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Introduction 
NOAA ARRA Tidal Marsh Restoration Project San Francisco 

Bay Estuary 

San Francisco Bay and its tributaries historically supported large 
salmonid and sturgeon populations

Information on species abundance, richness, distribution, residency and 
movement of these species throughout the Bay is generally lacking, 
particularly for the South Bay

Current acoustic tagging technology is particularly useful for gaining 
information

The large-scale restoration of thousands of acres of diked and 
undeveloped baylands yields unprecedented opportunities to bolster 
populations and habitat



Study Purpose

Contribute to the innovative collection of biotelemetry data for Special 
Status salmonids and sturgeon within the San Francisco Bay 

Determine the distribution, habitat utilization, residency,  and 
movement throughout the Bay by Special Status Species

Understand how fish species use restored tidal marsh habitats

Enable NOAA Fisheries and other regulatory agencies to make well-
informed decisions regarding potential impacts of maritime construction 
activities and potential success of proposed restoration activities



Background
A goal of the Overarching USACOE LTMS and UC Davis/NOAA Study was 
to develop a large scale receiver array throughout San Francisco Bay 
and Delta (hundreds of receivers)

Initially, hatchery-reared fish were used as surrogates. Recently, wild 
fish (salmonids, sturgeon, striped bass, and others) have been used

In 2003, Cargill, Inc. sold 15,100 acres of salt production ponds to the 
USFWS and CDFW; which became known as the South Bay Salt Ponds 
Restoration Project (SBSP)

In 2008, Cargill salt pond units known as the Napa Plant Site were 
reconnected to tidal action from the Napa River. The project consisted 
of a North Unit, Central Unit , and South Unit. The project is now known 
as the Napa Plant Site Restoration Project (NPSRP)



Background

The first phase of SBSP and NPSRP restoration started in 
2008 and was completed in 2013 and 2010. 

The recently restored tidal habitats of the SBSP and NRSP 
are already beginning to provide salt marsh, intertidal 
mudflat, and channel microhabitats within the floodplains of: 

South San Francisco Bay, including Alviso Slough, Coyote 
Creek, Eden Creek, Alameda Creek

Napa River, including the Napa-Sonoma Marshes Wildlife 
Area along the northwest shore of San Pablo Bay.



Study Objectives

Assess the utilization of and residency within recently 
breeched tidal marsh habitat by CC Napa River steelhead, 
CV salmonids, white sturgeon, and green sturgeon within:

• the Napa Plant Site on the Napa River
• the South San Francisco Bay Salt Ponds

Determine the regional effectiveness of tidal restoration 
efforts on these species

Gather information on the movement of fishes throughout 
the Bay



Methods

John Brezina, Brezina and Associates



Collection of Juvenile Napa River Steelhead from the 
RST for on-site tag and release into the Napa River

Implantation of acoustic tag into body cavity of juvenile Napa River 
steelhead

After recovery, fish were released at point of capture

70 Fish were tagged over 3 years, 41 were detected and tracked 
through the project area and into SF Bay and out to Point Reyes

Detections at Bay receivers were queried from databases



VEMCO Receiver Deployment
16 VR2W receivers installed for NPS Project 
within the Napa River and estuary

25 VR2W receivers installed for South Bay
• 9 in Eden Landing Restoration Area 
• 9 across the Dumbarton Railroad Bridge
• 7 in the Alviso Slough and Coyote Creek area

Additional data were queried for receivers 
throughout the Delta and North Bay.  These 
receivers were maintained and deployed by other 
researchers.  



Receiver Deployment on Piers with Brackets

Schedule 80 PVC deployment bracket
Attached to pier pilings with large cable 
ties
Receivers deployed at 2 to 3 meter depth



Receiver Deployment on Piers with Brackets

Schedule 80 PVC deployment bracket
Attached to pier pilings with large cable 
ties
Receivers deployed at 2 to 3 meter depth
Other receiver deployment techniques



Napa River 
Receivers & Locations:

RST: Rotary Screw Trap
1 & 2: Napa River above NPS      

(upper gate) 
3: North Unit
4: Fagan Slough
5: Center Unit Breach
6 & 7: South Unit Breaches
8: Dutchman Slough
9 & 10: Mare Island strait

(lower gate)
MI-22 & MI-23: Mare Island 

Piers
CS-1: Carquinez Straight
SF-9 West and East: Dredge 

Material Placement  
Area in Carquinez 
Straight



South Bay Salt Pond Restoration Areas



Eden Landing Receiver Locations



Dumbarton Receiver Locations



Dumbarton Channel Receivers



Alviso Slough Receiver Locations



LTMS, UC Davis & NOAA Overarching Study Receiver 
Locations

Receiver Arrays/Locations 
were aggregated into 
groups for simplicity



Results and Analysis

1 - Napa River restored habitat utilization and 
steelhead outmigration

2 - South Bay restored habitat utilization 

3 - Movement of sturgeon throughout the greater Bay 
Area and Delta



Summary of Wild Napa River Steelhead Detections at each Receiver Per Year, 2010 through 2012, Napa River Plant Site Project.
Fish ID Receiver 1 and 2 Receiver 3 Receiver 4 Receiver 5 Receiver 6 Receiver 7 Receiver 8 Receiver 

9 and 10 Mare Island Carquinez Strait

2010 NWSTH-001 x x x x x

2010 NWSTH-002 x x x x

2010 NWSTH-003 x x x

2010 NWSTH-004 x x

2010 NWSTH-006 x x x x

2010 NWSTH-009 x x

2010 NWSTH-011 x x

2010 NWSTH-012 x

2010 NWSTH-013 x x x

2010 NWSTH-014 x x

2010 NWSTH-015 x

2010 NWSTH-016 x x

2010 NWSTH-017 x x

2010 NWSTH-020 x x x

2011 NWSTH-023 x x x

2011 NWSTH-024 x x

2011 NWSTH-025 x x

2011 NWSTH-026 x x x

2011 NWSTH-027 x x x

2011 NWSTH-028 x x x

2011 NWSTH-029 x x

2011 NWSTH-031 x x x

2011 NWSTH-032 x

2011 NWSTH-035 x x

2011 NWSTH-036 x x x x

2011 NWSTH-038 x x x x

2011 NWSTH-043 x

2011 NWSTH-045 x x x

2012 NWSTH-052 x x x x

2012 NWSTH-053 x x x

2012 NWSTH-054 x x x x

2012 NWSTH-057 x x

2012 NWSTH-058 x

2012 NWSTH-061 x x

2012 NWSTH-062 x x

2012 NWSTH-064 x x

2012 NWSTH-065 x x x x

2012 NWSTH-066 x x

2012 NWSTH-067 x x x

2012 NWSTH-068 x x

2012 NWSTH-069 x x

2010% N=14 93% 0% 0% 0% 0% 0% 29% 86% 14% 36%

2011% N=14 100% 21% 57% 0% 7% 0% 0% 71% 0% 0%

2012% N=13 100% 0% 31% 0% 0% 0% 31% 92% 0% 0%



Napa River Habitat Utilization
Native and non-native fish species immediately began using the 
newly breached units

Chinook salmon and striped bass were the first species detected 
within the restored habitats

Salmon were first detected within the North Unit 2 years after 
restoration (2008) and the South Unit roughly 2 mos. after 
restoration (2010).  The first detection in the Central Unit was a 
striped bass two years post-restoration (2009)

Generally, striped bass had longer residence times and used 
more off-channel habitats than salmonid or sturgeon species, 
and it was the only species that utilized all the habitat areas

Chinook salmon and steelhead had similar residence times (hrs-
days) within restored habitat areas

Chinook resided in Dutchman Slough anywhere from 8 min. to 
26 days while steelhead resided for up to 2 days/event



Napa River Habitat Utilization

Tides of greater fluctuation also appeared to move fish into and 
out of off-channel habitat, as well as move fish downstream and 
out of the river system 

Green and white sturgeon were detected briefly within the 
restored habitat areas, but  they were detected within 
Dutchman Slough and at the Napa River Lower Gate for days at 
a time. 

Overall, steelhead resided in the North Unit (NR-3) the longest 
with an average of 4 hrs/event.  In Fagan Slough (NR-4), 
steelhead spent an average of 1 hr/event.  Fish were detected 
for a few minutes/event in the South Unit (NR-6).

In general, longer residence times of steelhead during 2012 in 
the North Unit, Fagan Slough and Dutchman Slough was likely 
an effect of habitat maturation.
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Napa River Steelhead Outmigration

The Napa River hydrograph influenced downstream/upstream  
movements between the upper and lower Napa River gates

The tidal flux of the San Francisco Bay influenced  
outmigration in the lower reaches and mouth of the Napa River

• Outmigration coincided with outgoing tides 
• Movements upstream and into Dutchman Slough 

coincided with incoming tides

Overall, steelhead traveled downstream out of the Napa River, 
into the San Pablo and North San Francisco Bays, and out to 
Point Reyes within a period of one month.  Utilizing San Pablo 
and North Bay habitat along the way

Steelhead were not detected south of the Bay Bridge



Napa River Steelhead
Outmigration and Habitat Use

5 functional behavioral groups were identified

The majority of steelhead (41%) directly exited the Napa River 
without using off-channel habitat

34% of steelhead used off-channel habitat prior to exiting the 
Napa River



Steelhead Residency 
During Outmigration (n=26)











South Bay Detections
40 tags were detected within the South Bay between 1/2011 
and 4/2013 

1 Chinook salmon

2 green sturgeon

17 white sturgeon

7 striped bass

13 unknown individuals

13 of the 40 fish were also detected at the Napa River Lower 
Gate beginning in 11/2011

5 of the 13 were also detected within Dutchman Slough



Individual Fish Detected 
Per Species/Receiver



South Bay Habitat Utilization

Dumbarton  Bridge receivers detected fish as they travelled to 
Coyote Creek and Alviso Slough, or potentially other areas (i.e., 
Ravenswood)

Most detections were within the deep water channel only

92% of the 13 unknown individuals were detected 
exclusively at Dumbarton receivers 

A green sturgeon released in the Umpqua River in Oregon 
was detected by the deep water channel receivers for up to 
20 days, the longest residency of a sturgeon 

Most fish were white sturgeon, released at various locations 
along the Sacramento River, Suisun Bay or San Pablo Bay 

Many fish detected would leave and return many times over 
a fairly short period



South Bay Habitat Utilization
No detections in Eden Landing, but fish were observed rolling at the 
surface in the area

Likely due to distance (east shore) from main South Bay channel  
(west shore)

All tagged fish were from the North Bay, Delta and Rivers – No  
South Bay locals

Nearly all Alviso Slough receivers had detections throughout the 3 yrs.

Number of species increased as the study progressed and habitat 
matured

White sturgeon resided within restoration areas for hrs./event 

Pond A21 had repeat visitation by one sturgeon (May, June, 
September and December).  This fish remained in Coyote Creek for 
roughly 7 mos. May-December

Other sturgeon detected in Coyote Creek resided for hrs.-
days/event



South Bay Habitat Utilization

1 adult Chinook salmon, tagged near Farallon Islands, was 
detected in Coyote Creek in August, prior to its being detected in 
the Feather River

Residency of striped bass within the ponds ranged from roughly 
1hr. – 1 mo.

All 15 fish detected at Alviso Slough receivers were previously 
detected at Dumbarton.  Of those 15,  1 striped bass and 3 white 
sturgeon were also detected at the Napa River (lower gate) 
receivers  



White sturgeon and striped bass were the only species detected 
travelling to receivers within the Napa River, Dumbarton, and 
Alviso Slough

7 of 8 sturgeon that were detected by North and South Bay 
receivers were part of a research study being conducted by the 
UC Davis Biotelemetry Laboratory.  Collaboration with UCD 
allowed for a more comprehensive, broad-scale  analysis

There did not seem to be a temporal correlation with sturgeon 
movement throughout the Bay and Delta

Sturgeon were commonly detected along the route from the 
Sacramento River down to the Dumbarton Bridge array, and 
detections were greater around the Benicia Bridge, Carquinez 
Straight, San Pablo Bay and the Richmond Bridge

Movement of white sturgeon throughout 
the greater Bay Area and Delta











Summary – Napa River 
Emigration rates can affect utilization of tidal marsh habitats 
by fish, and are largely affected by hydrograph and tidal 
processes

• More steelhead utilized off-channel habitats during 2011 
in the absence of storm events

• In years with more peak flows (2010, 2012) fewer fish 
use off-channel habit

• Overall, steelhead remained in upper reach (RST) longer, 
moving downstream following peak storm events to the 
upper gate (1/2)

Tidal fluctuation  mediated both downstream/upstream 
movement between the gates, and into/out of off-channel 
habitat

Within one month of steelhead release, smolts were 
detected at Point Reyes receivers



Summary – South Bay
Fish traveling through the South Bay are following the deep 
water channel into restored (or other ) habitat areas

Residency at Dumbarton tends to be brief, as fish are just 
passing through

In Alviso Slough, the restored habitat and Coyote Creek were 
utilized by striped bass, white sturgeon and Chinook salmon 

In general, residency, utilization, and species presence 
increased with habitat maturation

Overall, white sturgeon seem to be constantly traveling 
throughout the North and South Bay areas, the San Pablo 
Bay and associated flats, throughout the Delta channels and 
sloughs, and up the Sacramento River on a regular basis

 indicating bay-wide residency  of white sturgeon 
throughout the San Francisco Bay and Delta
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