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INTRODUCTION 
 
The Pacific Salmon Commission (PSC) has been using hydroacoustic technology to estimate 
salmon passage within the lower Fraser River since 1977. There have been many technological 
advances in hydroacoustics over the years, and the sonar systems used at the Mission site have 
evolved concurrently to take advantage of new technology to produce more accurate estimates of 
salmon passage. One of the major advances in sonar technology for fish enumeration has been 
the development of imaging sonar, which use sound waves and high resolution sensors to 
produce images of underwater objects in dark and turbid waters.     
 
Since the 2009 field season, the PSC has implemented two shore-based imaging sonar systems 
(dual-frequency identification sonar or DIDSON) to estimate salmon passage and their migration 
behaviour in the near-shore waters off both banks. 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 2014 and during the pink salmon returns in 2009, 2011, 2013 and 2015. 
The DIDSON image data also allows users to measure lengths and swimming speeds of 
individual fish. The length data interpreted by a mixture model was used to estimate near-shore 
species proportions between sockeye and pink salmon in the 2009, 2011, 2013 and 2015 seasons. 
The speed data was used to verify and confirm migration behavior monitored by the 
conventional sonar systems. 
 
Although the DIDSON is an effective tool for near-shore monitoring and counting fish in 
comparison to conventional sonar systems such as the split-beam, the resolution of the images 
produced is degraded at longer ranges due to the fixed number (512) of samples over a given 
range window. For example, over a range window of 20 metres, the along-range resolution is 
approximately 4 centimeters making the image of a pink or sockeye salmon blurry, and small 
resident fish or salmon jacks indiscernible. These low-resolution images can cause counting and 
sizing errors for ensonified fish targets, reducing the accuracy and precision of salmon passage 
estimates.  
 
More advanced imaging sonar technology has been developed in recent years by Sound Metrics 
Corporation (SMC), the parental vendor of DIDSON, to produce images with much finer range 
resolutions. The Adaptive Resolution Imaging Sonar (ARIS) offers image resolutions down to 5 
millimeters over a 20 metre range-window. ARIS range resolution can be adjusted for larger 
range-windows by increasing the samples from 512 up to 4096. As the next generation of 
imaging sonar, ARIS inherits many core technological features in DIDSON while providing 
users with greatly enhanced software utilities for various needs. The DIDSON is also being 
phased out from the market over the next 7 years, along with vendor support by SMC, such that 
it will eventually become impossible to repair and maintain the DIDSONs. 
 
Given the eventual obsolescence of DIDSON equipment and the improved resolution and 
functionality of ARIS, the aim of this project was to evaluate the feasibility of ARIS for 
enumerating salmon passage in the lower Fraser River, especially in comparison to current 
DIDSON systems. With funding support from the Southern Endowment Fund (SEF), the PSC 
hydroacoustics program leased an ARIS system for two months during the 2015 season. We 
tested the ARIS at the PSC Mission Hydroacoustic site for counting fish passage, measuring fish 
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length distributions and estimating fish speed. These ARIS estimates are compared to estimates 
from DIDSON and split-beam systems already being applied at the PSC Mission hydroacoustic 
site. This report details our findings from the 2015 season and evaluates the ARIS system for 
fisheries applications in the lower Fraser River.  
 

METHODS 

Study site 
The Mission hydroacoustic fish counting site (hereafter Mission site) is located approximately 80 
km upstream from the mouth of the Fraser River, where the maximum wetted-width of the river 
is approximately 450 metres and the maximum depth varies from 13 to 17m depending on 
discharge (Figure 1).  The river at the site is highly turbid, preventing visual detection and 
counting of fish passage. For additional details on the Mission site see Xie et al. 2005.  
  

 

Figure 1. Map of the lower Fraser River indicating the Mission site. 

Sonar deployment and study design 
From August 28 to September 20 of the 2015 field season, we deployed split-beam, DIDSON, 
and ARIS 1800 systems on the left (south) bank of the Mission site on the last offshore section of 
a fish deflection fence (Figure 2).  The transducers were positioned and aimed to ensonify similar 
cross-sections of the river in consideration of logistical constraints and cross-beam interference. 
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The DIDSON and split-beam were positioned approximately 1.5 metres apart and attached to a 
pole mounted at the end of the deflection fence. The pole was only large enough to accommodate 
two transducers; therefore, the ARIS was deployed on a tripod approximately 1-2 metres 
upstream of the DIDSON (Figure 3). To reduce cross-beam interference, the ARIS was aimed at 
a bearing further upstream than the DIDSON, with respective bearings for each system of 346° 
and 336°.  
 

 
 

Figure 2. A view of the Mission site from the left bank. 

All three transducers were mounted on rotators that allowed their aims to be adjusted 
automatically on an hourly cycle. We used multiple vertical aims for each transducer to collect 
sonar data over a greater portion of the water column. There were two main comparisons of 
transducers and aims conducted for this study: 1) data collected from the DIDSON and ARIS 
with full-beam from September 04 to 20; and 2) data collected from a 2°×10° split-beam 
transducer and ARIS with a 3° concentrator lens from August 28 to September 03.  For the 
comparison between DIDSON and ARIS, we examine fish length, speed and count 
measurements between the two systems.  For the comparison between the split-beam and ARIS 
with concentrator, we compare only the counts.  



6 
 

 
 
Figure 3. Deployment scheme and geometry of DIDSON and ARIS systems. Bearings of the DIDSON 
and ARIS systems were 336° and 346°, respectively. The ARIS was deployed on a tripod approximately 
1-2m upstream from the DIDSON. The red, dashed line indicates the typical path of salmon travelling 
upstream through the beams. 

 
The ARIS 1800 and DIDSON sonars have similar beam patterns with vertical beam widths of 
approximately 14° and horizontal beam widths of 30°. To sample the entire water column, the 
DIDSON and ARIS sonars were cycled through multiple vertical aims on an hourly schedule 
(FigurFe 4). The ARIS sonar collected imaging data using three aims and three sampling strata 
on an hourly basis from September 04 to September 20. The DIDSON system also used three 
aims to sample the water column, however, it could only sample up to ten metres range at high 
frequency (HF), therefore an extra sampling stratum was needed to collect data in the second 
range bin from 10 to 20 metres but at low frequency (LF). Thus, the DIDSON collected data 
using four sampling strata on an hourly basis. Since the DIDSON was on the pole mount near the 
surface water whereas the ARIS was mounted on a tripod on the river bottom, the two systems 
were located at different depths (approximately 2m apart). As a result of the difference in 
instrument depths, the two systems used different aiming angles to sample a similar portion of 
the water column. Table 1 summarizes the aims and hourly sampling configuration used for 
comparisons between the ARIS and DIDSON with full beam width. 
 
From August 28 to September 03, an alternative scenario was tested with the ARIS system by 
attaching a concentrator lens designed to reduce the vertical beam width to 3°. For this scenario, 
six 3° vertical aims were used to ensonify a similar area to the split-beam. The split-beam system 
was an HTI sounder with an elliptical beam shape of 2°×10° mounted on a SIDUS dual axis 
rotator. The rotator was configured on an hourly cycle with six non-overlapping vertical aims, 



7 
 

thus covering a total vertical angle of approximately 12° of the water column with ten-minute 
sampling intervals for each aim. Table 2 summarizes the split-beam and ARIS with concentrator 
aims that were used for comparisons.  
 
 
 
 
 

 
Figure 4. A cross-section of the left-bank showing the deployment of the DIDSON (black outline) and 
ARIS (red outline) systems at the Mission site. The bottom profile is smoothed in this diagram such that 
small bottom features are not shown. 
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Table 1. Summary of hourly sampling strata and reading effort of the data for comparisons between the 
DIDSON and the ARIS from September 04 to 20, 2015.  

DIDSON Sampling Strata:  S1 S2 S3 S4 

Recording Time interval (min) 0-10 20-30 38-48 49-59 

Start and end ranges (metres) 0.83,10.83 0.83,10.83 0.83,10.83 10.83,20.83 

File Reading Time (min) 5 5 5 5 

Aim  -21° -6° +9° -6° 

Frequency (MHz) 1.8 1.8 1.8 1.1 

ARIS (14° beam) Sampling Strata: S1 S2 S3  

Recording Time interval (min)       0-20 20-40 40-60  

Start and end ranges (metres)  0.68,20.58 0.68,20.58 0.68,20.58  

File Reading Time for 0-10m (min) 5 5 5  

File Reading Time for 10-20m (min) 5 5 5  

Aim  -5° +10° +25°  

Frequency (MHz) 1.8 1.8 1.8  
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Table 2. Summary of hourly sampling strata and reading effort of the data for comparisons between the 
HTI 2°x10° split-beam and ARIS with concentrator lens from August 28 to September 03, 2015. 

Split-beam Sampling Strata: S1 S2 S3 S4 S5 S6 

Recording Time interval (min) 0-10 10-20 20-30 30-40 40-50 50-60 

Beam Range (metres) 45 50 35 45 40 20 

Analysis Range (metres) 0.5, 20 0.5, 20 0.5, 20 0.5, 20 0.5, 20 0.5, 20 

Aim  -4° -2° 0° -6° -8° -10° 

ARIS (3° lens) Sampling Strata: S1 S2 S3 S4 S5 S6 

Recording Time interval (min)  0-10 10-20 20-30 30-40 40-50 50-60 

Start and end ranges (metres) 0.68,20.58 0.68,20.58 0.68,20.58 0.68,20.58 0.68,20.58 0.68,20.58 

File Reading Time for 0-10m (min) 5 5 5 5 5 5 

File Reading Time for 10-20m (min) 5 5 5 5 5 5 

Aim  -2° +0.5° +3° +6° +10° +13° 

 

Data processing 
 
Fish targets acquired from the DIDSON sonar were identified by visual reading of the DIDSON 
image files (Xie et al., 2005) using the DIDSON software V5.26 developed by SMC. Similarly, 
the ARIS sonar fish targets were identified by visual reading of the ARIS image files using the 
ARISfish software V2.5, also by SMC. For the split-beam system, individual fish targets were 
identified by tracking the split-beam echo data with an alpha-beta algorithm for tracking multiple 
targets (Blackman and Popoli, 1999). The split-beam tracks were imported to a discriminant 
function analyzer for fish-target identification based on swimming trajectories, traveling 
velocities, and target-strength readings (Xie et al, 2012). The DFA identified fish tracks were 
further examined visually for their final acceptance by the experienced readers using the PSC 
Split-beam FishTracker program.   
 

RESULTS 

Comparison of length measurements between the DIDSON and ARIS systems  
 
Length measurements are an important component of the data collected from imaging sonar at 
the Mission site because they are used to determine the proportion of salmon from the total fish 
counts. Length measurements taken from a 15 day period from September 03 to 18 were 
compared between the ARIS and DIDSON systems for two range bins, 0-10m and 10-20m. The 
two range bins are compared separately due to differences between the areas ensonified and 
image resolutions in each range bin. Fish images were selected for length measurements from all 
3 vertical aims of the DIDSON and ARIS in the 0-10m range bin within sampling strata S1, S2 
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and S3 as defined in Table 1. For the 10-20m range bin, images in S4 of DIDSON and S1 of ARIS 
(Table 1) were used for the length measurement comparison because these two strata covered a 
similar area of the water column. More than 6000 individual fish images were measured in the 0-
10m range bin and approximately 2000 fish were measured in the 10-20m range bin. 
Measurements were taken for the first 15 to 20 good quality fish images in the hourly DIDSON 
and ARIS files using the sizing tools provided by the DIDSON and ARISfish programs. The 
measured lengths were then imported to a maximum likelihood mixture model which calculated 
the proportions of salmon-sized fish and smaller-sized resident fish based on the distribution of 
length data. 
 
A comparison of the recorded images from the ARIS and DIDSON in the 0-10m range bin 
showed that the two systems ensonified a similar area of the water column at this range (Figure 
5. C vs. D). However, the ARIS system was deployed on a tripod that was closer to the river 
bottom than the DIDSON and as a result its beam received much stronger reflections from the 
convex bottom. Therefore, the ARIS system had a lower signal-to-noise ratio than the DIDSON. 
This resulted in poorer detection of small fish (approximately 20 cm in length) by the ARIS. In 
comparison to DIDSON, the ARIS estimated a 9% lower proportion of smaller sized fish over 
the 15 days observed, or a 9% higher proportion of salmon-sized fish (Figure 6. C vs. D). 
 

 
Figure 5. Bottom detection of DIDSON and ARIS in the 0-10m (C and D) and 10-20m (A and B) range 
bins, respectively, at 20:00hrs on September 05, 2015. The 0-10m images are from the lowest vertical aim 
for the DIDSON and ARIS, at -21° and -5°, respectively. Both systems obtain clear images of the bottom 
up to 7 metres range.  For the 10-20m range, the ARIS does not receive a clear signal of the fish or 
bottom due to a shadowing effect from a convex bottom feature.  
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Figure 6. Panel A & B: Histograms of fish length measurements by DIDSON and ARIS for fish observed 
in the 0-10 m range bin from September 03 to 18, 2015.  Panel C & D: Estimated distribution and 
proportions of small, resident fish and salmon-sized fish using the length data from data shown in panels 
A & B by a mixture model.  

For the 10-20m range bin, a comparison of the recorded images indicates that the two systems 
had different ensonifications of the water column. (Figure 5. A and B). The detection of fish by 
the ARIS was greatly reduced in the 10-20m range because of a bottom shadowing effect from 
the convex bottom that severely impeded the ARIS beam in this range bin compared to the 
DIDSON beam (Figure 7). As a result, the ARIS could only detect larger sized fish in the upper 
water column compared to the DIDSON which could ensonify the entire vertical beam width in 
the 10-20m range bin. This resulted in a different length distribution from the ARIS in 
comparison to the results from the DIDSON data (Figure 8). The implications of the observed 
differences in length measurements on fish counts will be discussed in the next section. 
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Figure 7. Schematic illustration of the shadowing effect on the 10-20m range bin due to the ARIS beam 
hitting the convex bottom feature located approximately 7-10m from the sonar head. 

 
Figure 8. Histograms of fish length measurements by DIDSON (sample size=1968) and ARIS (sample 
size=1851) for fish observed in the 10-20 m range bin from September 03 to 18, 2015.  

 

Comparison of hourly counts 

ARIS vs DIDSON 
To compare the fish counts generated by the ARIS and DIDSON systems, we examine the 
estimates of hourly passage of all fish (resident fish plus salmon-sized fish), and of salmon-sized 
fish from both systems. A total of 15 days of counts from September 04 to 18 were analyzed and 
compared from the ARIS and DIDSON. For each day and system, an hourly fish passage was 
estimated by manually counting all fish within the first 5 minutes of hourly recordings for each 
hour, then expanding those counts for the entire hour, and taking the average of all hourly values 
within a day. The estimate of salmon-sized fish passage was then generated by multiplying the 
hourly fish passage by the proportion of salmon-sized fish estimated from the length 
measurements, as described previously.  
 
Since logistical constraints would not permit us to deploy the DIDSON and ARIS systems at the 
same depth, a direct aim by aim comparison could not be completed. Instead, a total area 
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comparison was performed using the combined counts from the sampling strata S1, S2 and S3 of 
both systems in the 0-10m range bin (see Figure 4 and Table 1). Fish counts in this range bin 
were the main focus of our comparison as the majority of the pink salmon passage on the left-
bank was detected within this range bin. 
 
Time series of the hourly fish passage and salmon-sized fish passage for both systems are shown 
in Figure 9. The average hourly fish passage over all 15 days of the study was 6,147 for the 
DIDSON versus 5,559 for the ARIS. The average hourly salmon passage was 4,456 for the 
DIDSON versus 4,275 for the ARIS over the same 15 days. Statistical comparisons between the 
estimates suggest that the fish passages were significantly different at an alpha value of 0.05; a 
paired t-test for each daily estimate yielded a p-value of 0.038.  However, the same paired t-test 
comparison between the salmon passage estimates did not suggest a significant difference, with a 
p-value of 0.361. Therefore, the difference in fish counts, and difference in the length 
measurements described previously do not result in statistically significant differences in the 
estimates of salmon-sized fish passage by the DIDSON and ARIS.  
 

 
Figure 9. Time series of the hourly fish passage (upper panel plot) and hourly salmon passage (lower 
panel plot) estimates by the ARIS and DIDSON systems from September 04-18 for the 0-10m  range bin. 
The salmon passage estimates are obtained by multiplying the fish passage by the proportion of salmon-
sized fish obtained from the length measurements.  
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Figure 10. Regression of hourly salmon passage from the ARIS versus the DIDSON system over 15 days 
in the 0 to 10m range bin (Sept. 04 – 18, 2015).  

 

 
Figure 11. A cross-section of the left bank illustrating the 10-20m overlapping portion of the beams from 
S4, the -6° DIDSON aim (solid black line) and S1, the -5° ARIS aim (solid red line).  

A comparison was also performed for the 10-20m range bins of both systems. For this range bin 
only fish counts in sampling strata S4 of the DIDSON and S1 of  the ARIS (Table 1) were used 
for the comparison analysis as the two sampling areas were highly overlapped (Figure 11).  
 
The time series of fish counts in the 10-20m range bin reveal dramatically different estimates of 
hourly fish passage and salmon passage for the ARIS and DIDSON systems (Figure 12).  The 
average hourly salmon passage over the 15 days of the study was 338 for the ARIS versus 1748 
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for the DIDSON. These results illustrate the effect of interference from bottom features on the 
ARIS beam (Figure 7), which prevented the ARIS from detecting the majority of fish targets in 
the 10-20m range.  
 

 
 
Figure 7. Time series of hourly fish passage (A) and hourly salmon passage (B) estimates by the ARIS 
and DIDSON systems from September 04-18 for the 10-20 metre range. The orientation and elevated 
deployment of the DIDSON allowed it to better capture targets in the longer range bin. 

 ARIS with 3° concentrator lens vs 2°×10° Split-beam 
The ARIS system equipped with a 3° vertical beam width concentrator lens was compared to the 
split-beam system which has a 2o vertical beam width. We generated an estimate of hourly 
salmon passage for each system from August 28 to September 02. The same methods described 
previously were used to generate the salmon passage estimate for the ARIS, except counts were 
combined from six aims using the 3° concentrator. The split-beam estimate also combined six 
aims with a 2° vertical beam width, as described in Table 2. The split-beam dataset was 
processed using a discriminate function analysis to portion out the salmon sized targets (Xie et 
al. 2012). Therefore, only salmon sized targets were compared. The comparisons covered the 0 
to 20m ranges. 
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For the five days of comparison, the ARIS sonar with concentrator estimated an average hourly 
salmon passage of 1010 compared to the split-beam estimate of 4236. The split-beam estimates 
were more than 4 times greater than the ARIS estimates, indicating a large discrepancy. This 
discrepancy could be caused by multiple factors that require further investigation beyond the 
scope of this report.  

Comparison of speed estimates 
 
We compared speed measurements between the ARIS and DIDSON to determine whether the 
two systems produced similar estimates of fish swimming speed. This behavioural statistic is 
used in determining fish passage through the offshore section of the river, and therefore 
contributes to the daily estimate of salmon passage at the Mission site. For this analysis, speeds 
were measured for a total of 1250 individual fish images acquired from the DIDSON and ARIS 
on September 05. Out of the 1250 speed measurements, 250 from each system were selected as 
paired samples as their corresponding images were identifiable as common events on both the 
ARIS and the DIDSON. All the fish measured were travelling upstream. The ARIS was 
positioned upstream from the DIDSON (Figure 3), so speeds were measured as fish first passed 
through the DIDSON beam, then the ARIS beam. A paired t-test was used to test whether there 
was a statistically significant difference between the speeds measured by the two systems at an 
alpha value of 0.05. 
 
The average speed measured for the 250 fish was 0.474 m/s on the DIDSON and 0.459 m/s on 
the ARIS (Table 4), an average difference of 0.015 m/s. Speeds measured by both systems 
followed a similar distribution (Figure 13), with a standard deviation of 0.097 m/s for the 
DIDSON and 0.102 m/s for the ARIS. The DIDSON speeds were highly correlated with the 
ARIS speeds measured for each fish; a linear regression fitted to DIDSON versus ARIS speeds 
(assuming zero intercept) had an R-squared value of 0.97 (Figure 14). 
 
Table 3. Summary statistics of paired fish speed measurements for the ARIS and DIDSON. The ZX angle 
is relative to the X axis pointing upstream and the Z axis pointing north across the river. A zero ZX angle 
corresponds to a swim trajectory perfectly aiming upstream. 

 ARIS DIDSON 
Fish measured 250 
Date  Sept. 05 2015 
Bearing (deg) 336 346 
Mean ZX Angle (deg) 18.64 1.59 
Mean speed (m/s) 0.459 0.474 
Std. Dev. (m/s) 0.102 0.097 
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Figure 13. Box plots of the 250 fish speeds measured by the ARIS and DIDSON systems on September 
5.  

 
Figure 14. ARIS vs. DIDSON speeds for the 250 paired fish measurements. The black line is a fitted 
regression model with DIDSON speeds as the independent variable and ARIS speeds as the dependent 
variable and assuming no intercept parameter. The R-squared for this model was 0.9724 and the slope 
was 0.958. The red, dotted line represents a 1:1 relationship between DIDSON and ARIS speeds. 
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According to the paired t-test, the mean difference between speeds was statistically significant 
with a p-value of 0.003, suggesting that the systems produced different speed estimates for the 
same fish. However, it is important to consider that the ARIS and DIDSON systems were aimed 
differently with the ARIS bearing 10 degrees further north and therefore pointing further 
upstream. The average direction of fish movement was different for the 250 fish as they swam 
through the sampling areas of the two systems.  The mean angle of movement relative to the 
upstream direction was 1.6° for the DIDSON versus 18.6° for the ARIS, an average difference of 
17.0°. The low mean angle for the DIDSON indicates that fish were generally travelling in a 
direction perpendicular to the beam. However, for the ARIS the larger angle indicates that fish 
generally moved away from the transducer as they travelled upstream and through the beam. 
Therefore, the mean difference of 0.015m/sec could be attributed to either slightly different 
behavior as fish swim through the different locations ensonified by the two systems or 
measurement errors between the two systems. Even if we hypothesize the difference in speed 
measurements is due to measurement errors in either system, the relative difference over the 250 
samples is only 3% (0.015m/s over 0.46m/s). This magnitude of difference has no practical 
concern for fish counting and behavioral assessment of migrating fish at Mission site using either 
ARIS or DIDSON. 
 

Testing of ARIS for potential offshore deployment 

One of the major challenges in the Mission hydroacoustics program is to accurately identify fish 
targets during mobile sampling of fish density in offshore water. Conventional sonar such as the 
split-beam can only provide highly filtered target echoes that are ambiguous for fish target 
identification from a mobile vessel. On the contrary, data acquired from ARIS is visually 
intuitive for target recognition because the images capture the distinctive shape of fish. This 
feature could improve identification of fish targets for the mobile sampling component at the 
Mission site.  

Limited transecting trials were conducted at the Mission site towards the end of the 2015 field 
program. The ARIS was mounted on the starboard side of the transecting vessel, looking 
sideways from the vessel to image the river. Figure 15 is an image clip that clearly shows three 
salmon sized fish detected by the ARIS as the vessel was cruising upstream parallel to the left 
bank on September 19, 2015. From this image, we can assess fish lengths as well as their 
direction of movement by recognizing their head to tail orientations. In the image shown all fish 
were heading upstream. Therefore, the high quality image allows us to determine the size of the 
fish and the direction of travel, two key statistics that are very uncertain or unavailable from the 
mobile split-beam data currently used.   
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Figure 8. Image of fish targets travelling upstream (circled in green) from mobile ARIS deployment on a 
vessel travelling parallel-to-shore at an approximate bearing of 126° on September 19, 2015. The mean 
length of the displayed fish targets is 59.2cm. 

 

DISCUSSION 
 
ARIS is a newer sonar technology that has not previously been tested at the Mission site. 
Therefore, prior to incorporating ARIS data into the in-season Fraser sockeye estimate used for 
fisheries management, we conducted experiments to determine whether there were any major 
differences between the data collected by ARIS versus data from the DIDSON and split-beam 
systems that are currently used at Mission. By deploying the systems in parallel, we attempted to 
ensonify a similar portion of the water column to compare the fish counts, lengths, and speed 
estimates between the systems.  
 
The most important finding from this study is the statistically identical estimates of hourly 
salmon passage produced by the ARIS and DIDSON for the 0-10m range, which indicates that 
the two systems would produce similar salmon counts in nearshore water for the purposes of in-
season assessment.  
 
We found that there were differences in estimates for comparisons of other variables, such as 
swim speed, fish length and fish counts in further ranges (>10m), generated by the ARIS and 

Fish 
Targets 
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DIDSON. These were likely caused by differences in the deployment and areas ensonified by the 
two systems rather than the sonar systems themselves. For example, our comparison revealed 
small, but statistically significant differences in measured speeds between the ARIS and 
DIDSON for nearshore fish. However, the magnitude of the relative difference was only 3%, and 
could have been a consequence of the ARIS being aimed further upstream than the DIDSON.  In 
general, we would expect ARIS to be a better choice than DIDSON for speed and length 
measurements, especially for fish in ranges greater than 10 metres as ARIS is able to produce 
images with a much higher resolution than DIDSON.   
 
We also found differences between the length measurements taken by the DIDSON and ARIS, 
but again these differences were likely caused by the way in which the systems were deployed. 
Since the ARIS was positioned on a tripod and closer to the river bottom, it received greater 
interference from bottom features and missed some of the smaller fish targets.  The ARIS beam 
was also shadowed for the 10-20m range bin and recorded much fewer fish in this range 
compared to the DIDSON. We do not believe these differences are due to any problems with the 
ARIS system itself. Overall, once differences in aiming are accounted for, the results in this 
study support the conclusion that either the ARIS or DIDSON system can be used for fish 
counting at the Mission site.  
 
Other results in this study highlight that further work is needed if the ARIS system is to replace 
the split-beam component of the Mission estimates. The ARIS with 3° concentrator lens 
produced much larger salmon passage estimates compared to the 2°x10° split-beam, possibly 
because ARIS picked up salmon targets beyond a vertical range of 3° or the split-beam count of 
pink salmon-dominated fish passage was biased low. Therefore, further testing is required to 
gain confidence in the true vertical beam width of the ARIS system when equipped with a 3° 
concentrator lens, and split-beam counts from non-pink periods should be used for the 
comparison study.   
 
Further testing is also needed to assess the potential for mobile deployment of an ARIS, but the 
limited testing in this study shows it is possible to use an ARIS to collect high quality imaging 
data of fish targets from a moving vessel. This type of imaging data would improve fish target 
recognition and allow measurements of fish length and swimming orientation from a moving 
vessel. Therefore, the mobile deployment of ARIS is a worthwhile area of future study that has 
the potential of significantly improving the accuracy of offshore fish passage estimates at the 
Mission site.   
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