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Abstract

The purpose of this project was to evaluate the use of inverted echosounders
to monitor juvenile salmon abundance, behaviour and migration timing in
the Discovery Islands and Johnstone Strait area. Four inverted, single-beam
echosounders were deployed in 2015 and five were deployed in 2016, collecting
multi-frequency acoustic data from May to September. This report describes
the methodology and primary results obtained from data collected at a site
that was monitored in 2015 and 2016. This site is located in Okisollo channel,
in the Discovery Islands. Juvenile salmon migration timing obtained acousti-
cally is in good agreement with that observed by DFO’s purse seine program.
Peak migration occurred from mid-May to mid-July in 2015, and from mid-
May to mid-June in 2016. Total abundances (all salmon species combined)
were similar in 2015 and 2016. Mean school depth of juvenile salmon was 5.3
+ 1.7 m and 3.5 + 1 m in 2015 and 2016, respectively, and school’s vertical
extent in the water column was 5.9 & 0.9 m and 4.9 &+ 1 m in 2015 and
2016, respectively. In 2015, a higher percentage of juvenile salmon was de-
tected between sunrise and solar noon (75.6%), but a similar behaviour was
not observed in 2016 (51.9%). A logarithmic relationship between juvenile
salmon length and AMVBSg7_125, the difference between the mean backscat-
tering volume at 67 and 125 kHz, was derived from empirical acoustic and
fish net data. The results presented here show that inverted echosounders
provide a cost-effective, non-intrusive option for long-term monitoring of fish
populations in the area. Further research is required in order to improve our
understanding of the acoustic signature of each species, and to develop analy-
sis and automation methods to increase accuracy, efficiency and replicability
of the results.

Résumé

L’objectif de cette étude était d’évaluer 'utilisation d’échosondeurs inversés
pour la surveillance continue des populations de saumon juvénile dans les Iles
Discovery et le Détroit de Géorgie. Quatre échosondeurs & faisceau unique
furent déployés en 2015 et cing furent déployés en 2016, afin de collecter
des données sur 'abondance, le comportement et la période de migration du
saumon juvenile de mai a septembre. Ce rapport décrit la méthodologie et les
résultats primaires obtenus suivant ’analyse des données acoustiques multi-
fréquence collectées a un site qui fut répliqué en 2015 et 2016. Ce site est situé
dans le chenal d’Okisollo dans les Iles Discovery. La période de migration du

vil



saumon juvénile observée au moyen des échosondeurs inversés est en accord
avec celle obtenue par ’échantillonnage a la seine mené par MPO. La période
de migration a été observée de la mi-mai & la mi-juillet en 2015 et de la mi-
mai & la mi-juin en 2016. L’abondance totale était similaire en 2015 et en
2016. La profondeur moyenne des bancs de saumon juvénile était de 5.3 +
1.7m et 3.5 £ 1 m en 2015 et en 2016, respectivement. L’étendue verticale
moyenne des bancs était de 5.9 & 0.9 m et 4.9 = 1 m en 2015 et 2016,
respectivement. En 2015, un plus grand pourcentage des saumons juvéniles
ont été observeés entre le levé du soleil et le midi solaire (75.6%). Toutefois,
une tendance similaire n’a pas été observée en 2016 (51.9%). Une relation
logarithmique est établie entre la longueur moyenne des saumons juvéniles
et AMVBSg7_195, la différence entre la rétrodiffusion volumique moyenne &
67 et 125 kHz, a partir des données empiriques. Les résultats présentés dans
ce rapport montrent que I'utilisation d’échosondeurs inversés peuvent fournir
un moyen rentable et non invasif d’effectuer la surveillance a long terme des
stocks de saumon juvénile, lorsque la connaissance préalable de l'écologie
du milieu est suffisante. Des recherches additionelles sont nécessaires afin
d’améliorer notre compréhension de la signature acoustique de chaque espéce
détectée et de développer des méthodes d’analyse et d’automatisation qui
augmenteront la précision, 'efficacité et la reproductibilité des résultats.
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1 Introduction

Long-term monitoring of marine fish populations has long been conducted us-
ing standard fish sampling methods, such as trawling and purse seining. From
the early 1980s to 1990s, significant improvements in hydroacoustic methods
and technologies have allowed for the use of vessel-mounted echosounders to
conduct large spatial surveys of fish stocks (Dickie et al., 1983, 1987; Foote
et al., 1987; Johannesson and Mitson, 1983; MacLennan et al., 1990; Rose
et al., 1988; Simmonds et al., 1991). Combined, trawl and acoustic methods
are highly efficient to map distributions and abundances over large areas.
However, they are generally restricted to a few surveys per year, and are
therefore not practical when looking at temporal variability in abundances
and distributions. In addition, to allow inter-annual comparability, these sur-
veys are highly restricted in time and might miss important time-sensitive
events, leading to a misunderstanding of the ecology and species interactions
in the area.

Fixed echosounders have been used extensively in the study of near-surface
bubbles and wave processes (Thorpe 1986, Vagle et al., 1992, Trevorrow,
2003). More recently, they have been used to study zooplankton and pelagic
fish distribution and behaviour (Thomson et al., 2000; Kaartvedt et al., 2009,
Sato et al., 2013). The recent development of several ocean observatories
(Favali et al., 2015) have sparked an increase in the number of moored in-
verted echosounders deployed for long-term monitoring of pelagic communi-
ties (Pawlowvicz and McLure, 2010).

In this study, we evaluate the use of inverted, bottom mounted echosounders
to monitor juvenile salmon migration timing and distribution in the Dis-
covery Islands and Johnstone Strait, which constitutes a key area in terms
of understanding juvenile salmon mortality during their passage from lower
British Columbia rivers to the Pacific ocean. We further suggest that moored
inverted echosounders can provide insightful data on the behaviour, abun-
dance and migration timing of juvenile salmon and prove to be a non-invasive,
cost-effective approach for long-term monitoring purposes.



2 Materials and Methods

2.1 Study area and survey design

Located between the eastern side of central Vancouver Island and the British
Columbia mainland, the Discovery Islands area is made of a complex network
of narrow channels and deep fjords (Foreman et al., 2012). Water circulation
is dominated by tides, with strong currents occurring in Johnstone Strait,
while lowest tidal currents are observed southeast of Quadra Island and in
Kanish and Waiatt Bay in the north (Figure 1, Foreman et al. 2012).

Moored inverted echosounders were deployed at several locations in the
Discovery Islands and Johnstone Strait area in 2015 and 2016 to collect
data primarily during the expected juvenile salmon migration period, which
usually extends from early May to July. Four moorings were deployed in
2015 and five moorings were deployed in 2016 (Figure 2). Tables 1 and 2
give a summary of the data collected at each site.

In 2015 and 2016, two of the four moorings were deployed in Okisollo chan-
nel, a sheltered body of water separating the islands of Sonora and Quadra.
This area is known as a juvenile salmon hotspot in May and June, and is also
home to several Atlantic salmon aquaculture sites (Figure 3). In 2015, two
additional sites were deployed in Johnstone Strait, one near Chatam Point
and one near Sayward. The latter is located near DFQO’s primary purse sein-
ing site for monitoring juvenile salmon. These sites presented some analytical
challenges due to the presence of bubbles caused by surface waves which con-
taminated the acoustic signal. Signal from these bubbles is stronger than
that of fish schools, greatly reducing the usefulness of the acoustic data dur-
ing periods of strong winds. In 2016, the three moorings not deployed in
Okisollo channel were deployed at Channe Island, Hoskyn channel and Knox
Bay. These sites cover several possible pathways for juvenile salmon migra-
tion through the Discovery Islands and are accessible by the purse seiner.
These locations were chosen in order to reduce chances of bubble contami-
nation.

2.2 Data collection
2.2.1 Echosounders and RBRs

Each mooring consisted of a bottom-mounted AZFP echosounder (Acoustic
Zooplankton and Fish Profiler, ASL Environmental Sciences), one or two



Figure 1: Maximum surface speeds (ms™!) over a 28-day model simulation
period (April 1- 28 2010) (Foreman et al., 2012).
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Figure 2: Upper panel: Location of the four moorings (red dots) deployed
in the Discovery islands and Johnstone strait area from May to October
2015. Lower panel: Location of the five moorings (red dots) deployed in the
Discovery islands area from May to October 2016.
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Figure 3: Upper panel: Location of AZFP moorings in Okisollo channel
in 2015 and 2016. The "secondary" mooring was only deployed in 2016,
whereas the "deep" mooring was deployed in 2016. The primary mooring
was deployed both years. Middle panel: Location of primary mooring site
in Okisollo channel in relation to Cermaq aquaculture farm. Lower panel:
Location of secondary mooring deployed in Okisollo channel in 2015 near
Brent Island.



AZFP Frequency Bottom

Site Location Coordinates Start date/time End/date time
serial # (kHz) depth (m)

50.3057° N 67/125 . .

1 Venture Pt.  JR30STN. 55034 g/l 55 2015-05-13 14:28  2015-09-30 11:20
50.2861° N ) 67/125 . . . .

2 Brent sl J02LN. 55086 /120 53 2015-05-14 9:41  2015-09-30 11:20
50.3308° N E . A .

3 Chatam Pt.  2033080N 55096 200 43 2015-05-14 12:50  2015-09-30 7:59

4 Johnstone St.  -204392N_ 55055 67/125 33 2015-05-15 6:00  2015-09-30 11:20

126.0537° W 200/455

Table 1: Summary of 2015 data collection.

AZFP Frequency Bottom

Site Location Coordinates Start date/time End/date time
serial # (kHz) depth (m)
. 50.3060° N 67/125 . .
1 Venture Point A - 55086 2007455 61 2016-05-11 15:05  2016-09-15 22:56
2 Okisollo mid-channel ~ (392939°N_ 55124 67 110 2016-05-11 11:27  2016-09-28 14:59
‘ 50.3871° N 67/125 . .
3 Knox Bay oSSl 55085 2007455 52 2015-05-12 10:36  2015-09-17 23:59
4 Channe Tsland 204588° N 55026 200 58 2015-05-10 15:00 ~ 2015-10-01 23:59
. 50.1901° N 67/125 . . .
5 Hoskyn channel L 55084 St 54 2015-05-13 11:50  2015-09-22 02:19

Table 2: Summary of 2016 data collection.

temperature and pressure sensors (RBR Ltd.), and an acoustic release (figure
4). Three of the AZFP echosounders operated at four frequencies (67, 125,
200, and 455 kHz); the remaining two operated at one frequency (67 and
200 kHz). In the multi-frequency units, the elements for the three higher
frequencies are located within a single transducer unit; the larger 67 kHz
transducer requires a single housing unit. The two transducers were located
approximately 30 cm from each other over a metal frame (figure 5). Each
echosounder was calibrated by the manufacturer prior to deployment and
after recovery.

The AZFP hardware can be set to operate under different parameter set-
tings and/or ping regime during a single deployment. Each setting is called
a phase. Tables 3 to 6 describe the settings used for each station and phase.

Site 1~ Site 2  Site 3  Site 4

Phase 1 2 1 2 1 1 2

Burst interval (s)
Pings per burst
Ping period (s)

W = W

5 3 5 1 2 5
1 1 1 1 1 1
5 3 5 1 2 5

Table 3: AZFP settings for each site and phase in 2015. Phase 1: Start of
recording to August 01. Phase 2: August 01 to end of recording.



Site 1 ~ Site2 Site 3 Site4 Site 5

Phase 1 2 1 2 1 2 1 2 1 2
Burst interval s) 3 5 2 4 3 5 1 2 3 5
Pings per burst 11 1 1 1 1 1 1 1 1
Ping period (s) 3 5 2 4 3 5 1 2 3 5

Table 4: AZFP settings for each site and phase in 2016. Phase 1: Start of
recording to August 01. Phase 2: August 01 to end of recording.

Site 1 Site 2 Site 3 Site 4
Frequency (kHz) | 67  125/200/455 | 67  125/200/455 | 200 | 67  125/200/455
Pulse duration (us) | 500 300 500 300 300 500 300
Digital rate (kHz) 64 64 64 64 64 64 64

Table 5: AZFP settings for each site and frequency for the 2015 sampling

seasoI1l.
Site 1 Site 2 Site 3 Site 4 Site 5
Frequency (kHz) | 67  125/200/455 | 67 | 67 125/200/455 | 200 | 67  125/200/455
Pulse duration (us) | 500 300 500 500 300 300 500 300
Digital rate (kHz) 64 64 64 64 64 64 64 64

Table 6: AZFP settings for each site and frequency for the 2016 sampling

seaso1.

Surface

Not to scale

RBR sensor

Retrieval buoy

16m

4m

ca.30m

Acoustic system

RBR sensor
N

Figure 4: Mooring schematic
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Figure 5: Multi-frequency AZFP echosounders (ASL Environmental Sci-
ences) after being recovered from Okisollo channel in 2016.

Sampling rate was selected in order to maximize data resolution during ex-
pected high juvenile salmon presence (May to July) but was limited by bat-
tery consumption and memory usage.

In order to resolve single acoustic targets from the received echo, the range
difference between target 1 and target 2 must be large enough for the two
echoes not to overlap (Simmonds and MacLennan, 2005):

&—&:% (1)

where c is the speed of sound in seawater (~ 1500 ms™') and 7 is the

pulse duration (s). Given a pulse duration of 500us at 67 kHz and 300us at

125, 200 and 455 kHz, the minimum single target resolution distance is 37.5
cm and 22.5 cm, respectively.

2.2.2 CTD casts

CTD casts were collected throughout the summers of 2015 and 2016 in the
area of study by various DFO sampling programs. These casts were used
to determine the monthly average profile of sound speed and absorption
coefficient at each station to be used in the post-processing stages of data
analysis (see appendix 1).

2.2.3 Purse seine

Purse seine surveys were conducted twice a week by Fisheries and Oceans
Canada from May 12 to July 15 in 2015 and from May 17 to July 13 in 2016.
Sampling was performed with a small mesh purse seine on a commercial
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seiner during slack and low flow tides to ensure that the net opening remained
stable during fishing operations and that catch-per-unit-effort (CPUE) was
comparable among sampling events. A summary of fish species, abundances
as well as lengths of juvenile salmon can be found in appendix 2.

2.2.4 DIDSON

Short acoustic surveys using a vessel-mounted, side-looking sonar (DIDSON)
were conducted above and around all mooring sites in June and July of
2015 and 2016. The DIDSON is a low-range, high resolution sonar, which
allows detection of near surface targets such as juvenile salmon. Along-
shore transects at increasing distance from the shoreline were conducted to
provide information on the fine-scale spatial dynamics in the area of the
moorings. This data was also compared to the bottom-mounted acoustic
data to improve certainty in target identification. The DIDSON software
(v5.26.06) was used for fish counting.

2.3 Data analysis
2.3.1 Computation of Sv and TS

All acoustic analyses were performed with Myriax Echoview (version 7.1), R
(version 3.3.1) and Matlab (version 8.5). The mean volume backscattering
strength (.S,) and the target strength (7'S) are calculated as follows:

2.5 N
TS = ELmax -
S a + 26214a

— TV R —20logVrx + 40logR + 2aR  (2)

25 N Ty
=FELpe—— =T —2 2 20R—1
Sy mas +26214a V R—20logVrx +20logR+2aR—10log( 5 )

(3)

where E L, is the echo level (in dB re 1 pPa) at the transducer that
produces full-scale output; N, in counts, is linearly related to the input
voltage after it has been amplified, bandpass filtered, and passed through a
so-called “detector” whose output is a function of log(v2,); a is the slope of the
detector response; T'V R is the transmit voltage response of the transducer
in dB re 1 pPa/volt at 1 m range; Vrx is the voltage amplification factor
before it is sent out; « is the absorption coefficient; ¢ is the sound speed; and
7 is the pulse length. R is the range calculated as R = ct/2. 40logR + 2aR



and 20logR + 2aR, in equations 2 and 3, respectively, represent the time-
varied-gain (TVG) applied to compensate for transmission loss (TL). ¢, the
equivalent-beam-angle, is approximated by

Y = 1.47(1 — cosh) (4)

where 6 is half the full -3 dB beam angle of the transducer. For more
information on the conversion from voltage to acoustic signal specific to the
AZFP, please refer to ASL Environmental’s AZFP Operator’s Manual.

The echograms were treated in their original, reversed perspective with the
tidal amplitude evident at the top (figure 6). This method allowed for easier
correction of range-dependent noise issues such as side-lobe and TVG. The
depth was estimated as an offset from the detected surface.

ossoe200 30

50+

40

Double echo
from surface

Range (m)

109 40 Tt

kgt i i Al ki ik b e o Lt A et e el A il il diier s SN, oo

May-21 2015 May-22 2015 May-23 2015
Time
Figure 6: Example of a typical echogram showing surface backscatter (with
tidal pattern visible) and large nightly aggregations (shaded). Noise from
surface double echo and side lobes are also indicated.

2.3.2 Defining the surface and removing bubble noise

Echoview’s best bottom candidate algorithm was used to detect and define
backscatter from the surface. The resulting line was smoothed to exclude
higher frequency variations caused by waves and other strong signals such as
fish schools, using a 49 pings (maximum window permitted by the Echoview
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operator) running window filter selecting the maximum detected range (shal-
lowest depth) within that interval. The resulting line was reviewed manually
and used as the surface reference.

Bubbles originating from surface waves were sometimes found to contam-
inate the acoustic data near the surface. In particular, deep bubble entrain-
ment generated acoustic noise down to depths of 20 m at our two Johnstone
Strait sites in 2015. In 2016, care was taken to ensure that moorings were
deployed in regions of minimal wind-generated waves. However, it was not
possible to completely avoid bubble noise near the surface. To exclude this
signal from the analysis, an exclusion line was generated from the 125 kHz
data using Echoview’s Mazimum Sv algorithm. Data at 125 kHz were used
because the acoustic signal from bubbles is often stronger at this frequency
(Trevorrow et al., 1993). The exclusion line was reviewed and corrected
manually when fish schools at the surface were mistakenly selected as sur-
face waves. To help separate bubbles from fish signals during the manual
correction, the difference between the 67 and 125 kHz frequencies (AMVBS)
was used. Whereas the acoustic signal from fish is fairly stable across fre-
quencies, bubbles backscattering properties are frequency-dependent.

An offset of 0.3 m was applied to the final line delineating the lower limit
of bubble noise. Data above this line, as well as data below a 5 m distance
from the transducers’ face, where side lobes had more effects, were excluded
from the analysis.

2.3.3 Background noise removal

Background noise was removed by linear subtraction using Echoview’s Back-
ground Noise Removal algorithm (DeRobertis and Higginbottom, 2007). Thresh-
olds for maximum estimated noise were -125 dB at 67, 125 and 200 kHz, and
-110 dB at 455 kHz and were determined empirically. A signal-to-noise ratio

of 10 dB specified the acceptable limit for a signal to be deemed distinguish-
able from noise.

2.3.4 School detection and classification

Fish schools were detected using Echoview’s school detection module (Barange,
1994, Coetzee, 2000). Table 7 shows the selection parameters for school de-
tection. The 67 kHz echogram was smoothed (20 samples x 9 pings mean
in the linear domain) and a -67 dB threshold applied prior to running the
module. This threshold was chosen in order to include as much of the signal

11



Parameters Value

Minimum threshold (dB re m~1) 67
Minimum total school length (s 24
Minimum total school height (m) 1
Minimum candidate length (s) 20
Minimum candidate height (m) 1
Maximum vertical linking distance (m) 2
Maximum horizontal linking distance (s) 20

Table 7: Parameters used for the school detection module in Echoview.

from fish as possible, while excluding noise from the second surface echo.
The resulting smoothed and thresholded echogram was only used to define
the perimeter of the fish schools, not to export the acoustic variables.

Echoview’s region classification module was used to separate the detected
schools into categories, which were further inspected visually. Here, we focus
on two school categories: the near-surface schools were ascribed to juvenile
salmon based on the purse seine, visual surveys, and the DIDSON data
collection. In 2015, juvenile salmon prevailed by 90% over herring in 31 out
of 36 purse seine samples collected. This number increased to 100% in 2016.
Deeper, elongated schools with higher acoustic densities were consistent with
herring. However, since we lack validation data for this category, we classify
them as "high density" schools (figure 7).

Table 8 shows the selection parameters used for the classification of the
two class categories. Note that Echoview requires GPS input in order to run
the school detection algorithm. In this case, we converted the units of the
horizontal axis by creating an imaginary GPS linear track of 1 knot (0.51

m/s).

Class Parameters Value
Samples in domain 230 - 50 000
Thickness mean (m) 1.6 - 18
Juvenile salmon  Uncorrected length (m) 15 - 930
Range mean (m) >25
Sv mean (dB) <-48
Samples in domain NC
High density Thickness mean (m) 5-20
Uncorrected length (m) <600
Range mean (m) NC
Sv mean (dB) >-48

Table 8: Parameters used for the region classification algorithm in Echoview.
"NC" means that no constraints were applied for this parameter.
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Figure 7: Example of a typical acoustic signal for juvenile salmon schools (up-
per panel) and for suspected herring (hereafter named high density schools,
lower panel).
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2.3.5 Computation of NASC and fish density

NASC, or nautical area scattering coefficient (m?/nmi?) is a measure of
acoustic signal per surface area:

NASC = 47 x 18522 x 1076 x T (5)

where T is the thickness (vertical extent) of the analysis domain and S,
the mean volume backscattering strength. Here, we use the entire water col-
umn contained in the analysis domain as 7. The Elementary Time Sampling
Unit, or ETSU, is defined as the length of time on which the acoustic mea-
surements are averaged to give one sample. In this study, we use 1 day as
ETSU unit to explore seasonal variations in NASC, and we use 1 hour as
ETSU unit to explore relationships between NASC and daily cycles such as
tides and light.

The density of fish per unit area (p,) is defined as:

NASC
= 6
p 4 X O ( )
where
Ope = 1070 (7)

Thus, assuming homogeneous schools of identical species and similar size,
and a random distribution of fish within the beam (Parker-Stetter et al.,
2009), fish density is linearly proportional to NASC. NASC is calculated for
fish schools only from the non-averaged, non-thresholded data.

2.3.6 Difference in mean backscattering volume

The difference in mean backscattering volume (AMVBS) between one or
more frequency pairs is commonly used to separate acoustic scatterers into
categories. The efficacy of this method varies; it has been used successfully
to distinguish zooplankton from other scatterers like fish because the echoes
from plankton are more highly dependent on frequency than the echoes from
fish (Lavery et al., 2007). A number of studies also discuss the potential of
using this method to differentiate between species of fish (DeRobertis et al.,
2010; Sato et al., 2015). Here, we use this method as a post-classification
validation method for the choice of our two main classes (Juvenile salmon
and High density), and to develop a relationship between mean fish length
and AMVBS.
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Acoustic backscatter differences for all possible frequency pairs (67, 125
and 200 kHz) were calculated for each averaged cell (30 seconds x 0.5 m
mean in linear domain) of the S, analysis domain. The 455 kHz frequency
was excluded from this analysis because the signal-to-noise ratio increased
too rapidly with range at this frequency to allow for an accurate comparison
with the other frequencies.

A difference in backscatter in the logarithmic domain is equivalent to its
ratio in the linear domain:

Supy = Supy = Sufa/Sufy (8)

where S, = 10logy9s,, and s, is the volume backscattering coefficient (MacLen-
nan et al., 2002).

To minimize the effects of background noise in each cell, only cells where
the mean backscattering volume (MVBS) was greater than -70 dB for at least
one of the frequencies in the pair were used for further analysis.

3 Results and discussion

Results presented here focus on the data collected at the site located near
Venture Point, in Okisollo channel during the 2015 and 2016 spring and
summer seasons.

3.1 Spatial series

The spatial surveys conducted with the DIDSON offer a fine-scale overview
of the local dynamics of juvenile salmon in the area of the mooring (figure
8). The area was surveyed a total of 13.2 hours over 7 days in 2015, and 16.2
hours over a period of 5 days in 2016. All surveys were conducted in June
and July.

The spatial surveys reveal patchiness in the juvenile salmon distribution.
In both years, a higher abundance was found at a small bay located north of
the echosounder location. Overall, a higher abundance and a wider distribu-
tion throughout the survey area was detected in 2016.
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Figure 8: Spatial distribution of juvenile salmon in the vicinity of site 1 as
obtained from the DIDSON surveys in 2015 and 2016.
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3.2 Migration timing

In both 2015 and 2016, sockeye was the main species of juvenile salmon
collected by the purse seiner (appendix 1). A lower abundance of chum was
also present, while pink was found in numbers similar to chum in 2016.

Both years show a very good agreement between the migration timing
observed by the purse seiner and the acoustic data (Figure 9). In 2015,
the peak migration was observed between mid-May and mid-July. The high
resolution acoustic data shows an early peak in abundance (May 22) that is
not reflected in the purse seine data. The second peak detected on June 6
matches the main peak observed with the purse seiner on June 9. After July
15, very little acoustic signal from juvenile salmon was detected, coinciding
with the end of the purse seine sampling season.

In 2016, NASC from juvenile salmon was consistently high from mid-May
to mid-June, where it quickly decreased to low values, in contrast with the
more widespread and variable NASC values observed in 2015. The total
cumulative NASC was similar in 2015 and in 2016, whereas the total juvenile
salmon catch by the purse seiner was almost 4 times higher in 2016. NASC
time series also suggest that in both years, as the biomass of juvenile salmon
decreased, it was replaced by an increased biomass of the high density schools,
which are presumably composed of herring (Figure 9, lower panel).

3.3 Behaviour

In 2015, during peak juvenile salmon abundance (mid-May to mid-July),
mean schools depth was 5.3 £ 1.7 m (figure 10). In 2016, it was shallower
(3.5 £ 1 m from mid-May to mid-June). The mean vertical extent of the
juvenile salmon schools was 5.8 & 0.9 m in 2015 and 4.9 = 1 m in 2016. The
beam occupancy, which is the vertical extent of the schools multiplied by the
time it spent within the acoustic beam, suggests that during both sampling
seasons, the juvenile salmon schools were larger and more continuous above
the beam at the very beginning of the peak abundance, in May.

The mean depth of high density schools was 18.4 £+ 8.7 m and 30.7 &+ 7.9
m, and their vertical extent was 14.4 + 5.9 m and 13.3 + 5.6 m (2015 and
2016, respectively).

In 2015, there was a net preference for juvenile salmon presence between
sunrise and solar noon (75.6% of NASC). However, this behaviour was not

17



2015 2016

' 6000 T -
1000 -
3 8
N é 750 < 4000
) © 500+ 2
32 2501 23 2000
==L Y
0 1 1 | . . 0 I
Jun Jul Aug Sep Jun Jul Aug Sep
&
’é 600 |
c
g % 400
8 200 |
<
z 0
Jun Jul Aug Sep Jun Jul Aug Sep
NA T T NA T T 4 i
'~ 1500 ‘= 1500
£ E 1000
«~_1000 r o~
A & =
an Q 500 Q 500
< <
Z 0 z 0
Jun Jul Aug Sep Jun Jul Aug Sep
Time Time

Figure 9: Upper panel: Number of juvenile salmon (all species) caught in
Okisollo channel by the purse seiner in 2015 and 2016. Middle and lower
panels: Daily NASC of juvenile salmon (JS) and high density (HD) schools
at site 1 in 2015 and 2016.

observed in 2016, where only 51.9% of the NASC was observed between
sunrise and solar noon (figure 11), the remaining occurring between solar
noon and sunset.

Using hourly ETSU, we estimated the percentage of NASC from juvenile
salmon that occurred at each time of day and explored a possible relationship
with the tidal cycle. No currents data were available in the area; consequently
we used pressure data from the RBR sensors mounted on the AZFP frame
to estimate a relative velocity using the first derivative of pressure over time.
The resulting values of velocity, however, should be taken with caution. The
variation in tidal amplitude above the mooring is not necessarily an indica-
tion of the currents above it. Deploying ADCPs (Acoustic Doppler Current
Profilers) next to the AZFP moorings to record currents in their immediate
vicinity would give us a much more accurate picture of the behaviour of juve-
nile salmon in relation to tidal currents. Nevertheless, the results presented
here show some interesting trends that are worth mentioning.

In 2015, although only 60.6% of the abundance of juvenile salmon was
detected during decreasing water levels (figure 12), nine out of the ten most
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Figure 10: Schools characteristics for juvenile salmon and high density
schools at site 1 in 2015 and 2016. In each subplot, upper panel: mean
depth of the detected schools; middle panel: vertical extent of the detected
schools; lower panel: beam occupancy (in meters per seconds) of the detected
schools.

significant juvenile salmon schools were detected during that period, corre-
sponding to 90.7% of the total NASC of these schools. In 2016, only 48.6%
of juvenile salmon abundance was detected during decreasing water levels.
Keeping only the ten hours of strongest NASC, this percentage decreases to
39.6%.

3.4 AMYVBS to standard length relationship

We observed a gradual increase in the AMVBSg7_195 of juvenile salmon
throughout the sampling season (figure 13). This increase is also observed in
the standard length of juvenile salmon collected by the purse seiner (figure

14).
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in Okisollo channel in 2015.
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Target strength (TS) is related to fish length as follows (Simmonds and
MacLennan, 2005):

TS =alog,y(L)+b (9)
The target strength for an individual fish target is defined as

where oy, is the backscattering cross-section (m?). Combining equations
9 and 10 yields

101og,o(ops) = alog,o(L) + b (11)

ops can also be expressed in terms of s,, the volume backscattering coef-
ficient (m? m™3):

Z;V:l Obs
Vv
where N is the total number of fish and V the sampling volume. Assum-

ing that all fish in the sampling volume have a similar length, equation 12

becomes

(12)

Sy =

. No bs
SV

This assumption is true only if the observed schools are composed mainly
of juvenile salmon individuals of similar-size. Purse seine samples conducted
in Okisollo channel in 2015 suggest that this is the case (see figure 14 and
appendix B).

(13)

Sy

Sy, the volume backscattering strength, is defined as the logarithmic trans-
formation of s, (dB re: 1 m™'):

Combining equation 14 with equation 11, we obtain a relationship be-
tween AMYV BSg7_125, the difference in mean volume backscattering strength
at 67 and 125 kHz, and the mean fish length within the sampling volume:

AMVBS == SUQ - S’Ul == Clogl()([/) + d (15)

Using the empirical data of AMV BSg7;_105 and standard lengths of ju-
venile salmon collected by the purse seiner in 2015, we obtain a predictive

22



AMVBS (dB)

2015

10 11 12 13
Standard length (cm)

AMVBS (dB)

2016

9 12 15 18
Standard length (cm)

Figure 15: Relationship between standard length (cm) and AMVBS (dB)
at site 1 in 2015 and 2016. Empirical data is shown as black dots; modeled
curve (derived from 2015 data) is shown as solid line. The equation for the
logarithmic fit is AMV BSg;_125 = 18.5l0g19(SL) — 22.5.
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model for the average standard length of juvenile salmon throughout the
sampling season (figure 15):

AMYV BSgr_125 = 18.5l0g19(SL) — 22.5 (16)

3.5 Night aggregations

In 2015, large aggregations were detected at night throughout most of the
sampling season (figure 16). These aggregations can be separated into two
distinct layers: 1) a thin layer aggregating in the upper several meters near
the surface; 2) a large layer covering most of the water column above the
echosounder accompanied with vertical migration at dawn and dusk. In
2016, this large layer was only detected occasionally, resulting in a greatly
reduced NASC in comparison to 2015 (figure 17). On the other hand, the
thinner, near-surface layer was detected consistently.

Here we suggest that the thin, near-surface aggregations are composed of
juvenile salmon while the larger, deep aggregations are composed of other
fish, presumably herring. Age-1 Pacific herring were common in the purse
seine samples and are known to exhibit diel vertical migrations (Mackinson,
1999, McCarter et al., 1994). In May 2016, a purse seine sample was collected
at night to investigate the nature of the nightly aggregations - the large
sample was composed of juvenile Sockeye by 97%, supporting this hypothesis.
Unfortunately, no night samples were collected in 2015, thus we can only
speculate on the composition of the deeper aggregations.

Figure 17 also shows the depth of maximum volume backscattering strength
(Sv), as well as the vertical extent of the nightly aggregations throughout the
sampling season in 2015 and 2016. Aggregations were spread from the surface
to approximately 25 m depth. During peak 2016 juvenile salmon abundance,
from mid-May to the first week of June, the nightly aggregations were mostly
found near the surface. After peak abundance, they were larger and spread
deeper into the water column.
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(Sv) (lower panel) of the aggregations observed at night in 2015 and 2016.

4 Conclusion

This study shows that moored inverted echosounders can provide an effi-
cient, non-invasive and cost-efficient means of monitoring juvenile salmon
abundance, distribution and migration in the Discovery Islands. We were
able to establish with good accuracy the migration timing of juvenile salmon
through Okisollo channel and validated our results with other monitoring
programs in the area. The use of an inverted echosounder provided high
temporal resolution of juvenile salmon presence in Okisollo channel as well
as information on their vertical distribution.

A relationship between the frequency response of juvenile salmon and their
average length was established using empirical acoustic and fish length data,
suggesting that it is possible to monitor the size of juvenile salmon acousti-
cally. Improvement of the accuracy of this relationship is however required
through additional data collection.

We are currently working on developing automation methods for the de-
tection and classification of acoustic targets. In addition, further research is
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required in order to improve our understanding of the acoustic signature of
the species observed in Okisollo channel, through validation of the acoustic
data with concurrent fish and zooplankton net data.
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A Echoview calibration parameters

Coefficients of absorption are calculated using Francois and Garrison’s equa-
tion (1982). Sound speed, salinity and temperature estimates were derived
from a linear fit to the available salinity and temperature data obtained from
the CTD casts. In 2015, CTD casts collected by Fisheries and Oceans were
used. In 2016, at site 5, CTD data from the Hakai Foundation were used
(Hoskyn channel) in addition to DFO’s CTD casts, and no interpolation was
required for this site.

2015 calibration parameters used in Echoview

Site 1 Absorption coefficient

Month Sound speed  Temperature Salinity | « 67TkHz « 125 kHz « 200 kHz  « 455 kHz
May 1485.72 10.58 29.28 0.018984 0.03483 0.048577 0.103701
June 1487.74 11.11 29.37 0.019077 0.035483 0.049585 0.104129
July 1489.69 11.63 29.45 0.019148 0.036109 0.050591 0.104638
August 1491.71 12.17 29.53 0.019206 0.036747 0.051658 0.105265
September 1493.72 12.71 29.61 0.019248 0.037375 0.052749 0.105993
Site 2 Absorption coefficient

Month Sound speed  Temperature Salinity | « 67TkHz « 125 kHz « 200 kHz  « 455 kHz
May 1485.69 10.58 29.28 0.018989 0.03484 0.048589 0.103718
June 1487.71 11.11 29.37 0.019082 0.035492 0.049597 0.104147
July 1489.66 11.63 29.45 0.019154 0.036119 0.050604 0.104656
August 1491.68 12.17 29.53 0.019211 0.036757 0.051671 0.105283
September 1493.7 12.71 29.61 0.019253 0.037385 0.052762 0.106012
Site 3 Absorption coefficient

Month Sound speed  Temperature Salinity | « 67TkHz « 125 kHz « 200 kHz « 455 kHz
May 1484.51 10.16 29.69 - - 0.048415 -
June 1486.41 10.58 30.02 - - 0.049509 -
July 1488.24 10.98 30.33 - - 0.050578 -
August 1490.14 11.4 30.65 - - 0.051725 -
September 1492.04 11.81 30.98 - - 0.052898 -

Site 4 Absorption coefficient

Month Sound speed  Temperature Salinity | o 67kHz « 125 kHz « 200 kHz  « 455 kHz
May 1483.38 9.76 30.07 0.019414 0.034789 0.048231 0.104558
June 1485.13 10.04 30.67 0.019804 0.035676 0.049376 0.105395
July 1486.82 10.31 31.26 0.020185 0.036554 0.050521 0.10627
August 1488.57 10.58 31.86 0.020569 0.037452 0.051703 0.107209
September 1490.31 10.86 32.46 0.020952 0.038373 0.052933 0.108211
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2016 calibration parameters used in Echoview

Site 1 Absorption coefficient

Month Sound speed  Temperature Salinity | « 67kHz « 125 kHz « 200 kHz  « 455 kHz
May 1485.35 10.51 29.18 0.018919 0.034658 0.048344 0.103539
June 1487.67 11.17 29.11 0.018926 0.035285 0.049375 0.10382
July 1489.86 11.82 29.05 0.018914 0.035893 0.050427 0.104243
August 1492.15 12.48 28.98 0.018874 0.036478 0.051506 0.10479
September 1494.44 13.15 28.91 0.018811 0.037046 0.05262 0.105477
Site 2 Absorption coefficient

Month Sound speed  Temperature Salinity | o 67kHz « 125 kHz « 200 kHz  « 455 kHz
May 1486.25 10.51 29.18 0.018774 - - -
June 1488.54 11.17 29.11 0.01878 - - -
July 1490.76 11.82 29.05 0.018769 - - -
August 1493.05 12.48 28.98 0.018729 - - -
September 1495.34 13.15 28.91 0.018667 - - -

Site 3 Absorption coefficient

Month Sound speed  Temperature Salinity | o 67TkHz « 125 kHz o« 200 kHz « 455 kHz
May 1484.29 10.07 29.57 0.019097 0.034549 0.048049 0.10384
June 1486.41 10.63 29.66 0.019207 0.035247 0.049093 0.104201
July 1488.45 11.17 29.75 0.0193 0.035917 0.050134 0.104665
August 1490.57 11.72 29.84 0.019378 0.036592 0.051223 0.105244
September 1492.69 11.28 29.93 0.019414 0.036216 0.050546 0.104991
Site 4 Absorption coefficient

Month Sound speed  Temperature Salinity | « 67kHz « 125 kHz « 200 kHz « 455 kHz
May 1483.77 10.05 29.19 - - 0.047571 -
June 1486.23 10.71 29.24 - - 0.048719 -
July 1488.62 11.36 29.29 - - 0.049891 -
August 1491.08 12.03 29.35 - - 0.051145 -
September 1493.55 12.69 29.4 - - 0.052403 -

Site 5 Absorption coefficient

Month Sound speed  Temperature Salinity | « 67kHz « 125 kHz « 200 kHz « 455 kHz
May 1485.14 10.57 28.9 0.018772 0.034471 0.048147 0.103247
June 1487.58 11.31 28.73 0.01872 0.03507 0.049182 0.103443
July 1486.54 11.26 28.02 0.018294 0.034302 0.048232 0.102441
August 1487.32 11.05 29.27 0.019027 0.035343 0.049392 0.103999
September 1490.68 12.11 28.97 0.018883 0.036126 0.050867 0.104441
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