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Outline

1. Introduction to FFH in the SFE

2. The WRMP & FFH Monitoring Guidelines

3. Past FFH Monitoring (OGFL Reviews)

4. FFH Monitoring Studies (OGFL examples)

5. FFH Data Integration (OGFL examples)

6. The Future of Aquatic Wetland Ecology in the SFE

“A society grows great when old men 
plant trees in whose shade they shall 
never sit.” 
— Greek Proverb

“An estuary grows great when old 
managers restore wetlands whose veg. 
they may never view.” 
— Geek Proverb

“Ecological knowledge grows great 
when old scientists initiate monitoring 
whose trends they may never track.” 
— Geek Proverb



Levi S. Lewis, UC Davis State of the Estuary, 2024 6

Outline

1. Introduction to FFH in the SFE

2. The WRMP & FFH Monitoring Guidelines

3. Past FFH Monitoring (OGFL Reviews)

4. FFH Monitoring Studies (OGFL examples)

5. FFH Data Integration (OGFL examples)

6. The Future of Aquatic Wetland Ecology in the SFE

“A society grows great when old men 
plant trees in whose shade they shall 
never sit.” 
— Greek Proverb

“An estuary grows great when old 
managers restore wetlands whose veg. 
they may never view.” 
— Geek Proverb

“Ecological knowledge grows great 
when old scientists initiate monitoring 
whose trends they may never track.” 
— Geek Proverb



Levi S. Lewis, UC Davis State of the Estuary, 2024 7

1. Introduction
The San Francisco Estuary

Oakland
San 

Francisco

Silicon Valley

Napa Rio Vista

Antioch



Levi S. Lewis, UC Davis State of the Estuary, 2024 8

1. Introduction

Oakland
San 

Francisco

Silicon Valley

Napa Rio Vista

Antioch

The San Francisco Estuary



Levi S. Lewis, UC Davis State of the Estuary, 2024 9

1. Introduction

Oakland
San 

Francisco

Silicon Valley

Napa

Delta

Suisun

N. Bay

S. Bay 

The San Francisco Estuary

C. Bay



Levi S. Lewis, UC Davis State of the Estuary, 2024 10

1. Introduction

Brackish 
Wetlands 
of the SFE
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1. Introduction

Wetlands 
Definition
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1. Introduction

Wetlands 
Definition
Ecology
Value

Conservation

"Of the original 2200 km2 of tidal marsh, 
only about 125 km2 of undiked marsh 

remains today“ (95% degraded)
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1. Introduction

Wetland Fishes of the SFE

Lewis et al. 2023
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1. Introduction

https://deltascience.shinyapps.io/Home/

IEP

Brackish 
Wetlands:

FFH Monitoring 
in the SFE
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1. Introduction

https://deltascience.shinyapps.io/Home/

IEP

Brackish 
Wetlands:

FFH Monitoring 
in the SFE

• Only Suisun Marsh has been 
included in long-term 
monitoring

• No long-term monitoring in 
most North Bay and South Bay 
Wetlands

Suisun
(Upper Estuary)San Pablo Bay

“North Bay”

South Bay
Lower South Bay
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1. Introduction
The Current View

State Federal



Levi S. Lewis, UC Davis State of the Estuary, 2024 18

1. Introduction
“An abundant, diverse community of fish that is dominated by 
native species, which in turn are widespread throughout
their native range, is an indicator of a healthy Estuary.”

“In San Francisco and San Pablo Bays, this long-term data set 
is from sampling only the offshore areas of the bay and may 
not reflect benefits to fish populations from recent wetland 
restoration.
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1. IntroductionThe sad fact is that the ocean could be empty, and it would 
still look the same.
– Carl Safina 
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The sad fact is that the ocean [estuary] could be empty, and 
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2. WRMP FFH Guidelines

Monitoring Fish and Fish Habitats 
(FFH) in wetlands of the lower 

estuary is one of many goals of the 
WRMP.
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2. WRMP FFH Guidelines

The Value of WRMP FFH Monitoring

● Broad integration of prior data with new data from across the Estuary

● New information re: biological integrity of wetlands across the SFE

● New information re: use of wetlands by ESA/CESA listed species

● Improved understanding of ecological patterns/outcomes estuary-
wide 

● Support restoration practitioners and community partners

● Take and incidental harassment authorization efficiencies

● Guidance re: monitoring associated with restoration 
projects/permitting

● Robust data for informing fish conservation and management

● Robust baselines for assessing ecological impairment

● Integration into existing assessment
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2. WRMP FFH Guidelines
p    y    y  

Fish + Fish Habitat Workgroup  

Drafting a FFH SOP Timeline: 2020-2023
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2. WRMP FFH Guidelines
p    y    y  

Step 1: Identify FFH-specific Monitoring Goals 

1. Establish long-term fish monitoring in 
wetlands bay-wide

2. Monitor the use of wetland habitats by 
ESA/CESA listed fish species

3. Provide context and guidance regarding 
fish responses to individual projects
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2. WRMP FFH Guidelines
p    y    y  

Step 2: Develop Considerations for Proposed Monitoring 
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2. WRMP FFH Guidelines
p    y    y  

Step 3: Rank Alternatives Ability to Meet Monitoring Goals 
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2. WRMP FFH Guidelines
p    y    y  

Write the SOP;
Contrast with Existing Literature
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2. WRMP FFH Guidelines
p    y    y  

Step 4: Coordination with Partners
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2. WRMP FFH Guidelines
p    y    y  

Step 5: Finalize the SOP; Edits and Ratificaion by the TAC
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2. WRMP FFH Guidelines
p    y    y  

Step 5: Edits and Ratification by the Steering Committee

Completed in 2023
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2. WRMP FFH Guidelines

● Habitats: complete tidal marsh ecosystem [CTME] 
(marsh, slough, mudflat, shoal)

● Focal groups: large-bodied, small-bodied, and 
marsh-plain, listed (CESA/ESA)

● Monitoring Data/Gear/Methods: Beach seines, 
otter trawls, set nets, acoustics (consistent with 
past/existing MPs)

● Data:  Water Quality, QAQC,  samping; WRMP-DMP

● Sites: Benchmark, reference (prioritization by SC)

Recommendations & Justifications
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2. WRMP FFH Guidelines
● Broad diversity of fish spp.Recommendations & Justifications
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2. WRMP FFH Guidelines
● Broad diversity of fish spp.
● Occur in diversity of habitatsRecommendations & Justifications
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2. WRMP FFH Guidelines

● Boat-based

● Maximize site access

● Minimize wildlife 
interactions & permitting 
conflicts

Recommendations & Justifications
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2. WRMP FFH Guidelines

https://www.wrmp.org/wrmp-guidance-on-fish-and-fish-
habitat-monitoring/

https://www.fisheries.noaa.gov/feature-story/new-wetland-
monitoring-guidelines-san-francisco-bay-leverage-data-
improve-science-and

https://www.wrmp.org/wp-content/uploads/2024/03/wrmp-
guidelines-monitoring-sf-bay-3-27-2024.pdf 

WRMP FFH Guidelines Published (2023)

https://www.wrmp.org/wrmp-guidance-on-fish-and-fish-habitat-monitoring/
https://www.wrmp.org/wrmp-guidance-on-fish-and-fish-habitat-monitoring/
https://www.fisheries.noaa.gov/feature-story/new-wetland-monitoring-guidelines-san-francisco-bay-leverage-data-improve-science-and
https://www.fisheries.noaa.gov/feature-story/new-wetland-monitoring-guidelines-san-francisco-bay-leverage-data-improve-science-and
https://www.fisheries.noaa.gov/feature-story/new-wetland-monitoring-guidelines-san-francisco-bay-leverage-data-improve-science-and
https://www.wrmp.org/wp-content/uploads/2024/03/wrmp-guidelines-monitoring-sf-bay-3-27-2024.pdf
https://www.wrmp.org/wp-content/uploads/2024/03/wrmp-guidelines-monitoring-sf-bay-3-27-2024.pdf
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3. FFH Review
p    y    y  

Photo by Jim Ervin

(a) Literature Review (monitoring inventory , 2023)
Draft Manuscript Project List Station Mapping
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3. FFH Review

● Individual Projects (restoration, mitigation, etc.)
● Gear use among SFE regions

(a) Literature Review (monitoring inventory , 2023)
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3. FFH Review

● Gear use among projects
● Gear use among habitat types

(a) Literature Review (monitoring inventory, 2023)
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3. FFH Review

● The FFH SOP was drafted to be in 
agreement with common/best 
practices used by other wetland fish 
monitoring programs and studies.

● Facilitates integration & maximizes 
value.

(a) Literature Review (monitoring inventory, 2023)
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3. FFH Review
(b) Literature Review (master database, 2024)

Beach Seines

Fyke Traps

Baited Traps

• Tow-level catch & env. data
• Incorporation into an online data portal
• Beginning of WRMP FFH database
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4. FFH Monitoring Studies (OGFL examples)

OGFL FFH Projects
1. Restoration (2014-17, 2023-25)

- SBSPRP Salt Ponds, ValleyWater 

2. Endangered Spp (2015-pres)
- DWR LFS Distributions/Broodstock 

3. Wastewater Effluent (2016-pres)
- SJSCRWF

4. Summer Hypoxia (2021)
- SFEI nutrient strategy 

5. Contaminants (Hg, 2023-25)
- EPA, ValleyWater, Stillwater  

6. Ben. Use of Dredge (2023-25)
- ACE, USGS
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4. FFH Monitoring Studies (OGFL examples)

OGFL FFH Projects

2018 2019 2020 2021 2022 2023 2024

~180 ~200 ~200 ~400 ~400 ~500 ~800

1. Restoration (2014-17, 2023-25)
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2. Endangered Spp (2015-pres)
- DWR LFS Distributions/Broodstock 

3. Wastewater Effluent (2016-pres)
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- SFEI nutrient strategy 
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4. FFH Monitoring Studies (OGFL examples)

OGFL FFH Projects

https://www.ogfishlab.com/news/

1. Restoration (2014-17, 2023-25)
- SBSPRP Salt Ponds, ValleyWater 

2. Endangered Spp (2015-pres)
- DWR LFS Distributions/Broodstock 

3. Wastewater Effluent (2016-pres)
- SJSCRWF

4. Summer Hypoxia (2021)
- SFEI nutrient strategy 

5. Contaminants (Hg, 2023-25)
- EPA, ValleyWater, Stillwater  

6. Ben. Use of Dredge (2023-25)
- ACE, USGS

By Jim Erv

OGFL Blog: “Fish in the Bay”



Levi S. Lewis, UC Davis State of the Estuary, 2024 47

4. FFH Monitoring Studies (OGFL examples)
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5. Data Integration

Caroline Newell (L Lewis, M Provost, J Durand)

(a) Center for Watershed Sciences Incubator Project (2023-2024)

Spatial Variation:

1. Community Structure

2. Habitat Suitability
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5. Data Integration
(b) Master database (repeated)

Beach Seines

Fyke Traps

Baited Traps

• Tow-level catch & env. data
• Incorporation into an online data portal
• Beginning of WRMP FFH database



Levi S. Lewis, UC Davis State of the Estuary, 2024 53

Outline

1. Introduction to FFH in the SFE

2. The WRMP & FFH Monitoring Guidelines

3. Past FFH Monitoring (OGFL Reviews)

4. FFH Monitoring Studies (OGFL examples)

5. FFH Data Integration (OGFL examples)

6. The Future of Aquatic Wetland Ecology in the SFE

“A society grows great when old men 
plant trees in whose shade they shall 
never sit.” 
— Greek Proverb

“An estuary grows great when old 
managers restore wetlands whose veg. 
they may never view.” 
— Geek Proverb

“Ecological knowledge grows great 
when old scientists initiate monitoring 
whose trends they may never track.” 
— Geek Proverb



Levi S. Lewis, UC Davis State of the Estuary, 2024 54

6. The Future of FFH Monitoring in SFE Wetlands

• Wetland FFH Database/Portal

• State of the Estuary Report (Wetland Fishes)

2025
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6. The Future of FFH Monitoring in SFE Wetlands

• $1.5 Million FFH Y1-2 Implementation
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