow patterns
and may negatively impact spring-run salmon

Warming might favor fall-run Chinook salmon

Impacts on other fisheries very uncertain due to lack of
understanding of how they respond presently to ocean variability
(hake, Dungeness crabs, rockfish)



Thanks for you attention




* Bonneville Power Administration

+ U.S.GLOBEC Program (NOAA/NSF)
*+ PaCOOS Program (NOAA)

* National Science Foundation

-+ Office of Naval Research

- See . "What's New"



Length of upwelling season vs. coho survival

61  y=0.4387exp(0.0107*x)
5 » Longer upwelling
g, seasons (as indexed
57 by summer copepod
- : communities) result
S in higher coho

Length of the Biological Upwelling Season (days) .
salmon survival



COHO OPI (% SURVIVAL)

Northern Copepods as ecological
indicators of coho survival and fall

Chinook returns

10 -

Northern Copepod Anomalies

Counts of Fall Chinook at Bonneville Dam

Fall Chinook Adult Counts vs. Copepods
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PDO v Sept Coho Catch
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Fall Chinook and PDO since 1960

1960-present

Counts of Fall Chinook at Bonneville

Fall Chinook Counts at Bonneville

PDO OPIH Coho Survival
7e+5 7e+5
Fall Chinook vs. PDO since 1990 1990-present
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Spring Chinook SAR (%)
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Counts of Fall Chinook at Bonneville Dam
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Coho salmon

Date of Cruise when copepods S u r'v i VG I VS ° S p r i ng

had transitioned

/=y 200 60 transition Dates

80 100 120 140 160 180 200

% ) Day of the Year dates better correlatec
5 . with coho than
5 o Igngug’l?!;og‘g “physical” transition

§ . | dates

Day of the Year



Length of upwelling season vs. coho survival

61  y=0.4387exp(0.0107*x)
5 » Longer upwelling
g, seasons (as indexed
57 by summer copepod
- : communities) result
S in higher coho

Length of the Biological Upwelling Season (days) .
salmon survival



Copepod biodiversity has increased over the past few years

NHOS5 -- Copepod Species Richness
BLUE = summer; RED = winter
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A more diverse copepod community is seen how as compared
to 1970s. This may be first indication that we will find a

different copepod community (and different food chain
structure) in the future.



Species Richness 1996-2008

Copepod species
NH5 1996-2007

® (may-sept)
v (oct-nov)
B Summer Average

20 4

Number of copepod species
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= Dif e=' r'T tial population response to
C J_Jq te change in freshwater habitats of

Seullf 'On RIVer basin spring/summer
_.nook salmon
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Differential populatlon response.
“to climate change in freshwater habitats
ofiSalmon River basigesprng/summer
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1) Response of juvenile survival to
variability in freshwater climate

2) Population viability under climate change
scenarios



Salmon River basin Chinook salmon: 15 streams, 12 years
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Estimating parr-to-smolt survival

... and then
= detected as
Fish tagged migratory smolts
as parr ... o
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Chinook
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Conclusions

 Differential response of populations to
freshwater climate

 Response mediated by habitat conditions



Changes in Salmon River basin
climate

Air Temperature in the Salmon River Basin
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Life-cycle of Snake River Sp/Su Chinook salmon

Spawners

Parr

Ocean Juvenile
Rearing

Smolts

Early ocean Estuary
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Conclusion

Potentially very strong response of juvenile
survival to climate change

But, among population diversity in response
to climate may act as a buffer against the
Impacts of climate change



Future Directions

 How do life-history traits (e.g., migration
timing) respond to climate change?

e Changes in growth rates and climate

e Changes in survival through the

hydrosystem with climate change using
COMPASS
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Using beaver dams to restore incised
streams in the Columbia basin

Tim Beechie, Michael Pollock, Chris Jordan

Northwest Fisheries Science Center
NOAA Fisheries, Seattle, Washington




Climate change: less summer flow

b)fTrends inCT
(1948-2002)

A

Rainfall dominated

hydrographs \

. 20 days earlier
@ 20 days later

Larger circles
indicate statistically
significant change

CT = timing of runoff center of mass Stewart et al. 2004










Channel incision: less summer flow

Historical Conditions

“...they were well stocked in beaver... the

river is well lined with willows...” (peter
Skein Ogden, Fall, 1825)

“...beaver in considerable numbers ....
valley widens, covered by luxuriant
grass... “ (Andrew McClure, August, 1858)

Wet floodplain system:

- sedge meadows

- deep accumulation of sediments
- elevated water table

Incised channel:

- conversion to sagebrush
- lowered water table

- intermittent streamflow



Channel incision: less summer flow

Altered floodplain vegetation
Loss of flood refugia

Streams dry in late summer
Increased stream temperature

Wet floodplain system:

- sedge meadows

- deep accumulation of sediments
- elevated water table

Incised channel:

- conversion to sagebrush
- lowered water table

- intermittent streamflow



Restoration to counter climate change?

e Increased aquifer storage
e Increased stream flow

e Reduced irrigation
demand

Pollock et al. (2003)



A wide-spread opportunity

Over 500 km of
stream mapped

Over 50% incised
Typically in fine-
grained floodplains

— Incised
— Not incised

Loess

- Basalt

Tucannon
River

Touchet
River

Walla Wallay SHes
River i

Beechie et al. (in press)




Using beaver dams for restoration

e Increased sediment
retention

e Increased floodplain
connectivity

Pollock et al. (2003)
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Steelhead use of beaver ponds

Bridge-O Reach Gable Bridge-PH Reach

Pollock et al. (in press)
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Conclusions

 |ncised channel restoration increases
summer flows

— Counters flow loss from climate change
— Decreased irrigation demand

* Predictions of summer flow are feasible
— Runoff models need to modified
— Storage cells need to be parameterized
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Lemhi River
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Arthaud et al. (in review)
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Climate change and restoration effectiveness

e Climate change Restoration
effects are not the effectiveness
same everywhere Climate Sensitive | Robust

effect

. Small
e Some restoration

actions more robust Modest
than others

Large




