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ABSTRACT 
 
 
Welch, P., B. Leaf, K. Peters, K. Benner and T. Whitehouse.  2005.   Evaluation of a video 

equipped remotely operated vehicle (ROV) for the underwater assessment of Fraser River 
sockeye salmon (Oncorhynchus nerka) populations.   

 
 

In 2004, the Department of Fisheries and Oceans conducted a feasibility study utilizing a 
video equipped Remotely Operated Vehicle (ROV) to enumerate lake shore sockeye 
(Oncorhynchus nerka) spawning populations, address aspects of en-route mortality and to 
monitor spawning success and habitat in Cultus Lake.  Three types of surveys were developed 
and implemented to address these objectives: they include synoptic carcass surveys, spawner 
distribution surveys and intensive spawner assessment surveys. 
 

Synoptic carcass surveys were developed to identify and monitor sockeye migratory and 
holding areas for carcass presence that would assist in confirming and quantifying en-route 
losses within each area.  They were conducted at Seton, North Barriere, and Shuswap Lakes and 
Chilko, Tachie and Harrison Rivers and Morris Slough (a Harrison tributary).   Carcass 
accumulation ranged from nil in most areas to heavy in portions of Chilko and Tachie Rivers.  
Most carcasses observed at Chilko and Tachie Rivers appeared to be successfully spawned out 
revealing no evidence of pre-spawn mortality within survey areas.   
 

Synoptic spawner distribution surveys were developed to permit mapping of spawning 
distribution and density in deep water spawning areas or in low visibility habitats so that counts 
could be generated and potentially calibrated to traditional surface live counts.  They were 
conducted at Chilliwack, Chilko, Cultus, Nahatlatch and Seton Lakes with spawning sockeye 
observed at all locations except Seton Lake.  Due to limited spawner escapements to most areas, 
spawner polygons could only be established at Chilko and Chilliwack Lakes.  A count was only 
generated via this method at Chilliwack Lake where 2,245 spawners were estimated by 
expanding average densities within each transect over the entire spawner polygon. 
 

Intensive spawner assessment surveys were developed to accurately quantify sockeye lake 
spawning populations.  Surveys were completed along a 200m portion of the Tsuniah slides on 
Chilko Lake during three separate visits on September 24, October 5, and October 14, 2004.  
Expanded transect densities generated ROV survey counts of 1,228, 444, and 26 sockeye, on 
the respective dates compared to surface live counts of 571, 331, and 43 on the same dates and 
area. 
 
 
 
 



INTRODUCTION 
 

The Fraser River system supports one of the largest populations of sockeye salmon 

(Oncorhynchus nerka) in the world (Northcote and Larkin 1989).  Sockeye spawn in over 150 natal 

areas, ranging from small streams to large rivers and lakes that are distributed throughout the 

Fraser watershed (Houtman and Schubert, 2000).  The Pacific Salmon Commission (PSC) and the 

Department of Fisheries and Oceans (DFO) have long recognized the importance of accurately 

estimating spawning escapements for the purpose of management.  Enumeration fences and mark-

recapture studies have been used for stocks with large expected returns; while a variety of stock-

specific visual estimation methods have been used for stocks with small expected returns.  All 

methods aim to provide statistically defensible estimates, however, problems with accuracy have 

always been prevalent with visual enumeration estimates for lake shore spawning populations 

(Cousens et. al 1982).   

 

Significant shore spawner populations exist within the Fraser River watershed with Chilko, 

Quesnel, and Shuswap lakes contributing substantial escapements that comprise a significant 

proportion of the total Fraser sockeye escapement.  For example, the 2001 Quesnel Lake 

escapement was estimated at close to 400,000 spawners, accounting for 11% of the total Quesnel 

system (DFO, unpublished data on file Kamloops, B.C.).  Unfortunately, current assessment 

techniques fail to provide an accurate method of enumerating lake spawning populations since only 

a percentage of spawners may be observed during visual surveys, resulting in biased low estimates 

(pers. comm. B. Fanos, DFO).  As well, lakes such as Cultus, Chilliwack and Nahatlatch reveal 

evidence of lake shore spawning through the accumulation of spawned out carcasses on the lake 

surface and shoreline; however, there are no data or records confirming the location and associated 

habitat characteristics of these sockeye spawning populations.  Recently, Cultus Lake sockeye 

numbers have fallen so low that quantifying spawning success has been impossible due to the lack 

of available of carcasses. 

 

In addition, the issue of enroute mortality, especially for Late-run stocks, has recently surfaced 

as a major consideration regarding the management of Fraser sockeye stocks (Macdonald 2000; 

Clarke et. al. 1994).  High levels of sockeye pre-spawn mortalities have been identified in recent 

years (e.g. Adams River 1999, 2002; Cultus Lake 2000, 2001, 2002; Weaver Creek 2001; Portage 

Creek 2001) often associated with no visible indications that fish died in migration or holding areas 

(English et. al. 2003).  Recent studies using radio-telemetry and hydroacoustic technology have 

been undertaken to assess enroute mortality and determine river entry timing, migration timing and 

survival rates for Summer-run and Late-run sockeye stocks (English et. al. 2004; English et. al. 

2003). 
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Current enumeration methods do not specifically address the issue of enroute mortality with all 

surveys occurring within terminal areas and observations limited to only the water surface and 

shoreline.  As a result, a feasibility study involving a Remote Operating Vehicle (ROV) to enumerate 

lake shore sockeye spawning populations and possibly address aspects of enroute mortality was 

implemented. 

 

Remote sensing techniques are a family of methods, which use some type of recording or 

monitoring device mounted in a ROV.  ROV technology has been used in numerous aquatic 

applications where it is impractical to observe with SCUBA divers.  This remote vehicle has been 

used in fishery applications involving population estimates of fish populations, such as evaluating 

stock abundance for nearshore reef fish and invertebrates (California Department of Fish and Game 

2002; Fox et. al. 2000); burbot (Lota lota) tracking and sturgeon (Acipenser transmontanus) 

monitoring (pers. comm. E. Lem, Golder Associates Ltd.); qualitative habitat typing and fish habitat 

interaction (Miller 2002) ; assessing deep water kokanee (Oncorhynchus nerka) spawning (Morris 

and Caverly 2004); and the relationship between fish populations and the geology and ecology of 

benthic habitats (Reynolds et. al. 2001).  Additionally, remote operated vehicles have also been 

used at depths of 236m to investigate a recent cod-kill (Gadus morhua) in Smith Sound, 

Newfoundland (pers. comm. J. Wheeler, DFO). 

 

The development of ROV survey techniques could permit mapping of spawning distribution and 

densities in deep water spawning areas or in low visibility habitats so that the observable fraction of 

the population can be calibrated relative to the total spawner distribution and density which are out 

of surface based visual detection range.  Secondly, further development of ROV based surveys to 

identify and monitor sockeye migratory and holding areas for carcass presence would assist in 

confirming and quantifying enroute losses within each area.  These ROV based surveys present a 

significant opportunity to conclusively address enroute losses in areas where surface carcass 

accumulations have been unable to corroborate the expected magnitude of die-off anticipated from 

in-season versus terminal area estimate comparisons.  Lastly, ROV based surveys have the ability 

to continue to monitor spawning habitat in Cultus Lake and confirm spawning and potential pre-

spawn mortality.  Such information can be incorporated into data gathered by the Cultus Sockeye 

Recovery Team, which would improve the overall spawning ground assessment quality at Cultus 

Lake. 

 

The following report provides the documentation of the program objectives, study design, 

methods and materials, results and discussion, and recommendations of the 2004 ROV feasibility 

study.  

 

STUDY AREA 
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The Fraser River originates in the Rocky Mountains of east-central British Columbia and flows 

northwest to Prince George before turning south and travelling a total 1,400 km, before entering the 

Pacific Ocean at Vancouver.  The entire watershed drains an area of approximately 231,313km2, 

which is roughly half the size of British Columbia.  A considerable number of large tributaries, such 

as the Nechako, Quesnel, Chilcotin, Thompson, McGregor, West Road, Cottonwood, Bridge, 

Coquihalla, Chilliwack, Harrison and Pitt Rivers, constitute the Fraser.  Sockeye utilize most of the 

watershed with the size of escapements to each area dependant on the year. 

 

The specific study areas for this ROV project include: Shuswap Lake (Scotch Creek mouth); 

North Barriere Lake (Upper Barriere River mouth); Chilko River and Chilko Lake; Chilliwack Lake; 

Cultus Lake;  Nahatlatch Lake; Harrison River (including Morris Slough) and the Tachie River.  The 

most extensive coverage occurred on Chilko Lake and Chilliwack Lake (Fig. 1). 

 

SHUSWAP LAKE (SCOTCH CREEK MOUTH) 
 

Shuswap Lake is a 31,000ha lake located in the Shuswap Highlands of the British Columbia 

Interior at an elevation of 348m.  The lake accepts the flow of several rivers with significant sockeye 

populations, including Scotch Creek.  The 2004 survey was conducted on Shuswap Lake at the 

mouth of Scotch Creek (Fig. 2).   

 

NORTH BARRIERE LAKE (BARRIERE RIVER MOUTH) 
 

The Barriere River flows into North Barriere Lake at the eastern end of the lake and drains out 

at the western end of the lake.  North Barriere Lake is located approximately 80km northwest of 

Kamloops.  The lake is 454ha in area and is located at an elevation of 537m.  It has a maximum 

depth of 52.6m and a mean depth of 24.7m.  North Barriere Lake is surrounded by steep hillsides to 

the north and south (approximate gradients between 40% and 60%.  The 2004 survey was 

conducted on North Barriere Lake at the mouth of the upper Barriere River (Fig. 3).   

 

CHILKO RIVER AND CHILKO LAKE  
 

The Chilko study area, consisting of Chilko River and Chilko Lake, is located on the eastern 

edge of the Coast Mountain Range in central British Columbia.  Chilko Lake is 20,032 ha in area 

and is located at an elevation of 1,170m in a glacial trench surrounded by steep mountains.  It has a 

maximum depth of 365.8 m and a mean depth of 107.9 m.  The lake is drained by the Chilko River, 

which flows northeast for 82km, entering the Chilcotin River 106km upstream of the Fraser River.  

The river has a mean annual discharge of 43.3 m3s-1 with mean monthly maxima (113.0 m3s-1) and 

monthly minima (9.1 m3s-1) occurring in July and March, respectively (Environment Canada 2004).  

The 2004 study area included the Tsuniah slide area on Chilko Lake as well as areas along Chilko 
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River which included Canoe Cross and a deep pool area, locally referred to as the Blue Lagoon 

(Fig. 7).  Tsuniah Slides are located along the northeast shoreline of Chilko Lake, immediately north 

of Tsuniah Creek and approximately 10km south of the lake outlet.  The slides are characterized by 

extensive (approximately 2km in length along the shoreline perimeter) talus slopes extending 

beyond the immediate shoreline into water consisting of angular, granitic rock.  This area is known 

to support heavy sockeye spawning (Schubert and Fanos 1997).  Canoe Cross is a lake-like portion 

of Chilko River that is approximately 300m in width with extremely slow water velocity.  The 

substrate is primarily sand, mud and aquatic vegetation with some isolated patches of gravel and 

cobble.  Although spawning occurs in isolated areas along each shore, most of the carcasses drift 

into this section.  The Blue Hole is a 50m diameter, 6m deep pool which is separated from the main 

channel by a small island.  Water velocity is low and moribund fish collect in this area.  With the 

combination of low water velocities and the bulk of the area’s sockeye spawning in the upper 

reaches of the river, both Canoe Cross and the Blue Hole were considered ideal areas for 

observing high numbers of carcasses with the ROV. 

 

CHILLIWACK LAKE 
 

Chilliwack Lake, situated in the Cascade Mountains, is approximately 48km southeast of 

Chilliwack.  The lake is 1198ha in area and is situated at an elevation of 625m.  It has a maximum 

depth of 114m and a mean depth of 67m.  Chilliwack Lake drains into Chilliwack River which flows 

approximately 57km until joining the Sumas River shortly before it merges with the Fraser River 

west of Chilliwack.  The 2004 study area focused on possible shore spawning areas on Chilliwack 

Lake based primarily from DFO stock assessment survey crew observations during carcass 

recovery surveys (Fig. 9).  The area of primary focus was located along the southwest shoreline, 

approximately 1.8km north of Dolly Varden Creek and directly across from Depot Creek.  This area 

is approximately 345m in length and is characterized by large avalanche chutes consisting of 

boulders, cobble and gravels extending down to the shoreline from the glaciers above. 

 

CULTUS LAKE 
 

Cultus Lake, located in southwest British Columbia in the eastern Fraser Valley is approximately 

10km south of Chilliwack and is one of the most heavily utilized residential and recreational lakes in 

British Columbia.  The lake drains into Sweltzer Creek at the northern end of the lake which in turn 

flows into the Chilliwack River approximately 3km downstream.  Cultus Lake has an area of 627ha 

and situated at an elevation of 41m.  It has a maximum depth of 42m and a mean depth of 32m.  

The lake is steep sided and has a littoral area of only 74ha, 12% of the total surface area.  The 

2004 study concentrated on areas of Cultus Lake selected by Lower Fraser DFO staff based on 

previous experience with ROV (i.e. aquatic vegetation surveys) as well as carcasses recovery 

surveys (Fig. 10). 
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NAHATLATCH LAKE 
 

The Nathatlatch River flows through a series of three lakes, Nahatlatch, Hannah, and Frances, 

approximately 20km upstream of the confluence with the Fraser River.  The river has an annual 

mean discharge of 35.5 m3s-1 (1973-2003; Tachewana Creek station located upstream of the study 

area) with mean monthly maxima (99.6 m3s-1) and monthly minima (11.8 m3s-1) occurring in June 

and January/February, respectively (Environment Canada 2004).  Nahatlatch Lake is the largest of 

the three lakes with an area of 136ha and situated at an elevation of 335m.  It has a maximum 

depth of 29m and a mean depth of 12m.  The 2004 study focused on the shoreline area 

immediately east of the narrows that divides Nahatlatch Lake (Fig. 8).  Additionally, part of the study 

was conducted within the narrows.  The study area is immediately adjacent to an unnamed creek 

delta.  The study area shoreline is characterized by boulder, cobble and gravel that extend beyond 

the shoreline into the water for several metres.  This area was chosen due to knowledge from DFO 

roving crews who routinely recovered carcasses along this shoreline. 

 

HARRISON RIVER (INCLUDING MORRIS SLOUGH) 
 

The Harrison River is part of a complex system which drains a mountainous coastal watershed 

in southern British Columbia.  The river originates at Harrison Lake and flows southwest for 16.5km, 

entering the Fraser River across from Chilliwack, BC.  The Harrison River has an annual mean 

discharge of 442 m3s-1 with mean monthly maxima (923 m3s-1) and monthly minima (221 m3s-1) 

occurring in June and March, respectively (Environment Canada 2004).  The 2004 study selected 

areas along the Harrison River downstream of Harrison Lake (approximately 10km north of Kilby 

Provincial Park boat launch) as well as Morris Slough which is adjacent to Weaver Creek and 

located approximately 2km north of the Harrison River (Fig. 4).  The selected areas were chosen by 

Lower Fraser DFO staff based on previous experience during carcass recovery surveys, as well as 

areas that were revealing radio and acoustic signals from a concurrent telemetry and acoustic study 

conducted by a UBC Research crew.  The areas include sites near the confluence of Morris Creek 

as well as near the DFO Chinook seining site between the confluences of Morris Creek and the 

Chehalis River. 

 

TACHIE RIVER 
 

The Tachie River originates at the east end of Trembleur Lake and flows southeast for 26km 

entering the northeast side of Stuart Lake.  The river is primarily low gradient (0.02%) and the 

substrate consists of many large boulders and bedrock, especially in the upper reaches (Schubert 

and Fanos 1997).  The 2004 study selected sites along the river consisting of primarily of deep 

pools, especially deep pools with back eddy flow (Fig. 6).  Sites were located between the DFO 
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cabin near the Kuzkwa River confluence downstream to a deep pool located at the upstream end of 

Recovery Area #14 (DFO carcass recovery area), approximately 1.5km north of the Tarnezell 

Forest Service Road bridge.  

 

FIELD METHODS 
 

Field surveys were conducted between September 6 and December 9, 2004 using a Video Ray 

Pro 3 tm Remotely Operated Vehicle (ROV) complete with 76m (250 feet) of neutrally buoyant tether 

cable (marked off in 5m intervals to a maximum distance of 75m).  The ROV weighs 3.6kg and its 

dimensions are 30.48cm x 22.5cm x 22.9cm (length x width x height).  The vehicle is equipped with 

a forward facing colour camera, two lights, two horizontal thrusters and one vertical thruster.  The 

front colour camera has a 90○ viewing angle and a 75○ tilt angle (vertical rotation).  A rear black and 

white camera and rear lights are also included with the ROV.  Illumination is provided by two 20 

watt lights (1 port and 1 starboard).  Propulsion is supplied by two forward/reverse thrusters (1 port 

and 1 starboard) as well as a vertical thruster controlling depth.  The ROV is equipped with an 

internal compass to aid in navigation as well as a pressure sensor for determining depth within the 

water column.  Ballast is controlled by the addition or subtraction of small metal washers (2.5 cm in 

diameter) located underneath the ROV. 

 

The ROV is controlled through the Integrated Control Box (ICB) complete with a 38cm (15 inch) 

LCD video monitor.  The monitor display information includes: depth (in metres or feet), compass 

bearing, date, 24 hour clock, and a run-time clock.  The ICB operates; steering, depth, lights, 

camera tilt, front or rear camera, and camera focus on the ROV.  The joystick controls variable 

speed forward and reverse thrust and a depth control knob controls the vertical thruster.  A 

composite video out connector is connected to the ICB.  Video footage is acquired by connecting a 

Sony Digital Handycam tm (DCR-TRV25) to the video out connector for displaying and recording 

images transmitted by the ROV onboard camera.  Resulting images are recorded onto mini DV 

digital cassette tapes. 

 

The ROV requires a 120v power source for operation. We used a small, portable Honda 

EX2500 gasoline generator (AC 120v) in the field as the primary power supply.  A 600 watt power 

inverter was available in the event of generator malfunction.  The tether cable connects the ROV to 

the ICB and feeds power and controls to the ROV and returns data from its sensors. 

 

BASIC ROV DEPLOYMENT AND RETRIEVAL (LAKES) 
 

A pre-dive inspection was performed prior to each dive.  ROV deployment was primarily 

conducted from a 5m Alicraft jetboat (175Hp sportjet) anchored to the lake shoreline.  Transects 

were usually conducted with a crew of 2 people - a tether operator and a ROV pilot.  Transects 
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were identified by recording the site location, transect number, and survey date.  The tether 

operator would gently place the ROV in the water by hand and position the ROV in the direction of 

the transect.  The pilot confirmed compass bearing on the ICB with the tether operator immediately 

prior to launching the vehicle.  The compass bearing for the transect was recorded.  The tether 

operator deployed the tether slowly as the ROV descended ensuring that the ROV and/or the tether 

would not become entangled in an optional stern anchor, woody debris or large angular substrate 

upon initial descent and continued to deploy tether as the ROV moved forward.  The ROV pilot 

controlled the speed of decent by adjusting the depth control knob.  The start depth and start time 

were recorded by the tether operator when the ROV reached the bottom.  The vehicle was piloted 

as close to the bottom as possible (not greater than 0.5m usually) at a slow, consistent speed in 

order to maintain compass bearing on the transect, and to observe live and dead sockeye while 

reducing the impact of disturbing spawning sockeye.  Precise control was accomplished by using 

the depth control knob in conjunction with the forward/reverse joystick.  Front camera tilt angle was 

adjusted so that spawning sockeye and substrate could be viewed at all times during the transect.  

Transects usually extended for 70m with the distance travelled being continually monitored by 

observing the marked tether. 

 

Upon completion of the transect, the pilot positioned the ROV on the bottom and recorded the 

end depth and time as well as the length of the transect.  The ROV was returned back to the 

surface where the tether operator retrieved the ROV and tether back to the boat by coiling the 

tether in large (approximately 2m in diameter) coils.   

 

BASIC ROV DEPLOYMENT AND RETRIEVAL (RIVERS) 
 

Deployment in river current with slow to moderate water velocities was similar to lakes with a 

few exceptions. A stern anchor was used to reduce boat movement and serve as a near bottom, 

static, contact point for the deployment of the ROV.  The stern anchor was made of 1 cm diameter 

(3/8 inch) white polypropylene rope and a 22.7kg (50lb) circular plate weight.  The circular plate 

weight was used to avoid entanglements on substrate on the river bottom.  A 3m leader of 0.6cm 

diameter (¼ inch) white polypropylene rope with a carabineer fastened to the end was attached to 

the stern anchor line approximately 1m meter from the anchor in order to reduce the angle of the 

tether travelling through the carabineer, which appeared to decrease tether friction.   

 

The deployment of the ROV began with the tether being clipped into the carabineer followed by 

the ROV being lowered simultaneously with the anchor rope until the bottom was reached.  Once 

on the bottom, forward movement of the ROV commenced.  Even though the manoeuvrability of the 

ROV was limited, short, straight transects were achieved.   

 

In deep pools and back eddies of rivers where deployment via stern anchor and carabineer 
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were not needed, transects were usually conducted along eddy lines in a “fish hook” pattern, 

allowing the ROV to operate in areas of minimal flow.  A stern anchor was used only to prevent the 

boat from swaying excessively. 

 

METHODS OF ROV SURVEYS 
 

Three methods of assessing and quantifying live and dead sockeye salmon distributions were 

developed to encompass the stated objectives of the study.  The three types of ROV surveys 

include: Synoptic Carcass Surveys, Synoptic Spawner Distribution Surveys and Intensive Spawner 

Assessment Surveys.  A Garmin 12XL tm GPS (Global Positioning System) was used to record and 

save the start point coordinates as a waypoint.  Coordinates were recorded in UTM (Universal 

Transverse Mercator).  Water depth (m) from the jetboat and surface water temperatures were 

determined using an Eagle Cuda 168EX tm Depth Sounder.  Weather conditions, based on visual 

observations were recorded on the data forms. 

 

Synoptic Carcass Surveys 

 
The objectives of Synoptic Carcass Surveys (termed Type 1 surveys) were to address the issue 

of enroute loss and/or pre-spawn mortality.  However, rather than attempting to accurately quantify 

carcass accumulation, objectives were focused on revealing the presence or absence of carcasses 

as well as attempting to corroborate the relative magnitude of losses or pre-spawn mortality in areas 

where surface carcass accumulations have been observed.   

 

Data collected along these transects were summarized on the Synoptic Carcass Survey Form 

(Appendix 1).  Surveys focused on areas where carcasses have previously been observed and 

areas of expected accumulation.  Transects were generally conducted perpendicular to the 

shoreline in a “bird’s foot” pattern.  This survey pattern incorporated multiple transects (usually 2 to 

4) originating from a single GPS waypoint that allowed the ROV to most efficiently cover an area 

without continually moving and setting up additional survey points.  Compass bearings between 

these transects were calculated using the discretion of the crew at the time of the survey.  

Considerable variation in lake bathymetry and shoreline structure did not permit the standardization 

of compass bearings; hence, all bearings were adjusted on site.  River surveys usually consisted of 

transects being conducted in large back eddies, where the ROV was operated along the eddy line 

in a “fish hook” pattern, allowing coverage of the entire pool.  The pilot would adjust the depth 

control and point the camera downstream to view carcasses, but allow the current to guide and 

provide most of the forward propulsion for the ROV.  Attempting to pilot the ROV against the current 

proved to be futile in most cases.  Transects were generally 70m in length unless specified 

otherwise on the synoptic carcass survey form.  Carcasses were counted with their relative location 

being recorded by observing the distance travelled on the marked tether (recorded to the nearest 
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5m interval).  Comments were recorded (when applicable or available) regarding: the number and 

spawning condition of live sockeye present; substrate size; substrate disturbance; underwater 

visibility; other fish species present; ROV manoeuvrability; transect problems and lake and river 

conditions (i.e. flow). 

 

Synoptic Spawner Distribution Surveys 
 

The objectives of Synoptic Spawner Distribution Surveys (termed Type 2 surveys) were to map 

spawning distribution and density in deep water spawning areas or in low visibility habitats to 

generate a spawner polygon and possibly quantify total spawners.  As well, objectives focused on 

monitoring spawning habitat, spawning success and potential pre-spawn mortality in areas of 

concern, such as Cultus Lake.  

 

Data collected along these transects were summarized on the Synoptic Spawner Distribution 

Survey Form (Appendix 2).  Single transects that were spaced relative to the size of the area being 

surveyed were conducted perpendicular to the shoreline.  There were two exceptions to this 

standard.  First, at Nathatlatch Lake, synoptic spawner distribution surveys were conducted using 

the “bird’s foot” pattern due to the convoluted nature of the shoreline.  Second, due to the limited 

length of tether (76m) some transects had to be extended to determine the outer boundary of the 

spawner distribution.  The start point for the extension was estimated using the previous transect 

bearing and end depth.  The crew would locate the shoreline GPS waypoint and proceed with the 

boat (using the depth sounder) out to the end depth of the previous transect started from shore and 

begin a transect extension.  A secchi reading was recorded during each survey date. 

 

The start and end distance of spawner presence was recorded by observing the length marked 

on the tether, which enabled the crew to establish a spawner polygon.  These distances were taken 

at the water surface interface and observed by the tether operator at the back of the boat on the 

swim grid.  The start and end depth of spawner presence was also recorded.  Additionally, the start 

and end of carcass presence was recorded in the comments of the survey form.  Transects were 

generally 70m in length unless specified otherwise on the synoptic spawner distribution survey 

form.  Redd counts were also attempted; however, it was extremely difficult to distinguish an 

individual redd from a large area where the substrate was disturbed from spawners.  These areas 

were recorded as undistinguishable (or UND). Comments were recorded (when applicable or 

available) regarding: substrate size; substrate disturbance; underwater visibility; water flow or 

groundwater seepage; sockeye spawning condition and behaviour; other fish species present; ROV 

manoeuvrability; transect problems and lake conditions. 

 

Intensive Spawner Assessment Survey 
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The objectives of Intensive Spawner Assessment Surveys (termed Type 3 surveys) were to 

increase the precision and accuracy over type 2 surveys regarding quantifying sockeye abundance.  

Once a spawner polygon has been established by type 2 surveys, the intensive surveys focused on 

quantifying sockeye spawners by reach within a sub sample (representative portion) of the entire 

spawner polygon.   

 

Data collected along these transects were summarized on the Intensive Spawner Assessment 

Survey Form (Appendix 3).  All Intensive Surveys were completed during three separate visits 

(September 24, October 5 and October 14, 2004) to the Tsuniah slides on Chilko Lake.  They were 

conducted on a 200m long portion of shoreline along the slides.  Five , 50m long transect lines 

consisting of 0.6cm diameter (0.25 inch) white polypropylene rope were set in position 40m apart 

within the study area perpendicular to the shoreline.  Each rope (transect) was marked with black 

electrical tape at 5m increments and orange flagging tape at 10m increments.  Transect lines were 

set by using downrigger balls (2.3kg) as weights that were attached to the end of each rope and 

deployed at a depth and distance from shore that was determined from the previous synoptic 

spawner distribution survey (September 23, 2004).  Once anchored in a desirable location the boat 

was manoeuvred towards the shore to lay the remaining rope along the bottom where it was pulled 

taunt and fixed to a point on the shoreline.  The transect line was marked on the shore with flagging 

tape and a GPS waypoint was recorded. 

 

A secchi reading was recorded during each survey date to determine the maximum depth at 

which live sockeye could be accurately counted from the surface during visual survey counts.  Once 

a secchi reading established the surface observable depth (visual zone), the ROV was operated 

along established transects with live and dead sockeye being counted by reach and recorded into 

either visual or sub-visual categories.  All transects were surveyed to the outer limits of spawning so 

that a sub visual spawner polygon, consisting of areas of varying sockeye densities, could be 

established.  Visual surface live counts within the study area were also conducted on each survey 

date by having an observer counting from the front of the jetboat. 

 

All Intensive Spawner Assessment Surveys employed similar basic ROV deployment and 

retrieval strategies in lakes.  However, there were three exceptions to this methodology during 

these surveys.  First, the tether operator would exit the boat on shore and deploy the ROV from the 

shoreline – the beginning of the transect.  Second, the tether operator would be as motionless as 

possible and hold the ROV for at least 2 to 3 minutes prior to releasing it from the shoreline.  This 

was done to minimize any disturbance the crew had on the spawners in the littoral zone prior to 

launching the ROV.  Third, an additional crew member was needed to record the data. 

 

ANALYTIC PROCEDURES 
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COMPARISON BETWEEN FIELD COUNTS AND VIDEO COUNTS 
 

Two different methods were employed to extract sockeye enumeration data from the video in 

order to test their relative utility.  First, sockeye were enumerated while watching the ROV monitor 

during field sampling.  Second, video footage of each transect was recorded for subsequent review 

where the taped footage could be paused and carefully reviewed.  A Wilcoxon non-parametric, 

paired-sample test was used to assess for any significant difference between the two data 

collection methods.  This nonparametric test was chosen over the parametric paired sample t-test 

because it was found that data was not from a normal distribution (Zar 1984).  Normality in the data 

was visually assessed by plotting the data in Excel. 

 

SOCKEYE SPAWNER ENUMERATION USING LINE TRANSECT SAMPLING 
 

The synoptic spawner distribution survey and intensive spawner assessment survey consisted 

of video strip transects similar to the basic approach of line transect sampling (Miller 2002; Fox et. 

al. 2000; Arvanitis and Portier 1997; Buckland et. al. 1993).  The transect strip width was calculated 

using simple trigonometry where the water clarity (secchi disc reading) on each survey date was 

combined with the optical dimensions of the camera lens (90o viewing angle).  The width was then 

multiplied by the transect length, yielding the total area covered by each transect.  Both live and 

dead sockeye were counted along each transect.  Sockeye densities (D) were calculated for both 

type 2 and 3 surveys by dividing the number of individuals observed by the area viewed.  These 

densities were standardized to the number of sockeye∙100m-2. 

 

Di = mi / wLi ;    where: 

 

Di = numbers of individuals observed / area viewed 

 

mi = numbers of individuals observed within the effective strip for transect i 

 

Li = length of the transect i 

 

W = effective strip width 

 

Once sockeye densities are generated in given area, a count estimate could be established by 

expanding the mean transect density and area over the entire sample area.  Live sockeye entering 

the screen from behind the camera were assumed to be already counted.  Species that could not 

positively be identified as sockeye were not included.  Fish behaviour and morphological 

characteristics were used to assist the crew in distinguishing sockeye spawners from other 

salmonid species, such as rainbow trout (Oncorhynchus mykiss), bull trout (Salvelinus confluentus) 
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and dolly varden (Salvelinus malma).   

 

DATA ENTRY, REPORT AND MAP PRODUCTION 
 

Survey form data was entered into a Microsoft® Excel 2002 spreadsheet.  Video recordings 

were downloaded from the video recorder onto a desktop computer and edited using Microsoft® 

Movie-Maker Version 5.1.  Report production was accomplished using Microsoft Word® 2002.  

Mapping of the survey sites and spawner distribution polygons were completed using ArcView® 

Version 3.2 GIS software (ESRI 2000) and annotated using Corel® Draw Version 9.0 and Adobe 

Illustrator ® CS Version 11.0.0. 

 

RESULTS 
 

SYNOPTIC CARCASS SURVEYS 
 

ROV based surveys revealed carcass accumulation that ranged from nil (Seton, North Barriere, 

and Shuswap Lakes and Harrison River and Morris Slough) to heavy (small portions of Chilko and 

Tachie Rivers).  Most carcasses observed at Chilko and Tachie Rivers appeared to be successfully 

spawned out revealing no evidence of pre-spawn mortality within survey areas.   

 

Potential enroute loss, outside of terminal areas, was only addressed in Seton Lake and 

Harrison River.  A concurrent radio and acoustic tagging study on the Harrison/Weaver sockeye 

stock group was being conducted by a UBC Research team.  Signals from tagged live and dead 

sockeye were continually monitored, which provided relevant information regarding possible ROV 

survey sites within the Harrison watershed. 

 

Shuswap Lake (Scotch Creek mouth) 
 

A synoptic carcass survey was conducted on September 7, 2004, on Shuswap Lake located at 

Scotch Creek mouth (Fig. 2).  A total of five, 70m transects were completed with 10 live holding 

sockeye being observed.  No sockeye carcasses were observed (Appendix 4). 

 

North Barriere Lake (Barriere River mouth) 
 

A synoptic carcass survey was conducted on September 8, 2004, on North Barriere Lake 

located at the mouth of the Upper Barriere River (Fig. 3).  A total of five, 70m transects and two , 

50m transects were completed with 26 live holding sockeye being observed.  Only one (1) sockeye 

carcass was observed (Appendix 4).  Water visibility was excellent (secchi - 7m) with the field of 

vision diminishing with depth due to tannic water characteristics. 
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Harrison River 
 

Synoptic carcass surveys were conducted on September 16 and September 30, 2004, on 

Harrison River near the Morris Slough confluence (Fig. 4).  A total of five , 70m transects and two  

40m transects were completed with no carcasses or live sockeye being observed. As well, three , 

“exploratory” transects were completed, with no carcasses or live sockeye being observed 

(Appendix 4).  Water visibility was moderate (secchi – 2.5m) with the field of vision being the same 

near the bottom. 

 
Morris Slough 
 

A synoptic carcass survey was conducted on September 30, 2004, on Morris Slough located at 

Weaver Creek mouth (Fig. 4).  A total of three , 70m transects were completed with significant 

numbers of live sockeye observed holding throughout the slough. No sockeye carcasses were 

observed (Appendix 4). 

 

Seton Lake 
 

Synoptic carcass surveys were conducted on September 10 and October 26, 2004, on Seton 

Lake.  A total of ten transects of various lengths were completed throughout the entire lake (Fig. 5).  

Small numbers of live holding sockeye were observed at the mouth of Portage creek.  No sockeye 

carcasses were observed at any location on the lake (Appendix 4).  Water visibility varied from 

extremely poor in the western portion of the lake (secchi – 1m) to moderate (secchi – 3m) in the 

eastern portion of the lake.  The field of vision diminished rapidly with depth since large amounts of 

glacial suspended sediment result in poor penetration of ambient light.  Recorded video footage 

was limited. 

 

Tachie River 
 

Synoptic carcass surveys were conducted on October 7-8, 2004, on Tachie River.  A total of 

eleven , 70m transects were completed with significant numbers of carcasses being observed (Fig. 

6).  Deep pools and back eddies throughout the river were targeted as survey sites, as well as 

some slow moving riffles (Appendix 4).  Water visibility was moderate (secchi – 2.5m) with the field 

of vision diminishing with depth due to tannic water characteristics. 

 

Chilko River 
 

Synoptic carcass surveys were conducted on October 5 and October 14, 2004, on the upper 



 14

portion of Chilko River (Fig. 7).  A total of eight , 70m transects were completed with moderate 

numbers of carcasses being observed (Appendix 4).  Most transects were conducted in a “lake-like” 

portion of the river, referred to as Canoe Cross.  Two transects were conducted in a deep pool 

located on a side channel, referred to as the Blue Lagoon.  Water visibility was good to excellent 

(secchi – 5.5m in lake) throughout the river.  Water velocities at both locations were extremely low 

to nil. 

 

SYNOPTIC SPAWNER DISTRIBUTION SURVEYS 
 

Synoptic spawner distribution surveys assessing lake spawning populations were conducted at 

five locations throughout the Fraser Watershed with spawning sockeye being observed at all 

locations except Seton Lake.  Habitat characteristics, such as substrate size, substrate disturbance, 

water depth, water circulation and flow velocities, were also assessed, which varied significantly 

between areas.  At Nahatlatch, Chilliwack and Cultus Lakes, the ability to distinguish individual 

redds was very restricted since the ROV was primarily operated in close proximity to the bottom.  

However, it was obvious where gravel had been cleaned or disturbed from spawning activity. 

 

Nahatlatch Lake  
 

Synoptic spawner distribution surveys were conducted on September 9 and September 21, 

2004, on Upper Nahatlatch Lake.  A total of 19 transects of various lengths were completed 

throughout the narrow portion of the lake (Fig. 8).  A total of 10 live spawning sockeye were 

observed, as well as a few carcasses.  Most transects were able to span the deeper portion of the 

narrows with all sockeye being observed near the mid point at a depth between 8.5m and 14.8m 

(Appendix 5).  Cleaned and disturbed areas of substrate were also observed in this area with the 

substrate mostly consisting of sand and gravel with some cobble.  Due to the low numbers of fish 

observed, only a rough estimate of spawner location could be estimated rather than an established 

spawner polygon.  It appears that the flow in this narrow portion of the lake behaves more like a 

river since the water velocity was observed to be fairly significant, especially near the bottom.  

Water visibility was quite poor (secchi - 2m) with the field of vision being only about one meter near 

the bottom.  Recorded video footage was limited. 

 

Chilliwack Lake 
 

Synoptic spawner distribution surveys were conducted on September 13-15, 2004, on 

Chilliwack Lake.  A total of 37, 70m transects were completed throughout most portions of the lake 

(Fig. 9).  Creek mouths, avalanche chutes and any areas with deposited fluvial material were 

targeted as survey sites.  Spawning sockeye were only observed in one area located at the south 

end of the lake on the west shore.  The spawning polygon appears to be approximately 345m x 
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45m in size and is located directly adjacent to a moderate sized stream entering the lake across 

from Depot Creek.  Large deposits of fluvial material (gravel and cobble) enter the water at this 

location.  A total of 115 spawning sockeye were observed from 10, 70m transects.  All sockeye 

were observed at a depth between 22.0m and 40.3m, with most spawning activity occurring in the 

25m-30m range (Appendix 5).  It is difficult to determine whether the sockeye observed in the 40m 

range were actively spawning or in a “holding moribund” state.  Cleaned and disturbed areas of 

substrate were observed throughout the area with the substrate mostly consisting of sand and 

gravel.  Water visibility varied from moderate in the southern portion of the lake (secchi – 2m) to 

excellent (secchi – 7m) in the northern portion of the lake. 

 

Chilko Lake 
 

Synoptic spawner distribution surveys were conducted on September 23-24, 2004, on Chilko 

Lake located at Tsuniah slides (Fig. 7).  The slide area is approximately 1.8 km in length with 

spawning occurring throughout most of it.  We completed a total of 19 transects ranging between 

50m and 70m in length.  Significant numbers of spawning sockeye were observed on all transects; 

however, most of the spawning activity occurred within the first 10-15m of the transect (1-3m in 

depth).  A few transects indicated spawner activity at a significant depth (12 - 25m, Appendix 5).  

The overall spawner polygon size is approximately 1760m long x 10m wide with most of the 

spawning activity occurring along the shoreline within the visual range.  Spawning substrate 

consists of mostly large, grapefruit sized, angular rock.  No distinguishable redds or substrate 

disturbance was observed and it appeared that the caudal fin and peduncle area of most sockeye 

showed less wear and abrasion than what is normally observed on spawning sockeye.  It appears 

that the sockeye may be utilizing a “broadcast” method of spawning in this area.  Water circulation 

through wave movement appears to be fairly significant throughout the slide area with most 

spawning activity occurring within the wave surge region.  Water visibility was good to excellent 

(secchi ranged from 3.5 – 5.5m), with ambient light able to penetrate over 30m. 

 

Seton Lake 
 

A synoptic spawner distribution survey was conducted on September 10, 2004, on Seton Lake 

(Fig. 5).  Only two , 70m transects were completed with no live or dead sockeye being observed.  

Water visibility was moderate (secchi 3m) with the field of vision diminishing rapidly with depth.  No 

video was recorded (Appendix 5). 

 

Cultus Lake 
 

Synoptic spawner distribution surveys were conducted on November 24 and December 8-9, 

2004, on Cultus Lake.  A total of 14, 70m transects were completed on the southeast portion of the 
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lake (Fig. 10).  A combined total of 9 live spawning sockeye were counted from the three survey 

dates; however, all were observed from the same transect location.  All sockeye were seen at a 

depth between 6.0m and 9.0m and a distance from shore between 45m and 70m (Appendix 5).  

Due to the extremely low numbers of fish observed, only a rough estimate of spawner location could 

be estimated rather than an established spawner polygon.  Based on caudal fin abrasion and areas 

of noticeable substrate disturbance, all sockeye appeared to be actively spawning and in good 

physical condition. No evidence of pre-spawn mortality was observed.  Spawning substrate appears 

to be optimal, mostly consisting of gravel and cobble; however, extensive Eurasian milfoil growth 

was present throughout most of the survey area and was heaviest in the 2m to 5m depth range.  

Water visibility was excellent (secchi - 5m) during the first survey and poor (secchi – 1.5m) for the 

last two surveys. 

 

INTENSIVE SPAWNER ASSESSMENT SURVEY 

 
Chilko Lake 

 
Intensive spawner assessment surveys were conducted on September 24, October 5, and 

October 14, 2004, on Chilko Lake located at Tsuniah slides (Fig. 7).  The ROV was operated along 

five transects that were established within a 200m portion of the Tsuniah slide spawners.  

Significant numbers of spawning sockeye were observed on all transects with most of the spawning 

activity occurring within the first 10m of the transect (1-3m in depth).  Transect five revealed some 

spawner activity at depth of over 25m.  Carcass distribution was scattered throughout most reaches 

of the transect with abundances progressively increasing throughout the survey period (Appendix 

6).  Water visibility was good to excellent (secchi ranged from 3.5 – 5.5m), with ambient light able to 

penetrate to 30m. 

 

DATA ANALYSIS 
 

Quantitative data analysis was conducted on Chilko and Chilliwack Lake data due to the larger 

sample sizes and sampling effort at these locations.   

 

Comparison Between Field Counts and Video Counts 

 
Data from 18 Chilko Lake type 2 transects and 10 Chilko Lake type 3 transects were used in the 

comparison of field counts to video counts (Table 1).  Type 3 transects conducted on October 5th 

were not used in the comparison because a third crew member was not available to assist in 

enumerating sockeye spawners during field sampling.  As a result, only video counts were 

conducted on October 5th. 
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Sockeye counts that were obtained during field collection at Chilko Lake differed significantly 

(P<0.001) from those that were counted in the office where the video was carefully reviewed (Table 

1). There was no consistent pattern with respect to the tendency for field observations to over or 

under estimate video counts from the recorded data. 

  

Sockeye Spawner Enumeration 
 

Chilko Lake: Type 3 surveys conducted on September 24, October 5, and October 14, 2004 on 

Chilko Lake generated densities of 61.4 sockeye∙100m-2, 22.2 sockeye∙100m-2, and 1.3 

sockeye∙100m-2, respectively.  These average transect densities were expanded over the entire 

spawner polygon size (2000m2) on each survey date generating count estimates of 1228, 444, and 

26 sockeye, on the respective dates.  Surface live counts conducted within the same polygon 

(2000m2) on the same dates were 571, 331, and 43 (Table 2).  Recognizing that only three data 

points are present, Figure 11 shows a strong linear relationship (R2 = 0.9496) exists between ROV 

based counts and traditional surface based live counts (Fig. 11).  It appears that the difference 

between the two methods are density dependant with  differences between the estimates 

increasing with abundance (Fig. 12). 

 

The overall spawner polygon size at Tsuniah Slides on Chilko Lake was relatively small with 

most of the spawning activity occurring within the visual range.  Hence, the opportunity to compare 

visual to sub visual counts for the potential subsequent expansion of live counts did not exist. 

 

Chilliwack Lake: Type 2 surveys conducted on Chilliwack Lake only observed spawning activity 

in the sub visual range at depths between 22.0m and 40.3m.  A total of 124 fish were observed in a 

total transect area of 903.7m2, revealing an average density of 13.7 sockeye∙100m-2.  The mapping 

of GPS coordinates indicate that the spawner polygon was roughly 345m in length and 45m in 

width, resulting in a total area of 15,456m2.  The average density per transect was expanded to the 

total polygon area, which estimated the total count to be 2245 sockeye during that survey period 

(Sept 13-15) (Table 3). 

 

 

DISCUSSION 
 

LINE TRANSECT ASSUMPTIONS AND PROTOCOL 
 

Conducting line transects using a ROV inherently violates some fundamental line transect 

sampling assumptions.  The critical assumptions for line transect sampling are: (1) individuals 

directly on the transect line will never be missed; (2) Individuals do not move while being counted; 
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(3) the same individual is never counted more than once; (4) distances and angles are measured to 

each counted individual with no measurement error and no rounding errors; and (5) sightings of 

individual animals are independent (Thompson 2003, Arvanitis and Portier 1997). 

 

First, the ability of the ROV to adequately acquire and record data is limited due to the lack of 

peripheral vision and manoeuvrability.  Second, the sockeye spawners in this study were not static 

during counting; therefore, their distance from the transect line could not be estimated accurately.  

Third, the chances of counting an animal more than once are greater than using traditional visual 

sampling techniques, such as snorkel counts where independent observers operating 

simultaneously can minimize detection errors (Thompson 2003). 

 
Due to the mobile nature of sockeye salmon on the spawning grounds it is not possible to 

record accurate distances between fish and the transect line.  Some closely related studies avoided 

estimating distances, and rather, estimated a transect width from the frame review determined from 

the camera angle, horizontal and vertical view angles and laser separation distance in the image 

(Fox et. al 2000).  In the absence of laser measurements, we modified this approach by 

incorporating the secchi disc distance with the camera angle.  We also tried to maintain our survey 

depth approximately 0.5m from the bottom.  These calculations assume that the ROV does not 

pitch and roll (Fox et. al 2000); the ROV maintains a constant depth while surveying; that the secchi 

disc depth is the limit of our visual range; and that we do not consider distortion effects of the 

camera and lenses.  Low image quality caused by poor underwater lighting, variations in 

absorption, scattering, and transparency of water are some of the difficulties associated with 

underwater photogrammetric analysis (Li et al. 1997).  However, it is understood that these 

calculations of transect width are only estimates and variability can only be reduced, but never 

eliminated. These modifications may not satisfy assumption #2 (individuals do not move while being 

counted); however, they help satisfy the assumption #1, #3 and #4.  The assumption that the 

probability of sighting a sockeye spawner is independent of the probability of detecting another 

sockeye spawner (assumption #5) in the same area will be violated due to the spawning behaviour 

of sockeye.  This is an assumption that we likely will not be able to satisfy. 

 

ENVIRONMENTAL CONDITIONS 
 

There are limitations regarding potential ROV survey sites and the time of survey.  

Environmental conditions influencing the effectiveness of ROV based surveys include water visibility 

and velocity and lake surface conditions. 

 

Surveys conducted in water conditions with waves exceeding 0.5m in height proved to be quite 

ineffective.  Waves contacting the side of the boat not only caused the pilot to stray off course, but 

increased the risk of damaging the boat and ROV equipment.  Additionally, significant wave action 
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continually applied erratic pressures to the tether causing major manoeuvrability problems within 

the first meter of depth.  Such conditions were encountered at Chilko Lake during the September 

23, 24 and October 5 survey dates.   

 

Water clarity also proved to limit the effectiveness of a survey.  In areas such as the west end of 

Seton Lake, where the visibility was less than a meter, the ability to observe anything was very 

restricted.  Operating the ROV “blindly” not only resulted in poor data collection, it increased the risk 

of damage or entanglement of the ROV.  Water visibility on deep water surveys on Chilliwack and 

Nahatlatch lakes and Tachie River was fair, however, moderate to high levels of suspended 

material would decrease ambient light penetration.  In these cases, additional illumination did not 

always correct the problem with visibility as light would merely reflect back causing a “snow storm” 

effect.  In some cases, such as in Chilliwack and Seton Lakes, water visibility continually changed 

with depth, possibly due to the stratification of different density layers. 

 

ROV based surveys conducted in areas consisting of high water velocities may be the greatest 

environmental barrier restricting the operation of the ROV.  Water velocities encountered at 

Harrison River survey sites were moderate to high in most cases, resulting in extremely difficult 

operational conditions that limited overall survey coverage.  Friction and pressure being applied to 

the ROV and the tether in such environments appeared to exceed appropriate operational 

conditions.  Potential ROV damage, entanglement or complete loss to large woody debris or 

boulders is likely due to limited manoeuvrability in strong flows. 

 

DATA ANALYSIS 
 

Conducting live counts in a lake environment differs significantly from those in a river due to the 

lack of water flow.  In a riverine environment, sockeye spend much of the time holding steady in the 

current, defending their redds and conserving energy.  In contrast, the lack of water flow associated 

in lake spawning sockeye, results in continual milling behaviour during courtship (pers. comm. T. 

Quinn, University of Washington).  This continual movement may have resulted in fish being 

recounted as they would leave the transect area and re-enter it moments later.  Such behaviour 

combined with relatively high densities resulted in difficult enumeration conditions, especially during 

the field counts (i.e. Chilko Lake).  Assessing the video afterward allowed for greater precision and 

accuracy in enumeration due to the ability to pause and rewind the tape. We attempted to limit this 

source of error during data processing by excluding sockeye that entered the field of view from 

behind the camera.  The significant differences (P<0.001) between counts from the two estimation 

methods, in concert with the operational complexity of counting in sockeye real time while 

simultaneously piloting the ROV, suggests that post processing video counts are best suited to 

abundance assessment in high density situations. Using the recorded video helped the analyst to 

reduce double counting of sockeye spawners.  As such, video counts were utilized for all Chilko 
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Lake analyses.  Technical difficulties associated with video recording during the Chilliwack survey 

did not allow for subsequent field versus video analysis and comparison. 
 

The data from the Chilko Lake surveys indicate a linear relationship exists between ROV based 

estimates and traditional surface based live counts. More data is required to determine over what 

range, and with what precision this relationship will hold. The preliminary data collected in 2004 are 

promising and point to the need to develop stratification schemes that can quantify density 

differences within spawning areas. The small sample size obtained and the very limited sockeye 

lake spawning distribution in 2004 limited our ability to explore these sampling issues.  However, 

withstanding these limitations, our preliminary data indicate that the differences between the two 

estimation methods exhibit density dependant effects. As sockeye densities increased the tendency 

was for ROV estimates to be greater than surface derived estimates. Further, it appears that the 

difference between the two estimation methods increased as abundance density increased (Fig. 

11).   

 

Calibrated studies indicate that the accuracy of surface based live counts of spawning salmon 

progressively decrease as spawner densities increase (Cousens et. al. 1982). At Chilko in 2004, the 

distribution of sockeye was close to ideal for visual counting. Sockeye were concentrated in a 

narrow band that was well within the range of surface observers. There were very few sockeye 

below visual range as confirmed by ROV surveys to >35m depth. This distribution was however, 

less than ideal for ROV surveys because sockeye were confined to a narrow band of <10m in width 

in most cases. Due to the orientation of the spawning area, being parallel to the shoreline, the ROV 

encountered spawners over very limited distances.  The low number of transects run through the 

study area resulted in very small proportion of the total spawning area being surveyed.  As such, 

there is a potential for large bias associated with the estimate of average sockeye densities due to 

non-random sockeye distribution on the spawning grounds.  This issue can be addressed by two 

alterations to the survey strategy: first, by increasing transect frequency to sample a larger fraction 

of the total spawning area we can generate a more representative assessment of average 

densities; second, through the stratification of the spawning grounds into zones of relative density, 

we can apply appropriate spatial weighting to these zones as determined by mapping the area with 

the ROV. 

 

It appears that the greatest analytic limitation for application of the technology for lake 

enumeration purposes relates to the multiple counting of the same target as fish move into and out 

of the visual field. As noted earlier the lake environment is particularly challenging because unlike a 

river, where sockeye are holding position in the current, they tend to mill about in the lake. Because 

of this we expect that as density increases the potential for multiple counts will also increase. Post 

processing of the video images for individual transect data will be crucial to accuracy and precision 

of abundance estimation. 
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Because the estimates generated by any visual technique are relative the survey data collected 

by the ROV could be used to estimate fish within and outside of surface based visual range. By 

sampling simultaneously with both conventional visual surveys and the ROV the two techniques 

can be inter-calibrated so that both visual and sub-visual population components could be 

estimated. Once estimates are available for the deepwater spawners then the total population could 

be expressed in terms of abundance as estimated by surface based surveys only. While this was an 

objective of the intensive spawner assessment at Chilko Lake the number of spawners encountered 

in the sub-visual zone during the study was too low for comparison and subsequent expansion in 

2004.   

 

The capacity to generate consistent density estimates with the ROV will significantly improve 

our ability to enumerate lake spawning sockeye populations because the ROV provides the 

capacity to observe and count fish that were previously unavailable to surface based observers. 

Calibration of ROV based counts with traditional surface based live counts or effort based 

expansion factors will permit us to extend estimation to include previously un-assessed population 

components. These techniques will reduce estimation bias for several populations, with the added 

benefit of documenting their distribution and critical habitat features. 

 

The capacity to accurately quantify ROV based survey counts in Chilliwack Lake was limited 

due to the inability to monitor the precise location of the ROV, which resulted in a rough estimation 

of the transect end point.  Consequently, an overlap of transects occurred between shoreline based 

transects and deep water, anchor based transects, which may have over estimated the survey 

count and polygon size.  As well, no fish were observed during one of the transects located within 

the established spawner polygon, indicating that the polygon may be separated into “patches” or 

areas of varying densities.  Because of this, the transect densities were averaged (weighted) and 

applied over the entire spawner polygon in an attempt to lessen the potential of over estimating 

counts.  Simple acquisition of an additional tether would alleviate the necessity of conducting 

transect extensions from deep water, which would increase data collection precision and accuracy.  

 

Given the extremely low numbers (50 sockeye through the Sweltzer Creek fence) of sockeye 

returning to Cultus Lake in 2004, the opportunity to address the objectives of observing spawning 

sockeye and associated spawning habitat and any carcasses or clues related to pre-spawn 

mortality was limited.  Since most Cultus sockeye enter the system in August and September and 

hold in the lake until late November and early December before spawning, it is difficult to assess 

survival rates and spawning success.  Fortunately, sockeye spawners were observed during all 

three survey periods.  Their location was predictable, once located, and correlated well with historic 

information provided by carcass survey crews. At the very least, ROV observations indicated that a 

fraction of the Cultus Lake sockeye counted through the Sweltzer Creek fence survived to their 
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normal spawning timing.  We saw no evidence of pre-spawn mortality.  This last observation needs 

to be qualified however, because the likelihood of observing any carcasses in Cultus Lake without 

investing an enormous amount of effort is extremely low given the very low abundance of sockeye 

spawners combined with their protracted freshwater life and the size of the lake. 

 

ENROUTE LOSS / POTENTIAL PRE SPAWN MORTALITY 
 

The first ROV surveys undertaken during this study, consisting of synoptic carcass surveys, 

were conducted in early September at Shuswap and North Barriere Lakes.  These surveys were 

conducted with the intention of recording any relevant observations regarding potential en-route 

mortality within the Early Summer component of the South Thompson sockeye aggregate. We were 

able to establish that there were no major carcass accumulations at any of the holding areas 

immediately adjacent to the spawning streams. In previous years these locations have been of 

significant concern – being considered locations of significant en-route losses for other stocks (e.g. 

Adams River mouth, 1999). The ROV now provides us with a tool to directly assess these areas for 

distressed or dead sockeye that remain submerged and are never available to surface based 

observers.  This is a significant addition to the suite of assessment tools available to Fraser sockeye 

investigators. 

 

Surveys at Tachie and Chilko Rivers revealed carcass accumulations that appeared to be 

typical of the respective run sizes.  At both locations we were able to conclusively identify significant 

carcass accumulations in deepwater collection areas that could not be seen by surface based 

observers. It is also of note that the numbers of carcasses seen on shore adjacent to these sites 

were very low. Capacity for these surveys extends our ability to document locations where mortality 

may be occurring but for which there has been little indication of losses based on surface 

observations. Our 2004 observations were obtained from reaches that were below the spawning 

areas (0.5km to 4.0km) but within range for the collection of carcasses drifting down from the 

spawning grounds. The large back-eddy pools surveyed are a typical riverine feature and can be 

easily located by experienced survey crews in most Fraser sockeye systems. The ROV provides us 

with a tool and procedure that can assist in confirming carcass presence in both near terminal and 

migratory habitat. This capacity has been lacking to date and as such has led to considerable 

conjecture as to the likelihood of mass sockeye mortality without detectable numbers of drifting 

carcasses. Conversely, with this gear we also have the capability to rule out locations where 

mortality has not occurred (e.g. Shuswap and N. Barriere lakes above).  

 

It is also worth noting that at both of the above locations the ROV surveys were able to 

determine the relative carcass condition and spawning success by observing colour, scale and skin 

condition, fungal development, abrasion or wear to the caudal fin, general body shape, and overall 

physiological development.  Together, these external features provide a good perspective on 
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spawning status. They indicated no evidence of pre-spawn mortality in the fish observed in 2004, 

although irrefutable evidence requires internal inspection of the abdominal cavity, which was not 

done.  

 

In 2004, the disparity between the Pacific Salmon Commission’s (PSC) hydroacoustic station 

data and DFO’s terminal enumeration figures indicated significant en-route losses occurred within 

the Fraser watershed.  This is not an irregular occurrence. In recent years, mortality associated with 

Late run entry timing has exhibited several patterns with variability in the location of the losses 

associated with both stocks and specific years. Late run Adams sockeye have exhibited significant 

and observable losses in the South Thompson approach route (1998, unpublished data on file 

DFO, Kamloops, B.C.), as well as concentrated mortality immediately adjacent to Adams River 

mouth (1999, unpublished data on file DFO, Kamloops, B.C.)  Tagging studies in the Harrison River 

in 2001 indicated a very high mortality rate for sockeye that had arrived at the mouth of Weaver 

Creek.  In this case there were no carcasses present to indicate a major mortality event had 

occurred in the near terminal holding area. In these and numerous other instances the difference 

between the in-season assessment of stock abundance and spawning ground escapement 

estimates were large and problematic. While mortality could be accounted for by carcass presence 

in certain years (e.g. Adams River 1999), in general, the abundance of carcasses observed was not 

indicative of mass die-off. This has drawn into question the veracity of suggestions of mortality, and 

has also raised questions about estimate validity for both in-season and spawning grounds 

estimates. 

 

Development of structured survey protocol using the ROV provides an additional suite of tools 

that can assist in clarifying where sockeye mortality may be occurring in the Fraser system. Its use 

is ultimately going to be restricted by water clarity, where visibility is <1m utility is minimal. While 

this accounts for much of the Fraser mainstem, some opportunities exist at creek mouths where the 

influx of clear water combined with lower water velocities, such as an eddy, would make it possible 

for an ROV survey to be conducted.  These are areas where distressed sockeye have been 

observed in some years, and where some mortality has undoubtedly occurred.  We believe that 

development of a towed body for deployment of the ROV in currents could assist in higher velocity 

environments including the Fraser mainstem. Further development of this concept is recommended 

because the Fraser mainstem is one of the critical areas where en-route mortality has been 

extremely difficult verify. 

 

There are numerous applications in clear water systems outside of the mainstem Fraser River. 

In addition to the areas surveyed during this study, most of the large tributaries, including the 

Thompson, South Thompson, Quesnel, Nechako and Stuart rivers could be effectively surveyed 

with the ROV. Additionally, as we have demonstrated, effective surveys can be conducted in most 

sockeye lakes in the system. All of these areas have been identified in recent history as potential 
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mortality sites where sockeye die-off has occurred. We now have tools that will permit us to 

investigate these assertions as they arise in the future.  

 

FUTURE DATA COLLECTION 
 

In order to reduce data collection biases, a standardized method of operating the ROV has 

been developed and implemented.  Travelling in a slow, continuous, and straight manner appears 

to minimize over counting and establishes data collection consistency within all transects.  In 

addition, it also minimizes the ROV’s impact on fish behaviour.  Similar protocols have been 

implemented with snorkel counts where fish were approached more successfully by moving slowly 

and carefully (Thompson 2003).  We found that sockeye exhibited little or no avoidance of the ROV 

when speed was slow and course was held steady, in some instances the ROV was forced to bump 

sockeye out of the way to proceed on a transect. 

 

Our objectives in 2004 were to test the feasibility of developing surveys that would ultimately 

lead to improved spawning grounds assessment, in addition to mortality monitoring. Generation of 

estimates for future studies will require refinement of approaches initiated here and must include 

inter-calibration of ROV counts with traditional surface live counts. Collectively both methods can be 

incorporated into an integrated approach for enumeration and analysis of lake spawning 

populations.  Since it is thought that most sockeye lake populations have a slightly longer or 

protracted spawner life (pers. comm. T. Quinn) and that carcasses are not available to recovery 

crews to the same extent as river populations, the Area-Under-the-Curve (AUC) method for 

assessing these populations could be used.  Counts generated from the combination of traditional 

surface based counts and expanded ROV based counts could be used as the total number of fish 

observed on that survey.  Additional studies must also be conducted focusing on estimating lake 

residence time or lake life.  Manske and Schwarz (1999) were able to utilize capture-recapture 

experiments to estimate stream residence time and apply them to the AUC method.  The ability of 

the ROV to accurately augment traditional counts that can be applied to the AUC method may 

present itself as a viable option for the future enumeration of sockeye lake spawning populations. 

 

It would be beneficial if future ROV enumeration work incorporated the use of computerized 

technology and data loggers to increase the efficiency of data collection and entry.  During the type 

3 intensive studies it was necessary to have a three person crew, with the third individual being 

solely responsible for data recording.  However, despite having a third crew member involved it was 

often difficult to adequately record data due to the speed of sockeye spawners moving in and out of 

the visual area.  Given the amount of data that needs to be recorded during a type 3 transect, there 

is a definite advantage to eliminating some of the manual recording.  Having depth recorded or 

logged automatically onto a personal laptop computer may help reduce some of the manual 

recording.  Exploring the presence of groundwater upwelling would also be benefical towards 
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further understanding of habitat requirements.  Studies have indicated that salmonids often spawn 

in habitats where discharging groundwater is present and suggest that their spawning success may 

be dependent on these habitats (Baxter and McPhail, 1999).  Unfortunately, groundwater detection 

would be difficult to assess with the ROV.  Regardless, it would be advantageous to be able to 

record conductivity, dissolved oxygen and temperature in real time by attaching a water quality 

sonde onto the ROV and transferring the data to a laptop computer (pers. comm. D. Patterson, 

DFO).  During the present study, we were able to obtain surface water temperature with the 

sounder and a temperature profile (synchronized to time) for the individual transects by attaching a 

temperature logger onto the ROV.  This monitoring may assist in determining deep water sockeye 

spawning areas for future enumeration efforts and is directly applicable to ongoing Fraser River 

sockeye monitoring presently carried out by DFO. 

 

Related studies have employed a GPS tracking system to monitor the position of the ROV 

during surveys (Fox et. al. 2000; Miller 2002; pers. comm. J. Wheeler, DFO).  This technology 

involves a hydrophone/transceiver and a responder or transponder.  The hydrophone is mounted 

over the side of the vessel (or dock or etc.) and sends and receives acoustic signals to the 

transponder that is attached to the ROV.  The transceiver is connected through a cable to a laptop 

computer that runs the navigation software, which controls the communication with the transponder 

in the water.  The transceiver receives the signal, which is transmitted to the laptop that calculates, 

records, and continually displays the position of the ROV (pers. comm. D. Stewart, DASCO).  The 

ability to continually monitor the position of the ROV underwater would increase precision and 

accuracy with data collection regarding the position of the transect line and transect end point.  The 

increased accuracy with ROV positioning would also assist in providing a more accurate spawning 

boundary (or polygon).  Unfortunately, this tracking technology is very expensive and its use may be 

beyond what is actually required for sockeye spawner enumeration purposes.  Nevertheless, this 

technology should be considered if more precision and accuracy of ROV positioning is required. 
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Table 1.  Sockeye Counts at Tsuniah Slides on Chilko Lake during September 23, September 24 and October 
14, 2004.  Comparison between field counts and video counts. 
 

Transect No. Sockeye Live (field) Sockeye Live (video)
1a 8 0
2 3 3
3 17 24
4 17 29
5 15 35
6 18 24
7 11 12
8 13 13
9 21 19

10 26 39
11 15 11
12 38 41
13 14 16
14 23 31
15 18 16
16 14 15
17 17 17
18 22 15
19 16 17

QU 1b 10 17
QU 2b 35 41
QU 3b 15 21
QU 4b 31 45
QU 5b 24 28
QU 1c 0 0
QU 2c 1 2
QU 3c 1 0
QU 4c 3 3
QU 5c 0 0

Wilcoxon test result (T+): 43.5
Wilcoxon critical value:T 0.05(2), 28 116

T+ < T0.05(2), 28

P < 0.001
a Transect was not included in the comparison due to incomplete video footage
b Transects conducted on September 24, 2004
c Transects conducted on October 14, 2004  
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Table 2.  Estimated ROV counts of sockeye spawners at Chilko Lake (Tsuniah Slides) using densities 
calculated from average fish per transect and average transect area. 
 

Intensive Spawner Assessment Survey -- Chilko

Date Location
Average fish 
per transect

Average transect 
area within 

Spawner Polygon 
(m2)

Density 
(fish/100m2)

ROV 
Estimate Live Count

ROV 
Estimate / 
Live Count

24-Sep Chilko 30.4 49.5 61.4 1228 571 2.1
5-Oct Chilko 11.0 49.5 22.2 444 331 1.3

14-Oct Chilko 1.0 77.8 1.3 26 43 0.6

 
 
 
 
 
 
 
 
 
 

Table 3.  Estimated ROV counts of sockeye spawners at Chilliwack Lake using densities calculated from 
average fish per transect and average transect area. 
 

Synoptic Spawner Distribution Survey -- Chilliwack

Date Location
Average fish 
per transect

Average transect 
area within 

Spawner Polygon 
(m2)

Density 
(fish/100m2)

ROV 
Estimate Live Count

13-Sep Chilliwack 10.8 48.1 22.5 1321 N/Aa

14-Sep Chilliwack 12.5 134.7 9.3 762 N/Aa

15-Sep Chilliwack 3.0 25.4 11.8 163 N/Aa

Average density: 13.7

Total 2245 N/Aa

a Live count was not possible due to depth
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Figure 1.  Fraser River Watershed study area location map 
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Figure 2.  Shuswap Lake (Scotch Creek mouth) synoptic carcass survey sites 
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Figure 3.  North Barriere Lake (Barriere River mouth) synoptic carcass survey sites 
 
 

 
Figure 4.  Harrison River and Morris Slough synoptic carcass survey sites 
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Figure 5.  Seton Lake synoptic carcass and spawner distribution survey sites 

  

 
Figure 6.  Tachie River synoptic carcass survey sites 
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Figure 7.  Chilko River and Chilko Lake synoptic carcass, synoptic spawner distribution and 
quantitative spawner assessment survey sites. 
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Figure 8.  Nahatlatch Lake synoptic spawner distribution survey sites 
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Figure 9.  Chilliwack Lake synoptic spawner distribution survey sites   
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Figure 10.  Cultus Lake synoptic spawner distribution survey sites 
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Figure 11.  Sockeye spawner live counts as a function of sockeye spawner ROV counts during 
intensive spawner assessment surveys at Chilko Lake 
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Figure 12.  Linear regression of ROV counts and traditional surface live counts of sockeye 
spawners during intensive spawner assessment surveys at Chilko Lake 
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Appendix 1.  Synoptic Carcass Survey Form 

ROV Study 2004
Synoptic Carcass Survey Form Page ____ of _____

Location:  Precipitation Type: Rain/Snow/None Brightness: Full/Bright/Med/Dark

Date: Precipitation Intensity: None/ Light/ Heavy Visibility:

% Cloudy: Secchi Depth:

Comments (i.e fish condition/behaviour)

Sockeye Counts

Time 
(00:00) Depth (m) Time 

(00:00) Depth (m) Live Dead Redds
Heading

Start End Length of 
transect 

(m)

Transect 
#

Way 
Point

Video File 
Name

Start 
Point 
GPS 

(UTM)
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Appendix 2.  Synoptic Spawner Distribution Survey Form 

ROV Study 2004
Synoptic Spawner Distribution Survey Form Page ____ of _____

Location:  Precipitation Type: Rain/Snow/None Brightness: Full/Bright/Med/Dark

Date: Precipitation Intensity: None/ Light/ Heavy Visibility:

% Cloudy: Secchi Depth:

Distance 
(m)

Depth 
(m)

Distance 
(m)

Depth 
(m)

Comments (i.e fish condition/behaviour)

Redds
Heading

Transect Spawner Presence Sockeye Counts
Start 
Time 

(00:00)

End Time 
(00:00)

Start End Live Dead

Transect 
#

Way 
Point

Video 
File 

Name

Start 
Point 
GPS 

(UTM)
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Appendix 3.  Intensive Spawner Assessment Survey Form 

ROV Study 2004
Intensive Spawner Asssessment Survey Transect: ___________of____________

Location: Start Time: Waypoint:
Site: End Time: Heading:
Date: Start Point GPS: Subvisual Depth:

Length of transect:

Environmental Data
Precipitation Type: Rain/Snow/None Brightness: Full/Bright/Med/Dark

Precipitation Intensity: None/ Light/ Heavy Visibility:
% Cloudy: Secchi Depth:

Visual/   
Subvisual

Sockeye Counts

Live Dead Redds
Comments

Video File Name:
Surface Live Count:

Reach       
(ie. 0-5m) Depth Range
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Appendix 4.  Summary of Synoptic Carcass Surveys 

Date Location Transect No. Start UTM End Depth (m)
Transect 

Length (m) Dead Live
07/09/2004 Scotch 1.1 11.0323668.5643137 7.1 70 0 0
07/09/2004 Scotch 1.2 11.0323668.5643137 6.4 70 0 0
07/09/2004 Scotch 1.3 11.0323668.5643137 7.6 70 0 0
07/09/2004 Scotch 2.1 11.0323623.5643151 7.8 70 0 1
07/09/2004 Scotch 2.2 11.0323623.5643151 6.2 70 0 9
07/09/2004 Scotch 2.3 11.0323623.5643151 6.0 70 0 0
08/09/2004 Fennel 1.1 11.0304798.5691799 18.5 50 0 0
08/09/2004 Fennel 1.2 11.0304798.5691799 21.3 70 0 0
08/09/2004 Fennel 1.3 11.0304798.5691799 17.0 70 1 0
08/09/2004 Fennel 1.4 11.0304798.5691799 0.7 45 0 6
08/09/2004 Fennel 2.1 11.0304827.5691817 15.7 70 0 20
08/09/2004 Fennel 2.2 11.0304827.5691817 19.9 70 0 0
08/09/2004 Fennel 2.3 11.0304827.5691817 13.1 70 0 0
10/09/2004 Seton 3.1 10.0571407.5613310 21.6 70 0 0
10/09/2004 Seton 3.2 10.0571407.5613310 19.8 70 0 0
10/09/2004 Seton 3.3 10.0571407.5613310 14.3 70 0 0
10/09/2004 Seton 4.1 10.0571291.5613107 27.8 70 0 0
10/09/2004 Seton 4.2 10.0571291.5613107 26.8 70 0 0
10/09/2004 Seton 4.3 10.0571291.5613107 24.9 70 0 0
16/09/2004 Harrison 1 10.0582465.5460896 29.8 70 0 0
16/09/2004 Harrison 2 10.0582465.5460896 30.0 70 0 0
16/09/2004 Harrison 3 10.0582429.5460894 27.0 70 0 0

Sockeye observed by ROV

 
 
 
 



 43

Appendix 4.  Summary of Synoptic Carcass Surveys (continued) 

Date Location Transect No. Start UTM End Depth (m)
Transect 

Length (m) Dead Live
16/09/2004 Harrison 4 10.0582382.5460865 65.0 70 0 0
16/09/2004 Harrison 5 10.0581191.5461090 5.0 65 0 0
16/09/2004 Harrison 6 10.0581230.5461028 1.0 70 0 0
16/09/2004 Harrison 7a 10.0581494.5460751 N/A N/A 0 0
16/09/2004 Harrison 8a 10.0581535.5460584 N/A N/A 0 0
30/09/2004 Harrison 1 10.0582333.5460901 22.0 40 0 0
30/09/2004 Harrison 2 10.0579486.5459633 6.2 40 0 0
30/09/2004 Harrison 1.1b 10.0581737.5462960 6.1 70 0 N/Ad

30/09/2004 Harrison 1.2 10.0581737.5462960 7.4 70 0 N/Ad

30/09/2004 Harrison 1.3b 10.0581737.5462960 6.0 70 0 N/Ad

05/10/2004 Chilko 1a 10.0422939.5721640 5.5 50 N/A N/A
05/10/2004 Chilko 2a 10.0423163.5722174 N/A N/A N/A N/A
14/10/2004 Chilko 1.1 10.0422930.5721641 6.2 70 25 0
14/10/2004 Chilko 1.2 10.0422930.5721641 3.6 70 53 0
14/10/2004 Chilko 2.1 10.0423004.5721838 6.2 70 9 0
14/10/2004 Chilko 2.2 10.0423004.5721838 4.9 70 8 0
14/10/2004 Chilko 3.1 10.0421410.5720536 3.2 50 101 N/Ac

14/10/2004 Chilko 3.2 10.0421410.5720536 5.5 70 25 0
07/10/2004 Tachie 1 10.0379256.6072896 9.2 70 13 1
07/10/2004 Tachie 2 10.0378619.6071971 9.0 70 2 0
07/10/2004 Tachie 3.1 10.0378579.6071912 5.1 25 0 0
07/10/2004 Tachie 3.2 10.0378579.6071912 5.3 70 1 0
07/10/2004 Tachie 4 10.0378992.6071235 8.3 70 62 0

Sockeye observed by ROV
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Appendix 4.  Summary of Synoptic Carcass Surveys (continued) 

Date Location Transect No. Start UTM End Depth (m)
Transect 

Length (m) Dead Live
07/10/2004 Tachie 5 10.0381248.6067151 4.6 70 16 0
07/10/2004 Tachie 6 10.0384254.6063975 12.3 70 191 0
07/10/2004 Tachie 7 10.0384099.6064402 5.1 70 0 0
08/10/2004 Tachie 8 10.0378608.6071904 12.6 55 279 0
08/10/2004 Tachie 9 10.0378546.6071334 2.6 70 107 0
08/10/2004 Tachie 10 10.0379334.6070864 4.6 70 117 1
26/10/2004 Seton 1.1 10.0551659.5617495 18.0 55 0 2
26/10/2004 Seton 1.2 10.0551659.5617495 16.0 35 0 0
26/10/2004 Seton 2.1 10.0551551.5617526 10.0 40 0 0
26/10/2004 Seton 2.2 10.0551551.5617526 9.0 35 0 0

N/A: Not available
a Transect aborted
b Transect direction was deviated due to obstacles
c Unsure of species identification
d Many holding sockeye; not spawners

Sockeye observed by ROV
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Appendix 5.  Summary of Synoptic Spawner Distribution Surveys 

Date Location
Transect 

No. Start UTM

Spawner 
Start 

Distance 
(m)

Spawner 
Start 

Depth (m)

Spawner 
End 

Distance 
(m)

Spawner 
End Depth 

(m)

End 
Depth 

(m)

Transect 
Length 

(m)
Sockeye 

Live (ROV)
09/09/2004 Nahatlatch 1.1 10.0589317.5538265 N/A N/A N/A N/A 16.8 70 0
09/09/2004 Nahatlatch 1.2 10.0589317.5538265 N/A N/A N/A N/A 8.8 70 0
09/09/2004 Nahatlatch 1.3 10.0589317.5538265 N/A N/A N/A N/A 11.0 70 0
09/09/2004 Nahatlatch 2.1 10.0589322.5538211 N/A N/A N/A N/A 17.1 70 0
09/09/2004 Nahatlatch 2.2 10.0589322.5538211 N/A N/A N/A N/A 15.7 70 0
09/09/2004 Nahatlatch 2.3 10.0589322.5538211 N/A N/A N/A N/A 16.6 70 0
09/09/2004 Nahatlatch 3.1 10.0589299.5538168 40 8.5 50 9.0 N/A 70 2
09/09/2004 Nahatlatch 3.2 10.0589299.5538168 45 8.5 55 9.5 11.4 70 3
09/09/2004 Nahatlatch 4.1 10.0589257.5538135 45 9.0 45 9.0 10.1 70 1
09/09/2004 Nahatlatch 4.2 10.0589257.5538135 40 12.6 55 14.8 15.7 70 3
09/09/2004 Nahatlatch 5.1 10.0589241.5538077 N/A N/A N/A 14.3 14.3 70 1
09/09/2004 Nahatlatch 6.1 10.0589260.5538013 N/A N/A N/A N/A 3.4 70 0
09/09/2004 Nahatlatch 6.2 10.0589260.5538013 N/A N/A N/A N/A 13.0 70 0
21/09/2004 Nahatlatch 1 10.0589498.5538601 N/A N/A N/A N/A 20.0 50 0
21/09/2004 Nahatlatch 2 10.0589373.5538051 N/A N/A N/A N/A 15.0 40 0
21/09/2004 Nahatlatch 3 10.0589267.5538132 N/A N/A N/A N/A 9.8 70 0
21/09/2004 Nahatlatch 4 10.0589294.5538021 N/A N/A N/A N/A 14.8 65 0
21/09/2004 Nahatlatch 5 10.0589276.5537785 70 5.0 70 5.0 5.0 70 1
21/09/2004 Nahatlatch 6 10.0589276.5537845 N/A N/A N/A N/A 5.5 70 0
13/09/2004 Chilliwack 1 10.0615678.5432231 55 22.8 70 29.3 29.3 70 15
13/09/2004 Chilliwack 2 10.0615642.5432256 60 22.0 70 26.6 26.6 70 10
13/09/2004 Chilliwack 3 10.0615612.5432308 70 28.1 70 29.3 29.3 70 3
13/09/2004 Chilliwack 4 10.0615704.5432184 70 28.8 74 31.1 31.1 74 4
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Appendix 5.  Summary of Synoptic Spawner Distribution Surveys (continued) 

Date Location
Transect 

No. Start UTM

Spawner 
Start 

Distance 
(m)

Spawner 
Start 

Depth (m)

Spawner 
End 

Distance 
(m)

Spawner 
End Depth 

(m)

End 
Depth 

(m)

Transect 
Length 

(m)
Sockeye 

Live (ROV)
13/09/2004 Chilliwack 5 10.0615707.5432130 25 20.0 72 30.6 30.6 72 13
13/09/2004 Chilliwack 6 10.0615702.5432075 N/A N/A N/A 28.1 28.1 70 0
13/09/2004 Chilliwack 7(a)b 10.0615714.5432231 45 25.0 70 32.0 32.0 70 20
14/09/2004 Chilliwack 7(b)b 10.0615740.5432227 60 31.3 70 37.5 40.0 70 13
14/09/2004 Chilliwack 8 10.0615755.5432178 35 32.5 65 37.3 37.3 70 2
14/09/2004 Chilliwack 9b 10.0615728.5432142 40 22.9 70 36.5 37.5 70 8
14/09/2004 Chilliwack 10b 10.0615652.5432289 45 22.0 70 34.7 36.5 70 27
14/09/2004 Chilliwack 11 10.0615685.5437109 N/A N/A N/A N/A 25.0 70 0
14/09/2004 Chilliwack 12 10.0615524.5437316 N/A N/A N/A N/A 31.0 70 0
14/09/2004 Chilliwack 13 10.0615420.5437440 N/A N/A N/A N/A 30.8 70 0
14/09/2004 Chilliwack 14 10.0615767.5437008 N/A N/A N/A N/A 28.0 70 0
14/09/2004 Chilliwack 15c 10.0615646.5437063 N/A N/A N/A N/A 28.7 70 0
14/09/2004 Chilliwack 16c 10.0615646.5437063 N/A N/A N/A N/A 28.0 70 0
14/09/2004 Chilliwack 17a 10.0615518.5437259 N/A N/A N/A N/A 29.3 70 0
14/09/2004 Chilliwack 18 10.0615518.5437259 N/A N/A N/A N/A 21.0 50 0
15/09/2004 Chilliwack 18(a) 10.0613440.5437303 N/A N/A N/A N/A 30.8 70 0
15/09/2004 Chilliwack 19 10.0614169.5436677 N/A N/A N/A N/A 30.0 65 0
15/09/2004 Chilliwack 20a 10.0614673.5436046 N/A N/A N/A N/A 15.0 40 0
15/09/2004 Chilliwack 21 10.0615261.5433969 N/A N/A N/A N/A 28.0 65 0
15/09/2004 Chilliwack 22b 10.0615770.5432111 50 33.2 60 40.3 45.7 70 6
15/09/2004 Chilliwack 23b 10.0615771.5432165 60 36.5 60 36.5 48.3 70 2
15/09/2004 Chilliwack 24b 10.0615715.5432015 45 25.4 45 25.4 35.8 70 1
15/09/2004 Chilliwack 25b 10.0615698.5431919 N/A N/A N/A N/A 43.8 70 0
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Appendix 5.  Summary of Synoptic Spawner Distribution Surveys (continued) 

Date Location
Transect 

No. Start UTM

Spawner 
Start 

Distance 
(m)

Spawner 
Start 

Depth (m)

Spawner 
End 

Distance 
(m)

Spawner 
End Depth 

(m)

End 
Depth 

(m)

Transect 
Length 

(m)
Sockeye 

Live (ROV)
15/09/2004 Chilliwack 26 10.0616236.5430504 N/A N/A N/A N/A N/A 70 0
15/09/2004 Chilliwack 27 10.0616158.5430482 N/A N/A N/A N/A 20.9 70 0
15/09/2004 Chilliwack 28 10.0616015.5430593 N/A N/A N/A N/A 23.8 70 0
15/09/2004 Chilliwack KP1 10.0613629.5438717 N/A N/A N/A N/A 44.0 70 0
15/09/2004 Chilliwack KP2 10.0613689.5438727 N/A N/A N/A N/A 24.0 70 0
15/09/2004 Chilliwack KP3 10.0615169.5437726 N/A N/A N/A N/A 29.1 70 0
15/09/2004 Chilliwack KP4 10.0615387.5437499 N/A N/A N/A N/A 26.4 70 0
15/09/2004 Chilliwack KP5 10.0615888.5436729 N/A N/A N/A N/A 26.7 70 0
15/09/2004 Chilliwack KP6 10.0616023.5436405 N/A N/A N/A N/A 24.1 70 0
15/09/2004 Chilliwack KP7 10.0616298.5430509 N/A N/A N/A N/A 24.0 70 0
15/09/2004 Chilliwack KP8 10.0616741.5431993 N/A N/A N/A N/A 24.5 70 0
15/09/2004 Chilliwack KP9 10.0616541.5433847 N/A N/A N/A N/A 30.0 70 0
23/09/2004 Chilko 1 10.0417511.5709242 Immed. 0.0 10 7.5 27.0 70 8
23/09/2004 Chilko 2 10.0417476.5709380 Immed. 0.0 N/A 2.8 31.5 60 3
23/09/2004 Chilko 3 10.0417501.5709311 Immed. 0.0 20 13.8 32.5 55 17
23/09/2004 Chilko 4 10.0417460.5709452 Immed. 0.0 8 4.8 35.0 60 17
23/09/2004 Chilko 5 10.0417451.5709526 Immed. 0.0 15 6.0 27.1 50 15
23/09/2004 Chilko 6 10.0417439.5709594 Immed. 0.0 10 4.1 28.2 50 18
23/09/2004 Chilko 7 10.0417431.5709675 Immed. 0.0 8 3.2 22.8 50 11
23/09/2004 Chilko 8 10.0417430.5709756 Immed. 0.0 N/A 5.0 25.4 50 13
23/09/2004 Chilko 9 10.0417420.5709830 Immed. 0.0 10 1.7 28.2 60 21
23/09/2004 Chilko 10 10.0417433.5709990 Immed. 0.0 35 18.7 32.8 60 26
23/09/2004 Chilko 11 10.0417425.5710093 Immed. 1.0 30 17.8 33.1 60 15
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Appendix 5.  Summary of Synoptic Spawner Distribution Surveys (continued) 

Date Location
Transect 

No. Start UTM

Spawner 
Start 

Distance 
(m)

Spawner 
Start 

Depth (m)

Spawner 
End 

Distance 
(m)

Spawner 
End Depth 

(m)

End 
Depth 

(m)

Transect 
Length 

(m)
Sockeye 

Live (ROV)
23/09/2004 Chilko 12 10.0417405.5710197 Immed. 0.0 19 7.2 32.1 60 38
23/09/2004 Chilko 13 10.0417399.5710330 Immed. 0.0 35 17.6 28.2 50 14
24/09/2004 Chilko 14 10.0417388.5710441 Immed. 0.0 30 15.2 30.3 55 23
24/09/2004 Chilko 15 10.0417356.5710539 Immed. 0.0 10 4.6 28.3 50 18
24/09/2004 Chilko 16 10.0417361.5710598 Immed. 0.0 10 4.7 28.5 50 14
24/09/2004 Chilko 17 10.0417323.5710830 Immed. 0.0 50 25.2 34.8 70 17
24/09/2004 Chilko 18 10.0417294.5710890 Immed. 0.0 15 3.8 27.5 60 22
24/09/2004 Chilko 19 10.0417287.5710963 Immed. 0.0 12 4.9 32.5 60 16
10/09/2004 Seton 1 10.0561482.5616553 N/A N/A N/A N/A 36.6 70 0
10/09/2004 Seton 2 10.0561505.5616494 N/A N/A N/A N/A 34.2 70 0
24/11/2004 Cultus 1.1 10.0574780.5433365 70 N/A 70 N/A N/A 70 3
25/11/2004 Cultus 1.2 10.0574780.5433365 70 N/A 70 N/A N/A 70 0
26/11/2004 Cultus 2 10.0574829.5433300 70 N/A 70 N/A N/A 70 0
27/11/2004 Cultus 3.1 10.0574278.5432731 70 N/A 70 N/A N/A 70 0
28/11/2004 Cultus 3.2 10.0574278.5432731 70 N/A 70 N/A N/A 70 0
29/11/2004 Cultus 3.3 10.0574278.5432731 70 N/A 70 N/A N/A 70 0
08/12/2004 Cultus 1.1 10.0574726.5433409 N/A N/A N/A N/A 12 70 0
08/12/2004 Cultus 1.2 10.0574726.5433409 N/A N/A N/A N/A 12 70 0
08/12/2004 Cultus 2.1 10.0574692.5433334 40 6 50 6.6 N/A 70 2
08/12/2004 Cultus 2.2 10.0574692.5433334 N/A N/A N/A N/A 10.5 70 0
08/12/2004 Cultus 3.1 10.0574662.5433316 N/A N/A N/A N/A 12.7 70 0
08/12/2004 Cultus 3.2 10.0574662.5433316 N/A N/A N/A N/A 10.4 70 0
09/12/2004 Cultus 1.1 10.0574692.5433334 N/A N/A N/A N/A 11.0 70 0
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Appendix 5.  Summary of Synoptic Spawner Distribution Surveys (continued) 

Date Location
Transect 

No. Start UTM

Spawner 
Start 

Distance 
(m)

Spawner 
Start 

Depth (m)

Spawner 
End 

Distance 
(m)

Spawner 
End Depth 

(m)

End 
Depth 

(m)

Transect 
Length 

(m)
Sockeye 

Live (ROV)
09/12/2004 Cultus 1.2 10.0574692.5433334 55 6.8 70 9 10.0 70 4

N/A: Not available
Immed: Transect commenced immediately from the shoreline
a Transect aborted
b Transect extension (from previous transect)
c Transect conducted parallel to the shoreline
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Appendix 6.  Summary of Intensive Spawner Assessment Surveys 

Date
Transect 

No. Start UTM
Subvisual 
Depth (m) Live Dead

24/09/2004 QU1 10.0417287.5710964 3.5 10 3

24/09/2004 QU2 10.0417287.5710930 3.5 35 2

24/09/2004 QU3 10.0417297.5710889 3.5 15 0

24/09/2004 QU4 10.0417306.5710854 3.5 31 3

24/09/2004 QU5 10.0417325.5710820 3.5 24a 0

Total: 91 8

05/10/2004 QU1 10.0417287.5710964 3.5 4 11

05/10/2004 QU2 10.0417287.5710930 3.5 15 5

05/10/2004 QU3 10.0417297.5710889 3.5 15 4

05/10/2004 QU4 10.0417306.5710854 3.5 16 3

05/10/2004 QU5 10.0417325.5710820 3.5 8 7

Total: 58 30

14/10/2004 QU1 10.0417287.5710964 5.5 0 13

14/10/2004 QU2 10.0417287.5710930 5.5 1 8

14/10/2004 QU3 10.0417297.5710889 5.5 1 6

14/10/2004 QU4 10.0417306.5710854 5.5 3 10

14/10/2004 QU5 10.0417325.5710828 5.5 0 12

Total: 5 49

a 6 female sockeye (spawned-out) at a depth of 25.5m/just beyond the end of the transect

Sockeye observed by ROV
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