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EXECUTIVE SUMMARY

Recently, there have been large discrepancies between the estimates of abundance derived from
the Mission hydroacoustic surveys, and those made on the spawning grounds for some Fraser
River sockeye stocks. Also recently, large proportions of Late-run Fraser River sockeye salmon
have died in fresh water before reaching their spawning grounds. Early river entry has been
associated with increased levels of pre-spawn mortality for this stock. In 2010, a large scale
radio-telemetry study was conducted to provide estimates of river entry timing, in-river survival,
migration rates and the impact of fisheries on the survival of all run-timing groups of Fraser
River sockeye salmon.

In 2010, 728 sockeye were radio-tagged, including 67 at the Crescent Island fishwheels, 303 at
the Juan de Fuca reef-nets, and 358 on the Johnstone Strait troll boat near Crescent Island. Each
radio-tagged fish was also measured and spaghetti-tagged, and a small adipose tissue sample was
taken for microsatellite stock identification. Radio-tagged fish were tracked using 28 fixed-
station receivers in 27 locations along the Fraser River and within major tributaries. Fifty-two
percent of the radio-tagged sockeye were detected at least once after release, and 46% were
known to pass Mission. In all, 9% of tags were returned from marine and in-river fisheries, and
24% were tracked to the vicinity of stock-specific spawning areas. The majority (43%) of radio-
tagged sockeye were identified to Late-run stocks. Adequate tags were successfully applied in
proportion to the run for Early Stuart and late-run sockeye, but the other two run timing groups
were under-tagged and tagging events did not line-up with the peaks of these runs.

Early Summer and Summer-run sockeye had a median travel time to Mission of 3.9 d from
Lummi Island, and 9.1 d from Johnstone Strait (range 8.0-11.3 d for the tagging periods). For
late-run sockeye that entered after the Early Summer and Summer-run stocks, the median travel
time from release to Mission was 20 d for Lummi releases and 20-30 d for Johnstone Strait
releases. Delay periods for these delayed-entry fish ranged from 11.2-22.3 d. The portion of
Late-run sockeye in each release group that co-migrated with Early Summer/Summer-run
sockeye was 82% for the July and early August releases near Lummi Island and much lower (0-
29%) for the last four tagging periods in Johnstone Strait (mid-August to early September).

Within the Fraser River, Early Stuart, Early Summer and Summer-run sockeye exhibited median
travel times that were faster than those for Late-run sockeye. The fastest migration rates were
for Early Stuart sockeye (53 km/d) along the Fraser mainstem between the Thompson and
Quesnel junctions. The comparable median migration rate for Summer-run sockeye was 43
km/d.

‘After-harvest’ survival to spawning areas was significantly higher for Late-run sockeye than for
all other run timing groups. There is good confidence in the survival estimates for Early Stuart
(52.6%) and Late-run (84.3%) sockeye, but confidence for Early Summer (46.3%) and Summer-
run (70.8%) estimates were lower, given that tags were applied in low numbers and not in
proportion to the run. The highest rate of en-route loss for Early Stuart and Summer-run sockeye
was observed in the reach between Hell’s Gate and Kelly Creek, and for Thompson-bound
stocks between Hell’s Gate and Ashcroft.

As observed in 2002, 2003 and 2006, Late-run sockeye in-river survival rates increased over the
course of the study period. For Late-run fish that passed Mission during the first two passage
periods in August, survival was near zero. For the remaining passage periods in August and
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September, Late-run survival rates fell close to or between the survival curves fit to the 2002 and
2003 in-river survival estimates for Late-run sockeye. The consistency in the results across the
four study years provides strong evidence that few, if any, of the Late-run sockeye that pass
Mission in the first half of August survive to spawn.

In addition to the telemetry component of this study, two fishwheels were operated from late
June to early October in a relatively fast-flowing section of the Fraser River near Crescent Island.
The goal was to collect data from fishwheels to estimate species composition for near-shore
areas of the river channel. In conjunction with ‘centre-channel’ species composition data from
the Whonnock gillnet test fishery, the acoustic signals recorded at the Mission hydroacoustic site
can be partitioned among species. At the fishwheels, all captured fish were identified to species,
and species composition was calculated daily. Including jacks, 7,346 sockeye (Oncorhynchus
nerka), 1,094 steelhead (O. mykiss), 1,079 coho (O. kisutch), 616 Chinook (O. tshawytscha), 81
chum (O. keta), and 5 pink (O. gorbuscha) salmon were captured at the fishwheels, along with
14 other species.

The PSC Mission hydroacoustic estimates were split into near-shore (<50 m from shore) and oft-
shore strata. The species composition of the Crescent Island fishwheels and the Whonnock
gillnets were applied to the near-shore and off-shore counts, respectively, to derive daily
estimates of the number of sockeye passing Mission which were consistent with the PSC’s ‘best
judgement’ in-season sockeye abundance estimates.
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INTRODUCTION

The management of the Fraser River salmon fisheries is complex. Five species of salmon
migrate through the Fraser toward hundreds of terminal spawning areas (Roos 1991). Chinook
(Oncorhynchus tshawytscha) populations are divided into five major age-timing groups for
management and analysis purposes (Pacific Salmon Commission 2002; English et al. 2007).
There are more than 30 separate populations of Fraser sockeye (O. nerka) that spawn throughout
the watershed (Roos 1991), and which are managed as four separate run-timing groups (Pacific
Salmon Commission 1989). In addition, there are numerous populations of coho (O. kisutch),
pink (O. gorbuscha) and chum (O. keta) salmon that co-migrate and are harvested in mixed-
stock ocean and in-river fisheries. Salmon start running in the Fraser River in early April and
continue well into October each year.

Decisions to open and close fisheries are based on a combination of pre-season and in-season
estimates of run timing, stock composition, and abundance. Pre-season forecasts are based on
the size of the return in the brood year, estimates of spawning success, fry-to-smolt survival, and
historic spawner-recruit relationships. In-season abundance estimates result from test-fishing in
near-shore marine waters, gillnetting in the lower Fraser, and hydroacoustic monitoring at
Mission (Woodey 1987). Reliable and timely information on returning abundance and in-river
survival of salmon and steelhead (O. mykiss) populations is required to manage the expanding
harvests in Fraser River fisheries.

The reliability of in-season estimates of spawner escapement goals has been questioned in
several recent years because sockeye salmon appeared to experience unexpectedly high pre-
spawning mortality rates. For example, spawning ground surveys in 2004 could only account for
6%, 9% and 20% of the Mission in-season hydroacoustic estimate (less catches that occurred
upstream of Mission) for Early Stuart, Early Summer-run and Summer-run stocks, respectively
(Williams 2005). There is a need to determine whether the discrepancies between the Mission
and spawning ground estimates are due to biases in estimation or due to en-route losses. If the
discrepancies are primarily due to en-route losses, it is critical to determine whether these losses
are likely the result of in-river fisheries or non-fishery related factors (e.g., elevated water
temperature, river flow, parasites, etc.). One of the goals of this project was to identify the
magnitude, timing and location of in-river losses, and attribute them both to fisheries and non-
fishery related causes.

Since the late 1990’s, high rates of pre-spawn mortality have recently been observed for Late-run
sockeye stocks. Recent studies have shown the link between early river entry timing and pre-
spawn mortality rates (Cooke et al. 2004). Prior to 1996, most Late-run fish accumulated in
schools off the mouth of the Fraser River for three to six weeks before moving upstream in mid-
September through late October. From 1996 to 2001, the portion of the Late-run stocks that
entered the Fraser River with little or no delay has increased along with the pre-spawning
mortality rate. It has been hypothesized that the relatively high pre-spawning mortality observed
in freshwater was due to longer freshwater residence times before spawning, during which a
myxosporan parasite, Parvicapsula minibicornis, contracted upon river entry, induces additional
mortality via renal failure before spawning occurs (St-Hilaire et al. 2002). Given a link between
mortality rates and river-entry timing for Late-run Fraser River sockeye salmon, a second goal of
this project was to examine the timing of river entry in relation to survival for Late-run sockeye
stocks.
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A third goal of the 2010 study was to collect species composition data from two fishwheels
operated from late June to early October in a relatively fast-flowing section of the Fraser River
near Crescent Island. Species composition data are important for decision makers, and are used
to manage marine and freshwater fisheries in-season. The Mission hydroacoustic program
estimates the daily passage of all salmon species migrating upstream. The total salmon
estimated from acoustic backscatter is then partitioned into species (and into stocks) based on the
species (and stock) composition of the test-fishing sets that occur nearby at Whonnock. Last
year, Robichaud et al (2010) described an approach to estimating Mission species composition,
in which acoustic signals were partitioned into ‘near-shore’ and ‘centre-channel’ areas, and
species compositions data from near-shore test-fishing gear (fishwheels) and centre-channel test-
fishing gear (Whonnock gillnet test fishery) applied to each partition, respectively. This year, we
apply that method again, to test its effects in an even-numbered year with virtually no Fraser
pink salmon (but some other species) co-migrating with the sockeye.

The primary objectives for the 2010 project were to:

e use fishwheels to estimate near-shore species and stock composition throughout the
Mission hydroacoustic monitoring period,

e capture, sample and radio-tag all run timing groups of Fraser sockeye;

¢ use radio-telemetry to provide a reliable estimates of river-entry timing and in-river
survival rates, and to determine the portion of the en-route losses that can be reliably
attributed to in-river fisheries and non-fishery related factors; and

e determine whether any discrepancy between the Mission hydroacoustic and spawning
area escapement estimates for each sockeye run-timing group can be explained by en-
route losses.

The fishwheels were also used to provide a continuous source of salmon for the biological
sampling needs of management agencies. Specifically, DFO scientists used fishwheel-caught
salmon (and those caught in marine waters) for a genomics project, and the PSC staff requested
length data for all species, and DNA and scale samples from sockeye, to assess species and stock
composition, and for size and age-composition analyses. The radio-tracking receivers that were
used for this study were also used for several independent UBC and Carleton University radio-
tracking research projects. The results of these other projects are reported elsewhere.

MATERIALS AND METHODS

Study area

The main study area extended from the Johnstone and Juan de Fuca straits, to the upper reaches
of the Fraser River (Figure 1). Tracking effort was focused on areas upstream of the Mission
hydroacoustic site. Sockeye were captured, tagged and released at three locations, including two
marine locations (Lummi Island in Juan de Fuca Strait; and Discovery Passage in Johnstone
Strait) and at one in-river location (about 10 km downstream of Mission, near Crescent Island).

Fixed-station receivers were deployed at 27 sites along the Fraser mainstem, at major tributary
confluences, and within major sockeye tributaries (Figure 1). A pair of receivers was deployed
at Mission to detect time at which the tagged fish moved upstream past the hydroacoustic site
and into the main tracking area. A fixed-station receiver was deployed downstream of the main
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tracking area (about 1 km downstream of the fishwheel location) to detect any fish that were
tagged at the fishwheels, and the dropped-back downriver after release.

Study design
The basic components of the proposed study were:

1. to continuously operate one large and one small fishwheel in a relatively fast-flowing
section of the Fraser River near Crescent Island, with efforts timed to coincide with the
operations of the PSC hydroacoustic site near Mission;

2. to collect species composition data from the fishwheels daily throughout the study period,

3. to take adipose tissue and scale samples from a random subsample of the sockeye salmon
captured in the fishwheels for the PSC (for stock-composition and ageing analysis);

4. to apply radio tags to the Early Stuart run-timing group of sockeye, captured using
fishwheels in the lower Fraser River;

5. to apply radio tags to the other run-timing groups of Fraser sockeye salmon, captured
using reef nets near Lummi Island and troll gear in Johnstone Strait;

6. to attach radio tags to adequate numbers of fish in order to assess their migratory
behaviour and spawning success with reasonable certainty;

7. to take gill tissue samples from a subset of the radio-tagged sockeye for a DFO genomics
study;

8. to relocate radio-tagged fish using mobile tracking and fixed-station receivers deployed at
strategic positions throughout the Fraser River drainage; and

9. to recover the majority of tags that were caught in recreational, commercial and First
Nation fisheries, using a lottery-based rewards system.

The initial goal for radio-tagging operations was to apply radio tags to sockeye salmon
throughout the migration period for Fraser sockeye. The number of tags allocated to the Early
Stuart group (< 30 tags/week) was lower than that for the other run-timing groups because of the
lower abundance and expected lower fishing pressure on Early Stuart sockeye. A tagging target
of 100 tags per week was initially set for each of the six anticipated marine tagging weeks with
the marine tagging location to be determined by the sockeye diversion rate. Tagging was to be
conducted at the Lummi Island site in the US Gulf Islands when the majority of the sockeye
were migrating through Juan de Fuca Strait (i.e., when the “diversion rate” was low). The
diversion rate typically increases in early August, and by mid to late August the majority of the
sockeye are typically migrating through Johnstone Strait. In 2010, we applied tags for three
week at the Lummi Island, and then moved to Johnstone Strait for tagging sessions starting 11
August. In 2010, the marine tagging period was extended into early September (one week longer
than planned) because of the larger than expected return and more protracted duration of the
migration (Table 1; Figure 2).

The fixed-station tracking involved the deployment of antennas and receivers at strategic
locations along the Fraser River to provide data on study-area entry times, in-river movement
patterns, and spawning destinations. The mobile tracking in the Harrison, Quesnel, Little River,
Adams, Seymour, Shuswap, and along the Thompson River around Kamloops Lake were

LGL Limited Page 3



Survival and Timing of Sockeye Returns to the Fraser River 2010

conducted to determine the fate of the fish last detected at fixed-station receivers adjacent to
these areas.

Environmental data

Hydrometric data from a station located at Mission (#08MHO024) on the Fraser River were
obtained from Environment Canada (Environment Canada 2010). The Mission station is located
on the north bank of the Fraser River immediately downstream of the Mission Railway Bridge
(drainage area = 228,000 km?). Water temperature of the Fraser River at the fishwheel site was
recorded daily using a boat-mounted sonar equipped with a temperature sensor.

Fishwheel operations

Fishwheel deployment and operation

In 2010, one small fishwheel and one large fishwheel were operated on the left bank of the
Fraser River approximately 3 km upstream from Crescent Island. The small fishwheel was
similar in design to those that have operated on the Nass River, BC since 1992 (Link and English
1996; Alexander and Bocking 2004) and on the Copper River in Alaska since 2001 (Smith et al.
2005). The small fishwheel had two welded-aluminum pontoons (11.6 m long x 0.9 m wide x
0.5 m deep) that were comprised of seven independent, pressure-tested compartments. It had
three baskets (3.4 m long x 3.0 m wide x 2.1 m deep) that were framed with aluminum tubing
(3.8 cm square) and lined with white, knotless, nylon mesh (6.4 cm stretch). The baskets were
attached to a 3.7 m axle and designed to fish up to 3 m below the water surface. Hand winches
and a tower (6.1 m high) and boom assembly (4.9 m long) were used to raise and lower the
baskets. An aluminum tank (4.3 m long % 0.6 m wide x 1.5 m deep) for holding captured fish
was fitted inside each pontoon. The bottom of each holding tank was fitted with windows of
extruded aluminum mesh to allow for ample water circulation. As the river’s current propels the
rotating baskets, upstream-migrating fish are captured and directed down plywood chutes and
into the holding tanks on either side of the fishwheel.

Pontoons for the large fishwheel were similar in width and depth to those of the regular
fishwheel but were 17.7 m long. The large fishwheel baskets (6.1 m long x 4.3 m wide X 3 m
deep) were framed with same aluminum tubing and lined with the same nylon mesh as the small
fishwheel. The baskets were attached to an axle (5.2 m long) and designed to fish 5.8 m below
the water surface. The two holding tanks had the same dimensions as tanks in the small
fishwheel. Square aluminum tubing (15.2 cm square) was used to build the tower (5.2 m high)
and boom arms (7.0 m long) of the large fishwheel. The boom arms were braced along their
lengths with an additional piece of 15.2 cm square tubing. Additional bracing (10.2 cm square
tubing) between the tower uprights, and between the tops of the tower uprights and boom arms,
further supported the structure. Two hoists (Warn DC3000LF with 1,363 kg rating) powered by
12 V batteries were mounted on 20.3 cm square steel beams (4 m long) that were welded to each
pontoon at the stern of the fishwheel. The hoists were used to tilt the tower and boom arm
backwards towards the stern of the fishwheel, while simultaneously lifting the basket assembly
up and out of the water.

Field mobilization began in late June 2010 with the installation of a log boom assembly designed
to hold the fishwheels in place at the fishing site (rather than using steel pilings) and to deflect
floating debris away from the path of the fishwheels (Figure 3). River current pushing against
three “swifter” logs, as well as the use of a spar log, kept the entire log boom assembly from
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grounding-out on the river bank. As water levels dropped over the season, adjustments were
made to increase the angle of the swifter logs against the current.

As in 2008 and 2009, a floating shoreline abutment was used at the Crescent Island site in 2010
which served three main functions: 1) it held the fishwheels offshore in water deep enough to
turn their baskets; 2) it allowed the fishwheels to be shifted inshore or offshore as water levels
changed so that the baskets could be fished as close to the river bottom as possible; and 3) it
supported a fish guidance weir along the downstream side which deterred fish from passing
upstream between the small fishwheel and shore. The abutment was constructed of two steel
pontoons (6.1 m long X 76 cm dia. pipe) and two steel stretcher pipes (8.2 m long % 32 cm dia.).
The weir had a triangular aluminum frame (7.6 m base x 3.7 m high) and vertical aluminum rails
(1.9 cm dia. tubing).

The floating shoreline abutment and two fishwheels were towed to the Crescent site
(Catherwood Towing, Mission) from a location near Hatzic Slough (4.5 km upstream from the
Mission Railway Bridge) where they were stored over the winter. The abutment was secured to
two pilings and a tree using wire (1.3 cm dia.) and polypropylene rope (1.9 cm dia.). Two spar
logs were used to keep the abutment from grounding-out on the river bank. The small fishwheel
was placed alongside the abutment and offset slightly downstream to increase the likelihood that
fish guided offshore by the weir would be captured in the fishwheels. The large fishwheel was
then placed alongside the outside pontoon of the small fishwheel. Polypropylene rope (1.9 cm
dia) was used to secure the small fishwheel to a steel piling located 50 m upstream, and to secure
the large fishwheel to a cross-member of the log boom assembly. Logs and tires were placed
between the fishwheels and abutment to prevent abrasion.

A power-assist unit was used on the small fishwheel in an effort to maintain the rotation rate at 2
revolutions per minute (RPM) during periods of the tidal cycle when river currents were too low
to turn the baskets. The power-assist unit consisted of a gas-powered hydraulic motor, hydraulic
hoses filled with environmentally friendly vegetable oil, and a reducer unit that was connected to
the fishwheel axle.

Fishwheel effort

The fishwheels were operated 24 h per day except for stoppages to re-position or repair the
fishwheels. As in 2009, the fishwheels were not stopped during in-river fisheries in 2010 (they
had been stopped in 2007 and 2008). Fishwheel speed (RPM) was determined one or more times
each day by measuring the time required for the fishwheel baskets to complete three revolutions.

Daily fishing effort of the fishwheels was calculated in two ways. First, total effort was
calculated as the number of hours that a fishwheel operated on a given calendar day from
midnight to midnight. Total effort indicated the amount of down time (i.e., non-operational
time) associated with each day. Second, the effort used to determine catch per unit effort
(CPUE, fish/h) was calculated as the number of hours that a fishwheel fished between sampling
sessions. For example, if fishwheel operated continuously for several days without stoppage, the
daily fishing effort on each of those days would be 24 h. Notwithstanding, the catch could have
been examined at 1200 hours on day t and at 1000 hours on day t+1, thus the effort used to
calculate CPUE on day t+1 would be 22 h. Note that effort for calculating CPUE on day t+1
could exceed 24 h if the sampling session on day t was earlier in the day than the sampling
session on day t+1. To calculate CPUE, the total number of fish captured during visits on a
given calendar day was divided by that day’s fishing effort.
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The fishwheels were visited one or more times each day. During each visit, all fish were
removed using a dip net, identified to species, counted, sampled (if applicable) and released back
into the river. A subset (~30 individuals per species per fishwheel per day) was measured (cm
FL), and those lengths 30 cm or greater were recorded (at the request of the PSC hydroacoustic
analysts). A small tissue (adipose) and scale sample was taken from a subset of sockeye for
stock composition and ageing analysis (also at the request of the PSC). In July, some sockeye
salmon were also radio-tagged (see below).

Fishwheel harvest

As in 2009, the Matsqui First Nation harvested a portion of the salmon caught at the fishwheels
in 2010 for food, social, and ceremonial (FSC) purposes. An Aboriginal Communal Fishing
License was issued by DFO which specified the species and number of fish allowed to be
harvested. Typically, the license allowed for harvesting during periods that overlapped with
other in-river FSC fishery openings. Fish harvested under this license, as well as any mortalities
found in the fishwheel holding tanks, were distributed to members of the Matsqui First Nation.
The harvest date, species, and number of fish were recorded.

Fishwheel size selectivity

The degree of fishwheel size selectivity was assessed by comparing the size distribution of
sockeye caught in fishwheels with those of sockeye caught in two PSC test fisheries: the
Whonnock and Cottonwood variable-mesh gillnet fishery. At Cottonwood, the length data were
collected as fork lengths, but at Whonnock, postorbital fork length (POF) were transformed to
fork lengths (FL) using sex-specific relationships (PSC unpublished data):

FL = (1.133 POF) - 2.1044 for males; and
FL =(1.1015 POF) + 1.0022 for females.

The FL distributions for the sockeye caught in the fishwheels and in the two PSC test fisheries
were plotted, and the means were compared using ANOVA.

Fishwheel species composition

Every individual caught in both fishwheels was counted and identified to species. For salmon,
species composition was calculated every day and for both fishwheels. Species composition was
expressed as the percentage of each salmon species comprising the total catch of salmon (based
upon the number of individuals caught). Species composition data from the fishwheels were
compared to those from the Whonnock gillnet test fishery (PSC unpublished data).

Species composition proportions from the fishwheels were applied to the PSC hydroacoustic
counts in order to estimate abundances of sockeye salmon. Similarly, sockeye abundances were
calculated using the species composition from the Whonnock test fishery. These abundances
were compared to those estimated using a combination of both species composition datasets. As
in 2009, the PSC provided hydroacoustic counts that were partitioned into 5 m intervals across
the river channel. These counts were summed for two spatial strata; a near-shore stratum (within
50 m of each shoreline) and an off-shore stratum (counts for all other intervals). The species
composition estimates from fishwheel catches were applied to the near-shore stratum, and those
of the Whonnock test fishery was applied to the off-shore stratum. The same stratified approach

LGL Limited Page 6



Survival and Timing of Sockeye Returns to the Fraser River 2010

was used to derive daily estimates of the number of Chinook salmon passing the Mission
hydroacoustic site.

Radio-telemetry methods

Radio-transmitters

Two types of radio transmitters were used during this study. In 2010, 59% of the tags were
manufactured by Lotek Wireless, Inc. (Newmarket, Ontario). The remainder of the transmitters
used in 2010 were manufactured by Sigma Eight Inc. (Newmarket, Ontario). Each tag
transmitted on one of seven different frequencies (320, 360, 460, 480, 500, 600 and 800 kHz)
within the 150 MHz band. Within each frequency, three different pulse intervals (4.5, 5.0, and
5.5 s) were used to reduce the incidence of signal collisions when several transmitters were
present at the same location at the same time. All transmitters were programmed to stop
transmitting after 154 d to minimize interference with other studies.

The Lotek tags were of the same model that has been used in previous years: model MCFT-3A
micro-coded fish transmitters. These tags measured 16 mm in diameter, 46 mm long, and had a
460 mm antenna. The Lotek transmitters were powered by 3 V batteries, with an expected life of
761 days. Many (37%) of the Lotek tags were manufactured in 2010, but most (63%) were
manufactured in 2009. Although some of the tags that were manufactured in 2009 were being
used for the first time in 2010, some were used in 2009 and were being re-used in 2010.

The Sigma Eight tags measured nominally 15.5 mm in diameter, 50 mm long, and had a 400 mm
antenna. These transmitters were powered by 3 V batteries, with an expected life of 5.7 to 6.8
years.

Tracking systems

Radio-tagged salmon were monitored using fixed stations and mobile tracking. Both monitoring
systems used SRX400 or SRX400A radio receivers manufactured by Lotek Wireless. Fixed
stations used 3-element or 4-element Yagi antennas manufactured by Maxrad, Inc. (Hanover
Park, Illinois) or Grant Systems Engineering Inc. (King City, Ontario). For mobile tracking, an
H-antenna (Lotek Model AN-ADH-150) was used. At the Qualark Site, underwater antennas
were monitored using broadband Orion receivers manufactured by Grant Systems Engineering.

Fixed stations

The fixed-station tracking involved the deployment of antennas and receivers at strategic
locations along the Fraser River to provide data on study-area entry times, in-river movement
patterns, and coarse spawning destinations.

Twenty-eight fixed-station receivers similar to those described by English et al. (2004) were

deployed at 27 locations along the Fraser River and within major tributaries (Figure 1) to

monitor radio-tagged fish movements towards spawning areas. Specific locations were chosen

to monitor the arrival of radio-tagged fish into the study area, to document departures from the
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Each fixed station consisted of two or three antennas (see Appendix Table A1), antenna
switching hardware, a receiver, a 12 V battery, an enclosure to protect the equipment, and a solar
panel to charge the battery. Antennas were placed more than 10 m above the water level in a
tree. Antennas were aimed to detect radio-tagged fish that were present downstream of the
station, upstream of the station, and up a tributary (if present). Since each fish detection is
associated with a particular antenna, sequential detection data can be used to determine the
direction of a fish's movements.

The detection range of each fixed station was tested in the upstream and downstream direction of
the mainstem, and up the tributary. Ranges were tested by drifting a radio tag, at 2 m depth, at
one-half and three-fourths of the channel width. In each case, adjustments were made to the
antenna position and signal gain to ensure that tags were detectable across most of the river
channel, and that there was good separation among antennas in the areas covered. At Mission,
the antennas at the two fixed stations were aimed in different directions to minimize the
possibility of local noise events (from CB radios, etc) simultaneously affecting all antennas on
both receivers. At most fixed-station receiver sites, the antenna adjustments and detection range
tests were performed in 2005 (as part of a previous study; see Robichaud and English 2006), the
antennas were not removed after the 2005 study, and were, following annual range testing, used
again in each subsequent year.

Plots of the daily detections of radio-tagged fish and noise levels recorded by each receiver
(Appendix Figure A1) were used to assess the effect of signal collisions and environmental noise
on the ability to detect radio-tagged fish, and to identify any gaps in the monitoring period.
Details of receiver performance are provided in Appendix Table A2.

Mobile tracking

Mobile tracking was conducted to confirm the fates of radio-tagged fish, distinguish between
tags located in the river and those out of the water (based on signal strength), and determine
more precise final locations for en-route losses. Mobile tracking included some areas that were
not monitored by fixed stations, such as Scotch Creek.

Helicopter (CC Helicopters Ltd., Lillooet) and boat tracking were based out of Lillooet, BC, and
were conducted in conjunction with regularly scheduled DFO catch monitoring surveys. For
helicopter tracking, an H-antenna was mounted vertically to the nose of the helicopter and
connected to a single SRX receiver that was operated by an LGL biologist. Helicopter tracking
was conducted on 12-13 August, 25 August, and 2 September. Survey coverage included the
mainstem Fraser River between Hope and Kelly Creek and the Thompson River from the mouth
upstream to Ashcroft. Mobile tracking by boat was conducted on 6 August (Lytton to Bridge
River) and 11 August (Boston Bar to Lytton). Mobile tracking by truck (and on foot) in key
fishing areas was also conducted opportunistically from 5 August to 1 September. For truck
surveys, a 2-element antenna was mounted on a 1 m long mast that was secured to the side of the
bed and connected to a single SRX receiver in the cab of the truck.

Additional mobile-tracking surveys, conducted around the upper-Thompson spawning areas
were conducted on 9 October (by foot) and on 11 November (by helicopter).

During all tracking surveys a hand-held GPS unit was used to record a waypoint every 3 s along
the survey route. The time on the SRX receiver and GPS unit were synchronized so that the
specific location of each radio-tagged fish detected could be determined. All radio-tagged fish
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detected during mobile surveys were assigned to specific stream reaches. Mobile survey
methods, effort, and tag locations are provided in Appendix Table B1.

Fish capture procedures

Marine

Marine tagging occurred in six intervals. The first two tagging sessions occurred in Juan de Fuca
Strait from 21 to 28 July and from 4 to 6 August. Tagging was then moved to Johnstone Strait,
where four tagging sessions occurred: 11 to 13 August, 17 to 19 August, 25 to 26 August, and 2
to 3 September (Table 1).

In Juan de Fuca Strait, sockeye for tagging were caught using reef net gear located in Legoe Bay
at the south end of Lummi Island, WA (Area 5; Figure 1). Reef nets in Area 5 are used as a test
fishery by the PSC and to commercially harvest sockeye and other salmon species. Reef nets are
fixed in place and only catch migrating adult salmon that swim through the gear. They typically
consist of two floating platforms, a net, large concrete anchors, and a lead made from small-
diameter rope and ribbons. On an incoming tide, salmon are led into the shallow laid net. The
net is then lifted using winches and the captured fish are directed into holding tanks on one of the
floating platforms. Fish are not gilled in the net, nor are they directly handled when shunted into
the holding tanks, so they were typically in excellent condition for sampling. Sockeye that
quickly righted themselves were transferred from the holding tank into a tagging trough using a
long-handled dipnet. Fish that were > 52 cm in nose-fork length were tagged and released.

In Johnstone Strait, sockeye for tagging were captured in Area 13 (Figure 1) using a chartered
troll vessel (“Skully”’) owned by Tom Forge (Campbell River, BC). Fish were captured as far
north as Chatham Point and Howe Island and as far south as The Bluffs near Deepwater Bay.
Pink hoochies with single barbless hooks were used exclusively. When the crew noticed that a
fish had been hooked they hauled in the line, lifted the fish out of the water using a dip net,
removed the hook, and then placed the fish into a holding tank with circulating water. Fish that
were noticeably bleeding, injured (e.g., hook in the eye) or lethargic were immediately released.
Others were transferred from the holding tank into a tagging trough using a hand-held dip net.
Fish that were not injured by the capture process and which were > 52 cm in nose-fork length
were tagged and released.

In-river

Two fishwheels were operated near-continuously in a location about 1 km upstream of Crescent
Island from 27 June to 3 October. The goal was to target the Early Stuart run-timing group by
tagging three days per week for three weeks in July (Table 1). On the morning of each tagging
day, the sockeye that had been captured overnight were selected haphazardly from the holding
tanks, and transferred into a tagging trough using a long-handled dip net. Fish that were > 55 cm
in nose-fork length were tagged and released.

Fish tagging procedures

The initial goal was to apply 650 radio tags to sockeye salmon distributed across all the run-
timing groups. As indicated above, the application of these tags was distributed between three
different tagging locations. The fishwheels were used to capture and tag the Early Stuart
component of the run in late June and early July when water temperatures were less than 18 °C
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(and prior to the onset of any marine test fisheries). The tagging operation moved to the reef-
nets when river temperatures increased, when the reef-net test fishery was expected to open, and
while the diversion rate (i.e., the % of run returning through Johnstone Strait) was less than 50%.
Once the diversion rate reached 50%, the tagging operation was moved to the troll vessel in Area
13.

For all three capture methods (fishwheels, reef nets, troll vessel), sockeye selected for tagging
were placed in a V-shaped tagging trough filled with a constant supply of water (using a bucket
or bilge pump). Fish were measured (nose-fork length), and we tagged those that were greater
than the threshold minimum size, and which had no significant injuries due to capture.

For fish that were radio-tagged, a tissue sample was taken from the adipose fin (for DNA
analysis), scales were taken (for ageing) from the “preferred area” (along the diagonal
connecting the back of the dorsal fin with the front of the anal fin, and 2-3 rows above the lateral
line), a colored spaghetti tag was threaded through the dorsal musculature adjacent to the dorsal
fin (and tied with an overhand knot), and the radio tag was orally inserted into the stomach of the
fish using a plastic tag applicator. The species, fork length, radio tag number, spaghetti tag
number, amount of descaling, duration of the tagging procedure, and release time were recorded
for all radio-tagged fish. For a related genomics study, a small tissue sample was taken from the
gills of a subset of the radio-tagged sockeye. All fish were released immediately after tagging.

At the fishwheels, PIT tags were applied to white sturgeon (Acipenser transmontanus) and, for
one day, radio tags were applied to Pacific lamprey (Lampetra tridentata). All other species
were counted and released. A sub-sample of the bycatch species were measured to establish
species-specific length distributions.

Effects of genomic sampling

The effects of gill-clipping on the survival of sockeye were examined by comparing the success
of the clipped fish to that of fish that were not clipped. Success was measured as the proportion
of sockeye that survived to be detected in their stock-specific spawning areas. A chi-square
contingency analysis was performed, where the dependent variable (success = yes / no) was
modeled as a function of sampling type (clipped vs. not).

Catch monitoring

Past telemetry studies identified specific locations (and times) where a substantial number of
radio-tagged sockeye salmon pre-maturely ended their upstream migration. Several of these
tracking locations (e.g., Hope to Sawmill Creek, Lillooet area, lower Chilcotin River, lower
Thompson River) were associated with major in-river fisheries and/or natural stressors (high
flow or temperature). In 2010, additional fixed-station receiver sites were added, and catch
monitoring efforts and mobile tracking surveys (discussed in a previous section) were conducted
to determine the fate of all radio-tagged sockeye salmon entering these key areas.

In 2010, four fixed-station receiver sites were deployed that were not used during the 2009 study.
Fixed stations were deployed in the Thompson River near Ashcroft (downstream of the outlet of
Kamloops Lake) and in the North Thompson River near the mouth. These two stations helped to
identify the fates of radio-tagged fish that may have been last detected at the Spence’s Bridge
station in previous years (e.g., 2006 study year). Fixed stations were also deployed on the Fraser
River near the Bridge River and Kelly Creek confluences, which were areas of intense fishing

LGL Limited Page 10



Survival and Timing of Sockeye Returns to the Fraser River 2010

effort and high water velocities. In addition, a fixed station was deployed in the lower Chilcotin
River just upstream of the Farwell Canyon fishery.

DFO has a well-established catch monitoring program for First Nation fisheries in the Mid and
Upper Fraser River. In 2010, project biologists liaised with DFO and several First Nations to
raise awareness of the tagging program among catch monitors and harvesters, and to facilitate
the recovery of all captured radio-tagged fish. Tag-recovery notices were posted at First Nation
band offices and strategic locations along the river where people would be most likely to see
them (access points to fishing areas, boat launches). Catch monitoring was also conducted to
obtain accurate mark-rate estimates (i.e., catch and tag recovery data) in all of the major in-river
fishing areas where significant numbers of tagged fish were last detected in previous study years
(Hope-Sawmill, Seton-Kelly Creek, Chilcotin Junction-Farwell Canyon, and Thompson
Junction-Ashcroft).

Telemetry data management

Data from fixed stations were downloaded at regular intervals, which depended on the number of
radio-tagged fish passing the location and the accessibility of the station. Most stations were
downloaded every 7 d. Some remote stations in low noise environments, with few fish expected
to pass, were downloaded as infrequently as once per month. For each download, a diagnostic
program was run before erasing the internal memory in the receiver, to ensure that all data had
been transferred, the file was readable, and the receiver and antennas had been operating
properly.

The downloaded data were processed and analyzed using LGL’s custom database software,
“Telemetry Manager.” Telemetry Manager facilitates data organization, record validation, and
analysis through the systematic application of user-defined criteria. Raw data were archived so
that the temporal or spatial resolution, or noise filtering criteria could be changed by the user at
any time without altering the raw data. An important aspect of radio-telemetry is the removal of
false records in receiver files, for example, those that arise from electronic noise. In this study,
the following criteria were set for records to be considered valid: 1) power levels had to be
greater than 30 (on a 1 to 232 scale); 2) detections had to be paired within a single zone, and
recorded within 20 minutes of each other (single records, or records separated by more than 20
minutes were rejected); 3) detections had to be recorded at zones that were geographically
located between the locations of previous and subsequent valid detections; and 4) detections
requiring unrealistic travel times were removed. Once false records were removed, Telemetry
Manager created a compressed database of sequential detections for each fish. Each record
included the tag number, location, the first and last time and date for sequential detections in that
location, and the maximum power for all detections in that interval. The compressed database
was used to determine when each fish entered the study area, residence times at each fixed-
station or spawning area, rates of movement between detection sites, and sites of last detection.

Detection efficiency of receivers

Detection efficiencies for each fixed-station receiver site were estimated by dividing the total
number of unique radio-tagged fish detected at the site by the total number of unique radio-
tagged fish known to have passed. The number of fish detected at each site included only fish
moving in the upstream direction (detection efficiencies would be artificially inflated if they
included fish that were missed as they passed a receiver in the upstream direction, but which
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were subsequently detected as they dropped back past the receiver M;oa downstr¢any dirggtion).
The total number known to have passed each receiver included all thioge radjo{tageged figh
detected at that site, or at any site located farther upstream.

Passage event interpolation

For fish that were not detected by a receiver, but were known to hay¢ [papsefl it §i.¢}} thgfwere
detected upstream of it), we estimated their date and time of passagp|Qly Intgrpplatifig bE ween
upstream and downstream detections, assuming a constant travel spile bsage
times were not used for analyses of migration times or speeds. Thef] yefe qnl dssign
fish to Mission Passage Periods, or for analyses regarding the availgbility off fi

specific harvest.
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River entry timing

Mission Passage Timing was used as a surrogate for River Entry Tijphihg Rliver E\llltry [fming
was determined for all radio-tagged fish that passed Mission, whethgr|or ngl they Mi¢re|detected

d

when moving past the Mission site. For those fish that were detectdd.|the first|detefctiofpfat the

Mission fixed-station receivers was used as the Mission Passage Tifjijng] Flpr tHosd thatjwere not
\ &Y

detected passing Mission, but were detected farther upstream, Miss|gn) Ppssfige [[infiin
interpolated from the timing of detections at adjacent fixed-station {fit¢is {seq abgvel.

Delay behaviour of Late-run sockeye

The amount of time that Late-run sockeye held in Georgia Strait befipte ¢ntgring thg|Friger River
is not precisely known because radio-tagged fish cannot be tracked [ih[brhcKish gndl§aline waters
at the river mouth. An index of delay behaviour was developed by gkinjinijhg|the|dli strlm uti(%r_l rﬁ)rt;
travel time between marine release sites and Mission for Early Sumithgr/[Sufnmériiin sockeye, as
compared to that of Late-run fish. Late-run fish were divided intonal ‘%ls thoge thak entered
the Fraser River with the same timing as Summer-run fish (termed {{¢¢i-rhigfant] gdoupj||and
those that entered after the Summr-run fish d Sideled-trynt’group).
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DNA analysis of their tissue sample (as per Beacham et al. 2004). Together, these data were
required to determine stock-specific movement rates.

Since tissue samples were analyzed for all sockeye, including those tracked to spawning
destinations, differences between the DNA-based stock assignments and the fish’s final
spawning area could be assessed. The differences could be interpreted either as ‘straying’ or as
DNA analysis inaccuracy, but the two effects cannot be teased apart.

In-river movements

Travel times (and travel speeds) for each individual radio-tagged fish were calculated based on
the timing between detections at the various fixed-station receivers along the river. Travel time
between two receivers was calculated as the time between the first detection at the downstream
receiver and that at the upstream receiver. Migration rates were calculated by dividing the
distance (in km) between receivers by the travel time. Median travel times and migration rates
were compared among run-timing groups and among stocks using the Kruskal-Wallis test.
Interpolated passage times were excluded from these analyses.

Harvest and tag return rate

Downstream of Mission

The number of radio tags that were caught in the Fraser River downstream of Mission (C) was
estimated from daily harvest rates of freshwater fisheries downstream of Mission (HR_termy),
and the daily number of radio-tagged sockeye from Juan de Fuca and Johnstone Strait that
passed the Mission detection site (¢_JDFq, _JSg):

e JDF, e JS
c= ——=""d |_e IDF, ||+ —=24d e JS
[;[[l—HR_termJ - dﬂ {;(I—HR_termd - dﬂ

The daily number of tags that passed the Mission detection site (e_JDFy, € _JSq) was known
mainly from telemetric detection data. However, some fish passed Mission without being
detected; for these individuals, the date of Mission Passage was interpolated from detections at
adjacent arrays. The daily harvest rates of fisheries downstream of Mission were calculated from
three-day averages of daily escapement and daily catch as:

HR _term, = ZI:C_termd+i ZIZ(E

i=—1 i=—1

+C _termy,;) where i € {-1,0,+1}

d+i

where C_termy is the daily catch in Area 29 and in the Fraser River downstream of Mission, and
Eq is the daily Mission escapement.

The tag return rate for river-fisheries downstream of Mission (tags returned / ¢) was applied to
the number of tags caught in marine areas to estimate overall marine harvest of tags.

Upstream of Mission

The number of radio tags expected to be caught in fisheries above Mission (ABFR) was
calculated using a harvest-rate method similar to that used in previous years (e.g., Robichaud et
al. 2008). ABFR was the product of fishery harvest rates (HR¢) and the number of radio tagged

LGL Limited Page 13



Survival and Timing of Sockeye Returns to the Fraser River 2010

sockeye known to be in the vicinity of active fisheries (Tsg), summed over the f fisheries and the
d days of the study period:

ABFRzZ;(HRw Ta).

Harvest data, specifically in-river catches in First Nations and recreational fisheries, were
provided by Fisheries and Oceans Canada (DFO). Sockeye harvests were divided up into eight
fisheries: 1) Mission to Vedder; 2) Vedder to Hope; 3) Hope to Sawmill; 4) Sawmill to Texas; 5)
the Thompson watershed; 6) Texas to Deadman; 7) the Chilcotin watershed; and 8) all areas
upstream of Deadman. The PSC compiled the sockeye catch estimates from DFO, and estimated
stock-specific escapement past Mission on a daily basis (J. Gable, PSC, pers. comm.). Daily
harvest rates (HR¢q) were estimated for each of the first three fisheries, using running three-day
averages of catch and escapement:

1 1
HR, = Zc:fd+i/z E where i € {~1,0,+1} and f € {1,2,3}
i=—1 i=—1

where Eg+i was the sockeye escapement into fishery f on day d+i, and Cyy+j was the total sockeye
catch in fishery f on day d+i. Daily estimates of stock-specific sockeye escapement past Mission
were used as Eq for the first fishery, and the survivors of a given fishery became the escapement
for the subsequent one:

Efd = Ef—ld _Cf—ld

Harvest rate calculation for the sockeye fishery above Sawmill was more complex, as fish were
exposed to fishing pressure for more extended periods. Fish were expected to move through the
Sawmill to Texas fishery in two days (m = 2), thus, on any given day, the sum of two daily
escapements would be available to be caught in the fishery. Fish were expected to move through
the Texas to Deadman fishery in four days (m = 4), and the remaining fisheries in 7 days (m = 7).
In any of these complex fisheries, the survival of an escapement cohort entering the fishery on
day d would be:

m-1
Sd :1_(Cd/zEdj)
=0

The harvest rate for a cohort entering the "the Sawmill to Texas" fishery on day d would be:

m-1
HR,, =1_Hsdﬂ_ where f € {4,5,6,7,8}.

j=0

Since fixed station receivers operated near the boundaries of each of the four fisheries (the
Rosedale station was used as a proxy for Vedder; the Thompson station for Texas; and the
Chilcotin station for Deadman), the daily number of radio-tagged fish that entered each fishery
(Tsg) was known. Assuming that fish were exposed to each of the three lower fisheries for one
day, the Sawmill to Texas fishery for two days, the Texas to Deadman fishery for four days, and
the remaining fisheries for seven days (based on median travel times measured in previous years;
English et al. 2004), it was possible to estimate the daily number of radio-tagged fish that should
have been caught, (i.e., ABFR, the expected number of radio tags removed).
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Radio tag returns (ABTR) were solicited through flyers and meetings with user groups. All
radio-tagged fish were marked near their dorsal fin with a yellow or green spaghetti tag in order
to increase the probability that the fish be scrutinized, and the radio tag noticed. A toll-free
phone number, an Internet URL, and a mailing address were included on the label of the radio
tags. Fishers that visited the webpage or called the toll-free number were given directions on
how to arrange for a courier to pick up the tag from their home, free of charge to the fisher.
Moreover, each time a fisher returned a radio tag to LGL (along with the date and location of
capture), they were entered into a draw for $1000. For each tag returned, a letter was mailed to
the fisher describing where and when the fish had been tagged, and where it had been tracked to
date.

The radio tag reporting rate was not calculated on a daily basis, since estimates would be too
noisy. Data were pooled into 13 approximately week-long blocks. Each of the blocks, called
"Mission Passage Periods," corresponded to a week during which fish traveled past Mission.
The radio tag reporting rate (RR) for Mission passage period p was calculated as:

> > ABTR,
= > > ABFR,,
d

f

RR

where d includes all days in Mission Passage Period p.

Escapements (and hence harvest rates) and expected fishery returns were calculated separately
for each sockeye run-timing group.

Terminal detection zones

Each radio-tagged fish was assigned a terminal detection zone based on its farthest upriver
movement into the river or tributary in which it was last detected. For example, a fish that
entered the Adams, but which subsequently drifted out and was last detected in Little Shuswap
Lake would have the Adams as its terminal zone.

Survival estimation

Sockeye survival rates were calculated from Mission to spawning areas both before accounting
for harvest (S’) and after harvest (S). Survival rates from Mission to the spawning areas were
computed for each Mission Passage Period, and were computed separately for each sockeye run-
timing group. Fixed-station and mobile tracking data were used to determine the fate for each
radio-tagged sockeye that moved upstream past Mission. Sockeye were assumed to have
survived to spawning areas if their terminal detections were at fixed stations (or during mobile
tracks) adjacent to their stock-specific spawning locations. Adams and Lower-Shuswap sockeye
that were last detected at Little River during the spawning period (after Sept 25) were considered
as successful spawners.

Survival rates were derived by dividing the number of sockeye detected in spawning terminal
areas by the number of radio-tagged sockeye that remained after accounting for tagging-related
losses, and, for the calculation of S, estimated fishery removals:

S, =— and S§,=—"F7T"——

LGL Limited Page 15



Survival and Timing of Sockeye Returns to the Fraser River 2010

O'(S\:) — / S\;(I_S\;) and U(SV) =\/ Sv(l_sv)
EV_L\/_1 Ev_Cv_Lv_1

where E, is the number of sockeye in group v that were detected at Mission, C, is the number of
sockeye in group Vv that were caught upstream of Mission, L, is the number of sockeye in group v
that were lost due to tagging-related effects’, and Oy is the number of sockeye in group v that had
a stock-specific spawning location as their terminal zone of detection. The groups denoted by v
could be defined in any way, but in this report, survival was examined by: 1) run-timing group;
and 2) by run-timing group and Mission Passage Period. The standard deviation equation is the
formula for proportions based on high sampling fractions (Cochran 1977).

Effect of river entry timing on survival of Late-run sockeye

In 2002 and 2003, procedures developed by Schnute and Richards (1990) were used to fit a
family of six curves to data describing the relationship between survival of Late-run sockeye and
their river entry date. Similar likelihood estimates were derived for each of the six curve shapes.
The two curves with the best fit included one sigmoid curve and one cut-off curve (English et al.
2003), with no statistical difference between the two curves. Sigmoid curves are “S” shaped
curves where survival rates asymptote towards 0% and 100% and remain between these values
over the entire range of possible river entry dates. Cut-off curves are curves with an X-intercept
that defines the date when survival is estimated to be nil for all fish that enter the river on or
before that date.

The 2002-03 curves were plotted along with the weekly survival data (estimates of the survival
to spawning areas for sockeye that passed Mission each week) from 2006 and 2010.

For the 2010 survival data, seven weekly Late-run survival estimates (from Mission to spawning
areas) were plotted. Although most of these data-points represented weekly survival estimates,
one was generated by pooling two consecutive weeks that each had relatively low sample sizes.

RESULTS

Environmental data

Fraser River water levels at Mission ranged from 0.17 to 3.95 m between 1 June and 31 October
2010 (Figure 4). As water levels dropped below 3 m in mid-July, daily fluctuations in water
level increased as a result of tidal influence. Fraser River discharge at Mission peaked at 7,562
m’s” in late June (Figure 5).

Water temperature at the Crescent fishwheel site ranged from 12.0 °C to 18.0 °C (mean = 15.2

°C) from 6 July to 3 October (Figure 6).

PSC Mission escapement estimates

In this report, the PSC estimates of the number of sockeye passing the Mission hydroacoustic site
were used for comparison with the daily fishwheel catch-rates and the migration timing of the
radio-tagged sockeye. In even-numbered years, these PSC estimates are usually derived by
applying the species composition proportions from the Whonnock gillnet test fishery to the

" All tags that were last detected on the Fraser mainstem downstream of Sawmill Creek, other than those that were
countable as fishery removals, were classified as tagging-related losses.
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Mission hydroacoustic counts from their split-beam system. In 2009 and 2010, shore-based
DIDSON hydroacoustic systems were used to count fish targets within 60 m of each shore
because of concerns that the counts from the split-beam systems were significant underestimates
during periods of high fish abundance. In 2010, estimates of the daily abundance of sockeye
passing the Qualark hydroacoustic site were used to adjust the Mission estimates during periods
when PSC biologists were concerned that the Mission boat-based hydroacoustic counts were
missing fish due to boat avoidance behaviour (M. Lapointe, PSC, pers. comm.).

Fishwheel operations

Fishwheel deployment and operation

The large fishwheel operated for 2,274 h (97% of the time) from 27 June to 3 October (Figure 7,
Appendix Table D1). Fishwheel speed averaged 1.1 RPM and ranged from 0.4 RPM (26
August, 1 September) to 2.0 RPM (29 and 30 June). The large fishwheel was stopped on several
occasions to repair damage to basket tubing or replace missing bolts. On 29 September, the crew
arrived at the large fishwheel and noticed that someone had stopped the fishwheel overnight.

The small fishwheel operated for 2,330 h (99% of the time) from 27 June to 3 October (Figure 7;
Appendix Table D1). Fishwheel speed averaged 1.4 RPM and ranged from 0.3 RPM (18
August) to 2.7 RPM (28 June). A power-assist unit was used to turn the small fishwheel during
portions of each day starting on 27 August.

Fishwheel performance

Including jacks, 7,346 sockeye, 1,094 steelhead, 1,079 coho, 616 Chinook, 81 chum and 5 pink
salmon were captured at the fishwheels (Table 2). Fifteen other fish species including 10 white
sturgeon, and three harbour seals (Phoca vitulina) were also captured and released. Daily
catches of sockeye, Chinook and coho salmon are shown in Figure 8.

Of the 7,346 sockeye captured at the fishwheels from 27 June to 3 October, 7,316 (99.6%) were
adults (Appendix Table D2) and 30 (0.4%) were jacks. The large fishwheel caught nearly 9.5
times as many adult sockeye (6,615; peak daily = 380) as the small fishwheel (701; peak daily =
68; Figure 9). Sockeye catches occurred in three main pulses: a relatively small but steady pulse
from late June to mid-late July, a large pulse from late July to late August, and a moderate but
prolonged pulse through September (Figure 9). Daily CPUE averaged 2.9 fish/h (peak daily =
17.0 fish/h) at the large fishwheel and 0.3 fish/h (peak daily = 3.0 fish/h) at the small fishwheel
(Figure 10; Appendix Table D2).

Of the 616 Chinook captured at the fishwheels from 27 June to 3 October, 370 (60.1%) were
adults (Appendix Table D2) and 246 (282 281 143 TmOf the 6y to late Aaaall f 12 the,heel .6%) were3 Tc -0.00°
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Fishwheel harvest

From 10 July to 19 September, 743 adult sockeye, 56 adult Chinook, 34 jack Chinook, and 1
coho salmon were harvested by the Matsqui First Nation from the Crescent Island fishwheels
(Table 3).

Fishwheel size selectivity

The size distribution of sockeye varied significantly among sites and gear-types (F» 5272 = 148.8,
P <0.0001). On average, the fishwheels caught the smallest fish (mean = 57.9 cm), compared to
the variable mesh gillnet test fisheries. The fork length of fish measured in the Cottonwood test
fishery (mean = 59.1 cm) was significantly smaller than that estimated in the Whonnock test
fishery (mean = 59.9 cm; Figure 13).

Since smaller fish are likely to have slower burst swim speeds (Bainbridge 1958), the bias
towards smaller fish makes sense: they may be less likely to avoid capture and more likely to be
entrained by the rotating baskets. Additionally, smaller fish may be forced to swim closer to
shore, in areas of greater drag (and thus slower water velocities), which would also result in a
greater ‘small fish’ capture rate in the near-shore fishwheel gear relative to offshore and mid-
channel test fisheries.

Fishwheel species composition

Species composition estimates from the Crescent Island fishwheels were compared to those from
the Whonnock gillnet test fishery each day between 27 June and 3 October 2010 (Figure 14).
From late June to late July, when Fraser River water levels were high and some adult Chinook
salmon were present in the river, adult sockeye represented a larger portion of the fish caught in
the near-shore fishwheel samples compared to the mid-channel gillnet test fishery. During low
water in September, adult sockeye represented a smaller portion of the fish caught in the
fishwheel samples than in the gillnet test fishery. The general similarity between the species
composition measured using the fishwheels and Whonnock test fishery data throughout the 2010
sockeye migration resulted in similar estimates of the daily sockeye migration past Mission
regardless of the source of the species composition data. All of the estimates based solely on
Mission hydroacoustic data, underestimated the PSC “best estimate” during peak migration
periods because Qualark data was used to expand the Mission counts during these periods
(Figure 15). It is interesting to note that during two of these peak migration periods (20-23
August and 21-25 September), the estimates deived by combining the Whonnock and fishwheel
species composition estimates produced an estimate that was closer to the PSC “best estimate”
than the estimate based solely on t