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Location of the POST acoustic tracking array in 2006. Array locations are overlaid in yellow.  
Bathymetric and topographic data courtesy of the Government of Canada and NOAA 



 

1 Introduction 
In the last decade, a large proportion of the Fraser River late-run sockeye stocks 

(Oncorhynchus nerka) have entered the river more than a month ahead of schedule.  

Historically, late-run stocks of Fraser sockeye run co-migrated back to the Strait of 

Georgia with mid-summer stocks, but then delayed their entry into the river by 6 weeks, 

while the mid-summer run timing component migrated directly into freshwater.  

Beginning in 1996, this delay period progressively shortened, so that by 2000 there was 

virtually no detectable delay for the majority of the late-run adults.  Although the cause of 

this changed behaviour is unclear1, ,2 3, the economic impact on the province has been 

huge.  Early-entry fish have a much higher rate of pre-spawning mortality: sockeye 

entering the Fraser in early August have >89% mortality while fish that enter in the 

second half of August have 48-59% mortality.  This study was conducted as a 

cooperative effort between academia, industry, and government to further investigate the 

causes of early upstream migration.   

 

Over the past five years, researchers have identified three alternative explanations for 

early-entry behaviour: (1) the “stay with the school” hypothesis4, (2) the maturation 

hypothesis, and (3) the osmoregulation hypothesis.  In order to test these hypotheses, 

1,285 adult sockeye were captured, sampled for physiology and genetics, tagged, and 

released. Fish were divided into three study groups that were exposed to additional 

manipulations as follows: 

                                                 
1 Cooke, S. J., et al. (2006). "Physiology of individual late-run Fraser River sockeye salmon 

(Oncorhynchus nerka) sampled in the ocean correlates with fate during spawning 
migration." Canadian Journal of Fisheries and Aquatic Sciences 63(7): 1469-1480  

 
2 Cooke, S., et al. (2006). "Mechanistic Basis Of Individual Mortality In Pacific Salmon During 

Spawning Migrations." Ecology 87(6): 1575–1586. 
 
3 Cooke, S. J., et al. (2004). "Abnormal migration timing and high en route mortality of sockeye 

salmon in the Fraser River, British Columbia." Fisheries 29(2): 22-33. 
 
4 English, K.K., Lapointe, M, Forrest, K., and Cave, J.  “Influence of Summer-run sockeye on the 

river entry timing of Late-run Fraser sockeye: “Stay with the School” Hypothesis”.   (Draft 
Report for PSC) 
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(1) Fish caught near Juan de Fuca and Johnstone Strait were either radio- (660 

individuals) or acoustically-tagged (150 individuals) by inserting the tag orally 

into the stomach. 

(2) To test the maturation hypothesis, 196 fish were caught near the Queen Charlotte 

Islands--early in their migration before physiological changes were likely to have 

occurred.  These fish were experimentally manipulated with hormone treatments 

intended to retard or accelerate maturation.  Acoustic tags were surgically 

implanted into their abdominal cavities. 

(3) In order to test the osmoregulation hypothesis, 279 fish were caught in the Strait 

of Georgia and transferred to West Vancouver Laboratories where they were 

exposed to salinity and maturation treatments for 1-2 weeks. A subset of 167 of 

these fish were gastrically implanted with acoustic tags. 

 

This report presents the contribution Kintama Research made to this PSC-funded co-

operative study.  Kintama operates under contract the Pacific Ocean Shelf Tracking 

Array (POST), which is a large scale marine acoustic tracking network which currently 

extends from northern Oregon, throughout coastal British Columbia, and to north of the 

Alaska panhandle (see www.post.coml.org for more details; Figure 1).  As radio 

frequencies do not work in marine or brackish water systems, the use of acoustic 

telemetry using the POST acoustic array (both saltwater and freshwater components) 

permits an investigation of the behaviour and survival of Fraser sockeye at sea, where 

key events determining the timing of river entry must be made.  Kintama Research was 

responsible for: (1) the continued operation of the core POST array; (2) the short-term 

deployment of a 50 km array line in the southern Strait of Georgia  to monitor 

movements of tagged fish in and out of the Fraser R; (3) surgical implantation of acoustic 

tags into fish caught near the Queen Charlotte Islands, and (4) provision of data on the 

movements of acoustically tagged sockeye from the overall array. 
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2 Tagging Operations 
Between July 28th and August 3rd, Kintama staff (working jointly with graduate students 

from Prof Scott Hinch’s group at UBC) implanted acoustic tags into 196 adult sockeye 

caught near Reynold’s Sound, Queen Charlotte Islands. Surgical procedures followed the 

protocols developed by Kintama, based on consultation with veterinary scientists and 

compliance with Canadian animal care protocols.  Kintama staff also assisted with 

biological sampling procedures and hormone treatments as directed by Mr. Glenn 

Crossin.  Detailed fish capture, handling, sampling, surgery, and treatment procedures are 

presented in Appendix 1. Complete tagging metadata is presented in Appendix 2.  

Mortality was zero during biological sampling, surgery, and hormone treatment at the 

Queen Charlotte Island release site (significant mortality was observed at the West 

Vancouver Laboratory during holding studies there by UBC personnel, and will be 

reported separately by that group). 

 

3 Tag Specifications 
All acoustic tags used in the study were manufactured by VEMCO (www.vemco.com). 

Eight of the 196 adult sockeye surgically tagged by Kintama were implanted with V16P-

3H tags (16mm x 64, 14g in water), 64 were implanted with V9-2H tags (9 x 30 mm, 3.1 

g in water), and the remaining 124 received V9P-2H tags (9 x 46 mm, 2.9 g in water). 

The V9P-2H and the V16P tags were programmed to transmit pressure (depth) readings 

as well as their serial number. The predicted battery life of all tags exceeds two months; 

however, tests conducted by Kintama indicate that actual battery life is usually more than 

three times the predicted battery life. Three tags deployed in this phase of the study were 

returned to Kintama after being recovered in the fishery and were included in our on-

going tag survival study (briefly, tags are placed in sea water and continuously monitored 

until failure).  A V9P-2H tag was active for 203 days, a V9-2H tag lasted for 195 days, 

and a second V9-2H tag is still active at date of writing this report, 242 days after 

activation. As activation occurred in July, and these lifespans indicate achieved 

operational periods of ≥6 months, tag battery life is easily expected to cover the entire 

duration of adult sockeye migration.  
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4 POST Array 
The Pacific Ocean Shelf Tracking Array currently extends from central Oregon, 

throughout southern British Columbia, and up to southeast Alaska (see 

www.post.coml.org for more details; Figure 1).  Of particular interest for this report are 

the lines located around Vancouver Island and into the Fraser River: (1) across the shelf 

running offshore from Lippy Point, NW Vancouver Island, (2) across the Strait of Juan 

de Fuca (entrance to the Strait of Georgia), (3) across Queen Charlotte Strait, (4) across 

the northern Strait of Georgia, and (5) across the Fraser River near the mouth as well as 

upstream at Derby and again at Mission.  

 

 

Figure 1. Region of interest for the tracking of acoustically tagged adult sockeye 
during the summer and fall of 2006. 

At the beginning of August, 23 VR2 acoustic receivers were deployed in a 50 km arc 

around the Fraser River Delta (Figure 2; see Southern Strait of Georgia Line) to allow 

monitoring of all tagged fish approaching the river.  The line of acoustic receivers 

extended south from Point Atkinson to a termination just north of the Tsawassen Coal 
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Terminal.  Individual receivers were placed on the seabed at ca. 90m depth with an 

internode spacing of 2 km, and about 1.5-2 km offshore from an active crab fishery 

occurring along the edge of the bank.  This array was used in combination with the 

permanent ocean lines to measure the movements and degree of residency of sockeye 

salmon returning to the Fraser River to spawn.  The 2 km node spacing and distance off 

the bank was intended to reduce the logistical requirements for deploying this equipment, 

and the potential loss of gear to fisheries.  Although not intended to provide complete 

detection of adult sockeye passing over the line, it was expected to provide a good sense 

of which animals moved along the banks over extended periods (‘holding behaviour’) 

and which animals moved directly up the river. 

 

 
Figure 2. Detail of the placement of acoustic receivers on the Southern Strait of 
Georgia line, around the Fraser River Delta (see also Figure 1).  
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4.1 Lippy Point Line 
 

 
Figure 3. Detail of the placement of acoustic receivers on the Lippy Point line, off 
the coast of Vancouver Island, B.C. (see also Figure 1). The length of this line is 
18.3 km.  Bathymetric data courtesy of the Canadian Hydrographic Service. 

 

Twenty-four acoustic receivers were deployed across the continental shelf west of Lippy 

Point, Northwest Vancouver Island, on June 29, 2006 (Figure 3; this line is just north of 

Quatsino Sound).  The overall length of this line is 18.3 km.  It consists of two temporary 

VR2 units that were deployed nearshore in shallow water until autumn, and twenty-two 

permanent VR3 units.  Data was successfully uploaded/recovered in mid-September from 

all but one unit.  
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4.2 Strait of Juan de Fuca Line 
 

 
Figure 4. Detail of the placement of acoustic receivers on the Strait of Juan de 
Fuca line, between Vancouver Island, BC to the north and the central coast of 
Washington state on the southern shore (see also Figure 1).  The total length of 
this line is approximately 22 km for the original deployment.  Bathymetric data 
courtesy of the Canadian Hydrographic Service. 

 

Fifteen VR2 acoustic receivers were deployed across the Canadian half of the Strait of 

Juan de Fuca on April 1st, 2007 (Figure 4). The line was completed on April 14th when a 

further 16 units were deployed from the American side of the Strait.  These receivers 

were recovered, and replaced by 30 VR3 receivers on September 27 (Canadian side) and 

October 25 (American side). As in previous years, this line was impacted by fishing 

activity; however, the major effect was a uniform displacement of the line thus 

maintaining coverage across the vast majority of the Strait.  All but one of the VR2 units 

was successfully recovered in September. 
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4.3 Queen Charlotte Strait Line 
 

 
Figure 5. Detail of the placement of acoustic receivers on the Queen Charlotte 
Strait  line, between Browning Island near the B.C. mainland and Port Hardy on 
Vancouver Island (see also Figure 1).  Bathymetric data courtesy of the 
Canadian Hydrographic Service. 

 

Twenty-four VR2 receivers were deployed March 28 and 30 across Queen Charlotte 

Strait from Browning Island near the mainland to Duval Island, close to Port Hardy on 

Vancouver Island (Figure 5). Twenty-three of the units were recovered September 6-10. 

This line was replaced with twenty-four permanent VR3 units between September 6 and 

10. 
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4.4 Northern Strait of Georgia Line 
 

 
Figure 6. Detail of the placement of acoustic receivers on the Northern Strait of 
Georgia line, between Powell River on the B.C. mainland and Comox on 
Vancouver Island (see also Figure 1).  

 

The Northern Strait of Georgia listening line extends from Powell River on the mainland 

to the northeast side of Texada Island, and then starts again on the west side of Texada 

and extends across the remainder of the Strait to Comox on Vancouver Island (Figure 6).  

Twenty-seven VR2 receivers were deployed here April 2-6, 2006 and remained in the 

water until July 21-22. Prior to removal of the VR2s units, an array of permanent VR3 

receivers was deployed (July 19-20), sited slightly to the north of the previous line. The 

timing of this replacement eliminated gaps in coverage of the Strait.  All but one of the 

VR3 units downloaded data when polled at the end of October. 
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4.5 Southern Strait of Georgia Line 
The Southern Strait of Georgia Line was deployed July 30-August 1, 2006 specifically as 

part of this study to track adult sockeye returning to the Fraser River to spawn.  Twenty-

three VR2 units were positioned in a 50 km arc around the mouths of the Fraser River 

(Figure 2) and remained in place until mid-October.  The units were positioned offshore 

from the intertidal area of the Fraser River delta (Sturgeon & Roberts Banks).  Upon 

recovery, it was found that the ground line connecting some of the units (a backup 

recovery method) had been cut and stolen. The majority of the receivers were recovered 

in the same location they were deployed with the exception of two on the southernmost 

end of the array, which were missing. A third unit (unit closest to Point Atkinson at the 

northern end of the array) was believed lost, but was recovered in late November from a 

dock near the Second Narrows Bridge. A review of the data on this unit reveals that it 

was probably in position until about 5 pm on August 9th. 

 

4.6 Fraser River Array 
 

 
Figure 7. Detail of the placement of acoustic receivers on the Fraser River Array, 
in the Fraser River Delta (see also Figure 1). 
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The lower Fraser River Array was deployed August 2-4th to monitor the upstream 

migration of adult sockeye (Figure 7).  Ten receivers were positioned in the lower River 

to detect fish moving up the North and South Arms. One unit was located upstream at 

Derby Reach, and two further units were deployed on either side of the River at Mission 

(at and near the PSC hydroacoustic test site). While the majority of the receivers 

deployed in the Fraser were VR2s, one at Derby and a second one at Mission were 

satellite-linked VR3 units that provided regular updates on the progress of the run.  All 

units were successfully recovered and downloaded December 11-12, 2006.  The UBC 

group also deployed VR2s in the various terminal spawning areas of the Fraser R.  

(Those data will be reported separately by Scott Hinch’s lab). 

 

4.7 Detection Efficiency 
The ability of the POST array to detect migrating adult sockeye was estimated using the 

method of  Jolly (1982)5: 
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where: 

i = line in question (e.g. NSOG, QCS, etc) 

ip  = detection efficiency of i 

im  = number of fish detected on i 

iz  = number of fish missed on i (i.e. number of fish detected further along the migration 
pathway, but not detected on i) 

ir  = number of that are detected again further along the migration pathway than i im

 

                                                 
5 Jolly, G. M. (1982). "Mark-recapture models with parameters constant in time." Biometrics 38: 

301-321. 
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Because this method requires that there be a line further along the migration pathway 

than line i, the detection efficiency estimate presented for the lower Fraser River Array 

(the acoustic lines furthest along the migration route that are managed by Kintama) was 

estimated using summarized detections data managed by other researchers involved with 

this study6. Detection efficiency for the other four lines was estimated using only data 

from the POST array. 

 

The estimated detection efficiency for the Fraser River Array was 100%.  Estimates for 

the ocean lines were also high (Table 1) ranging between 93.9 and 97.5% (note that the 

sample size for the QCS line was too small to provide a reliable estimate).  Some of these 

latter values are likely to be underestimates of the true detection efficiencies because the 

calculations include several single detections of fish on subsequent parts of the array, 

which we would normally exclude from any movement or survival analyses.  (In general, 

all single detections should be considered as potentially false, and only two or more 

detections of a single tag that are reasonably closely spaced in time should be given 

credence). 

 

Table 2 presents detection efficiency estimates calculated with all single detections 

removed except for those with supporting detections from other lines (i.e. a temporal 

sequence of detections on other lines along the migration path).  After this correction, the 

lines appear to have perfect detection efficiency with the exception of the SSOG line at 

94.5%.  We believe this shortfall is probably due primarily to the units that were lost on 

this line, as two of these lost units formed the southern tip of the SSOG array.  The other 

receivers in the southern part of the array detected the highest number of sockeye 

released in the Juan de Fuca Strait (Section 5.4 Figure 11) suggesting that fish take the 

most direct route to the Fraser River.  Because five out of the seven fish missed on the 

                                                 
6 Examination of animations of the movements of tagged sockeye over the POST array and cursory inspection of 
the relevant up-river data for VR2s sited at the spawning grounds indicates that there are a few detections of 
tagged fish that are “false positives”.  These are likely due to an unfavourable detection environment due to the 
siting of the equipment.   
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SSOG line were released in Juan de Fuca Strait, it seems likely that they could have 

slipped through the gap where the two missing units had been deployed. 

Table 1. Efficiency estimates for the detection of returning adult sockeye on POST 
acoustic lines calculated using the method by Jolly (1982).  (QCS: Queen Charlotte 
Strait; JS: Johnstone Strait; JdF: Strait of Juan de Fuca; WVL: West Vancouver 
Laboratory).   These estimates are based on using all recorded data from the array. 
Line (i) Number of Fish 

Detected on the 
Line ( ) im

Number of Fish 
Missed on the 

Line ( ) iz

Number of Fish in Common, 
Line and Further Along the 

Migration Route  
( ) ir

Detection 
Efficiency 

( ) ip

QCS 11 1 2 73.3% 

NSOG 90 2 78 97.5% 

JdF 35 1 21 95.5% 

SSOG 199 8 122 93.9% 

Fraser 130 0 73 100.0% 

 

Table 2. Efficiency estimates for the detection of returning adult sockeye on POST 
acoustic lines calculated using the method by Jolly (1982).  In order to screen potential 
false detections, calculations include only fish that were detected more than once on a 
line, or that were heard once but that also have supporting detections from other lines.  
(QCS: Queen Charlotte Strait; JS: Johnstone Strait; JdF: Strait of Juan de Fuca; WVL: 
West Vancouver Laboratory).  In general, Vemco (the equipment supplier) cautions 
against relying on tracking data based on single detections isolated in time. 
Line (i) Number of Fish 

Detected on the 
Line ( ) im

Number of Fish 
Missed on the 

Line ( ) iz

Number of Fish in Common, 
Line and Further Along the 

Migration Route  
( ) ir

Detection 
Efficiency 

( ) ip

QCS 11 0 2 100.0% 

NSOG 90 0 78 100.0% 

JdF 35 0 21 100.0% 

SSOG 194 7 121 94.5% 

Fraser 129 0 73 100.0% 
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5 Results and Discussion 
The summarized detections data are presented in Appendix 3. The complete detections 
data are available on the CD that accompanies the bound paper report. 
 

5.1 Route of Travel and Survival 
Adult sockeye were detected on all POST acoustic lines along their migration route.  

Table 3 presents the number of fish detected on each acoustic listening line by release 

area as recorded on the receivers.  Table 4 presents the same information, but screened to 

remove potentially false detections (i.e. tags incorrectly decoded and recorded) that can 

occur as a result of collisions between transmissions or multipath effects (echoes).  In the 

rest of this summary, we excluded: (1) six tags that were detected only once on a line and 

that were also not detected on other lines in a temporal sequence between release and 

arrival at the Fraser River, and (2) two tags that were detected on the Lippy Point line 

before they were released from the West Vancouver Lab (both tags were sporadically 

detected, likely as a result of an error in decoding an entirely different tag from an 

unrelated study).  We interpret the numbers of fish detected on the line as survival to that 

line.  However, we caution that attrition may be caused by natural processes, handling 

effects, tag loss, or fishing. 

 

Table 3. Number of tagged adult sockeye subsequently detected on POST acoustic lines 
by release area (all data).   (QCI: Reynolds Sound, Queen Charlotte Islands; JS: 
Johnstone Strait; JdF: Strait of Juan de Fuca; WVL: West Vancouver Laboratory). 
Release 
Area 

Number 
Released 

Lippy 
Point 

Juan 
de 

Fuca 

Queen 
Charlotte 

Strait 

Northern 
Strait of 
Georgia 

Southern 
Strait of 
Georgia 

Fraser 
River 

Mouth 

QCI 196 1 2 11 2 3 4 

JS 109 0 0 0 88 76 70 

JdF 41 0 33 0 0 17 18 

WVL 167 2 0 0 1 103 38 
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Table 4. Number of returning adult sockeye detected on POST acoustic lines by release 
area.  In order to screen potential false detections, calculations include only fish that 
were detected twice or more on a line, or that were heard once but that also have 
supporting detections from other lines. (QCI: Reynolds Sound, Queen Charlotte Islands; 
JS: Johnstone Strait; JdF: Strait of Juan de Fuca; WVL: West Vancouver Laboratory). 
Release 
Area 

Number 
Released 

Lippy 
Point 

Juan 
de 

Fuca 

Queen 
Charlotte 

Strait 

Northern 
Strait of 
Georgia 

Southern 
Strait of 
Georgia 

Fraser 
River 

Mouth 

QCI 196 1 2 11 2 2 4 

JS 109 0 0 0 88 76 69 

JdF 41 0 33 0 0 16 18 

WVL 167 0 0 0 1 100 38 

 

Of the 196 adult sockeye tagged near the Queen Charlotte Islands, only 6.6% were heard 

after release: 11 individuals are known to have attempted to migrate through the inside 

passage and survived to the Queen Charlotte Strait line, and an additional two fish 

migrated around the outside of the island and were heard on the Juan de Fuca line.  Note 

that only one of the two fish heard on the Juan de Fuca line was detected on the Lippy 

Point line suggesting that the other fish may have migrated off the shelf.  Only 2% of the 

fish released near the Queen Charlotte Islands reached the Fraser River (survival/day 

83%; Table 5). 

 

Eighty percent of the adult sockeye that were released in the Johnstone Strait area 

survived to reach the NSOG listening line. Eighty-six percent of these individuals then 

survived to the SSOG line and a subset of 90.7% went on to reach the Fraser River 

(survival/day 94%; Table 5). 

 

Eighty percent of the fish released in the Juan de Fuca area survived to cross the Juan de 

Fuca line and 55% of these went on to reach the Fraser River.  Thus only 39% of those 

initially released survived to reach the river (survival/day 89%;Table 5).  At least three 

fish were missed on the SSOG line (those subsequently detected on the Fraser line; note 

that values in Table 4 reflect missed fish plus one fish that died between the SSOG line 
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MedianTS /1

Release 
Locale 

Number 
Released 

Number 
that 

survived 

Survival 
(%)  

Median Travel 
Time (days) 

Survival/Day

QCI 196 4 2% 20.68 83% 
JS 109 69 63% 7.20 94% 
JdF 41 18 44% 6.97 89% 
WVL 167 38 23% 2.17 51% 

and the Fraser) possibly by swimming through the gap created by the two receivers that 

were lost from the southern tip of that line (i.e. the area that detected the greatest 

concentration of migrating sockeye from the JdF release; Section 5.4 Figure 11. Only one 

of the fish detected on the SSOG line is known to have disappeared before reaching the 

Fraser. 

5.2 Influence of Run Timing 
As part of the acoustic tracking study, DNA samples were collected from all fish and sent 

to the Gene Array Research Team at the Pacific Biological Station to determine stockof 

origin (and, thus, and run timing).  Details will be analyzed and reported elsewhere, but 

we provide here a summary of the release and detection results (Tables 6-9).

 

Of the 167 adult sockeye released from West Vancouver Laboratories, 60% survived to 

reach the SSOG array.  At least three fish (those subsequently detected on the Fraser line) 

were either missed on the SSOG line or migrated inshore of it.  One fish crossed the 

SSOG line, spent a week swimming up to the NSOG line, and then rapidly turned around 

and reached the SSOG line again within three days before migrating up the Fraser the 

next day (this fish was heard on multiple receivers, and thus is unlikely to be simply the 

result of a detection error).  In total, 23% of the fish released by the West Vancouver Lab 

site reached the Fraser River.  When travel time is taken into consideration, this release 

group did not survive as well as the other three release groups (survival/day 51%; Table 

5). 

 

Table 5. Survival/day to the Fraser River Mouth array estimated for tagged adult sockeye 
salmon released into the ocean estimated as , where TMedian= Median Travel Time. 
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Table 6. Number of returning adult sockeye released near the Queen Charlotte Islands and detected on POST acoustic lines organized 
by run timing and stock. 

Run 
Timing 
Group Stock

Number 
Released 

Lippy 
Point 

Juan de 
Fuca 
Strait 

Queen 
Charlotte 

Strait 

Northern 
Strait of 
Georgia 

Southern 
Strait of 
Georgia 

Lower 
Fraser

Derby 
Reach Mission

Unknown       Unknown 3 0 0 0 0 0 0 0 0 
           

Early           Gates Creek 2 0 0 0 0 0 0 0 0
          Raft 3 0 0 0 0 0 0 0 0

           Scotch 26 0 0 1 1 1 1 1 1
            Thompson North 2 0 0 1 0 0 0 0 0
Total   33         0 0 2 1 1 1 1 1
                      
Summer           Birkenhead 6 0 0 0 0 0 0 0 0
 Blue Lead Creek 5 0 0 0 0 0 0 0 0 
          Chilko 11 1 1 1 1 1 2 1 1
            Horsefly 6 0 0 1 0 0 0 0 0
            Lower Horsefly 3 0 0 2 0 0 0 0 0
           Stellako 7 0 0 1 0 0 0 0 0
Total   38         1 1 5 1 1 2 1 1
                 
Late           Harrison 4 0 0 0 0 0 0 0 0
           Little River 5 0 0 0 0 0 0 0 0
           Lower Adams 72 0 0 3 0 0 0 0 0
           Lower Shuswap 10 0 0 0 0 0 0 0 0
  Middle Shuswap 23 0 0 1 0 0 0 0 0 
           Weaver 2 0 1 0 0 0 0 1 0
Total           116 0 1 4 0 0 0 1 0
           
Babine           Fulton Late 3 0 0 0 0 0 0 0 0
Central coast Sheemahant          2 0 0 0 0 0 0 0 0
Vancouver 
Isle. 

Nimpkish          1 0 0 0 0 0 0 0 0

           
Overall   196         1 2 11 2 2 3 3 2

Kintam



Table 7. Number of returning adult sockeye released in Johnstone Strait and detected on 
POST acoustic lines organized by run timing and stock. 

Run 
Timing 
Group Stock 

Number 
Released

Northern 
Strait of 
Georgia 

Southern 
Strait of 
Georgia 

Lower 
Fraser

Derby 
Reach Mission

Unknown Unknown 1 1 1 1 0 0 
               
Early Gates Creek 1 1 1 1 1 1 
 Raft 2 2 2 2 2 2 
 Scotch 6 5 4 4 4 4 
 Seymour 6 5 4 2 1 1 
Total   16 14 12 10 8 8 
               
Summer Birkenhead 1 1 1 1 1 1 
 Blue Lead 

Creek 
3 3 3 3 3 3 

 Chilko 7 7 7 6 5 5 
 Pinchi Creek 2 2 2 2 2 2 
 Stellako 2 2 2 1 1 1 
 Upper 

Horsefly 
3 1 1 1 1 1 

 Wasko 1 0 0 0 0 0 
Total   19 16 16 14 13 13 
        
Late Harrison 3 2 1 1 1 1 
 Little River 26 17 13 12 11 9 
 Lower Adams 43 38 33 30 27 27 
 Weaver 2 1 1 1 1 1 
Total   74 58 48 44 40 38 
            
Overall   110 89 77 69 61 59 
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Table 8. Number of returning adult sockeye released in Juan de Fuca Strait and detected 
on POST acoustic lines organized by run timing and stock. 

Run 
Timing 
Group Stock 

Number 
Released

Juan 
de 

Fuca 
Strait 

Southern 
Strait of 
Georgia 

Lower 
Fraser

Derby 
Reach Mission

Early Fennell 1 1 0 0 0 0 
 Gates Creek 1 0 0 0 0 0 
  Pitt River 1 1 1 1 0 0 
  Scotch 7 6 3 4 2 1 
  Seymour 5 4 2 2 2 2 
Total   15 12 6 7 4 3 
                
Summer Chilko 5 5 2 2 1 1 
  Stellako 4 2 1 1 1 1 
  Upper 

Horsefly 
3 2 1 1 1 1 

Total   12 9 4 4 3 3 
                
Late Little River 4 3 1 1 1 1 
  Lower Adams 7 6 4 4 4 3 
  Middle 

Shuswap 
1 1 1 1 1 1 

Total   12 10 6 6 6 5 
            
USA/Wash 
St. 

Lake 
Washington 

2 2 0 0 0 0 

        
Overall   41 33 16 17 13 11 
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Table 9. Number of returning adult sockeye released from West Vancouver Laboratories 
and detected on POST acoustic lines organized by run timing and stock. 

Run 
Timing 
Group Stock 

Number 
Released

Northern 
Strait of 
Georgia 

Southern 
Strait of 
Georgia 

Lower 
Fraser

Derby 
Reach Mission

Unknown Unknown 1 0 1 0 0 0 
                
Early Seymour 3 0 2 1 1 0 
Total   3 0 2 1 1 0 
                
Summer Birkenhead 14 0 6 3 3 3 
 Blue Lead 

Creek 
1 0 0 0 0 0 

  Chilko 13 0 6 4 3 3 
  Horsefly 4 0 3 0 0 0 
  Pinchi Creek 1 0 0 0 0 0 
  Stellako 2 0 2 1 1 1 
  Wasko 2 0 1 1 1 1 
Total   37 0 18 9 8 8 
                
Late Little River 29 0 15 5 5 5 
  Lower Adams 95 1 63 22 18 19 
  Weaver 2 0 1 1 1 1 
Total  126 1 79 28 24 25 
        
Overall   167 1 100 38 33 33 
 

5.3 Influence of Hormone Treatments 
As part of the acoustic tracking study conducted by Dr Scott Hinch’s UBC group, 

hormonal treatments were used to accelerate or retard the maturation of some of the 

tagged and released animals.  Details will be analyzed and reported by the UBC group, 

but we provide here a summary of the release and detection results (Table 10). 
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Table 10. Number of returning adult sockeye detected on POST acoustic lines by release 
area and treatment type 

Release 
Locale Treatment 

Number 
Released 

Lippy 
Point 

Juan de 
Fuca 

Queen 
Charlotte 

Strait 

Northern 
Strait of 
Georgia 

Southern 
Strait of 
Georgia 

Fraser 
River 

Mouth 
QCI Control 53 0 0 2 0 0 0 
 Sham 25 1 1 3 1 1 2 
 GnRHa 63 0 1 2 0 0 1 
 GnRHa + 

Testosterone 
55 0 0 4 1 1 1 

          
JS Not treated 109 0 0 0 88 76 69 
JdF Not treated 41 0 33 0 0 16 18 
          
WVL FW 41 0 0 0 0 28 8 
 FW+GnRH 30 0 0 0 0 9 1 
 Iso-osmotic 42 0 0 0 1 31 16 
 SW 40 0 0 0 0 22 8 
 SW+GnRH 14 0 0 0 0 10 5 
 

5.4 Distribution on Lines 
Detections of returning adult sockeye were not evenly distributed along the listening 

lines.  Sockeye released in the Johnstone Strait area tended to migrate along the western 

side of the Strait close to Vancouver Island (Figure 8) with almost no fish travelling 

though Malaspina Strait on the eastern side of Texada Island.  This distribution 

broadened as the fish approached the Fraser River; however, the fish were detected more 

often in the central area of the SSOG line in front of the river mouth (Figure 9). Adult 

sockeye released in the Juan de Fuca area tended to migrate along the Canadian side of 

the Strait of Juan de Fuca and then approach the Fraser River from the south (Figures 10-

11).  Sockeye released from West Vancouver Laboratories swam west from their release 

site and quickly crossed the SSOG line.  They then turned and approached the Fraser 

River mouth over a broad area (Figure 12). 
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Figure 8. Distribution of returning adult sockeye released in Johnstone Strait and 
detected on the NSOG line. Position numbers increase from east to west. Note 
that positions 1-7 are on the east side of Texada Island while 8-27 are on the west 
side. 
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Figure 9. Distribution of returning adult sockeye released in Johnstone Strait and 
detected on the SSOG line. Position numbers increase from south to north. 

Kintama Research Late Run Sockeye Report p.23/44 



 

0

2

4

6

8

10

12

14

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31

Position on Line

N
um

be
r 

of
 fi

sh

N
o 

da
ta

 

Figure 10. Distribution of returning adult sockeye released in Juan de Fuca 
Strait and detected on the Juan de Fuca line. Positions numbers increment from 
the north-east (Canadian side) to the south-west (American side). 
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Figure 11. Distribution of returning adult sockeye released in Juan de Fuca 
Strait and detected on the SSOG line. Position numbers increase from south to 
north. 
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5.5 Travel Time Estimates 
Late run adult sockeye appear to be holding in the estuary or lower Fraser River for 

several days longer than the early and summer run stocks (Tables 11-13).  However, 

these hold times are far less than the six week hold time previously expected.  Once the 

fish reached Derby Reach, they moved quickly upriver to Mission. 

 

0

10

20

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

Position on Line

N

30

40

50

60

70

19 20 21 22 23

um
be

r 
of

 fi
sh

Pa
rti

al
ly

 o
pe

ra
tio

na
l

Figure 12. Distribution of returning adult sockeye released from West Vancouver 
Labs and detected on the SSOG line. Position numbers increase from south to 
north. 
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Table 11. Median travel time (days) between release and arrival at POST acoustic detection lines for returning adult sockeye that 
were tagged and released near the Queen Charlotte Islands. 

Median Travel Time Since Release (days) 
  Lippy Point Juan de Fuca 

Strait 
Queen 

Charlotte 
Strait 

Northern 
Strait of 
Georgia 

Southern 
Strait of 
Georgia 

Lower 
Fraser 

Derby Reach Mission 

Run 
Timing 
Group 

Stock               N Travel
Time 

 N Travel
Time 

N Travel
Time 

N Travel
Time 

N Travel
Time 

N Travel
Time 

N Travel
Time 

N Travel
Time 

                  
Early                  Scotch 1 9.6 1 17.1 1 19.7 1 20.7 1 21.4 1 22.0
 Thompson North               1 11.1
Total                  2 10.3 1 17.1 1 19.7 1 20.7 1 21.4 1 22.0
                  
Summer Chilko                 1 8.26 1 16.0 1 10.2 1 15.1 1 18.9 2 20.4 1 22.3 1 22.8
 Horsefly                 1 9.7
 ly   2 2.0           Lower Horsef 1
                Stellako  1 15.9
Total                  1 8.26 1 16.0 5 11.8 1 15.1 1 18.9 2 20.4 1 22.3 1 22.8
                  
Late m    3 1.3           Lower Ada s 1
 Middle Shuswap               1 10.2
                Weaver  1 24.1 1 35.2
Total          1 24.1 4 10.7      1 35.2  
                  
Overall               1 8.26 2 20.0 11 11.1 2 16.1 2 19.3 3 20.7 3 22.3 2 22.4
                                    

Kintam



Table 12. Median travel time (days) between release and arrival at POST acoustic 
detection lines for returning adult sockeye that were tagged and released in Johnstone 
Strait. 
  Median Travel Time Since Release (days) 
  Northern 

Strait of 
Georgia 

Southern 
Strait of 
Georgia 

Lower 
Fraser 

Derby 
Reach 

Mission 

Run Timing 
Group 

Stock N Travel 
Time 

N Travel 
Time 

N Travel 
Time 

N Travel 
Time 

N Travel 
Time 

            
Unknown Unknown 1 1.9 1 4.1 1 5.3     
Early Gates Creek 1 1.7 1 3.8 1 5.9 1 7.1 1 7.7 
 Raft 2 1.9 2 4.0 2 4.9 2 6.1 2 6.7 
 Scotch 5 1.5 4 3.0 4 4.7 4 5.5 4 6.1 
 Seymour 5 1.5 4 3.8 2 9.0 1 15.2 1 16.0 
Total  14 1.5 12 3.8 10 5.2 8 6.1 8 6.7 
            
Summer Birkenhead 1 2.0 1 6.2 1 7.4 1 8.2 1 9.0 
 Blue Lead Creek 3 1.3 3 3.7 3 5.3 3 6.7 3 7.2 
 Chilko 7 1.3 7 3.2 6 4.8 5 6.1 5 6.5 
 Pinchi Creek 2 1.6 2 5.1 2 7.6 2 9.1 2 9.7 
 Stellako 2 1.6 2 3.5 1 4.8 1 5.7 1 6.2 
 Upper Horsefly 1 1.1 1 2.9 1 4.2 1 5.1 1 6.0 
Total  16 1.3 16 3.5 14 5.2 13 6.7 13 7.2 
            
Late Harrison 2 2.4 1 4.9 1 7.1 1 11.0 1 11.9 
 Little River 17 2.5 13 5.1 12 9.3 11 12.3 9 12.8 
 Lower Adams 38 2.0 33 4.8 30 8.0 27 11.4 27 12.2 
 Weaver 1 1.6 1 4.1 1 15.0 1 17.0 1 17.6 
Total  58 2.0 48 4.8 44 8.3 40 11.9 38 12.5 
            
Overall   88 1.8 76 4.1 68 7.2 62 10.1 59 10.6 
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Table 13. Median travel time (days) between release and arrival at POST acoustic 
detection lines for returning adult sockeye that were tagged and released in Juan de Fuca 
Strait. 
  Median Travel Time Since Release (days) 
  Juan de Fuca 

Strait 
Southern 
Strait of 
Georgia 

Lower 
Fraser 

Derby 
Reach 

Mission 

Run Timing 
Group 

Stock N Travel 
Time 

N Travel 
Time 

N Travel 
Time 

N Travel 
Time 

N Travel 
Time 

            
Early Fennell 1 5.0         
 Pitt River 1 1.3 1 4.0 1 4.9     
 Scotch 6 1.7 3 4.4 4 6.1 2 8.5 1 6.3 
 Seymour 4 1.6 2 15.6 2 5.9 2 7.5 2 8.1 
Total  12 1.6 6 5.0 7 5.6 4 7.5 3 8.0 
            
Summer Chilko 5 2.9 2 7.1 2 7.9 1 9.0 1 9.5 
 Stellako 2 2.5 1 7.7 1 8.6 1 9.7 1 10.3 
 Upper Horsefly 2 1.7 1 4.0 1 5.6 1 6.3 1 6.7 
Total  9 2.2 4 7.1 4 7.9 3 9.0 3 9.5 
            
Late Little River 3 3.5 1 7.3 1 9.0 1 12.2 1 12.8 
 Lower Adams 6 2.2 4 6.1 4 6.8 4 10.4 3 8.1 
 Middle Shuswap 1 12.2 1 16.2 1 18.7 1 20.2 1 21.0 
Total  10 2.4 6 6.5 6 8.1 6 12.7 5 12.8 
            
USA/Wash 
St. 

Lake 
Washington 

2 1.7         

            
Overall   33 2.2 17 6.5 17 7.0 13 9.0 11 8.2 
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Appendix One: Summary of Surgical Protocol for Adult 
Sockeye Acoustic Tagging in Queen Charlotte Islands August 
2006 

Kintama Research Corporation 
 
c/o Centre for Shellfish Research Phone (250) 714-0044 
Bldg 373 Fax     (250) 714-0045 
Malaspina University-College , 900-5th Street  
Nanaimo, BC, Canada  V9R 5S5 

 
Summary of Surgical Protocol for Adult Sockeye Acoustic 

Tagging in Queen Charlotte Islands August 2006 
Overview the Capture of Fish: 

Adult sockeye salmon (Oncorhynchus nerka) were captured using a purse 

seine and sub-sampled for a variety of biological sampling procedures 

before being implanted with an acoustic 

transmitter.  Sampling occured at 

Rennell Sound onboard the Lahina Joye, 

a chartered fishing vessel, crewed with 

experienced fishers.  The seine was set 

off the drum in a large arc, pursed, and 

hauled to the port side (sampling 

stations were set up at the decks midship and on the starboard side). 
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Once the seine net was pursed shut and alongside the vessel, the seine 

rings at the bottom of the net were gathered on the hairpin and lifted out 

of the water. This completely closed the seine and capture the fish.  

Rings were slowly released as the net was wrapped up onto the drum.  

With only a short section of the seine remaining in the water, the purse 

was then brought along side the boat and held open to create a small 

“net–pen” where the fish could still swim and not be rolled in the folds of 

the seine web. 
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Due to time constraints for sampling and the necessity of low holding 

times, a maximum of 15-20 sockeye were brailed out of the net (using 

hand held dip nets) at one time. These fish were transferred into a large 

holding tote with a continuous supply of pumped sea water to await 

sampling and tagging. 

 

 

KINTAMA RESEARCH CORPORATION                                                  …32/44 



Overview of sampling: 

Large Holding bath 

Induction bath 

Liquid nitro

For the collection of physiological samples, we used protoc

non-lethal, unanaesthetized sampling of sockeye salmon (s

2005) that were pre-approved by the University of British C

Animal Care Committee in accordance with the Canadian C

Animal Care.  Anaesthesia was not used for the initial biop

can alter blood chemistry.  Individual salmon were dip nett

holding tank and placed ventral side up in a padded V-sha
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that was provided with a continuous supply of ambient seawater from a 

tube positioned near the salmon’s head. 

 

Constant supply 
of fresh seawater

Fish were held as motionless as possible by two biologists while a third 

collected the physiological samples.  The fish were held ‘loosely’ in the 

trough when no sampling occurred (head covered and protected from 

jumping out of the trough). 
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Physiological Sampling protocol involved: 

Fish were confined to the trough for less than three minutes during 

physiological sampling.  Fork length (FL, cm) was measured, tissues were 

biopsied, and an external dorsal tag was attached.   

1. Biopsies included the removal of 

(a) a 0.5 g clip of adipose fin for DNA stock identification;  

(b) a 3 mL blood sample from the caudal vein (using a 1.5”, 

21 gauge vacutainer syringe; Houston 1990) for assessing 

plasma chemistry; and 

 

 (c) a < 4 mm clip of six to eight gill filament tips (~ 0.03 g) 

along the first gill arch (McCormick 1993) for assessing 

gill Na+, K+-ATPase activity.  Gill tissue and centrifuged 

plasma samples were stored in liquid nitrogen for several 

days until transfer to a –86 ˚C freezer. 
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2. A hand-held, microwave-energy meter (Distell Fish Fatmeter model 

692, Distell Inc, West Lothian, Scotland, UK) was placed on the left 

side of the fish in two locations to quantify gross somatic energy 

levels (GSE, MJ·kg-1; Crossin and Hinch 2005). 

 

3. A labelled cinch tag was then pushed through the origin of the 

dorsal fin and tightened.  

4. If the surgeon was ready to perform the tag implant procedure, the 

fish was placed into the induction bath containing a heavy 

concentration of Tricaine Methane Sulphonate (MS222) anaesthetic 

(if not ready, the fish was put back into the holding tank). 

Destructive Sampling: 

Destructive sampling was done on a small number of fish by UBC 

personnel.  Kintama did not receive a description of this protocol. 
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Overview of surgical procedure: 

 

Surgical cradle/sling 

Surgical bath containing 
maintenance anesthetic Adjustable for water 

flow over gills

Implantation of an acoustic tag into the body cavity of a fish is 

considered major surgery and involves significant training, preparation, 

and due consideration for the animal’s well being. Kintama Research 

Corporation (KRC) surgeons follow the Canadian Council for Animal Care 

(CCAC) guidelines and KRC’s Standing Operating Procedures, which were 

developed with veterinary consultation and years of hands-on experience. 

Minimizing stress is crucial because it can negatively impact immune 

function as well as behaviour, which in turn can result in the fish being 

more susceptible to infectious agents, thus potentially reducing survival. 

Excessive handling of fish can also predispose them to infection by 
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disrupting the natural protective exterior mucous layer. As an extra 

measure of protection, Vidalife was added to both water baths and 

contact surfaces to help preserve this mucous layer. 

As with any invasive surgery, it is very important to employ aseptic 

techniques in order to reduce the chance of infection. It is also important 

to maintain, as close as possible, the fish’s normal physiological 

processes, and to keep ambient environmental conditions stable. To 

these ends, surgical instruments, tags, and gloves were disinfected prior 

to each surgery. The potential for oxygen deficiency (hypoxia) during 

surgery was eliminated by providing a constant flow of aerated water over 

the gills. The aerated water also contained a maintenance dose of 

anaesthetic which ensured that the fish remained under general 

anaesthesia for the entire surgical procedure. The aerated/anaesthetic 

water was re-circulated using a pump and other specialized equipment, 

and its temperature, dissolved oxygen (DO2) levels, and general quality 

were continuously monitored using electronic sensors to ensure they did 

not fall outside CCAC guidelines. Water baths were proactively changed 

prior to levels approaching CCAC acceptable limits. The entire fish was 

kept wet at all times and a dark sling was used to protect the fish’s eyes 

from UV light. 

Implantation of the tag 
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1. After the initial biosampling in the “V” trough (blood, scales, etc), 

the sockeye were placed directly into an anaesthesia/induction 

bath. General anaesthesia was achieved by using 50 ppm MS-222. 

Proper anaesthesia depends on water temperature, water 

hardness, salinity, oxygen concentration, the biomass and species 

of fish, and the length of time of immersion.  Since this study 

specified minimal handling (time spent on boat), no sedation bath 

was used.  Once the fish showed signs of between stage 3 and 4 

anaesthesia (Table A1), it was transferred to the surgical sling for 

tag implantation. 

2. The fish was placed ventral side up in the cradle with its mouth 

around the recirculation water output nozzle.  The output nozzle 

and tubing was made from supple latex tubing so that the fish’s 

mouth and teeth could grab on to it, thus helping to maintain 

position of the fish and proper water flow during surgery.  A 

concentration of 25 ppm MS-222 was used in the recirculation 

bath. 

3. Water flow was adjusted and monitored throughout the surgery to 

provide a gentle flow through the mouth and over the gills. A 

properly positioned fish had its head nearly completely submerged 

with none of the gill lamellae exposed to air. The ventral body wall 

was above the water line in the cradle only enough to avoid spilling 

water into the body cavity and a squirt bottle was kept handy to 
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ensure that all exposed parts of the fish remained wet during the 

procedure. 

4. Extreme care was taken when making the incision in order to 

prevent damage to any internal organs. The incision was made 

along the mid ventral line, starting several millimeters proximal to 

the pelvic girdle. The tag (with I-Button sensor attached) was gently 

inserted through the opening into the abdominal cavity and seated 

lengthwise. Once seated properly, the incision was closed with 

sterile, monofilament, absorbable suture material using simple 

interrupted sutures. In most cases, there was little to no visible 

bleeding throughout the entire surgical procedure. 

5. After surgery, the fish was turned over in the surgical cradle/sling 

to allow easy access to the dorsal sinus.  Injections were made with 

a 1cc syringe fitted on a 21 gauge needle into the dorsal sinus 

between the epaxial musculature, just posterior to the dorsal fin.  

Each fish received one of the following four hormonal treatments: 

a) 150 µg/kg of GnRHa injection, 

b) 150 µg/kg of GnRHa plus 4 mg/kg testosterone injection, 

c) sham injection, or 

d) no injection (control). 

6. During all procedures, the fish was closely monitored for its state of 

anaesthesia.  If it was sufficiently revived when the procedure was 
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completed, the fish was released over the side of the vessel directly 

into the open ocean and monitored until it swam away.  If the fish 

was not ready for release, it was placed back into the holding tank 

with fresh sea water. When it was sufficiently revived (usually after 

a few minutes), it was dip netted out and released into the ocean at 

the side of the vessel. Fish were on-board for less than one hour. 

 

 

Table A1:  Summary of the various stages of anaesthesia (Schreck and 

Moyle 1990). 

0 Normal Reactive to external stimuli; opercular rate and muscle 
tone normal 

1 Light sedation Slight loss of reactivity to external visual and tactile 
stimuli; opercular rate slightly decreased; equilibrium 
normal 

2 Deep sedation Total loss of reactivity to external stimuli except strong 
pressure; slight decrease in opercular rate; equilibrium 
normal 

3 Partial loss of equilibrium Partial loss of muscle tone; swimming erratic; increased 
opercular rate; reactive only to strong tactile and 
vibrational stimuli 

4 Total loss of equilibrium Total loss of reactivity; opercular movements slow and 
irregular; heart rate very slow; loss of all reflexes 

5 Loss of reflex reactivity Total loss of reactivity; opercular movements slow and 
irregular; heart rate very slow; loss of all reflexes 

6 Medullary collapse (stage of 
asphyxia) 

Opercular movements cease; cardiac arrest usually 
follows quickly 
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Appendix Two: Tagging Metadata

 
Owing to the extensive amount of data, detailed data are contained in a file on the CD-

ROM located in the back of the paper copies of this report deposited at the Pacific 

Salmon Commission.  Raw data may also be extracted from the on-line POST database. 
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Appendix Three: Summarized Detection Data for Adult 
Sockeye  on the POST Array

 
Owing to the extensive amount of data, detailed data are contained in a file on the CD-

ROM located in the back of the paper copies of this report deposited at the Pacific 

Salmon Commission.  Raw data may also be extracted from the on-line POST database. 
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