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• Identified hypothesized 
drought effects 

• Assemble monitoring data 
from Comparative Period 
(BY 2007-2012)

• Analyze and Synthesize 
these Impacts

• Recommended Monitoring 
Improvements

Collaborative Multiagency 
Technical Effort 



Evaluate Drought Cohort Metrics 
to Assess Changes in Viability 

Abundance
• Escapement
• Proportion 

hatchery

Productivity
• Egg-to-fry 

survival
• Recruits/

female

Diversity
• Presmolt/ 

smolts
• Condition

Spatial Structure
• River migration 

duration 
• Delta rearing 

duration
Nicholas & Hankin



Lindley et al 2006

Did changes in abundance during the 
drought impact risk of extinction? 
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• Moderate Risk

Decline >10%/yr.
• Moderate Risk
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G2: -26% to 88%

G1: -36% to 23%
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Abundance

Proportion hatchery
• Moderate Risk

17% 17%

7% 13%
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Lindley et al 2006

Did changes in productivity during the 
drought impact risk of extinction? 



BY 2003-12 G3 (BY07-09) G2(BY 10-12) G1 (BY13-15)

Recruits/
female

Av. = 1350 Av.=1290 Av.=1834 Av.=408

Max. Decline
during 

generation

+48% to 
-93%

-14%, No
decline

93% 240%

Productivity
• Recruits/

female
• High Risk
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Higher temperatures impacted egg survival

Drought Operation Life stage 

Plan Driver Habitat Attributes Fish Response in river 
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Higher temperatures impacted egg survival

SacPAS

WY 2000- 2017 CCR Sacramento R abv Clear Ck (44.0-62.3) Daily Average Water Temperature (F ) 

Ranges 
... • >= 4 0 a c8 • >= 42 

g> • >= 44 .. ;,.._ 4 6 -c( iii 
D ">= 4 R 

:; 0 >= 50 -.., 
0 >= 52 ;;: 

c: Cl >= !:>4 

" CJ ;,.._ 56 !:: .., "' 0 ">= 5R 
>- ~ >= 60 -.. 

::E • >= 62 i:o 

~ • >= 64 ... • ?'- 6 6 -c( .. 
~ 

:I ~ 

..0 -o! 0. 

c: !:: " .., -
0 -" "' Q -
> 
0 
z --
;g -0 

~"' ~"' ""' -'!,<; '!,<> 

"'"' 



BY 2003-12 BY 2013 BY 2014 BY 2015

% presmolt
/smolt

Av. = 20%
(10% to 47%)

59% 38% 43%

Salmonid 
Disease State

(Foott 2013,2014,2015)

Not monitored Spring:
Low-Mod

prevalence 
(7-64%)

Spring: 
Moderate 

prevalence
(63-77%)

Fall: 
High 

prevalence 
(80-82%) 

Diversity
• Condition 

Metrics
• Low/ 

Moderate
risk
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Did changes in life history diversity and 
condition occur during the drought?

Drought Operation 
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Warm temperatures- faster growth
Lower flows- longer rearing

SacPAS

WY 1993-2017 BND Sacrament o R at Bend Br idge (3669.0-1021154.0) Dally Average Flow ( CFS) 
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WRCS drought cohorts 
reared above RBDD longer 

Juvenile Winter Chinook Migration Timing Characteristics, Red Bluff Diversion 
Dam

Brood
Year

Passage Dates Middle 
80%
Days

Run 
SizeFirst 5% 10% 50% 90% 95% Last

2015 2015-
7-6

2015-
9-1

2015-
9-11

2015-
10-6

2015-
12-11

2015-
12-15

2016-
4-28 92 328411

2014 2014-
7-7

2014-
8-27

2014-
8-30

2014-
9-27

2014-
11-19

2014-
12-2

2015-
5-21 82 272227

2013 2013-
7-9

2013-
9-9

2013-
9-16

2013-
10-28

2014-
1-16

2014-
2-10

2014-
5-8 123 141670

4

2012 2012-
7-16

2012-
9-11

2012-
9-17

2012-
10-20

2012-
11-22

2012-
12-13

2013-
5-4 67 118629

2

2011 2011-
8-3

2011-
9-15

2011-
9-19

2011-
10-7

2011-
12-1

2011-
12-13

2012-
4-18 74 742344

Juvenile Winter Chinook Migration Timing Characteristics, Red Bluff Diversion Dam

Brood
Year

Passage Dates Middle 
80%
Days

Run Size
First 5% 10% 50% 90% 95% Last

2015 2015-7-6 2015-9-1 2015-9-11 2015-10-6 2015-12-11 2015-12-15 2016-4-28 92 328411

2014 2014-7-7 2014-8-27 2014-8-30 2014-9-27 2014-11-19 2014-12-2 2015-5-21 82 272227

2013 2013-7-9 2013-9-9 2013-9-16 2013-10-28 2014-1-16 2014-2-10 2014-5-8 123 1416704

2012 2012-7-16 2012-9-11 2012-9-17 2012-10-20 2012-11-22 2012-12-13 2013-5-4 67 1186292

2011 2011-8-3 2011-9-15 2011-9-19 2011-10-7 2011-12-1 2011-12-13 2012-4-18 74 742344

SacPAS



BY13-15 spatial structure metrics 
Compared to BY07-12 average  

0

0.5

1

1.5

2

RBDD to Knights Landing Knights Landing to Chipps Island

BY 13 : 
Reared longer in lower river
Quickly migrated through 
Delta

BY 14 & 15:  
Reared shorter in lower river 
Slowly migrated through Delta

2013 2014 2015



Reduction in Viability Due to Drought

Abundance – Increased Risk due to reductions 
during drought years for generational metrics

Productivity- Increased Risk due to order of 
magnitude decline during drought years for cohort 
metrics

Diversity- Increased Risk due to cohort metrics

Spatial Structure- Greater variation in rearing and 
migration metrics, hypothesized to be related to 
drought conditions 



Reduced Winter-run Viability 
Impacting Fish and Water Management

RPA Adjustment Process
Adjusted Temperature Management Planning and 
Implementation Process

•Salmon in the Spotlight
•Salmon Action Plan
•CVPIA 
•IEP

Reinitiation of Consultation on CVP/SWP

• Upper Sacramento River 
restoration

• Adaptive Resource 
Management

• New Monitoring
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