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INTRODUCTION 

 

Beginning in 2008, discreet units of the former Cargill salt ponds known as the Napa Plant Site 

were reconnected to tidal action from the Napa River.  This 1,460 acre project site consists of 

three major units: the 205 acre North Unit (Ponds 9 and 10 - breached on 10/12/2008), the 175 

acre Central Unit (Ponds W-1, W-2, and W-3 – breached on 9/29/2009), and the 1,080 acre 

South Unit (Crystallizer beds - breached on 8/25/10) and is now known as the Napa Plant Site 

Restoration Project (NPSRP) (Table 5).    

  

Recently restored tidal habitat at the NPSRP is beginning to provide subtidal channel and other 

channel microhabitats, intertidal mudflat, and intertidal salt marsh within the floodplain of the 

Napa River within a much larger complex of restored habitat in the Napa Sonoma Marshes 

Wildlife Area along the northwest shore of San Pablo Bay.  

 

Several research projects have been and are being conducted to understand native and non-

native fish utilization of these restored tidal marsh habitats, however very little is known 

regarding their use by anadromous salmonids, green and white sturgeon, and other migratory 

fish species.  Most of the current research has been conducted using passive (traps and fyke 

nets) and active (seining and trawling) capture methodologies, but these methods are usually 

not conducted with sufficient effort for quantitative description of migratory fish populations.  

One of the more comprehensive fisheries monitoring projects recently conducted is the Napa 

Plant Site Fisheries Monitoring Project (URS 2012) that investigated the fish community 

assemblages within the newly restored North, Central and South units of the Napa Plant Site.  

This project was conducted generally during the same period (2009 through 2011) as the 

current project and provides a good source with which to compare findings relative to 

anadromous salmonids and sturgeon.   

 

In 2010, a three-year wild Napa River steelhead tagging and distribution study began in the 

Napa River and the NPSRP to better understand anadromous fish utilization of the three 

restored tidal marsh units.  In addition to the capture and tagging of wild Napa River steelhead, 

and their release and detection at strategically-placed listening devices (i.e., acoustic receivers), 

other fish species that have been tagged and released in the Sacramento River and 
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Sacramento-San Joaquin River Delta by an assortment of investigators, and that have been 

detected on the project receivers are analyzed in the current project report.  The findings of the 

first year of effort were published under separate cover (ECORP Consulting, Inc. 2011).  This 

final report documents the data collected during the three years of study (2010 – 2012), 

including an analytical analysis of all three years of data. 

 

Objectives and Purpose 

 

The overarching objective of the San Francisco Bay telemetry program as initially funded by the 

US Army Corps of Engineers (USACE) Long-Term Management Strategy (LTMS) Science Work 

Group, and described in Juvenile Salmonid Outmigration and Distribution Study Design for the 

San Francisco Estuary (USACE 2011), is to improve knowledge of fish movement in the North 

Bay of the San Francisco Estuary.  Specifically, the purpose of the current Project was to 1) 

quantitatively assess the utilization of restored tidal marsh habitats by special-status salmonids 

and green sturgeon, and 2) determine the regional effectiveness of tidal restoration efforts on 

these species.  A Study Plan was prepared for approval by contracting entities that included two 

phases of work: Phase One, strategically-deployed VEMCO® acoustic receiver array in the 

Napa River/Mare Island Strait and adjacent marshlands, including maintenance and data 

download activities, data analysis, and reporting for Central Valley ESU (CV) Chinook salmon, 

Central Valley ESU (CV) steelhead, California Central Coast ESU (CC) steelhead, Southern 

Distinct Population Segment (DPS) green sturgeon, white sturgeon, and striped bass; and 

Phase Two, collecting and tagging wild CC ESU Napa River steelhead with VEMCO® acoustic 

tags for detection at the receiver array deployed during Phase One within the Napa River/Mare 

Island Strait and adjacent marshlands.  All Napa River steelhead are by definition CC ESU, as 

are all steelhead with natal streams tributary to San Francisco, San Pablo, and Suisun bays.  In 

contrast, all steelhead with natal streams that enter the Sacramento-San Joaquin River Delta 

upstream from the eastern boundary of Suisun Bay (Chipps Island) are CV ESU steelhead. 

 

ECORP Consulting, Inc. (ECORP) contracted with Ducks Unlimited (DU), as agent to the 

National Oceanic and Atmospheric Administration (NOAA) upon project award for conducting a 

Fish Acoustic Tagging and Monitoring Study (Project) at the Napa Plant Site on California 

Department of Fish and Wildlife ’s Green Island adjacent to the Napa River, Solano County, 
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California.  Please refer to ECORP Consulting, Inc. 2010 for detailed project responsibilities and 

duties.  The purpose of the project was to carry out Phase One and Phase Two activities during 

each of the three years of the project, primarily, to 1) monitor the occurrence of juvenile CV 

late fall-run Chinook salmon (Oncorhynchus tshawytscha), juvenile CV steelhead (O. mykiss), 

juvenile CC steelhead (O. mykiss), and green sturgeon (Acipenser medirostris), and 2) track the 

distribution of wild Napa River (NWSTH) steelhead (CC) in the vicinity of the NPSRP.  

Secondarily, this report documents occurrence of juvenile white sturgeon (A. transmontanus) 

and striped bass (Morone saxatilis), both important recreational species in San Francisco Bay 

and Delta.   

 

Phase two objectives were assessed by computing individual transit times, and determining 

influences of tide and the Napa River hydrograph on steelhead outmigration.   We also used 

transit time and residence time (in the case of the off channel detections) to gain an 

understanding of the utilization of the tidal marsh habitat by CC steelhead. 

 

Background 

 

The Project focuses on detecting CV steelhead, CC steelhead (i.e., Napa River steelhead), late 

fall-run CV Chinook salmon, DPS green sturgeon, white sturgeon, and striped bass that have 

been and are being tagged and released into the Sacramento River and Delta by numerous 

collaborating fish scientists working with the US Army Corps of Engineers, San Francisco District 

(USACE), US Fish and Wildlife Service (USFWS), US Geologic Survey (USGS), NOAA Fisheries 

(Santa Cruz Laboratory), East Bay Municipal Utilities District (EBMUD), California Department of 

Fish and Wildlife (CDFW), California Department of Water Resources (DWR), NOAA ARRA, 

Ducks Unlimited (DU), ECORP, UC Davis Biotelemetry Laboratory, and many local watershed-

specific entities which collectively form the California Fish Tagging Consortium (CFTC).  In 

addition, both juvenile and adult green sturgeon have been and continue to be tagged along 

the west coast, from the Columbia River to the San Francisco Bay and Delta over the past 

several years.  As such, they are potentially vulnerable to being detected at the project receiver 

array.  More information regarding the efforts of the CFTC investigations is available in the 

companion document produced by the USACE LTMS Science Work Group, (USACE 2011), 

including details regarding the gear (VEMCO® receivers and tags), gear deployment, tag 
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detection studies, quality assurance/quality control (QA/QC), and a listing of then-proposed 

receiver locations.  As part of this overarching project, a large array of VEMCO® acoustic 

receivers was installed and maintained during the life of the current project from the upper 

reaches of the Sacramento River to the Golden Gate Bridge (over 400 receivers), and includes 

an offshore array at Pt. Reyes, just north of the Golden Gate Bridge. This project will help 

delineate the movement of Sacramento River salmon and steelhead through San Francisco Bay 

and Delta, as well as provide information on the residency of green sturgeon in San Francisco 

Bay and Delta. The current project is the first to deploy VEMCO® receivers in the Napa River. 

 

Several thousand hatchery raised late fall-run Chinook salmon and steelhead were tagged with 

acoustic tags over the three years (from December 2009 through July 2012) by various CFTC 

investigators.   Most late fall-run Chinook salmon and steelhead were collected from the 

Coleman National Fish Hatchery, tagged and released at various locations from the confluence 

of Battle Creek with the Sacramento River, through the Delta.  As part of the current project 

(Phase Two), wild Napa River (NWSTH) steelhead (CC) were collected by the Napa County 

Resource Conservation District (NCRCD) via rotary screw trap (RST) in the Napa River, and 

tagged and released just downstream from the RST, approximately 33 km upstream from the 

confluence of the Napa River (Mare Island Strait) with Carquinez Strait.  

 

The NCRCD operated their rotary screw trap annually from approximately mid-March through 

May during this study (Koehler and Blank 2010; Koehler and Blank 2011).  However in 2011, 

steelhead smolts collected in their trap were not available until early April, due first to major 

storm events from mid- to late- March.  In 2012, steelhead smolts were not available until late- 

March and April, due to low flow conditions in the Napa River (precluding the use of the RST).  

Phil Sandstrom, PhD candidate at UC Davis was permitted to handle and tag both CC and CV 

ESU steelhead under a NOAA NMFS ESA Section 10a permit held by Dr. Bruce MacFarlane 

(Permit No. 12222).  All surgical procedures were performed with assistance from UC Davis 

Graduate Students and ECORP staff. 
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METHODS 

 

Phase One 

 

In 2010, a preliminary receiver placement plan was submitted for approval by NOAA and DU 

(ECORP 2010).  Receivers in the lower Napa were deployed to monitor survival and movement 

behaviors, while looking at utilization of restored habitat in the estuarine region of the Napa 

River.  Some receivers deployed in the river were paired to 1) get an accurate estimate of the 

number and species of tagged fish that had the option of entering recently restored aquatic 

habitat, and 2) examine the transit timing of NWSTH steelhead (Phase two) as they migrate 

downstream.  This allowed for an accurate estimate to be made of the number of fish that 

utilized the restored marsh habitats.  Receivers deployed at the restoration sites were placed so 

that they could not detect fish that passed by in the main-stem Napa River, and thus falsely 

increase the number of fish utilizing the restored habitat (Figure 1). 

 

Deployment of Receiver Assemblies 

 

All receivers were deployed at least partially for the purpose of detecting previously tagged 

juvenile steelhead, late fall-run Chinook salmon, and green sturgeon.  The receivers were 

attached to a PVC pipe deployment bracket, 10 ft in length and with a boxed end.  The receiver 

was attached directly to the boxed end of the bracket, and the bracket assembly attached to 

the piers.  The assemblies were deployed at low tide, so that the receiver (with the boxed end 

down) was generally positioned at least five to eight feet deep.  This facilitated the detection of 

tagged fish positioned anywhere throughout the water column.  The receiver bracket assembly 

included an internal safety line attached both to the receiver and to the pier, so that in the 

event of bracket failure (i.e., from a boat strike) the receiver would not be lost.   

 

In the recently-breached salt ponds, the absence of piers or piles precluded attachment and 

deployment of receiver assemblies.  Therefore, a unique deployment method was devised; 5/8 

inch diameter all-thread rods, approximately three feet in length, were bolted through the 

center of 25 pound plates, and the receiver (downward position) was attached directly to the 

top of the all-thread rods.  These assemblies were then deployed offshore within the salt pond 
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units, in as much depth as possible (up to five feet), and attached to a shore-based metal stake 

with a braided line.  

 

Thirteen VEMCO® VR2W receivers were deployed at the following locations (Figures 1 and 2):  

 West Bank of the Napa River (the Upper Gate) - upstream from Napa Plant Site (NR-1) 

 East Bank of the Napa River (the Upper Gate) - upstream from Napa Plant Site (NR-2) 

 North Unit (NR-3) 

 Fagan Slough (NR-4) 

 Central Unit (NR-5) 

 South Units (NR-6 and NR-7) 

 Dutchman Slough (NR-8) 

 East Bank of Napa River (the Lower Gate) – upstream of Tennessee Bridge (NR-9) 

 West Bank of Napa River (the Lower Gate) – upstream of Tennessee Bridge (NR-10) 

 Mare Island Piers 22 and 23 (MI-22 and MI-23) 

 Carquinez Strait (CS-1) 

 

In 2010, several other receivers were deployed as part of a separate project, but due to the 

proximity of those receivers to our study area, data from those receivers were utilized to 

augment the project data (Figure 2). 

 

Receiver Maintenance and Data Management 

 

During all three years of effort, maintenance and data download events were performed (via 

VEMCO VUE® bluetooth software installed on a laptop) on a regular basis for each of the 13 

receivers.  The receivers were serviced by vessel.  File management activities were performed 

after each download event, including QA/QC and summary data tabulation.   

 

Phase Two 

 

Fish tagging activities were coordinated with the NCRCD for collection and tagging of Napa 

River steelhead (CC).  A total of 70 VEMCO V7 tags were implanted into 70 (at least age class 

1+ years of age) juvenile steelhead in smolting condition (i.e., actively migrating downstream, 
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silvery coloration, scales deciduous) across three years: 20 in 2010, 30 in 2011, and 20 in 2012 

(Table 1). 

 

All 70 wild Napa River steelhead (NWSTH) trout were captured from a RST located above tidal 

influence on the Napa River, upstream of Trancas Blvd approximately 33 km above the 

confluence of the Napa River with San Pablo Bay.  A subset of fish collected from the RST were 

tagged and released from 8 April to 7 May in 2010, from 7 April to 19 May in 2011, and from 19 

March to 5 April in 2012 (Table1. 

 

All fish were measured for length (mm) and weight (±0.1 gm) prior to undergoing surgery for 

tag insertion.  Condition factors (K-values) for all tagged fish were calculated.  Fish were 

released upon recovery from surgery and effects of anesthetics.    

 

Surgical Procedure 

 

Numerous tag effect/retention studies have been conducted on steelhead trout, and various tag 

weight to body weight ratios have been suggested for juvenile salmonids ranging from 2% to 

8% of the fish’s body weight (LaCroix et al. 2004; Winter 1983).  Sandstrom et al. found that 

steelhead trout shed acoustic tags at 15% for V7 tags (unpublished data).  VEMCO V7 tags 

were utilized to reduce the impact on smolt behavior and the possibility of tag shedding during 

the study.  All individuals were implanted with the same style of acoustic tag (VEMCO V7-2L, 

7mm x 20mm, 1.6 g, 15 to 45 second random delay).  The expected battery life exceeded the 

anticipated time for fish to exit the study region, 150 days.  A tag to body weight ratio of 3.5% 

was never exceeded during this study.   

 

Fish were removed from the holding box of the Napa River rotary screw trap and anesthetized 

with a concentration of 90 mg/L MS-222.  Once a fish was fully anesthetized it was removed 

from the bath and measured, weighed, and a photo was taken.  Then the individual was placed 

in a surgical cradle where fresh water was run over its gills.  A small incision, approximately 

8mm in length was made anterior to the pelvic girdle just off the ventral line.  The tag was 

inserted vertically and positioned horizontally after it began to enter the peritoneal cavity.  Next, 

the incision was closed with two interrupted sutures tied with surgeon’s knots using a nylon 
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non-absorbable cable suture (Supramid 3-0 FS-2 Extra II).  Following the surgical procedure a 

small fin clip was made on the left pelvic fin for genetic analysis and the fish was placed into a 

recovery tank.   

 

Throughout the procedure, corresponding times of fish in anesthetic, recovery time, and length 

of the surgical procedure were all recorded.  Surgical procedure measurements included fork 

length (FL), weight, photo, and genetic sampling.  Notes on the condition, the surgical 

procedure, and amount of bleeding during the procedure were also recorded.  The average 

anesthetization, surgical, and recovery times were 02:22, 02:12, and 00:45 respectively. 

 

All NWSTH steelhead (CC) were released on site after they had been allowed to recover in a 

tank for no less than 10 minutes of recovery.  The objective of releasing the individuals so 

quickly after the procedure was to minimize our impact on their migratory behavior and allow 

them to finish emigrating under the same river conditions as when they started.  

 

Data Analysis Methodology 

 

Fish location data were queried from project SQL server for all ten Napa River locations for 

dates between 14 January 2010 and 31 July 2012.  The data were imported into a Microsoft 

Access database for QA/QC and post processing.  Individual fish measurements were sorted by 

location and grouped into discrete datasets.  Each unique fish tag ID record was sorted by 

date/time within each study location area.  

 

Restored Habitat Utilization 

 

Restored habitat utilization data were examined with a simple presence/absence technique and 

if present, duration of the individual’s visit (residence time).  If the fish was absent for a period 

> 15 minutes the individual was considered to have left the site.  The same individual was 

considered to have returned if the fish was subsequently detected at the same site again. 
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Transit Time 

 

The transit times for each individual fish were calculated by measuring the time between the 

last detection on the upstream monitor and first detection on the downstream monitor.  We 

considered these movement rates to be the minimum rates traveled by the individual since we 

assumed that the fish moved directly from the upstream monitor to the downstream monitor.  

Typically, fish detected on monitors were actively migrating through the system; although there 

were numerous occasions where individuals were only detected a few times as they passed 

through a site.  Transit times of fish were compared by an individual’s behavior and by year. 

 

Up/Downstream Movement 

 

The movement patterns of the tagged individuals detected in the lower Napa River were 

analyzed with tidal flow data.  We used tidal stage and the direction of sequential detections at 

sites to determine whether fish were moving at random, with, or against the flow.  If it was not 

possible to determine a direction of movement from sequential detections at multiple sites, the 

individual was excluded from analysis.   

 

RESULTS 

 

Napa River Hydrology 

 

In 2010, early season base flows were suitable for out-migrating steelhead beginning mid-

March (Figure 3).  Mid-season storm events (April) resulted in two major peak flow events and 

suitable outflows during the descending hydrograph of both events through April.  In 2011, 

early season base flows again were suitable for out-migrating steelhead beginning early March 

(Figure 4).  Early season storm events (March) resulted in a series of peak flow events and a 

long-term descending hydrograph from late March through May, likely debilitating smolt 

emigration during the latter half of the season.  In 2012, base flows early in the season were 

unsuitable for emigration until a series of peak flows occurred, which initiated in mid-March and 

extended through mid-April (Figure 5). 
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Phase One Receiver Results 

 

2010  

 

During 2010, 13 NWSTH steelhead (CC) smolts were detected at the Napa River Upper Gate 

(NR-1 and NR-2); along with four late-fall run Chinook salmon smolts, and five striped bass.  

There were no CFTC or CV steelhead detected in this location throughout the three monitoring 

years from 2010 to 2012 (Table 2).  In Fagan Slough (NR-4), which connects the main channel 

of the Napa River to the restored North Unit Ponds (NR-3), there was one late fall-run Chinook 

salmon and two striped bass detected during 2010.  The Chinook salmon that was detected 

within Fagan Slough went on to utilize the North Unit habitat, but no other fish were detected 

within that restoration area.  Additionally, there was one late fall-run Chinook salmon detected 

at NR-6 in the restored South Unit area.  No fish were detected at the Central Unit receiver (NR-

5), or at the other South Unit receiver (NR-7) which was located just south of NR-6.  However, 

three species of tagged fish were detected in Dutchman Slough (NR-8) during 2010: four wild 

Napa River steelhead (CC) smolts, three late fall-run Chinook salmon smolts, and eight striped 

bass.  The Mare Island Strait gate (NR-9 and NR-10), at the confluence of the Napa River and 

the North Bay, detected 12 NWSTH steelhead (CC) smolts, along with 10 late fall-run Chinook 

salmon smolts, two green sturgeon, and 22 striped bass.   

 

2011 

 

At the Napa River Upper Gate (NR-1 and NR-2) 14 NWSTH steelhead smolts were detected 

during 2011, along with one late-fall run Chinook salmon smolt, one green sturgeon, and two 

striped bass (Table 2).  Eight NWSTH steelhead (CC) smolts and one striped bass were detected 

within Fagan slough (NR-4), of which three of the NWSTH steelhead (CC) smolts and the one 

striped bass went on to be detected within the North Unit (NR-3).  Unlike in 2010, fish, which 

included two striped bass individuals, were detected within the Central Unit (NR-5).  There were 

still no detections at NR-7 in the South Unit, but NR-6 detected one NWSTH steelhead (CC) 

smolt and one striped bass.  During the 2011 monitoring in Dutchman Slough (NR-8) there 

were four species of tagged fish detected: seven striped bass, three late-fall run Chinook 

salmon, two green sturgeon, and three white sturgeon.  Whereas, there were five species of 
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tagged fish detected at the Mare Island Strait (Lower Gate) (NR-9 and NR-10).  These included 

both CFTC (three individuals) and NWSTH (10 individuals) steelhead smolts, eight late-fall run 

Chinook salmon smolts, four green sturgeon, five white sturgeon, and 18 striped bass at the 

lower Napa River gate.   

 

2012 

 

During 2012, there were 13 NWSTH steelhead (CC) smolts only detected at the Napa River 

Upper Gate (NR-1 and NR-2) (Table 2).  Although four of those NWSTH steelhead smolts were 

detected within Fagan Slough (NR-4), none of them proceeded to travel into the North Unit 

ponds (NR-3).  There were also no fish detections within the Central (NR-5) and South Units 

(NR-6 and NR-7).  Despite having less detections within the restored habitat areas during 2012, 

Dutchman Slough (NR-8) habitat utilization was similar to the previous two years of monitoring.  

There were four species of tagged fish detected within Dutchman Slough (NR-8), which 

included four NWSTH steelhead (CC) smolts, five late-fall run Chinook salmon smolts, seven 

green sturgeon, three white sturgeon, and one striped bass.  At the Mare Island Strait gate 

(NR-9 and NR-10) 12 NWSTH Napa River steelhead smolts were detected, along with five late-

fall run Chinook salmon smolts, 11 green sturgeon, five white sturgeon, and three striped bass.   

 

Phase Two (Wild Napa River Steelhead) 

 

During the three years of study, fish captured and tagged in the rotary screw trap ranged in 

size from 164-305 mm in length (46.0-281.5 g) in 2010; 157-236 mm (44.7-143.0 g) in 2011; 

and from 147-239 mm (32.9-150.4 g) in 2012 (Table 1).  Computed k-values of all fish ranged 

from 1.03 to 1.07 in 2010, from 0.98 to 1.19 in 2011, and from 0.84 to 1.16 in 2012. 

 

Of the 70 NWSTH steelhead (CC) tagged with acoustic transmitters, 41 were detected at one 

project receiver or more during the three years of monitoring; 14 steelhead were detected in 

2010, 14 steelhead in 2011, and 13 steelhead in 2012 (Table 2).   

 

Of the 14 NWSTH steelhead smolts detected in 2010, 13 were detected at the Napa River 

Upper Gate receivers (NR-1 and NR-2) and 12 were detected at the Lower Gate receivers (NR-9 
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and NR-10) (Table 2).  Four steelhead were detected in the off-channel Dutchman Slough (NR-

8).   

 

During 2011, all 14 NWSTH steelhead smolts were detected at the Napa River Upper Gate 

receivers (NR-1 and NR-2) and 10 were detected at the Lower Gate receivers (NR-9 and NR-10) 

(Table 2).  Eight steelhead were detected in Fagan Slough (NR-4), three of which were also 

detected in the North Unit (NR-3). One steelhead was detected within the South Unit (NR-6).   

 

In 2012, all 13 NWSTH steelhead smolts were detected at the Napa River Upper Gate receivers 

(NR-1 and NR-2) and 12 were detected at the Lower Gate receivers (NR-9 and NR-10) (Table 

2).  Four steelhead were detected in Fagan Slough (NR-4) none of which were detected in the 

North Unit (NR-3).  Four steelhead were also detected within the off-channel Dutchman Slough.   

 

Transit Behavior 

 

Figures in Attachment A represent steelhead transit date and times versus channel utilization 

denoted by River Km.  Due to the large number of figures, they were placed within Attachment 

A, and are summarized in Table 3.  Labels within the figures represent the detection receivers.  

NR-1 and NR-2 comprised the upstream receiver gate on the main stem of the Napa River; NR-

9 and NR-10 comprised the downstream receiver gate on the main stem of the Napa River.  

Other Napa River receivers (NR-3 through NR-8) are located in side channels between NR-1 and 

NR-10.  MI-22, MI-23 and Carquinez Straight (CS-1) receivers are located at (MI) and beyond 

(CS) the mouth of the Napa River. These fish have been broken into five groups by behavior 

(Table 3):  

 

Group 1 - fish that used off-channel habitat, and then immediately exited the Napa River 

Group 2 - fish that used off-channel habitat and then traveled upstream  

Group 3 - fish that did not use off-channel habitat, but traveled upstream  

Group 4 - fish that did not use off-channel habitat, and then exited the Napa River 

Group 5 - fish that were only detected at one location (likely mortality) 
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In 2010, most of the tagged fish were observed to exit the Napa River system without entering 

off-channel habitat (Group 4 – 57%) at a moderate pace (Table 4).  The remaining fish were 

categorized equally (14% each) into Group 1, Group 2, and Group 5 (Table 3).  No fish were 

observed to have exhibited Group 3 behavior (i.e., traveled upstream).  In total, 28% of the 

study fish were at least detected within off-channel habitat in 2010. 

 

In 2011, most of the tagged fish (64%) were observed to exhibit Group 1 behavior (utilized off-

channel habitat, then exited the Napa River).  The remaining fish were categorized equally 

(14% each) into Group 4 and Group 5, and were less abundant (7%) in Group 3 (Table 3).  No 

fish were observed to have exhibited Group 2 behavior (i.e., observed to use off-channel 

habitat, and then traveled upstream).  In total, 64% of the study fish were at least detected 

within off-channel habitat in 2011. 

 

In 2012, behaviors observed were similar to those exhibited in 2010, with slightly over half of 

the tagged fish were observed to exit the Napa River system without entering off-channel 

habitat (Group 4 – 54%) at a moderate pace (Table 4).  Fifteen percent of tagged fish were 

observed to use off-channel habitat, but then traveled upstream (Group 2) (Table 3).  However, 

nearly a quarter of the fish (23%) were observed to exhibit Group 1 behavior (utilized off-

channel habitat, then exited the Napa River).  One fish was observed at only one location (likely 

mortality), and no fish were observed to follow Group 3 behavior (not using off-channel habitat, 

but traveled upstream).  In total, 38%of the study fish were at least detected within off-channel 

habitat. 

 

Transit Times 

 

Transit times of steelhead from the RST to the NR-1 and NR-2 gate were variable when 

compared across individuals (Figure 6).  Generally, fish in 2011 took less time to reach the Napa 

River upper gate (≤3 days); whereas, fish in 2010 and 2012 took roughly twice as long to make 

the journey.   

 

For fish that directly exited the Napa River (Group 4), transit times were calculated between the 

receivers denoted on the x-axis: rotary screw trap (RST), upstream receiver gate (NR-1 and NR-
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2) and the downstream gate (NR-9 and NR-10) (Figure 6.)  For the three years of study, the 

transit time for fish released from the RST and first detected at the first receiver gate ranged 

from about two (in 2011) to six days (in 2012). Transit time for fish from the Upper Gate to the 

Lower Gate ranged from about twelve hours (in 2010) to one day (in 2011 and 2012).   

 

The transit times of fish through the Napa River system were compared among those fish that 

simply utilized off-channel habitat (Group 1) (Figure 7) and those that did not (Group 4) (Figure 

8 and Table 4).  For those fish that utilized off-channel habitat along the Napa River, average 

times to transit the 33 km reach were approximately one and a half days in 2010; 20 hours in 

2011; and two and a half days in 2012.  Those values compare to these fish that did not utilize 

off-channel habitat along the same reach: 17 hours in 2010; 1 day in 2011; and 21 hours in 

2012 (Figure 7 and 8).  

 

In general, fish utilizing off-channel habitat in 2010 and 2012 took one to two days longer to 

emigrate out of the Napa River than did fish that did not utilize off-channel habitat.  However, 

in 2011 transit times for both groups were similar (Table 4).  Transit times and emigration were 

highly correlated with tide, where fish movement downstream occurred at low tide or as the 

tide was moving out.  Conversely, upstream movement was correlated with high or incoming 

tides across all years (Figures 9, 10 and 11). 

 

Off-Channel Habitat Detections  

 

A number of receivers were positioned in and around Fagan Slough to detect fish entering 

habitat that was recently reconnected with the Napa River.  There were three primary sites, 

North Unit, Central Unit, and South Unit, and one secondary site where a receiver was placed at 

the mouth of Dutchman Slough (natural, not a restoration site) to determine if fish were 

entering the slough or utilizing off-channel habitat in the lower portion of the river (Table 5).   

 

NWSTH steelhead (CC) were detected in off-channel habitats during all three years of the 

study, but abundance and residence time was greatest during the second year of study (2011).  

Individual fish were detected at NR-3 (North Unit) for up to 10 hours per event, and over seven 

hours per event at NR-4 (Fagan Slough leading into North Unit) (Table 2).   Fish were only 
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detected for a few minutes per event at NR-6 (South Unit), which is not surprising considering 

the velocity of flows that enter and discharge from the unit at the two breaches.  Fish were 

detected up to two days per event at the non-project off-channel NR-8 receiver (Dutchman 

Slough) (Table 2). 

 

CFTC steelhead (CV) were only detected at the Napa River Lower Gate during 2011, and not 

within off-channel areas.  Fishes observed utilizing off-channel habitat included Chinook salmon, 

striped bass, green sturgeon and white sturgeon.  Residence times within off-channel areas 

varied greatly by individual and species.  During 2010, one Chinook salmon was detected within 

the Fagan Slough (six minutes) and later the North Unit (four minutes).  Another was briefly 

detected in the South Unit (1 minute) and within Dutchman Slough for 26 days.  Two other 

Chinook were detected within Dutchman Slough in 2010, but they only seemed to reside there 

for up to eight minutes.  During 2011 (n=3) and 2012 (n=5) Chinook salmon were only 

detected within Dutchman Slough for up to six minutes in 2011 and from seven hours to 11 

days in 2012 (Table 2). 

 

During 2010, two striped bass were detected for up to 14 minutes within Fagan Slough, and 

eight were detected within Dutchman Slough for up to 29 days (Table 2).  Time spent within 

Dutchman Slough was highly variable across all three years and ranged from minutes to nearly 

a month in a few cases.  Striped bass (n=2) was the only species detected utilizing the Central 

Unit (NR-5).  These detections were during 2011 and they exited after one to three hours.  One 

of the striped bass detected within the Central Unit was also detected within Fagan Slough 

(three days), the North Unit (three days), the South Unit (six hours), and within Dutchman 

Slough (40 minutes).  This was the only fish to be detected by all the receivers and within all 

restored and non-project sites.  During 2012, there were not many striped bass detected, in 

Dutchman slough there was only one individual for one minute. 

 

Sturgeon were only detected at the Lower Napa River Gate and within Dutchman Slough.  

Green sturgeon were detected within Dutchman Slough during 2011 (n=2) and 2012 (n=7) for 

up to six to 12 days.  During 2010 one fish was detected at the Lower Napa River Gate, there 

were four during 2011, and eleven individuals detected during 2012.  Unlike the green 
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sturgeon, some white sturgeon individuals (n=3) were detected across multiple years from fall 

2011 to late spring 2012 within Dutchman Slough for up to six days per event. 

 

DISCUSSION 

 

Phase One 

 

The results of this three year fish tag detection study (2010, 2011, and 2012) are indicative of 

which species were being tagged that year by CFTC investigators.  For example, only a few 

green sturgeon were detected at receivers in 2010, whereas many more were observed in 

2011, and more still in 2012.  White sturgeon followed the same general pattern.  Both green 

and white sturgeon have been and are being tagged more frequently since the federal listing of 

green sturgeon by researchers associated with the CFTC.  As more sturgeon have been 

detected in 2012, decreases in tag detection were noted for late fall run Chinook salmon and 

steelhead that were collected from the Coleman Fish Hatchery at Battle Creek, and tagged and 

released at various locations along the Sacramento River from the confluence of Battle Creek 

with the Sacramento River to the Delta.  Chinook salmon detections in 2012 were less than half 

that observed in 2010, again due to fewer fish being tagged for special studies in the Delta and 

the general switchover from tagging salmonids to tagging sturgeon.  Nonetheless, the detection 

of these species in the estuarine portion of the Napa River originating from tagging studies 

where they were released in the Sacramento River and Delta, and especially at receivers in the 

lower portion of the Napa River indicates generally good rearing habitat for out-migrating 

salmonids and for juvenile sturgeon, both green and white.  The observation of these species 

albeit in fewer numbers at upper Napa River receivers suggests that during some years, 

hydrologic conditions are good for rearing of juvenile salmonids and sturgeon throughout that 

portion of the Napa River under tidal influence.   As such, it seems probable that restoration of 

off-channel habitat in the estuarine portion of the Napa River will likely increase rearing habitat 

of these species. 
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Wild Napa River Steelhead Transit 

 

In 2011, the majority of steelhead trout were captured in the rotary screw trap from early April 

through mid-May, generally between peak flow events.  At streamflows exceeding 300 cfs, the 

screw trap was not operated, but the highest catches occurred following the re-deployment of 

the trap during increased, but descending flow (Koehler and Edwards 2010).  This pattern was 

similar to what was observed during the first and second years of the NCRCD study in 2009 and 

2010 (Koehler et al. 2009, ECORP 2011).  

 

All smolts (Groups 1-4) moved slowly upon release and were detected at the upper Napa River 

gate (NR-1 and NR-2) generally between two and four days, with one fish taking 19 days to be 

detected at the upper Napa River gate.  In general, most fish, particularly Group 4 fish, were 

then detected the next day at the lower Napa River gate receivers (above Tennessee Bridge).  

This indicates tidal and hydrological forcing of steelhead transit.  There appeared to be more 

variability in transit times between the release site (RST) and arrival at the upper Napa River 

gate in general when comparing individuals, but annual differences were often dependent upon 

hydrologic events in the river (i.e., storm events) since the RST was 33km upstream and 

beyond tidal influence.  In spring 2011, Napa River peak discharge was at least 4,000 cfs 

greater than it was in 2012, and 7,000 cfs greater than in 2010 (Figures 3, 4 and 5).  The 

greater discharge in 2011 correlates with the shorter transit times of NWSTH steelhead during 

2011 between the RST and upper Napa River gate.  In most cases, steelhead smolts moved 

more rapidly through the Napa River system once they arrived in the vicinity of tidal influence, 

and during the course of a full diurnal tidal cycle (Figure 6).   

 

The generally comparable numbers of tagged Napa River steelhead among the upper gate and 

lower gate for all three years indicates generally good survival through the Napa River during 

out-migration.   

 

Off-Channel Habitat Utilization  

 

Chinook salmon, striped bass and steelhead are utilizing the recently breached tidal marsh 

habitats of the Napa River.  Chinook salmon and striped bass were the first species detected 
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within the newly restored habitats (Table 5).  Chinook salmon were first detected within the 

North Unit two years after restoration (breached in 2008) and briefly (for 1 minute) within the 

South Unit roughly two months after restoration occurred in 2010.  The first detection in the 

Central Unit (breached in 2009) was by a striped bass, and also occurred two years post-

restoration.  Given this timeline, it is probable that South Unit visitation would increase by 2013.  

In general, striped bass had longer residence times and used more off-channel habitats than 

Chinook salmon or sturgeon species, and it was the only species that utilized all the habitat 

areas.  Although neither green nor white sturgeon were detected within the restored habitat 

areas, they were detected within Dutchman Slough and at the Napa River Lower Gate for days 

at a time.   

 

Steelhead were first detected within the recently reconnected sites during 2011.  Eight fish 

were detected in Fagan Slough (the entrance to the North Unit).  Three of the eight fish were 

later detected within the North Unit.  In 2012, NWSTH steelhead were also detected in off-

channel habitats, in lower abundance than was observed in 2011, with four fish detected in 

both Fagan Slough and Dutchman Slough (Table 2).  As the habitat matures further, it is 

possible that these species will begin to utilize the restored areas as well.  In general, utilization 

varied amongst the three years and appeared to be dependent upon timing of Napa River peak 

outflow, as noted in the variance of transit time from the RST to the Napa River Upper Gate 

(Figure 6).  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 (Figures 9, 10 and 11).   

 

Three CFTC steelhead (CV) were detected at the Napa River Lower Gate during 2011, but did 

not use off-channel habitat as did NWSTH steelhead and CV Chinook salmon.  In general, 

steelhead seemed to be moving through the system more rapidly than the Chinook.  Although 

Chinook salmon and NWSTH steelhead had similar residence times (hours to a few days) within 

the newly restored habitat areas, detections in Dutchman Slough show Chinook resided there 

anywhere from eight minutes to 26 days while NWSTH steelhead resided for up to two days per 

event.   

 

Overall across all three years, NWSTH steelhead resided in the North Unit (NR-3) the longest 

with an average of four hours per event (Table 2).  In Fagan Slough (NR-4), which connects the 
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Napa River to the North Unit, steelhead spent an average of one hour per event.  Fish were 

only detected for a few minutes per event in the South Unit (NR-6); whereas, the residence 

times of fish detected in the non-project off-channel slough (Dutchman, NR-8) averaged 15 

minutes per event.  In general, longer residence times of NWSTH steelhead during 2012 in the 

North Unit, Fagan Slough and Dutchman Slough was likely an effect of habitat maturation.   

 

Five striped bass were detected in multiple years at the Napa River Lower Gate and within 

Dutchman Slough, while three of the white sturgeon detected in 2011 within Dutchman Slough 

and the Lower Napa River Gate were detected again in 2012 within the same areas for up to six 

days per event.  These repeated detections throughout the three years of study indicates 

possible long-term residency of white sturgeon and striped bass within the general vicinity.  

Although there were many green sturgeon detected within the same areas during the three 

years, none of the individuals were detected in subsequent years. 

 

The Napa Plant Site Fisheries Monitoring Project (NPSFMP) was conducted generally during the 

same period (2009 through 2011) as the current study, but was initiated one year prior to the 

current study (URS 2012).  Both that study and the current study, were conducted over a three-

year time period.  The NPSFMP was conducted using beach seine, block seine net, and otter 

trawl methodologies.  These methods are standard and work well for conducting fish 

community analysis.  However, they can only be used during certain conditions (slack tide) and 

even then, fast swimming fish and larger fish are not generally vulnerable to the gear.  To gain 

information on anadromous species (salmonids, green and white sturgeon, and adult striped 

bass), a tagging study design is more appropriate. 

 

A major finding of the NPSFMP was that many native and non-native fish species immediately 

began using the newly breached units.  During the course of that study, only three Chinook 

salmon smolts were collected (during April/May of both years); one Chinook salmon was 

collected in 2010 from the barge channel which connects the Napa River with the Central Unit, 

and; two Chinook salmon were collected in 2011 in the South Unit, shortly after breaching.  A 

total of 83 striped bass were collected from all units, during all years, and all seasons (URS 

2012).  Of all the other species that have been tagged by the CFTC (and the current study) and 

detected on the current study receivers, no steelhead, green sturgeon, or white sturgeon were 
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collected during the NPSFMP, again a drawback of the seining and otter trawling methods which 

are too slow to adequately capture highly mobile fish species. 

 

Tidal and Hydrological Influence 

 

In general, fish moved in the same direction as the tidal flow and the majority of detections of 

individuals occurred during the ebb tide.  In most cases, individual fish timed the departure of 

their outmigration to exit the lower Napa River on a single ebb tide.  This was especially evident 

when combined with peak Napa River flows. 

 

The beginning of the migratory run of steelhead trout in the Napa River appears to be triggered 

by increases in flow associated with storm events.  The success or survival of a group of fish 

may depend on the timing and magnitude of the flow during which the fish choose to exit, 

including tidal currents. There did not appear to be a diel pattern associated with the movement 

of the fish with individuals being detected throughout the day and night. There was a strong 

correlation between tidal fluctuation and direction of fish movement, where fish (Groups 1-4) 

consistently moved downstream on outgoing tides and upstream during incoming tides (Figures 

9, 10 and 11).  In particular, Group 2 fish behavior appeared to be strongly influenced by tidal 

forcing since these fish entered/exited restored habitat and moved upstream when the tides 

changed.  Additionally, residence time tended to decrease with increased proximity to the 

estuary. These observations were presumably a result of tidal influence having a gradually 

increased effect on fish migration as fish moved downstream toward the estuary.  Differences in 

transit and residence time within the restored habitat areas seem to reflect flow velocities within 

the Napa River, tidal fluctuation, and the level of habitat maturity.   

 

It appears that the majority of out-migrant steelhead were moving out at a moderate pace 

(taking 17 hours to two days), and not acting as rearing fish.  Fish that directly exited the Napa 

River took an overall (across all years) average of 20 hours to emigrate; whereas, fish that used 

off-channel habitats had longer transit times, averaging one day and 15 hours to emigrate 

(Table 4).  This is not surprising, given the smolt condition of the fish.  However, the variability 

inherent in transit timing of the 41 Napa River steelhead detected, further suggests that at least 

some fish will use this habitat during their emigration, especially as this habitat becomes more 
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mature.  Moreover, the fact that many fish tagged in the Sacramento River, including Chinook 

salmon, were observed in and around the restored tidal marsh habitats in the Napa River is 

indicative of the potential value these habitats have as nursery or rearing habitat.  
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Table 1 – Fish ID, Tag ID and Associated Data for NWSTH Steelhead Tagged with VEMCO Transmitters in 2010, 2011 and 2012, 
Napa Plant Site, Napa River, California. 

Date Tagged Fish ID Tag ID Weight (g) FL (mm) K value 
4/8/2010 NWSTH-1 29814 281.5 305 0.99 
4/8/2010 NWSTH-2 29807 99.2 212 1.04 
4/8/2010 NWSTH-3 29808 68.3 190 1.00 

4/8/2010 NWSTH-4 29809 46 164 1.04 
4/8/2010 NWSTH-5* 29810 133.8 236 1.02 
4/8/2010 NWSTH-6 29811 81.3 205 0.94 
4/8/2010 NWSTH-7 29813 67.6 193 0.94 
4/8/2010 NWSTH-8 29812 47.8 168 1.01 
4/20/2010 NWSTH-9 29800 124 233 0.98 
4/20/2010 NWSTH-10 29799 65.6 197 0.86 

4/20/2010 NWSTH-11 29798 89.8 204 1.06 
4/20/2010 NWSTH-12 29797 53.5 173 1.03 
4/20/2010 NWSTH-13 29796 59.2 179 1.03 
4/20/2010 NWSTH-14 29795 62.6 182 1.04 
4/20/2010 NWSTH-15 29806 103.6 213 1.07 
4/20/2010 NWSTH-16 29805 81.3 203 0.97 
4/20/2010 NWSTH-17 29804 79.8 200 1.00 
4/20/2010 NWSTH-18 29803 86.8 206 0.99 
4/20/2010 NWSTH-19 29802 54 173 1.04 
4/20/2010 NWSTH-20 29801 67.5 184 1.08 
5/7/2010 NWSTH-21 29810 96.2 208 1.07 
4/7/2011 NWSTH-22 37326 76.0 196 1.01 
4/7/2011 NWSTH-23 37327 78.8 200 0.99 
4/7/2011 NWSTH-24 37328 74.1 194 1.01 
4/7/2011 NWSTH-25 37321 109.7 214 1.12 
4/7/2011 NWSTH-26 37333 143.0 236 1.09 
4/7/2011 NWSTH-27 37329 65.5 185 1.03 
4/7/2011 NWSTH-28 37322 60.9 178 1.08 
4/7/2011 NWSTH-29 37330 55.1 181 0.93 
4/7/2011 NWSTH-30 37324 97.3 208 1.08 
4/7/2011 NWSTH-31 37325 65.0 181 1.10 
4/14/2011 NWSTH-32 1257 109.0 214 1.11 



Table 1 – Fish ID, Tag ID and Associated Data for those NWSTH Steelhead Tagged with VEMCO Transmitters in 2010, 2011 and 
2012, Napa Plant Site, Napa River, California (Continued). 

Date Tagged Fish ID Tag ID Weight (g) FL (mm) K value 
4/15/2011 NWSTH-33 1260 46.0 157 1.19 
4/15/2011 NWSTH-34 1259 58.2 175 1.04 
4/16/2011 NWSTH-35 1258 108.0 213 1.12 
4/16/2011 NWSTH-36 1256 54.0 172 1.06 
4/16/2011 NWSTH-37 1255 47.1 168 0.99 
4/16/2011 NWSTH-38 1254 37.8 157 0.98 
4/19/2011 NWSTH-39 1251 50.0 175 0.93 
4/19/2011 NWSTH-40 1253 41.9 159 1.04 
4/19/2011 NWSTH-41 1252 44.1 165 0.98 
5/18/2011 NWSTH-42 40888 55.4 175 1.03 
5/18/2011 NWSTH-43 40881 46.7 165 1.04 
5/18/2011 NWSTH-44 40889 56.0 177 1.01 
5/18/2011 NWSTH-45 40882 44.7 168 0.94 
5/18/2011 NWSTH-46 40890 42.6 164 0.97 
5/18/2011 NWSTH-47 40883 74.4 186 1.16 
5/18/2011 NWSTH-48 40884 65.7 180 1.13 
5/18/2011 NWSTH-49 40891 41.8 172 0.82 
5/19/2011 NWSTH-50 40892 65.9 184 1.06 
5/19/2011 NWSTH-51 40885 48.1 167 1.03 
3/19/2012 NWSTH-52 40920 117.9 228 0.99 
3/19/2012 NWSTH-53 40913 112.2 218 1.08 
3/19/2012 NWSTH-54 40895 89 220 0.84 
3/19/2012 NWSTH-55 40899 49.1 169 1.02 
3/19/2012 NWSTH-56 40903 45.9 158 1.16 
3/19/2012 NWSTH-57 40927 150.4 239 1.10 
3/19/2012 NWSTH-58 40905 61.5 178 1.09 
3/19/2012 NWSTH-59 40902 32.9 147 1.04 
3/19/2012 NWSTH-60 40912 49.2 177 0.89 
3/20/2012 NWSTH-61 40910 64.7 182 1.07 
3/20/2012 NWSTH-62 40925 65.1 191 0.93 
3/20/2012 NWSTH-63 40918 70.3 189 1.04 
3/20/2012 NWSTH-64 40917 78.5 199 1.00 



Table 1 – Fish ID, Tag ID and Associated Data for those NWSTH Steelhead Tagged with VEMCO Transmitters in 2010, 2011 and 
2012, Napa Plant Site, Napa River, California (Continued). 

Date Tagged Fish ID Tag ID Weight (g) FL (mm) K value 
3/20/2012 NWSTH-65 40924 35.3 147 1.11 
3/20/2012 NWSTH-66 40919 54.9 176 1.01 
4/5/2012 NWSTH-67 40898 63.9 190 0.93 
4/5/2012 NWSTH-68 40916 80.4 200 1.01 
4/5/2012 NWSTH-69 40923 132.3 239 0.97 
4/5/2012 NWSTH-70 40909 49.9 179 0.87 
4/5/2012 NWSTH-71 40911 65.5 186 1.02 

*Fish number 5 was recovered dead on April 9 in the rotary screw trap. The tag was removed and inserted into fish NSWTH-21.
   



Table 2 - Summary of Fish Detections and Off-Channel Residence Times at each Receiver per Year, 2010 through 2012, Napa River 
Plant Site Project. 

Year 
Code 
Space Tag ID Species 

NR-1 and 
NR-2 NR-3 NR-4 NR-5 NR-6 NR-7 NR-8 

NR-9 and NR-
10 

2010 A69-1303 20902 Chinook 48 152 
2010 A69-1303 20915 Chinook 2 
2010 A69-1303 21642 Chinook 12644 

2010 A69-1303 21644 Chinook 134 
4 

(1min)
86 

(26.5days) 518 

2010 A69-1303 21670 Chinook 236 
282 

(3.5hrs) 
219 

(6hrs) 
40 

(9days) 864 

2010 A69-1303 21685 Chinook 
10  

(8min) 386 
2010 A69-1303 21707 Chinook 17 
2010 A69-1303 21730 Chinook 103 
2010 A69-1303 21735 Chinook 87 
2010 A69-1303 34142 Chinook 66 
2010 A69-1303 40083 Chinook 50 
2010 A69-1303 29795 NWSTH -Steelhead 6 13 
2010 A69-1303 29796 NWSTH -Steelhead 46 4 
2010 A69-1303 29797 NWSTH -Steelhead 2 
2010 A69-1303 29798 NWSTH -Steelhead 25 17 
2010 A69-1303 29800 NWSTH -Steelhead 63 4 
2010 A69-1303 29801 NWSTH -Steelhead 8 36 
2010 A69-1303 29804 NWSTH -Steelhead 9 
2010 A69-1303 29805 NWSTH -Steelhead 23 2 
2010 A69-1303 29806 NWSTH -Steelhead 21 

2010 A69-1303 29807 NWSTH -Steelhead 13 
4  

(1min) 14 

2010 A69-1303 29808 NWSTH -Steelhead 100 
2  

(1min) 6 
2010 A69-1303 29809 NWSTH -Steelhead 38 69 

2010 A69-1303 29811 NWSTH -Steelhead 94 
4  

(1min) 6 

2010 A69-1303 29814 NWSTH -Steelhead 192 
4  

(1min) 86 

2010 A69-1303 27486 Striped Bass 
8  

(10days) 24 



Table 2 - Summary of Fish Detections and Off-Channel Residence Times at each Receiver per Year, 2010 through 2012, Napa River 
Plant Site Project (Continued). 

Year 
Code 
Space Tag ID Species 

NR-1 and 
NR-2 NR-3 NR-4 NR-5 NR-6 NR-7 NR-8 

NR-9 and NR-
10 

2010 A69-1303 27500 Striped Bass 16 
2010 A69-1303 27508 Striped Bass 156 
2010 A69-1303 27516 Striped Bass 6 
2010 A69-1303 27520 Striped Bass 26 76 

2010 A69-1303 29611 Striped Bass 
136 

(6days) 790 
2010 A69-1303 29623 Striped Bass 6 

2010 A69-1303 29628 Striped Bass 1646 
8 

(14min) 
22 

(29days) 60 
2010 A69-1303 29629 Striped Bass 64 

2010 A69-1303 37707 Striped Bass 592 
2 

(1min) 52 
2010 A69-1303 37710 Striped Bass 8 
2010 A69-1303 37735 Striped Bass 182 38 

2010 A69-1303 37736 Striped Bass 
38 

(8days) 224 
2010 A69-1303 37741 Striped Bass 22 
2010 A69-1303 37743 Striped Bass 24 
2010 A69-1303 37748 Striped Bass 26 
2010 A69-1303 37760 Striped Bass 6 

2010 A69-1303 37775 Striped Bass 
36 

(15days) 206 
2010 A69-1303 37779 Striped Bass 2 (1min) 24 
2010 A69-1303 37787 Striped Bass 26 

2010 A69-1303 37792 Striped Bass 
12 

(9.5hrs) 8 

2010 A69-1303 60243 Striped Bass 2 
10 

(10.5hrs) 11 
2010 A69-1303 48634 Green Sturgeon               8 
2011 A69-1303 21732 Chinook 138 
2011 A69-1303 39283 Chinook 117 4 (6min) 394 
2011 A69-1303 39384 Chinook 86 
2011 A69-1303 39406 Chinook 8 
2011 A69-1303 39410 Chinook 2 (1min) 40 



Table 2 - Summary of Fish Detections and Off-Channel Residence Times at each Receiver per Year, 2010 through 2012, Napa River 
Plant Site Project (Continued). 

Year 
Code 
Space Tag ID Species 

NR-1 and 
NR-2 NR-3 NR-4 NR-5 NR-6 NR-7 NR-8 

NR-9 and NR-
10 

2011 A69-1303 39412 Chinook 32 
2011 A69-1303 39434 Chinook 257 
2011 A69-1303 39437 Chinook 2 (1min) 14 

2011 A69-1303 1254 NWSTH-Steelhead 50 
5 

(1min) 
23 

(9min) 123 

2011 A69-1303 1256 NWSTH-Steelhead 154 
46 

(2hrs) 
66 

(2.5hrs) 55 
2011 A69-1303 1257 NWSTH-Steelhead 113 
2011 A69-1303 1258 NWSTH-Steelhead 335 68 
2011 A69-1303 37321 NWSTH-Steelhead 11 214 

2011 A69-1303 37322 NWSTH-Steelhead 244 
12 

(9hrs) 
57 

(2days) 

2011 A69-1303 37325 NWSTH-Steelhead 17 
2 

(1min) 18 

2011 A69-1303 37327 NWSTH-Steelhead 188 
4 

(10hrs) 64 

2011 A69-1303 37328 NWSTH-Steelhead 163 
22 

(47min) 

2011 A69-1303 37329 NWSTH-Steelhead 391 
2 

(1min) 47 
2011 A69-1303 37330 NWSTH-Steelhead 6 6 

2011 A69-1303 37333 NWSTH-Steelhead 267 
151 

(2hrs) 227 
2011 A69-1303 40881 NWSTH-Steelhead 16 

2011 A69-1303 40882 NWSTH-Steelhead 85 
2 

(1min) 26 
2011 A69-1303 40878 CFTC-Steelhead 2 
2011 A69-1303 41018 CFTC-Steelhead 75 
2011 A69-1303 41113 CFTC-Steelhead 89 

2011 A69-1601 801 Striped Bass 6 
489 

(3days) 
15 

(3days) 
12 

(1hr) 
10 

(6hrs) 
12 

(41min) 192 

2011 A69-1601 808 Striped Bass 
13 

(4hrs) 4 

2011 A69-1601 814 Striped Bass 
3  

(2min) 20 
   



Table 2 - Summary of Fish Detections at each Receiver per Year, 2010 through 2012, Napa River Plant Site Project (Continued). 

Year 
Code 
Space Tag ID Species 

NR-1 and 
NR-2 NR-3 NR-4 NR-5 NR-6 NR-7 NR-8 

NR-9 and NR-
10 

2011 A69-1601 818 Striped Bass 
1  

(1min) 11 

2011 A69-1303 37706 Striped Bass 
64  

(14hrs) 1264 
2011 A69-1303 37718 Striped Bass 36 
2011 A69-1303 37735 Striped Bass 62 
2011 A69-1303 37743 Striped Bass 31 168 
2011 A69-1303 37748 Striped Bass 8 
2011 A69-1303 37757 Striped Bass 30 
2011 A69-1303 37798 Striped Bass 4 
2011 A69-1303 37801 Striped Bass 6 
2011 A69-1303 40155 Striped Bass 104 

2011 A69-1303 40158 Striped Bass 
2 

(26days) 232 

2011 A69-1303 40170 Striped Bass 
235 

(22days) 227 

2011 A69-1303 40171 Striped Bass 
27 

(13days) 77 
2011 A69-1303 40173 Striped Bass 35 
2011 A69-1303 40175 Striped Bass 13 
2011 A69-1303 5449 Green Sturgeon 10 60 
2011 A69-1303 46612 Green Sturgeon 46 

2011 A69-1303 46616 Green Sturgeon 
39 

(6days) 457 

2011 A69-1303 46625 Green Sturgeon 
2  

(1min) 2106 
2011 A69-1303 46615 White Sturgeon 8 

2011 A69-1303 46620 White Sturgeon 
5  

(5.5hrs) 18 
2011 A69-1303 46627 White Sturgeon 2 

2011 A69-1303 46684 White Sturgeon 
23  

(2hrs) 50 

2011 A69-1303 56431 White Sturgeon 
23  

(6.5 days) 682 

2012 A69-1303 12022 Chinook             
8 

(2.5days) 34 



Table 2 - Summary of Fish Detections at each Receiver per Year, 2010 through 2012, Napa River Plant Site Project (Continued). 

Year 
Code 
Space Tag ID Species 

NR-1 and 
NR-2 NR-3 NR-4 NR-5 NR-6 NR-7 NR-8 

NR-9 and NR-
10 

2012 A69-1303 62859 Chinook 
13 

(11days) 269 

2012 A69-1303 62860 Chinook 
14 

(8.5hrs) 86 

2012 A69-1303 62911 Chinook 
66  

(21hrs) 297 

2012 A69-1303 62929 Chinook 
25  

(7hrs) 175 

2012 A69-1303 40895 NWSTH-Steelhead 41 
36 

(2hrs) 
4  

(1day) 61 

2012 A69-1303 40898 NWSTH-Steelhead 33 
14  

(2hrs) 55 
2012 A69-1303 40905 NWSTH-Steelhead 6 
2012 A69-1303 40910 NWSTH-Steelhead 1 33 

2012 A69-1303 40913 NWSTH-Steelhead 100 
23 

(7hrs) 50 
2012 A69-1303 40916 NWSTH-Steelhead 34 17 
2012 A69-1303 40917 NWSTH-Steelhead 28 5 
2012 A69-1303 40919 NWSTH-Steelhead 2 14 

2012 A69-1303 40920 NWSTH-Steelhead 15 
21 

(7hrs) 
6  

(4min) 66 
2012 A69-1303 40923 NWSTH-Steelhead 15 13 

2012 A69-1303 40924 NWSTH-Steelhead 60 
1 

(1min) 
7 

(2.5days) 21 
2012 A69-1303 40925 NWSTH-Steelhead 9 3 
2012 A69-1303 40927 NWSTH-Steelhead 21 8 
2012 A69-1601 825 Striped Bass 2 
2012 A69-1303 37736 Striped Bass 3 

2012 A69-1303 40173 Striped Bass 
1  

(1min) 37 

2012 A69-1303 815 Green Sturgeon 
270 

(12.5days) 387 
2012 A69-1303 817 Green Sturgeon 4 
2012 A69-1303 3693 Green Sturgeon 232 

2012 A69-1303 10821 Green Sturgeon 
3 

(1.5days) 121 



Table 2 - Summary of Fish Detections at each Receiver per Year, 2010 through 2012, Napa River Plant Site Project (Continued). 

Year 
Code 
Space Tag ID Species 

NR-1 and 
NR-2 NR-3 NR-4 NR-5 NR-6 NR-7 NR-8 

NR-9 and NR-
10 

2012 A69-1303 16243 Green Sturgeon 
3  

(33min) 32 

2012 A69-1303 34009 Green Sturgeon 
5  

(1day) 117 

2012 A69-1303 34020 Green Sturgeon 
10 

(4days) 1082 

2012 A69-1303 34024 Green Sturgeon 
11  

(8hrs) 124 
2012 A69-1303 47870 Green Sturgeon 3 
2012 A69-1303 56402 Green Sturgeon 144 

2012 A69-1303 56498 Green Sturgeon 
2 

(4hrs) 23 

2012 A69-1303 46620 White Sturgeon 
6 

(17.5hrs) 39 

2012 A69-1303 46684 White Sturgeon 
26  

(1hr) 71 
2012 A69-1303 46687 White Sturgeon 8 

2012 A69-1601 56431 White Sturgeon 
16 

(3days) 385 
2012 A69-1601 62780 White Sturgeon 8 

 
   



 

 

 

 

 

 

 

 

   

Table 3 - Quantity and Percentage of NWSTH Steelhead in Each Group per Year and Across all Three Years, Napa Plant Site, Napa 
River, California.  

 
2010 

(n=14) 
2011 

(n=14) 
2012 

(n=13) 
Cumulative across all 
three years (n=41) 

Group 1: Fish that used off-channel habitat and then exited the Napa River 2 (14%) 9 (64%) 3 (23%) 14 (34%) 

Group 2: Fish that used off-channel habitat and traveled upstream 2 (14%) 0 (0%) 2 (15%) 4 (10%) 

Group 3: Fish that did not use off-channel habitat and traveled upstream 0 (0%) 1 (7%) 0 (0%) 1 (2%) 

Group 4: Fish that directly exited the Napa River 8 (57%) 2 (14%) 7 (54%) 17 (41%) 

Group 5: Fish that were only detected in one location 2 (14%) 2 (14%) 1 (8%) 5 (12%) 

     



Table 4 – Average and Standard Error (SE) of Transit Times Between Receiver Gates on the Napa River (1 to 10) for NWSTH 
stealhead that Used Off-channel Habitat and Those that Did Not use Off-channel Habitat, Napa Plant Site, Napa River, 
California. 

 

 
Fish that used off-channel habitat  

(groups 1 and 2) 
Fish that did not use off-channel habitat 

(groups 3 and 4) 
2010 Average 1:9:29:29 0:16:45:01 
2010 SE 0:14:37:38 0:4:26:11 

2010 N 4 7 

2011 Average 0:19:19:28 1:4:58:41 

2011 SE 0:4:07:59 0:4:41:47 

2011 N 7 3 

2012 Average 2:17:09:18 0:21:09:20 

2012 SE 0:14:11:16 0:4:38:50 

2012 N 5 7 

Cumulative average across all 3 years 1:15:55:52 0:20:30:05 
SE 0:8:13:24 0:2:50:33 
N 16 17 

 
 

   



   

Table 5 – Timeline for Restoration (Breaching) and Fish Utilization 

Unit Receiver Location 
Date 

Breached 

Date First 
Fish was 
Detected 

Species 
Detected 

Upper Napa River Gate NR-1 and NR-2 Napa River Main Channel N/A 3/24/2010, 
15:12 Chinook Salmon 

North NR-3 Ponds 9 and 10 10/12/2008 11/18/2010, 
16:31 Chinook Salmon 

Fagan Slough NR-4 Fagan Slough between Napa River and the North Unit N/A 6/20/2010, 
5:55 Striped Bass 

Central NR-5 Ponds W-1, W-2, and W-3 9/29/2009 9/5/2011, 
0:19 Striped Bass 

South NR-6 AND NR-7 Crystalizer Beds 8/25/2010 11/10/2010, 
21:08 Chinook Salmon 

Dutchman Slough NR-8 Dutchman Slough N/A 4/1/2010, 
10:48 Striped Bass 

Lower Napa River Gate NR-9 AND NR-10 Napa River Main Channel N/A 4/1/2010, 
9:47 Striped Bass 
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Date  
Time 
(UTC) 

Q 
(ft3/sec)

Base Flow 2/26/2010 20:45 375
Peak Flow 1 3/4/2010 2:00 2,120
Peak Flow 2 3/13/2010 10:00 740
Peak Flow 3 4/5/2010 12:00 1,300
Peak Flow 4 4/12/2010 11:15 2,050
Peak Flow 5 4/28/2010 5:00 217

Peak Flow 6 5/28/2010 10:45 150
 
 
Figure 3.  Napa River Hydrograph, 2010 
 
 
 
 
 
 
 



 
 

Date  
Time 
(UTC) 

Q 
(ft3/sec)

Base Flow 3/1/2011 8:00 502
Peak Flow 1 3/16/2011 12:00 2,870
Peak Flow 2 3/20/2011 19:30 11,800
Peak Flow 3 3/25/2011 2:30 9,000
Peak Flow 4 3/26/2011 20:45 5,570
Peak Flow 5 5/18/2011 17:15 136

 
 
 
Figure 4.  Napa River Hydrograph, 2011 
 
 
 
 
 
 



Date  
Time 
(UTC) 

Q 
(ft3/sec)

Base Flow 3/11/2012 12:15 13
Peak Flow 1 3/14/2012 16:00 5,730
Peak Flow 2 3/17/2012 10:30 3,570
Peak Flow 3 3/25/2012 18:15 760
Peak Flow 4 3/28/2012 11:00 3,750
Peak Flow 5 4/1/2012 10:30 1,090
Peak Flow 6 4/13/2012 15:30 1,030

 
 
 
Figure 5.  Napa River Hydrograph, 2012 
 

 



 

 

 

Figure 6.  Transit Times of Exiting NWSTH Steelhead from the RST to the Upper Gate, and from the Upper Gate to the Lower Gate.  [Times were 
calculated between the receivers denoted on the x-axis (rotary screw trap (RST), upstream receiver gate (1/2) and the downstream 
gate (9/10). Fish are grouped by year, and bar colors represent individual fish within the year].  
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Figure 7. Transit Times of NWSTH Steelhead that Visited Off-channel Habitat Between the Napa River 
Upper gate (1/2) and the Lower Gate (9/10). [Fish are grouped by year, and bar colors 
represent individual fish within the year. Fish #24 and 28 were excluded from the chart because 
they were not detected at the downstream gate despite that they did use off-channel habitat.] 

 

 

Figure 8. Transit Times of Exiting NWSTH Steelhead Per Year, Napa River. [Times represent transit 
between the upstream receiver gate (1/2) and the downstream gate (9/10). Fish are grouped 
by year, and bar colors represent individual fish within the year. Fish # 12, 15, 17, 32, 43 and 58 
were excluded from the chart because they were not detected at the downstream gate.] 
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Figure 9.  Mare Island tide with detections of Napa River (NSWTH) steelhead traveling upstream (red square, n=3) and downstream (black 
square, n=21) in 2010.   
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Figure 10.  Mare Island tide with detections of Napa River (NSWTH) steelhead traveling upstream (red square, n=1) and downstream (black 
square, n=12) in 2011.     
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Figure 11.  Mare Island tide with detections of Napa River (NSWTH) steelhead traveling upstream (red square, n=1) and downstream (black 
square, n=14) in 2012.   
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ATTACHMENT A 

 

Transit Time and Tide Plots for Individual NWSTH Fish 

 



Napa River Fish Transit Time and Tide Plots (River Km=0 Point Removed) 

 

The following figures represent steelhead transit date and times versus channel utilization 

denoted by River Km. Labels within the figures represent the detection receivers. Napa River #1 

and #2 (NR-1) comprised the upstream receiver gate on the main stem of the Napa River; 

Napa River #9 and #10 (NR-10) comprised the downstream receiver gate on the main stem of 

the Napa River. Other Napa River receivers (NR-3 through NR-8) are located in side channels 

between NR-1 and NR-10. Mare Island (MI-22) and Carquinez Straight (CS-1) receivers are 

located beyond the mouth of the Napa River. These figures have been broken into 5 groups: 1- 

fish that used side channels and then exited the Napa River, 2- fish that used side channels 

and traveled upstream, 3- fish that did not use side channels and traveled upstream, 4- fish 

that directly exited the Napa River, and 5- fish that were only detected in one location. 

 

1 – Fish that used side channels and then exited the Napa River: 
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2 – Fish that used side channels and traveled upstream: 
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3 – Fish that did not use side channels and traveled upstream: 
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4 – Fish that directly exited the Napa River: 
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5 – Fish that were only detected at one location:  
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