
California Department of Fish and Game California Department of Fish and Game 
Presentation toPresentation to

National Research Council PanelNational Research Council Panel
onon

Sustainable Water and Sustainable Water and 
Environmental Management in the Environmental Management in the 

California BayCalifornia Bay--DeltaDelta

Carl WilcoxCarl Wilcox
Chief, Water BranchChief, Water Branch

Ecosystem Conservation DivisionEcosystem Conservation Division



TopicsTopics

 Status of species and State listing statusStatus of species and State listing status
 California Endangered Species Act (CESA) California Endangered Species Act (CESA) 

PermittingPermitting
 Views on PEI Views on PEI 
 Role of San Joaquin River flowsRole of San Joaquin River flows
 Role of Habitat RestorationRole of Habitat Restoration
 Efforts to improve our understanding of Efforts to improve our understanding of 

how habitat restoration in Delta supports how habitat restoration in Delta supports 
ecosystem recoveryecosystem recovery



CESA Listing ReviewsCESA Listing Reviews

http://www.dfg.ca.gov/delta/projects.asp?ProjectID=LONGFINSMELT

• Delta smelt status review 2008 
– recommended up-listing to Endangered

• Longfin smelt status review 2009 
– recommended listing as Threatened



Both reviews cited similar factors Both reviews cited similar factors 
leading to findingsleading to findings

1.1. Water diversionsWater diversions
2.2. Habitat modifications, in particular salinity Habitat modifications, in particular salinity 

gradient changes with X2 higher in the gradient changes with X2 higher in the 
estuary, and reduced turbidityestuary, and reduced turbidity

3.3. Increases in exotic species leading to Increases in exotic species leading to 
increased competition (e.g., increased competition (e.g., CorbulaCorbula for for 
both) and possibly predationboth) and possibly predation

4.4. Possible link to toxics but few direct linksPossible link to toxics but few direct links



Upper estuary pelagic fish abundance continued very low in 2009 

Source DFG 2009 Fall MW Trawl
No indices in 1974, 1976 and 1979
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CESA Listed Species Affected by CESA Listed Species Affected by 
OCAP operationsOCAP operations

Delta smelt  Delta smelt  SE/FTSE/FT
 Longfin smeltLongfin smelt STST
WinterWinter--run Chinook salmon  run Chinook salmon  SE/FESE/FE
 SpringSpring--run Chinook salmonrun Chinook salmon ST/FTST/FT
Central Valley steelheadCentral Valley steelhead FTFT
Green SturgeonGreen Sturgeon FTFT

SE/ST SE/ST –– State Endangered/Threatened State Endangered/Threatened 

FE/FT FE/FT –– Federal Endangered/ThreatenedFederal Endangered/Threatened



KEY DIFFERENCES BETWEEN THE KEY DIFFERENCES BETWEEN THE 
STATE & FEDERAL ENDANGERED STATE & FEDERAL ENDANGERED 

SPECIES ACTSSPECIES ACTS

 California definition of California definition of ““taketake”” includes direct or includes direct or 
indirect mortality but not indirect mortality but not ““harmharm””. (Fish & G. . (Fish & G. 
Code, Code, §§ 67.)67.)

 In addition to avoidance and minimization In addition to avoidance and minimization 
measures, CESA requires measures, CESA requires ““full mitigationfull mitigation”” in take in take 
authorizations.  Full mitigation measures must authorizations.  Full mitigation measures must 
compensate for all impacts to the species compensate for all impacts to the species 
resulting from authorized taking.resulting from authorized taking.

 Does not apply to Federal activities.Does not apply to Federal activities.



CESA Compliance for State Water CESA Compliance for State Water 
Project OperationsProject Operations

 PermitteePermittee:  DWR:  DWR
 Incidental take permit for longfin smelt*Incidental take permit for longfin smelt*
 Consistency Determination on FWS OCAP Consistency Determination on FWS OCAP 

Biological Opinion on delta smelt**Biological Opinion on delta smelt**
 Consistency Determination for NMFS OCAP Consistency Determination for NMFS OCAP 

Biological Opinion on winter and springBiological Opinion on winter and spring--run run 
Chinook salmon**Chinook salmon**

* * Includes habitat restoration requirement to meet full mitigationIncludes habitat restoration requirement to meet full mitigation
requirement in addition to avoidance and minimization actions sirequirement in addition to avoidance and minimization actions similar milar 
to delta smelt B.O.to delta smelt B.O.

**  Worked with DWR to include habitat restoration in the Projec**  Worked with DWR to include habitat restoration in the Project t 
Description to meet   CESA full mitigation requirements.Description to meet   CESA full mitigation requirements.



Potential Entrainment Index (PEI)Potential Entrainment Index (PEI)
 One possible tool for Smelt Working Group to manage One possible tool for Smelt Working Group to manage 

salvage (observed take)salvage (observed take)
 BenefitsBenefits

–– Rapidly integrates fish distribution and hydrodynamic modelingRapidly integrates fish distribution and hydrodynamic modeling

 LimitationsLimitations
–– Sampling uncertainty for an increasingly rare fish (increasing Sampling uncertainty for an increasingly rare fish (increasing 

likelihood of incorrect fish distribution assumptions)likelihood of incorrect fish distribution assumptions)
–– Predicts juvenile salvage (visible fraction of entrainment) bettPredicts juvenile salvage (visible fraction of entrainment) better er 

than cumulative entrainment of larvae and juveniles because it than cumulative entrainment of larvae and juveniles because it 
does not adjust for very low net efficiency for small larvaedoes not adjust for very low net efficiency for small larvae

–– Time step too short to resolve fates of many modeled fish Time step too short to resolve fates of many modeled fish 
–– Information from one run not carried to nextInformation from one run not carried to next

 NeedsNeeds
–– Peer review and calibration in relation to existing decision makPeer review and calibration in relation to existing decision making ing 

process.process.



San Joaquin River FlowsSan Joaquin River Flows
 Flows at Vernalis (from SJR Flows at Vernalis (from SJR tribstribs) related to salmon smolt ) related to salmon smolt 

abundance at Chipps Island : more spring flow = more abundance at Chipps Island : more spring flow = more 
smolts out of tributaries and to Chipps Island.smolts out of tributaries and to Chipps Island.

 Combine SWP/CVP salvage of juveniles lower with Combine SWP/CVP salvage of juveniles lower with 
increased increased VernalisVernalis flows and decreased exports (SJRGA flows and decreased exports (SJRGA 
2007)2007)

 Escapement model developed in 2005Escapement model developed in 2005
–– Tool to help identify flows and expected benefits for fish Tool to help identify flows and expected benefits for fish 

productionproduction
–– Can be used to test flow options and barrier effectsCan be used to test flow options and barrier effects
–– Peer review completed and model revised in 2008 and 2009Peer review completed and model revised in 2008 and 2009

 Model has been provided to State Board for developing flow Model has been provided to State Board for developing flow 
objectives for SJR at Vernalis. objectives for SJR at Vernalis. 



Perspective on largePerspective on large--scale scale 
restoration of tidal aquatic habitatrestoration of tidal aquatic habitat

 Adds to overall delta habitat complexity.Adds to overall delta habitat complexity.

 Likely to produce services (e.g., food, Likely to produce services (e.g., food, 
sheltershelter……) for many species.) for many species.

 Currently Currently trophictrophic linkages to the smelts linkages to the smelts 
are uncertain.are uncertain.

 Water and its correlates and affects on Water and its correlates and affects on 
transport, productivity, turbidity and transport, productivity, turbidity and 
salinity gradient, still the strongest salinity gradient, still the strongest 
influence on smelt abundance.influence on smelt abundance.



Benefits provided by tidal marsh habitatBenefits provided by tidal marsh habitat
ProductivityProductivity

In upper San Francisco estuary, tidal marshes have the highest In upper San Francisco estuary, tidal marshes have the highest 
phytoplankton concentrations and support the greatest phytoplankton concentrations and support the greatest 
zooplankton growth rate.zooplankton growth rate.

Fish UseFish Use
Foraging success and growth rateForaging success and growth rate -- In many estuaries, fish with In many estuaries, fish with 
access to tidal marsh habitats have been shown to consume access to tidal marsh habitats have been shown to consume 
much more food and grow much faster than those without access.  much more food and grow much faster than those without access.  

Refuge from predatorsRefuge from predators -- Large piscivorous fish are rare in tidal Large piscivorous fish are rare in tidal 
marshes and low order tidal channels compared to deeper water marshes and low order tidal channels compared to deeper water 
habitats.habitats.

Life history diversityLife history diversity -- Tidal marsh restoration in the Salmon River Tidal marsh restoration in the Salmon River 
estuary has recovered life history diversity in Chinook salmon.estuary has recovered life history diversity in Chinook salmon.

Reviewed in: Clipperton, N.W. & D.W. Kratville. 2009. Assessing the potential benefits of 
tidal marsh restoration in the Delta and Suisun. Manuscript submitted for publication.



What we know and what we need What we know and what we need 
to know about habitat restoration to know about habitat restoration 

for native fishfor native fish

 Existing knowledgeExisting knowledge

 Delta Regional Ecosystem Restoration Delta Regional Ecosystem Restoration 
Implementation Plan (DRERIP) conceptual Implementation Plan (DRERIP) conceptual 
modelsmodels

 BREACH III (Breached levee wetland BREACH III (Breached levee wetland 
studies)studies)



Focus Focus 
on on 

Liberty Liberty 
Island Island 
and and 

Cache Cache 
SloughSlough



Existing knowledgeExisting knowledge
 Cache Slough/Liberty Island/Deep Water Ship Cache Slough/Liberty Island/Deep Water Ship 

Channel provide habitat for smelt spawning and Channel provide habitat for smelt spawning and 
rearingrearing

 Have seasonally high food productionHave seasonally high food production

 Have high turbidity yearHave high turbidity year--roundround

 Used year round by delta smeltUsed year round by delta smelt

 Low density SAV and associated Low density SAV and associated CentrarchidCentrarchid
numbersnumbers

 Hydraulically dynamic deadHydraulically dynamic dead--end slough habitatend slough habitat



Delta Smelt Use of Liberty IslandDelta Smelt Use of Liberty Island

 USFWS beach seine data Aug 2002USFWS beach seine data Aug 2002--
Oct 2004Oct 2004

 Summarized as percent of samples with Summarized as percent of samples with 
delta smelt.delta smelt.

 Delta Smelt Can Be Found Year Round Delta Smelt Can Be Found Year Round 
In Liberty IslandIn Liberty Island
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March 3–9, 
2007

April 2-5, 
2007

Delta Smelt Spawn in the Cache Slough Complex

Source: http://www.dfg.ca.gov/delta/projects.asp?ProjectID=SKT



Evidence That Delta Smelt Spawn In Liberty 
Island
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Importance of sandy substrates for spawning? 

Shoals in the Ship Channel
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Delta Smelt  Survival in Relation to 
Food Availability



The Base of the Food Web is Declining

..But Lower Yolo Bypass Has High Productivity



FISH 
ABUNDANCE

BOTTOM-UP

Food 
availability Food quality

Emphasis on 
Habitat Restoration

to Boost the Delta Food Web



Hydrodynamics of the Cache Slough complex
DWR and USGS

• Tides dominate this area.

• Liberty Island as a source of 
turbidity



Tidal Habitat RestorationTidal Habitat Restoration

 Potentially a way of creating Potentially a way of creating 
additional habitat for native fish additional habitat for native fish 
speciesspecies

 Large scale restoration changes Large scale restoration changes 
physical and chemical fish habitat of physical and chemical fish habitat of 
the Deltathe Delta

Not flow independentNot flow independent



DRERIP: Key Uncertainties of DRERIP: Key Uncertainties of 
Habitat RestorationHabitat Restoration

–– Habitat use by native fish, particularly for rearing salmonids.Habitat use by native fish, particularly for rearing salmonids.

–– Importance of productivity contributions from vegetated tidal Importance of productivity contributions from vegetated tidal 
marsh directly or indirectly to covered species. marsh directly or indirectly to covered species. 

–– Relative benefits of vegetated tidal marsh vs. open water.Relative benefits of vegetated tidal marsh vs. open water.

–– Submerged Aquatic VegetationSubmerged Aquatic Vegetation

–– Extent to which invasive clams may divert new primary Extent to which invasive clams may divert new primary 
production. production. 

–– Magnitude of suitable productivity (zooplankton and insects) Magnitude of suitable productivity (zooplankton and insects) 
exported from restoration areas.  exported from restoration areas.  

–– Effects on Predation + or Effects on Predation + or --



BREACH IIIBREACH III
–– LargeLarge--scale interdisciplinary scientific study of the scale interdisciplinary scientific study of the 

ecological response of native fish and wildlife species of ecological response of native fish and wildlife species of 
concern to evolving wetland features at the landscape concern to evolving wetland features at the landscape 
scalescale

–– DRERIP Conceptual modelsDRERIP Conceptual models
 Builds on existing scienceBuilds on existing science
 Fill information gapsFill information gaps
 Address key questions/uncertaintiesAddress key questions/uncertainties

–– Inform largeInform large--scale restoration planning of BDCP scale restoration planning of BDCP 
Conservation StrategyConservation Strategy
value of value of intertidalintertidal and shallow and shallow subtidalsubtidal habitathabitat
habitat evolution projections habitat evolution projections 
site characteristics that produce desirable attributessite characteristics that produce desirable attributes



Ecosystem Restoration Workshop Panel Ecosystem Restoration Workshop Panel 
ReportReport

Submitted to the CALFED Science Program December 16, 2009 Submitted to the CALFED Science Program December 16, 2009 
By By 

John M. Teal, Delaware Bay Salt Marsh Restoration John M. Teal, Delaware Bay Salt Marsh Restoration -- Panel Chair Panel Chair 
Nicholas G. Nicholas G. AumenAumen, Everglades National Park , Everglades National Park 

James E. Cloern, US Geological Survey San Francisco Bay LongJames E. Cloern, US Geological Survey San Francisco Bay Long--term Research term Research 
Karen Rodriguez, US EPA Great Lakes Restoration Initiative Karen Rodriguez, US EPA Great Lakes Restoration Initiative 
John A. John A. WiensWiens, Chief Scientist PRBO Conservation Science, Chief Scientist PRBO Conservation Science

 Recommendation 1Recommendation 1. The most important action is . The most important action is 
to get to get something(ssomething(s) moving ) moving –– substantially substantially 
underway by the end of 2012. underway by the end of 2012. …….The people .The people 
associated with the restoration area have a great associated with the restoration area have a great 
deal of information and understanding of the Delta deal of information and understanding of the Delta 
ecosystem; they will have little trouble selecting ecosystem; they will have little trouble selecting 
suitable projects as starting places for building suitable projects as starting places for building 
toward the bold program of restoration necessary toward the bold program of restoration necessary 
to sustain integrated ecological functions in this to sustain integrated ecological functions in this 
hyperhyper--disturbed ecosystem.disturbed ecosystem.
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