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ABSTRACT 

 

Following a study funded by the Southern Boundary Restoration and Enhancement Fund 

and carried out in 2008-2009 (Xie et al. 2010), a stationary sub-sampling method was 

further tested during 16 days in September 2010 using side-looking split-beam transducer 

deployed from a vessel near the PSC Mission hydroacoustic monitoring site. The ultimate 

goal of this project was to develop a stationary sub-sampling system to provide 

information for the accurate estimation of daily salmon passage in the offshore area of the 

river.   An additional dual-frequency identification sonar (DIDSON) unit was also used 

for target recognition and to provide comparable information to that collected by the  

split-beam system. This report presents results and major findings from the 2010 

sampling season and subsequent analyses of the data. The estimated daily salmon passage 

for 10 of the 16 sampling days was compared with the estimates from the current mobile 

sampling system. The study identifies two major advantages of incorporating DIDSON 

into the sampling system.                      

1. The imaging sonar data allow for statistical assessment of target recognition 

errors in the split-beam target data, and  

2. Fish flux estimated from the DIDSON can be utilized to quantitatively assess 

potential bias in the split-beam based flux in the same area where fish passage is 

independently estimated by the 2 systems.   
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INTRODUCTION 

Background 

 

The Pacific Salmon Commission (PSC) conducts a hydroacoustic program near Mission 

B.C. on the Fraser River to estimate the daily influx of adult sockeye and pink salmon to 

the lower river.  The near-shore salmon flux is estimated directly from the shore-based, 

side-looking sonar systems over ranges up to 70m from the south shore and 40m from the 

north shore. Fish migrating in offshore areas of the river are surveyed by a downward 

looking transducer from a moving vessel that transects the river. The offshore salmon 

flux is estimated via a density based flux model that assumes uniform (1) fish behaviour 

across the river (Xie et al. 2005) and, (2) fish do not avoid the mobile survey vessel. 

Studies in recent years have shown that fish can behave differently across the river due to 

the inhomogeneous flow field and tidal effects (Xie et al. 2010), and fish do avoid the 

survey vessel within a 4-m  range from the propeller (Xie et al. 2008). The violation of 

the 2 basic assumptions can bias estimates of offshore fish flux by the mobile survey 

system.  

    

To improve the accuracy and precision of salmon flux estimation in the offshore area, a 

stationary sub-sampling method for offshore fish was tested during the 2008- 2010 field 

seasons with funding from the Southern Boundary Restoration and Enhancement Fund. 

This system provided direct measurements of offshore fish flux at 3 stations across the 

river using split-beam transducers from an anchored vessel as illustrated in Figure 1. The 

measured fluxes from the 3 stations were imported into a spatial statistical model to 

predict fluxes in the un-sampled area using a spatial auto-correlation relation (Cressie 

1991). The findings and results from the 2008 and 2009 sampling seasons identified both 

the potential benefits and challenges associated with this sampling method (Xie et al. 

2010). During the 2010 season, an improved version of the sampling system was 

implemented for a 16-day period in September. To evaluate potential error in recognizing 

fish targets by the split-beam sonar, a standard DIDSON unit was added to the sampling 

system to collect imaging sonar data at all sampling stations.  
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Figure 1. Schematic illustration of the vessel-based, stationary sampling system for offshore fish flux.  

Cross sections shaded with red are sampled with multiple aims of a split-beam transducer. Dots represent a 

typical daily fish distribution detected by the PSC mobile sampling system. Detailed sampling geometry at 

each station is shown in Fig. 8.  

 

Project goals 

 

The goal of this project was to develop and implement a robust estimation method to 

replace the current mobile sampling method for estimating offshore salmon flux at the 

PSC Mission Hydroacoustic site.  To achieve this goal, we designed a 2-phase research 

effort over 4 managerial seasons from 2008 to 2011. Phase I of the project was focused 

on the design and testing of the sampling system. Phase I study was completed with a 

report (Xie et al. 2010) to SEF. The report concluded that the main difficulty with this 

sampling method was the acquisition of reliable fish data with the split-beam sonar 

system that can side-scan the water column from the survey vessel. Year 2010 was the 1st 

sampling season under Phase II of the project. The focus of Phase II study was: 

 

1. to improve the sampling system in problematic areas identified in Phase I,  and  

2. to implement the system for in-season use.      

  

In this document, we report findings from the 2010 field season in partial fulfillment of 

the Phase II objectives. 
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MATERIALS AND METHODS 

 

Study site 

 

The PSC Mission Hydroacoustic station is located 80 km upstream from the mouth of the 

Fraser River (Figure 2). The maximum river width at the site is approximately 450 metres 

during periods of high river discharge. The maximum water depth varies from 

approximately 18 m (relative to the gauge at the site) in June during high run-off to 12 m 

in October at low discharge. The river flow is influenced by tides and during extreme 

high tides the river may occasionally reverse its flow. The flow field is non-uniform with 

stronger currents occurring in the deepest channel near the north bank (see Figs. 1 and 4 

in Xie, et al. 2010).  The turbid water of the lower Fraser River prevents visual detection 

and counting of fish passage. Figure 3 is a site photo taken from the left bank. The iron 

dolphin in the photo is the geographic reference point for the site.  

 
Figure 2. Site map of the PSC Mission hydroacoustic station.  
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Figure 3. Photo of the PSC Mission hydroacoustic site. The iron dolphin, located at 49

o
08.175’N; 

122
o
16.466’W, is the geographic reference for positioning all sampling apparatus for the field program at 

the site. Also shown are the mobile survey vessel and a fish-deflection weir (approximately 35 metres in 

length) on the left bank. The weir prevents fish from swimming behind the shore-based sonar beams. 

 

Equipment  

 
The following equipment was used in this study:  

 

1. sonar equipment,  

2. mounting equipment,  

3. vertical rotating device,  

4. orientation sensors,  

5. GPS.   

 

Sonar equipment  

 

For the 2010 sampling season, we deployed 2 sonar systems which included (a) a 

Biosonics DT-X sounder system  to side-scan the water column with a 210-kHz, 6-degree 

split-beam transducer and, (b) a standard DIDSON sonar  to collect image data in a 

downward looking direction (Figures 4 and 5).    

  

upstream
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Figure 4. Photo of the Biosonics DT-X 210-kHz, 6

o
 split-beam transducer (larger cylinder casing) attached 

to a dual-axis ROS rotator (smaller cylinder casing) and a close-up view of the pole mount.  

 

    
 

 

Figure 5. A front view of the standard DIDSON unit attached to a pole mount. 
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Transducer mounting equipment  

 

Stationary soundings from the vessel were conducted by mounting the transducers and 

rotator on two adjustable pole mounts (Figure 6). 

 

    
 
Figure 6. Photo of the 2 deployed transducer pole mounts attached to the starboard side of the stern. The 2 

transducers were deployed 0.5m from the water surface.    

   

Vertical rotating device 

 

To scan the water column with the 6
o
 split-beam transducer, a dual-axis ROS PT-10 

rotator  was used to aim the transducer at a series of pitch angles to acquire data from the 

entire water column.  

 

Orientation sensors    

 

The heading, pitch and roll (HPR) angles of the split-beam transducer were monitored 

and recorded by an HPR sensor inside the transducer casing. The HPR data flow was 

imported into the sounder system as an accessory data-stream and logged into files.      

 

GPS   

 

Locations of the survey vessel were tracked by GPS signals that were imported into the 

sounder as another accessory data-stream.        
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The survey vessel   

 

The fishing vessel Amy Lee was chartered for offshore data collection. The vessel was a 

12.1 m long, 3.7 m wide gill-net fishing vessel (Figure 7). To provide a stationary 

sampling platform, the vessel was anchored by two cables one anchoring the bow and the 

other the stern to keep the bow facing upstream. Vessel motors were turned off during all 

sampling periods.    

 

   
 
Figure 7. The sampling vessel Amy Lee anchored mid-channel to collect data by the 2 transducers 

deployed from the 2 pole mounts attached to the stern.   

 

 

Sampling methods   

 

Multiple-aim sampling by the split-beam sonar   

  

Since only one vessel was available for the stationary sampling of offshore fish passage, 

the daily total offshore flux was sub-sampled both spatially and temporally using a finite 

beam-width transducer. We used a spatially stratified sampling design for fish flux at 

each of 3 off-shore sampling stations. The sound beam was aimed sequentially through a 

series of non-overlapping strata of the water column at each station. The sampling time at 

each of the aims was evenly divided within each hour. This sub-sampling method 

constitutes a space-and-time stratified systematic sampling (Cochran 1977) of fish 

migrating through the water column sampled by the sound beam at multiple aims.  Figure 

8 is the sampling geometry for the water column at the south station by the split-beam 

transducer aimed at a total of 12 non-overlapping strata in the water column. Under this 

sampling design, the transducer acquired 10 minutes of fish flux data at each of the 12 

aims (6 on each side of the vessel) every 2 hours.  
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Figure 8. Sampling geometry by the 6
o
 split-beam transducer at the 12 non-overlapping aims. The dots are 

the split-beam detected fish targets on September 13, 2010 at the south station over a total of 8 hours of 

stationary time (which provided a total of 40 minutes of sampling time per aim). The solid red area (the 14
o
 

field of view) is the sampling area by the downward looking DIDSON beam which imaged a total of 66 

fish in the 1-10m range bin over a total sampling time of 200 minutes (25 minutes of recording time per 

hour).      
     

Downward looking sampling by DIDSON     

 

The imaging sonar DIDSON insonified the water column directly below the vessel. The 

sonar head was aimed downwards with its high-resolution 30
o
 “field-of-view” (FOV) 

orientated along the river and the 14
o
 low-resolution FOV across the river (Fig. 8). The 

DIDSON collected 25-mins data in a 1-10m range bin and 25-mins data in a 5-15m range 

bin per hour. This system provided the following benefits:  

1. It provides a direct measurement of fish flux below the vessel that was not 

sampled by the split-beam transducer;  

2. It helps us assess target recognition error in the split-beam data collected in the 

lower water column;   

3. It allows for quantitative comparisons of the split-beam inferred fish flux in 

DIDSON’s FOV with the directly measured flux from the DIDSON. The 

DIDSON measured flux can be used to calibrate the split-beam inferred flux in 

the un-sampled areas.             

 

Sample times of the 2 sonar systems at each station   

  

Over a 24-hour period, the vessel was anchored twice at each of the 3 stations for a total 

of 8 hours of sampling time per station. During these 8 hours, the split-beam sonar 

sampled the water column for 40 minutes at the 12 aims and the downward looking 
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DIDSON collected a total of 400 minutes of image data (Table 1). The maximum 

sounding ranges of the DT-X split-beam sonar were set to 20 m for all 12 aims.  

 

 
Table 1. Summary of sampling schedules over a 2-hour sampling cycle for the DT-X split-beam (SB) and  

the downward looking DIDSON (DSN) systems. 
Stationary 

Time (min) 

SB Sample 

Time (min) 

SB Starboard Side Aim 

(degrees) 

SB Port Side Aim 

 (degrees) 

DSN Sample 

Time (min) 

 

DSN Sample 

Range Bin (m) 

 

0-10 10 -6 no sampling 

25 0-10 10-20 10 -12 no sampling 

20-30 10 -18 no sampling 

30-40 10 -24 no sampling 

25 5-15 40-50 10 -30 no sampling 

50-60 10 -36 no sampling 

60-70 10 no sampling -6 

25 0-10 70-80 10 no sampling -15 

80-90 10 no sampling -24 

90-100 10 no sampling -33 

25 5-15 100-110 10 no sampling -42 

110-120 10 no sampling -51 

 

Estimation of offshore fish flux  

 

Offshore fish flux was estimated by a spatial krigging model (Cressie 1991) using the 

measured flux from the 3 stations. Detailed descriptions of the model are provided in Xie 

et al. (2010). The model was implemented using r-language (www.r-project.org).   
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RESULTS 

Summary status of daily sampling tests  

 

The mid-channel sampling was conducted for a total of 16 days from the survey vessel 

using the 2 sonar systems in September when a large number of late-run sockeye salmon 

migrated past the site. From the data, we identified 10 daily split-beam datasets that had 

minimal gaps in the data for deriving offshore fish flux.  Table 2 summarizes the daily 

operation status of the split-beam system over the 16 days.  

 
Table 2. Summary status of daily sampling tests. Dates of usable data flows are highlighted in blue.    

 
Date Operational Time Comments on the split-beam 

system 
Comments on the DIDSON 
system 

September 8 13 hrs Project start @12:00pm DIDSON not on vessel 

September 9 16 hrs Problems with rotation from 

0500hrs to 1100hrs. 

DIDSON not on vessel 

September 10 10 hrs Problems with rotation from 
1200hrs to 0500hrs. 

DIDSON started @ 1300hrs 

September 11 11 hrs No rotation from 0500 hrs to 

1500hrs, and at 2200hrs. 

Continuous data set 

23 hrs 

September 12 24 hrs System operating on continuous 
basis 

Continuous data set 
23 hrs 

September 13 24 hrs System operating on continuous 

basis 

Continuous data set 

24 hrs 

September 14 24 hrs System operating on continuous 
basis 

Continuous data set 
24 hrs 

September 15 24 hrs System operating on continuous 

basis 

Continuous data set 

24 hrs 

September 16 24 hrs System operating on continuous 
basis 

Continuous data set 
24 hrs 

September 17 5 hrs Ended project for weekend @ 

10:00a.m 

Ended project for weekend @ 

10:00a.m 5 hrs 

September 20 19 hrs Resumed project @ 10:00a.m Resumed project @ 10:00a.m 
19hrs 

September 21 18 hrs System operating on continuous 

basis 

Continuous data set 

24 hrs 

September 22 22 hrs System operating on continuous 

basis 

Continuous data set 

24 hrs 

September 23 24 hrs System operating on continuous 

basis 

Continuous data set 

24 hrs 

September 24 23 hrs System operating on continuous 

basis 

Continuous data set 

24 hrs 

September 25 5 hrs Project Ended @10:00a.m Project Ended @10:00a.m (5hrs) 
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Split-beam sonar tracking of fish targets 

 

The anchored vessel provided adequate stability for the split-beam transducer to track 

fish migrating in offshore areas. Table 3 enlists data acquisition settings of the DT-X 

system and the selection threshold for single-target echoes.  

 
Table 3. Data acquisition settings and the thresholds to select single target echoes (the last 3 parameters).  

 
source 

level 

(dB) 

pulse width 

(PW) 

(msec) 

ping rate 

(pps) 

acquisition 

threshold 

(dB) 

gauge 

echo 

PW at 

min 

nominal 

PW  

max 

nominal 

PW 
211.5 0.2 10  > -50  -6dB   0.8 1.6 

   

 

The allowable source level (SL) of the DT-X system is 221.7 dB (ref. 1μPa@1m), but a 

10.2dB reduction in the transmitted power was unintentionally set in the field during data 

collection. The source level used for the 2010 sampling season is 13.3 dB lower than for 

the 2008 and 2009 sampling seasons.  

 

Data collected at south bank station      

 

The system functioned well in tracking the adult sockeye salmon near the south bank 

where the noise level is the lowest in comparison to the mid-channel and the area off the 

north bank. Figure 9 is a 3-min long echogram collected on September 12 when a heavy 

migration of late-run sockeye was observed at the south station.   

 

      
Figure 9. A 3-min echogram display of raw echoes collected on September 12, 2010 at the south bank 

station by the DT-X split-beam sounder during a heavy upstream migration of the late-run sockeye. The 

echoes in the square box correspond to a series of return echoes from a fish target.  
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The raw echo signals were further processed by a single-echo selector using the 

parameters listed in Table 3, which provides for the visual interpretation of the resulting 

single-target echoes (Figure 10). 

 

 

  
 
Figure 10. The echogram of the corresponding single-target echoes in Figure 9.  
 

The single-target echoes were imported to an alpha-beta tracker (Blackman and Popoli, 

1999) to build tracks of detected fish. All the processing software programs used in this 

project (from single-echo selection, target-tracking, track-editing to flux estimation) were 

designed and developed in-house by PSC staff; all the software programs were built on  

Microsoft Visual C++ by Vitech Research and Consulting (http://vitech.apexlink.ca/). 

The trajectory of the fish swimming through the 6
o
 sound beam is shown in Figure 11. 

 

 

 

 

http://vitech.apexlink.ca/
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Figure 11. The trajectory of the fish through the 6

o
 sound beam (echoes inside the square box in Figs.9 and 

10). The fish is estimated with an upstream swim speed of 0.37 m/sec and mean TS of -31.4dB. The 

detection probability for this fish is 0.91.  

 

Data collected at north bank and mid-channel stations      

 

The system did not perform as well in tracking fish near the north bank and in the mid-

channel area where the noise level was substantially higher than the south bank due to the 

faster flow in the mid-channel and eddies and turbulent flows near the north bank (see 

Fig. 12). The faster flow in this region is known for converging downstream drifting 

debris and the turbulent zone for entrapping air bubbles, which can increase both the 

passive (ambient) and active (reverberating) noise.    

 

 
Figure 12. Echogram showing a high-noise zone in the deep channel off the north bank at the site where 

large eddies entrap drifting debris and air bubbles. The data were acquired by a Biosonics Model 105 

single-beam sounder with a 30
o
 transducer. The data collection threshold of the system is from -60 to -

15.8dB.      

 

7

North-bank turbulence zone



     

 18 

The high noise level affected the accuracy and precision in the estimation of target 

locations inside the beam for smaller sized targets (<20cm) as shown in Figure 13. For 

adult salmon, the system tracked the fish well under the low source level setting. 

However, the poor tracking performance of small targets increases the difficulty in 

differentiating fish targets from non-fish targets and likely increases type I error (false 

alarm) by letting too many small, non-fish targets into the database of fish samples from  

the mid-channel and the right-bank stations.   

 

      
Figure 13. Trajectory of an upstream target through the 6

o
 sound beam at 10-m range detected at the north 

bank station. The target is estimated with an upstream swim speed of 0.51 m/sec and a TS of -43 dB. The 

detection probability for this target is 0.57.  
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Imaging data collected by the downward looking DIDSON  

 

The DIDSON performed well in acquiring fish images at all 3 stations. Figure 14 is a 

snap-shot of the DIDSON data showing 7 fish swimming upstream. The data were taken 

from the north-bank station. Although the image is coarse in comparison to an optical 

image, it provides adequate clarity to allow readers to identify the fish and their general 

side features.   

 

      
 

Figure 14. One frame of image data of 7 fish acquired by the downward looking DIDSON on September 

21, 2010 at the north-bank station. The image data was acquired at a frame rate of 8 frames per second. The 

fish were 0.56 m in length on average and were estimated swimming upstream with a mean  speed of 0.6 

m/sec. The river bottom can be easily identified in the image.  
 

The clarity of fish images degrades as the 30
o
 high-resolution FOV plane deviates from 

the primary swimming direction. In other words, the best clarity occurs when the norm 

vector of the FOV plane is perpendicular to the primary swimming direction of the fish. 

Figure 15 illustrates the degradation of image clarity of the fish when the FOV is not 

orientated in the optimal direction. The image is still clear enough to identify the fish for 

counting purposes, but the data are not adequate for sizing the fish and estimating its 

swim speed.  
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Figure 15. Degradation of clarity of the fish image when the 30

o
 FOV plane is out of the alignment with 

the primary swimming direction of the fish. The image is still clear enough to identify the fish for counting 

purposes, but the data are not adequate for sizing the fish and estimating its swim speed.      
 

Fish targets detected by the split-beam sonar        

 

A total of 10 days of the split-beam data are available for the flux estimation (Table 2). 

Figure 16 shows 3892 fish targets that were detected by the sampling system on 

September 12, 2010. Of the 3892 targets, 3653 were detected at the south station (over a 

total sampling time of 40 minutes), 13 at the mid-channel station (over 40 minutes) and 

226 at the north station (over 40 minutes). September 12 saw the peak migration of the 

late-run sockeye for the 2010 season with an estimated total of 573,000 sockeye salmon 

migrating past Mission. The migration was extremely dense on the left-bank based on the 

mobile survey split-beam data (Fig. 16 (b)) which was acquired by an HTI Model 241 

split-beam sounder on the PSC regular transecting vessel Rita. The relative difference in 

sample numbers at the 3 stations by the stationary sampling system appears consistent 

with the cross-river target distribution detected by the mobile survey system.  
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Figure 16. Targets detected on September 12, 2010 (a) Fish targets detected by the Amy Lee stationary 

split-beam system at the 3 stations. (b) Fish targets detected by the PSC mobile survey vessel Rita using a 

15
o
 split-beam HTI transducer. The Rita sampled the river along a transecting line about 50m upstream of 

the 3 Amy Lee sampling stations.   

 

Fish targets detected by the downward looking DIDSON  

The DIDSON system operated nearly continuously (Table 2) during the 16 days of 

operation. Attempts were made in each deployment to align the 30
o
 high-resolution FOV 

along the river assuming the primary direction of fish movement was oriented upstream. 

This aiming of the DIDSON beam resulted in the sampling of fish flux below the vessel 

in a 14
o
 angular cross-section (see Fig. 8). On September 12, 2010, the DIDSON sonar 

detected a total of 379 fish of which 259 were observed at the south station, 17 at the 

mid-channel and 103 at the north station.   
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Offshore fish flux from the DTX split-beam data         

 

The methods for the estimation of offshore flux from sub-sampled fish flux data is 

detailed in Xie et al. (2010). In the following, we present key results from the 2010 

sampling season.  

 

Estimation of offshore fish flux from directly measured flux by the split-beam sonar 

 

Figure 17 (a) shows the directly measured hourly fish flux by the split-beam system at the 

3 sampling stations for September 12. Figure 17 (b) is the estimated cross-river fish flux 

by the spatial krigging model based on the sub-sampled flux.   

 

 

     
 
Figure 17. Sub-sampled and estimated fish flux from the split-beam data. (a) Directly sampled hourly flux 

at the 3 stations. (b) Estimated cross-river flux by the model. The arrow indicates an offshore range bin 

from 75-320m that corresponds to an offshore area where fish flux is estimated by the stationary sampling 

system. Flux outside this area was measured by a shore-based split-beam system (on the south bank, left 

side of figure) and a shore-based DIDSON system (on the north bank, right side of figure).       
 

The model performance, which hinges on the selected spatial correlation scale, can be 

evaluated by comparing the predicted flux values to the observed values inside the 

sampling zones (Figure 18). 
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Figure 18. Validation of modeling results (3304 in total) by observed values (3319 in total) inside the 

sampled zones on September 12. The red line is the 1:1 line. The blue dashed line is the regression 

model with an R
2
 of 0.943. The normalized maximum correlation range for this model run is 0.65.    

 

According to the split-beam data, the model estimates a total of 547 net hourly 

upstream fish flux in the offshore area (defined by the 75-320m range bin in Figure 

17 b). This estimate is 32% of the flux estimated by the PSC mobile survey system 

for this date.  

 

Bias in the split-beam estimator  

 

The aforementioned uncertainty in target recognition of the split-beam fish track data 

from the mid-channel and north stations could introduce a directional error in the 

subsequent flux estimation. The prediction of the offshore flux relies primarily on the 

split-beam data sampled in the mid-channel and near the north shore because most of 

the flux in the area of the south sampling station was estimable from the south bank 

system (Figure 17 b). To assess the potential bias due to measurement error, we 

compared predicted flux in the area right below the sampling station where the fish 

flux could be directly estimated by the DIDSON data for all the 10 days at 3 stations 

(Table 4).  
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Table 4. Comparisons of hourly fish flux between DT-X split-beam (SB) predicted values and DIDSON directly estimated values (DSN) in the DIDSON 

sampled areas from the 3 stations. 
 

 

 

 

Date 

South  Middle North 
   

upstream downstream  net upstream downstream  net upstream downstream  net Total Up Total Dn Total Net 

DSN SB DSN SB DSN SB DSN SB DSN SB DSN SB DSN SB DSN SB DSN SB DSN SB DSN SB DSN SB 

12-Sep 
332.2 306.4 62.5 126.0 269.7 180.4 7.2 3.9 13.2 5.9 -6.0 -2.0 92.8 63.3 29.7 32.0 63.0 31.3 432.2 373.6 105.4 163.9 326.8 209.7 

13-Sep 
111.7 34.9 20.7 8.8 91.0 26.1 13.0 3.3 11.8 3.6 1.2 -0.3 353.2 149.7 85.6 5.3 267.6 144.4 477.9 187.9 118.1 17.7 359.8 170.2 

14-Sep 
84.5 42.3 25.9 9.3 58.6 33.0 15.5 4.4 11.9 4.6 3.6 -0.2 309.3 47.9 59.5 21.5 249.8 26.4 409.3 94.6 97.3 35.4 312.0 59.2 

15-Sep 
113.7 16.6 44.2 29.7 69.5 -13.1 6.0 4.4 16.8 6.0 -10.8 -1.6 229.6 26.5 16.7 9.1 212.9 17.4 349.2 47.5 77.7 44.8 271.6 2.7 

16-Sep 
125.5 36.2 22.5 11.5 103.0 24.7 20.2 8.0 15.5 11.2 4.8 -3.2 74.2 38.7 29.2 17.6 45.0 21.1 219.9 82.9 67.2 40.3 152.8 42.6 

20-Sep 
178.3 40.8 16.6 5.7 161.7 35.1 13.6 3.3 15.0 10.3 -1.4 -7.0 393.6 286.3 38.4 13.8 355.2 272.5 585.5 330.4 70.0 29.8 515.5 300.6 

21-Sep 
136.1 49.1 40.6 40.9 95.5 8.2 9.2 21.1 8.3 56.4 0.8 -35.3 332.7 76.6 57.6 43.8 275.1 32.8 477.9 146.8 106.5 141.1 371.4 5.7 

22-Sep 
302.7 63.3 39.5 39.9 263.2 23.4 26.7 11.5 20.9 35.7 5.8 -24.2 316.0 62.6 61.3 20.2 254.7 42.4 645.4 137.4 121.7 95.8 523.6 41.6 

23-Sep 
122.7 77.2 46.4 42.6 76.4 34.6 14.2 10.2 22.5 26.6 -8.3 -16.4 93.2 50.5 53.8 36.0 39.4 14.5 230.1 137.9 122.6 105.2 107.5 32.7 

24-Sep 
142.7 122.2 120.0 70.2 22.7 52.0 18.0 22.2 20.4 46.1 -2.4 -23.9 133.8 63.5 49.0 43.5 84.8 20.0 294.5 207.9 189.4 159.8 105.2 48.1 

Total 1650.2 789.0 438.9 384.6 1211.3 404.4 143.6 92.3 156.3 206.4 -12.7 -114.1 2328.2 865.6 480.7 242.8 1847.5 622.8 4122.0 1746.9 1075.9 833.8 3046.1 913.1 

 SB to DSN  
Flux Ratios 

0.48 0.88 0.33 0.64 1.32 8.98 0.37 0.51 0.34 0.42 0.77 0.30 
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These results demonstrate significant differences between the 2 estimators with the split-

beam estimator producing less than one-third of the overall net upstream flux from the 

DIDSON. Also noted  is a much higher downstream flux produced from the split-beam in 

mid-channel than from the DIDSON. Assuming DIDSON is a more accurate estimator, 

we postulate that there is a systematic target recognition error in the DT-X split-beam fish 

track data.  

 

Calibrating the split-beam estimator with the DIDSON estimator 

 

The error in the split-beam track data cannot be rectified in the modeling stage of the 

work. Our approach is to use the DIDSON estimated flux to calibrate the split-beam 

estimator. According to Table 4, this leads to an inflation of 2.38 and 1.3 for the up- and 

downstream split-beam fluxes, respectively. The calibrated split-beam estimates are 

shown in Figure 19.        

 

    
 
Figure 19. Split-beam estimated net upstream hourly fish flux in areas insonified by the DIDSON at the 3 

sampling stations. The plotted split-beam flux was calibrated with the DIDSON flux as shown in Table 4.       
      

Offshore fish flux from the DTX/DIDSON sub-sampling system         

  

The offshore flux (75-320m in Figure 17 b) was estimated through the spatial krigging 

model with the DT-X/DIDSON data from the 3 stations. The results are presented in 

Table 5. Also listed in the table for comparisons are the corresponding flux estimates 

from the PSC in-season mobile survey estimator. The 2 estimates are plotted in Figures 

20 and 21. 
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Table 5. Offshore hourly fish flux estimated by the stationary sub-sampling system (DTX/DIDSON) and 

the mobile survey system (Mobile).  
Date 12-Sep 13-Sep 14-Sep 15-Sep 16-Sep 20-Sep 21-Sep 22-Sep 23-Sep 24-Sep 

DTX/DIDSON 1483 5645 1259 1051 1730 5733 1387 2455 1305 2976 

Mobile 1711 3297 2496 2358 2377 3270 2525 3413 1886 2275 

  

    
 

Figure 20. Comparison plot of the offshore hourly fish flux between the stationary sub-sampling system 

(DTX/DIDSON) and the PSC mobile survey systems. The 2 estimates yield a correlation coefficient of 

0.71.  

 

   
Figure 21. Comparison of 10 days of temporal patterns between the 2 flux time series in Table 5.  
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The DTX/DIDSON flux follows a temporal pattern similar to the mobile split-beam flux. 

A two-tail t-test (assuming unequal variances) indicated the numerical difference between 

the 2 estimates was not statistically significant (a p-value of 0.9232).  

 

Total fish flux estimates from the proposed survey system         

 

The described survey system (Figure 22) was an attempt to sample the entire cross-river 

section at the monitoring site with 3 stationary sub-systems that comprises: 

 

(a) shore-based side-looking split-beam/DIDSON systems to estimate near-shore fish 

passages of the south bank,  

(b) shore-based side-looking and side-scanning DIDSON systems to estimate near-

shore fish passages of the north bank, and  

(c) vessel-based, stationary split-beam/DIDSON systems to sub-sample fish passages 

offshore with multiple sonar aims as described in this report.  

 

 
 
Figure 22. Sampling geometry of proposed stationary survey system for the monitoring, sampling and 

estimation of salmon influx to the lower Fraser River at PSC Mission hydroacoustic monitoring site. LB1 is 

the side-looking split-beam/DIDSON location on the south bank; RB_1 and RB_2 are the locations of the 2 

DIDSON units deployed on the north bank; MC_1, 2, 3 are the 3 sampling stations for the vessel-based 

stationary split-beam/DIDSON system.   
 

The in-season sampling system (“LM Estimator”) used only south-bank (left-bank) split-

beam data and mobile survey data to derive the total flux. In the 2010 post-season 

analyses, we included the DIDSON data from both banks for the estimation of near-shore 

flux but still used the mobile survey data to estimate offshore flux. We name this system 

as “LMR Estimator”. The proposed sampling system replaces the mobile survey with the 

mid-channel stationary sampling survey for the offshore flux. We name this system as 

RB_1

RB_2
LB_1
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“Stationary Estimator”. Daily fish flux abundances for the 10-day period were estimated 

with the 3 estimators and the results are listed in Table 6 and plotted out in Figure 23 for 

comparisons.  Stationary estimator produced a cumulative total of 3,936,273, LMR 

3,950,302, and LM 3,256,591. While the total fish abundance by Stationary estimator is 

virtually the same as that by LMR, it produces 21% (or 680,000) more fish than the 

current LM estimator over the 10-day period.  

        

 
Table 6. Daily fish flux abundance derived from the 3 estimators.  

 
Estimator 12-Sep 13-Sep 14-Sep 15-Sep 16-Sep 20-Sep 21-Sep 22-Sep 23-Sep 24-Sep 

LM 561530 454983 381612 389651 319827 186746 265111 289890 212844 194397 

LMR 590158 472095 449585 484283 387686 227323 369598 309863 340982 318728 

Stationary 584680 528441 419910 452912 372149 286450 342286 286862 327036 335548 

  

 

  
Figure 23. Daily fish flux estimated by the 3 estimators for the 10 days. Stationary estimator produced a 

cumulative total of 3,936,273; LMR 3,950,302; LM 3,256,591.   
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CONCLUDING REMARKS 

 

The results presented in this report demonstrate that it is feasible to use the vessel-based,  

stationary sampling system to estimate offshore fish flux in the lower river at the PSC 

Mission hydroacoustic site. The study and its findings partially fulfilled the 2 objectives 

under Phase II of this project. The study identified that the target-recognition error in the 

DT-X split-beam data is the major source of error that can cause large biases in the 

estimation of offshore fish flux. Studies in the  second year of Phase II of this project will 

be focused on minimizing target-recognition error. The  approaches under current 

considerations include:  

 

1. use the full power of the DT-X sounder for data collection;  

2. use the DIDSON to sample the water column at multiple aims;  

3. use a combination of the 2 systems to collect the data that allows for cross-

comparison and validation over a larger sampling area than the 2010 sampling 

configurations; 

4. expand sampling areas from the shore-based, or bottom oriented systems toward 

the mid-channel to further reduce sampling of offshore fish flux by the vessel-

based mid-channel system.     
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FINANCIAL STATEMENT  

 

 

 
 

Eligible Costs Other Funding

Contribution 

Funding Total

 In-Kind   & 

Cash 

 

Contribution 

Funding  Total

Field Support Staff 7,643 7,642.80 7,643 7,642.80

Technician(EG-4) 2,643 2,643.00 2,643 2,643.00

Biologist (BI-2) 2,351 2,350.50 2,351 2,350.50

Scientist (RES-2) 3,293 3,292.50 3,293 3,292.50

- -

Subtotal 8,287.00 7,643.00 15,928.80 8,287.00 7,642.80 15,928.80

Subtotal 1,989 917 2,905.78 1,989 547.92 2,536.56

Model Development & 

Implementation 10,000 10,000.00 - 6,580.00 6,580.00

Vessel Contracting 15,732 15,732.00 - 15,000.00 15,000.00

Subtotal - 25,732.00 25,732.00 - 21,580.00 21,580.00

Total Labour Costs 10,274.64 34,291.94 44,566.58 10,274.64 29,770.72 40,045.36

Travel (do not include to & from 

w ork) - - -

Small Tools & Equipment 500 500 500 500

Site Supplies & Materials 500 500 - - -

Equipment Rental 11,000 11,000.00 - 11,330.91 11,330.91

Work & Safety Gear 500 500 500 500

Repairs & Maintenace - - 524.04 1 524.04

Total Site / Project Costs 1,000.00 11,500.00 12,500.00 1,000.00 11,854.95 12,854.95

Hydroacoustic Training 1,000.00 - 1,000.00 1,000.00 - 1,000.00

Canadian Safe Boater Certif icate 

Total Training Costs 1,000.00 - 1,000.00 1,000.00 - 1,000.00

BUDGET  ACTUAL 

Wages & Salaries

Labour - Employer Costs

Subcontractors & Consultants

Site / Project Costs

Training 
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Notes 

1 No cost was projected under repairs and maintenance.  Money spent in this line 
item ($524.04) was for repairs due to a broken cable connector on the 
transducer.  However, $500 was budgeted under site supplies & materials of 
which none was spent. 
 

2 The financial statement has been certified by the PSC Accounting Department. 
 

Eligible Costs Other Funding

Contribution 

Funding Total

 In-Kind   & 

Cash 

 

Contribution 

Funding  Total

Office space; including utilities, 

etc. 1,600 1,600.00 1,600 1,600.00

Office supplies 600 600 600 600

Telephone & Long Distance 1,000 1,000.00 1,000 1,000.00

Photocopies & printing 60 60 60 60

Insurance(Shipping Equipment) 100 100 100 100

Indirect/overhead  costs 2,810 2,809.60 2,810 2,809.60

Total Administrative Costs 3,360.00 2,809.60 6,169.60 3,360.00 2,809.60 6,169.60

Pow erSupply - -

New  Acoustic Equipment 

including mounts and brackets 10,400 10,400.00 - 10,534.03 10,534.03

Percent of Existing Acoustic 

Equipment (DIDSON, Sensors, 

CPU, Softw are, Cables, Rotators, 

ADCP) 30,000 30,000.00 30,000 30,000.00

Support Vessel 10,000 10,000.00 10,000 10,000.00

Total Capital Costs 40,000.00 10,400.00 50,400.00 40,000.00 10,534.03 50,534.03

Project Total Costs 55,634.64 59,001.54 114,636.18 55,634.64 54969.3 2
110,603.94

4,032.24

Total Labour Costs 10,274.64 34,291.94 44,566.58 10,274.64 29,770.72 40,045.36

Total Site / Project Costs 1,000.00 11,500.00 12,500.00 1,000.00 11,854.95 12,854.95

Total Training Costs 1,000.00 - 1,000.00 1,000.00 - 1,000.00

Total Administrative Costs 3,360.00 2,809.60 6,169.60 3,360.00 2,809.60 6,169.60

Total Capital Costs 40,000.00 10,400.00 50,400.00 40,000.00 10,534.03 50,534.03

 Project Total 114,636.18 55,634.64 54969.3 2 110,603.94

BUDGET  ACTUAL 

Administrative Costs 

Capital Costs / Assets 

Funds Returned to PSC 

Budget Summary
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