Salmon Life Histories, Habitats, and Food
Webs in the Columbia River Estuary

+ Major findings of
research

« Implications for salmon recovery in the
Columbia River Basin



Changing ldeas About Estuaries and Salmon

 Estuaries are irrelevant to's n production

« Estuaries are a threat to salmon survival






Chinook
Life-
History
Diversity

Estuaries are
one of many
alternative
rearing habitats
for juvenile
salmon
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Diverse life histories promote resilience
of salmon populations

High Diversity
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Ocean Distribution of Columbia River
Fall Chinook

From: Beaty (1992) :f*-;-'i_ |
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Four Conclusions

salmon life history diversity and resilience
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Many individuals remain in the
estuary for weeks to months

2004 Otolith Analysis

e 41% of 94 Chinook sampled near the river mouth
had resided Iin salt water before capture

 Mean estuarine residency 73 days (range: 10 - 219)
* 46% entered the estuary < 60 mm, 11% < 40 mm.

» Estuarine residency was probably much longer since
the method cannot detect use of tidal fresh habitats
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Fish species
composition of
lower CR
estuarine
wetlands

O Banded killifish
B Chinook salmon
O Prickly sculpin
O Sculpin sp. A
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Juvenile salmon are abundant at emergent/scrub-
shrub marshes throughout the tidal-freshwater
zone

Wallace Island 2006
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Habitat use by salmon is O Wetland Channale

size-related
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 Small size classes frequent
shallow, nearshore and wetland
habitats
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* Few juveniles > 90 mm enter or
remain in interior marsh i —
channels Fork Length (mm)’
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Many juvenile Chinook salmon reside in the
same wetland channel for days or weeks
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Chinook Salmon Residency
April — May 2006

918 marked
224 recaptured (24%)
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* Median residency ~5 days, 14% >
2 weeks,

 Maximum 34 days




Diverse juvenile life histories
contribute to adult returns
 Each ESU is composed of diverse juvenile life histories

e The relative contribution of each life history type to the returning
adult population varies with location and year

Both

subyearling

and yearling

life histories
contribute to D 30%
returns of =
Willamette R. S
Spring -
Chinook

above South Fk S Fk-Leaburg Dam above Cripple Cr  Cripple-reservoir
McKenzie Clackamas

From Kirk Schroeder, ODFW



Four Conclusions

Gz i
1. Estuarine habitat opportunities contribute to salmon
life history diversity and resilience

2.Changes upriver and in the estuary have reduced
salmon life history diversity



Chinook salmon life histories have been simplified

Estimated
proportions of
juvenile salmon
life histories
from historic and
contemporary
surveys

From Burke, 2005.
Data from Rich (1920)
& Dawley et al. (1985)

Historic

—— Fry with platelets only
—Fry (<60 mm)
Fingerling - Recent Arrivals
Fingerling - Fluvial rearing
Fingerling - Estuarine Rearing
Fingerling - Fluvial and additional rearing
— — -Yearling

Relative Abundance

— Fry
Fingerling Natal / Fluvial Rearing

- = Yearling




Patterns of estuary use by salmon are now

w
©
c
2
3
Q
£
X
s
3]
£
o
[&]

hatchery-driven

Total catch = 284,267

% Bonneville Hatchery

Little White Salmon
Hatchery

1979
Total catch = 309,267

15 1980
Total catch = 145,650

Juvenile chinook
timing, stock
composition, and
duration in the
Columbia River
estuary are now
largely influenced by
hatchery releases

Reproduced from
Dawley et al. (1986)



Habitat Change in the lower
Columbla Rlver Estuary
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Image by: Jennifer Burke, UW; Historical data from Thomas (1983)



Habitat Change in the lower
Columbla Rlver Estuary
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Changes in Flow

Columbia River 1878-1903 and 1970-99 Monthly Flows at Beaver

P
E
k=
=
2
§
=2
=
o]

=t 1§75-1903 —"=—1970.99

Annual flow cycle of Columbia River at Beaver,
1878-1903 (some data missing) vs. 1970-99.




The tidal river has been
disconnected from its
floodplain

Historic: Modern:

Brubaker aerial survey Iowq au
' Island, 4Januwﬁ
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» Overbank flows now rare and floodplain inaccessible to fish

 Reduced delivery of nutrients, organic matter, salmon prey, and
structure (large wood)

e Impact on food webs



Water temperatures Estuary-wide Beach Seine
in the estuary may |
limit salmon rearing
opportunities during
summer and fall
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Wetland Surveys

Abundance and Water Temperature
Russian & Seal Island Marshes
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Recent survey results support the hypothesis that
life history diversity has declined

Relative Chinook salmon abundance
in beach seining surveys, 1916 and 2003-03
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Four Conclusions

1. Estuarine habitat opportunities contribute to salmon
life history diversity and resilience

2.Changes upriver and in the estuary have reduced
salmon life history diversity

3. Energy flow to salmon in the estuary is through
wetland and other shallow habitats



Tidal wetlands provide food and support
growth of juvenile salmon

e Salmon feed in wetland habitats on insects and amphipods

roduced In these habitat ]
e |nsects from Wetlan(?s ang other shallow habitats are also a
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Composition of Common Oncorhynchus tshawytscha Prey by Sampling Site

O Corophium salmonis O Corophium spinicorne O Cladocera O Decapoda larvae B Diptera adult B Osteichthys
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Salmon use wetland-derived food sources In
greater proportion than their apparent abundance
In the estuarine system

FRACTION
0% 10% 20% 30% 40% 50% 60% 70%

0)
Fluvial Phytoplankton MR 589

40%

0)
Vascular Plants MR 37%

46%

Benthic Diatoms - 5% m Available Organic Matter
Utilized Organic Matter

Available sources from Simenstad et al. (1990) and Sherwood et al. (1990). Utilized sources from Anderson (2006).




Four Conclusions

1. Estuarine habitat opportunities contribute to salmon
life history diversity and resilience

2.Changes upriver and in the estuary have reduced
salmon life history diversity

3. Energy flow to salmon In the estuary Is through
wetland and other shallow habitats

4. All Columbia River ESUs use estuarine habitats,
and a diversity of genetic groups occupy all tidal
wetland types



Salmon samples collected throughout the estuary
Include individuals from a diversity of ESUs

e 6 genetic stock groups
identified using DNA

Genetic Stock Assignments for Chinook
markers from 36 CR Salmon, 2002-04 (n = 1,004)

populations

 All stock groups identified
In estuary samples SWCF

mSCGF

(evidence weak for 2 3WC Sp
grOUpS) O UWR Sp

O Int Su/Fa
OlInt Sp




Diverse stock groups, including interior summer/fall
run groups, utilize wetland habitats

Lower Estuary Trapnet Sites 2003

79 101 40 19

Interior Sp

Interior Su/F

WC F
WC Sp
B scGF

UWR Sp

number of fish
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Diverse stock groups utilize tidal wetlands and
channels of estuarine tributaries

Subyearling Chinook Stock Compositions in the Lower Willamette River

100% -
90% -+
80% -+
70% -

Ducks Unlimited e - -

Wetland Sites % Interior Sp
2005 /2006 % .

Interior Su/ F

Feb/Mar

WC F
WC Sp

M scGF
UWR Sp

LCREP & DU e0% -
Willamette R :
Portland Sites o | ! ]

Feb/Mar

(Ducks Unlimited Samples From Cyndi Baker;
April Willamette R. sample includes DU and LCREP samples)




Four Conclusions

1. Estuarine habitat opportunities contribute to salmon
life history diversity and resilience

2.Changes upriver and in the estuary have reduced
salmon life history diversity

3. Energy flow to salmon in the estuary is through
wetland and other shallow habitats

4. All Columbia River ESUs use estuarine habitats,
and a diversity of genetic groups occupy all tidal
wetland types
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Estuary restoration should address the entire
habitat continuum not just the lower 46 miles

Subyearling Chinook Stock Compositions at three LCREP Sites in 2005
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RM 146

Interior Sp

Interior Su / F

Confluence 60% -
WC F
40% - I:I

RM 102
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0% T T T 1
19655 7 B scGF
80% -
Columbia City ,, . UWR Sp
RM 83 40%
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e Temporal/spatial patterns of estuary use may vary among
genetic stock groups

« Tributary channels are used by upper river stocks







Can Life History Diversity be Restored?
Chinook Catch Salmon River Estuary
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Contribution of Diverse Juvenile Life Histories
to Returning Adults at Salmon River

Size at Estuary Entry for Juveniles at Mouth (BY 2001 & 02)

Emergent Fry < 45mm 7%

Spring (MAM) w47 -64 mm  10% )
Summer (JJA) m55-96 mm 77%

Fall (SON) m 97 — 109 mm 6%

Size at Estuary Entry for Adults (2004 RY; n=145)

Emergent Fry <45 mm 17%
Spring (MAM) ® 45-60 mm 14%

Summer (JJA) B 61-95 mm 57% ‘

Fall (SON) ® >95 mm 12%




Management Questions

headwater e

. What if any, c:‘?'- a __eded mthe CR Flsh' and
Wildlife Program to aceount for the estuarine habitat
needs of Columbia River salmon?

 \What restorative measures will most benefit estuarine
rearing opportunities for juvenile salmon?

 What, if any, additional information is needed to support
estuary restoration?
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