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2011-2013 Objectives

e Characterize salmon behaviors in the main stem &
tributaries — ‘Basin Wide Assessment’

e Migration rates

e Residency times

e Assess distribution / escapement
e Population-specific migration timing
e Wild vs Hatchery fish
e Temperature exposure histories
e Predictors of main stem
migration success

Most recent mainstem study:
Schreck et al. (1989-1992)






Salmon collection site

‘Oregon City Riviera’





Methods

« Collect adults at Willamette Falls, rapid non-lethal assessment
 Intragastric radio tag + temperature logger

e Monitor upstream movements and final distribution
— Recover transmitters and temperature loggers (dam traps)






Chinook tagging effort

Num_ber Adipose | Adipose Number Number A
Year Radio- : : : : Temperature
clipped intact Restrained | Anesthetized
tagged pods
2011 150 112 38 131 19 145 RT + 100 non-RT
2012 500 189 311 346 154 99 RT (ad-clipped)
2013 299 229 70 - 299 66 RT (ad-clipped)






Count of Chinook salmon at Willamette Falls Dam

Tagging Effort

30
Chinook count 10 Yr. mean count 2011

2012 included
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Chinook salmon radio-tagged
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River environment; 2011-2013
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SPCK Run timing
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Tag date to first tributary record (d)

50

40

30 -

20 -

10 -

40 -

30 +

20 +

10 -

40

30 +

20 +

10 -

2011 (28) (17)
(38) ]_
I T
L
8
e
2012 o
(61) (47)
(76) | T
T 1
I
2013
(81)
(42)
(90) -|- T
T T T
e
Santliam | McKénzie | Middlle Fork

Main stem residency
times

Median times

T

Santiam 12.0 10.8
McKenzie 24.0 19.8
Middle Fork 32.0 21.3

e Faster passage
In low-flow, warm year





Main stem
migration rates

e Faster passage
In lower main stem

2011 2012
(50) (50)  (46) (113)% (112) (125)
60 1
T
Santiam
401 I = T T
20 | J_
T I 1
0 ; e ‘
=)
€ 6] @ @ @ @ @ @ (89) (9%) (%)  (92)
< _ T
g . McKenzie .
= 40 T - °
C [ ]
= 20 e
= ]
o ) J. J_ T 1 J. T $
g’ ° . . = ® o ° °
= 0 hd : :
17 (17 (15 (14 (16) (48) ; (50)  (33) (52) (52)
60 | ( )-|- | 'I'
Middle Fork
0 T S
? T :
21 I = Il THE
. - 1 . . _'_
= 5
0

w* \N\:L «»’5 \N»“ W’
WO q\x\}\ WM “q\/ \N\/M

WE Qq\/ q\\\, “q\/ \N\’

Malin stem river section





2011 2012
(50) (50)  (46) (113) (112) (125)
60 -
T
Santiam
40 — T 2
| Y 1' T
20 - J-
T I 1
0 : - ,
)
c s0{ @ @@ @) (@ (8 @9 (89)  (9%6) (%) (92
= T
S .
~ McKenzie .
g % — T T -
= J. + T
C o
= 20 -
= ]
< | T 1 T
= * . l = ° o . °
= 0 : hd : :
17 an (@1’ (14 (16) T (0 (539 (52 (52
60 | ( )-l- 'I'
Middle Fork
40 1 . ¥ T T
? T .
21 1 = Il THE
° * ry [ ] [ ] +
0 ==
(SR SRS R UL N1 S VGV GV vVt e
0‘0\‘\‘ x@““ 1‘”‘ ol et W \,\°\N 1‘0““ ol ot
R SEEC ) SIRN SRV SN\ & R AEC ) SRV SRV SR\

Main stem river section

Migration rate (rkm/d)

2013

80 o\
9T|' (90) (90)
60 - Santiam River
40 - ——
20 l
0 . ,
N
(43)'i' (43) (43)  (43) (43)
60 - McKenzie River
40 1- % g
= T
20 * T 1
S o =
0 e : : : :
80 / \
0) o (81) (83) (83) (82)
T _
60 - Middle Fork
Wi e s
\/ T
20 1 L ?
L =
O [ ]

N R
“ ‘Nq:w“’“t@“)ﬁ&“’\{;w o
W

Main stem river section





Main Stem Migration Rates vs. Tag Date

e Strong date
and year
effects

e Considerable
variability among
fish within year

Migration rate (rkm/day)
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Run Composition: 2013

Migration timing of 229 Chinook with tributary fate (H+W)
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Final Distribution: 2011-2013 wild fish

‘Wild’ anesthetized salmon
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Tributary entry timing: 2013
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McKenzie -
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Escapement to tributaries

Year | All Ad_lpose- Adlpose- Restrained | Anesthetized
clipped Unclipped

2011 | 74% 75 /1 12 38

2012 | 61% 56 64 52 82

2013 | 77% 78 76 n/a /7

Experiments: restraint less effective
than anesthesia for Chinook
Caudill et al. (in press) TAFS






Logistic regressions (anesthetized salmon only)

e Variety of univariate and
multivariate models:
Escapement to tributaries
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Individual " —r
temperature
histories: 2013
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Maximum temperatures (30 min data)
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Conclusions

b

Improved understanding of main stem experience
Residency / Transit times ~ 2-5 weeks

Migration rates ~ 10-60 km/d

— Variable, fastest downstream from Salem
Populations fairly well-mixed through time

— Tentative evidence for hatchery effects?
Escapement to tributaries ~ 77-88% (Eugenol fish)
— Fish traits, migration timing not good predictors
— Escapement <> Prespawn Mortality or Success

WLt





Conclusions

b
b

Temperature exposure varies among years, reaches
Main stem

- Lower reaches warmest for most fish
Tributaries

- Large differences in mean exposure

- Degree-day accumulations highly variable

Short-duration exposure to stressful temperatures
was common

- Little evidence for thermoregulatory behavior

LT





Questions?
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Migration Behavior and Distribution of Winter and
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Dam - 2013
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2012-2013 Objectives

e ESA-listed winter Steelhead vs. hatchery origin
summer Steelhead

e Characterize Steelhead behaviors in main stem

and tributaries:
e Run timing
e Main stem migration rates
e Final distribution
e Repeat spawning (iteroparity) frequencies and distribution
e Spatial and temporal overlap during spawning
e Fate of “recycled” summer Steelhead below FOS and DEX





Methods

 Collect adults at Willamette Falls, rapid non-lethal assessment
— Lipid
— Scales (life history, esp. repeat spawning)
— Fin clip for GSI

 All adults handled using AQUI-SE 20 anesthetic in 2013
e Monitor upstream movements and final distribution






Methods - Study Site
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Results - Environmental Data
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Caount at Willamette Falls Cam

Tagging Effort
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170 winter steelhead
radio- tagged
(3.4% of count)
4,944 counted
72% of 10 yr. mean

250 summer steelhead
radio-tagged
(2.0% of count)
13,549 counted
68% of 10 yr. mean
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Run Timing — Winter Steelhead
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Migration rate (rkm/d)

Main Stem Migration Rates — Winter Steelhead
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Distribution Based on Final Records

2013 Winter Steelhead (n = 170)
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Distribution Based on Maximum River Kilometer

2013 Winter Steelhead (n = 170)
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Winter Steelhead Run Composition
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Estimates of Winter Steelhead Returns

Expansion Period:

Winter steelhead counted

(Tagging) from15Feb  from 1 Nov.

n = 4096 n=23632 n=4944
Enter Trib.? Tributary Freq. Percent Estimate Estimate Estimate
No - 28 16.5% 675 598 814
Yes Clackamas 3 1.8% 72 64 87
Tualatin 13 7.6% 313 278 378
Molalla 31 18.2% 147 662 902
Yambhill 8 4. 7% 193 171 233
Rickreall Cr. 1 0.6% 24 21 29
N. Santiam 29 17.1% 699 620 843
S. Santiam 39 22.9% 940 833 1134
Calapooia 7 4.1% 169 150 204
McKenzie 3 1.8% 72 64 87
Fall Creek 1 0.6% 24 21 29
Middle Fork 7 4.1% 169 150 204






2013 Kelt Distribution (n = 81)
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2013 Winter Steelhead Iteroparity Rates — Scale Analyses
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Count at Willamette Falls Dam
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Final Distribution

2013 Summer Steelhead (n = 250)
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Winter/Summer Spatial Overlap
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Winter/Summer Temporal Overlap
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CAUTION: Small Summer Steelhead Sample Size





Fate of 100 Recycled Steelhead Released
Downstream from Foster Dam
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Fate of 50 Recycled Steelhead Released In

Dexter Tailrace
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Conclusions

2013 ~ Low flow and warm conditions

Behavior and distributions between 2012 and 2013 similar for
both winter and summer Steelhead

— Fewer winter Steelhead in Middle Fork in 2013 compared to 2012

— Considerable spatial overlap in Santiam, Middle Fork

~Half of 2013 winter steelhead and ~5% of 2012 summer
steelhead exhibited kelt behavior

Iteroparity rate higher in winters than summers (~12% vs. 2%)

Potential temporal overlap between late-spawn summer and
early spawn winter Steelhead

GSl analyses underway

Angling recaps from recycled summer Steelhead relatively low
to-date, more exits from Middle Fork than Santiam to-date
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Summer Steelhead Run Composition
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Historic Dam Counts — Winter Steelhead
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2013 Kelt Behavior in Tributaries

Tributary Mean Entry Mean EXxit Mgan Res. <d. N
Date Date Time (d)
Tualatin R. 22 February 9 April 46 27 7
Molalla R. 10 March 20 April 41 20 17
Yamhill R. 13 February 23 March 39 17 3
Rickreall Cr. 4 February 25 February 21 - 1
S. Santiam R. 27 March 26 April 30 16 26
N. Santiam R. 28 March 27 April 30 17 22
Calapooia R. 28 March 21 April 23 18 3
McKenzie R. 31 May 22 June 21 - 1
Fall Creek 5 April 16 April 11 - 1

Mj 15 Jan14





Historic Dam Counts — Summer Steelhead
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Run Timing — Summer Steelhead
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Spawning success of spring Chinook salmon in Fall
Creek, the North Fork Middle Fork Willamette and
South Santiam rivers, 2008-2013

Christopher Caudill}, George Naughtont, Matthew Keefer!, Tami Clabought,
Greg Taylor?, Matt Knoff!, Mark Morasch?,&
Cameron Sharpe?3
lUniversity of Idaho, 2USACE, SODFW

BSU Oregon State University






The adult outplant program

Release surplus spring Chinook above (and below) barrier dams

- Restore ecological functions (i.e., nutrients, prey base)
- Supplement natural production, seed historic habitat
- Re-establish self-sustaining populations

Collect at traps / hatcheries
Truck to tributary release sites






Prespawn mortality

» Adult mortality is often very high (outplants and natural spawners)

» Varies widely among sites and among years
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Why It matters:
prespawn mortality affects population growth

Replacement Rate
(Females/Mother)

I 1.5 l
Proportion Prespawn Mortality





2008-2013 ODbjectives

e Monitor prespawn mortality:

- Initial energetic condition and
fish traits (size, sex, etc.)

- Temperature exposure
- Collection and holding regime
- Disease (Schreck et al.)

- Interactions among factors,
(e.g., disease development at
high temperatures)

e |dentify mechanisms

e Refine outplanting protocols
-Hatchery holding
-Release site, Reservoir release






Design

Fish Collection at

Adult Traps
Fall Creek Dexter Dam
Dam
I I
Energetic / Condition || Proximgte L__| Energetic / Condition
Assessment Analysis Assessment
/ =
165 Fish
North Fork | diat
96 PIT tags Fall Cr. Middle Fork mmediate
Willamette R. | | Outplant (59
radios)
Re-collection of Fish During
Variations: Carcass Surveys

-Hatchery holding

-OSU

-Reservoir releases

Determination of Spawning
Success






Estimates of Energetic Status

 Morphometrics (pinson 2005)

Mid-eye to Hypural Length
Hump Height
Depth at Anus
Breadth at Anus

e Distell Fatmeter

e Low-energy microwave
* Rapid, non-invasive

e Condition Factor
e K=W /L3
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External Condition Index

Poor -1

Open wounds, fungal
infections, large collection
of minor injuries

Fair - 2

Minor or healed injuries,
scarring

Good - 3

No obvious damage or
minimal healed
scratches/abrasions






Telemetry & Spawning Ground Surveys

Mobile and fixed-site recelvers used to monitor
radio-tagged salmon

Carcass surveys were conducted on Fall Creek
and NFMF (June to October; with ODFW)

Carcasses scanned for PIT and radio tags
Spawning success assessed
Transport of fresh carcasses to OSU






Results

« 2013 Conditions and tagging
« PSM rates

e Inter-annual patterns

» Foster Reservolir releases






Tempeature (C)

Fall Creek — Release Site Temperatures
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NFMF — Release Site Temperatures
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Salmon outplanted or tagged
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Fall Creek Tagging
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Salmon tagged

Dexter/NFMF Tagging
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Dexter/NFMF Tagging

Dexter Trap
HE Salmon tagged 2011
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Fall Creek at Winberry Creek Discharge
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2013 Female Prespawn Mortality

Females

recovered PSM % PSM
Location PIT Radio PIT Radio PIT Radio Total
Fall Creek 2 — 2 — 100 — 100%
NFMF 6 3 3 1 50.0 33.3 44.4%
SF Santiam 7 3 2 3 28.6 100 50.0%
SF (Foster Res) — 1 — 1 — 100 100%

Early season estimates suggest 2013 PSM rate was high, but...

Nonetheless, some emerging patterns...






PSM rate Comparison
of tag type:

- Radio-tagged
- PIT-tagged
- Untagged

See Corbett et al. 2012 NAJFM
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Fall Creek

Cumulative PSM%
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NFMF 2011
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PSM and Toxins

Peter Green, UC Davis
28 post-spawn adults including both successful and unsuccessful
salmon
Top priority were the widespread, toxic heavy metals Pb, Cd and Ni.
Detectable in all 28 samples in the first batch ...
... with considerable variation, implying differing
exposure/accumulation
Other toxic metals/semi-metals such as Be, Cu, As, Se, Tl, U were
low and more uniform
Five other toxic heavy metals were detected and will be quantified
soon:
Hg, Sb, Sn, Mn and Ag
Additionally, 13 other naturally occurring metals were recorded and
will be assessed: Li, Na, Mg, Al, Ca, V, Cr, Co, Rb, Sr, Mo, Cs and
Ba
Screening for 10 classes of organics, 100’s-1000’s of organic
compounds including DDT, PCBs, PBDEs, PAHSs, organo-
phosphates, pyrethroids, and other current-use insecticides.
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Multi-year analyses

Population level analyses:
-Temperature

Individual level analyses:
Logistic regression models

Some support for effects of:
-Lipid level
-Tag date
-Shape (~lipid)

-Many Intercorrelations

PSM (%)

PSM (%)
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Reservoir Release Studies

- Do fish use hypolimnetic refuge prior to tributary entry?
- Do they select among multiple tributaries?
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Foster Reservoir Temperatures
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Salmon tagged

South Fork Santiam Releases
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Foster Reservolr
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Santiam River Temperatures
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Reservoir duration (days)
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Foster Reservolir Duration

SFR median =32.3d
MSR median =16.1d

1

SFR MSR

Last detection site

* Evidence for
reservoir holding

e Some wandering:
fish detected
repeatedly at multiple
antennas

e Selection of natal
tributary?

e Reduced thermal
exposure





Foster Reservoir Duration by Release Group
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Foster Reservoir Temperatures
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RKM

Spring Chinook 22/319
Released in Foster Reservoir -11 July 2013
Last RT record River Bend - 26 August 2013
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Summary

2013 was 2"d warmest in time series
Spate washed out carcasses near peak spawning

Interannual analyses and toxins analyses are on-
going

 PSM rate not clearly associated with tagging method

e Temperature

e Condition and timing effects

Reservoir releases to Foster provided evidence of
prolonged reservoir holding and thermal benefit
compared to tributaries

2014: Cold-water holding at Foster,
early collection at Dexter
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Questions?






* Full analysis of toxins data
 Holding at Foster

Upcoming Work

 Comprehensive inter-annual comparison
(multiple logistic regression), all years

Condition/
Disease Status

Environmental
Exposure
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Foster Reservoir Fallback

Furthest
Release upstream | Upstream | Fallback
Chan | Code date record Date date

1 256 18-Jun-13 MSR (424.1) 20-Jun-13 5-Jul-13
1 258 18-Jun-13 MSR(424.1) 3-Sep-13  4-Sep-13
1 259 18-Jun-13 SST (443.5) 22-Aug-13 1-Oct-13
22 315 11-Jul-13  SFR(422.0) 22-Jul-13  28-Jul-13
22 314 11-Jul-13 MSR(424.1) 1-Sep-13  4-Sep-13
22 285 19-Jul-13 RVB(427.6) 30-Jul-13  2-Oct-13






2013 PIT and Radio Recovery Rate

# Recovered % Recovered

# Released on SG on SG
Location PIT Radio PIT Radio PIT Radio
Fall Creek 96 0 4 — 4.2 —
NFMF 106 59 11 6 10.4 10.2
SF Santiam 125 25 16 5 12.8 20.0
SF (Foster Res) — 50 — 3 — 6.0






2013 — Longitudinal Gradient in Temperature

Temperature (C)
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- NFMF 1944 Bridge
NFMF Skookum Creek

Upstream





Dexter Trap Releases

Females
Rel. Date # Released # Recovered % Recovery Recovered PSM %PSM
22-May — 5-Jun 64 6 9.4 3 1 33

19 Jun - 17 Jul 101 11 10.9 6 3 50






Flow (cfs)

Fall Creek at Winberry Creek Discharge
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Final Distribution RT and PIT: Fall Creek
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Final Distribution RT and PIT:
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Temperature Loggers
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Future Directions
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% Prespawn mortality (PSM)

Interannual Variation in PSM rate
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2013 Female Prespawn Mortality

Females

recovered PSM % PSM
Location PIT Radio PIT Radio PIT Radio Total
Fall Creek 2 — 2 - 100 — 100%
NFMF 6 3 3 1 50.0 33.3 44.4%
SF Santiam 7 3 2 3 28.6 100 50.0%
SF (Foster Res) — 1 — 1 — 100 100%

2013 Total PSM: (marked and unmarked fish)
FC = 100%
NFMF = 30%
SFS=54%
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e Hatchery RME
Activities
— Monitoring hatchery
operations and
conducting research

focused on hatchery
programs

— Spawning ground
surveys (upstream &
downstream of dams),

 Distribution &
abundance of redds,
carcass sampling,
proportion hatchery-
origin spawners (PHOS)
prespawn mortality,
straying, diversity






Project Geographic Scope

Focus Is on
Spring
Chinook
Salmon Above
and Below
Projects in
the North and
South
Santiams and
the Middle
Fork
Willamette






V'SP Monitoring Guidelines
(Crawford and Rumsey 2011)

e Adult Spawner Abundance and
Productivity

e Spatial Distribution
e Species Diversity





Methods

Carcass Sampling

Redd Surveys






REDDS

AUGUST: SPAWNING
COMMENCES

4

SEPTEMBER: REDDS
ACCUMULATE, PEAK
SPAWNING LATE

v

OCTOBER: SPAWNING ENDS,
PEAK COUNT OBTAINED

v

SPAWNER ABUNDANCE (N;) =
PEAK COUNT * 2.5

K\

NW = NH =
N *(1—pHOS) || N, *pHOS

— pHOS = H/(H + W)

DEADS

PROCESSABLE
CARCASSES

K\

CLIPPED UNCLIPPED

v

OTOLITHS
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NO
Trﬂig\lélél_ THERMAL
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b
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September 2013 Precip. Percent of Normal

Oregon: September,. 2013 Monthly Percent of Mormal

Oregon: September,. 2013 Monthly Observed Precipitation

Valid at 10/1/2013 1200 UTC— Created 10/3/13 21:36 UTC Valid at 10/1/2013 1200 UTC- Created 10/3/13 21:40

cesBSHE238BE
L

e Redds under-counted
e Spawned carcasses under-sampled
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Implications

e Peak Redd Counts Biased LOW

—More reliance on relative abundance
and distribution

 PSM Estimates Bilased HIGH
—High estimates are suspect
—Low estimates acceptable

e Assume run composition (pHOS,
Size, age, mark rates) are unbiased
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Spawner Abundance
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e Hatchery RME
Activities
— Monitoring hatchery
operations and
conducting research

focused on hatchery
programs

— Spawning ground
surveys (upstream &
downstream of dams),

 Distribution &
abundance of redds,
carcass sampling,
proportion hatchery-
origin spawners (PHOS)
prespawn mortality,
straying, diversity
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Project Geographic Scope

Focus Is on
Spring
Chinook
Salmon
Hatchery
Programs in
the North and
South
Santiams and
the Middle
Fork
Willamette






Objectives/(Methods)

e Conduct biological sampling of adult fish at
hatcheries and traps

— Broodstock (timing, size, scales)
— Outplanting (timing, size, sex, scales, DNA)
e Conduct biological sampling of juvenile fish at
hatcheries and traps
— At release (size, QA/QC marks & tags)
— During emigration (size, timing, CWT)
* Analyze performance of released hatchery fish

— Coded Wire Tag (CWT) analyses (Out-of-Basin
strays, SAR)





Adult Sampling

e Adult collection and disposition
e Outplanting

e Spawning





Subbasin  Start Stop

Release Site Name

# Chinook Salmon Outplanted

Males  Females Jacks Total

Cains Marina 162 131 8 301

North o May  26-Se
Santiam y P Hoover Campground 313 259 18 590
Mongold 104 134 9 247
N. Santiam Total 1,138
Caulkins Park 113 143 8 264

South 5 1oy 24-Se
Santiam % P Gordon Road 277 200 12 489
Riverbend 86 85 3 174
S. Santiam Total 927
Fall Creek 233 192 42 467
Middle Little Fall Creek 93 74 19 186
Fork ~ 22-May  29-Aug Construction Pool 572 556 72 1,200
Willamette Paddy’s Valley 454 402 57 913
NFMF Willamette 996 875 95 1,966
MF Willamette Total 4732
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Juvenile Sampling

« At liberation, N > 500 juveniles sampled for
size (FL, mm), QA/QC of marks & tags

« Migrants sampled at the Willamette Falls
Sullivan Power Plant trap

 Data today limited to 2013 Fall (November)
release










 Willamette Falls
Sampling

e Species Composition
(Hatchery and Wild)

e Biometrics (FL, Wt,
Morphology)

e CWT detection/
recovery

* PIT tag detection
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CWT Analyses

* Snouts recovered during SGS or from
broodstock/morts at hatcheries

— SGS: Out-of-Basin Strays
— Hatcheries: “SAR”

e CWTs read by ODFW Fish ID lab

« Returning cohorts from different hatcheries,
broods, and releases reconstructed based on
tagging rate





“Strays”

Recovery Location

Release Location

North Santiam River

Detroit Reservoir

South Santiam River

North Santiam

0.8823% (269)

0.1105% (118)

0.0127% (4)

South Santiam

MF Willamette

0.627% (262)

Middle Fork Willamette

Rer 0.0019% (1) 1.9598% (1112)
Lookout Point Reservoir 0.0063% (13)
Molalla 0.0222% (7) 0.0033% (1)
Umatilla 0.0026% (1)
Warm Springs 0.006% (1)






CWT Recoveries at Hatcheries
* By Brood Years (Release Times Pooled)

« By Hatchery (Brood years and Release Times
Pooled)

e By Hatchery and release Time (Brood Year
Pooled)
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Integrating science, management, and
monitoring: A decision tool for
optimizing annual spring Chinook
outplanting strategies and prioritizing
future research
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Acknowledgements

Funding: USACE

« ODFW

— Hatchery
— Research
— Managers

« USACE
e University of Idaho
« QOregon State University

e Oregon Cooperative Fish and
Wildlife Research Unit

science for a changing world



http://www.usgs.gov/



Willamette basin spring Chinook

Anadromous species of
conservation need

-Threatened status 1999
- Anthropogenic modifications






Limited natural reproduction

—
Big Cliff: 1953 [F4* %
Rkl ') F

I Dexter: 1954 Big Cliff

P
Foster
O&FD

Fall Creek
&
Dexter

www.nwd-wc.usace.army.mil





Natural production

habitats

Trap and haul

Historic spawning
habitat






Outplanting operations

3) Outplant

[ A
= [ ri——c iy Y R | A
| . ]

Trap & haul

Significant
effort!

Historic spawning
habitats

Historic spawning
habitat





Problem: Prespawn mortality (PSM)

In excess of 90%
IN some years

—lemperature
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So what'’s the big deal?

e Natural production limited by
prespawning mortality

e No productionaNo recovery!

* Expensive proposition to move all
these fish!





Prespawning mortality (PSM)
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Prespawning mortality (PSM)
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Major project goals

1) Why Is prespawning mortality
happening?
2) What can we do?

3) Process to evaluate management
alternatives?





Why is PSM happening?

Willamette Falls: 2010-2013






Why is PSM happening?
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PSM and thermal exposure
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PSM and thermal exposure
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Salmon poisoning disease
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Pathogens found thus far

e Ceratomyxa shasta
 Parvicapsula minibicornis

Myxobolus sp.

Apophallus/Echinochasmus sp.

Renibacterium sal
Nanophyetus salmr

moninarum
Inicola

Aeromonus salmo

nicida





PSM similar to spawned fish
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PSM similar to spawned fish

Prespawn Mortalities (n~13) Spawned (n~14)
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Maturation over time
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Key points

e Pathogen burden increases
over time

e PSM fish look like spawners,
only earlier

e Maturation Increases over
time... iIndividual variation





PSM causes & management

1. Trauma
— Reduced handling

2. Shipping fever:

— handling, theraputants, transport
density

3. Chronic infection & energetics
— Reduced thermal exposure






Race against time

Lots Energy stored

In fish

Spawning
Period

Freshwater Entry

March Time October





Race against time

Lots
Freshwater Entry

Pathogens

In fish Spawning
Period

March Time October





Race against time

Mortality Prespawn mortality ¢
Threshold

Spawning
Period

Accumulated degree days

March . October
Time





Example management alternatives

Hypothesized to reduce PSM

1.Trap & outplant: prioritize brood stock

2.Trap a outplant: proportional allocation
3.Trap, hold (13C pathogen free water)aoutplant

S AouULT SALMONENT :
HOLDING ARER"

Outplant





How do we decide?






A decision framework

Structured decision making approach
1. Simulation model
2. Decision model
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L 4
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framework
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" Research |
Data -
r —— | Simulation
Monitoring
Model
Data | .
> { | (uncertainty)
Hatchery
Data

.

~\

J






1) Willamette Falls

A stochastic
simulation model





1) Willamette Falls

T
1) How many
| 2) When

3) What stock

4) Origin






2) Upstream mlgratlon

How long In:

1) Mainstem

2) Tributary
@l 3) Tallrace

Adult migration '





3) Project fish trappin

How many trapped?

1) Recycled downstream
2) Broodstock

3) Outplanted






4) Out

A\
H'-' "\'-“!-;!",-i - 5

How many?
1) Prespawn mortality
2) Spawned

PSM = f(Degree days)

planting






How do we decide?

Data driven

e

.

Decision

framework
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What are decision models?

Focus on decision

1. Optimal decision

2. Account for uncertainty

3. Sensitivity of decision

4. Inform Research & Monitoring
An Illustrated example






What is the optimal decision?

13C holding

Optimal

Allocate over
the run

Buisness as
usual
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Reducing decision uncertainty

7

Mortality
threshold

Stream
_ temperature

Spawners
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Run
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Upcoming year?

Station (529) WATERYEAR (Daily) NRCS National Water and Climate Center - Provisional Data - subject to revision Wed Jan
29 12:36:52 PST 2014
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Refining the decision model

7

Mortality 1. Low
threshold 2. Moderate
3. High
Stream
_ temperature A
Spawners
i Run g
timing
i Fish
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Low mainstem stream temp.

13C holding

Optimal

Allocate over
the run

Buisness as
usual
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Moderate mainstem stream temp.

13C holding Optimal

Allocate over
the run

Buisness as
usual

I I I I I
0 500 1000 1500 2000 2500 3000
Predicted spawners





High mainstem stream temp.

13C holding Optimal

Allocate over
the run

Buisness as
usual

I I I I I
0 500 1000 1500 2000 2500 3000
Predicted spawners
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Mainstem temperature
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Mortality threshold

Predicted spawner
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Informing research and monitoring
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Integrating science and management

Some alternative hypotheses...
H1. Degree days

H2. Initial condition

H3. Pathogens

Hx. Combinations

Adaptive management framework...





Monitoring

1) Willamette Falls

Counts & origin
d (Hatchery/natural)

Number trapped
Origin & fate

o =
lant module

W% 7% Carcass & redd surveys

B A14) Outp
j 1‘-_--,.. ;





Closing

* Objective approach to identify optimal
decisions

 Integrates system wide research,
hatchery, managers

* Resolve decision uncertainty over time
* Prioritize research and monitoring






Closing

« Template for structured decision making/
adaptive management of UWR
anadromous salmonids?

« Workshop at Oregon AFS






Integrating science, management, and
monitoring: A decision tool for
optimizing annual spring Chinook
outplanting strategies and prioritizing
future research

M.E. Colvin, J.T. Peterson, C. Sharpe, S. Benda,
M. Kent, B. Dolan, C. Caudill, & C.B. Schreck
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Using viable salmonid
v population
(VSP)modeling to help
NOAA prioritize actions at

Willamette Basin dams.

Paul Chittaro, Jim Myers, Jeff Jorgensen, & Rich Zabel

February 4-6, 2014





Goal

» Evaluate a range of operational & structural actions at
the dams that improve spring Chinook salmon & winter
steelhead

e survival,
e productivity,
o & diversity.

USACE, Foster Dam BPA, Cougar Dam
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Goal

» Evaluate a range of operational & structural actions at
the dams that improve spring Chinook salmon & winter
steelhead

e survival,

e productivity,
e & diversity. . 2

SLAM: Life cycle model

Parameters (Capacity, fecundity, FBW, etc.)

Viable Salmonid Population (VSP) model

[@ NOAAF'SHEH'ES U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries | Page 3
L





Goal

» Evaluate a range of operational & structural actions at
the dams that improve spring Chinook salmon & winter
steelhead

e survival,
e productivity, |
e & diversity. - Parameters (Capacity, fecundity, FBW,

Action A

Parameters (Capacity, fecundity, FBW, etc.) Action B

SLAM: Life cycle model

.

Viable Salmonid Population (VSP) model
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SLAM: Life cycle model

Viable Salmonid Population (VSP) model

uveniles
B migrants i

)
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Parameters (Capacity, fecundity, FBW, etc.)

SLAM: Life cycle model
Spawners

Viable Salmonid Population (VSP) model

M Spawners

EQQs

Natural
Origin :
Smolts Juveniles
Smolts <. ehiles

migrants

Hatchery
Origin

River
migrants

Administration | NOAA Fisheries | Page 6
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SLAM: Life cycle model

[able Saimonid Fopu ation
FW NAWNE <

N e

Ocean
harvest

_—_—

-

Factors
iInfluencing
abundance

migrants

Passage
survival

migrants

Administration | NOAA Fisheries | Page 7
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_w

Viable Salmonid Population (VSP) model

Abund/Prod pHOS Life History

* VVSPScore Is a weighted average:
VSP = (4(Abund &Prod) + ((pHOS + Diversity)/2) + Spat Struct)/6

From McElhany et al. 2000
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Viable Salmonid Population (VSP) model

Abund/Prod pHOS Life History

Pop Persistence perS|stence
0

0-40% Very high risk
1 40-75% High risk
2 75-95% Moderate risk
3 95-99% Viable
4 >99% Very low risk
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McKenzie River

SLAM & VSP

" Reach A

Leaburg Dam
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McKenzie River, Cougar Dam Actions

Actions Description Fry passage Sub-yr passage | Yrling passage
survival survival survival

Baseline Baseline fish passage conditions. 21% 25% 19%

Drawdown Drawdown to 1500 for 2wks in Dec. 21% 27% 19%

Delay Refill Delay refill until May 1. 31% 25% 24%

FSS_Truck PrefOutlet Floating Screen Structure >1571 with ~ 66% 44% 53%
Truck Transport & Preferred Outlet

FSS_Truck FRY: Floating Screen Structure >1571  66% 62% 65%
with Truck Transport.

Sub-yr & Yr: Floating Screen
Structure full pool range, transport

pipe.

i~
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; : Median # of spawners
McKenzie River at 1000 yr

e All actions — Median # of NOR sRawners

Median Trajectory

17,000 1
._" i -
1 i ™

16.000 o -
] i Actions
/i _
14,000 : Floating Screen Structure w
8 i Truck & transport
12,000 i
11000 | €— FSS_Truck_PrefOutlet
5 10,0007 1 0
B : Delay Refill
£ 1
i i Drawdown
s.o00. Baseline
5,000+
o4, 000
31,000
2,000 M 1
1
LO60+ 1
1

a 5 10 15 20 25 30 35 40 45 S0 55 60 65 70 75 80 45 00 05 100 105 110

s 95% C.I. removed for clarity.

i
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McKenzie River

» Natural origin spawners (all re {

Median # of spawners
at 100t yr,

-hes)

iy '.
/, I 'l l|
o I 1 \
/ / ! 1 b
/ 'l 1 \\
1 \
Natural Drjgm S,ﬁawryers ! \
1 l. \\
70000 s ] 1 \
¢ / 1 1 LN
of / ! i \
V4 Y \
&0000 4 . 'l i \\
/ 1 1 \
/ 1 ] \
¥ 50000 £ i ‘ .
Q ,’ ,' I 1 \
c V2 / 1 1 \
", l, ll ll \\
g 40000 V4 ¢ 1 1 \ -
1] ¢ / /] 1 \
o /’ / ! i \
&2 30000 e i \ \
G ,/ 'l 1 \\
of 1 \ \4 095% Cl
< 20000 i ; + i —— )
4 / i \"4 -— = Median
’ 6L
4 4
10000 R /’ ,:' — S
)4 k v
A L___1 I
0 T T T
2 > . -
g ) & L &
o N < <
%52 e
a"ﬁgl ol
[
F g

{’@‘ NOAA FISHERIES

U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries | Page 13





McKenzie River :

4 QET at 1001 yr.

 Probability of extinction (QET 250 mdmduals)

0.155
0.150
0.145
0.140
0.135
0.130
0.125
0.120
0.115
0.110
0.105
0.100
0.095
0.090

Z 0.085

E 0.080

g 0.075

£ 0.070
0.065
0.060

0.040 S
0.035

0.030
0.025 /
0.020 /
0.015 i

0.010
0.005

0.055 _/
0.050 g
0.045 e

Prob. [ab. < QET = 250]

Baseline

Drawdown

Delay Refill

FSS Truck PrefOutlet
FSS Truck

0.000

i
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10 15 20 25 30 35 40

45 S0 S5 60 65 70 75 80 &5 90 95 100 105

Time
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McKenzie River

 Proportion of hatchery origin spawners (pHOS).

pHOS

35%

30%

25%

vy 20%

Q. 15%

10%

5% T

0%
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McKenzie River

» 0 of fish per life history strategy (measured at mouth of Columbia River).

Life History Strategy

80%
70% 7
60% -
50%
40% -
30%

O5Sp-sub yr

20% B Fall-sub yr

Percent life history

10% - B Yrling Sp

0% -

."..- - -».L
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VVSP scoring

patia
Structure

Abund/Prod pHOS Life History
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McKenzie River e i D
 VVSP score ONLY for abundance and productivity.

Abundance & Producitivity

Abundance & Productivity VSP Scores

4.5
4.0 —  —
3.5 —
@ 30 OWSP score when
g - -— critical
E 2 - - abundance is
a 20 +— set as 100 &
g 15 400 individuals
1.0
0.5 = Median
0.0 7 T T ]
20 xS @ S <
‘br." ) fS\ KO oV
Q > N < [
& A4
N ™V F ] <
N -/
2 QE‘
& N
] T
i &
H-‘""‘-.
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McKenzie River
* VSP score ONLY for pHOS.

pHOS VSP Scores

4.5
0 ——- —

35
3.0
2.5
2.0
15

pHOS VSP Scores

1.0
> L195% Cl

” | ' I =Median

& noan
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McKenzie River
o \/SP score ONLY for Life History

Life History VSP Scores

4.5

4 — — —

3_5 — —

2.5

1.5

0.5 095% Cl

Life History VSP Scores

0 4 I I 1 1 = Median

)
{V; NOAAFISHERIES U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries | Page 20
-

-





McKenzie River n
 \/SP score ONLY for Spatial Structure.

Spatial Structure

4
3
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McKenzie River ) e bl 63 IED

e TOTAL VSP score.

Total VSP Scores
4.0 l_—_| [ — e |

3.5

3.0

2.5

2.0

15

1.0
05 O"Range"

Total VSP Scores

0.0 - T ] | 1 =Median

e
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Pop Persistence

i i Ab 0 Very high risk VSP
McKenzie River - ,
1 High risk "
2 Moderate risk
e TOTAL VSP score. _
3 Viable
Total VSP S 4 Very low risk
e — =
o 3
o 30
[ & ] —
v 25 - —
&
L 20
E 1.5
S 10
05 O"Range"
0.0 I T = Median
o N > 2
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McKenzie River - Sensitivity analysis

@ NOAAFISHERIES

Parameters (Capacity, fecundity, FBW, etc.)

SLAM: Life cycle model

Viable Salmonid Population (VSP) model
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McKenzie River - Sensitivity analysis

| B FBW baseline [ FS5 truck |

B FBEW baseline O F55 truck

FBW.surv.yr
FBW.surv.sub
c1.A.egg
FBW.surv.yr FBW.surv.fry
FBW.surv.sub s.C.sp.sub.sp.yr
FBW.surv fry

s.C.sp.sub.fall.sub
s.C.sp.sub.sp.yr

s.C.sp.sub.fall.sub s.C.sp.sub.sp.sub

c(ﬂﬂﬂ[fpp

s.C.sp.sub.sp.sub s.C.fry.sp.yr
] 5.C.fry.sp.yr
s.C fry.fall.sub
s5.C.fry.fall.sub
s.C.fry.sp.sub s.C.fry.sp.sub
10 T |_D|5| T |':I D| T |D|5| T |-II‘:i _10' T I_Ulsr TT IU'UI L IDTEI L 11u
Relative influence Relative influence
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North Santiam River

SLAM & VSP

Reach C

Reach A

Bennett ;
Dam Ch \(./
Reach F
Reach B Reach E
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North Santiam River

Actions Description Fry passage Sub-yr passage | Yrling passage

survival survival survival

Baseline Baseline fish passage. 36% 11% 14%
Drawdown 1370 Drawdown to 1370. 29% 12% 26%
Delay Refill Drawdown to 1370 & delay refill 39% 13% 25%
until May.
FSS_Truck FSS Truck Transport. 54% 54% 55%
WeirBox WeirBox w bypass. 20% 17% 17%
&
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North Santiam River 2 vevhiohrisk |

High risk
2 Moderate risk
» TOTAL VSP score. s
Total VSP Scor¢ 4 Very low risk
3.5
E 3.0
,
& 20 +— —
=
W 15— —
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T — I
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Middle Fork River
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Abundance

Middle Fork River

 All scenarios — Median # of NOR spawners.

Actions

o Baseline

|
J h \ |’|'| ’i Lookout Pt Drawdown
| | .
|', INE Ial |-| \.,,H '. ¥ l Lookout Pt Floating screen
| (ol I il ﬂ "'--ﬂ-*ﬁ'| A .~ |'Il | ﬂ. A collector
L,ul.:; ,-l || II| F” 'I|||| |||| l"[- 1|J |‘||_ | '|III I.'l" ) [ { I'||I| || I'*. ,"|| I| |'J[ | II | | )
4l '"H-\| 'kra'|. AV e AT ‘,'-.w, R APAY AR N Lookout Pt Floating screen
= N [ 5' RNl ‘-.“w'-‘}"lj_--“h' A R YRR structure & Selective
i LR Jim withdrawal structure
Lookout Pt Selective
withdrawal structure

95% C.I. removed for clarity.
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Steelhead

Reach A Reach D

Reach B

Reach A S

Lebanon

Dam K

.

Reach C

Reach E

e,
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SLAM: Life cycle model

Viable Salmonid Population (VSP) model

uveniies

)
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Thanks!

USACE, ODFW
R2 Consultants,

Alden Consultants,
UWTRT
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Migration, surviaval, Growth, and Fate of
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Introduction Methods Results Summary Questions

Objectives

@ Estimate the effect that passage through dams and reservoirs
has on outmigration success of juvenile hatchery Chinook
salmon

@ Estimate the effect that passage through dams and reservoirs






Methods Results Summary Questions

Legend
@ Cities
¥r Salem
Freeways
Highways
—— Rivers
B eservors 0 15 30 60 KM
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Introduction Methods Results Summary Questions
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Introduction
Detection & Recovery

PIT tags (2011-2019):

@ Outmigrants at Willamette Falls, <10% DE
@ Adults at Willamette Falls, 100% DE
@ Other researchers

Results Summary Questions






Midale Fork \Willamette Release Sites
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Results Summary Questions

Introduction Methods

Lookout Point Reservoir entry, naturally-produced Chinook
(Romer et al. 2012)

@ Subyearling N=837

o Yearling N=15






Introduction Methods Results Summary Questions

lagging & Release - IMIEW.

Release Location

LOP Head of Hills Creek

Release Year Dexter Tailrace LOP Forebay REservoir el

2011 6,000 6,000*
2012 50,000 o 50,000 50,000
2013 33,000 33,000 33,000 33,000

*200,00 CWT fish released in addition to PIT tags





Introduction Methods Summary Questions

Qutmigration Success — MEW: 2011

z-test; P<0.01

[ _J o
o~ (8.4 %)

® Dexter Tailrace
O LOP Head of Resenoir

99]
c
8
+—
(]
O]
+—
)
()]
0]
=
+—
8
>
=
>
@)

May Jun Jul Aug Sep Oct Nov Dec
Month (2011)





Introduction Methods Summary Questions

Qutmigration Success — MEW 2012

z-test, all pairwise
comparisons P<0.01

3000
() o0 o@e oo
(5.6%)
2 2000 ® Dexter Tailrace _
) O  LOP Head of Resenwir
5 ¥ HCR Head of Resenwir
Q
© 1500 -
Q
2
E 1000 -
>
£
(1.1%)
0 - l v WV v
(<0.1%)
I I I I I I I I I I I I

May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun
Month (2012-2013)





Introduction Methods Summary Questions

Qutmigration Success — MEW 2013

z-test, all pairwise
comparisons P<0.01

® Dexter Tailrace
O  LOP Forebay
v LOP Head of Resennir

(1.1%)
@WO QO

WW
(0.9%)

Cumulative Detections

Jun Jul Aug Sep Oct Nov Dec Jan
Month (2013)





Introduction Methods Summary Questions

Lookout Point Dam Operations 2011

LOP Total Discharge
LOP Spill

Flow (KCFS)






Introduction Methods Summary Questions

Lookout Point Dam Operations 2012

LOP Total Discharge
LOP Spill

Flow (KCFS)

Month





Introduction Methods Summary Questions

Lookout Point Dam Operations 2013

LOP Total Discharge
LOP Spill

Flow (KCFS)

May Jun Jul Aug Sep Oct Nov
Month (2013)





Introduction Methods Summary Questions

Migration Rate - MFW

Rate = km/day Kruskal-Wallis, ANOVA P < 0.01

Release Group

Release Dexter  Lookout Point Lookout Point
Year Tailrace Forebay HOR Hills Creek

2011 6.085% n/a 5.353% n/a

2012 5.845% n/a 4.705" 0.988%

2013 6.196% 4.328" 4.5974 n/a





Introduction Methods Summary Questions

Growth - MEW

Kruskal-Wallis, ANOVA P < 0.01

—~ 2 °

§ H X y : y °

E . % I%I 2 X
£ %,
E

Q]

S0 e - :

% 3 °

o 17 n=101 n=320

2 °

n=592

Dexter LOP Forebay LOP Head of Res.  Hills Creek
Tailrace
Release Group





North_Santiam Release Sites
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Introduction Methods

Results Summary Questions

Detroit Reservoir entry, naturally-produced Chinook
(Romer et al. 2012)

Fork Length (

o Subyearling N =4,249

e Yearling N=27






Introduction Methods Results Summary Questions

lagging & Release — IN. Santiam

Release Location

Detroit Head of
Release Year Detroit Tailrace  Detroit Forebay Reservoir

12,000-PIT & CWT 12,000-PIT & CWT
38,000-CwT 38,000-CwWT

2013 33,000 PIT 33,000 PIT 33,000 PIT





Introduction Methods Summary Questions

Outmigration Success — N. Santiam 2012

z-test; P<0.01

Cumulative Detections

® Detroit Tailrace
O  Detroit Head of Reservoir

Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug
Month (2012-2013)





Introduction Methods Summary Questions

Qutmigration Success — N. Santiam 2013

z-test, all pairwise
comparisons P<0.01

(2.2%)

® Detroit Tailrace
O  Detroit Forebay
Vv Detroit Head of Resennoir
(1.8%)
)
00 @gj

(1.0%)

Cumulative Detections

Jul Aug Sep Oct Nov Dec Jan
Month (2013)





Introduction Methods Summary Questions

Detroit Dam Operations 201.2

Detroit Total Discharge
Detroit Spill

Flow (KCFS)

Aug Sep Oct Nov
Month





Introduction Methods Summary Questions

Detroit Dam Operations 2013

Detroit Total Discharge
Detroit Spill

Flow (KCFS)

Jun Jul Aug Sep Oct Nov
Month (2013)





Introduction Methods Summary Questions

Migration Rate — N. Santiam

Rate = km/day Kruskal-Wallis, ANOVA P < 0.01

Release Group

Release Detroit Detroit Detroit
Year Tailrace Forebay HOR

2012* 9.475 7.769"

2013** 2.769% 2.78%Y 1.883"

*August 10t release, 90 mm average fork length

**June 27t release, 65 mm average fork length





Introduction Methods Summary Questions

Growth — N. Santiam

Kruskal-Wallis ANOVA P < 0.01

2.2

n=276
2.0
o
187 n=266 .
> ()
_cg 1.6 :
e [ ]
E 1.4 ®
o 1.2 n=9 y * y
5:5 1.0 -
= 08
g 0.6 t i
5 °
0.4 X ° °
0.2 - Iil $ s
o0 Detroit | Detroit
etroi . etroi
. Detroit Foreba .
Tailrace y Head of Reservoir

Release Group





Introduction Methods Summary Questions

Mainstem Flow Factor

(example — 2013 Middle Fork Willamette)

1 Willamette Flow (Salem)
40000 - —— Dexter Tailrace

—— LOP Forebay

——— LOP Head of Resenoir

- 80

30000 - i

5 60 o

L o

% 25000 S

o

© ] - 40 3
20000

Jun Jul Aug Sep Oct
Month (2013)





Introduction Methods Results Summary Questions

Mortality Sources

@ Avian Predation (East Sand Island) — 66

@ Piscene Predation (MFW Reservoirs) — 139





Introduction Methods Results Summary Questions

A aY ~
AUl IXSLULAS

RY2011 RY2012 RY2013 RY2014
Age 3 2013 2014 2015 2016
Age 4 2014 2015 2016 2017
Age 5 2015 2016 2017 2018
Age 6 2016 2017 2018 2019

RY=Release year





Introduction Methods RESIS Questions

Key Points

Fish Released Above Projects:
@ Grew Faster

@ Migrated Slower

@ Detected less frequently at Willamette Falls for all years and all
release groups

Overall:

@ Outmigration Success of HOR/FB groups much lower in MFW
(relative to TR)

@ Size Matters: N.Santiam size and release timing seem to affect
outmigration success and migration

(@ Dam Operations/Flow: Difficult to evaluate without more detection
Infrastructure





Introduction Methods Results Summary
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Objectives

@Provide information on timing of juveniles
entering reservoirs

@Distribution within reservoirs
@Timing of juveniles exiting reservoirs

@Detroit, Foster, Cougar, Lookout Point





Study sites






Methods

Outmigration Timing

Rotary screw traps above
and below reservoirs

APES }j « Checked daily
_— —1 ¢ Enumerate and measure (FL)

 Abundance estimates

AR

Uit au






Methods

Distribution In reservoirs

‘Floating box 18

Traps set randomly along shoreline
(Mar-Jun)

Gill nets set in LOP during fall






Results

Entrance timing

South Santiam - Foster

Weekly catch

I Subyearling
I Yearling

0

Jan Feb Mar Apr

3500

3000 -

2500 A

2000 A

1500

1000

500 A

May

T T
Jun Jul Aug Sep Oct

S. F. McKenzie -Cougar

0

Jan Feb Mar Apr

May

T
Jun Jul Aug Sep  Oct Nov

Date

Most Chinook (>90%) enter during
spring as fry in all basins

Differences in fry emergence
among basins

Early Foster, Fall Creek
Lookout Point

Late Detroit, Cougar






Entrance timing and the rule curve
Standard Rule Curve

Cougar, Detroit

Foster — early entrance
Cougar — late entrance
LOP — in between

Fall Cr

Pool elevation

Peak entrance date

T T T T T T T T T T T

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Date






Results-2013

Distribution In reservoirs

Cougar 2013

e Subyearlings were more abundant in
upper reservoir

Trap catch

« Dispersed farther into reservoir by
late spring

Cumulative proportion

Cumulative proportion

m— Apr (n=4,718)
May (n=5,186)
Jun (n=4,447)

T T
40 60

T T T 1
40 60 100

Percent distance to dam
Dam

Percent distance to dam






Results 2013

Distribution in Reservoirs

Detroit

Mar (n=259)
— ApDr (N=56)
May (n=83)

Cumulative proportion

m— Apr (n=116)

40 60

Cumulative proportion

Percent distance to dam

Lookout Point

Percent distance to dam

Foster subyearlings more abundant in lower
reservoir

Cumulative proportion

Mar (n=1012)
— Apr (N=684)
May (n=189)

40 60

Percent distance to dam






How Does Distribution Relate to Dam Passage Timing?

60 ﬁ Below Foster

50

I Subyearling
I Yearling
40

30

20

Weir
10 operation
P—

0
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov

1400

=
2
©
o
>
=
]
=

Below Cougar
1200

1000

800

Distribution and dam passage

timing likely a function of :

e entrance timing / rule curve
0 * reservoir size

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov

Date






Reservoir Size
Depth
Dam | Max | atlow | Length at | Length at
height | depth | pool | low pool full pool Peak fry
Reservoir (m)* | (m)* (m) (km) (km) entrance date

Foster : : Early March
Fall Creek : : Late Feb
Lookout Pt. . : Early Apr

Detroit : : Early May

Cougar : : Early May

* Data from National Performance of Dams Program

@ Foster and Fall Creek are smallest WVP reservoirs (at low pool)
and have earliest subyearling entrance timing

@ Fall Creek subyearling distribution likely similar to Foster

@ Management strategy: Lookout Point drawdown to a ~4.5 km pool thru mid-Apr





Conclusions

@Majority of Chinook enter reservoirs as ‘fry’
e Timing differ by ~2 months among basins

@Subyearings distributed mainly in upper portion of reservoirs

In spring EXCEPT at Foster
o Fall Creek distribution likely similar to Foster
» Reservoir distribution function of migration timing and reservoir size





Future Directions

@ Fall Creek Reservoir subyearling distribution
e In lieu of Cougar (FY14)?

@ Longitudinal distribution dynamics in LOP
from summer through fall
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Reservoir Elevation and Fry Entrance Timing

1680
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1620
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Cougar elevation (ft)

1560

1540

610 1520
Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan

Date

—— Cougar Elev
—— Foster Elev

® Peak fry entrance





Distribution prior to 20 April
2012

Cumulative proportion

= Cougar
Lookout Pt.

40

Percent shoreline distance todam

Cougar and LOP comparison in April 2013

—

40 60

Cumulative proportion

Percent distance to dam





Lookout Point Chinook Longitudinal Distribution in November
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Comparison Among Reservoirs

Cougar
Detroit
Foster
Lookout

April to mid-May Distribution

I I
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Percent distance to dam
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PARASITIC COPEPOD INFECTION ON
SALMONID SPECIES REARING IN

OREGON
Fish &Wildlife]

WILLAMETTE VALLEY RESERVOIRS

Oregon Department of Fish and Wildlife
Corvallis Research Lab

Corvallis, Oregon





Background

 Salmincola californiensis only infect Oncorhynchus spp.
« Can cause physical damage to gill structure/mortality
 Incidence of infection tends to increase with fish size

Life Cycle
Eggs mm) Copepodid mmm) Chalimus stages (1-4) mmmp Adult @
28-32d Infectous free- Re-attaches to tissue Can produce
to hatch swimming stage (4 d -2 wk) 2 broods

(~2d)






Objectives

@ Compare susceptibility to parasitic copepods among
Oncorhynchus species in reservoirs

@ Compare infection between stream-rearing and
reservoir-rearing Chinook

@ Evaluate changes in infection through time
@ Prevalence and Intensity on gills






Methods

@ All fish collected were examined macroscopically for
Q copepods on gills and fins
e Counted copepods on subsample of fish

@ Screw traps, gill nets, electrofishing, seining
« Detroit, Foster, Cougar, Lookout Point,
and Fall Creek (USACE)





Results

Prevalence Among Species

@ Chinook were the most susceptible to parasitic copepods
@ Kokanee were least susceptible

Detroit - 2013

100

=@ Chinook

=== Hatchery Chinook
W Rainbow trout

80 4 === Hat. Rainbow trout

=== Kokanee

60 -

40

Copepod prevalence (%)

4
v
20 A
o —— n n |
Jul Aug Sep Oct Nov

Month





Copepod prevalence (%)

100 -

80 -

60

40

20 +

Results

Prevalence Among Species

@ Similar patterns between years

2013 100 2012

—#— Chinook

—i3— Hatchery Chinook
¥— Raibow trout

80 | == Hat. Rainbowtrout

) —=— Kokanee
@
[&]
& 60
g
et
o
S 40
[
1]
[
(]
[ L4
20 - v A
0 - l e — n = |
Sep Oct Nov Aug Sep Oct Mav Dec
Month Month

Possible Reasons for Different Susceptibility
» Habitat/movement (kokanee deeper in summer)
» Diet (copepodids <0.7 mm in length)
» Adaptation (gill raker spacing, immune response)





Results

Prevalence Comparisons
Among Reservoirs/Streams

@ Prevalence on Chinook increased with time spent in reservoirs
@ Copepods were rare for stream-rearing Chinook

2013

100 -

—@— Detroit
Cougar
Foster

80 A Lookout

=== Fall Cr Res

—f=— SF McKenzie

60

40 ~

Iy

T
Jun Jul Aug Sep Oct Nov Dec
Month

/

Copepod prevalence (%)






Copepod prevalence (%)

100 -

80 -

40 A

=—@— Detroit
=== Cougar
== Lookout Point
=—O=Fall Cr Res
e Foster

== SF McKenzie

2013

Copepod prevalence (%)

2012

100 - .
—@— Detroit
=== Cougar
== Lookout Point
80 | =O— Fall Creek Res
—&— SF McKenzie
60 -
40 -
20 A
01+—%= T T T T T T
Jun Jul Aug Sep Oct Nov Dec

Month






Attachment Location on Chinook

Fins Gills

Reservoir 22% 78%
Stream 75% 25%

@ Copepods more common on gills of reservoir-rearing juvenile Chinook





Results

Intensity

Comparison Among Reservoirs —subyearling Chinook

2013
0.30 ~ Nov-Dec
I Cougar
0.25 IR Detroit
EZZ4 Lookout
§ = Fall Cr
P 0.20 -+
=
@)
© 0.15 4
[
©
o
Q. 0.10 +
o
o
0.05 -+
0.00 84
0

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20>

Number of copepods on gills

@ Fall Creek Reservoir Chinook have greater intensity of infection





Proportion of Chinook

Intensity of Infection

@ Similar pattern between years

2013 2012
[ ] -Euug.ar . I Cougar |
0.23 1 BN Detroit 0.20 - ? WSS Detroirt
A Lookout ? LOP
[ Fall Cr S / [T Fall Cr
o BB
0.20 - 2 it
= il 1 fe
= i 1'"m T g -
G o015 Ny < Wed
= 111 :
0.15 - © a0
S 7
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ﬁﬁfﬂ*ﬁqf S 010+ i 7 ?
0.10 - Jesd | 2 rEE
o 1117
N % U
s RWEERERE L
0.05 4 ? ? ? ? ? ? ?
NN N ga |
TININ VRN R Y !
19011 7 _
‘EEERLEELDY -
0.00 - 0.00 ML R A A A A e e 2
001 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20> 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20>
Mumber of copepods on gills Number of copepods on gills

@ 90% mortality of sockeye smolts during saltwater trials with >20 gill copepods
o ~15-20% of Fall Creek late season migrants lost

Pawaputanon, K. 1980. Effects of parasitic copepod, Salmincola californiensis (dana, 1852)
on juvenile sockeye salmon, Oncorhynchus nerka. Dissertation. The University of British
Columbia. Vancouver.





What'’s the source of copepods in Fall Creek Reservoir??

» Two drawdowns that flushed nearly all juvenile Chinook out of reservoir
-no yearling to infect next cohort

« Some infected resident trout could hold over in stream/residual pools
- but prevalence only around 25% for rainbow (Detroit)

» Prevalence was ~40% by June

» Adult Chinook and Steelhead transported above reservoir are infected






The Source???

1’* . ‘ .
. ‘?‘ Adult Chinook atW|IIamette Hatchery 2013 "
MRS A I

e Adult Chinook & steelhead likely picking up copepods in lower Columbia/Willamette
e Qutplant site is close to reservoir (within 2-d drift to reservoir for copepodid)





Conclusion

@ Chinook in reservoirs are particularly susceptible to
parasitic copepods

@ Infection prevalence and intensity increase with duration
IN reservoirs

@ Fall Creek Reservoir Chinook have greatest infection

@ Adults may be major source of copepods





Future Direction

@ What are the effects of high intensity infection?
e Does >20 gill copepods cause 90% mortality in
Chinook smolts?

@ Consider treatment of highly infected adult fish
before transporting above dams — Fall Creek
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Proportion of species

Depth Segregation of Oncorhynchus Species
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PREDATORY. FISH IN LOOKOUT POINT AND FOSTER RESERVOIRS
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Objectives

 Investigate potential impacts of northern pikeminnow on
juvenile spring Chinook salmon in Lookout Point Reservoir .

1) Population estimate for northern pikeminnow

In Lookout Point Reservoir
2) Estimate consumption of Chinook by pikeminnow
3) Distribution of northern pikeminnow

e Assess predation on juvenile spring Chinook and winter
steelhead in Foster Reservoir.

1) Predatory fish community
2) Predator diet sample analysis





Lookout Point Reservolr

Dexter Dam
& Powerhouse

o Lowell Park Orchard Park P
g, o Corps of Engineers o@
Ta EUQ‘-‘”H p-. 2/ Lowell Project Office ®
{16 mi.) £ =X & V)
- Meridian Park

To Springfield
(16 mi.)
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Landax plrk

Lookout Point Dam

Signal Point Boat Ramp
& Powerhouse y %

lvan Oakes Park

Lo
__WILLAMETTE NATIONAL ¥
FOREST BOUNDARY s

Why Lookout Point Reservoir?
Abundant and diverse predator community

Large number of adult Chinook transported upstream
Long reservoir (10 mi.)

Low survival in this 3-dam system

F Hampton //
Campground / N"ﬁ
Black Canyon Campground '. 1
To Oakridge (2 mi !






2012 Lookout Point Dam — Paired Release Study

What is the Reservoir Effect on Survival ?

Aug Sep Oct

"':.!"?1:— 5 f-
" 755mm, 29.7 in.






Why Focus on Spring ?





Middle Fork Willamette Screw Trapping Data, 2013
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Why Northern Pikeminnow ?





Standardized Sampling 2013 - Catch Per Unit Effort (CPUE)

m Lower 51 mLower
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1 4
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Boat E-fishing 10 wks
(April 24 —July 2)

CPUE

Zone NPM Recaptured Effort
Tagged (hrs) (NPM/hr)
Lower 112 9 13.6 8.2
Middle 216 21 20.7 10.4
Upper 516 28 34.5 15.0
844 58 68.8 12.3






Results





Lookout Point Reservoir — Size Distribution
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Population Estimate — NPM — Lookout Point 2013

Huggins closed-capture model in program MARK  (white and Burnham 1999)

Cormack-Jolly-Seber estimator (open population estimator) to estimate survival
1) between weekly sampling intervals (99.3%) and o)
2) over the course of our 10 wk season (93.2%)

2,059 NPM captured/scanned at
Dexter Pikeminnow Derby (Jul 27-28)

225 times less likely to recapture a tagged fish in a zone other than the zone where it
was initially marked





Population Estimate — NPM — Lookout Point 2013

Model NPM Estimate Lower 95% | Upper 95%
Huggins closed-capture model 7,067 5,466 9,224
Heirarchical Bayes Model 32,062 28,534 36,039

c-hat for the Huggins model was 5.9 (acceptable values of< 1) = variance in the data set

that cannot be accounted for by our model (overdispersion).

Conservative population estimate (7,067) x

Daily consumption rate for NPM in the spring (0.160 monzyketal. 2012)) X

Spring season (90 d) =

101,765 Chinook consumed in the spring — by NPM






Foster Reservoir

Green Peter

Lewis Dam
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Weekly Salmonid Catch

South Santiam Screw Trapping Data, 2013

Jan Feb Mar

Apr May Jun  Jul
Month

m O.mykiss
m Chinook

Aug Sep Oct Nov Dec





Predators In Foster Reservoir





Lookout Point

Foster

Piscivorous Species

Number Captured
(Fork length range; mm)

Northern Pikeminnow 140 95
(Ptychocheilus oregonensis) (197-490) (40-525)
Yellow Perch* 0 128
(Perca flavescens) (54-290)
Largemouth Bass* 4 3
(Micropterus salmoides) (140-383) (126-440)
Smallmouth Bass* 0 270
(Micropterus dolomieu) (38-383)
Cutthroat Trout 12 1
(Oncorhynchus clarkii) (84-390) (169)
Rainbow Trout 262 300
(Oncorhynchus mykiss) (120-445) (57-283)
WEULEY 29 0
(Sander vitreus) (205-745)
Crappie* 101 5
(Pomoxis spp.) (155-398) (99-120)
Bullhead* 22 14
(Ameiurus spp.) (176-323) (56-240)






Diet Samples

2) Remove Stomach

1) Collect Specimen






Frequency of Occurrence (%)
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1 O. mykiss, 4 unknown salmonids
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Conclusion:

Lookout Point

e 7,000 NPM in Lookout Point is likely an underestimate.

 Using the conservative estimate, NPM have an impact on juvenile
Chinook survival (> 100,000 in spring).

* Highest density and largest NPM in the upper section of the
reservoir in spring (when Chinook enter).

*Refine spatial information to increase capture efficiency and
decrease c-hat.





Conclusion:

Foster

« Variety of predators (slightly different than Lookout Point).

eSmaller reservoir. Juveniles (Chinook, winter steelhead) are able to
exit the reservoir in a more timely manner.

*Predatory fish eat O.mykiss and juvenile Chinook in Foster,
particularly bass in the spring.
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Production of Chinook and Steelhead
surrogates for juvenile tagging studies
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Juvenile behavior studies: reservoirs and dams
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Need for wild fish surrogates for juvenile fish passage
studies for Willamette Valley Projects

« Wild juveniles of ESA-listed stocks
— Limited availability
— Unacceptable levels of take

 Use of hatchery-origin juveniles
— Hatchery phenotype # wild phenotype





Development of wild fish surrogates for Upper Willamette
River spring Chinook and steelhead

 Wild fish surrogate

— juveniles that are reared in artificial environments and that
exhibit wild movement phenotypes





Development of wild fish surrogates for Upper Willamette
River spring Chinook and steelhead

Objective:
Provide

surrogates for
RME studies






Development of wild fish surrogates for Upper Willamette
River spring Chinook and steelhead

1. Coordinate with 2. Establish target
researchers to 4  phenotypes
establish need for surrogates

Objective:
Provide
surrogates for
RME studies

4. Evaluate wild 3. Develop rearing

fish surrogates protocols for
surrogates






Development of wild fish surrogates for Upper Willamette
River spring Chinook and steelhead

Objective:
Provide

surrogates for
RME studies






Research facilities

Fish Performance and Genetics Laboratory
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Surrogates provided for tagging studies

« Only Chinook wild fish surrogates have been provided to
date





Development of wild fish surrogates for Upper Willamette
River spring Chinook and steelhead

Objective:
Provide

surrogates for
RME studies






Development of wild fish surrogates for Upper Willamette
River spring Chinook and steelhead

1. Coordinate with
researchers to
establish need

Objective:
Provide
surrogates for
RME studies






Coordinate with researchers to establish need for wild fish
surrogates

o Key players
o USACOE project leaders
 RME researchers
« ODFW Hatchery leadership

e Timeline
o 2 years before surrogates needed





Coordinate with researchers to establish need for wild fish
surrogates

 Essential information for surrogate production
Project location — natal sub-basin

Time of study

Size of research fish

Phenotype

Coordination with ODFW Hatchery leadership





Chinook surrogates needed for future studies

— —| 900
2,000  250| 6,750






Chinook surrogates needed future studies

900 — —| 900
250 6,750

1,200 3,400






Chinook surrogates needed future studies

Cougar Reservoir Brood Year 2013

May 2014
Fall 2014
Spring 2015

Total






Steelhead surrogates needed future studies

14,000 500
17,000 2,000
31,000 2,500






Challenges in coordination

e [ead time to determine rearing protocols

* Change In fish requests

e Change In study needs

* Moving target for protracted releases
within a release group

« Early maturation in males
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Development of wild fish surrogates for Upper Willamette
River spring Chinook and steelhead

1. Coordinate with
researchers to
establish need

Objective:
Provide
surrogates for
RME studies






Development of wild fish surrogates for Upper Willamette
River spring Chinook and steelhead

1. Coordinate with 2. Establish target
researchers to phenotypes
establish need for surrogates

Objective:
Provide
surrogates for
RME studies






Establishing target for surrogate phenotypes






Willamette Juvenile Chinook Migratory & Rearing Pathways
Kirk Schroeder, Oregon Department of Fish and Wildlife
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Variation in juvenile migratory pathways

» Are there Chinook phenotypes expressed early in life
that indicate life history tactic that will be expressed
later?
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Body shape predicts life history tactic
In wild juveniles
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Body shape predicts life history tactic
In wild juveniles

a) Migrants
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Body shape predicts life history tactic
Inwild juveniles






Behavioral sorting at emergence:
Vertical sorting or position in tanks






Morphological variation & vertical position
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Development of wild fish surrogates for Upper Willamette
River spring Chinook and steelhead

1. Coordinate with 2. Establish target
researchers to phenotypes
establish need for surrogates
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Development of wild fish surrogates for Upper Willamette
River spring Chinook and steelhead

1. Coordinate with 2. Establish target
researchers to phenotypes
establish need for surrogates

Objective:
Provide
surrogates for
RME studies

3. Develop rearing
protocols for
surrogates






Production of wild fish surrogates in artificial systems

* What aspects of rearing environment produce wild
phenotypes?
— Tank environment
— Water temperature
— Diet
— Density






Growth trajectory

Natural growth parameters
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Growth trajectory

Fall and Spring surrogates
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Development of wild fish surrogates for Upper Willamette
River spring Chinook and steelhead

1. Coordinate with 2. Establish target
researchers to phenotypes
establish need for surrogates

Objective:
Provide
surrogates for
RME studies

3. Develop rearing
protocols for
surrogates






Development of wild fish surrogates for Upper Willamette
River spring Chinook and steelhead

1. Coordinate with 2. Establish target
researchers to 4  phenotypes
establish need for surrogates

Objective:
Provide
surrogates for
RME studies

4. Evaluate wild 3. Develop rearing

fish surrogates protocols for
surrogates






Fin quality

Fin quality index — measure of erosion
= Fin length / fork length
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Fin quality

Fin quality index — measure of erosion
= Fin length / fork length
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Fin quality

Fin quality index — measure of erosion
= Fin length / fork length
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Downstream movement of wild fish surrogates
compared to hatchery juveniles






Downstream movement of wild fish surrogates
compared to hatchery juveniles
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Downstream movement positively
correlated with fish size

Probability of downstream movement

o
w
o

o
o)
&)

o
o)
o

o
. |
o

>
=
e
W
!
O
| -
o
o
3
L
5
@
|
o

---- OHRC
FPGL
— McKenzie

T T

1;u 150 170
Fork length (mm)






Development of wild fish surrogates for Upper Willamette
River spring Chinook and steelhead

1. Coordinate with 2. Establish target
researchers to 4  phenotypes
establish need for surrogates

Objective:
Provide
surrogates for
RME studies

4. Evaluate wild 3. Develop rearing

fish surrogates protocols for
surrogates
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Pacific lamprey: a summary of three years
of spawning and larval survey research
from the Willamette Basin

Luke Schultz, Mariah Mayfield!, Lance Wyss?,
Gabe Sheoships, Ben Clemens?, Carl Schreck?

Oregon Cooperative Fish and Wildlife Research Unit,
Department of Fisheries and Wildlife, Oregon State University

lcurrent : Rural Aquaculture Promotion, Peace Corps, Lusaka, Zambia
2current : Calapooia Watershed Council, Brownsville, Oregon
Scurrent : ODFW, Newport, Oregon
4 Oregon Cooperative Fish and Wildlife Research Unit, U. S. Geological

Funding for this study was provided by the Columbia River Inter-Tribal Fish Commission
through the Columbia Basin Fish Accords partnership with the Bonneville Power
Administration under project 2008-524-00, Brian Mcllraith, project manager.






e Wel

Pacific Lamprey

ogically & culturally significant
-recognized, ongoing decline
ogy -> causes?






Willamette River

 One of last remaining harvest locations






Objectives

1) Evaluate spawning
Timing, abundance, habitat?
2) ldentify rearing locations

What is the habitat in these spots?

3) Inform management and monitoring





Spawning Surveys

 Visual redd count surveys
— Pontoon boats/foot surveys

e Late April to mid-June
— Every 2 weeks, weather dependent
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Relatively small: ~0.25 m?
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Spatial resampling

o What spawning survey length is necessary?
e Use peak redd counts for each stream
« Randomly subsampled varying survey

lengths

— Minimum survey length
» Detection of redds
e Abundance estimates, with error margin
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Spawning Findings

e \Wide distribution
— Habitat generalists
— Habitat is similar to salmonids

e Spatial Resampling
— Detection — always <1.2 km
— Survey length varies with habitat

e Some remaining questions





- Habitat factors related to the
distribution of larval Pacific Lamprey in
~ the Willamette River Basin
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Habitat Associations

Linear Regression
e Habitat characteristics

« CPUE or total catch
— Pacific lamprey
— All lamprey

 |dentify relevant features
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Summary

o Ubiquitous In the Willamette Basin
— Access for adults
— Habitat driving factor

 Redd counts — viable monitoring tool

e | arval Habitat

— Accumulated fine sediments
« Habitat disturbances probably limiting

— Off-channel habitats
 Natural channel forms





Management Implications

* Prioritize Conservation Areas
— Direct management effort

— Implement monitoring

e Conservation Actions

— Increase connectivity
— Stream restoration

* Looking ahead
— Smolting life history

— Refine spawning methods
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