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Disclaimer
Intended use and technical limitations of the report, “Adaptive Resolution Imaging Sonar (ARIS)
for investigating fish behaviour in the vicinity of fishway entrances at the Mactaquac Generating
Station in 2018 and 2019”. This report describes methods for investigating fish behaviour in the
Maqtaquac Generating Station tailrace, using ARIS technology. The Canadian Rivers Institute
does not assume liability for any use of the included data or analyses outside the stated scope.
Correct citation for this publication:
Harrison, P., Jeffries, Z., Tarr, C., Yamazaki, G., and R.A. Curry. 2020. Adaptive Resolution Imaging
Sonar (ARIS) for investigating fish behaviour in the vicinity of fishway entrances at the
Mactaquac Generating Station in 2018 and 2019 Mactaquac Aquatic Ecosystem Study Report
Series 2020-075. Canadian Rivers Institute, University of New Brunswick, 13 p.
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1 Introduction
The Mactaquac Generating Station (MGS) is a 672 MW run-of-the-river hydropower dam located
approximately 20 km upstream of Fredericton, New Brunswick. Completed in 1968, an alkaliaggregate reaction in the concrete has shortened the expected life span of the dam causing NB
Power to consider options for replacing, removing or refurbishing the dam. In December 2016,
NB Power recommended refurbishing the dam (the Life Achievement Option) to extend its life to
2068, the original expected operating life of the station. Given that the layout of the existing
spillways, sluiceways, and powerhouse of the MGS will remain largely unchanged, it became a
new priority to understand the effectiveness of the existing fish passage facility.
The current fish passage facility was completed in 1968. The facility consists of 6 gates along a
collection gallery from which attractive flows exit and fish can enter (Figure 1). The collection
gallery leads to a crowder pool with a movable wall, which can be used to force fish in the
crowder pool into the braille pools and hopper (Figure 1). During operation, fish can also enter
the hopper volitionally by jumping a small waterfall created by the position of the braille pool
gates. The hopper can then be lifted and the fish loaded into trucks to be trucked upstream of the
station. Attraction flows are provided by turbines (primarily turbine 1), two main pumps that
enter into the collection gallery, and two auxiliary pumps in the crowder pool (Figure 1).
The fish lift is a turbid, dark water, and low light area, both at the entrance and inside the
passage-way, making regular video imaging impossible. To observe fish movements and
behaviours in and around the fish lift we used an Adaptive Resolution Imaging Sonar (ARISSound Metrics, Bellevue, Washington, USA; www.soundmetrics.com). The ARIS is capable of
producing high resolution, near video quality sonar imaging. Originally developed for the US
Navy, the unit was designed to detect swimmers in dark and turbid waters for harbour defense,
but has since been adapted and used for a variety of other purposes, including military, law
enforcement, and underwater construction. The technology has also been used in fisheries
science to enumerate fishes, observe behaviours, and quantify habitats (see for example Egg et
al., 2019; Jing et al., 2017).
A series of projects are being introduced in MAES Phase 2, to better understand the effectiveness
of the current structure for passing the multiple species of fishes found in the Saint John River
(SJR). These include a passive PIT tagging project designed to estimate fishway attraction and
efficiency, a fine-scale acoustic telemetry project designed to better understand fish response to
tailrace flow conditions, and several eel-passage projects. A second sonar camera technology,
DIDSON (also Sound Metrics) is being designed to further assist with quantifying the number of
fish entering the fishway. The ARIS project complements these projects by providing sonar video
data documenting fish approaches, behaviour, and responses in relation to the current structure.
This project will additionally aid in designing any changed or new fish passage structures should
such be required to meet fish passage goals at MGS.
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Figure 1. Current fish passage structure in use at the Mactaquac Generating Station (MGS) featuring locations of the ARIS
camera mount (blue circle) and approximate view locations (see text for explanations).
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2 Study Objectives
1. Quantify the number of fish (by species) observed in the tailrace in the downstream vicinity of
gates 1a and 1b
2. Increase understanding of fish behaviour and position in relation to variation in attraction
flows, including swimming, holding and schooling behaviors.
3. Enumerate temporal and spatial variation in fish density in the tailrace region.

3 Methods
3.1 ARIS Unit
We deployed an ARIS Explorer 1800 (Sound metrics, Bellevue, WA, US), which provides 96 sonar
imaging beams, with a 28° x 14° field of view and can provide up to 14 frames per second (Figure
2). The ARIS was set to 1.1mhz, which enables the unit to detect targets at up to 35m. We
operated the ARIS in conjunction with an ARIS AR2 rotator arm (Figure 2), which can provide
360° of rotation.

Figure 2. ARIS explorer mounted on AR2 rotator

3.2 ARIS Installation
A small building was placed on the lower deck of the powerhouse to house the computer (Figure
3 right panel) and power for the unit and laptop and internet access. The mount, built by NB
Power staff at the MGS, has a ratcheting winch system to lift and lower the unit down a rail
mounted on the outside of the collection gallery between turbines 1 and 2 (Figure 3 left panel).
This allows the depth of the unit to be changed if required to change the viewing angle or adjust
for changing water levels, as well as to retrieve the unit for maintenance.

Figure 3. Top left panel - the ARIS winch, top right panel - location of ARIS mount track
and ARIS hut, lower panel - detail of ARIS mount.
The ARIS camera was mounted to the outside wall of the fishway between fishway gates 2 and 3
(see Figures 1 and 3). The camera was deployed at a depth of 4 metres (below max fishway
operating water levels) and in the general direction of gates 2, 1a, and 1b. We tested various pan
and tilt setting through 2018 to explore images produced and their effectiveness for our
questions about counting and assessing behaviour. In 2018, the rotator was set to pan between
145° and 165° and spent 58% and 42% of time, at each location, respectively. Various tilts were
assessed. In 2019, the rotator arm was set to pan between 148° and 165° and spent 58 and 42%
of time at each setting. These pan setting were chosen to provide coverage both near the gate 1a
6

and 1b fishway entrance (148°) and further downstream. See Figure 1 and 4 for locations of
these pan settings in relation to the fishway. Tilt setting were restricted to -5°, 0°, and 5° in 2019.
Additionally, for 7 mins in every hour a combination of 36° and -36° tilt setting was also applied
to “burp” air bubbles around the camera, which were found to be inhibiting footage quality.

Figure 4. ARIS video image stills with annotations providing approximate locations of
fishway features: a) pan 148° tilt -5°; and b) pan 165° tilt -5°. Distance (m) from ARIS
camera are provided on each side of the beam.
.
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3.3 Remote Interface
The ARIS sonar is deployed in an area that is not constantly monitored and only accessed once a
week, and therefore Team Viewer was used to remotely access the laptop connected to the ARIS.
Team Viewer (https://www.teamviewer.com/en-us/) is a free remote desktop program that
allows access to the ARIS laptop from another computer. This enables viewing of live ARIS
footage from the office or home. Through Team Viewer the ARIS Scope program can be accessed
to monitor the feed, restart the program if it stops, and modify sonar settings. Being able to
check on the status of the ARIS regularly also prevents downtime, i.e., a trip can be quickly made
to inspect the ARIS if a Team Viewer check shows issues. The Team Viewer was enabled by NB
Power’s installation of a wired internet access cable in the ARIS hut.

3.4 Analyzing ARIS camera footage
The software program for the ARIS configuration and monitoring, ARIS Scope, was configured to
record continuously, creating a new file every 6 minutes to minimize the loss of data should a file
be corrupted (i.e., 240 files per day, each file is 30 to 40 MB). Files were backed-up on external
hard drives and the unit and files checked regularly to ensure continuous operation. ARIS scope
also controls the rotator settings, allowing for the unit to cycle through different pan and tilt
settings.
The ARIS camera footage was analysed using ARIS Fish software. Videos were assessed by staff
who used the software to mark and count all fish or groups of fish (> 3 fish) seen in the footage.
Each marked fish was measured from the head of the fish to the tail (in cm) using the software’s
measuring tool (Figure 6) When a large school of fish was observed (>3 fish), a representative
fish was selected to be measured for length in order to reduce the processing time. An example
of a large school of fish recorded by our ARIS camera can be seen at
https://youtu.be/pbnRupf5G9Q and several large fish at https://youtu.be/U7M_fGWBaHY .
Each fish/group of fish was categorised into three behaviours: individual swimming, individual
holding position, and schooling. Furthermore, the upstream versus downstream orientation was
recorded for each fish/group.
After all fish in a video have been recorded, a CSV file is generated for later analyses. Given the
diversity of fishes and their overlapping size distributions in the MGS tailrace, species
identification was rarely possible. However, occasionally eels could be identified by their distinct
body shape.
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Figure 6. Some examples of ARIS video stills featuring fish observed in the sonar beam in
the tailrace at MGS: a) a large fish and b) a group of large fish.

4 Results
4.1 2018
The ARIS camera was deployed from 12 July to 19 November 2018. A total of 1,881 hours of
useable footage were recorded and analysed during this 130 day period, i.e., the camera recorded
useable footage for approximately 60% of the deployment period.
A total of 349,774 fish observations were recorded in 2018. Of these observations, 224,404
(64%) were observed to be swimming in an upstream direction and 125,370 (36%) were
swimming downstream. 152,588 fish were observed in our pan setting 145° (nearest the fishway
and 196,832 were observed in the more downstream pan setting (165°). A range of different tilt
settings were being tested, however most fish observations (99%) occurred at tilt -5° (131,811
observations), 0° (145,552 observations), and 5° (69,625 observations).
In general, schooling was the most frequently observed of our three behavioural categories in
2018 (80% of observations), individual swimming behaviour, was common (20%), whereas
individual holding behaviour was rarely observed (<1% - Table 1). Fish lengths as measured by
the ARIS software averaged 46.1 cm and ranged from 3.3 cm to 160 cm.

9

Table 1. Behaviours observed in ARIS images at the MGS tailrace in 2018 and 2019.
Behaviour
Swimming (Individual)
Holding (Individual)
Schooling

2018
70,895 (20%)
30 (<1%)
278,585 (80%)

2019
5,418 (18%)
83 (<1%)
25,432 (81%)

In 2018, fish densities averaged 4.6 fish per frame per day, rising to >20 fish per frame per day in
September and October (Figure 7).

Figure 7. Daily fish per frame observed within the ARIS beam during the 2019 season.

4.2 2019
The ARIS camera was deployed from 2 June to 19 July 2019. There was useable footage for 18%
of this period (212 hrs). The lower quality of images appears to be the result of high turbulence
and associated entrained air during the early part of June when turbine discharges are high. On
19 July, the winch cable snapped and the camera came loose from the mount and was damaged.
The camera was in repair for the remainder of the season, and the winch cable has been now
been replaced with a stronger cable.
In 2019, a total of 7,847 frames were assessed and a total of 30,965 fish observed. Of these fish,
45% (14,043) were observed in pan 148° (nearest the fishway) and 55% (16,921) were observed
in pan 165° (farther downstream). Upstream directional orientation was observed in 46% of
fish (14,263 ) and downstream orientation in 56% of fish (16,701) A range of different tilt
settings were applied, however the majority of fish observations occurred at tilt -5° (11,780 38%), 0° (13,283 - 45%) and 5° (5,769 - 19%). Fish lengths as assessed by the software averaged
43.9 cm and ranged from 2.9 cm to 151.3 cm.
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Schooling was the most frequently observed behaviour (81% of observations), individual
swimming was common (18%), whereas individual holding behaviour was rarely observed
(~1% - Table 1) In 2019, fish densities averaged 11.01 fish per frame per day. The highest fish
density was observed on the first useable footage, 19 June, (54.4 fish/frame) (Figure 8), which we
suspect was associated with Gaspereau migrations.

Figure 8. Daily mean number of fish observed per frame during the 2019 season. Missing
dates are periods when turbulence negated sonar image interpretation.

4.3 2020
The ARIS camera was deployed on 20 May 2020and set to pan between 148° and 165° and tilt
between -5°, 0, ° and 5°. Preliminary analysis suggests that the high flows during this spring
freshet period again generated video of insufficient quality to detect fish during the initial
installment period. Notably during the current turbine #1 outage period (since early June 2020),
image quality has been excellent.

5 Study Limitations
With the current positioning and operations, we are generating detailed data concerning fish
movements and behaviour at the fishway entrance. The current position of the ARIS mount at
approx. 23 m from gate 1a and b is a distance that is reducing video quality and thus not high
enough resolution to provide a quantitative assessment of gate entry. We are not currently able
to count the number of fish that enter the fishway, but we are working on new position options
and the added DIDSON camera to gain that data on entry.
The proximity of the mount to turbine 1 outflow can create image issues during high turbine
discharge. This inability to detect fish during high flow periods in inhibiting our ability to
quantify Alewife and Blue-back Herring, which approach the fishway during the spring freshet It
is limitations such as this that we deploy multiple technical approaches at the fishway and
tailrace, e.g., the PIT tagging which provides data on bulk estimates of abundance and counting of
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individual fish entering and passing through the fishway. The combination of the cameras and
tagging will produce acceptable estimates of abundances and efficiencies in our early stages of
assessment of the fishway.

6 Conclusions
Since the initial deployment in 2018, we have collected and analysed a very significant data set
featuring detailed fish behaviour from >2000 hrs of high-quality sonar images. Our preliminary
analysis indicates that were able to document and categorise a range of movement behaviours in
the tailrace, which were generally consistent across years. We were able to generate a
quantitative assessment of temporal variation in fish density within the vicinity of the MGS
fishway entrance. Given timing of fish on approach to the fishway and the DFO trap data, it is
most probable that our schooling fish were gaspereau.

7 Next Steps
The ongoing and existing data provided by this project has excellent potential for further
analysis. Opportunities exist to compare fish density (within beams) with environmental and
operational variables, including attraction flows and turbine 1 flow operations, and seasonal and
temporal variables, using existing ARIS data. We are recruiting a new fish passage PhD student
who will undertake extensive in-depth analysis of this rich dataset that exists and continues to
grow. For example, the potential exists to populate 2D heat maps of fish density in proximity to
the fishway gates that can be paired with our tailrace computational fluid dynamics models to
investigate behavioural responses to flow and inform on the design of improved fishway
attraction flow regimes.
A quantitative assessment of a video for automation and species identification is under way in
another CRI project (Miramichi River and multiple species; see also ( e.g., Shahrestani et al.,
2017). We will continue to work on these aspects of the MGS data set to generate detailed
analysis of species, body size, and migration timing data.
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