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I. INTRODUCTION 

A. PURPOSE OF PROJECT 

The Tule Red Tidal Restoration Project (Project) is a collaboration of the State and Federal 

Contractors Water Agency (SFCWA), California Department of Fish and Wildlife (CDFW), and 

Westervelt Ecological Services (WES) to restore and enhance approximately 420 acres of tidal 

wetlands to benefit listed fishes (delta smelt, longfin smelt, and salmonids). The goal of the 

Project is to partially fulfill the 8,000-acre tidal restoration obligations of the Fish Restoration 

Program Agreement (FRPA) in satisfaction of the requirements in the 2008 U.S. Fish and 

Wildlife Service (USFWS) Biological Opinion (BiOp) for delta smelt and the 2009 National 

Marine Fisheries Service (NMFS) BiOp for listed salmonids and green sturgeon (Acipenser 

medirostris) potentially affected by the Coordinated Operations of the Central Valley Project 

(CVP) and State Water Project (SWP). The Project also partially fulfills requirements of the  

Incidental Take Permit (ITP) for longfin smelt (Spirinchus thaleichthys) potentially affected by 

the SWP. The Fishery Agency Strategy Team (FAST) approving the Project consists of 

representatives from the USFWS, NMFS, CDFW, and the U.S. Bureau of Reclamation 

(Reclamation). A secondary purpose is to create transitional and refugia habitat for the salt marsh 

harvest mouse (SMHM; Reithrodontymys raviventris) consistent with the requirements in the 

Suisun Marsh Habitat Management, Preservation, and Restoration Plan (Suisun Marsh Plan, or 

SMP) (Reclamation et al., 2013). The Project is identified as a Priority Restoration Project under 

the California EcoRestore Program.  

B. PROJECT GOALS AND OBJECTIVES 

The restoration goal of the Project is to benefit native fish species by establishing tidal 

connectivity to the Project site as described below. The restoration objectives to achieve this goal 

include: 

1. Enhance regional food web productivity and export to Grizzly Bay in support of delta 

smelt and longfin smelt recovery.  

2. Provide rearing habitats for out-migrating juvenile salmonids.  

3. Provide rearing, breeding, and refugia habitats for a broad range of other aquatic and 

wetland-dependent species that utilize or depend upon the combination of brackish 

aquatic-tidal marsh habitat, including Sacramento splittail.  

4. Provide ecosystem functions associated with the combination of Delta brackish water 

aquatic, tidal marsh, and upland interfaces that these species require.  

5. Provide topographic variability to allow for habitat succession and resilience against 

future climate change and sea level rise. 
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C. PURPOSE OF DOCUMENT 

The Project is considered a covered action under the Delta Plan. A state or local agency that 

proposes to undertake a covered action must submit a Certification of Consistency with the Delta 

Plan to the Delta Stewardship Council, with detailed findings demonstrating that the covered 

action is consistent with the Delta Plan (Water Code Section 85225).  

A Certification of Consistency has been submitted electronically for this Project, via the Delta 

Stewardship Council’s website on-line form. The purpose of this document (Detailed Findings – 

Mitigation Measures, Best Available Science, and Adaptive Management) is to provide detailed 

findings in support of this Certification of Consistency, specifically consistency with regulatory 

policy GP 1 / 23 CCR Section 5002: 

(b)(2) Mitigation Measures 

(b)(3) Best Available Science 

(b)(4) Adaptive Management 
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II. COVERED ACTION SUMMARY 

A. SETTING  

A full description of the Regional and Site Setting is provided in the AMMP (pp. 6-13). 

The Project is located on Grizzly Island in the Suisun Marsh (Solano County, California). 

Historically, the Suisun Marsh was a tidal marsh system. In the late 1800s, the Marsh was diked 

for water management to support agriculture and duck hunting club activities. Grizzly Island is 

currently comprised primarily of duck clubs and the Grizzly Island Unit of the CDFW Grizzly 

Island Wildlife Area (Refuge). The Project is located on the eastern shoreline of Grizzly Bay, 

immediately adjacent to the Refuge, and lies within Region 4 as demarcated in the SMP (Figure 

1). 

The Project site consists of approximately 2,000 acres owned by Westervelt Ecological Services 

(WES), and approximately 70 acres owned by CDFW. Within the WES property boundary, 

approximately 1,600 acres lie within the intertidal and sub-tidal zone of Grizzly Bay. The area 

proposed to be restored to tidal influence is comprised of a crescent of land adjacent to Grizzly 

Bay, roughly 1,500 feet wide and 10,000 feet long, totaling approximately 420 acres currently 

managed as a duck club. The vast majority of the site is managed marsh, with a small area of 

tidal marsh at the northern end of the site and along the bayside margin of the natural berm. 

Upland habitat is located along the uppermost crowns of the adjacent levees.  

B. PROJECT DESCRIPTION 

The full project description is available in the CEQA Addendum (Section 2 - Project 

Description). Summary excerpt below: 

The Project would restore approximately 420 acres of existing managed brackish wetlands to 

tidal habitat to benefit delta smelt, longfin smelt, and salmonids. The project would provide four 

primary habitat features:  

1. a permanent breach of the natural berm to allow for full daily tidal exchange through the 

interior of the Project site;  

2. a network of tidal channels that supports a full tidal exchange (i.e., tidal prism) on the 

Project site;  

3. a series of tidal pannes and basins intended to retain water for periods up to 2 weeks to 

maximize aquatic food production and export; and  

4. a continuous habitat berm along the eastern perimeter of the property to provide a more 

gradual transition from marsh to upland habitat and maintain the existing levels of flood 

protection for adjacent properties. 



So la noSo la no
Co un tyCo un ty

Co ntr a  Co staCo ntr a  Co sta
Co un tyCo un ty

Grizzly
Bay

Study Area

113

160

680

4

12

24

80

Vacaville

Fairfield

Vallejo

Napa

Berkeley

Antioch

Concord

Pittsburg

Walnut Creek

Suisun Marsh

Sacr am entoSacr am ento
Co un tyCo un ty

Suisun
Bay Sacramento River

Na paNa pa
Co un tyCo un ty

80

Grizzly Island
Wildlife Area

Solano
County

Service Layer Credits: Sources: Esri, GEBCO,
NOAA, National Geographic, DeLorme,
HERE, Geonames.org, and other contributors

Study Area

0 4

Miles

Tule Red Restoration Project . 150158 

Figure 1
Project Vicinity and Area

SOURCE: ESRI, 2012; ESA, 2015



Tule Red Tidal Restoration Certification of Consistency – Detailed Findings  

 

 

Westervelt Ecological Services & ESA  7 

Figure 2 shows the conceptual plan for the proposed project, and Figure 3 shows a cross section 

of the proposed habitat berm. The four habitat features would support the interrelated resources 

and functions described in the SMP.  

Construction would occur in two phases. Phase 1 would consist of site preparation, grading, 

revegetation, and associated activities on the land side of the natural berm, including 

modification of the existing CDFW drain to improve dissolved oxygen (DO) on the project site. 

The existing CDFW drain outfall allows CDFW to pump discharged drain water from the 

managed wetlands of the Grizzly Island Wildlife Area onto the project site. Then the project site 

would be managed for 1 to 2 years to revegetate the disturbed soils. Phase 2 would consist of 

demolishing several on-site structures and breaching the natural berm to restore tidal action to 

the project site. 

Once the project site is restored, habitat establishment would occur, starting in approximately 

2018. Limited maintenance, monitoring, and management tasks would occur during this time, 

including development of tules and other native marsh vegetation, weed control within the 

habitat berm, inspection of erosion or settling with respect to habitat level, and patrolling for 

trash and trespass. Long-term management of the project area would begin once the habitat berm 

vegetation is established. Long-term management would include all habitat establishment 

activities, periodic biological monitoring of the project area, and periodic mapping of the marsh 

and channel. The breach location is expected to reach equilibrium at a width of approximately 

120 feet during this time. 

Ultimately, SFCWA is proposing a transfer of the project site to CDFW to be managed as part of 

the Grizzly Island Wildlife Area. CDFW would manage the restored property in perpetuity as 

part of the Grizzly Island Wildlife Area.  

 



Tule Red Restoration Project . 150158 
Figure 2

Concept Design

SOURCE: Westervelt Ecological Services, 2015



Tule Red Restoration Project . 150158
Figure 3

Conceptual Cross Section – Moderate Habitat Berm

SOURCE: Westervelt Ecological Services 2015
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III. MITIGATION MEASURES (23 CCR SECTION 5002(B)(2) 

This section provides detailed findings of consistency with regulatory policy GP 1 / 23 CCR 

Section 5002: (b)(2) Mitigation Measures.  

The Project was subject to CEQA review and an Addendum was completed. The Addendum 

included feasible mitigation measures that will avoid any potentially significant impacts. The 

proposed project would incorporate the appropriate environmental commitments (or equivalent 

measures) and mitigation measures, as identified in the SMP EIS/EIR (Section 2.5, 

Environmental Commitments and Mitigation Measures) and the Tule Red CEQA Addendum 

(Appendix B, Tule Red Tidal Restoration Environmental Commitments and Mitigation 

Measures). Additional conservation measures were developed in the course of Section 7 

consultation with USFWS. Each Project measure is consistent with and at least as effective as 

relevant mitigation measures included within the SMP’s EIR and the Delta Stewardship 

Council’s Mitigation and Monitoring Reporting Program (MMRP).
1
    

These Project-specific mitigation measures have been uploaded as supporting documents for this 

Certification of Consistency, as: 

 CEQA Appendix B - Tule Red Tidal Restoration Environmental Commitments and 
Mitigation Measures (“ECs and MMs”) 

 Additional Conservation Measures (“ACMs”), developed in support of the Project’s 
pending Section 7 Consultation with USFWS 

A comprehensive table that ‘crosswalks’ all mitigation measures included in the Delta Plan EIR 

MMRP with the Project’s specific environmental commitments and/or mitigation measures, to 

demonstrate consistency with these Delta Plan measures, has been uploaded as a supporting 

document for this Certification of Consistency as: 

 Mitigation Measures and Project Consistency with the Delta Plan MMRP – Tule Red 
Tidal Restoration Project 

                                                 
1
 Neither the Delta Reform Act nor CEQA mandates or authorizes the Delta Stewardship Council to impose any 

mitigation requirements on a project adopted or implemented by another lead agency such as SFCWA. 
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IV. BEST AVAILABLE SCIENCE (23 CCR SECTION 5002(B)(3) 

This section provides detailed findings of consistency with regulatory policy GP 1 / 23 CCR 

Section 5002: (b)(3) Best Available Science.  

The Project design and adaptive management plan are based on best available science, as 

demonstrated by the following elements:  

 Well-stated objectives and hypotheses. 

 Conceptual models of tidal wetland functions, habitat requirements and distribution of 
sensitive fish and wildlife species,  

 Background studies of historic and reference habitats in the Suisun Marsh and Delta  

 Site-specific hydrodynamic modeling of various design alternatives, and water quality 
assessment  

 Best professional judgment of experts. 

Scientific literature cited in preparation of the design and AMMP are provided at the end of this 

detailed findings document in Section VI – References.  

A. OBJECTIVES AND HYPOTHESES 

One of the steps for achieving the best science is to provide clearly stated objectives:  

1. Enhance regional food web productivity and export to Grizzly Bay in support of delta 

smelt and longfin smelt recovery.  

2. Provide rearing habitats for out-migrating juvenile salmonids.  

3. Provide rearing, breeding, and refugia habitats for a broad range of other aquatic and 

wetland-dependent species that utilize or depend upon the combination of brackish 

aquatic-tidal marsh habitat, including Sacramento splittail.  

4. Provide ecosystem functions associated with the combination of Delta brackish water 

aquatic, tidal marsh, and upland interfaces that these species require.  

5. Provide topographic variability to allow for habitat succession and resilience against 

future climate change and sea level rise. 

For the purpose of adaptive learning, a certain number of questions have been developed from 

the objectives and questions, and framed as hypotheses for evaluation to reduce areas of 

uncertainty and improve understanding of system functions (discussed further in Section V. 

Adaptive Management of this document). 

B. CONCEPTUAL MODELS 

The Project’s restoration design and crediting has been based on an understanding of target fish 

species, Delta habitats, food webs, and tidal marsh evolution. This includes life history and 

habitat requirements of delta smelt, Chinook salmon, and longfin smelt, as well as ecological 
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functions of tidal emergent wetlands and managed wetlands. Information from the Suisun Marsh 

Plan Conceptual Models was used to capture current understanding of how the ecosystem works 

and how species may respond to restoration (Raabe et al., 2010; Siegel et al., 2010). This 

understanding informed the design of sustainable habitat features that would increase rearing 

habitat for salmonids and food web productivity for delta smelt and longfin smelt, while 

minimizing potential negative effects on other species.  

The AMMP (uploaded) provides further details for conceptual models of the Delta food web, 

tidal marsh evolution, and fish use of tidal marshes in Section V-B-1 Conceptual Models (pp. 31-

34).  

C.  BASIS OF DESIGN  

Focused studies were conducted to reduce uncertainties and refine the design, including 

background studies of historic and reference habitats in the Suisun Marsh and Delta (Northwest 

Hydraulic Consultants [NHC], 2015), hydrodynamic modeling of various design alternatives 

(NHC, 2015; Resource Management Associates [RMA], 2015), water quality assessment 

(Robertson Bryan, Inc. [RBI], 2015),site-specific geomorphic analysis and hydrodynamic 

modeling (NHC, 2015; RMA, 2015).  

The Basis of Design Report by NHC (2015, uploaded – CEQA Addendum App. D.2.) provides 

details and supporting science for the following project design elements: 

 Breach of the natural berm 

 Tidal channel network 

 Series of tidal pannes/basins 

 Water quality of drain water 

 Sediments, accretion, and sea level rise 
 

D. TECHNICAL ADVISORY GROUPS 

The proposed project design has been refined through repeated collaboration with multiple 

agencies, entities, and scientists. SFCWA convened several technical advisory groups to provide 

guidance with tidal wetland project development from a variety of disciplines, including 

fisheries, other special status species, monitoring, engineering, construction, and land 

management. A partial list of meetings and consultations with outside experts for the Tule Red 

Project is provided below. 

1. SUISUN MARSH ADAPTIVE MANAGEMENT ADVISORY TEAM (AMAT)  

The AMAT is an advisory team comprised of technical staff from the Bay Conservation and 

Development Commission (BCDC), California Department of Fish and Wildlife (CDFW), 

Department of Water Resources (DWR), Suisun Resource Conservation District (SRCD), 

Reclamation, US Fish and Wildlife Service (USFWS), and the Delta Stewardship Council 

(DSC),and Delta Science Program (DSP) with invitations to other entities to participate as 
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appropriate. The project proponents have used the AMAT and their knowledge of the Suisun 

Marsh for project development, design, and support, and as a forum to coordinate and cooperate 

for the benefit of the overall restoration goals identified in the SMP. 

The AMAT was convened for a Tule Red project review and discussion with the project 

proponents on June 3, 2015. Attendees and contributors included: 

Cody Aichele BCDC 

Darcy Austin DSC 

Bob Batha BCDC 

Steve Chappell SRCD 

Maggie Christman DSC 

Jessica Davenport DSC 

Sarah Estrella CDFW 

Cliff Feldheim DWR 

Kristin Garrison DWR 

Lauren Hastings DSP 

Tiffany Heitz USFWS 

Daniel Huang DSC 

Karen Kayfetz DSP 

Gregory Krzys USBR 

Joe Laclair BCDC 

Erik Loboschefsky DWR 

2. FISHERY AGENCY STRATEGY TEAM (FAST)  

The FAST is a review team comprised of technical level representatives from each Fishery 

Agency (USFWS, NOAA Fisheries, CDFW) and Reclamation that work with proponent water 

agencies to review and assist in planning habitat restoration projects and provide guidance to 

water agencies on expected benefits of proposed habitat projects in meeting restoration 

objectives. The FAST was consulted about the Tule Red project on the following dates: 

February 6, 2013 

March 27, 2013 

May 21, 2013 

September 23, 2013 

November 21, 2014 

April 1, 2015 

June 23, 2015 

October 28, 2015 

3.  EXPERT PANEL  

The Expert Panel was convened once at the recommendation of the FAST, specifically to 

analyze the proposed Tule Red project. The panel was comprised of representatives of the 

scientific community specifically involved in research and studies related to the Delta ecosystem 

as well as those experienced in tidal wetland design and implementation. Professional expertise 

was represented at the February 18, 2015 Expert Panel meeting, in the following disciplines, and 

by the following individuals: 

 Suisun Marsh Plan Consistency: Steve Chappell, Suisun RCD 

 Tidal Marsh Restoration Ecology: Peter Baye, Ph.D., SFSU 

 Marsh Construction Engineering: Steve Carroll, Ducks Unlimited 

 Sediment Transport: Brad Hall, Northwest Hydraulics Consultants 

 Long-Term Marsh Sustainability; Larry Wyckoff, CDFW 

 Terrestrial Marsh Species (SMHM): Laureen Thompson and Katie Smith, CDFW 

 Suisun Marsh Historic Ecology/Processes: Amber Manfree, UC Davis 

 Monitoring: Ramona Swenson, ESA 
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4. UC DAVIS CENTER FOR WATERSHED SCIENCES  

UC Davis scientists conduct on-going scientific research and provide extensive scientific 

knowledge and study of issues facing the Bay-Delta. Dr. John Durand and Professor Peter Moyle 

of the Center for Watershed Sciences were consulted on the design of the proposed project on 

February 13, 2015. Their recent studies on Luco Pond regarding the effect of residence times in 

brackish marshes and native fish populations significantly influenced the selection of the final 

breach location, and addition of marsh ponds and tidal pannes to the Project. 

 



Tule Red Tidal Restoration Certification of Consistency – Detailed Findings  

 

 

Westervelt Ecological Services & ESA  15 

V. ADAPTIVE MANAGEMENT (23 CCR SECTION 5002(B)(4) 

This section provides detailed findings of consistency with regulatory policy GP 1 / 23 CCR 

Section 5002: (b)(4) Adaptive Management.  

The Tule Red Project will be implemented within an adaptive management framework that is 

guided by and Adaptive Management and Monitoring Plan, consistent with the Delta Plan 

Appendix 1B framework and the SMP (Appendix E, Adaptive Management and Monitoring 

Plan, of the SMP EIS/EIR). The AMMP is uploaded as a supporting document and summarized 

below.  

A. PURPOSE OF AMMP 

The purpose of the Tule Red AMMP is to ensure that the restored habitats are protected, 

managed, monitored, and maintained for purposes and benefits of the target species (delta smelt, 

longfin smelt, salmonids, and salt marsh harvest mouse). The AMMP establishes objectives, 

priorities, and tasks to manage, monitor, maintain, and report on the habitats and species at the 

Project site. The monitoring component of this Plan identifies the metrics of functional outcomes 

from Project construction and operation that will be measured to evaluate progress toward 

desired or hypothesized outcomes, and to inform corrective measures if criteria are not met. 

Monitoring categories include physical processes, vegetation, food web (nutrients, primary and 

secondary productivity), fish, and water quality (DWR et al., 2012, Interagency Ecological 

Program in development).  

B. OBJECTIVES AND HYPOTHESES 

The AMMP defines the Project objectives, expected outcomes related to those objectives, 

metrics and monitoring methods by which progress towards objectives is measured, and 

thresholds for undertaking a management response if goals are not being met or if problems 

occur which require intervention. Project restoration objectives include: 

1. Enhance regional food web productivity and export to Grizzly Bay in support of delta 

smelt and longfin smelt recovery.  

2. Provide rearing habitats for out-migrating juvenile salmonids.  

3. Provide rearing, breeding, and refugia habitats for a broad range of other aquatic and 

wetland-dependent species that utilize or depend upon the combination of brackish 

aquatic-tidal marsh habitat, including Sacramento splittail.  

4. Provide ecosystem functions associated with the combination of Delta brackish water 

aquatic, tidal marsh, and upland interfaces that these species require.  

5. Provide topographic variability to allow for habitat succession and resilience against 

future climate change and sea level rise. 

For the purpose of adaptive learning, objectives and selected questions have been framed as 

hypotheses for evaluation to reduce areas of uncertainty and improve understanding of system 
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functions. The following hypotheses have been developed for the Project (AMMP, Section V-B-2 

Uncertainties and Hypotheses, p. 35): 

 Hypothesis 1 Physical: The channel inlet at the breach will self-adjust over time from an 
initial construction width of about 50 feet and invert of -2 feet NAVD88 to a final 

equilibrium width of about 160 feet and invert of -5 feet NAVD88 within 7 years after 

construction. This hypothesis will test the calculation of equilibrium breach dimensions 

based on tidal prism within the site, substrate shear strength, and tidal regime (boundary 

tidal condition). 

 Hypothesis 2 Food Web: Primary and secondary productivity in the marsh ponds (mean 

residence time 6 -14 days) will be greater than in the tidal pannes (mean residence time 

about 3 days), the marsh plain (mean residence time about 3-9 hours), tidal channel, and 

Grizzly Bay. This hypothesis will test the value of tidal ponds and tidal pannes and 

increased residence time in the restoration design in terms of food web production. 

 Hypothesis 3 Fish: The restored habitats at the Project site (tidal channel, marsh ponds, 
pannes) will support a fish community (including juvenile salmonids) similar in 

composition and relative abundance to that documented in comparable habitats in the 

Suisun Marsh region. This hypothesis will test habitat suitability and use by target fish 

species.   

 Hypothesis 4 Vegetation: Elevation, hydrology, and existing vegetation within different 
habitat features will affect colonization of the site by Phragmites. This hypothesis will 

test which elevations within the created tidal regime are suitable for Phragmites 

colonization, and whether pre-inundation establishment of native vegetation such as tules 

may preempt establishment of undesirable invasive vegetation. 

 Hypothesis 5 Vegetation: Soil organic matter and planting methods will influence 
vegetation establishment on the habitat berm. This hypothesis will test the difference 

between the use of organic matter from stockpiled topsoil and hydroseeding/drill seeding 

and mulch in establishing desired vegetation on the habitat berm. 

C. MONITORING APPROACH 

Monitoring for the Project will follow an adaptive management approach. Adaptive management 

is a framework allowing for a flexible decision-making process for ongoing knowledge 

acquisition, monitoring, and evaluation, leading to continuous improvements in management and 

implementation of a project to achieve specified objectives (Delta Reform Act, Water Code 

Section 85052). 

The Project includes monitoring elements to serve multiple purposes (AMMP, pp. 29-51): 

 Compliance Monitoring: Mandatory monitoring elements driven by permit requirements.  

 Effectiveness Monitoring: High priority monitoring elements to track progress towards 

Project objectives  
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 Special Studies: Desirable discretionary (supplementary) monitoring elements. These are 
noted in the event that additional funding or research partners become available.  

In addition, all monitoring will be used to identify the need for management actions necessary 

for the development and maintenance of the site and to learn whether or not the stated objectives 

of the Project are being met. 

The monitoring framework within this Plan is objective-driven. Indicators of functional 

outcomes from Project construction and operation (metrics) will be measured to evaluate 

progress toward expected outcomes and to inform corrective measures if thresholds for action 

are met. Monitoring categories include physical processes and hydrology, water quality, food 

web, fish, and wetlands and vegetation (DWR et al., 2012). Metrics have been selected to be 

ecologically meaningful, efficient, cost-effective, feasible to measure, and informative for 

management decisions.  

Monitoring will be consistent with the FRPA Implementation Strategy (DWR et al., 2012), the 

SMP Adaptive Management and Monitoring Plan (USBR et al., 2013), the Delta Science Plan 

(Delta Stewardship Council, 2013), and guidance being developed by the IEP Tidal Wetlands 

Monitoring Project Work Team. The AMMP outlines sampling design, metrics and methods for 

the following categories: (1) physical processes and hydrology, (2) water quality, (3) food web, 

(4) fish, and (5) wetlands and vegetation. 

D. MANAGEMENT THRESHOLDS AND RESPONSES 

While it is not anticipated that major modification to the site will be needed, an objective of this 

Plan is to guide monitoring and to identify any thresholds that may compromise the Project 

objectives, and to propose potential management responses or further focused monitoring efforts. 

This section of the AMMP (pp. 53-60) summarizes the five Project objectives, the expected 

outcomes related to those objectives, the metrics by which progress towards meeting the 

objectives is measured, as well as thresholds for undertaking a management response if goals are 

not being met or problems occur which require intervention. 

E. RESOURCES TO IMPLEMENT ADAPTIVE MANAGEMENT 

The Project has access to adequate resources and delineated authority to implement the proposed 

adaptive management process. As specified under the FRPA (DWR and DFG 2008, 2010), 

individual restoration projects shall include funding sufficient to implement, monitor, and 

manage the proposed Project in perpetuity.  This project’s AMMP will be funded under the 

current DWR/CDFW funding agreement for implementation of the FRP, as CDFW will likely be 

the long term land owner and manager and will, as such, be reimbursed for management and 

monitoring by DWR under the FRP agreement. 

The Project has been developed in partial fulfillment of permit requirements for the coordinated 

operation of the CVP and SWP. The restoration is anticipated to generate habitat “credits” to 

apply against restoration obligations of the water projects. SFCWA, under its Memorandum of 

Agreement (MOA) with the California Department of Water Resources (DWR), will sell or 
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transfer credits granted SFCWA to DWR for the restoration in exchange for DWR reimbursing 

SFCWA for development costs for the restoration. DWR will provide management funds under 

existing agreements with DFW for the FRP. Funding will come from SWP operational funds, 

and will be part of the Statement of Charges from DWR to the various State Water Contractors. 

Funding arrangements will be detailed in a Credit Purchase Agreement with DWR.   

Implementation of the Credit Purchase Agreement is contingent upon SFCWA delivering a fully 

executed project with attendant credits, which also includes all necessary permit authorizations, 

such as the U.S. Army Corps of Engineers (USACE or Corps) permit.  Should DWR desire 

SFCWA to manage the completed restoration project for an interim period, that funding will be 

provided under a separate DWR/SFCWA contract. SFCWA may independently fund discreet 

science project investigations in the restored wetland not otherwise required under the AMMP. 

 



Tule Red Tidal Restoration Certification of Consistency – Detailed Findings  

 

 

Westervelt Ecological Services & ESA  19 

VI. REFERENCES 

Scientific literature and other supporting documents cited in Project documents are listed below, 

from the AMMP and the Basis of Design report. 

A. TULE RED ADAPTIVE MANAGEMENT AND MONITORING PLAN 

Alpine, A.E., and J.E. Cloern. 1992. Trophic interactions and direct physical effects control 

phytoplankton biomass and production in an estuary. Limnology and Oceanography 

37:946–955.  

Baxter, R., R. Breuer, L. Brown, M. Chotkowski, F. Feyrer, M. Gingras, B. Herbold, A. Mueller- 

Solger, M. Nobriga, T. Sommer, and K. Souza. 2008. Pelagic organism decline progress 

report: 2007 synthesis of results. Interagency Ecological Program for the San Francisco 

Estuary, Technical Report 227, 86 p. Available: http://www.water.ca.gov/iep/docs/pod/

synthesis_report_031408.pdf. 

Bennett, W.A., and P.B. Moyle. 1996. Where have all the fishes gone? Interactive factors 

producing fish declines in the Sacramento San Joaquin Estuary. Pages 519–542, In: J.T. 

Hollibaugh, editor. San Francisco Bay: the ecosystem: Pacific Division American 

Association for the Advancement of Science, San Francisco, California. 

Brown, T. (2009). Phytoplankton Meta Data. IEP Bay-Delta Monitoring and Analysis Section, 

Department of Water Resources, Sacramento, CA: 

http://www.water.ca.gov/bdma/meta/phytoplankton.cfm. 

Cain, J. 2008. Dutch Slough Adaptive Management Plan. Version 1. January 2008. 

California Department of Fish and Wildlife (CDFW), 2009. Protocols for Surveying and 

Evaluating Impacts to Special-Status Native Plant Populations and Natural Communities.  

California Native Plant Society (CNPS), 2015. Inventory of Rare and Endangered Plants (online 

edition, v8.02). California Native Plant Society. Sacramento, CA. 

Cloern, J.E. 2007. Habitat connectivity and ecosystem productivity: implications from a simple 

model. The American Naturalist 169: E21-E33. 

Contreras, D., R. Hartman, S. Sherman, A. Low. 2015. Sampling fish and macroinvertebrate 

resources in tidal wetlands. Sacramento-San Joaquin Delta. Methods Trial Phase II. 

Prepared by the Fish Restoration Program Monitoring Team, California Department of 

Fish and Wildlife, Stockton, California. October 26, 2015. 

Delta Stewardship Council. 2013. The Delta Plan. Adopted by the Delta Stewardship Council on 

May 16, 2013. Available: http://deltacouncil.ca.gov/delta-plan-0. 



Tule Red Tidal Restoration Certification of Consistency – Detailed Findings  

 

 

Westervelt Ecological Services & ESA  20 

Department of Water Resources (DWR). 2013. Methylmercury Import and Export Studies on 

Tidal Wetlands in the Sacramento-San Joaquin Delta and Yolo Bypass. Sacramento, 

California. 32 pp. 

Department of Water Resources (DWR) and Department of Fish and Game (DFG), 2010. Fish 

Restoration Program Agreement (FRPA). October 18, 2010.  

Department of Water Resources, Department of Fish and Game, U.S. Fish and Wildlife Service, 

National Marine Fisheries Service (DWR, et al.), 2012. Fish Restoration Program 

Agreement (FRPA) Implementation Strategy. March 2012.  

Department of Water Resources (DWR), U.S. Bureau of Reclamation (USBR), State and Federal 

Contractors Water Agency (SFCWA), Department of Fish and Game (DFG), U.S. Fish 

and Wildlife Service (USFWS), and National Marine Fisheries Service (NMFS). 2011. 

Memorandum of Agreement Regarding the Early Implementation of Habitat Projects for 

the Central Valley Project and State Water Project Coordinated Operations and Bay 

Delta Conservation Plan. September 11. 

Durand, J. 2008. Delta Foodweb Conceptual Model. Delta Regional Ecosystem Restoration 

Implementation Plan. October 2008. 

Environmental Science Associates (ESA), 2015a. Tule Red Wetland Delineation Report. 

October 2015. 

ESA, 2015b. Memorandum: Tule Red Restoration Project Special-Status Plant Survey: Early 

Season Survey Methods and Results. To: Westervelt Ecological Services. June 2, 2015.  

ESA, 2015c. Memorandum: Tule Red Restoration Project Special-Status Plant Survey: Late 

Season Survey Methods and Results. To: Westervelt Ecological Services. August 28, 

2015.  

Gislason, A., and Silva, T. 2009. Abundance, composition, and development of zooplankton in 

the Subarctic Iceland Sea in 2006, 2007, and 2008. – ICES Journal of Marine Science, 

doi:10.1093/icesjms/fss070. 

Grimaldo, L.F., A.R. Stewart, and W. Kimmerer. 2009. Dietary segregation of pelagic and 

littoral fish assemblages in a highly modified tidal freshwater estuary. Marine and 

Coastal Fisheries: Dynamics, Management, and Ecosystem Science 1:200-217. 

Hennessy, A. 2009. Zooplankton Meta Data. IEP Bay-Delta Monitoring and Analysis Section, 

Department of Water Resources, Sacramento, CA. 

http://www.water.ca.gov/bdma/meta/zooplankton.cfm 

Howe, E. R., C. A. Simenstad, J. D. Toft, J. R. Cordell, and S. M. Bollens. 2014. 

Macroinvertebrate Prey Availability and Fish Diet Selectivity in Relation to 

Environmental Variables in Natural and Restoring North San Francisco Bay Tidal Marsh 

Channels. San Francisco Estuary and Watershed Science 12. 

http://www.water.ca.gov/bdma/meta/zooplankton.cfm


Tule Red Tidal Restoration Certification of Consistency – Detailed Findings  

 

 

Westervelt Ecological Services & ESA  21 

Howe, E. R. and C. A. Simenstad. 2007. Restoration trajectories and food web linkages in San 

Francisco Bay’s estuarine marshes: a manipulative translocation experiment. Marine 

Ecology Progress Series, 351: 65-76. 

Interagency Ecological Program Management, Analysis, and Synthesis Team (IEP MAST). 

2015. An updated conceptual model of Delta Smelt biology: our evolving understanding 

of an estuarine fish. Technical Report 90. January 2015. Available: 

http://www.water.ca.gov/iep/pod/mast.cfm. 

Jassby, A.D., J.E. Cloern, and B.E. Cole. 2002. Annual primary production: patterns and 

mechanisms of change in a nutrient-rich tidal ecosystem. Limnology and Oceanography 

47:698–712. 

Kimmerer, W.J., E. Gartside, J.J. Orsi. 1994. Predation by an introduced clam as the likely cause 

of substantial declines in zooplankton of San Francisco Bay. Marine Ecology Progress 

Series 113:81-93. 

Kneib, R.T., C.A. Simenstad, M.L. Nobriga, and D.M. Talley. 2008. Tidal Marsh Ecosystem 

Conceptual Model. Prepared for the CALFED Delta Regional Ecosystem Restoration 

Implementation Plan. Available: http://www.nrm.dfg.ca.gov/FileHandler.ashx?

DocumentID=6410. 

Lehman, P.W. 2013. Material flux and carbon production in Liberty Island wetland. Presentation 

at U.C. Davis Center for Aquatic Biology and Aquaculture Seminar “Tidal Marshes and 

Native Fishes in the Delta: Will Restoration Make a Difference?” June 10, 2013. 

Lehman, P.W., S. Mayr, L. Mecum, C. Enright. 2010. The freshwater tidal wetland Liberty 

Island, CA was both a source and sink of inorganic and organic material to the San 

Francisco Estuary. Aquatic Ecology. 44:359-372. 

Lehman, P.W., S. Mayr, L. Liu, A. Tang. 2015. Tidal day organic and inorganic material flux of 

ponds in the Liberty Island freshwater tidal wetland. SpringerPlus 4:273. DOI 

10.1186/s40064-015-1068-6. 

Lopez, C.B., J.E. Cloern, T.S. Schraga, A.J. Little, L.V. Lucas, J.K. Thompson, and J.R. Burau. 

2006. Ecological values of shallow-water habitats: Implications for restoration of 

disturbed ecosystems. Ecosystems 9:422–440. 

Merz, J.E., S. Hamilton, P.S. Bergman and B. Cavallo. 2011. Spatial perspective for delta smelt: 

a summary of contemporary survey data. California Fish and Game 97(4):164-189. 

Moyle, P. B. 2002. Inland fishes of California. 2nd edition. Davis, CA: University of California 

Press. 

Mueller-Solger, A. B., A. D. Jassby, and D. C. Muller-Navarra. 2002. Nutritional quality of food 

resources for zooplankton (Daphnia) in a tidal freshwater system (Sacramento-San 

Joaquin River Delta). Limnology and Oceanography 47:1468-1476. 

http://www.nrm.dfg.ca.gov/FileHandler.ashx?DocumentID=6410
http://www.nrm.dfg.ca.gov/FileHandler.ashx?DocumentID=6410


Tule Red Tidal Restoration Certification of Consistency – Detailed Findings  

 

 

Westervelt Ecological Services & ESA  22 

National Marine Fisheries Service (NMFS). 2009. Biological Opinion and Conference Opinion 

for the Long-Term Operations of the Central Valley Project and State Water Project. 

June 4. 844pp.Available: http://www.westcoast.fisheries.noaa.gov/publications/Central_

Valley/Water%20Operations/Operations,%20Criteria%20and%20Plan/nmfs_biological_

and_conference_opinion_on_the_long-term_operations_of_the_cvp_and_swp.pdf. 

National Oceanic and Atmospheric Administration (NOAA). 2015. Tides and currents. Available 

at http://tidesandcurrents.noaa.gov/noaatidepredictions/NOAATidesFacade.jsp?

Stationid=9415144.  

Nobriga, M. and F. Feyrer. 2007. Shallow-water piscivore-prey dynamics in California's 

Sacramento-San Joaquin Delta. San Francisco Estuary and Watershed Science 5(2): 

Article 4. 

Northwest Hydraulic Consultants (NHC). 2015. Tule Red Marsh Restoration Project: Hydraulic 

and Geomorphic Basis of Design Report. Prepared for Westervelt Ecological Services. 

November 30, 2015. 

Odell, R., B. Hall, and P. Brooks, 2008. Conceptual design and modeling of restored coastal 

wetlands. International Journal of River Basin Management 6(3):283-295 

O'Rear, T. A., and P. B. Moyle. 2009. Trends in Fish Populations of Suisun Marsh January 2008 

- December 2008. California, California Department of Water Resources 

O'Rear, T. A., and P. B. Moyle. 2010. Suisun Marsh Fish Study: trends in fish and invertebrate 

populations of Suisun Marsh January 2009 - December 2009. California, California 

Department of Water Resources. 

O'Rear, T. A., and P. B. Moyle. 2012. Suisun Marsh Fish Study: trends in fish and invertebrate 

populations of Suisun Marsh January 2011 - December 2011. California, California 

Department of Water Resources. 

O'Rear, T. A., and P. B. Moyle. 2013a. Suisun Marsh Fish Study: trends in fish and invertebrate 

populations of Suisun Marsh January 2012 - December 2012. California, California 

Department of Water Resources. 

O'Rear, T. A., and P. B. Moyle. 2013b. Suisun Marsh Fish Study: trends in fish and invertebrate 

populations of Suisun Marsh January 2010 - December 2010. California, California 

Department of Water Resources. 

O'Rear, T. A., and P. B. Moyle. 2013c. Trends in fish and invertebrate populations of Suisun 

Marsh January 2009 - December 2009. California, California Department of Water 

Resources. 

Orsi, J.J. and W.L. Mecum. 1996. Food limitation as the probable cause of a long-term decline in 

the abundance of Neomysis mercedis the opossum shrimp in the Sacramento-San Joaquin 

http://www.westcoast.fisheries.noaa.gov/publications/Central_Valley/Water%20Operations/Operations,%20Criteria%20and%20Plan/nmfs_biological_and_conference_opinion_on_the_long-term_operations_of_the_cvp_and_swp.pdf
http://www.westcoast.fisheries.noaa.gov/publications/Central_Valley/Water%20Operations/Operations,%20Criteria%20and%20Plan/nmfs_biological_and_conference_opinion_on_the_long-term_operations_of_the_cvp_and_swp.pdf
http://www.westcoast.fisheries.noaa.gov/publications/Central_Valley/Water%20Operations/Operations,%20Criteria%20and%20Plan/nmfs_biological_and_conference_opinion_on_the_long-term_operations_of_the_cvp_and_swp.pdf


Tule Red Tidal Restoration Certification of Consistency – Detailed Findings  

 

 

Westervelt Ecological Services & ESA  23 

estuary. Pages 375–401 in J.T. Hollibaugh, editor. San Francisco Bay: the ecosystem. 

American Association for the Advancement of Science. San Francisco, CA. 

Raabe, A., A. Wadsworth, J. Scammell-Tinling, S. Rodriguez, L. Cholodenko, C. Battistone, 

M. Nobriga, C. Enos. 2010. Suisun Marsh Tidal Marsh and Aquatic Habitats Conceptual 

Model. Chapter 4: Species. July 2010. 

Randall, J.M. and M.C. Hoshovsky. 2000. California Wildland Invasive Plants. In: Bossard, 

C.C., J.M. Randall, and M.C. Hoshovsky. Invasive Plants of California’s Wildlands. 

University of California Press. Berkeley, CA. Retrieved August 13, 2013 from : 

http://www.cal-ipc.org/ip/management/ipcw/cwip.php. 

Resource Management Associates (RMA). 2015. Salinity modeling analysis of the proposed 

Tule Red Tidal Marsh Restoration, Grizzly Island, California. Technical Memorandum. 

Prepared for Westervelt Ecological Services. November 2015.  

Robertson - Bryan, Inc. (RBI) 2015. Methylmercury and Dissolved Oxygen Analysis of the 

Proposed Tule Red Tidal Marsh Restoration, Grizzly Island, California. Technical 

Memorandum. November 13, 2015. Prepared for Westervelt Ecological Services.  

Robinson, A., D.G. Slotton, S. Lowe, J.A. Davis. 2014. North Bay Mercury Biosentinel Project 

(December 2014 Report). Richmond, CA: San Francisco Estuary Institute. 

Siegel, S. C. Toms, D. Gillenwater. 2010. Suisun Marsh tidal marsh and aquatic habitats 

conceptual model. Chapter 3: Tidal Marsh.  

Sobczak, W. V., J. E. Cloern, A. D. Jassby, and A. B. Muller-Solger. 2002. Bioavailability of 

organic matter in a highly disturbed estuary: The role of detrital and algal resources. 

Proceedings of the National Academy of Sciences 99:8101-8105. 

Sobczak, W.V., J.E. Cloern, A.D. Jassby, B.E. Cole, T.S. Schraga, and A. Arnsberg. 2005. 

Detritus fuels ecosystem metabolism but not metazoan food webs in San Francisco 

estuary’s freshwater Delta. Estuaries 28:124–137. 

Sommer, T. R., M. L. Nobriga, W. C. Harrell, W. Batham, and W. J. Kimmerer. 2001. 

Floodplain rearing of juvenile chinook salmon: Evidence of enhanced growth and 

survival. Canadian Journal of Fisheries and Aquatic Sciences 58:325-333. 

Sommer, T., and F. Mejia. 2013. A place to call home: a synthesis of delta smelt habitat in the 

upper San Francisco Estuary. San Francisco Estuary and Watershed Science 11(2). 

Spautz, H., J. Rosenfield, A. Ballard, J. Downs, N. Clipperton, C. Wilcox, K. Fritsch and 

D. Zezulak. 2012. Creating an Adaptive Management Decision-Making Framework to 

Address Uncertainties in Delta Habitat Restoration: Tidal Marsh Productivity Exports, 

Aquatic Food Webs, and Delta Smelt. Poster Presentation, Bay-Delta Science 

Conference, October 2012. 



Tule Red Tidal Restoration Certification of Consistency – Detailed Findings  

 

 

Westervelt Ecological Services & ESA  24 

Speegle, J., J. Kirsch, J. Ingram. 2013. Annual report: juvenile fish monitoring during the 2010 

and 2011 field seasons within the San Francisco Estuary, California. Stockton Fish and 

Wildlife Office, U.S. Fish and Wildlife Service, Lodi, California.  

State and Federal Contractors Water Agency (SFCWA). 2013. Final Lower Yolo Ranch 

Restoration Long-Term Management Plan. Yolo County, California. November 2013.   

Thompson, J.K. and F. Parchaso. 2010. Corbula amurensis conceptual model. August 2010. 

U.S. Bureau of Reclamation (USBR), U.S. Fish and Wildlife Service (USFWS), California 

Department of Fish and Game (DFG), and ICF International. 2011. Suisun Marsh Habitat 

Management, Preservation, and Restoration Plan. Final Environmental Impact 

Statement/Environmental Impact Report. November 2011. Available: 

http://www.usbr.gov/mp/nepa/nepa_projdetails.cfm?Project_ID=781.  

U.S. Bureau of Reclamation (USBR), U.S. Fish and Wildlife Service (USFWS), California 

Department of Fish and Game (DFG). 2013. Suisun Marsh Habitat Management, 

Preservation, and Restoration Plan. May 2013. Available: 

http://www.usbr.gov/mp/nepa/documentShow.cfm?Doc_ID=17283. 

U.S. Fish and Wildlife Service (USFWS). 2008. Formal Endangered Species Act Consultation 

on the Proposed Coordinated Operations of the Central Valley Project (CVP) and State 

Water Project (SWP). Available: http://www.fws.gov/sfbaydelta/documents/swp-

cvp_ops_bo_12-15_final_ocr.pdf.  

Wells, E. 2015. Benthos Meta Data. IEP Bay-Delta Monitoring and Analysis Section, 

Environmental Monitoring Program. Department of Water Resources, Sacramento, CA. 

http://www.water.ca.gov/bdma/meta/benthic.cfm. 

B. BASIS OF DESIGN 

D’Alpaos, A., Lanzoni, S., Marani, M., Bonometto, A., Cecconi, G., Rinaldo, A. 2007. 

Spontaneous tidal network formation within a constructed salt marsh: Observations and 

morphodynamic modelling. Geomorphology 91. Pp 187-197 

Deverel, S., Ingrum, T., Lucero, C., and Drexler, J. 2014. Impounded Marshes on Subsided 
Islands: Simulated Vertical Accretion, Processes, and Effects, Sacramento-San Joaquin 

Delta, CA USA. San Francisco Estuary and Watershed Science, June 2014. 

DWR 2001. Comprehensive Review Suisun Marsh Monitoring Data 1985-1995. March 2001 

Krone, R. 1987. A method for simulating historic marsh elevations. Proceedings of ASCE 

Conference, Coastal Sediments 87, New Orleans, 317-323. 

Hultgren-Tillis Engineers, 2014. DRAFT Geotechnical Investigation Tule Red, Solano 

California. December 5, 2014 

http://www.usbr.gov/mp/nepa/nepa_projdetails.cfm?Project_ID=781
http://www.usbr.gov/mp/nepa/documentShow.cfm?Doc_ID=17283
http://www.fws.gov/sfbaydelta/documents/swp-cvp_ops_bo_12-15_final_ocr.pdf
http://www.fws.gov/sfbaydelta/documents/swp-cvp_ops_bo_12-15_final_ocr.pdf


Tule Red Tidal Restoration Certification of Consistency – Detailed Findings  

 

 

Westervelt Ecological Services & ESA  25 

Lionberger, M.L., Schoellhamer, D.H., Buchanan, P.A., and Meyer, S. 2004. Salt- Pond Box 

Model SPOOM) and Its Application to the Napa-Sonoma Salt Ponds, San Francisco Bay, 

California: U.S. Geological Survey Water Resources Investigations Report 03-4199, 21 

p. 

Mehta, A. and McAnally, W. 2008. Fine Grained Sediment Transport. Sedimentation 

Engineering: pp. 253-306. 

Moyle, P. 2015. Personal communication w/ Westervelt Ecological Services 

NHC 2012. Sacramento River Sediment Study Phase II-Sediment Transport Modeling and 

Channel Shift Analysis. Prepared for U.S. Army Corps of Engineers, Sacramento 

District. December 10, 2012 

Odell, R., Brooks, P., Hall, B. 2008. Conceptual design and modeling of coastal wetlands. Intl. J. 

River Basin Management Vol 6, No. 3 pp. 283-295. 

PWA 2003. 2002 Annual Monitoring Report #7. Sonoma Baylands Wetland Demonstration 

Project. Prepared for The Department of Army, San Francisco District Corps of 

Engineers. November 7, 2003 

Siegel, S., Enright, C., Toms, C., Eno, C., Sutherland, J. 2010. Suisun Marsh Tidal Marsh and 

Aquatic Habitats Conceptual Model Chapter 1: Physical Processes. Final Review Draft. 

September 15, 2010 

Shvidchenko, A., MacArthur, R., and Hall, B. 2004. Historic Sedimentation in Sacramento-San 

Joaquin Delta. Interagency Ecological Program for the San Francisco Estuary. Vol 17, 

No. 3, Summer 2004. 

Van der Wegen, M., and Jaffe, B.E. 2013. Does centennial morphodynamic evolution lead to 

higher channel efficiency in San Pablo Bay, California? Marine Geology 345 p. 254-265 

Wallace, K., Callaway, J., Zedler, J. 2005. Evolution of tidal creek networks in a high 

sedimentation environment: a 5-year experiment at Tijuana Estuary, California. Estuaries 

28 (6) pp 795-811. 

Warner, J., Schoellhamer, D., Ruhl, C., and Burau, J. 2004 Floodtide pulses after low tides in 

shallow subembayments adjacent to deep channels. Estuarine, Coastal, and Shelf Science 

60. pp 213-228. 

Wright, S., and Schoellhamer, D. 2004. Trends in the Sediment Yield of the Sacramento River, 

California, 1957-2001. San Francisco Estuary and Watershed Science [online serial]. Vol. 

2 Issue 2 (May 2004). 


