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2011-2013 Objectives 
• Characterize salmon behaviors in the main stem &                  


tributaries – ‘Basin Wide Assessment’ 
• Migration rates 
• Residency times 


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


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







Salmon collection site 


Forebay


Fishway 1


Mill
Flow


Fishway 2


Fishway 3


Powerhouse


Fishway
exit


Denil Trap 


Navigation lock


Willamette River


WLL Site


Spillwall/Dam


Falls


WFF Site


‘Oregon City Riviera’ 







Methods 
• Collect adults at Willamette Falls, rapid non-lethal assessment 
• Intragastric radio tag + temperature logger 
• Monitor upstream movements and final distribution 


– Recover transmitters and temperature loggers (dam traps) 
 


 
 







Chinook tagging effort  


Year 
Number 
Radio- 
tagged 


Adipose 
clipped 


Adipose 
intact 


Number 
 Restrained 


Number 
 Anesthetized 


Number  
Temperature 


 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) 


Restrained salmon Anesthetized salmon







Tagging Effort  
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River environment: 2011-2013 


Data source = http://ida.water.usgs.gov/  (Albany) 
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SPCK Run timing 
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Main stem residency 
times 
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Main stem  
migration rates 


● Faster passage 
in lower main stem 
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Main Stem Migration Rates vs. Tag Date 
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Run Composition: 2013 
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53 wild Chinook 


176 hatchery Chinook 


● Well-mixed, modest  H/W 
composition differences 







Final Distribution: 2011-2013 wild fish 
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Escapement to tributaries 


Year All Adipose- 
clipped 


Adipose- 
Unclipped Restrained Anesthetized 


2011 74%  75 71 72 88 


2012 61% 56 64 52 82 


2013 77% 78 76 n/a 77 


Experiments: restraint less effective  
than anesthesia for Chinook 


Caudill et al. (in press) TAFS 
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Logistic regressions (anesthetized salmon only) 


Percent lipid (%)
0 2 4 6 8 10 12 14


Es
ca


pe
m


en
t t


o 
tr


ib
ut


ar
ie


s


0.5


0.6


0.7


0.8


0.9


1.0


Fork length (cm)
60 70 80 90 100


Es
ca


pe
m


en
t t


o 
tr


ib
ut


ar
ie


s


0.5


0.6


0.7


0.8


0.9


1.0


● Variety of univariate and 
multivariate models: 


Escapement to tributaries  


● Few terms were  
statistically significant 
  ● Escapement <> spawning success 
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Outplant ● Fish temperatures 
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Maximum temperatures (30 min data) 
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Conclusions 
• 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 


 
 







Conclusions 
• 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 


 
 







Questions? 
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2012-2013 Objectives 


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


• Characterize Steelhead behaviors in main stem 
and tributaries: 
• Run timing 
• Main stem migration rates  
• Final distribution 
• Repeat spawning (iteroparity) frequencies and distribution 
• Spatial and temporal overlap during spawning 
• 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 
• Monitor upstream movements and final distribution 


 
 







Methods - Study Site 
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Results - Environmental Data 


Data source = http://ida.water.usgs.gov/ 


Albany 


Date


1-Jan 1-Feb1-Mar 1-Apr1-May 1-Jun 1-Jul 1-Aug 1-Sep 1-Oct 1-Nov1-Dec


Te
m


pe
ra


tu
re


 (C
)


0


5


10


15


20


25


10 Year Mean
2013


Date


1-Jan 1-Feb1-Mar 1-Apr1-May 1-Jun 1-Jul 1-Aug 1-Sep 1-Oct 1-Nov1-Dec


D
is


ch
ar


ge
 (c


m
s)


0


200


400


600


800


1000


1200


Tagging Dates Tagging Dates


Warm temperatures 
Lower than average flows 







Tagging Effort  


2013 steelhead run  
(winter & summer) =  
68% of 10 yr. mean 
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Run Timing – Winter Steelhead 
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Main Stem Migration Rates – Winter Steelhead 
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Distribution Based on Final Records 
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Distribution Based on Maximum River Kilometer 
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Winter Steelhead Run Composition 


Based on 142 ‘successful’ migrants Summer Steelhead entry timing similarly well-mixed 







Estimates of Winter Steelhead Returns 
        Winter steelhead counted  
        (Tagging) from 15 Feb from 1 Nov. 
        n = 4096 n = 3632 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% 747 662 902 


  Yamhill 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 


Expansion Period: 







Origin of Kelts 
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2013 Winter Steelhead Iteroparity Rates – Scale Analyses 
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Summer Steelhead Results 


2013 steelhead run  
(winter & summer) =  
68% of 10 yr. mean 


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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Final Distribution 


W
ill


am
et


te
 F


al
ls


Al
ba


ny


FCT


DE
X


W
FD


W
FU


CLK


W
L1


W
L2


W
L3


W
L4


W
L5


De
xt


er
 D


am


SSTSTN


STM


SSF
FST


NS2
NS1


CAL
MCK


FCR


FAL
NMF


M
FC


CFW


W
M


F


MKSMSU


MKL
MHT


Foster Dam
Cougar Dam


Fall Cr.
Dam


Eu
ge


ne


Co
rv


al
lis


Sa
le


m


Ca
la


po
oi


a 
R.


N
or


th
 F


or
k 


M
id


dl
e 


Fo
rk


 W
ill


am
et


te
 R


.


Sa
nt


ia
m


 R
.


M
ck


en
zie


 R
.


Co
as


t F
or


k 
W


ill
am


et
te


 R
.


Cl
ac


ka
m


as
 R


.


Tu
al


at
in


 R
.


Ya
m


hi
ll 


R.


Lo
ng


 T
om


 R
.


M
ol


al
la


 R
.


Ha
rr


isb
ur


g


Willamette River


Po
rt


la
nd


WLL


WFF


COG


MOL


TUA


1W
F


YAM


Ri
ck


ea
ll 


Cr
ee


k


RIC
Lu


ck
im


ua
te


 R
.


LUK


Thomas Creek


THC


Wiley Creek
WLY


Little
 North Santiam


LNO


M
ar


y’
s  


R.


MRR


Mohawk River
MOH


MSR SFR


1%


<1%


2013 Summer Steelhead (n = 250)
Lost/regurgitated = 0%


20%


7%


3% 21%3%


<1%


<1% 5%


<1%


38%







Pe
rc


en
t o


f s
am


pl
e


0


10


20


30


40


2012 (n = 169)
2013 (n = 170)


Winter Steelhead


Tributary


Tuala
tin


Yam
hill


Rick
rea


ll C
r.


Coa
st 


For
k


Clac
kam


as


M
ola


lla


S San
tia


m


N San
tia


m


Cala
poo


ia


M
cK


en
zie


Fall
 C


ree
k


M
iddle 


For
k


Other
0


10


20


30


40
2012 (n = 208)
2013 (n = 250)


Summer Steelhead


West side East side







Winter/Summer Spatial Overlap 
  


2012 Summer 
SH 


2013 Winter 
SH 


Tributary Fate Frequency 
Fate 


Frequency 
Clackamas 8 3 


Tualatin 0 13 
Molalla 0 31 
Yamhill 0 8 


S. Santiam 32 39 
N. Santiam 21 29 
Calapooia 0 7 
McKenzie 21 3 
Coast Fork 1 0 
Fall Creek 3 1 


Middle Fork 22 7 
Total 108 141 







Date


1 Jan 1 Feb 1 Mar 1 Apr 1 May 1 Jun 1 Jul


South Santiam 


North Santiam 


Maximum 2012 Summer 
SH Kelt Trib. Exit Date


Range of 2013 Winter SH Kelt Trib. Dates
(n = 26)


(n = 22)


(n = 3)


(n = 2)


Winter/Summer Temporal Overlap 


Date range in trib, 2012 RT  
Summer Steelhead 


Date range in trib, 2013  
Winter Steelhead Kelt 


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 
• GSI 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 


Date 
Mean Exit 


Date 
Mean Res. 
Time (d) s.d. n 


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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South Santiam rivers, 2008-2013 


   







The adult outplant program 


 Release surplus spring Chinook above (and below) barrier dams 


- Supplement natural production, seed historic habitat 
 - Re-establish self-sustaining populations 


- Restore ecological functions (i.e., nutrients, prey base) 


 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 


Data from Schroeder et al. (2007); Kenaston et al. (2009) 
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Why it matters:  
     prespawn mortality affects population growth 
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2008-2013 Objectives 
 • 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) 


 
• Identify mechanisms 
• Refine outplanting protocols 
          -Hatchery holding 
          -Release site, Reservoir release 







Design Fish Collection at 
Adult Traps 


Fall Creek 
Dam Dexter Dam 


96 PIT tags 


165 Fish 
Immediate 


Outplant  (59 
radios) 


Fall Cr. 
North Fork 


Middle Fork 
Willamette R. 


Re-collection of Fish During 
Carcass Surveys 


Determination of Spawning 
Success 


Proximate 
Analysis  


Energetic / Condition 
Assessment 


Energetic / Condition 
Assessment 


Variations: 
-Hatchery holding 
-OSU  
-Reservoir releases 







Estimates of Energetic Status 
• Morphometrics (Pinson 2005) 


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


• Distell Fatmeter 
• Low-energy microwave 
• Rapid, non-invasive 


• Condition Factor 
• K=W / L3 







External Condition Index 
Poor - 1 Fair - 2 Good - 3 


Open wounds, fungal 
infections, large collection 
of minor injuries 


Minor or healed injuries, 
scarring 


No obvious damage or 
minimal healed 
scratches/abrasions 







Telemetry & Spawning Ground Surveys 
• Mobile and fixed-site receivers 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 
• Inter-annual patterns 
• Foster Reservoir releases 


 







Fall Creek – Release Site Temperatures 
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NFMF – Release Site Temperatures 
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Fall Creek Tagging 
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Dexter/NFMF Tagging 
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Fall Creek at Winberry Creek Discharge 
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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 Female Prespawn Mortality 


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


Nonetheless, some emerging patterns… 







- Radio-tagged 
- PIT-tagged 
- Untagged Year
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Fall Creek  
Cumulative PSM% 
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PSM estimates only during spawning  
may underestimate true rate 


Suggests multiple mechanisms may be  
causing PSM 







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, PAHs, organo-
phosphates, pyrethroids, and other current-use insecticides.  
 







PSM and Toxins 
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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 
 


http://www.uidaho.edu/cnr/research/researchprograms/FERL/publications 







Reservoir Release Studies 
- Do fish use hypolimnetic refuge prior to tributary entry? 
- Do they select among multiple tributaries? 







Foster Reservoir Temperatures 


Date


01-May  01-Jun  01-Jul  01-Aug  01-Sep  01-Oct  


Te
m


pe
ra


tu
re


(C
)


5


10


15


20


25


0.2
1.5
3.0
4.6
6.1
9.1
12.2 
15.2
18.3
21.3
24.4


Depth (m)


USACE temperature monitoring site (FOS_S1 Temperature String) 







South Fork Santiam Releases  


Foster outplants n = 939  
RT and PIT n = 200 
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Foster Reservoir   
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Santiam River Temperatures 
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Foster Reservoir Duration 


SFR median = 32.3 d 
MSR median = 16.1 d 


•  Evidence for 
reservoir holding 


 
 • Some wandering: 


fish detected 
repeatedly at multiple 


antennas 
 


•  Selection of natal 
tributary?   


 
•  Reduced thermal 


exposure 
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Foster Reservoir Duration by Release Group 
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Foster Reservoir Temperatures 


USACE temperature monitoring site (FOS_S1 Temperature String) 
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Summary 
• 2013 was 2nd 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 
• Temperature 
• 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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Upcoming Work 
• Comprehensive inter-annual comparison 


(multiple logistic regression), all years 
• Full analysis of toxins data 
• Holding at Foster 
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Foster Reservoir Fallback 


 
 


Chan 


 
 


Code 


 
Release  


date 


Furthest  
upstream  


record 


 
Upstream  


Date 


 
Fallback  


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 







# Released 
# Recovered 


on SG 
% Recovered 


on SG 
Location PIT Radio      PIT Radio     PIT Radio 
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Upstream 


Downstream 


2013 – Longitudinal Gradient in Temperature 
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Dexter Trap Releases 


 
     Rel.  Date 


 
# Released 


 
# Recovered 


 
% Recovery 


Females 
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 







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: NFMF 
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Environmental 
Factors 


Energetic 
Status/Timing 


Condition/ 
Disease Status 


PSM 


Future Directions 
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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 Female Prespawn Mortality 


            2013 Total PSM: (marked and unmarked fish)            
                                        FC =  100%   
                                        NFMF = 30% 
                                        SFS= 54% 
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• 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, 
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Project Geographic Scope 
Focus is on 
Spring 
Chinook 
Salmon Above 
and Below 
Projects in 
the North and 
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the Middle 
Fork 
Willamette 







VSP Monitoring Guidelines  
(Crawford and Rumsey 2011) 


• Adult Spawner Abundance and 
Productivity 


• Spatial Distribution 
• Species Diversity  


 







Methods 


Redd Surveys 


Carcass Sampling 
 







REDDS DEADS 
AUGUST: SPAWNING 


COMMENCES 


UNCLIPPED CLIPPED 


THERMAL 
MARKS 


OTOLITHS 


NO 
THERMAL 


MARKS 


NATURAL-
ORIGIN (W) 


HATCHERY-
ORIGIN (H) 


PROCESSABLE 
CARCASSES 


SEPTEMBER: REDDS 
ACCUMULATE, PEAK 


SPAWNING LATE 


OCTOBER: SPAWNING ENDS, 
PEAK COUNT OBTAINED 


SPAWNER ABUNDANCE (NT) = 
PEAK COUNT * 2.5 


pHOS = H/(H + W) 
NW =  


N * (1 – pHOS) 
NH =  


NT * pHOS 







September 2013 Precip. Percent of Normal 


• Redds under-counted 
• Spawned carcasses under-sampled 























Implications 
• Peak Redd Counts Biased LOW 


– More reliance on relative abundance 
and distribution 


• PSM Estimates Biased HIGH 
– High estimates are suspect 
– Low estimates acceptable 


• Assume run composition (pHOS, 
size, age, mark rates) are unbiased 
 







North Santiam River 



















Using 2012 
Otoliths 



















South Santiam River 























Middle Fork Willamette River 
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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) 
• Conduct biological sampling of adult fish at 


hatcheries and traps 
– Broodstock (timing, size, scales) 
– Outplanting (timing, size, sex, scales, DNA) 


• 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 


• Adult collection and disposition 
 


• Outplanting 
 


• Spawning 
 
 







Subbasin Start Stop Release Site Name # Chinook Salmon Outplanted   
        Males Females Jacks Total 


North 
Santiam 6-May 26-Sep 


Cains Marina 162 131 8 301 
Hoover Campground 313 259 18 590 
Mongold 104 134 9 247 


N. Santiam Total 1,138 


South 
Santiam 2-May 24-Sep 


Caulkins Park 113 143 8 264 
Gordon Road 277 200 12 489 
Riverbend 86 85 3 174 


S. Santiam Total 927 


Middle 
Fork 


Willamette 
22-May 29-Aug 


Fall Creek 233 192 42 467 
Little Fall Creek 93 74 19 186 
Construction Pool 572 556 72 1,200 
Paddy's Valley 454 402 57 913 
NFMF Willamette 996 875 95 1,966 


          MF Willamette Total 4,732 







Cumulative Redd Counts ‘08 – ‘12  
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Cumulative Redd Counts ‘08 – ‘12  
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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 
• Species Composition 


(Hatchery and Wild) 
• Biometrics (FL, Wt, 


Morphology) 
• 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” 


• 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 South Santiam MF Willamette 


North Santiam River 0.8823% (269)     


Detroit Reservoir 0.1105% (118)     


South Santiam River 0.0127% (4) 0.627% (262)   


Middle Fork Willamette 
River   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) 
 


• By Hatchery and release Time (Brood Year 
Pooled) 
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Questions? 
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Integrating science, management, and 
monitoring:  A decision tool for 


optimizing annual spring Chinook 
outplanting strategies and prioritizing 
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Willamette basin spring Chinook 


Anadromous species of 
conservation need 
 
-Threatened status 1999 
- Anthropogenic modifications 







Limited natural reproduction 


www.nwd-wc.usace.army.mil 
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Fall Creek Dam


Dexter Dam


Lookout Point Dam


Hills Creek Dam


Natural production 


Trap and haul 


Historic spawning 
habitat 


Historic spawning 
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Historic spawning 
habitat 
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habitats 







Outplanting operations 


1) Trap 


2) Haul 


3) Outplant 


Significant 
effort! 







Problem:  Prespawn mortality (PSM) 


In excess of 90%  
in some years 
—Temperature  Eggs still present 







So what’s the big deal? 


• Natural production limited by 
prespawning mortality 


• No productionàNo recovery! 
• Expensive proposition to move all 


these fish!  







Prespawning mortality (PSM) 
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Prespawning mortality (PSM) 







Major project goals 


1) Why is prespawning mortality 
happening? 
2) What can we do? 
3) Process to evaluate management 
alternatives? 







Why is PSM happening? 


Fall Creek 2010 and 2011 


Foster Dam: 2012-2013 


Dexter Dam: 2010-2013 


Willamette Falls: 2010-2013 







Why is PSM happening? 


Annual holding 
experiments   
at ~ 13C 
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Outplanted fish
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Salmon poisoning disease 
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Pathogens found thus far 


• Ceratomyxa shasta  
• Parvicapsula minibicornis 
• Myxobolus sp. 
• Apophallus/Echinochasmus sp. 
• Renibacterium salmoninarum 
• Nanophyetus salminicola 
• Aeromonus salmonicida 







0 


10 


20 


30 


40 


50 


60 


70 


80 


90 


100 
pm


.g
l 


Cs
.g


ut
 


na
n.


ki
d 


na
n.


gi
ll 


a.
e 


bk
d.


liv
 


fu
r.l


iv
 


fu
r.h


rt
 


fu
r.g


ut
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Maturation over time 
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Key points 


• Pathogen burden increases 
over time 


• PSM fish look like spawners, 
only earlier 


• Maturation increases over 
time… individual variation 
 
 







PSM causes & management 


1. Trauma 
– Reduced handling  


2. Shipping fever:  
– handling, theraputants, transport 


density 
3. Chronic infection & energetics 


– Reduced thermal exposure 







Spawning 
Period 


Race against time 


Time 


Energy stored 
in fish 


Freshwater Entry 
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Pathogens 
in fish 
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Race against time 
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Spawning 
Period 


Prespawn mortality 
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Mortality 
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Example management alternatives 
Hypothesized to reduce PSM 
1.Trap à outplant: prioritize brood stock 
2.Trap à outplant: proportional allocation 
3.Trap, hold (13C pathogen free water)àoutplant 


Outplant Hold 







How do we decide? 







A decision framework 


Monitoring 
Data 


Simulation 
Model 


(uncertainty) 


Decision 
framework 


Research 
Data 


Hatchery 
Data 


Data driven 


Structured decision making approach 
1. Simulation model 
2. Decision model 







A stochastic 
 simulation model 







1) Willamette Falls  
1) How many 
2) When 
3) What stock 
4) Origin 







2) Upstream migration 


Adult migration 


How long in:  
1) Mainstem 
2) Tributary 
3) Tailrace 







3) Project fish trapping 
How many trapped?  
1) Recycled downstream 
2) Broodstock 
3) Outplanted 







4) Outplanting 
How many?  
1) Prespawn mortality 
2) Spawned 
PSM = f(Degree days) 







How do we decide? 


Monitoring 
Data 


Simulation 
Model 


(uncertainty) 


Decision 
framework 


Research 
Data 


Hatchery 
Data 


Data driven 







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? 


Predicted spawners
0 500 1000 1500 2000 2500 3000


Buisness as 
 usual


Allocate over 
 the run


13C holding Optimal 







Reducing decision uncertainty 


Run 
timing 


Stream 
temperature 


Fish 
outplanted 


Mortality 
threshold 


Spawners 







Upcoming year? 


2014 Precipitation 


30 year average 
precipitation 


30 year average snow 


2014 Snow 







Refining the decision model 


Run 
timing 


Stream 
temperature 


Fish 
outplanted 


Mortality 
threshold 


Spawners 


1. Low 
2. Moderate 
3. High 







Predicted spawners
0 500 1000 1500 2000 2500 3000


Buisness as 
 usual


Allocate over 
 the run


13C holding


Low mainstem stream temp. 


Optimal 







Predicted spawners
0 500 1000 1500 2000 2500 3000


Buisness as 
 usual


Allocate over 
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13C holding


Moderate mainstem stream temp. 


Optimal 







Predicted spawners
0 500 1000 1500 2000 2500 3000


Buisness as 
 usual


Allocate over 
 the run


13C holding


High mainstem stream temp. 


Optimal 







Mainstem temperature 
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Informing research and monitoring 


0 1000 2000 3000 4000 5000 6000


Predicted spawners


Mainstem 
 Temperature


Run timing


Mortality  
 degree days


Number of 
 outplants


Importance 







Integrating science and management 


Some alternative hypotheses… 
H1. Degree days 
H2. Initial condition 
H3. Pathogens 
Hx.  Combinations 
Adaptive management framework… 


 







Monitoring 


Counts & origin 
(Hatchery/natural) 


Number trapped  
Origin & fate 


Carcass  & redd surveys 







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 
population 


(VSP)modeling to help 
prioritize actions at 


Willamette Basin dams. 
Paul Chittaro, Jim Myers, Jeff Jorgensen, & Rich Zabel 


February 4-6, 2014 B.Banks, Oregonian USACE R. Obst 
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• Evaluate a range of operational & structural actions at 
the dams that improve spring Chinook salmon & winter 
steelhead  
• survival, 
• productivity, 
• & diversity. 


 


USACE, Foster Dam 


B. Heims, USACE, Dexter Dam B. Heims, USACE, Detroit Dam 


BPA, Cougar Dam NWS, Lookout Point Dam 
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• Evaluate a range of operational & structural actions at 
the dams that improve spring Chinook salmon & winter 
steelhead  
• survival, 
• productivity, 
• & diversity. 


 


Viable Salmonid Population (VSP) model 


SLAM: Life cycle model 


Parameters (Capacity, fecundity, FBW, etc.)  
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• Evaluate a range of operational & structural actions at 
the dams that improve spring Chinook salmon & winter 
steelhead  
• survival, 
• productivity, 
• & diversity. 


 


Viable Salmonid Population model 


SLAM: Life cycle model 


Parameters (Capacity, fecundity, FBW, etc.)  


Viable Salmonid Population model 


SLAM: Life cycle model 


Parameters (Capacity, fecundity, FBW, etc.)  


Action B 


Viable Salmonid Population (VSP) model 


SLAM: Life cycle model 


Parameters (Capacity, fecundity, FBW, etc.)  


Action C 


Action A 
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Spawners 


Eggs 


Juveniles 


River 
migrants 


Smolts 


Ocean 


Natural 
Origin 


Viable Salmonid Population (VSP) model 


SLAM: Life cycle model 


Parameters (Capacity, fecundity, FBW, etc.)  







U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries | Page 6 


Spawners 


Eggs 


Juveniles 


River 
migrants 


Smolts 


Ocean 
Spawners 


Eggs 


Juveniles 


River 
migrants 


Smolts 


Ocean 


Hatchery 


Hatchery 
Origin 


Natural 
Origin 


Viable Salmonid Population (VSP) model 


SLAM: Life cycle model 


Parameters (Capacity, fecundity, FBW, etc.)  
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Ocean 
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Passage 
survival  
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Factors 
influencing 
abundance 
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Viable Salmonid Population (VSP) model 


SLAM: Life cycle model 


Parameters (Capacity, fecundity, FBW, etc.)  







 
• VSPScore is a weighted average: 
VSP = (4(Abund &Prod) + ((pHOS + Diversity)/2) + Spat Struct)/6 
  


From McElhany et al. 2000 


Abund/Prod pHOS Life History Spatial 
Structure VSP 


Viable Salmonid Population (VSP) model 


SLAM: Life cycle model 


Parameters (Capacity, fecundity, FBW, etc.)  







Abund/Prod pHOS Life History Spatial 
Structure VSP 


Pop Persistence P (persistence) Description 
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 


Viable Salmonid Population (VSP) model 


SLAM: Life cycle model 


Parameters (Capacity, fecundity, FBW, etc.)  







McKenzie River 
SLAM & VSP 
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McKenzie River, Cougar Dam Actions 
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Actions Description Fry passage 
survival 


Sub-yr passage 
survival 


Yrling passage 
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 
Truck Transport & Preferred Outlet 


66% 44% 53% 


FSS_Truck FRY: Floating Screen Structure >1571 
with Truck Transport. 
Sub-yr & Yr: Floating Screen 
Structure full pool range, transport 
pipe. 


66% 62% 65% 







McKenzie River 
• All actions – Median # of NOR spawners. 
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95% C.I. removed for clarity. 


Actions 
Floating Screen Structure w 
Truck & transport 
FSS_Truck_PrefOutlet 
Delay Refill 
Drawdown 
Baseline 


Median # of spawners 
at 100th yr. 







McKenzie River 
• Natural origin spawners (all reaches). 
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Median # of spawners 
at 100th yr. 







Actions 
Baseline 
Drawdown 
Delay Refill 
FSS_Truck_PrefOutlet 
FSS_Truck 


McKenzie River 
• Probability of extinction (QET; 250 individuals). 
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QET at 100th yr. 







McKenzie River 
• Proportion of hatchery origin spawners (pHOS). 
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McKenzie River 
• % of fish per life history strategy (measured at mouth of Columbia River). 


 


U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries | Page 16 







VSP scoring 
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Abund/Prod pHOS Life History Spatial 
Structure VSP 







McKenzie River 
• VSP score ONLY for abundance and productivity. 
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Abund/Prod pHOS Life History Spatial 
Structure VSP 







McKenzie River 
• VSP score ONLY for pHOS. 
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Abund/Prod pHOS Life History Spatial 
Structure VSP 







McKenzie River 
• VSP score ONLY for Life History 
• . 
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Abund/Prod pHOS Life History Spatial 
Structure VSP 







McKenzie River 
• VSP score ONLY for Spatial Structure. 
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Abund/Prod pHOS Life History Spatial 
Structure VSP 







McKenzie River 
• TOTAL VSP score. 
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Abund/Prod pHOS Life History Spatial 
Structure VSP 







McKenzie River 
• TOTAL VSP score. 
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Abund/Prod pHOS Diversity Spatial 
Structure VSP 


Pop Persistence Description 
0 Very high risk 
1 High risk 
2 Moderate risk 
3 Viable 
4 Very low risk 







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


SLAM: Life cycle model 


Parameters (Capacity, fecundity, FBW, etc.)  







McKenzie River - Sensitivity analysis 
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North Santiam River 
SLAM & VSP 
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North Santiam River 
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Actions Description Fry passage 
survival 


Sub-yr passage 
survival 


Yrling passage 
survival 


Baseline Baseline fish passage. 36% 11% 14% 


Drawdown 1370 Drawdown to 1370. 29% 12% 26% 


Delay Refill Drawdown to 1370 & delay refill 
until May. 


39% 13% 25% 


FSS_Truck_ FSS Truck Transport. 54% 54% 55% 


WeirBox WeirBox w bypass. 20% 17% 17% 







North Santiam River 
• TOTAL VSP score. 
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Abund/Prod pHOS Diversity Spatial 
Structure VSP 


Pop Persistence Description 
0 Very high risk 
1 High risk 
2 Moderate risk 
3 Viable 
4 Very low risk 







Middle Fork River 


U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries | Page 29 







Middle Fork River 
• All scenarios – Median # of NOR spawners. 
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95% C.I. removed for clarity. 


Actions 
Baseline 
Lookout Pt Drawdown 
Lookout Pt Floating screen 
collector 
Lookout Pt Floating screen 
structure & Selective 
withdrawal structure 
Lookout Pt Selective 
withdrawal structure 







Steelhead 
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Spawners 


Eggs 


Juveniles 


River 
migrants 


Smolts 


Ocean 


Viable Salmonid Population (VSP) model 


SLAM: Life cycle model 


Parameters (Capacity, fecundity, FBW, etc.)  


Kelts 







Thanks! 
 
USACE, ODFW 
R2 Consultants, 
Alden Consultants, 
UWTRT 





		Using viable salmonid population (VSP)modeling to help prioritize actions at Willamette Basin dams.

		Goal

		Goal

		Goal

		Slide Number 5

		Slide Number 6

		Slide Number 7

		Slide Number 8

		Slide Number 9

		McKenzie River

		McKenzie River, Cougar Dam Actions

		McKenzie River

		McKenzie River

		McKenzie River

		McKenzie River

		McKenzie River

		VSP scoring

		McKenzie River

		McKenzie River

		McKenzie River

		McKenzie River

		McKenzie River

		McKenzie River

		McKenzie River - Sensitivity analysis�

		McKenzie River - Sensitivity analysis�

		North Santiam River

		North Santiam River

		North Santiam River

		Middle Fork River

		Middle Fork River

		Steelhead

		Slide Number 32

		Slide Number 33






Migration, Survival, Growth, and Fate of 
Hatchery Juvenile Chinook Salmon Released 


Above and Below Dams in the Upper 
Willamette River Basin 


Oregon Department of Fish and Wildlife 
Corvallis Research Laboratory 


 
Paul M. Olmsted 
Marc A. Johnson 


Thomas A. Friesen 
 


Study Code JPL-11-02-MF and JPL-11-02-DET 







Objectives 


Introduction Methods Results Summary Questions 


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


 


ØEstimate the effect that passage through dams and reservoirs 
has on survivorship to adulthood  


 


ØUseful ancillary data: migration rate, growth and fate  







Introduction Methods Results Summary Questions 


Study Area 







Tagging 
Introduction Methods Results Summary Questions 


Major assumption: hatchery fish are phenotypically similar to 
naturally-produced fish entering the reservoir (size, timing, 
behavior, condition, etc.) 







Detection & Recovery 
Introduction Methods Results Summary Questions 


PIT tags (2011-2019): 
Ø Outmigrants at Willamette Falls, <10% DE 
Ø Adults at Willamette Falls, 100% DE 
Ø Other researchers 


CWTs (2013-2017): 
Ø Fisheries, hatcheries, spawner surveys 


 


 







Middle Fork Willamette Release Sites 
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Introduction Methods Results Summary Questions 


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


PIT 2011 (64 mm) 
PIT 2012 (62 mm) 
PIT 2013 (68 mm) 







Introduction Methods Results Summary Questions 


Tagging & Release - MFW  


 
Release Year 


Release Location 


Dexter Tailrace LOP Forebay LOP Head of 
Reservoir 


Hills Creek 
Reservoir 


2011 6,000 -- 6,000* -- 


2012 50,000 -- 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 Results Summary Questions 


Outmigration Success – MFW 2011 


Month (2011)
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(8.4 %) 


(3.4%) 


z-test; P<0.01   







Introduction Methods Results Summary Questions 


Outmigration Success – MFW 2012 


Month (2012-2013)


May  Jun  Jul  Aug  Sep  Oct  Nov  Dec  Jan  Feb  Mar  Apr  May  Jun  
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(5.6%) 


(1.1%) 


(<0.1%) 


z-test, all pairwise  
comparisons  P<0.01 







Introduction Methods Results Summary Questions 


Outmigration Success – MFW 2013 


Month (2013)
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z-test, all pairwise  
comparisons  P<0.01  







Introduction Methods Results Summary Questions 


Lookout Point Dam Operations 2011 
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Introduction Methods Results Summary Questions 


Lookout Point Dam Operations 2012 
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Introduction Methods Results Summary Questions 


Lookout Point Dam Operations 2013 


Month (2013)
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Introduction Methods Results Summary Questions 


Migration Rate - MFW 


Release 
Year 


Release Group 
Dexter 
Tailrace 


Lookout Point 
Forebay 


Lookout Point 
HOR Hills Creek  


2011 6.085X n/a 5.353X n/a 


2012 5.845X n/a 4.705Y 0.988Z 


2013 6.196X 4.328Y 4.597Z n/a 


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







Introduction Methods Results Summary Questions 


Growth - MFW 
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North Santiam Release Sites 







Introduction Methods Results Summary Questions 


Detroit Reservoir entry, naturally-produced Chinook                
(Romer et al. 2012) 
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PIT 2012 (90 mm) 


   N = 4,249 


N = 27 


PIT 2013 (65 mm) 







Introduction Methods Results Summary Questions 


Tagging & Release – N. Santiam 


Release Year 


Release Location 


Detroit Tailrace Detroit Forebay 
Detroit Head of 


Reservoir 


2012 
12,000-PIT & CWT 


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


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







Introduction Methods Results Summary Questions 


Outmigration Success – N. Santiam 2012 


Month (2012-2013)
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(8.4%) 


(7.2%) 


z-test; P<0.01   







Introduction Methods Results Summary Questions 


Outmigration Success – N. Santiam 2013  
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Detroit Dam Operations 2012 
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Detroit Dam Operations 2013 
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Introduction Methods Results Summary Questions 


Migration Rate – N. Santiam 


Release 
Year 


Release Group 
Detroit 
Tailrace 


Detroit 
Forebay 


Detroit 
HOR 


2012* 9.475X -- 7.769Y 


2013** 2.769X 2.78X,Y 1.883Y 


*August 10th release, 90 mm average fork length 


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


Rate = km/day Kruskal-Wallis, ANOVA P < 0.01 
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Growth – N. Santiam 
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Mainstem Flow Factor 
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Mortality Sources 
Ø Avian Predation (East Sand Island) – 66 
 


Ø Piscene Predation (MFW Reservoirs) – 139 
 


Ø Other Researchers – 1,361 







Introduction Methods Results Summary Questions 


Adult Returns 


2013 2014 2015 2016 


2014 2015 2016 2017 


2015 2016 2017 2018 


2016 2017 2018 2019 


    RY2011          RY2012             RY2013           RY2014 


Age 3 


Age 4 


Age 5 


 Age 6 
 


   RY=Release year 







Introduction Methods Results Summary Questions 


Key Points 
Fish Released Above Projects: 
ØGrew Faster 
 


ØMigrated Slower 
 


ØDetected less frequently at Willamette Falls for all years and all  
    release groups 
 


Overall: 
 


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


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


ØDam Operations/Flow: Difficult to evaluate without more detection 
      infrastructure 







Ø USACE  - Task Order W9127N-10-2-0008-0009, administered by 
Rich Piaskowski; Greg Taylor, Todd Pierce, Doug Garletts, Chad 
Helms, Nathaniel Erickson et al. 
 


Ø ODFW – Dan Peck & staff; Greg Grenbemer & staff;  
     Fred Monzyk, Jeremy Romer, Ryan Emig, Kelly Reis,  
     David Hewlett (GIS) 


 


Ø NOAA – Bill Muir (original concept) 
 


Ø Biomark, Inc. – PIT tagging 
 


Ø PSMFC – Tag recovery database 
 


Ø PGE – Interrogation facility 
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Discussion 
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MIGRATION TIMING AND 
DISTRIBUTION OF SUBYEARLING 


CHINOOK SALMON IN WILLAMETTE 
VALLEY RESERVOIRS 


Principal Investigators: 
 


Fred R. Monzyk  
Jeremy D. Romer 


Ryan Emig 
 


Oregon Department of Fish and Wildlife 
Corvallis Research Lab 


Corvallis, Oregon  


 







Objectives 


ØProvide information on timing of juveniles 
entering reservoirs 


 
ØDistribution within reservoirs 


 
ØTiming of juveniles exiting reservoirs 


 
ØDetroit, Foster, Cougar, Lookout Point 







Study sites 







Outmigration Timing  
 
 
 
 
 
 


Methods 


Rotary screw traps above  
and below reservoirs 
 
• Checked daily 
• Enumerate and measure (FL) 
• Abundance estimates  







Methods 
Distribution in reservoirs 


Traps  set  randomly along shoreline 
 (Mar-Jun) 
 
Gill nets set in LOP during fall 
 


Floating box traps 


Mini-Oneida trap 







Results 
Entrance timing 


• 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 
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Standard Rule Curve
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Results-2013 
Distribution in reservoirs 


• Subyearlings were more abundant in  
     upper  reservoir 
 
• Dispersed  farther into reservoir by 
     late spring 


Cougar 2013 


2012
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Foster  subyearlings more abundant in lower  
reservoir  
 


 


Results 2013 
Distribution in Reservoirs 


Lookout Point


Percent distance to dam


0 20 40 60 80 100


C
um


ul
at


iv
e 


pr
op


or
tio


n


0.0


0.2


0.4


0.6


0.8


1.0


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


HoR Dam


Foster 


Percent distance to dam


0 20 40 60 80 100


C
um


ul
at


iv
e 


pr
op


or
tio


n
0.0


0.2


0.4


0.6


0.8


1.0


Mar (n=259)
Apr (n=56)
May (n=83)


HoR Dam


Detroit


Percent distance to dam


0 20 40 60 80 100


C
um


ul
at


iv
e 


pr
op


or
tio


n


0.0


0.2


0.4


0.6


0.8


1.0


Apr (n=116)


DamHoR







Distribution and dam passage 
timing likely a function of : 
• entrance timing / rule curve 
• reservoir size 
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How Does Distribution Relate to Dam Passage Timing? 







Reservoir Size 


Reservoir 


Dam 
height 
(m)* 


Max 
depth 
(m)* 


Depth 
at low 
pool 
(m) 


Length at 
low pool 


(km) 


Length at 
full pool 


(km) 
Peak fry 


entrance date 


Foster 38 37 ~30 4.8 6.8 Early March 


Fall Creek 62 55 ~23 4.1 9.4 Late Feb 


Lookout Pt. 84 74 ~43 6.8 11.3 Early Apr 


Detroit 141 111 ~79 6.3 8.7 Early May 


Cougar 158 142 ~94 5.3 8.4 Early May 


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


Ø Fall Creek subyearling distribution likely similar to Foster 


* Data  from National Performance of Dams Program  


4.5-5.0 


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







Conclusions 


ØMajority of Chinook enter reservoirs as ‘fry’ 
• Timing differ by ~2 months among basins 


 
ØSubyearings distributed mainly in upper portion of reservoirs  
    in spring EXCEPT at Foster 


• Fall Creek distribution likely similar to Foster 
• Reservoir distribution function of migration timing and reservoir size 


 







Future Directions 


Ø Fall Creek Reservoir subyearling distribution 
• In lieu of Cougar (FY14)? 


 
Ø Longitudinal  distribution  dynamics in LOP 


from summer through fall 
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Questions? 







Reservoir Elevation and Fry Entrance Timing
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2012 
Distribution prior to 20 April 


Cougar and LOP comparison in April 2013
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Lookout Point Chinook Longitudinal Distribution in November 







April to mid-May Distribution 
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Comparison Among Reservoirs 
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PARASITIC COPEPOD INFECTION ON 
SALMONID SPECIES REARING IN 


WILLAMETTE VALLEY RESERVOIRS 
 


Principal Investigators: 
 


Fred R. Monzyk  
Jeremy D. Romer 


Thomas A. Friesen 
 
 
 
 


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 


Eggs Copepodid Chalimus stages (1-4) Adult ♀ 


Life Cycle 


28-32 d 
to hatch 


Infectous free- 
swimming stage 


(~2 d) 


Re-attaches to tissue 
(4 d – 2 wk) 


Can produce  
2 broods 







Objectives 


Ø Compare susceptibility to parasitic copepods among  
      Oncorhynchus species in reservoirs 


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


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







Methods 


Ø All fish collected were examined macroscopically for  
     ♀ copepods on gills and fins  


• Counted copepods on subsample of fish  
 


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


 







Results 
Prevalence Among Species 


Ø Chinook were the most susceptible to parasitic copepods 
Ø Kokanee were least susceptible 
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Detroit - 2013 







Results 
Prevalence Among Species 


Ø Similar patterns between years 
2012 
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Possible Reasons for Different Susceptibility 
• Habitat/movement (kokanee deeper in summer) 
• Diet (copepodids <0.7 mm in length) 
• Adaptation (gill raker spacing, immune response) 







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


Among Reservoirs/Streams 







ØPatterns consistent between years 
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Results 
Prevalence 







Attachment Location on Chinook 


Reservoir  22%     78%   
 
Stream  75%     25% 


Fins Gills 


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







Number of copepods on gills
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Ø Fall Creek Reservoir Chinook have greater intensity of infection  


Results 
Intensity 


Comparison Among Reservoirs –subyearling Chinook 







Intensity of Infection 


2013 


Ø 90% mortality of sockeye smolts during saltwater trials with >20 gill copepods 
• ~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. 
 


Number of copepods on gills
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Ø Similar pattern between years 







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??? 


Adult Chinook at Willamette Hatchery, 2013 


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







Conclusion 


Ø Chinook in reservoirs are particularly susceptible to  
      parasitic copepods 


 
Ø Infection prevalence and intensity increase with duration 
     in reservoirs  
 
Ø Fall Creek Reservoir Chinook have greatest infection 


 
Ø Adults may be major source of copepods 
           







Ø What are the effects of high intensity infection? 
• Does >20 gill copepods cause 90% mortality in 


Chinook smolts? 
 


Ø Consider treatment of highly infected adult fish 
      before transporting above dams – Fall Creek 


Future Direction 
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QUESTIONS? 
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PREDATORY FISH IN LOOKOUT POINT AND FOSTER RESERVOIRS 


Jeremy D. Romer* 
Fred R. Monzyk  


Oregon Department of Fish and Wildlife Corvallis Research Lab  
Jeremy.Romer2@oregonstate.edu 







• 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 
 


Objectives 


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


  
 1) Predatory fish community  
 2) Predator diet sample analysis  
 







Lookout Point Reservoir  


 
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 
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What is the Reservoir Effect on Survival ? 







Why Focus on Spring ? 
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Middle Fork Willamette Screw Trapping Data, 2013 







Why Northern Pikeminnow ? 
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Standardized Sampling 2013 - Catch Per Unit Effort (CPUE) 







Zone NPM 
Tagged 


Recaptured Effort 
(hrs) 


CPUE 
(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 


Boat E-fishing 10 wks 
(April 24 – July 2) 







Results 







Fork length


150 200 250 300 350 400 450 500


N
um


be
r o


f n
or


th
er


n 
pi


ke
m


in
no


w


0


10


20


30


40


50


60


70


80


Lower 
Middle 
Upper 


Photo: Northern Pikeminnow Sport Reward Program 


Lookout Point Reservoir – Size Distribution 


PISCIVOROUS > 250 mm 







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 
2) over the course of our 10 wk season (93.2%) 


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


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







Model NPM Estimate Lower 95% Upper 95% 


Huggins closed-capture model  7,067  5,466 9,224 


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). 


Population Estimate – NPM – Lookout Point 2013 


Conservative population estimate (7,067) x 
Daily consumption rate for NPM in the spring (0.160 (Monzyk et al. 2012)) x 
Spring season (90 d) =  


Heirarchical Bayes Model  32,062 28,534 36,039 


101,765 Chinook consumed in the spring – by NPM 







Foster Reservoir  
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Predators in Foster Reservoir 







  Lookout Point Foster 
  


 Piscivorous Species 
  


Number Captured 
(Fork length range; mm) 


Northern Pikeminnow 
(Ptychocheilus oregonensis) 


140 
(197-490) 


95 
(40-525)  


Yellow Perch* 
(Perca flavescens) 


0 128 
(54-290) 


Largemouth Bass* 
(Micropterus salmoides) 


74 
(140-383) 


3 
(126-440) 


Smallmouth Bass* 
(Micropterus dolomieu) 


0 270 
(38-383) 


Cutthroat Trout 
(Oncorhynchus clarkii) 


12 
(84-390) 


1 
(169) 


Rainbow Trout 
(Oncorhynchus mykiss) 


262 
(120-445) 


300 
(57-283) 


Walleye* 
(Sander vitreus) 


29 
(205-745) 0 


Crappie* 
(Pomoxis spp.) 


101 
(155-398) 


5 
(99-120)  


Bullhead* 
(Ameiurus spp.) 


22 
(176-323) 


14 
(56-240)  







1) Collect Specimen 
2) Remove Stomach 


4) Pick and Bone Identification 


Diet Samples 


3) Bake 
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1  O. mykiss, 4 unknown salmonids 
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7 Chinook, 6  O. mykiss, 2 unknown salmonids 
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Lookout Point  
 


• 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). 
 


•Smaller 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. 


Conclusion: 
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Production of Chinook and Steelhead 
surrogates for juvenile tagging studies  
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Juvenile behavior studies: reservoirs and dams 


Pictures courtesy of J. Beeman, USGS 







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 
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RME studies 
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2. Establish target 
phenotypes 
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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 


Oregon Hatchery Research Center 







Surrogates provided for tagging studies 


Brood 
year 


Detroit Foster Cougar Fall 
Creek 


Lookout 
Point 


Total 


2010 600 — 600 — — 1,200 
2011 1,200 — 2,400 — — 3,600 
2012 600 — — 800 — 1,400 
Total 2,400 — 3,000 800 — 6,200 


• 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 
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1. Coordinate with 
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Coordinate with researchers to establish need for wild fish 
surrogates 


• Key players 
• USACOE project leaders 
• RME researchers 
• ODFW Hatchery leadership 


 
• Timeline 


• 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 


Brood 
year 


Detroit Foster Cougar Fall 
Creek 


Lookout 
Point 


Total 


2012 — — 900 — — 900 
2013 1,500 500 2,500 2,000 250 6,750 
2014 1,500 700 — — — 2,200 
Total 3,000 1,200 3,400 2,000 250 9,850 







Chinook surrogates needed future studies 


Brood 
year 


Detroit Foster Cougar Fall 
Creek 


Lookout 
Point 


Total 


2012 — — 900 — — 900 
2013 1,500 500 2,500 2,000 250 6,750 
2014 1,500 700 — — — 2,200 
Total 3,000 1,200 3,400 2,000 250 9,850 







Chinook surrogates needed future studies 


Cougar Reservoir Brood Year 2013 


Time of study Number of surrogates Number of releases 
May 2014 500 1 
Fall 2014 1,000 6 
Spring 2015 1,000 6 
Total 2,500 13 







Steelhead surrogates needed future studies 


Brood 
year 


Detroit Foster Cougar Fall 
Creek 


Lookout 
Point 


Total 


2013 14,000 500 — — — 14,500 
2014 17,000 2,000 — — — 19,000 
Total 31,000 2,500 — — — 33,500 







Challenges in coordination 


• Lead time to determine rearing protocols 
• Change in fish requests 
• Change in study needs 
• Moving target for protracted releases 


within a release group 
• Early maturation in males 


 







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


Objective: 
Provide 


surrogates for 
RME studies 


1. Coordinate with 
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Development of wild fish surrogates for Upper Willamette 
River spring Chinook and steelhead 


Objective: 
Provide 
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RME studies 


1. Coordinate with 
researchers to 
establish need 


2. Establish target 
phenotypes 


for surrogates 







Establishing target for surrogate phenotypes 







Spawning Tributary 


Lower Tributary & Willamette River 
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Fall 
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Spring 
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Spring 
Migrant 


Willamette Juvenile Chinook Migratory & Rearing Pathways 
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Kirk Schroeder, Oregon Department of Fish and Wildlife 







Variation in juvenile migratory pathways 


• Are there Chinook phenotypes expressed early in life 
that indicate life history tactic that will be expressed 
later? 
 











Body shape predicts life history tactic 
in wild juveniles 







Body shape predicts life history tactic 
in wild juveniles 







Body shape predicts life history tactic 
in wild juveniles 


Predictive 







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 


Objective: 
Provide 


surrogates for 
RME studies 


1. Coordinate with 
researchers to 
establish need 


2. Establish target 
phenotypes 


for surrogates 


3. Develop rearing 
protocols for 


surrogates 







• What aspects of rearing environment produce wild 
phenotypes? 
– Tank environment  
– Water temperature 
– Diet 
– Density 


 
 


Production of wild fish surrogates in artificial systems 
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Development of wild fish surrogates for Upper Willamette 
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Fin quality 
• Fin quality index – measure of erosion 


= Fin length / fork length 


 







Fin quality 
• Fin quality index – measure of erosion 


= Fin length / fork length 


 







Fin quality 
• Fin quality index – measure of erosion 


= Fin length / fork length 


 







Downstream movement of wild fish surrogates 
compared to hatchery juveniles 







Downstream movement of wild fish surrogates 
compared to hatchery juveniles 


Treatment groups: 
1) OHRC surrogates 
2) FPGL surrogates 
3) McKenzie Hatchery stock 







Downstream movement positively 
correlated with fish size 







Development of wild fish surrogates for Upper Willamette 
River spring Chinook and steelhead 
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Pacific lamprey: a summary of three years 
of spawning and larval survey research 


from the Willamette Basin  
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Pacific Lamprey  


• Ecologically & culturally significant 
• Well-recognized, ongoing decline 
• Ecology -> causes? 







• One of last remaining harvest locations 
 
 


Insight into species ecology 
 







Objectives 


1) Evaluate spawning 
 Timing, abundance, habitat? 


2) Identify rearing locations 
 What is the habitat in these spots? 
 


3) Inform management and monitoring 
 







Spawning Surveys 
• Visual redd count surveys 


– Pontoon boats/foot surveys 
• Late April to mid-June 


– Every 2 weeks, weather dependent 


Relatively small: ~0.25 m2   
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Spatial resampling 
• What spawning survey length is necessary? 
• Use peak redd counts for each stream 
• Randomly subsampled varying survey 


lengths 
– Minimum survey length   


• Detection of redds 
• Abundance estimates, with error margin 
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Spawning Findings 
• Wide distribution 


– Habitat generalists 
– Habitat is similar to salmonids 


 


• Spatial Resampling 
– Detection – always <1.2 km 
– Survey length varies with habitat 


 


• Some remaining questions 







Habitat factors related to the 
distribution of larval Pacific Lamprey in 


the Willamette River Basin 







 











Silverton Municipal 
Supply Dam 


Abiqua Creek 
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Habitat Associations 
Linear Regression 
• Habitat characteristics 
• CPUE or total catch 


– Pacific lamprey 
– All lamprey 


 
• Identify relevant features 
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Summary 
• Ubiquitous in the Willamette Basin 


– Access for adults 
– Habitat driving factor 


• Redd counts – viable monitoring tool  
• Larval Habitat  


– Accumulated fine sediments 
• Habitat disturbances probably limiting 


– Off-channel habitats 
• Natural channel forms 







Management Implications 
• Prioritize Conservation Areas 


– Direct management effort 


– Implement monitoring 


• Conservation Actions 
– Increase connectivity 
– Stream restoration 


• Looking ahead 
– Smolting life history 


– Refine spawning methods 
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