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Why do we use Surrogates?

 Population of interest is rare or protected

 Yearling spring-run Chinook salmon are relatively rare 
in CV watersheds – small populations of this life 
strategy present.

 Wild steelhead, yearling spring-run Chinook salmon, 
and winter-run Chinook salmon are protected under 
Federal and/or State ESA .

 Need a large enough “population” to see fish in 
monitoring efforts.

 Availability or ease of use compared to “wild” fish.

 Hatchery stocks are readily available.
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Example 1:
Yearling Spring-run Chinook Salmon

 Theoretically surrogates will behave in a similar fashion to 
equivalently sized wild fish in the target population…….so……..

 Overlapping size with late-fall and winter-run Chinook salmon 
emigrating at same time.

 Assume similar swimming and physiological attributes with 
equivalent sized surrogates.

 Hatchery produced late-fall run are readily available for tagging – not 
listed.
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Example 1 continued:
Yearling Spring-run Chinook Salmon

 Can tag and hold surrogates until ready to release (within reason).

 Can release on imminent precipitation events that trigger wild fish to 
move.

 Known population of “surrogates” released – makes quantification of 
recaptures possible as percentage of released population.  However 
no current estimate of survival in upper river to Delta.

 Estimate a population level of  “take” under the ESA for a surrogate 
population, extrapolate to the target population.
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Yearling Spring-run Chinook salmon 
for Deer and Mill Creeks

1994-2010
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Johnson and Merrick 2012.  Juvenile salmonid monitoring using rotary screw traps in Deer Creek and Mill 
Creek, Tehama County, California.  Summary Report: 1994-2010.  RBFO Technical Report No. 04-2012 

Length at date plot of all juvenile Chinook salmon 
caught in the Deer Creek and Mill Creek RSTs 

October through June, 1994-2010
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Johnson and Merrick 2012.  Juvenile salmonid monitoring using rotary screw traps in Deer Creek and Mill 
Creek, Tehama County, California.  Summary Report: 1994-2010.  RBFO Technical Report No. 04-2012 
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Length-at-date fork lengths of yearling vs. young of 
year Chinook salmon sampled in the Mill Creek RST 

1996-2010
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Johnson and Merrick 2012.  Juvenile salmonid monitoring using rotary screw traps in Deer Creek and Mill 
Creek, Tehama County, California.  Summary Report: 1994-2010.  RBFO Technical Report No. 04-2012 

Response of juvenile emigration to increases in flow –
Deer Creek
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Example 2:
Hatchery Winter–run Chinook Salmon

 All winter-run Chinook salmon (WRCS) produced at the Livingston 
Stone National Fish Hatchery (LSNFH) are adipose fin clipped and 
CWT’d for identification.

 Hatchery produced WRCS have overlapping sizes with naturally 
produced late-fall run and yearling spring-run Chinook salmon.

 This is a listed population under the Federal and State ESA’s and take 
of this population must be accounted for.

 Can tag and hold hatchery population until ready to release (within 
reason).

 Can release on imminent precipitation events that trigger wild fish to 
move.
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Example 2:
Hatchery Winter –run Chinook Salmon

 Known population of “surrogates” released – makes quantification of 
recaptures possible as percentage of released population.

 Similar to Juvenile Production Calculations (JPE) for wild WRCS, 
survival of hatchery WR CS in the upper Sacramento River to Delta 
is calculated.  Loss at pumps adjusted to “Delta population”.

 Estimate a population level of  “take” under the ESA for a surrogate 
population, extrapolate to the target population.
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Recovery of Surrogate Fish

 Clipped Chinook salmon are recovered and enumerated in various 
monitoring efforts throughout Central Valley (Tisdale and Knights 
Landing RSTs, Sacramento and Chipps Island trawls, Beach 
Seines, and CVP and SWP fish salvage)

 CWTs are read and individual fish are assigned to release groups by 
the tag code.

 Allows for positive identification of captured fish and its “history”.

 By tracking release groups via CWTs can determine relative rate of 
migration through system, days at large, and spatial distribution.

 Recovery of CWT fish at CVP and SWP allows for calculation of loss 
of targeted populations.
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Skinner Fish Protective Facility (SFPF)
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Water Flow
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Tracy Fish Collection Facility (TFCF)
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Water Flow

Current Loss Calculation at SFPF
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Problems:
1. Assumes ۱۱۴′܁ = 0.25  (but ൏ ૙. ૛૞ሻ
2. Assumes ۾۾܁ = 1 (but < 1)
3. Assumes ۾܁܁ = 1 (but < 1)
4. ۺ܁′۳ۺ۾۳′ ൌ 	ࡸࡱ ܡ܋ܖ܍ܑ܋ܑ܎܎܍	ܚ܍ܞܝܗܔ	܌܍ܖܑ܊ܕܗ۱
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Current Loss Calculation at TFCF
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Problems:
1. Assumeݏ	S′୔୔ = 0.85 (but 0.49 in a recent study)
2. Assumes Sୗ୔ = 1 (but < 1)
3. Does not include maintenance/cleaning loss
4. E′୔୐E′ୗ୐ ൌ ௅ܧ (Same issues as to SFPF)

߰′் ൌ ସܰ
1

ܵ′௉௉ܧ′௉௅ܧ′ௌ௅
െ ܵ஼ு்ோ

Salvage and Loss of Surrogate Late-fall Chinook 
salmon at the CVP and SWP
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Responses to Surrogate Loss under RPA 
Actions

RPA Action IV.2.3 Old and Middle River Flow Management
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Response to trigger exceedance

 When cumulative loss of each surrogate release group 
reaches 0.5% exports are reduced to achieve an Old 
and Middle River flow of  -3500 cfs.

 More positive OMR condition is maintained for at least 5 
days
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Issues with surrogate group 
methodology

 Currently do not have a survival factor for upstream portion of 
migration for SR surrogates – makes denominator in % loss much 
larger than reality for the spring-run surrogate groups.  Population 
that actually enters Delta is smaller than the number in release 
population.

 Lag time in reading CWTs may be days to weeks but is getting 
better.  Makes it difficult to respond promptly to loss at facilities.

 Issues with current loss calculations.  This is being worked on in 
another venue.

 Issue with accounting for a “rare event” in salvage – may miss 
surrogate fish in a particular 30 minute count.  This is also being 
addressed in another venue.

 Is release population big enough? Compare loss % of LF production 
to surrogates.  Should be equivalent but typically it is not.
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Questions?
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