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ABSTRACT 
 
 
A dual-frequency identification sonar (DIDSON) mounted on a dual-axis rotator was 
deployed on the left bank of the Mission hydroacoustic fish counting site to 
enumerate near-shore fish passage in the entire water column off the left-bank. The 
goal of this project is to determine if a vertically rotational DIDSON system is more 
effective in counting fish in the near shore water than the split-beam sonar which 
becomes ineffective once its sound-beam encounters the surface or bottom boundaries 
of the river. This limitation of the split-beam sonar can significantly bias the counting 
and estimation of fish passage especially in the lower water column or the bottom 
area. On the contrary, imaging sonar DIDSON can discern near-bottom fish targets so 
long as the fish return stronger echoes than the bottom. With a rotational DIDSON 
system, we obtained 41 days of daily left-bank near-shore fish flux in the 2013 field 
season. The DIDSON-based estimates were compared with the split-beam based 
estimates for the same time period over the commonly sampled near-shore area. The 
findings from this project concluded that the rotational DIDSON was more effective 
in counting fish for the near shore area than the split-beam system which significantly 
underestimated the near-shore fish flux near the river bottom.  
 
Key words: fish passage, estimation, DIDSON, split-beam sonar, sampling effort, 
accuracy, precision, sockeye salmon, pink salmon, lower Fraser River 
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INTRODUCTION 

   Background 
 

Since the 2009 management season, the Pacific Salmon Commission (PSC) has 
implemented two shore-based dual-frequency identification sonar (DIDSON) 
systems to estimate salmon passage. The systems were deployed in the near-shore 
waters off both banks of the lower Fraser River at the PSC Mission hydroacoustic 
fish counting site. The information acquired from the DIDSON sonar  significantly 
improved the accuracy of salmon flux estimation in near-shore waters during the 
Late Shuswap run in 2010 (PSC 2010 annual report, in-progress) and during the 
pink salmon returns in 2009, 2011 and 2013 (Grant et al., 2014). Although the 
DIDSON systems only sampled 20m from the left bank and 40m from the right 
bank, these near-shore waters accounted for 50% of the 2010 late-run sockeye 
salmon and 90% of  pink salmon in the 2009, 2011 and 2013 seasons. While the 14o 
vertical beam of the DIDSON fit almost perfectly to the cross-section of the water 
column on the right-bank with a concaved bottom profile, the split-beam could only 
effectively insonify  a partial area of the cross-section of the left bank water column 
due to the shadowing by a convex bottom profile (Fig. 1). As a result, the measured 
left-bank flux by the split-beam system had to be extrapolated to the un-sampled 
area of the water column in order to obtain salmon flux for the entire water column. 
Currently, the extrapolation is performed using an expansion factor derived from 
the left-bank split-beam data collected in the upper water column. This factor, 
which has a mean of 1.78, could be as large as 3.5 and could introduce large 
uncertainty and bias in the estimate.  
 
The goal of this project was to design and test a DIDSON-based sampling system 
that would be more effective in counting fish in the near-shore water than the split-
beam sonar. To achieve this goal, we submitted a proposal to the Southern 
Endowment Fund (SEF) Committee to purchase a DIDSON X2 rotator. This dual-
axis rotator enabled us to scan the entire water column with the DIDSON at 
multiple vertical aims to acquire direct counting of near-shore salmon passage. We 
believe that this rotational DIDSON system can produce a more accurate and robust 
estimate of salmon abundance in the near-shore area than the estimate using the 
split-beam based extrapolation method (Xie et al. 2002, 2005). 
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Figure 1. The shadowing of the split-beam (S) by the convex bottom profile of the left bank. 
The beam area beneath the dark dashed line is shadowed by the bottom. On the contrary, the 
concaved bottom profile of the right bank allows the 14o DIDSON beam (D2) to fit perfectly 
to the entire cross-section of the water column for sampling the near-shore fish on the right 
bank.     
 
    

MATERIALS AND METHODS 
 

Study site 
 
The Mission hydroacoustic fish counting site is located 80 km upstream from the 
mouth of the Fraser River (Fig. 2). The maximum wet-width of the river at the site is 
approximately 450 metres during freshet in early summer. The maximum water depth 
varies from approximately 17m during high discharge in June to 13m in late 
September when the discharge is low. The river flow is influenced by marine tides. 
During extreme high tides, the river may momentarily (for less than a half hour) 
reverse its flow (Xie, 2011 CMOS conference paper). The flow field is non-uniform 
with stronger currents occurring in the deepest channel near the right bank (Figs. 1 
and 4 in Xie, et al. 2010).  The high turbidity of the river prevents visual detection 
and counting of fish passage. Fig. 3 is a site photo taken from the left bank of the 
Mission site.  
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Figure 2. Map of the Lower Fraser River indicating the Mission hydroacoustic 
fish counting site.  
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Figure 3. A left-bank view of the Mission hydroacoustic fish counting site. The iron dolphin, 
located at 49o08.175’N; 122o16.466’W, is the geographic reference for the field program. 
Also shown are the mobile survey vessel and a fish-deflection weir (approximately 35m in 
length) on the left bank. The weir prevents fish from swimming behind the sonar beams. 
 

Sampling equipment & geometry 
 
Two HTI split-beam transducers with respective elliptical beam shapes of 4o×10o and 
2o×10o were mounted to a ROS dual-axis rotator to systematically scan the water 
column on an hourly basis over a total angular sector of 14o. Mounted on the same 
mounting frame as the split-beam system was a DIDSON X2 rotator attached to a 
standard DIDSON unit. The two systems were placed 1.5m apart on a metal bar that 
was deployed at the end of the fish-deflection fence on the left bank. A weir was 
placed on the downstream side of the two systems forcing the fish to move in front of 
the acoustic transducers of both systems. The DIDSON vertical beam width was 14o 
which was able to sample the entire cross-section of the water column through two 
non-overlapped vertical aims. Both systems systematically sampled the water column 
on an hourly basis. The sampling geometry by the two systems is shown in Fig. 4.  

upstream
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Figure 4. The sampling geometry of the 14o DIDSON beam aimed near the surface (the red 
triangle above the dashed black line) and near the bottom (the red triangle below the dashed 
black line). Also shown is the sampling geometry for the 2o×10o split-beam transducer 
displayed by the 7 solid multi-coloured panels. The 4o×10o geometry is not shown in this 
figure. 

Data collection 
 
The DIDSON systematically collected the imaging data on an hourly basis from 
August 15 to September 26, 2013. Each hour was divided into four 12 minutes of 
sampling intervals with specific data collection settings for aim, range and frequency. 
Table 1 summarizes the settings for each of the four 12-min sampling intervals and 
reading fractions of sampled data. 
 
Table1. DIDSON hourly sampling settings and reading effort for the two time periods. 
Recording Time interval (min) 0-12 14-26 28-40 42-54 

Reading Time (min) 6 6 6 6 

Start and End ranges (m) 0.83, 10.83 10.83, 20.83 0.83, 10.83 10.83, 20.83 

Frequency (MHz) 1.8 1.1 1.8 1.1 

Aim for Aug15-27  -14o -14o 1o 1o 

Aim for Aug28-Sept26  -10o -10o 4o 4o 

 
The split-beam system also collected data over the same time period as the DIDSON 
system. The 4o×10o transducer had 3 non-overlapping sampling areas and the 2o×10o 
transducer had 7 non-overlapping sampling areas. Each aim sampled for 6 min/h. A 
summary of hourly sampling settings of the split-beam system is provided in Table 2. 
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Table 2. Split-beam hourly sampling settings. 
Recording Time interval (min) 0-6 6-12 12-18 18-24 24-30 30-36 36-42 42-48 48-54 54-60 

Range (m) 30 35 35 40 50 50 40 40 25 10 

Aim for Aug 15 – Sept 26  -8o -4o 0o 2o 0o -2o -4o -6o -8o -10o 

Transducer (4ox10o) ON ON ON OFF OFF OFF OFF OFF OFF OFF 

Transducer (2ox10o) OFF OFF OFF ON ON ON ON ON ON ON 

  

Data processing 
 
Images of individual fish targets in the DIDSON files were manually tallied as 
upstream or downstream fish using the playback function in the DIDSON software 
(Sound Metrics corp., version 5.25). The subsampled fish counts from the DIDSON 
files were then expanded to hourly fish flux. The split-beam data was automatically 
processed by the PSC FishTracker software which built fish tracks from the echo data 
using the alpha-beta and echo-association algorithms (Blackman and Popoli 1999). 
The statistics of the resulting fish tracks were then imported to a flux estimation 
program to calculate the salmon flux (Xie et al. 2005). 
 
 

RESULTS 
 
 
The main objective of our study was to determine if adopting a stratified sampling 
approach to insonifying the entire water column by a rotational DIDSON system 
would yield a more accurate estimate of near-shore salmon flux than the current split-
beam system. We assessed the gain of accuracy by comparing the estimates between 
the DIDSON and split-beam systems over the commonly sampled area by the two 
systems near the left bank. The data for the analyses were collected from August 15-
September 26. Due to the significant receding water level, the two sonar systems 
were moved further offshore on Aug 27 which resulted in a different common 
sampling area than at the previous location. As a result, we split our analyses into two 
periods. The first period, referred to as Period 1, dates from August 15-27 and the 
second period, referred to as Period 2, dates from August 28-September 26. Period 1 
saw mainly sockeye salmon migration while migrations in Period 2 were dominated 
by large numbers of pink salmon. We present in this section the key analyses and 
findings related to the objective of our study.  
 

Comparison of DIDSON flux to split-beam flux in the split-beam acoustic 
blind zone 
 
The left bank is known to have a near-shore convex bottom. The convex bottom 
blocks a side-looking acoustic beam at shallow angles by shadowing the lower water 
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column beyond the convex point (see Fig. 1). This convex point was located at about 
10m from the DIDSON and split-beam transducers in Period 1.  As a result of the 
uncertainty in the insonification beyond the 10m range mark for both the DIDSON 
and split-beam systems, we restricted the comparison analysis in Period 1 to the first 
10m of the sounding ranges by the two systems (Figure 5).  

 
 

 
Figure 5. Cross-river range distributions of detected fish targets by the left-bank DIDSON 
system at two vertical aims of +1o and -14o. Targets are displayed by randomizing their 
vertical positions in the beam.  The beam encounters the convex point of the bottom at the 
10-m range (as pointed at by the arrow) which results in an acoustic shadowing zone for the 
lower water column beyond this point. This prevents the beam from adequately insonifying 
the entire water column beyond this range. 
 

 
Period 1: August 15-27 
 
The sampling geometry for Period 1 as seen in Fig. 6 indicates that the DIDSON 
beam at Aim 2 and the split-beam 2o×10o spatially staggered sound beams share a 
common sampling area. On the contrary, the split-beam system hardly insonified the 
near-bottom area covered by Aim 1 of the DIDSON beam. In the absence of the 
DIDSON sampling for this split-beam blind zone, we would rely on a spatial 
extrapolation model to project the fish flux in this zone based on measured fish flux 
in the upper portion of the water column by the split-beam system.   
 

Fewer targets detected past this point.
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Figure 6. Sampling geometry of the DIDSON and split-beam systems for Period 1 (Aug15-
27). The two DIDSON sampled areas are highlighted in red (Aim 1 area) and green (Aim 2 
area), and separated by the black dashed line. The split-beam sampled area is outlined with 
the solid multi-coloured panels. While the two systems have a well-overlapped sampling area 
in Aim 2 area, the split-beam system hardly samples the Aim 1 area which is fully sampled 
by the DIDSON beam.  
 
With the direct measurement of fish flux in Aim 1 area by the DIDSON, we 
compared a total of 11 days of the split-beam projected flux against the DIDSON flux 
for the split-beam blind zone. The comparison indicated that there was a significant 
difference in the two estimates for the lower portion of the water column. The 
DIDSON estimated a mean hourly  flux of 527 fish/h which is significantly higher 
than the split-beam projected mean hourly flux of 379 fish/h (p=0.0001, Fig. 7). From 
this analysis we concluded that the split-beam system underestimated fish passage in 
the bottom blind zone. 

 
 
 

DIDSON: Aim 1

DIDSON: Aim 2
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Figure 7. Comparison plot of DIDSON vs. split-beam estimates in Aim 1 area for the 11 
days analyzed in Period 1. The DIDSON flux is significantly higher than the split-beam flux. 
August 23 and 24 were omitted from the analysis as the DIDSON rotator malfunctioned for 
these two days.  
 
Period 2: August 28-Sept 26 
 
The sampling geometry for Period 2 is illustrated in Figure 8 which shows a partial 
overlap between the DIDSON beam at Aim 1 and the coverage area by the split-beam 
system. In this case the split-beam estimate was not solely based on the extrapolation 
model but a combination of direct measurements of fish passage and extrapolated flux 
for this area. 
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Figure 8. Sampling geometry of the DIDSON and split-beam systems for Period 2 (Aug 28-
Sept 26). The two systems were moved further offshore by 3 m from the Period 1 location. 
The two DIDSON sampled areas are highlighted in red and green and separated by the black 
dashed line. The split-beam sampled area is outlined with the solid multi-coloured panels. 
There is a partial overlap between the sampling areas of the split-beam and the DIDSON 
systems for Aim 1 area. 
 
When we compare the estimates by the two systems in the Aim 1 area for Period 2, 
we again found that the DIDSON estimated mean hourly fish flux of 2,316 fish/h was 
significantly higher than the split-beam hourly flux of 1,580 fish/h (p = 0.0005, Fig. 
9). Even with an overlap of sampling between the two systems for the top region of 
this area, the split-beam system underestimated the flux. This underestimation was 
likely due to a much higher fish density near the river bottom during the pink salmon 
dominated migration (Xie et al. 1997). Since the split-beam estimator relied on the 
directly measured flux in the upper portion of the water column to project fish flux in 
the un-sampled bottom area, it tended to underestimate the flux with a vertical profile 
that peaked near the bottom. The DIDSON, on the other hand, was able to insonify 
the entire bottom area so the flux derived from the DIDSON system was a more 
accurate estimate of the fish flux for this area than the split-beam extrapolated flux. 

DIDSON: Aim 1

DIDSON: Aim 2
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Figure 9. Comparison plot of DIDSON vs. split-beam estimates in Aim1 area for the 30 days 
analyzed in Period 2. The DIDSON flux is significantly higher than the split-beam flux (p = 
0.0005).  
 

Undercounting of fish passage by the split-beam system during pink 
salmon dominated migration 
 
The majority of pink salmon migration occurred between the latter part of August and 
September which coincided with Period 2 (Aug 28- Sept 26). Fig. 10 is a graph of 
hourly fish count time series produced by the two systems for this period. From the 
two time series plots, it is evident that the DIDSON flux was not only significantly (p 
= 0.008) but consistently higher than the split-beam flux in Aim 1 area for most days 
in Period 2.  
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Figure 10. Daily time series plots of DIDSON and split-beam hourly flux for Period 2, Aim 1 
data. The overall difference (over 22 days) is significant with a p-value of 0.008. The 
differences in the 8 days (circled in red) are even more pronounced with a p-value of 0.0003 
between the two estimates.   
 
The undercounting of pink salmon passage by the split-beam system was likely 
caused by the failure of accurate tracking of individual fish targets by the split-beam 
transducers when the high density fish passage saturated the sound beams of the 
transducers. Since such a saturation level is dependent upon the beam-width of a 
transducer, it is likely that the 4o×10o transducer has a lower saturation level than the 
2o×10o transducer. To test this hypothesis, we examined the hourly fish counts by the 
two transducers for both Period 1 and Period 2 in the first 10m of their sounding 
ranges. The hourly sampling effort was identical for the two transducers (6 min per 
hour). But the 2o×10o had a slightly wider angular sampling sector of 14o than the 
4o×10o which scanned a total of 12o. Figs. 11 and 12 show the comparisons of hourly 
fish counts between the two transducers for the two time periods.  
 
For Period 1, we saw the 2o×10o transducer counting 7% more targets than the 4o×10o 
transducer (555 fish/h vs. 514 fish/h). This difference is to be expected as the 2o×10o 
had a slightly larger sampling area than the 4o×10o transducer.  
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Figure 11. Comparison plot of 2o×10o and 4o×10o hourly fish counts for Period 1. The 2o×10o 
total count is 7% higher than the 4o×10o total count mainly due to a slightly larger sampling 
area of the 2o×10o transducer.  
 
 
For Period 2, we saw the 2o×10o transducer counting 27% more targets than the 
4o×10o transducer (2,240 fish/h vs. 1,630 fish/h). This difference is too large to be 
explained by the difference in sampling areas of the two transducers. To explain the 
significant difference between the fish counts by the two transducers (p <10-9, Fig. 
12) a further in-depth analysis was required, as a significant difference between the 
two fish counts did not necessarily correspond to the eight days of the more 
pronounced differences between the DIDSON and split-beam estimates.  
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Figure 12. Comparison plot of the 2o×10o and 4o×10o hourly fish counts for Period 2. The 
mean hourly fish count of the 2o×10o is 27% higher than that of the 4o×10o. 
 
The first scenario we encountered in Period 2 was the observation of several days 
when the flux estimates between the DIDSON and split-beam were marginally 
different but there was a significant difference between the fish counts by the 4o×10o 
and 2o×10o transducers. To understand the impact of the counting difference between 
the two transducers on the split-beam estimates of fish flux we looked at flux 
estimates from individual transducers’ fish counts and compared the estimates to that 
derived from averaged fish counts from both transducers.  For example, on September 
1, the 2o×10o hourly fish count of 790 was 75% higher than the 4o×10o hourly count 
of 451. The 2o×10o fish count led to an estimate of hourly fish flux of 701 fish/h 
which was very close to the DIDSON estimate of 736 fish/h while the 4o×10o fish 
count resulted in a much lower estimate of 379 fish/h. Since the split-beam system 
used an averaged fish count from both transducers to derive the estimate, the system 
estimated an hourly fish flux of 585 fish/h. This explains why the split-beam flux was 
not as low as the estimate calculated from the 4o×10o counts alone.  
 
The fact that the 4o×10o estimate was much lower than the 2o×10o estimate indicated 
a likelihood of undercounting fish by the 4o×10o transducer. The undercounting can 
be attributed to the simultaneous insonification of multiple fish targets from the same 
range by a split-beam transducer, which prevents the transducer from discerning and 
tracking the true location-in-beam of individual targets as demonstrated with a 
controlled test by Cronkite et al. (2002, 2004). Without adequate tracking data, these 
same-range fish targets would likely be missed by the split-beam fish counter. Since 
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the vertical beam of the 4o×10o transducer is two degrees larger than the 2o×10o 
transducer, the likelihood of simultaneous insonification of multiple fish at the same 
range is much greater for the 4o×10o than the 2o×10o, especially when a large number 
of fish migrate through the insonified area. This means a larger-beam transducer 
cannot track a heavy fish passage as well as a narrower-beam transducer due to the 
onset of saturation. With the narrower beam-width, the 2o×10o transducer does a 
much better job of tracking fish in high density situations compared to the 4o×10o. 
Therefore, the 2o×10o transducer has a higher saturation level than the 4o×10o 
transducer as illustrated by the regression analysis between the fish counts of the two 
transducers (Fig. 13). Relative to the 2o×10o, it appears from Fig. 13 that the 4o×10o 

becomes saturated at an hourly count of 8000 fish/h. 
 

 
Figure 13. Comparison of hourly fish counts between the 2o×10o and 4o×10o transducers for 
the first 10 m range during the pink salmon dominated migration time period of August 28 – 
September 26, 2013. The red arrow indicates the saturation point for the 4o×10o transducer. 
 
The second scenario encountered in Period 2 was when the target counts between the 
2o×10o and 4o×10o transducers were similar but the split-beam flux was significantly 
lower than the DIDSON flux. In this case, both transducers appear to be 
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underestimating the true flux as seen by the DIDSON. A possible cause for the 
underestimation relates to the near field effect, which means heavy fish passage 
(predominantly pink salmon) occurred within 2m from the transducer face preventing 
both transducers from properly forming their sound-beams for tracking fish in further 
ranges. In this case, the near-field fish passage had essentially blocked the sound-
beams resulting in severe undercounting of fish passage beyond the near-field ranges 
(Fig. 14).  
 
 
 

 
Figure 14. Side views of target distributions at the -4o aim for the 4ox10o and 2ox10o 
transducers. Very heavy target densities are observed in close-up ranges but drastically 
decline beyond 10m which is an indication that the sound beams are being blocked and are 
unable to detect the true fish passage at larger ranges beyond 10 m. 
 
A typical example of this scenario occurred on September 25 when the 2o×10o and 
4o×10o transducers yielded hourly fish counts of 2,466 and 2,110, respectively. Even 
though the difference between the two fish counts was not significantly large (p = 
0.09), the split-beam flux of 1,719 fish/h was only one-half of the DIDSON flux of 
3,651 fish/h.  
 
As seen in Fig. 10, there were several days when the differences were extremely large 
between the DIDSON and split-beam flux, as identified by the red circles. We 
concluded that with the saturation and near-field issues, the split-beam system could 
not adequately enumerate the heavy passage of pink salmon at the site. 
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Comparison of DIDSON to split-beam flux in the upper water column 
 
As seen in Figs. 6 and 8, the DIDSON also insonified the upper portion of the water 
column denoted as Aim 2 area hereafter. In Period 1, the DIDSON estimated a mean 
hourly fish flux of 631 fish/h in Aim 2 while the split-beam system estimated a mean 
flux of 504 fish/h. We found the DIDSON flux was significantly higher than the split-
beam flux (p=0.0164, Fig. 15).  
 
 

 
Figure 15. Comparison of hourly fish flux estimates between the DIDSON and the split-
beam in Aim 2 for the eleven days analyzed in Period 1. The DIDSON flux is significantly 
higher than the split-beam flux (p =0.0164). Estimates for August 23 and 24 were excluded 
from the analysis as the DIDSON rotator malfunctioned for these two days. 
 
The difference between the two estimates for Period 1 (Aug 15-27) could be 
attributed to the blockade of fish passage through the near-field of the split-beam 
transducers by the fish weir as illustrated by the target distribution plots in Fig. 16. It 
could also be attributed to the relative locations between the sound-beam and the 
typical trajectories of fish as they moved around the weir as shown in Fig. 17.  The 
split-beam fish distribution was very light from 2.25 m to 6.0 m. The density started 
increasing beyond 6 m. On the contrary, the DIDSON system was not subject to this 
near-field effect to the extent of the split-beam transducers as the DIDSON transducer 
was positioned further upstream from the split-beam system and had a slightly 
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different bearing to avoid acoustic interference with the split-beam system (Fig. 17). 
As a result, the fish were better insonified by the DIDSON system compared to the 
split-beam system.  
 

 
Figure16. Cross-river target distribution acquired by the two sonar systems for August 16. 
The black dots represent the detected fish targets for Period 1. The split-beam system tracked 
very few fish targets for the first 2.25 m (the upper panel plot) whereas the DIDSON system 
detected fish targets starting at 0.83 m (the lower panel plot). 
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Figure17. An aerial schematic view of the DIDSON and split-beam systems and the sound-
beams in relation to the typical swimming trajectory of fish as they pass around the end of the 
fish weir. The DIDSON system is better able to capture the fish closer to the transducer since 
it is further away from the weir on the upstream side and is not impeded by a near field effect 
like  the split-beam system.  
 
For Period 2 (Aug 28 – Sept 26), the DIDSON estimated a mean hourly flux of 2,618 
fish/h which was 12% higher than the split-beam flux of 2,027 fish/h. This difference 
was only marginally significant (Fig. 18, p=0.06). Although not significantly higher, 
a difference still exists between these two flux estimates. This difference can be 
attributed to (a) the near-field effect as described for Period 1 of Aim 2 area flux 
analysis, (b) a breakdown in tracking due to the saturation of the split-beam 
transducers (Fig. 12), and (c) the blockage of the sound-beams by the dense pink 
salmon passage in front of the transducers (Fig. 19).  
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Figure 18. Comparison plot of hourly fish flux estimates between the DIDSON and the  split-
beam in Aim 2 area for the thirty days analyzed in Period 2. The DIDSON flux is marginally 
higher than the split-beam flux (p = 0.06). The September 19 data is not shown in the plot 
as the data range was outside the plotting scale. 
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Figure 19. Cross-river target distributions acquired by the two sonar systems (upper panel for 
the split-beam and lower panel for the DIDSON) on August 31. The black dots represent the 
detected fish targets for Period 2. The split-beam system hardly tracked any fish targets for 
the first 2.25m whereas the DIDSON system detected fish starting at 0.83m. The target 
density starting at 2.25m for the split-beam system was much denser for Period 2 (compared 
to Period 1) as pink salmon dominated the river in Period 2.  

 

CONCLUSIONS 
 
We conclude that the standard DIDSON sonar mounted onto a dual-axis rotator can 
enumerate the near-shore fish passage more effectively and accurately than the split-
beam sonar.  
 
We identified three key findings which support this statement: 
 

1. Firstly, the split-beam system could not adequately insonify the fish passage 
near the river bottom. The DIDSON system was not as adversely affected by 
the bottom effect as the split-beam system.  

2. Secondly, the 4o×10o split-beam transducer saturated at a flux density of 
8,000 fish/h over a 0-10m range bin whereas a DIDSON system was 
observed to be able to handle a flux density up to 20,000 fish/h on the left 
bank of Qualark at 0700hrs on September 12, 2013 within a 5-m range bin 
(Jim Krivanek of DFO, pers. comm.). Saturation tended to occur more readily 
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on the 4o×10o transducer than the 2o×10o transducer. This result has led us to 
further question the utility of the 4o×10o transducer for our field program. 

3. Lastly, the split-beam system had a more pronounced near field effect within 
the first 2-3 m of the sounding range than the DIDSON system (< 0.5m). This 
can result in an underestimation of fish flux especially by the split-beam 
sonar for pink salmon passage.   
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