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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.
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Where Are Juvenile Salmon in the Coastal Ocean?

August 2000

Chinook and Coho Abundance
#oflbdividuals/ ccccc -Chinook % ooooo ividuals/catch -Coho‘

() swes *‘3 Sto1s ‘* 7
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Oregon

California

I | I
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Longitude

Salmon - Habitat
Linkages: Salmon
are not everywhere
In the coastal ocean!

Salmon Associated
with ‘Hot Zones’ of
Ocean Productivity



Juvenile Chinook Stock Compositions off Oregon and Washington
from analysis of microsatellite DNA variation

May June September
95% Columbia R. 96% Columbia R. 70% Columbia R.

- Interior Columbia Basin springs - Lower Columbia springs Coastal

- Mid & Upper Columbia River summer / falls - Willamette springs

Lower Columbia Falls y/ Snake Falls
A




Genetic Stock Identification of Juvenile Chinook Salmon
Columbia River Plume Study Area

September Cruises 1998 - 2006 Source Populations
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[ South Oregon Coast
Charts show stock compositions B Klamath/ California Coast
In three regions of the study area B Central Valley

0 100 200 km




-
SVETVIEN -Fa

. Qrowrn o ttoffl Lo Orosass
© Pr ede,r. je -f,__:-— Top down process
Jg\_r\ ment of ocean condition indices
= iy > and salmon survival

E'Ecean habitat, variable ecosystem,
forecasting




IGF in ocean caught juvenile salmon is related to
adult returns
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IGF is a critical growth related hormone reflecting recent (2 wk) ocean conditions



IGF in ocean caught juvenile salmon related to
available food supply

Chinook IGF relates to food and abundance similarly
to relations found with coho

June Chinook IGF vs prey field/June Chin (5T) CPUE
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Variation influenced by temperature



Half Meter Vertical Net — Copepods & Coho

Copepod Community Composition in June related to Coho Survival
e 2005 Added since meeting (white dots to the left with 1998)
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Phase shifts are tracked by the Pacific Decadal
illation (PDO): negative values = cool phase..
hositive values = warti phase.

1960 1970 1990 2000

* Cool phase 1947-1976
- Cool phaSe 1999-2002 * Warm phase 1977-1998
- Cool phase 2006 ?2? * Warm phase 2002-2005




SearsliEiaeesiemperature (SST) data from
e buoy of f Newport shows similarss s
spierns & showsitiaii SS T ofif INEWport: s

E

Cooler water in

< late 1998
E associated
0 with PDO
& change.

Warmer water

> in late 2002
ES associated
BN with PDO
Qé change.

Most months

cooler since
late 2005

Note: time lags between PDO and SST change,
associated with advection of different water
types to Oregon.
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Species richness
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Species richness
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As with SST, 3-5
months following

« Suggests different water types appear of f PDO change,
copepod species
richness switches.

Oregon with persistent changes in PDO.
* Now, changing again,
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>trong positive anomalies
of Northern species when
PDO is negative;

* Strong positive anomalies
of southern species when
PDO positive and during El
Nifio events (83, 97/98);

- 0dd jo enfeA

. * 2005 especially anomalous
_j;’ ||||| I|||" with regards to copepod
species, looking very "El
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Food relates to
ocean conditions
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" /hMetricus) Pacific mackerel (Scombrus japonicus)

- Pacific hake (Merluccius productus) Spiny dogfish (Squalus acanthias)



Predator Densities off the Columbia River
300

= Pacific hake
2 Jack mackerel
Bl Chub mackerel
1 Spiny dogfish
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Whitebait smelt (Allosmerus elongatus)

Eulachon (Thalichthys pacificus)

Chinook salmon (Oncorhynchus tshawytscha)

Northern anchovy (Engraulis mordax)




Forage Fish Densities off the Columbia River

3888 Bl Northern anchovy
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Model the Impact of Piscine Predation on Juvenile Salmon

Half-saturation Pacific hake
constant (Ks)

Pacific hake
population

Fish eaten/day

Forage fish
and
Juvenile salmon
eaten

’ Forage fish .
. v .y * ‘v
Juvenile salmon Lt juvenile salmon -
smolts entering | Juvenile Salmon eaten by hake s
population

Forage fish *

Forage . V
fish Forage fish eaten by hake

population

-

orage fish ar’rivﬂ&




Log (number of jacks)

OPI % survival
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B Common murre

B Sooty shearwater

@ Sabine's gull
OUnidentified phalarope
B Western gull

B Unidentified gull

O Immature gull

E Rhinoceros auklet

H Black-footed albatross

B Red phalarope ‘ J U N E 2003

OOther 29%
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B Northern fulmar
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Tatoosh Island IObserved murres per km
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Cascade Head, OR
- Newport, OR

Photo credit — Peter LaTourrette, www.birdphotography.com
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STeESe os o Mortality Agent

Ceratomyxa shasta Prevalence in Juvenile salmon
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Columbia River  Columbia River Columbia River La Push- La Push- CRtransect New port - New port -

Estuary 2001  Estuary 2002 Estuary 2003  New port 2001 New port 2002 only 2003 Crescent City  Crescent City
2000 2002

— == Estuary Ocean

Juvenile salmon tested included a total of 662 yearling coho salmon, 495
yearling Chinook salmon, and 657 subyearling Chinook salmon



Prevalence and Intensity of Nanophyetus salmincola in
juvenile coho salmon caught off Oregon and Washington

Prevalence

100 -
16 255 124 233 256 105 354 152 62 362 112 129
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% Infected
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Prevalence of Nanophyetus salmincola in juvenile coho salmon
" during first summer in Pacific Ocean (1999-2002)

250 620 209 134 181 87
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Genetic assignment of origin
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Juvenile salmon. catches off Oregon and Washington directly

elate to number of returning adult salmon: o

g June September
|9 ® B Coho yearling 6 1
= 3 Chinook subyearling
© > = Chinook yearling 5 1
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Columbia River Basin Coho '00

Interior Columbia River Basin Spring Chinook
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Adult Abundance (thousands)
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Average Columbia River Coho Catch (# per km towed) in September Average Columbia River Chinook Catch (# per km towed) in June



Ocean Index — Forecasting Future Salmon Returns

Juvenile migration year Forecast of adult returns
to June Coho Chinook
2000 2005 2006 2007 2007 2008
Large-scale ocean and atmospheric indicators
PDO . | |
MEI . [ ]
Local and regional physical indicators
Sea surface temperature | [ N
Coastal upwelling | [ | N N o o
Physical spring transition . . . . o o
Deep water temp. & salinity n [ N
Local biological indicators
Copepod biodiversity . . . . o o
Northern copepod anomalies | [ | N | o o
Biological spring transition . . .
Spring Chinook--June | [ | N —
Coho--September . . . -




frent Forecast — Yearling Chinook
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48° N

Plume: Variable and Dynamic

June 16-24, 1999

1m Salinity

48° Ns

June 17-25, 2000
1m Salinity

June 24 - July 1, 2001
1m Salinity

47° N+

46° N+

45° N+

* Washington

123°W

47° N+

46° N+

45° N+

Washington

48° N

47° N+

46° N-

45° N+

Washington

123°W
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@ Yearling Chinook

M Yearling Coho
[J Steelhead (x 0.1)




Large
plume
extends
offshore

Small
plume
hugs
coastline

_ Plume Str%:wme_c@.
- SARS

" The number of adult Steelhead
returning to the Columbia River
IS related to plume structure

A larger plume that is further
offshore 7 to 10 days after
juvenile steelhead enter the
ocean leads to higher numbers
of returning adults (yearling
Chinook salmon also benefit
from a larger plume, but to a
lesser degree)
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gz Characterization’ — Analysis ISSES

= ..- _E' Yearling Chinook salmon 1998-2005
_ ——._:_'H;ij = N = 344
= ExceSS ive Z e rOS «——— Negative binomial distribution
— Non-homogeneous
variance

0 50 100 150 200 250 300 350 400 450 500 550
Abundance (n km'z)

— Over-dispersed



A Subyearling Chinook

Zero catch probability

—

B Yearling Chinook 1 . ) E Yearling coho

Zero catch probability
o o o o
(ST I -]
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600 900 ) 600 900
Depth (m)

C Subadult Chinook
600 900
Depth (m)

D Yearling coho

B Yearling Chinook E Subadult coho

Zero catch probability

Zero catch probability

15 20 25 3
Chlorophyll a concentration (mg m™)

5 10 15 25 30
Chlorophyll a concentration (mg m'3)
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