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EXECUTIVE SUMMARY
The numbers of salmon returning to the Waanukv/Wuikinuxv watershed have been estimated using
highly uncertain visual counts and annual carcass surveys for many years. Starting in 2012, reliable
estimates of the returns of large Chinook salmon to the Waanukv River were obtained using
Dual-Frequency Identification Sonar (DIDSON) and Adaptive Resolution Imaging Sonar (ARIS) sonar
enumeration techniques. The goal for this study was to enumerate all the salmon species migrating
through the Waanukv River by using these proven sonar methods combined with species composition
estimates from the Waanukv River gillnet test fisheries in the lower Waanukv River. The two sonar
monitoring systems were fully operational on 8 July 2017 and operated continuously until they were
demobilized in early October. The sonar data were reviewed daily during the sampling period in order to
provide in-season run-timing and estimates of escapement. Fish observations were tallied based on three
fish size classes (50 to 70 cm; 70 to 90 cm; and >90 cm). Drift netting techniques were used in 2017 to
assess species composition and length-frequency distributions for salmon migrating upstream past the
sonar sites. Length-frequency data for Waanukv Chinook obtained during the broodstock collection in
2012-2017 and dead-pitch surveys in 2012, 2013, and 2015 confirmed that virtually all Waanukv
Chinook were larger than 90 cm in fork-length. The estimates of the total number of fish migrating
upstream passed the DIDSON site varied substantially among the three size categories and across the
13-week study period: 320,800 for 50-70 cm fish; 24,400 for 70-90 cm fish; and 5,970 for >90 cm fish.
Most of the 70-90 cm fish were likely Coho (Oncorhynchus kisutch) and Chum salmon (O. keta) based on
length measurements of these species obtained from the 2017 Wuikinuxv gillnet test fishery and previous
years test fisheries.
In 2017, the sonar estimate of 5,970 for Chinook salmon (O. tshawytscha) was 580% of the 1,029
escapement estimate derived from the dead-pitch survey data. Comparisons for other recent years
(2012-2015) indicate that sonar estimates for Chinook are 106-189% of those derived from dead-pitch
survey data. Historically, comparison of escapement estimates for Waanukv Chinook found that
mark-recapture estimates were 194% of the estimates derived from the 1992-1995 dead-pitch survey data.
In 2017, the sonar estimate of 225,400 for Sockeye salmon (O. nerka) was 319% of the 70,721
escapement estimate derived from the stream survey data. Comparisons of available estimates for 2014
and 2016 indicate that sonar estimates for Sockeye were 178-247% of those derived from stream survey
data. Over the past three years, Sockeye have been a very high portion of the fish caught in the 50-70 cm
size category in even years (96% in 2014 and 99% in 2016) and a lower portion in (79% in 2015 and 85%
in 2017) when Pink salmon (O. gorbuscha) represented a higher portion of the 50-70 cm fish caught in
the Wuikinuxv test fishery.
The results from the 2014-2017 sonar and test fishing program have provided timely and reliable
estimates of the number of Sockeye and Chinook salmon returning for the Waanukv/Wuikinuxv
watershed. The substantial difference between the sonar estimates for Sockeye and those derived from
stream survey data warrant further investigation of the differences between these estimates and the
continuation of both monitoring programs for a few more years. Our sonar estimates for Sockeye
escapement were derived from a consistent application of the advanced sonar technology and data
analysis described in our annual reports. A review of the Sockeye stream survey data has been initiated to
examine any differences in the survey conditions and survey effort over the past four years. Concerns
have also been raised about the possibility that predation by seals could remove substantial numbers of
Sockeye between the sonar site and the spawning areas. A helicopter survey was conducted on
10 September 2017 to count all seals observed on log boom and haul out sites near sockeye spawning
streams between the lake outlet and the mouth of the Sheemhant River. A total of 28 seals were counted
during this survey, distributed over 5 locations. Additional surveys should be conducted during the
Sockeye migration period and observations of seals during the stream escapement monitoring efforts to
provide additional information needed to assess the impact of seals on the numbers of spawning sockeye.
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INTRODUCTION
Waanukv River Chinook salmon are the largest and most abundant of the eleven Chinook salmon
(Oncorhynchus tshawytscha) stocks found in Rivers Inlet. The estimated annual abundance of Waanukv
Chinook has ranged from a low of less than 2,000 fish in 1999 to over 17,000 fish in 1986, 1992, and
1993 (Figure 1). Most of the historical escapement estimates have been derived from expanding carcass
counts using estimates of annual observer efficiencies and the results from a few mark-recapture studies
conducted in 1992, 1993, and 2000. Those studies suggested that the true escapement is likely twice as
large as that estimated from the annual carcass counts (Winther 1992, 1993, 1995; Nelson et al. 2001).
The reliance on annual carcass surveys to monitor escapement trends for Waanukv Chinook salmon has
been identified as a major concern in 2011. Information from past studies and knowledge from local
experts were used to evaluate alternative methods for obtaining reliable annual estimates of escapement
for Waanukv Chinook salmon. Hydroacoustic technology combined with in-river sampling for species
and size composition was tested in 2012 and 2013 and has provided reliable estimates of the daily and
annual returns of Chinook salmon to the Waanukv River from 2012 to 2015 (English et al. 2012, 2013,
2014, and 2016).
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Figure 1. Escapement, catch, and exploitation rates estimates for Waanukv Chinook salmon, 1980-2015
(see English et al. 2016 for analysis methods).
The Dual-Frequency Identification Sonar (DIDSON) originally developed through funding by the
U.S. Navy for harbor surveillance and recently made available for fisheries applications, has been
successfully used to estimate abundance of up-migrating adult salmon in river systems at several locations
including rivers in BC (Holmes et al. 2006), Alaska (Maxwell and Gove 2002), and California (Johnson
et al. 2008).
The DIDSON is a multi-beam sonar system capable of capturing near-video quality imagery of fish
moving through its 29° x 12° field-of-view. The standard DIDSON unit can be used to image fish out to
about 14 m operating at the high frequency (1.8 MHz) mode and to about 40 m at the low frequency
(1.1 MHz) mode. A long-range (LR) model DIDSON is capable of imaging out to 80 m at a frequency of
750 kHz.
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A brief test of DIDSON technology was conducted in the Waanukv River in 2006 (Johnson 2006).
Information from that study was reviewed and found to be sufficient to justify a more complete evaluation
of DIDSON technology for estimating escapement for Waanukv Chinook salmon. In 2012, a full scale
DIDSON feasibility study was conducted and provided daily estimates of the number of 50-70 cm,
70-90 cm, and >90 cm fish migrating upstream on Waanukv River from mid-August to early October
2012. Length-frequency data collected in 2012 indicated that virtually all Waanukv Chinook salmon
were larger than 90 cm in fork-length and no other species were this large. The DIDSON estimate of the
total escapement for Waanukv Chinook (fish > 90 cm) in 2012 was 4,200 (English et al. 2012). The
annual Waanukv dead-pitch surveys counted 519 Chinook carcasses and these were expanded using
detection efficiency estimates based on water levels, turbidity, and survey coverage to produce an
escapement estimate of 3,800 Chinook (Sturhahn 2012).
In July 2013, the long-range DIDSON system used in 2012 and an Adaptive Resolution Imaging Sonar
(ARIS) Explorer 1800 system were used to derive daily estimates of the number of salmon by size
category migrating upstream from 1 August to 10 October 2013. The ARIS system is similar to the
DIDSON technology but captures higher resolution images and supports several more advanced data
review features. The estimates of the total number of fish migrating upstream passed the sonar sites
varied substantially among the three size categories and across the 10-week study period: 421,000 for
50-70 cm fish; 10,800 for 70-90 cm fish; and 6,400 for >90 cm fish. Length-frequency data from the
Wuikinuxv test fishery indicated that 80% of the 50-70 cm fish were Sockeye salmon (O. nerka) prior to
mid-August. After mid-August, most of the 50-70 cm fish were likely Pink salmon (O. gorbuscha).
Most of the 70-90 cm fish were likely Coho (O. kisutch) and Chum salmon (O. keta). Length-frequency
data from the broodstock collection and dead-pitch surveys reconfirmed that virtually all Waanukv
Chinook were larger than 90 cm in fork-length. The annual Waanukv dead-pitch surveys counted 526
Chinook carcasses and these were expanded to an escapement estimate of 4,045 Chinook (Brad Koroluk,
DFO Bella Coola, pers. comm.).
In 2014, an ARIS Explorer 1800 system was deployed on the south bank and a long-range DIDSON
system was deployed on the north bank of the Waanukv River and operated continuously from 11 July to
5 October 2014. The sonar systems were deployed earlier in 2014 to provide counts for the virtually the
entire Sockeye migration period. The south bank ARIS system accounted for 70% of the 50-70 cm fish,
78% of the 70-90 cm fish, and 79% of the >90 cm fish counted using the two acoustic systems. Fish in
the 50-70 cm size category were the most abundant (355,200) and test fishery data prior to 14 August
indicated that 96% of the counts in 50-57 cm size category were Sockeye. Using these data, we estimated
that Sockeye were 300,000 (96%) of the 311,000 fish in the 50-70 cm size category that migrated
upstream past the sonar monitoring sites between 11 July and 13 August 2014. The total estimate for the
70-90 cm size category was 8,010; slightly less than the 2013 estimate of 10,800. Most of these fish
migrated upstream from mid-August to mid-September. The estimate for fish >90 cm was 3,960 and
most of these large fish migrated in the middle of August, with steady numbers moving upstream until
mid-September. The annual Waanukv dead-pitch surveys counted 374 Chinook carcasses and these were
expanded an escapement estimate of 3,740 Chinook (Brad Koroluk, DFO Bella Coola, pers. comm.).
This report describes a study conducted on the Waanukv River in 2017 using DIDSON and ARIS systems
along with species composition data from a gillnet test fishery to produce daily escapement estimates for
Sockeye and Chinook salmon returning to the Waanukv/Wuikinuxv watershed.
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Project Objectives
1. Deploy DIDSON/ARIS hydroacoustic equipment along the north and south banks of the
Waanukv River at the same sites as those used in 2013-2016.
2. Collect DIDSON/ARIS data from each deployment site throughout the upstream migration period
for Waanukv Sockeye and Chinook salmon.
3. Review DIDSON/ARIS data and produce daily estimates of salmon escapement for three
different size categories.
4. Conduct gillnet test fishery to obtain species composition and size-distribution data so sonar
counts can be assigned to species.
In March 2017, the Rivers Inlet Salmon Steering Committee approved the above objectives and plans to
continue operating the DIDSON and ARIS systems, and the Wuikinuxv gillnet test fishery to monitor
salmon returns to the Waanukv River. This report presents the results from 13-weeks of fieldwork
conducted to setup, operate, and demobilize the equipment needed to monitor the primary upstream
migration period for Waanukv salmon from 8 July through 06 October 2017.

METHODS
Site Selection
These sites used in 2017 were identical to the 2013 to 2016 sites (Figure 2). These allowed for the
placement of the sonar transducers in deeper water closer to shore where they would be protected from
floating debris and remain below the water surface for the entire tidal cycle even during low water periods
and peak tides.
Sonar Deployment
An ARIS Explorer 1800 system and long-range DIDSON system were deployed on 8 July 2017 and
operated continuously from 8 July 2017 to 9 October 2017. Each system consisted of the sonar
transducer, data transmission cable, switch box, laptop computer and an external 1-TB hard drive. All
electronic components were housed in secure aluminum environmental boxes. The north bank DIDSON
site was powered with 110 volts AC, and an uninterruptable power supply to provide power during
nightly brown outs. The south bank ARIS site was powered using four 6-volt deep-cycle batteries
connected in parallel. A 2,000 watt Honda generator was operated for 8 hours per day, using 4 liters of
unleaded gasoline, to power a 12A marine grade battery charger to maintain the level of voltage above
6.0 V at all times.
Each sonar unit was mounted to a customized ladder mount (Figure 3) specially designed for use with
DIDSON equipment (Enzenhofer and Cronkite 2005). The mount allows for placement of the gear along
uneven substrates and provides flexibility for adjusting pan and tilt angles from above the water surface.
The sonar lens used in 2017 resulted in a vertical beam spread of 14 degrees which was sufficient to cover
the majority of the water column and improved the resolution of the images of fish detected at each site.
The sonar units were placed about 20 cm above the river bottom and tilted down eight to ten degrees so
the bottom of the sample volume covered the substrate and the top of the sample volume remained about
0.5 m below the water surface during typical low tides. It was necessary to maintain a non-sampled area
near the water surface to prevent image degradation associated with distortion resulting from sampling the
air-water interface. A lead net was used at both sites to ensure fish could not pass undetected behind the
sonar lenses (Figure 3).
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Figure 2. Deployment location for the DIDSON and ARIS systems used to enumerate salmon
escapement to the Waanukv River in 2017. These sonar sites used in 2017 were identical to
the 2013-2016 sonar sites.
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Figure 3. South bank ARIS ladder mount. The sonar is submerged under water in front and near the
base of the ladder. A small-meshed lead net is installed downstream of the ladder mount to
prevent upstream-bound salmon from swimming behind the ladder thus undetected from sonar
view.
Sonar Data Collection
Data were collected using the same spatial and temporal subsampling design used in 2013-2016. For the
north bank site, DIDSON was programmed to collect data in 20-min intervals across a 20 m window
length. For each hour, the first 20 min of data collection spanned from 0 to 20 m in range, the second
20 min of data collection spanned from 20 to 40 m in range and the third 20 min of data spanned from
40 to 60 m in range. For the south bank site, ARIS was programmed to collect data in 30-min intervals
across a 20 m window length. For each hour, the first 30 min of data collection spanned from 0 to 20 m
in range and the second 30 min of data collection spanned from 20 to 40 m in range. Data were collected
continuously (24 hours per day) at rates between four and eight frames per second. Data were ported
directly to external 1-TB hard drives.
The sonar stations were serviced daily in order to ensure continuous data collection throughout the
sampling period. Daily servicing involved inspecting the lead net and sonar ladder mount, observing the
sonar image on the laptop computer to confirm system operation, and exchanging the data collection hard
drives. The sonar was turned off towards the end of the data collection session in order to minimize the
down time while hard drives were being exchanged. Servicing the south bank (ARIS) site included the
additional steps of: testing battery acid levels with a hydrometer, checking battery voltage with a
transportable hand-held volt meter, refueling generator, checking generator oil level, and starting
generator to charge the battery system. Daily logs were used to note system operational conditions and
maintenance activities. The data were backed up and archived to additional external hard drives at the
data review computer stations located at the Eagles Nest Bed and Breakfast and Chris McConechy's
residence at east end of Wuikinuxv community.
The water levels at each sonar site are affected by tides and the discharge from Wuikinuxv (Owikeno)
Lake. At high tide the Waanukv River was approximately 110 m wide at the sonar sites and each sonar
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was located 2-7 m from the shoreline in 1.5-2.0 m of water. At low tide the river was roughly 100 m
wide and sonar lenses were relatively close to the surface of the water.
Sonar Data Processing
Sonar data were reviewed continuously during the sampling period in order to provide daily estimates of
escapement. The sonar data review process occurred daily after collecting the data from the north bank in
the morning, and in the afternoon after retrieving the south bank data. Approximately 3-4 hours was
required for each of the two field technicians to review the stratified random sample of sonar recordings
each day. Given an estimated average review speed of 7-10 min for 20 min of sonar data, we determined
that the field crew could review 16 hours (960 min) of sonar data per day. With two sonar systems
running continuously, the field crew could review 13.3% of the 7,200 possible sample minutes
(24 hours*60 minutes*5 ranges) each day. Sonar data review involved selecting a random sample of
three 20-min time blocks (one for each of the three range intervals) for the north bank and two 30-min
time blocks (one for each of the two range intervals) for the south bank within each three-hour period
(e.g., 00:00-03:00, 03:00-06:00). A total of 40 randomly selected time blocks (24 and 16 for the north
bank and south bank, respectively) were chosen for review each day. A program was written to randomly
select the start time for each of the 40 time blocks to be reviewed each day and the complete set of sample
times for the study was provided to the field crew during the first week of the project. The files were
reviewed with DIDSON and ARIS Fish playback software (at 15 to 50 frames/second) which facilitated
the identification of fish and allowed for more time to determine fish size when fish were detected. In
ARIS Fish software an echogram mode was utilized in order to identify large groups of fish within each
file to improve efficiency in data review. For each fish observed, total length was estimated using the
software’s sizing tool. Fish observations were tallied based on fish size class (50 to 70 cm; 70 to 90 cm;
and >90 cm). The length category for each fish observed was estimated by comparing the size of the fish
image to a 70 or 90 cm long bar displayed on the sonar playback screen or by measuring individual
targets using a software sizing tool.
Direction of travel (upstream or downstream) was recorded for each observed fish. We also noted the
location where fish entered the sample volume based on two 10-m range bins within each 20-m sample
window. Fish counts by size category were recorded for each 10-m range bin for the duration of the
project. Any problems or concerns identified were immediately communicated to the LGL field
technician via telephone and/or email.
Once per week the data were entered into an Excel spreadsheet from the handwritten data. This data was
checked carefully against the originals to ensure an exact copy. Time periods when no data was collected
because a sonar site was impacted by float debris or not functioning because of battery failure or power
outage were clearly identified in each data file. The data files were then sent to LGL in Sidney, BC, at the
end of each week for analysis. In-season estimates of the number of fish migrating upstream passed the
DIDSON and ARIS systems by size category were sent to the LGL field technicians and circulated to the
project Steering Committee every 7-10 days during July and August, twice in September, and once on
30 November, for a total of 12 “2017 in-season” reports. The delay in preparing the final “in-season”
report was due to delays in the transfer of the ARIS count files until 17 November, the delay in the
delivery of DIDSON data files for 20 September to 9 October to Sidney for review and the time required
to correct data entry errors and complete the analysis. Wuikinuxv village experienced several power
outages from late July to mid-September due to faulty diesel generators, resulting in the loss of several
days of DIDSON imagery. The ARIS system was not affected by the power outage, however a faulty
inverter in September, likely due to heavy rains, resulted in the loss of three days of ARIS imagery. The
inverter was quickly replaced inside the dry environmental box and the ARIS sonar resumed operational
for the remainder of the season.
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Estimating Daily Escapement
The net number of upstream migrants observed for each fish category was calculated by subtracting the
number of downstream observations from the number of upstream observations. Counts of the net
number of fish moving upstream by size category were expanded to an estimate of the total upstream
escapement using the sampling rate for each sonar field. On days when all the randomly selected sonar
time blocks were available and reviewed, the sampling rate was 16.7% for the ARIS data and 11.1% for
the DIDSON data. There were six days (9 July, 25 August, 11-13, 28 September) when the south bank
ARIS system did not acquire data due to operational problems (e.g., power supply, faulty inverter). There
were 14 partial days (9-10, 24-25 July, 14 August, 11-12, 20, 22-27, September) when the north bank
DIDSON system did not acquire sufficient data or data was lost due to operational problems and village
power outage. The numbers of fish moving upstream during these days were interpolated from estimates
for the days before and after the non-operational days.
Test Fishing for Species Composition and Fish Size Measurements
Drift netting during the Wuikinuxv Sockeye test fishing program provided information on species
composition from 11 July to 4 October 2017 and fork length data for each fish caught (Figure 4). A
single multi-panel gillnet constructed in 2016 for the Wuikinuxv Test Fishery was used in 2017 in
addition to the “Sockeye” net used in previous years. The multi-panel net used was 100 ft long by 12 ft
deep with a 50 ft panel of 5.5-inch mesh and a 50 ft panel of 6.5-inch mesh. The dimensions of the
“Sockeye” net were 120 ft long by 10 ft deep made from a single panel of 5.5-inch mesh. Drift sets were
conducted daily on flooding tides to coincide with upstream fish movement.

Figure 4. Picture of Wuikinuxv gillnet test fishery set near the mouth of the Waanukv River in 2017.
Broodstock and Dead-pitch Surveys
In 2012 and 2013, additional sampling for Chinook salmon size distribution data was conducted by
Department of Fisheries and Oceans (DFO) and Wuikinuxv Fisheries during broodstock collection and
dead-pitch surveys. Broodstock capture was carried out from 18-22 October 2016. The Chinook
broodstock collection net was an 80 ft long single-panel net made with Alaska twist 23.5 cm (9-inch)
mesh size and was 10 ft deep.

LGL Limited

7

Waanukv Chinook Escapement Monitoring Using DIDSON/ARIS Sonar Techniques

EA3824

The dead-pitch survey data for 2016 was not available prior to the preparation of this report. The
Chinook length data from the 2015 dead-pitch surveys are presented in this report for comparison with the
2016 length samples from broodstock capture.

RESULTS
Sonar Counts
The estimates of the total number of fish migrating upstream passed the sonar sites varied substantially
among the three size categories and across the 13-week study period (Figure 5). In 2016, the south bank
ARIS system accounted for 71% of the 50-70 cm fish, 74% of the 70-90 cm fish, and 81% of the >90 cm
fish counted using the two acoustic systems. Fish in the 50-70 cm size category were the most abundant
(487,000) and 146% of the estimate for this category in 2015. Daily estimates for this size category were
high from 13 July to early August and declined to very lower levels by the end of August. The total
estimate for the 70-90 cm size category was 17,200. This was similar to than the 2015 estimate of 19,400
and most of these 70-90 cm fish migrated past the sonar sites between early August and mid-September.
The estimate for fish >90 cm was 7,840 and 82% of the 2015 estimate of 9,540. The timing of the
migration for these large fish was very similar to that observed in previous years, with most of these fish
migrating past the sonar sites between early-August and late-September.
The distribution of fish across the river channel was substantially different between the 50-70 cm size
category and the two larger size categories. For both riverbanks, the 50-70 cm fish were more abundant
within 20 m of shore than in the offshore zones (Figure 6 and Figure 7). On the south bank, 74% of the
50-70 cm fish, 45% of the 70-90 cm fish, and 36% of the >90 cm fish were counted within the 20 m
closest to shore (Figure 6). The lower water velocities on the north bank allowed for more of the smaller
fish to migrate further offshore. On the north bank, 67% of the 50-70 cm fish, 80% of the 70-90 cm fish,
and 81% of the >90 cm fish were counted within the 20 m closest to shore (Figure 7). The 20-40 m zone
accounted for most of the other fish migrating upstream past the north bank DIDSON. In the 40-60 m
zone, most of the fish observed were moving downstream.
Water Level Effects and Missing Data
As in previous years, the sonar sites are affected by daily and seasonal changes water levels due to tides
and variable discharge from Wuikinuxv Lake. At high tide, the Waanukv River was typically about
110 m wide at the location of the sonar sites, and at low tide, the river is roughly 100 m wide. At low
tide, the DIDSON and ARIS sonar lens’ are often very close to the surface of the water. The DIDSON
and ARIS mounts were in the same position for the duration of the study in 2016. The water level did not
drop enough to require repositioning further offshore, as in 2013 when the ladder mount needed to be
moved several times.
There were two days (24-25 August) when the south bank ARIS system did not acquire data due to
operational problems (e.g., power supply and debris). There were 11 days (29 July, 24-25 August,
19-21, 30 September, 1-2, 3-6, 8 October) when the north bank DIDSON system did not acquire
sufficient data or data was lost due to operational problems. Daily estimates for these days were derived
using the ratio of the south bank to north bank estimates for the days adjacent to these days. The
DIDSON reported a humidity alarm error causing it to shut down and not record. This error was
troubleshooted by cleaning the internal components of the lens housing, the wiping off the lenses, and
cleaning the actuators for the mechanical focus system. The focus system includes a tube that can collect
silt over time. The humidity alarm did not happen as frequently after the system was cleaned. Daily
estimates for data gaps in late August and September were filled in using the average of the estimates for
the days adjacent to these dates. Fortunately, the numbers of fish migrating upstream through the north
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bank DIDSON zones in late August and September were small compared to south bank ARIS zones, so
these estimates used to fill in these gaps in the DIDSON data were small and a very small portion of the
total escapement estimates for each size category. Overall, the temporal and spatial coverage of the ARIS
system was excellent in 2016 and the operation of the north bank DIDSON sonar in September was better
than 2015 and similar to operations in 2012-2014.
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Figure 5. Daily estimates by size category of the net upstream migration of salmon on the Waanukv
River based on north bank DIDSON and south bank ARIS data, 8 July-6 October 2017.
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Figure 6. Daily estimates by size category of the net upstream migration of salmon on the Waanukv
River based on south bank ARIS data, 8 July-6 October 2017.
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Figure 7. Daily estimates by size category of the net upstream migration of salmon on the Waanukv
River based on north bank DIDSON data, 8 July-6 October 2017.
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Current Profiles and River Channel Depths
In 2012, Acoustic Doppler Current Profiler (ADCP) transects were conducted at each monitoring site at
high tide and low tide to provide measurements of water velocity through the water column and across the
river channel. These surveys were not repeated in 2013-2016 because of the significant additional costs
of renting and operating the ADCP equipment. Figure 8 shows the portion of the cross-channel water
volume monitored using the DIDSON and ARIS beam configuration deployed in 2013-2016. The river
bottom at both monitoring site was a gradual slope with no boulders obstructing the detection of fish
migrating close to the river bottom. At low tide, the sonar beam width covered most of the water column.
At high tide, the sonar beam missed the upper 1.5 m of the water column.
The deflection booms associated with the Wuikinuxv village dock installed in 2014 and the fishwheel
deflector boom deployed in 2014 and 2015 directed more flow into the center of the river channel and
probably resulted in higher water velocities offshore. The fishwheel was not deployed in 2016 but the
deflector boom was moved closer to the ARIS site to provide more protection to the ARIS transducer and
ladder mount. There were substantially fewer fish counted in the furthest offshore zones for both sonar
systems in 2014-2016 than in the previous two years. The reduced numbers in the offshore zone
improved the reliability of the counts for the larger size categories because it is difficult to reliably
separate category 3 from category 4 fish in the far zone of the DIDSON system. Most of the smaller fish
(category 2) migrate in the near zone within 20 m of the sonar transducers.

LGL Limited

13

Waanukv Chinook Escapement Monitoring Using DIDSON/ARIS Sonar Techniques

EA3824

Depth (m)

South - ARIS
0.0
-2.0
-4.0
-6.0
-8.0
-10.0
5

15

25

35

45

55

65

75

85

95

105

75

85

95

105

Distance from South Bank (m)

Depth (m)

North - DIDSON
0.0
-2.0
-4.0
-6.0
-8.0
-10.0
5

15

25

35

45

55

65

Distance from South Bank (m)

Figure 8. Cross-channel bottom profile (bold black line) and sample volume (blue triangle) adjacent to the south bank ARIS and north bank
DIDSON sites on the Waanukv River in 2013.
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Species Composition and Sampling for Fish Size
Wuikinuxv Fisheries Program conducted three gillnet drifts each day as part of their annual test fishery from
11 July to 4 October 2017. During the Sockeye migration period (mid-July to mid-August), the Wuikinuxv
test fishing was conducted using a 120 ft (40 m) “Sockeye” net made of 5.5-inch mesh (9.5 cm). After the
Sockeye period (mid-August to end of season in October), the crew used the “Sockeye” net and a
multi-panel net comprised of 50 ft (15 m) of 5.5-inch mesh (13.8 cm) and 50 ft (15 m) of 6.5-inch mesh
(16.3 cm). Three sets were conducted daily alternating between nets (i.e., if the multi-panel net was used
twice on one day, it was used once the following day, and vice versa). The species composition of the 282
fish caught in the Wuikinuxv gillnet test fishery in the 50-70 cm size range was: 85% Sockeye and 15%
Pink salmon (Figure 9). Using the daily species composition data from the test fishery for 11 July to
30 August 2017, we estimate that 225,400 Sockeye past the sonar sites in 2017. The Sockeye caught in the
2017 Wuikinuxv test fishery were notably smaller than those caught in 2016 but similar to those sampled in
2015 (Figure 10), which was likely due to the dominance of five year-old fish the 2016 return. As in other
years, the test fishery fork-length data indicated that virtually every Sockeye detected by the sonar systems
would have been assigned to the 50-70 cm size category.
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Figure 9. Species composition of the daily catch from the 2017 Wuikinuxv gillnet test fishery and
seven-day moving average of the Sockeye percentage in these catches.
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Figure 10. Size distribution of the 449 Sockeye measured in 2015, 748 Sockeye measured in 2016 and
164 Sockeye measured in 2017 from catches in the Wuikinuxv Fisheries gillnet test fishery.
Figures 11 and 12 show the length-frequency distribution data for Waanukv Chinook dead-pitch surveys
conducted by DFO and Wuikinuxv Fisheries in 2013 and 2015, and broodstock collections samples from
2013 and 2017. These data show that virtually all adult Waanukv Chinook salmon obtained in these
samples were over 90 cm in fork length. The numbers of Chinook measured during dead-pitch surveys
were similar in both years, but there was a notable shift in the size distribution towards smaller fish in
2015. Poor survey conditions in 2017 resulted in only 72 Chinook carcasses observed and length
measurements were obtained of only 18 of these carcasses.

Dead-pitch (n=363)

Broodstock (n=99)

Chinook Sampled

50
40
30
20

10
0
87 89 91 93 95 97 99 101 103 105 107 109 111 113 115 117 119 121 123 125 127 129 131 133 135

Fork-Length (cm)

Figure 11. Length distribution of Chinook salmon measured during the broodstock collection and
dead-pitch surveys conducted on the Waanukv River in 2013.
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Figure 12. Length distribution of Chinook salmon measured during the dead-pitch surveys conducted on
the Waanukv River in 2015 and Waanukv broodstock collections in 2017.
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In 2014 and 2015, the sonar data showed that 99.2% and 97.8%, respectively, of the Sockeye size targets
(50-70 cm) migrated past the south bank sonar during daylight hours (06:00-22:00). In 2016, the
comparable estimate was 99.7% (Figure 13). Waanukv salmon migrate upstream during daylight hours.
The reasons for striking difference between the Waanukv River and other river systems where salmon
migrate in substantial numbers during nighttime hours is unknown but might be related to the fact that the
Waanukv River is only 4 km long and thus salmon can readily complete their migration through this river
within a few daylight hours. In 2016, we also noted that virtually all fish counted in the files representing
the last time interval of daylight were fish moving downstream (i.e., back to the estuary or ocean). Given
the very small numbers of fish counted during nighttime hours, these late-in-the-day downstream
migrants likely remained in the estuary or ocean until sunrise on the following day.

Start time for 30 min count interval

Figure 13. Daily distribution of ARIS counts of 50-70 cm fish migrating upstream in the zone from
1-20 m from the south bank. Counts from each 30-min interval were averaged over the
8 July-17 August 2017 period when over 122,950 fish in the 50-70 cm size category migrated
past the ARIS monitoring site.
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DISCUSSION
The 2017 study benefited substantially from experience gained through previous studies (English et al.
2012, 2013, 2014, 2016, 2017). The 2017 project was similar to the 2016 program in most ways but there
were a few notable differences:
1. Steven Roias contributed to the deployment of the sonar stations at the outset of the season, with
Erik English, and Chris McConechy.
2. Steven Roias assumed Erik English’s responsibilities as manager of field operations during a
3-week period in late July and August 30 to September 20 when Erik had another commitments.
3. No new Wuikinuxv Fisheries Technicians were hired or trained in 2017.
4. After Steven Roias left the field program on September 20, Chris McConechy and Dave Rolston
assumed his responsibilities for field operations in late September through 8 October 2017 and
demobilized the DIDSON and ARIS systems and shipped the data to the LGL Sidney Office for
analysis.
5. The Waanukv River gillnet test fishery operated by the Wuikinuxv Fisheries Program in 2016
provided daily catch and species composition data and samples sizes similar to 2015, with
assistance during the late August and early September drifts by LGL personnel. The test gillnet
sets made after 20 September 2017 were conducted by Chris McConechy and Dave Rolston.
The escapement estimates for Waanukv Chinook derived from the 2012-2017 sonar data were compared
with those derived from Chinook dead-pitch data. The annual estimates derived from the sonar counts
have been larger than those derived from the dead-pitch surveys but not by a consistent factor (Table 1).
Table 1.

Comparison of the Chinook and Sockeye escapements estimated using the DIDSON/ARIS and
test fishery system with those derived from dead-pitch surveys for Chinook and the “Clear
Stream” Index multiplied by 3 (i.e., 3XCS). The DIDSON and ARIS system was not
deployed until August in 2012 and 2013, so no estimate for sockeye was produced for those
years from the sonar data.

DIDSON &
ARIS Est.

Chinook Salmon
Dead-Pitch Dead-Pitch Dead-pitch
Estimate
Portion Exp. Factor

DIDSON &
ARIS Est.

Sockeye Salmon
3X CS 3xCS Index 3XCS Index
Index
Portion Exp. Factor

2012
2013
2014
2015
2016
2017

4,200
6,400
3,960
9,540
7,840
5,970

3,800
4,045
3,740
5,054
5,200
1,029

90%
63%
94%
53%
66%
17%

111%
158%
106%
189%
151%
580%

300,000
262,400
482,000
225,400

121,481
146,402
271,157
70,721

40%
56%
56%
31%

247%
179%
178%
319%

Average

6,318

3,811

64%

216%

317,450

152,440

46%

231%

Previous comparison of escapement estimates for Waanukv Chinook found that mark-recapture estimates
were 194% of the estimates derived from dead-pitch survey (Winther 1992, 1993, 1995). Given the
methods used to derive the escapement estimates based on dead-pitch surveys, it is unlikely that
additional years of dead-pitch surveys will provide a more reliable factor for adjusting the historical
escapement estimates for Waanukv Chinook. However, the dead-pitch survey efforts do provide useful
information on the size distribution and coded-wire tag (CWT; adipose clip) mark rates for Waanukv
Chinook.
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The escapement estimates for Sockeye returning to the Waanukv/Wuikinuxv watershed, derived from the
2014-2017 sonar and test fishery data, were compared with those derived from surveys of “clear water”
streams (Ashlulm, Dallery, Inziana, Washwash, and Genesee) conducted by DFO and Wuikinuxv
fisheries personnel. The Clear Stream Index (CSI) is derived by summing the Sockeye escapement
estimates for each of the five “clear water” streams and multiplying by a factor of 3.0 to account for
Sockeye spawning in the turbid water streams and lakeshore spawning areas where Sockeye cannot be
reliably counted. The annual estimates derived from the sonar counts (Table 1) have been much larger
than those derived using the CSI method (McGivney and Carr-Harris 2018).
As indicated above, our sonar estimates for Sockeye escapement are based on daily counts of 50-70 cm
fish from randomly selected files representing 16.7% of the south bank ARIS data and 11.1% of the north
bank DIDSON data combined with daily species composition data from the Wuikinuxv gillnet test
fishery. Over the past three years, Sockeye have been a very high portion of the fish caught in the
50-70 cm size category in even years (96% in 2014 and 99% in 2016) and a lower portion in 2015 and
2017 (79-85%) when Pink salmon represented 15-18% of the 50-70 cm fish caught in the Wuikinuxv test
fishery. The operation of the Wuikinuxv gillnet test fishery has improved each year with better nets and
increase experience of the test fishing crew. In 2016, the daily Sockeye catch for three consistent sets
were compared with the daily estimates of Sockeye escapement from the sonar data. The pattern was
remarkably similar despite the relatively small number of Sockeye caught in the test fishery (max. 80/day)
versus the sonar estimates (max. 52,000 on the peak day; see English et al. 2017). However, a similar
comparison of the daily test fishery catch numbers with the daily sonar estimates revealed a very different
pattern (Figure 14). Test fishery catches of sockeye were very low throughout the 2017 sockeye
migration period despite some very large abundances on several days.
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Figure 14. Daily catch of Sockeye in the Wuikinuxv test fishery and daily estimates of Sockeye
abundance that passed the sonar sites on the Waanukv River, 10 July-9 August 2017.
The results from the 2014-2016 sonar and test fishing program have provided timely and reliable
estimates of the number of Sockeye and Chinook salmon returning for the Waanukv/Wuikinuxv
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watershed. The substantial difference between the sonar estimates for Sockeye and those derived from
the “clear water” stream survey data warrant further investigation of the differences between these
estimates and the continuation of both monitoring programs for a few more years. The sonar estimates
for Sockeye were derived from a consistent application of the advanced sonar technology and data
analysis described in this report. A review of the Sockeye stream survey data has been initiated to
examine any differences in the survey conditions and survey effort over the past four years. Concerns
have also been raised about the possibility that predation by seals could remove substantial numbers of
Sockeye between the sonar site and the spawning areas. A helicopter survey was conducted on
10 September 2017 to count all seals observed on log boom and haul out sites near sockeye spawning
streams between the lake outlet and the mouth of the Sheemhant River. A total of 28 seals were counted
during this survey, distributed over 5 locations. Additional surveys should be conducted during the
Sockeye migration period and observations of seals during the stream escapement monitoring efforts to
provide additional information needed to assess the impact of seals on the numbers of spawning sockeye.

RECOMMENDATIONS
1. Work with the project Steering Committee, the Wuikinuxv Nation and DFO to secure the
equipment and funding required to operate the DIDSON and ARIS sonar systems on the
Waanukv River from early July through mid-October 2018.
2. Work with Wuikinuxv leadership to hire qualified individuals for the Fisheries Program and
implement a training program for these individuals to build fisheries capacity within the
Wuikinuxv Community.
3. Work with DFO, Wuikinuxv Fisheries representatives and others to address any concerns
regarding the operation of the sonar systems, Wuikinuxv test fishery and analytical methods used
to derive the escapement estimates for adult Sockeye and Chinook salmon migrating upstream
passed the sonar sites on the Waanukv River.
4. Complete the review the Sockeye stream survey data to examine any differences in the survey
conditions and survey effort over the past four years that could help explain the differences
between the escapement estimates derived from sonar counts and those derived from visual
survey counts from the “clear water” streams.
5. Surveys should be conducted during the Sockeye migration period to obtain an estimate of the
number of seals present in Wuikinuxv Lake and tributary spawning areas.
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