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Abstract 

The California Department of Fish and Wildlife (CDFW) in partnership with Trout Unlimited 

and Pacific Gas and Electric Company (PG&E) via PG&E’s contractor Cardno Consulting 

operated a dual-frequency identification sonar (DIDSON) ‘camera’ to enumerate adult and jack 

salmon escapement into the lower mainstem Eel River above the confluence with the South Fork 

Eel River during the fall and winter of 2018-2019.  This was the pilot year for the project, and 

the primary intent was to estimate the returns of California Coastal (CC) Chinook Salmon 

(Oncorhynchus tshawytscha) and if possible, estimate returns of the Steelhead Trout 

(Oncorhynchus mykiss).   

We estimate the abundance of Chinook Salmon returning to the mainstem Eel River above the 

confluence of the South Fork Eel River from November 15 through December 31, 2018 equaled 

3,844 (CI = 3,506 - 4,181; CV = 4.39%). This number represents both adults and jacks as the 

project did not separate Chinook Salmon into age classes due to uncertainty of measurements.  The 

project analyzed 20-minutes of each hour-long file and then adjusted these raw counts for 

expansion to full hour counts and filling data gaps (e.g. hours the camera was not running). Daily 

movement of fish during the Chinook Salmon run ranged from 0 to 666 and averaged 83.5 fish per 

day. The peaks of migration occurred on November 23rd (N = 666 fish), November 24th (N = 324 

fish), November 25th (N = 232 fish), and December 2nd (N = 150 fish), and accounted for 36% of 

total abundance.  These peaks coincided with the first significant rain event of the season followed 

shortly thereafter by a second rain event. During the Chinook Salmon run there were a total of 

1,068 hours sampled, accounting for 88.4% of the total potential sampling time. 

While it was the Project’s goal (along with the strong support and interest of Trout Unlimited) to 

enumerate the Steelhead Trout population, stream flow conditions limited sampling time and the 

project was able to effectively capture only the beginning to early-mid portion of the total run. It 

is estimated that 1,395 (CI = 1,284 – 1506; CV = 3.97%) steelhead migrated past the DIDSON 

camera during the time sampled from January 1 – February 12.  Thereafter, continuous high flow 

conditions did not allow for the operation of the camera.   
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Introduction 

Chinook Salmon have experienced notable declines in abundance over the last 50 years, 

particularly in California. As a result of these significant declines the California Coastal (CC) 

Chinook Salmon Evolutionarily Significant Unit (ESU) was first listed as threatened under the 

Endangered Species Act (ESA) in 1999, and two subsequent status reviews have reaffirmed the 

threatened status (Good et al. 2005; Williams et al. 2011). This ESU of Chinook Salmon has a 

geographic range which extends from rivers and streams south of the Klamath River in northern 

Humboldt County to and including the Russian River in Sonoma County.  As California’s third 

largest watershed, the Eel River composes a significant proportion of the overall CC Chinook 

Salmon ESU range and natural production; however, the quality and quantity of recent and 

historical CC Chinook Salmon population data are very limited. The lack of monitoring data and 

a comprehensive monitoring plan for California Coastal (CC) Chinook Salmon have made it 

difficult to establish population status and trend, consequently decelerating the development of 

direct fishery assessment and abundance-based fishery management (O’Farrell et al. 2012).   

Due to its overall large size, remote geography, limited access, flashy hydrology and high 

turbidities, monitoring the returning CC Chinook Salmon populations in the mainstem Eel River 

has been difficult and previous studies are mostly limited in their scope and duration.  Three data 

sources – i.e., the fish counts at Van Arsdale Fish Station (at Cape Horn Dam) and spawner surveys 

for the upper mainstem Eel River (below Cape Horn Dam) and Tomki Creek - are among the best 

available long-running data sets, but they all have significant limitations (Yoshiyama & Moyle 

2010).  The updated status review for west coast salmon and steelhead by NMFS (2005) noted, 

“These data are not especially suited to rigorous analysis of population status for a number of 

reasons, and sophisticated analyses were not pursued.” The Van Arsdale Fish Station (VAFS) has 

fish counts from 1933 to present; however, major modifications to the fish ladder and provisions 

to provide attraction flows did not occur until 1987, thus limiting the accuracy of prior years’ data. 

The counts at VAFS represents a small and highly variable portion of the run (Berg Associates 

2002); spawning access to VAFS and other headwater habitats in the Eel River Basin is influenced 

by hydrologic alteration and is likely to depend strongly on the timing and persistence of suitable 

river flow.  CDFW records of ladder counts of combined adult and jack Chinook Salmon from 

1986/87 to present range from 0 (1990/91) to 3,471 (2012/13), with a yearly average of 631 

Chinook. The carcass surveys performed in the upper mainstem (reaches downstream of Cape 

Horn Dam to Salt Creek) and in Tomki Creek drainage occurred in the mid-1980s to mid-1990s 

(Tomki Creek had additional years of surveys into the 2000s).  These surveys produced population 

estimates: the upper mainstem ranged from 4 to 4,771 Chinook Salmon (adult and jack); and 0 to 

3,558 Chinook Salmon (adult and jacks) in the Tomki Creek drainage (Steiner 1998).   

While collecting valuable fisheries information for the upper mainstem, the VAFS and previous 

carcass surveys do not provide evidence for the status of the basin wide salmonid escapement. 

This project operated dual-frequency identification sonar (DIDSON) ‘cameras’ to enumerate 

salmon escapement into the lower mainstem Eel River above the confluence with the South Fork 

Eel River. While single beam sonar systems have been used to enumerate fish migration in rivers 

since the early 1960’s, it is within the last 20 years that sonar technology has greatly improved the 
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counting accuracy by incorporating multiple high frequency beams, producing “video” quality 

images through highly turbid water conditions over a wide range of river discharges. Similar 

technology is being used to measure escapement in a number of commercial and sport fisheries in 

Alaska (Dunbar 2001; McKinley 2002), and Canada (Cronkite et al. 2006). Based on the success 

of sonar technology to monitor salmon escapement in nearby northern California rivers (e.g. Mad 

River and Redwood Creek), the California Department of Fish and Wildlife (CDFW) believes 

DIDSON cameras are well suited to the highly variable discharge and water turbidity that 

characterize the Eel River during the period of salmon migration, and thus initiated this pilot year 

(2018/19) study, which will also continue in 2019/2020.   

Site Description 

The Eel River is located in northern California, approximately 200 miles north of San Francisco, 

and drains into the Pacific Ocean just south of the city of Eureka, Humboldt County. It is the third 

largest river in California with a drainage basin of 3,684 square miles (CDFW 1995), and a 

discharge of 5.4 million-acre feet (CDFW 1995). The Eel River watershed is comprised of the 

mainstem Eel, North Fork Eel (283 sq. mi.), Middle Fork Eel (753 sq. mi.), South Fork Eel (690 

sq. mi.), and the Van Duzen (428 sq. mi.) rivers. The mainstem Eel River is approximately 197 

miles in length with 832 tributaries – totaling 3,526 miles of blue line stream according to the 

USGS 7.5” maps. The mainstem Eel River has its headwaters in Mendocino County near Bald 

Mountain, and flows south to Lake Pillsbury, thence 12 miles west to Van Arsdale Reservoir, then 

northwest approximately 157 miles to the Pacific Ocean.  Elevations on the mainstem range from 

sea level at the mouth to over 6,700 feet at the headwaters. The project area covers the mainstem 

Eel River (including the North and Middle Forks) from its headwaters downstream to near its 

confluence with the South Fork (SF) Eel River (Figure 1). California Trout operated a separate 

sonar camera monitoring project on the lower SF Eel River during the 2018-19 season and will 

produce a separate report detailing their project results. 

Methods and Materials 

Sonar Site Selection 

The DIDSON camera was located on the mainstem Eel River, approximately 4 miles upstream of 

its confluence with the SF Eel River (Figure 1), behind a locked gate on Humboldt Redwood 

Company Property.  Considering the very limited access points along the lower mainstem Eel 

River, selecting a location for the DIDSON camera station was constrained to a few potential 

locations along the lower seven miles of Dyerville Loop Road which follows the mainstem Eel 

River from the rural settlement area of McCann downstream to the confluence with the SF Eel 

River. In February of 2018, CDFW and Trout Unlimited performed a reconnaissance-level floating 

trip on the Eel River from the McCann Bridge downstream to the SF Eel River to determine the 

best potential location for the DIDSON camera. 

Ideal selection of a sonar site was based on the following primary factors: 1) a uniform stream 

bottom profile that offers adequate esonification (i.e. uniform, without large pits or boulders) as  
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 Figure 1. The Eel River watershed and project location of DIDSON stations, including California Trout’s SF Eel DIDSON. 
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described by Maxwell (2007), and 2) a longitudinal profile that is characteristic of swift, laminar 

flow where up/down fish ‘milling’ behavior is minimized (Pipal et al. 2012).  The project’s camera 

site fit this description as it was situated in a confined, swiftly flowing run unit with a uniform 

channel bottom, just downstream of a large pool and riffle unit. No significant tributaries are 

located downstream of the site to the confluence with the SF Eel River, and it is unlikely that any 

salmonids would spawn in this section of the river considering the habitat conditions on high 

velocity flows during the fall and winter months.  The nearest stream flow gauge is located 

approximately 23 miles upstream at the USGS Fort Seward gauge (Gauge #11475000). 

Sonar Installation 

The DIDSON camera site was located at a remote site on a large river bar without access to any 

structure or power source.  We determined that a cargo trailer with attachable solar panels (on top 

of trailer) could effectively house a laptop, sonar equipment and provide the needed power source. 

Trout Unlimited purchased the trailer and outfitted the trailer with the necessary equipment 

(including solar panels and batteries). In early October, TU delivered the trailer and provided 

technical assistance for the proper set-up and testing of the trailer’s equipment.  Humboldt 

Redwood Company provided access as well as locking gate security to the site.   

On November 6, 2018 the project’s staff installed the cargo trailer, solar panels, a long-range 

dual-frequency identification sonar (DIDSON) camera and associated equipment. The cargo 

trailer housed the computer, hard drive, and sonar top box used to operate the camera in addition 

to the battery bank, power inverter and solar panel controller that provided the external power 

source.  The solar panels were secured on top of the trailer by bolting them to a metal frame and 

running a 0.25-inch steel cable through holes drilled in the solar panel frames and locking it to 

the trailer.  The cargo trailer and camera were secured to the gravel bar using Earth Anchor 

duckbills, steel cable and locks. After the panels were connected, CDFW and Cardno project leads 

and CDFW technicians initiated testing and recording of sonar imagery.   

Due to the lack of rain, low flows conditions (Fort Seward USGS gauge: 40cfs), and assuming no 

adult salmonid movement would occur, extra effort was taken to test the camera at several cross 

sections of the river channel to determine the best location for recording and conducting sonar 

camera operations. To represent fish movement, floating and submerged objects were passed 

through the sonar beams (or area of esonification) to ensure complete esonification of the water 

column.  Weir panels were installed just downstream of the camera and extended 1 meter (m) 

past the lens to prevent fish from passing the sonar undetected by swimming behind or too close 

to the camera (DIDSON window start range was set at 0.8 m). The camera was housed in an 

aluminum lock box attached to a stand that was moved in response to changes in flow and channel 

width. The pitch of the camera was manually adjusted to properly esonify the water column 

(Holmes et al. 2006).  The sonar was checked daily to ensure the quality of recorded sonar imagery 

and repositioned if necessary. During storm events technicians often made multiple trips per day 

to the field site to adjust the stand location, weir panels, camera pitch for data quality purposes, 

and if warranted, removing the stand and camera from the river to prevent damages or loss of 

equipment.  Vehicles equipped with four-wheel drive were used to access the remote field site 

located on a large gravel bar.     
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Data Recording and Processing  

During the first week of operations (November 6-14), the camera was only deployed during the 

day and brought back to the CDFW Fortuna office in the late afternoon. Once additional security 

equipment was purchased and installed, the camera could then stay on location and begin 

recording data 24 hours/ 7 days a week. Accordingly, on November 15th the camera was deployed 

to continuously record data for the duration of the Chinook Salmon run and into the Steelhead 

Trout run.  A few exceptions occurred to continuous deployment and recording of data due to 

unpredicted river discharge fluctuations, periods of very high flows, and equipment failures.   

Sonar imagery data was arranged in 20-minute incremental files starting on the hour and stored 

on a 2-terabyte external hard drive.  Project staff would copy data multiple days a week to an 

additional hard drive that would be brought back to the CDFW Fortuna office for processing.  The 

data processing occurred on desktop computers using Sound Metrics DIDSON software version 

V5.26.24. We used a non-replicated systematic sample of the first 20 minutes of each hour to 

enumerate fish passage through the camera window (Sparkman et al. 2017). Net movement was 

determined for each 20-minute file and defined as the sum of positive upstream movements and 

negative downstream movements. To properly assess error arising from using a 20-mintute 

subsample to represent hourly fish passage, we used the V5 variance estimator and determined 

95% confidence intervals for the total yearly passage (Xie and Martins 2014; Metheny et al. 2016; 

Sparkman et al. 2017). The V5 estimator was used to account for missed sampling time and the 

nonlinear patters of anadromous fish movement, which can increase the variance estimate 

(Reynolds et al. 2006).  The estimator looks at the passage rate before any given hour and after 

any given hour to best represent the migration pattern.  Studies comparing different sampling 

methods have shown that systematically sampled, non-replicated data has the highest precision 

and accuracy (Holmes et al. 2006; Xie and Martins 2014).   

For total fish length data, we estimated sizes of individual fish using the measuring tool in the 

DIDSON V5.26.24 version software.  The first 10 individuals that passed through the window 

for each hour were measured to the nearest centimeter (cm).  A preliminary total length cutoff of 

65 cm was used to separate Chinook Salmon jacks (precocious males) from adult Chinook Salmon 

based on personal communication with Scott Harris (CDFW), who has compiled and reviewed 

extensive Chinook Salmon data collected at the Van Arsdale Fish Station.  The DIDSON camera 

preset window lengths are limited, with only 40 meter (m) or 80 m focal lengths appropriate for 

the mainstem Eel River site.  As river flows increased and thus the wetted channel widened, the 

DIDSON camera preset focal length would need to be changed from the 40 m to the 80 m preset 

length.  The 80 m preset caused great difficulty to accurately measure fish (Figure 2); therefore, 

fish lengths were documented for only files recorded at 40 m.  We assumed that fish migrating 

within the 40 m end range were similar in size to those migrating within 80 to 40 m window of 

the range. To estimate abundance of Chinook Salmon the project used the net movement of all 

fish observed for the 20-minute subsample.  Variability in fish measurements between the 40 m 

window range and 80 m window range led to an uncertainty in size classification.   
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Figure 2. Side by side comparison of still-frame DIDSON imagery with end ranges set at 40 m (left) and 80 m (right). 
The yellow box outlines where a fish is located. This recording was taken on the mainstem Eel River, Humboldt 
County, CA.    

Species Apportionment 

Salmonid species cannot typically be differentiated by Sonar imagery alone, however seasonal, 

single-run rivers does assist in species apportionment efforts.  The species assignment was based 

on the run timing of each species using current and historical observations at the VAFS on the 

upper mainstem Eel River and annual CDFW South Fork Eel River spawning ground surveys. 

Distinct, temporal migration patterns have been observed in the Eel River for Chinook Salmon, 

Coho Salmon (Oncorhynchus kisutch) and Steelhead Trout (Yoshiyama et al. 2010). Chinook 

begin to move from the ocean into the river’s estuary in late August and September and hold in 

the lower reaches until rainfall and increases in discharge allow for passage through shallow riffles. 

Annually, a few steelhead have been observed migrating with the fall-run Chinook Salmon 

(Halligan 1997, 1998).  More recently, the Eel River Recovery Project and local fishing guide, 

Eric Stockwell, have conducted weekly kayak and stand up paddleboard surveys in September 

through November in the lower Eel River to document the species present and their approximate 

numbers.  In addition to hundreds of adult and jack Chinook Salmon, the 2018 surveys noted the 

presence of adult steelhead, hundreds of half-pound steelhead, hundreds of Sacramento Pike 

Minnow (Ptychocheilus grandis), several dozen Striped Bass (Morone saxatilis), a few American 
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Shad (Alosa sapidissima), and one adult Green Sturgeon (Acipenser medirostris) (personal 

communication with Eric Stockwell 2018) staging prior to the onset of winter rains, which would 

then allow them passage to move upriver. 

We estimated that a large majority of the Chinook Salmon run was completed by the last week of 

December 2018.  This is primarily based on two indicators: no Chinook Salmon ascended the 

ladder at the Van Arsdale Fish Station during that week; and CDFW South Fork Eel River 

spawning ground surveys detected almost no new Chinook Salmon entering the watershed.  

Beginning in January 2019, Steelhead Trout presence in the watershed was observed through 

recreational angler reports and spawning ground surveys.   

While a significant adult Coho Salmon run exists on the SF Eel River, recent detections of Coho 

Salmon in the mainstem Eel River have been limited to a few observations of adult fish in the 

Outlet Creek watershed (Yoshiyama 2010).  Surveys conducted during 2018/2019 were limited in 

response to high flows and turbid water, leading to no detections of Coho Salmon in the Outlet 

Creek watershed (personal communication with Scott Harris, CDFW 2019).  We considered it 

reasonable to assume that the negligible number of migrating adult Coho Salmon in the mainstem 

Eel River was not enough to compromise the project’s adult escapement estimate of Chinook 

Salmon and steelhead.   

With the intention of capturing adult salmon to implant with PIT tags and to potentially help with 

speciation, the project conducted a seining operation on December 7, 2018 in the large pool located 

upstream of the sonar camera.  Under the direction of Michael Sparkman, CDFW Sonar 

Coordinator, the project staff with additional assistance from other CDFW scientific aids, 

AmeriCorps Watershed Stewards Project (WSP) members and California Conservation Corps 

(CCC) staff and corps members performed four seining passes in the pool (Table 1). The project 

utilized the Department’s jet boat and a 400-foot sein. No adult salmonids were captured during 

any of the four seining passes and thus no pit tags were deployed. With the exception of one 

Sacramento Sucker (Catostomus occidentalis), all other fish captured were less than the 39 cm 

threshold for fish being counted during the imagery review. This gave some assurance that nearly 

all fish being tallied were salmonids. While the project intended to perform several additional 

seining events throughout the 2018/2019 season to further validate data collected with reviewed 

sonar imagery, the lack of available crew, limited resources, and predominantly higher flow 

conditions did not allow for additional seining operations. The first seining effort was considered 

largely a trial-run and the project has acquired knowledge and gained experience needed to capture 

adult salmonids during future efforts.    

Table 1. Fish species and total number of fish captured during seining efforts on December 7, 2018. 

Fish Species Captured Number of Fish Captured Size Range (cm) 

Rainbow/Steelhead Trout 
(Oncorhynchus mykiss)  

8 30 – 38 (All considered half-

pounders) 

Sacramento Pikeminnow 
(Ptychocheilus grandis) 

15 23 – 37 

Sacramento Sucker 
(Catostomus occidentalis) 

5 35 - 41 
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Results 

Field Operations 

The sonar camera was continuously deployed from November 15, 2018, through February 12, 

2019 with some exceptions.  There were intermittent periods of down-time primarily associated 

with extreme weather conditions and equipment power shortages (Table 2).  From the time the 

camera was initially deployed to the time it was decommissioned for the season, there were 1,752 

hours that could potentially be recorded.  Of the 1,752 hours throughout the season a total of 1,552 

(88.9% of the total possible hours) hours were recorded for fish passage.  During the Chinook 

Salmon run (November 15 through December 31) there were a total of 1,068 hours sampled, 

accounting for 88.4% of the total potential sampling time (Table 3).  Most of the hours missed can 

be attributed to large flow events, which resulted in higher water velocities at the site and keeping 

the camera secured became difficult to potentially impossible. Attempting to operate the camera 

at higher flows also posed a safety risk to the project staff and crew.  The project found that it was 

safe and effective to operate the camera in flows up to 9,000 cfs (measured at the Fort Seward 

gauge). Some of the recordings during high flow events were challenging to process due to a high 

sediment load creating background noise.  The positioning of the camera was paramount so that 

the water column was effectively esonified, therefore detecting individual fish movement 

(Faulkner et al. 2009).   

Table 2. Percent of the time sampled per month for the 2018/19 season, mainstem Eel River, Humboldt County, 
CA. 

Percent Time Sampled 

November 0.906 91% 

December 0.872 87% 

January  0.889 89% 

February* 0.908 91% 

* The month of February reflects the time-period till the camera was decommissioned on Feb. 12th.  

Table 3. Monthly sampling time missed due to streamflow and other reasons during 2018/2019 season, mainstem 
Eel River, Humboldt County, CA. 

Monthly Sampling Time Missed 

Month Flow (# hrs) % Due to Streamflow Other (# hrs) % Due to Other   

Nov. 1 0.0026 0.26% 12 0.0312 3.10% 

Dec. 69 0.0958 9.60% 23 0.0319 3.20% 

Jan. 45 0.1102 11% 0 0 0% 

Feb. 22 0.0916 9.10% 0 0 0% 

 

Data Quality Assurance     

To ensure the quality of data and accuracy while enumerating fish movement, files were reviewed 

multiple times.  Typically, files were reviewed independently by two technicians and the counts 



California Department of Fish and Wildlife 

Lower Mainstem Eel River Chinook Salmon Monitoring Report 2018-19 

were compared for hourly passage rates to QA/QC.  In some cases, files would be reviewed an 

additional time if there was significant disagreement in counts.  

Chinook Salmon Abundance Estimate 

We estimate the abundance of Chinook Salmon returning to the mainstem Eel River above the 

confluence of the South Fork Eel River from November 15th through December 31st, equaled 3,844 

(CI = 3,506 - 4,181; Coefficient of Variation (CV) CV = 4.39%). This number represents both 

adults and jacks as the project did not separate Chinook Salmon into age classes due to uncertainty 

of measurements.  

Daily Passage Rates 

Daily movement of fish during the Chinook Salmon run ranged from 0 to 666 and averaged 83.5 

fish per day (SE = 15.4) (Figure 3).  The peaks of migration occurred on November 23rd (N = 666 

fish), November 24th (N = 324 fish), November 25th (N = 232 fish), and December 2nd (N = 150 

fish) (Figure 3).  The periods of increased passage rates coincided with rain events, increased 

streamflow, and during the receding limb of the stream hydrograph (Figure 3).  

 
Figure 3. Streamflow (cfs) measured from the USGS gauging station at Fort Seward and the daily anadromous fish 
movements from November 15th-February 12th on the mainstem Eel River, Humboldt County, CA. “No data” 
primarily represents when camera was not operational due to high flows. 
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Fish Measurements  

As discussed in Data Recording and Processing section of this report, the 80 meter (m) preset focal 

length on the DIDSON caused great difficulty to accurately measure fish (Figure 2); therefore, fish 

lengths were documented for only files recorded at 40 m. The 40 m window was utilized during 

lower flow conditions, which occurred during most of November and the first half of December. 

Approximately half of days (and their associated files) during the Chinook Salmon run were 

recorded at the 40 m preset allowing for some fish length data estimates. Lengths estimated using 

DIDSON software version V5.26.24 ranged from 39 cm (project’s cutoff for anadromous fish) to 

130 cm (Figure 4).  The average length was 69.3 cm (SE = 0.47) with 50% of the fish measured at 

55-82 cm (Figure 5). From December 17, 2018 till the camera was decommission on February 12, 

2019 no fish lengths were estimated.    

 
Figure 4. Estimated fish lengths (cm) using Sound Metrics software version V5.26.24 with the window end range set 
at 40 m on the mainstem Eel River, Humboldt County, CA. 
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Figure 5. Distribution of estimated fish lengths measured using Sound Metrics software version V5.26.24 with the 
window end range set at 40 m on the mainstem Eel River, Humboldt County, CA. 

Discussion  

The Eel River, being the largest contributor to the CC Chinook Salmon ESU, is crucial for viability 

of the species (NMFS 2016).  The dynamic landscape, weather, and remote tributaries increase the 

difficulty of effectively surveying the watershed with methods such as spawning ground surveys, 

adult weirs and traps.  Capturing fish movements in a variety of conditions (turbid and nonlaminar 

water) is necessary for accurately estimating salmonid abundance in large river habitats (Reynolds 

2007).  Using hydroacoustic technology is the only logistically reasonable strategy to enumerate 

anadromous fish escapement in a watershed the size of the Eel River (Sparkman et al. 2017).   

Once supporting robust commercial and sport salmon fisheries, the Eel River has a legacy of wild 

salmon abundance.  Estimates of over a half a million Chinook and Coho salmon combined were 

harvested per year at the turn of the 19th century (Moyle et al. 2017).  More recently, runs have 

crashed to less than 10% of the historical abundance of fish remaining (Moyle et al. 2017).  Modern 

escapement estimates have been largely expert opinion based on a few indices throughout the 

watershed.  The Van Arsdale Fish Station (VAFS) located high on the mainstem Eel River, has an 

extensive data set with many years of fish counts passing Cape Horn Dam.  While collecting 

valuable fisheries information for the upper mainstem, the VAFS does not provide evidence for 

the status of the basin wide salmonid escapement.  The DIDSON Project aims to produce relevant 

and comprehensive data for management of Eel River salmon, a significant contributor to the CC 

Chinook Salmon ESU.   
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Abundance of CC Chinook Salmon  

For the first time since the canneries were operational (early 1900s), the project efforts have 

allowed for a more accurate estimate of the CC Chinook Salmon run in the mainstem Eel River.  

The use of sonar capably detected fish movement 24 hours per day in variable flows and 

prominently highly turbid water; thereby providing counts used to estimate the CC Chinook 

Salmon run abundance.  The project estimated that 3,844 (CV = 4.39%) Chinook Salmon migrated 

past the DIDSON camera on the mainstem Eel River. Of note, the VAFS only observed 95 

Chinook Salmon ascend the ladder during this 2018/19 season.  This number was down from the 

232 Chinook Salmon observed during the 2017/18 season. Low numbers of Chinook Salmon were 

also observed during spawner surveys in Tomki Creek in the upper watershed below the VAFS 

(Eel River Recovery Project 2019). 

The California Trout SF Eel DIDSON monitoring project has not completed a full data analysis 

and Chinook Salmon estimate report but has provided a preliminary and draft estimate of 3,600 

SF Eel River Chinook Salmon during 2018/19 season (personal communication Matt Metheny, 

California Trout 2019). The SF Eel DIDSON draft estimate combined with the mainstem Eel River 

estimate indicates CC Chinook Salmon abundance in the SF Eel and Mainstem Eel River 

(upstream the confluence with the SF Eel) was between 7,000 – 8,300 fish in 2018/19.  This 

comprises approximately 75% of the Eel River watershed’s Chinook Salmon habitat. Additional 

data is needed to produce an Eel River basin-wide estimate, which would include the Van Duzen 

River watershed and several other tributaries downstream the confluence of the SF Eel and 

mainstem Eel rivers.  

Preliminary Steelhead Trout Abundance Estimate 

It was the Project’s intention along with the strong support and interest of Trout Unlimited to 

enumerate the Steelhead Trout population.  However, with environmental conditions limiting 

sampling time the project was able to effectively capture only the beginning to early-mid portion 

of the total run. With the exception of a small number of steelhead that enter the river in the fall, 

the vast majority of the steelhead run on the mainstem Eel River typically occurs from the 

beginning of January till early April.  We estimate that 1,395 (CI = 1,284 – 1506; CV = 3.97%) 

steelhead migrated past the DIDSON camera during the time sampled from January 1 – February 

12.  Thereafter, continuous high flow conditions did not allow for operation of the camera.  In the 

upcoming second pilot year we intend to sample the majority of the steelhead migration timing, 

enabling a more complete escapement estimate for mainstem areas above the SF Eel River 

confluence. 

Temporal Migration Patterns 

The 2018 adult Chinook Salmon run timing was influenced by the unseasonably late rainfall 

beginning in late November 2018 (Table 4). Prior to the first significant rainfall event, the project 

observed very low numbers of fish migrating past the DIDSON camera (Figure 3).  During the 72 

hours after the first rainstorm, the highest fish passage rate for the entire season was observed 

(Figure 3).  The lack of rain in October and most of November inhibited Chinook Salmon passage 
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upriver during their historical run timing (Halligan 1997,1998; Moyle 2017).  As a result, this 

large, initial pulse of fish may have been a combination of several pulses of fish that normally 

would have been spread out during the month of November.  Throughout December, migration 

pulses were associated closely with rain events increasing streamflow (Figure 3).  On the 

descending limb of the hydrograph fish passage would increase and then taper off as flows 

continued to recede.  Although fish movement was observed throughout the day, there was a 

significant increase in movement during crepuscular periods (dawn and dusk), as seen in other 

studies (Reynolds et al. 2007; Sparkman et al. 2017).              

Table 4. Daily average precipitation per week measured at NOAA stations in Willits and Covelo, Mendocino 

County, CA, November 1, 2018 to March 31, 2019.   

Weekly Mean Willits Mean (in) Covelo Mean (in) 

11/1/ - 11/7 0 0 

11/8 - 11/14 0 0 

11/15 - 11/21 0 0 

11/22 - 11/28 0.755 0.365 

11/29 - 12/5 0.358 0.196 

12/6 - 12/12 0.045 0.068 

12/13 - 12/19 0.365 0.13 

12/20 - 12/26 0.404 0.254 

12/27 - 1/2 0 0.001 

1/3 - 1/9 0.525 0.354 

1/10 - 1/16 0.217 0.101 

1/17 - 1/23 0.875 0.58 

1/24 - 1/30 0 0.001 

1/31 - 2/6 0.434 0.135 

2/7 - 2/13 0.507 0.357 

2/14 - 2/20 0.657 0.531 

2/21 - 2/27 1.335 0.708 

2/28 - 3/6 0.358 0.190 

3/7 - 3/13 0.17 0.091 

3/14 - 3/20 0.011 0.03 

3/21 - 3/27 0.541 0.425 

3/28 – 3/31 0.28 0.31 

2018/2019 Lessons and Challenges  

Species Run Timing and Seasonal Streamflow  

Run timing for salmon and steelhead in the Eel River changes from year to year, but the general 

pattern remains the same, with steelhead migrating later than Chinook Salmon and having some 

overlap with the end of the Coho Salmon run timing (Yoshiyama et al. 2010; Halligan 1997, 1998).  

During the late fall and early winter season (November through December) which coincides with 

the run timing of the adult Chinook Salmon, stream flows are maintained within a range that allow 

for effective and predominantly contiguous operation of the sonar camera (Figure 6). However, as 

the winter season progresses, the daily streamflow increases significantly with the historical 
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median flow being near 8,000 cfs (Figure 7) at the Fort Seward USGS gauging station.  During 

the 2019 winter season (January 1st through March 31st), the USGS gauging station at Fort Seward 

estimated mean daily flows ranged dramatically from 900 cfs to nearly 190,000 cfs (Figure 7). The 

daily discharge only fell below the historical median flow for a few, very brief periods of time.  

This illustrates a significant concern when assessing the effectiveness of capturing the entire 

steelhead migration run in late winter and spring (January-April).  Anytime the watershed receives 

normal to higher than normal rainfall, it would be difficult to impossible to continuously operate 

the camera.  With continued application of sonar to estimate salmonid escapement in the Eel River, 

this project aims to identify a streamflow threshold at which fish movement is extremely limited 

or stops entirely (Metheny et al. 2016; Sparkman et al. 2017).  

 
Figure 6. Estimated daily mean streamflow (cfs) and historical median statistic during period of typical adult 
Chinook Salmon run timing (November through December), measured from the USGS gauging station at Fort 
Seward, Humboldt County, CA. 



California Department of Fish and Wildlife 

Lower Mainstem Eel River Chinook Salmon Monitoring Report 2018-19 

  
Figure 7. Estimated daily mean streamflow (cfs) and historical median statistic during period of typical Adult 
Steelhead run timing (January through March) measured from the USGS gauging station at Fort Seward, Humboldt 
County, CA. 

The initial partnership for the Mainstem Eel River DIDSON Project included CDFW, Trout 

Unlimited and Pacific Gas and Electric (PG&E) and their contractor, Cardno.  As a portion of their 

Potter Valley FERC Relicensing environmental study requirements, PG&Es contractor, Cardno, 

supplied a project lead for day to day operations and provide data collection to PG&E.  In early 

2019, PG&E filed for bankruptcy and made the decision to withdraw from the Eel River DIDSON 

Project.  With the decision to discontinue their funding for the project, Cardno had to withdraw 

efforts on the project including their project lead.  The removal of the project lead in early February 

2019 required greater effort from the CDFW staff and field crew concerning daily operations and 

data review.  Fortunately, Trout Unlimited was able to hire the former Cardno project lead 

temporarily (in a contractor position) to complete the data analysis and assist with the completion 

of this report. 

In the field there were a few challenges that altered the day to day routine while the camera was 

operational. The camera site was located very low in the Eel River watershed leaving a substantial 

upriver area for rain, surface runoff, and groundwater input above the site.  The streamflow varied 

dramatically, sometimes with changes in thousands of cfs within hours and tens of thousands 

throughout the day (Figures 6 & 7).  The sonar would need to be moved in response to ascending 

or descending water levels. Having a gauging station upstream (Fort Seward) was very useful for 
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indicating real-time flow information.  However, the gage readings would provide only a minimum 

of what was actually encountered, since run-off occurs below the gaging station. Often it was 

necessary to check flows throughout the day and night and be ready to move the sonar in order to 

collect valuable data with properly weighing field staff safety.  The Project found that the threshold 

at which the camera needed to be pulled from the river was approximately 9,000 cfs.  The cargo 

trailer housing the power source, DIDSON top-box, and computer was vulnerable at high flows 

further adding to the precautionary measures.  The Project would move the trailer to a higher 

terrace if the river forecast predicted flows over 12,000 cfs.  With stationary in-stream sonar 

equipment, river flows dictated a vigilant staff commitment. 

Throughout the initial part of the season there were no issues with being able to power the 

DIDSON with the existing solar power setup.  As the days became shorter and overcast/rainy 

weather occurred more frequently, the solar panels occasionally were not able to fully charge the 

batteries to power all the equipment.  After running the camera throughout the night, the batteries 

would drain to a point of shutting everything off, therefore stopping the sonar data recording.  To 

solve this issue Trout Unlimited purchased and installed a charging outlet and power invertor.  In 

the event the batteries were unable to charge utilizing solar energy, staff would be able to manually 

charge the batteries using a generator.       

An obstacle encountered at the office was the work and time intensive-data processing.  Having 

personnel acquire an adequate level of confidence with manually counting and measuring fish 

required more training and hands on experience than anticipated.  Although imagery processing 

was demanding, the Project found methods to streamline their efforts.  The use of paperless 

datasheets helped with the efficiency of data management.  Data was entered in an excel workbook 

while imagery was being reviewed, eliminating the time required for transferring from paper to 

the computer and minimizing typographical errors.  

DIDSON vs ARIS 

For the pilot year the Project used a DIDSON long-range camera to capture fish movement.  With 

the correct positioning during recording and using proper software settings while processing data, 

the project was able to detect fish passage at crucial migration phases.  While functionality of the 

camera was appropriate for detecting fish movement, the project and quality of data collected 

would be benefited by using an Adaptive Resolution Imaging Sonar (ARIS) on the Eel River.  

DIDSON have preset focal ranges that are not adjustable, confining the project to use either a 40 

m preset or an 80 m preset.  The river’s channel width changed dramatically in response to rain 

events making the presets a burden and potentially compromising the quality of data.  A 

streamflow of 3,600 cfs at the USGS Fort Seward gauging station produced a channel width of 57 

m at the sonar site (Figure 1).  There was a significant amount of time during the 2018/2019 season 

that the stream width was just past the 40 m range forcing the recording window to be set at 80 m.  

This truncated the processing image, not allowing for accurate fish length measurements and 

increasing the potential for human error while reviewing imagery.  With ARIS, the operator can 

set the end range and capture imagery at a much higher resolution and clarity than with DIDSON 

(Jing et al. 2018 ADFG).  Utilizing the latest sonar technology would provide increased data 
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quality and quantity, helping to accurately estimate salmonid escapement, distinguish between 

Chinook Salmon size classes (adults vs jacks) and strengthen fisheries management potential in 

the Eel River basin.         
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Photo Appendix

Date and Description

1) 11.06.2018. Gravel bar site with cargo trailer and attached solar panels.

2) 11.06.2018. Looking toward the river from the cargo trailer.

3) 11.16.2018. Testing esonification with a floating object.

4) 11.16.2018. Testing esonification with a submerged object.

5) 11.16.2018. Checking sonar imagery quality in cargo trailer.

6) 11.16.2018. Camera position in river and installed weir panels.

7) 11.20.2018. Reconnaissance snorkel survey in camera run unit.

8) 11.26.2018. Moving camera position during first big flow event of season.

9) 11.29.2018. Camera positioned in between debris guard (upstream on right) and weir (left).

10) 12.07.2018. Setting the sein net using a 400’ net and motor boat in pool above sonar site.

11) 12.07.2018. Pulling in sein net.

12) 12.17.2018. Water covering most of the gravel bar at a flow of 10,600 cfs (USGS stream gauge Fort 
Seward). Original trailer location is marked by the T-post in center of the photo.

13) 12.25.2018. Trailer in center of photo, flooded from an underpredicted flow event (15,300 cfs).

14) 12.25.2018. Trailer caught in a large, unexpected flow event.

15) 01.17.2019. Looking across the river at where the gravel bar site is located at a flow of 45,300 cfs. 

16) 02.27.2019. The roadway down to the gravel bar at 186,000 cfs (highest flow of the season).
 

 

 

 

 

  



 
 1) 11.06.2018. Gravel bar site with Trout Unlimited cargo trailer and attached solar panels. 

 
2) 11.06.2018. Looking toward the river from the cargo trailer.  



 
3) 11.16.2018. Testing esonification with a floating object. 

 
4) 11.16.2018. Testing esonification with a submerged object. 



 
5) 11.16.2018. Checking sonar imagery quality in cargo trailer.  

 
6) 11.16.2018. Camera position in river and installed weir panels. 



 
7) 11.20.2018. Reconnaissance snorkel survey in camera run unit.  

  
8) 11.26.2018. Moving camera position during first big flow event of season. 



 
9) 11.29.2018. Camera positioned in between debris guard (upstream on right) and weir (left).  

 
10) 12.07.2018. Setting the sein net using a 400’ net and motor boat in pool above sonar site. 



 
11) 12.07.2018. Pulling in sein net. 

 
12) 12.17.2018. Water covering most of the gravel bar at a flow of 10,600 cfs (USGS stream gauge Fort 
Seward). Original trailer location is marked by the T-post in center of the photo.  



 
13) 12.25.2018. Trailer in center of photo, flooded from an underpredicted flow event (15,300 cfs).  

 
14) 12.25.2018. Trailer caught in a large, unexpected flow event.  



 
15) 01.17.2019. Looking across the river at where the gravel bar site is located at a flow of 45,300 cfs.  

 
16) 02.27.2019. The roadway down to the gravel bar at 186,000 cfs (highest flow of the season). 


