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NMFS ESA Listed Species
That May be Affected in the Delta

«» Sacramento River Winter-run Chinook Salmon
Evolutionarily Significant Unit — Endangered

¢ Central Valley Spring-run Chinook Salmon
Evolutionarily Significant Unit — Threatened

¢ California Central Valley Steelhead Distinct
Population Segment — Threatened

¢ Southern Distinct Population Segment of North
American Green Sturgeon - Threatened
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NMFS RPA Actions for Protecting
Juvenile Fish Outmigrating Through Delta

Element

Trigger Action

Close
Gates

Number of out-migrating
fish captured @ Knights

Landing, Sherwood
Harbor, and in Sacramento
Beach Seines

Element
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Action

Make OMR flow
less negative

Trigger

Fish Loss Density at
Projects

Fish Loss Density at
Projects or SJR flow

Reduce exports
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Scientific Support for the RPA Actions

¢ Large Quantities of Juvenile Fish
Entrained with Water Exported by the
CVP and SWP and Collected in salvage

+«» Juvenile Fish Entrainment Correlated to
Water Export or OMR flow

¢ Lower Juvenile Fish Survival In
Entrainment Routes Leading to the
Projects
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Conceptual Model for Delta Salmonid Juvenile Survival
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Water Water quality ESA

Supply  regulation

Stressors Physical

Barriers

Physical
Process

Effect

Littoral channel
margin habitat

Fload
regulation control

Channelization

Deep water
Habitat area

Extra-regional/Global Physical Drivers

Polarized
light

Tidal
Forcing

Geomagnatic
fields

Alr Diel

Temperature \ariation Frecipitation

Sediment
Input

Export Inflow Contaminants

Salinity
fields

Water
Temperature

Velocity Olfactory

felds  cue felds Turbidity

Biological
Process
Effect

Juvenile Movement Predator

Routing Abundance

Juvenile
Interaction
Effects

Entrainment
at Pump

Individual
Outcomes

Life History
Diversity

Population
Outcomes

AZZ) NOAAFISHERIES

Alternate Prey
Distributionand Distributionand Distribution and

Predation on
Juveniles

Juvenile
Migration
Timing

Regional
Smalt
Production

Juvenile
Condition
and Fitness

Ecosystemn
Activity Level
{1°.2° Productivity)

Disease
Abundance

Smolt-Habitat
Interactions

Predator-Salmon
Interaction

Timing of
Ocean Entry

Route-specific
Survival

Survival
To Chipps

Population

Population Abundance

Fitness, Resilience, Persistence

(South Delta Salmonid Research Collaboration 2014)
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The Sacramento-San Joaquin Delta

- Sacramento and San Joaquin Rivers Sacramento R iver
S\

Delta waterways and other rivers

= ool Fé % Delta Water. Flow and
CV B Juvenile Salmonid Movement

(as per 1959 Delra
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Wild Juvenile Winter-run Chinook Salmon

Daily Salvage Increases with Increasing Water Export
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Wild Juvenile Spring-run Chinook Salmon

Daily Salvage Increases with Increasing Water Export
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Wild Juvenile Steelhead

Daily Salvage Increases with Increasing Water Export
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Wild Juvenile Chinook and Steelhead

Daily Salvage Decreases as OMR Flows become Less Negative

Winter-run Spring-run Steelhead
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Factors Affecting Juvenile Fish
Salvage or Loss In the Delta

J
000

WATER EXPORTS — CVP and SWP, individually or combined
FISH ABUNDANCE — daily influx and daily abundance
FLOW - inflow, outflow, OMR

TIDE HEIGHT - (mean, minimum, and maximum heights) indexed to
Golden Gate tidal record.

< PREDATION (no daily estimates for this factor therefore not discussed
further in this presentation)

3

*

3

*

J
000

s Data for water exports, flow, and tidal heights factors gathered from CDEC,
USGS, and NOAA gauges
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Juvenile Fish Flux and Abundance

Calculated Fish Flux from Data Gathered by the USFWS
Delta Juvenile Fish Monitoring Program (DJFMP) from
1993 to 2012.

3 Sites Used:

« Chipps Island Trawl (western Delta)

« Sherwood Harbor Trawl (Sacramento River)
 Mossdale Trawl (San Joaquin River)
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Analysis of Data

* We assume that factors affecting salvage will have similar influences
on loss

*» Two methods used to assess how factors influence salvage and loss

« Pearson’s Correlation Coefficient (r) between individual pairs of
factors

« Multiple linear regression with stepwise regression procedure for
each factor
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Pearson’s Correlation Coefficient
Summary — WR Chinook salmon

¢ Salvage or Loss at the SFPF or TFCF individually or
combined is positively and significantly correlated with water
exports (SWP, CVP, or combined), Sacramento River flow,
and fish influx or abundance.

¢ Salvage or Loss at the SFPF individually or combined with the
TFCF Is negatively and significantly correlated with OMR flow
and the San Joaquin River I:E ratio.

** Mean tidal height and Maximum tidal height are positively and
significantly correlated with the SFPF salvage and loss
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Stepwise Multiple Linear Regression for Salvage

Number of models that selected each factor

as an “important” variable for wild salmonids

Variables

Water Export (CVP, SWP, or Combined)
Delta Juvenile Fish Abundance

Tide Height ()

Inflow (Sac River, SJ River (-), or Combined)
Delta Outflow

SJ River Inflow to Water Export Ratio (-)
OMR Flow (-)

Winter-
run

12
11

Number of Models

Spring-
run

9
12

Steelhead

(1993-2011 Data)
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Conclusions

*» Juvenile salmonids listed under the ESA are entrained by the water
export facilities each year, sometimes in substantial numbers,

% Juvenile salmonid salvage increases significantly with increasing
water export and increasing juvenile salmonid abundance in the
Delta,

L)

L)

» To a lesser extent, based on statistical analysis, increases in the
San Joaquin River flow and I.E ratio as well as more positive OMR
flows can reduce salmonid salvage,

L)

L)

» Management measures to reduce juvenile salmonid entrainment into
the Delta interior and S. Delta (e.g., DCC gates closure, more
positive OMR flows or reductions of water exports) will increase their
overall Delta survival.
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Questions?
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Additional Slides on Juvenile Fish Survival
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OMR Flow Strongly Correlated to Water Export

Head of Old River Barrier: No

Olojyizt 3 #22

N -
Water Export & Fish Facilibes

N= 230 r>=0.766

-
Water Export & Fish Facilibes

(1987-2012 Data)
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val6 River Juvenile
[OratiONTREUTES

v - P 1. Mainstem Sac River

ipps Island ; Y 2. Delta Cross Channel

“Susen TRL O 4 ;. 3. Georgiana Slough

4. DCC/GS — OMR -
Export Facilities
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SJ River Juvenile Fish Migration Routes

1. Mainstem SJR
2. Old River -

3. Old River

Burns Cutoff

E
(Y
s , &
SWP CVP Head of Old R.
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Juvenile Chinook Survival to Chipps Island

North Delta

South Delta

N. Delta &
S. Delta

@ NOAA FISHERIES
—

' Mainstem Sac River : 0.40®
 Delta Cross Channel 0.16 ®
| Georgiana Slough : 0.22 ®

' Mainstem SJ River : 0.01-0.04@
\ Old River - CVP

\ Old River - SWP

'DCC/GS - OMR - CVP

'DCC/GS - OMR - SWP

USFWS 2001, 2003, 2005, 2007
Brandes and McLain 2001

Perry 2010

Buchanan 2012, Buchanan et al. 2013
Estimated

90000
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Water Export Facilities

South Bay
anpmg Pbm

N

Juvenile Chninook Survival
N DRDeltato Chnipps Isilanc
0)0]=0 C e l0 (]1E

1997  0.670 0.030
1998  0.685 0.236
1999  0.507 0.308
2000  0.197 0.067
2002  0.722 0.225
2003  0.397 0.017
2004  0.293 0.081
2005  0.586 0.187

Ave 0.507 0.144



Juvenile ChinooXx Survival
NEDelta torChRippSsTisiand

Ser = 0.40
0.16
Sgs = 0.22

(Based on 6 acoustic
tagged Chinook salmon
studies in 2006-20009.
Perry 2010)
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Juvenile Chinook Survival

N. Delta — S. Delta — Export Facilities — Chipps island

Route CVP SWP

N. Delta @ 0.40
S. Delta @ 0.40

Facility ® 0.22  0.07
Entire Route 0.04 0.01

@ Perry 2010

® Assumed to be equal to N. Delta

@ He 2014 (Unpublished)
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Juvenile Chinook Survival in S. Delta

Coded-Wire Tag Studies

1. Mainstem SJR — Chipps Island: 0.39
2. SJR - Old River — Chipps Island: 0.21

Released in SJR Released in

V(TS at Dos Reis Old River
1985 0.59 0.62
1986 0.34 0.20
1987 0.83 0.16
1989 0.15 0.07
3 . 1990 0.04 0.02
Ave 0.39 0.21

Middle R. - Brns GutoA
- lde LIms O

Old R
N

(Brandes and McLain 2001)
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Juvenile Chinook Survival in SJR
2011 Acoustic Tag Studies (Buchanan 2012)

Old R

Middle R

OldR, ' z-MiddleR.
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Juvenile Chinook Survival in South Delta

2010 & 2011 Acoustic Tag Studies
(Buchanan 2012, Buchanan et al. 2013)
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MLR Model Results Summary

Wiia Viniei-ruin Cninook salmon — SFPF

(no HORB installed)
Dataset ALL DEC JAN FEB MAR | APR | # Models
Number of Samples 46 101 117
R? 0.527 0.501
Adjusted R2 0.513 0.493

p 0.000 0.000
SWP 0.644 0.510
CVP
. Not Applicable
Combined
SR
Inflow SJR
Combined
Delta Outflow
I/E Ratio

Minimum

Mean

Maximum
Daily Abundance 0.451 0.288
Ln(Daily Abundance)

NV = No variables were entered into the equation.
Blanks indicate that a variable was not selected by a model.
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MLR Model Results Summary
Wild Winter-run Chinook salmon — TFCF

(no HORB installed)

Dataset | DEC JAN FEB | MAR | APR | # Models
Number of Samples 41 65 130
R? 0.155 0.408 0.383
Adjusted R? 0.134 0.378 0.379

p 0.011 0.000 0.000
SWP Not Applicable
CVP 0.534

Combined Not Applicable

SR

Inflow SJR
Combined

Delta Outflow
I/lE Ratio

Minimum

Mean -0.102

Maximum
Daily Abundance 0.305 0.394
Ln(Daily Abundance)
Blanks indicate that a variable was not selected by a model.
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Juvenile Steelhead Entrainment to Water Export Facilities
(Wild and Hatchery)

140,000

Steelhead
120,000

Average

=
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z

Brood Year

~90% from SR

~10% from SJR
Based on Flux data

(Entrainment is sum of salvage and loss.)
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Pearson’s Correlation Coefficient Table

wild winter-run Chinook salmon

Variables

SWP Export

CVP Export

Combined Export

OMR Flow

|:E Ratio

SJR Flow

SR Flow

-

.\1‘_'

AC/) NOAAFISHERIES
-

LN(SWP
Salvage)

LN(CVP
Salvage)

LN(Combined
Salvage)

LN(SWP
Loss)

LN(Combined

Statistic
Loss)

LN(CVP Loss)
Pearson r
Sig. (2-tailed)
N

Pearson r
Sig. (2-tailed)
N

Pearson r
Sig. (2-tailed)
N

Pearson r
Sig. (2-tailed)
N

Pearson r
Sig. (2-tailed)
N

Pearsonr
Sig. (2-tailed)
N

Pearsonr
Sig. (2-tailed)
N

(1993-2011 Data)
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Pearson’s Correlation Coefficient Table
wild winter-run Chinook salmon

LN(SWP LN(CVP LN(Combined | LN(SWP LN(Combined

Variables Statistic el ANt ) Loee) LN(CVP Loss) Loss)
i - Pearson r
inimum Tide . .
T Sig. (2-tailed)
N
Pearson r
VEEGRIEREERNY  Sig. (2-tailed)
N
. Tid Pearson r
aximum Tide . .
Height Sig. (2-tailed)
N
) Pearson r
Fish Flux at

Sig. (2-tailed)
N

Sherwood Harbor

Pearson r
Fish Influx Sig. (2-tailed)
N
Pearson r
15d Total Influx Sig. (2-tailed)
N
Pearson r
BETIWANNGEEREN  Sig. (2-tailed)
N
Pearsonr
LN(DA) Sig. (2-tailed)
N

** Correlation is significant at the 0.01 level (2-tailed).
* Correlation is significant at the 0.05 level (2-tailed).

(1993 = 2011 Data)
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Annual Fish Flux through Delta
and Fish Salvage (CVP and SWP)

y = 0.0004x + 1294.3 Wild Winter-run
R?=0.0162

Thousands
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Fish Flux at Sherwood Harbor Millions
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