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Executive Summary 

A total of 466 tagged sockeye smolts were released into Sweltzer Creek, immediately downstream of Cultus 
Lake, in late May and early June of 2005. Subsequent acoustic tracking within Cultus Lake, the lower Fraser 
River, and in the marine environment yielded the following results: 

 Approximately 8% of the acoustic tags were found in Cultus Lake (N=33) and Vedder Canal (N=2) 
almost two months after release. While some of these likely correspond to dead fish and/or extruded 
tags, the positions of many of the tags were observed to change between surveys, indicating that some 
tagged smolts actually residualized in Cultus Lake. 

 Fraser River survival was extremely low.  Only 10-14% of the tagged smolts left the Fraser River to 
enter the Strait of Georgia. This percentage is approximately one-sixth of that observed in 2004; the 
cause of this unexpectedly high mortality rate is not known but deserves careful study given the 
endangered status of this stock.  

 Ocean survival within the Strait of Georgia was comparable to or higher than that measured in 2004, at 
approximately 37%. 

 23 of the 466 tagged smolts left the Strait of Georgia, all but two via Queen Charlotte Strait. Transit 
times were similar for both the Juan de Fuca and Queen Charlotte Strait routes, with fish typically 
leaving the system four weeks after release (i.e., migration rates of approximately 8 km/d to the Juan de 
Fuca line and 17 km/d to the Queen Charlotte Strait line). 7 of the 23 tags are programmed to transmit 
until early December, making it possible to track migration as far as southeast Alaska on the POST 
array.  These tags, along with 8 more, are programmed to “sleep” in a low-power state and then re-
activate at the end of June 2007, when the surviving adults are expected to return to the Strait of 
Georgia and ultimately to Cultus Lake.  

 The detection efficiency of the POST lines in the Strait of Georgia, Queen Charlotte Strait, and Juan de 
Fuca were estimated to be at or near 100%. The exception was the Fraser River array, which suffered 
from decreased detection rates, probably due to high sediment loads.  This problem which will be 
remedied in the 2006 field season by changing detection sites and/or adding additional sensors mid-
river.  

 While the number of tagged adult sockeye returning to Cultus Lake in 2007 is expected to be low, the 
likelihood of their detection on the POST array is high, so that the returning fish will be able to provide 
at least preliminary data on run timing of this endangered stock. 

 Overall, only 4.5% of the originally tagged smolts reached the north end of Vancouver Island.  This 
suggests that adult recruitment in 2007 will be only 1/3rd that of 2006, assuming equivalent smolt 
outputs.  The difference seems to be largely ascribed to very high mortality occurring in the Fraser 
River in 2005.  This high mortality was not seen in other  stocks of Fraser River smolts tagged in 2005 
with acoustic tags. 
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Introduction 

In recent years, the low abundance of returning adult Cultus Lake sockeye has given rise to concern over the 
viability of this population.  COSEWIC upgraded the status of this population to “Endangered”, the most severe 
rating, in an emergency assessment in October 2002, and the status was re-examined and confirmed in May 
2003. 

While their numbers have declined rapidly, the potential co-migration of returning adult Cultus Lake sockeye 
with other highly productive sockeye stocks has made it difficult to protect this (and the endangered Sakinaw 
Lake stock) without negatively impacting the southern British Columbia sockeye fishery—an economic activity 
worth upwards of $100M.  A key issue lies in the incomplete understanding of the return run timing of adult 
Cultus Lake sockeye. While this stock is classified as “late-run”, it is unclear how the timing of re-entry into the 
Strait of Georgia and finally into the Fraser River overlaps with the migrations of other mid- and late-run stocks.  

The work described in this report attempts to address these issues using acoustic tags implanted in hatchery-
reared Cultus Lake sockeye smolts. Using the Pacific Ocean Shelf Tracking (POST) array, the route, timing, 
and survival of the smolt out-migration was measured. Additionally, “sleeper” tags implanted in the larger 
smolts will re-activate in 2007, providing additional data on the in-migration of adults surviving to return. 

1 2005 Field Program 

Cultus Lake and the adjoining streams are shown in Figure 1. Tagged sockeye smolts were released into 
Sweltzer Creek, which connects the north end of Cultus Lake to Vedder Canal; this small river then connects 
with the Sumas River before flowing into the Fraser River, approximately 90 km from the ocean. 

Figure 1. Area of operation for 2005 
Cultus Lake field season. Tagged 
smolts were released into Sweltzer 
Creek (not visible on the map), at the 
two sites indicated with stars.  
Background satellite image: ©2003, 
Government of Canada, with 
permission from Natural Resources 
Canada (see Appendix III). 
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1.1 Tagging Operations  

During the winter of 2004, hatchery-reared Cultus Lake sockeye smolts were fed at a reduced level in order to 
economise on feed.  Hatchery staff increased feeding levels after being contacted and advised that the acoustic 
tagging project had been approved for funding by the PSC in the spring of 2005.   As a result, sockeye smolts in 
the spring of 2005 were substantially smaller than those available in 2004, necessitating holding them for one 
additional month prior to surgical implantation.  Near the end of the initial surgical tagging operations, an 
overnight power failure to the Cultus Lake lab killed almost all of the smolts held at the Cultus lab.  (Details are 
contained in the appendices to this report).  As a result, the number of smolts available to tag was lower than the 
original planned number (N=700).  The limited numbers remaining also meant that it was not possible to select 
only smolts large enough to carry the bigger tags that would allow tracking the in-bound migration in 2007 (see 
below for details).  The smaller surviving smolts were implanted with V8SC-6L tags that had only a 5 month 
lifespan. 
 
Acoustic tags were recovered from the dead smolts and surgically implanted into the abdominal cavities of 466 
hatchery-raised sockeye smolts in late May, 2005. Three models of VEMCO acoustic tags were used: 
 

 V8SC-1L: 9 mm diameter × 24 mm in length, battery life approximately 7.5 months. Programmed to 
transmit for 92 days (until July 22), then enter “sleep mode” until re-activation on June 30, 2007. 

 V8SC-2L: 9 mm diameter × 28 mm in length, battery life approximately 13 months. Programmed to 
transmit for 192 days (until December 1), then enter “sleep mode” until re-activation on June 30, 2007. 

 V8SC-6L: 9 mm diameter × 20 mm in length, battery life approximately 5 months. These tags transmit 
until battery depletion. 

 

Note that two initial transmission periods were set for the larger tags, maximizing information from out-
migrating smolts for the 2L tags, and from the returning adults for the 1L tags. Both tag types were programmed 
to re-activate in the summer of 2007, providing information on any returning adult sockeye. The remaining 
battery life, >77 days for the 1L & 2L tags, should be adequate to cover the timing of the in-migration, since 
power calculations suggest that tags re-activating on June 15th should continue to transmit their unique ID codes 
until September 15th 2007.  (In practice, we find these power calculations are conservative).  While the smaller 
tags will not provide information on returning adults, they made it possible to track out-migration for smolts that 
were too small to accommodate the larger programmable “sleeper” tags (see below). 

Surgical procedures followed the protocols developed by Kintama Research, based on consultation with 
veterinary scientists and compliance with Canadian animal care protocols, and employed the portable “field 
hospitals” designed and built by Kintama. Fish were selected from smolts made available at the Department of 
Fisheries and Oceans Cultus Lake and Inch Creek hatcheries. Kintama surgical teams first sorted the smolts into 
size classes, ensuring that fish were implanted with tags appropriate for their size. Water flow to the tanks was 
monitored during this process, and increased as needed to maintain dissolved oxygen levels between 8.0 and 
11.0 ppm.  Water temperatures at the Cultus Lake facility were high (16º C).  After a number of mortalities 
following sorting and initial tagging efforts, tagging operations were rescheduled to early mornings and 
evenings, thus avoiding midday heat. As a result, a total of 386 tags were successfully implanted with no 
complications or mortalities.   

On May 27, the teams arrived at the surgery site and were informed that a power outage had occurred, stopping 
the reservoir pumps and leaving the tanks without fresh water for approximately four and a half hours, as 
detailed in the incident report provided in Appendix I.  As a result, approximately 521 smolts died, including all 
but 14 of the 386 tagged fish, and most of the surviving fish were found to be lethargic and unresponsive.  The 
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remaining 14 tagged fish were released into Sweltzer Creek on May 31st, along with 500 non-tagged fish. No 
mortalities were observed upon release. The remaining 372 tags were recovered and disinfected for re-use. 

Seventy-six fish that had been held in a large, sparsely populated tank were deemed to have survived the power 
outage unharmed. These were tagged on June 3rd without complications or mortalities, and were released into 
Sweltzer Creek on June 6th.   

On June 4th, tagging was carried out on a new group of smolts at the Inch Creek Hatchery (Pitt Sockeye Satellite 
facility), resulting in 376 successfully tagged sockeye, and one mortality.  As noted above, these smolts were in 
much better initial condition, probably owing to the lower ambient water temperatures (7-10ºC, depending on 
the time of day).  These smolts were released on June 8th.  

 

 

 

Table 1. Summary of tagged Cultus Lake sockeye smolts released into Sweltzer Creek. 1L- and 2L- type tags 
are programmed to go into sleep mode during much of the open ocean portion of the sockeye life cycle, and re-
active on June 15, 2007, prior to the return of the adult fish. 6L-type tags only provide information on out-
migration, but can be carried by smaller fish.  

Number of tagged fish, by tag 
model 

Fork length (mm) Hatchery Release 
location 

Release 
date/time 

(PDT) V8SC-1L V8SC-2L V8SC-6L Min Mean Max 
Cultus Lab 49°04'48"N, 

121°58'47"W 
31/05/2005 
19:30 

14 0 0 172 178 189 

Cultus Lab 49°04'48"N, 
121°58'47"W 

06/06/2005 
19:30 

11 61 4 164 186 212 

Inch Creek 
Lab 

49°05'06"N, 
12°58'02"W 

08/06/2005 
20:00 

92 188 96 148 177 216 
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1.2 Mark-Recapture Survey of Cultus Lake 

In order to assess the number of smolts that either died or residualized in Cultus Lake and the adjoining rivers, 
acoustic surveys of Cultus Lake and the Vedder, Sumas, and Fraser Rivers were carried out (Figure 1).  Cultus 
Lake was surveyed twice, on July 26 and 28, 2005, using two different acoustic receivers.  On July 26, a single 
VR2 acoustic receiver was deployed for 6-10 minutes at each of 31 stations in Cultus Lake, separated by 
approximately 500 m (the nominal detection range of the tags was probably 300m in freshwater) (Figure 1).  On 
July 28, the VR2 acoustic receiver was trolled through approximately 50-70% of Cultus Lake, along with an 
additional VR28 acoustic tracking system1, providing higher-accuracy positioning of tags.  Time did not allow 
for complete coverage of the lake; however, it was possible to cover the areas of the lake where the largest 
numbers of fish had been detected two days previously. 

The rivers connecting Cultus Lake to the Fraser River were surveyed on July 27.  The upper portion of Vedder 
Canal, which is relatively shallow, was sampled by placing a VR2 acoustic receiver at each of 19 stations, 
separated by approximately 200-500m, together covering a 6 km section of the river.  The deeper, lower portion 
of Vedder Canal was surveyed by trolling the receiver from a small vessel. Similarly, the receiver was towed 
back and forth across the Fraser River near the confluence of the Sumas River, over an area of approximately 
one square kilometre. 

1.3 Marine Environment: POST Array  

Once fish left Cultus Lake and the immediately adjoining streams, their travel was tracked on the Pacific Ocean 
Shelf Tracking (POST) array, consisting of 135 bottom-mounted acoustic receivers, making up 6 major acoustic 
listening lines and a number of individual listening sites near river mouths (Figure 2). Of particular interest to 
this work were the receivers in the lower Fraser River, and the acoustic listening lines across the Strait of Juan 
de Fuca, the northern Strait of Georgia, and Queen Charlotte Strait. An additional acoustic line across the 
southeast Alaskan shelf is expected to detect any V8-2L tagged fish that reach this point; data from this line are 
expected to be available early in 20062. Assuming that the basic POST array is in place in 2007, when the 
returning adult Cultus Lake sockeye return to the system, the collected data will provide information on ocean 
survival as well as timing and route of re-entry to the Strait of Georgia by any surviving adults. 

                                                           
1   This system was on loan, and was not operable on the first day of the survey. 
2    Timing of equipment recovery is weather dependent 
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Figure 2. POST acoustic listening lines in the Salish sea region, 2005. An additional 23km line across the 
Alaskan shelf (just north of the Alaskan panhandle) is not shown. The lower panel shows the location of the 
two Fraser River listening lines with respect to Cultus Lake. Sources of geospatial data (bathymetry, 
topography, and satellite imagery) are listed in Appendix III. 
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2 Observations 

2.1 Mark-Recapture Survey of Cultus Lake and Adjoining Streams 

Of the 466 sockeye smolts tagged and released downstream from Cultus Lake, a total of 35 (7.5%) were found 
in Cultus Lake and the streams connecting the lake to the Fraser River (Table 2, Figure 3). Most of these (33 
fish) were found in Cultus Lake, with an additional 2 tags found in the lower Sumas River. 

In reality, a single survey of the lake will under-estimate the true number of fish present.  If it is assumed that the 
lake represents a closed population (a reasonable assumption given the short period of time covered by the 
survey and the fact that no tags were found in common between the lake and the adjoining rivers), the true 
number of fish present in the lake may be estimated by treating the two surveys of Cultus Lake as a mark-
recapture experiment: 

M = number of tags detected on day 1 = 30 
C = number of tags detected on day 3 = 18 
R = number of tags detected on both days = 15 
N = estimated number of tagged fish in the lake = MC/R = 36 

Thus, at least 38 tags (36 in Cultus Lake + 2 in Vedder Canal), or slightly over 8% of the fish originally released 
into the system, were still in Cultus Lake and the neighbouring streams approximately a month and a half after 
the release dates.  Because only about 60% of the lake area was covered on the second survey,  it is plausible 
that the residualisation rate could be slightly higher than calculated here.    

 

Table 2. Summary of the numbers of unique tags detected during each of 
three days of surveying in Cultus Lake and the adjoining rivers. Note that all 
15 tags that were re-detected on July 28 were initially recorded in Cultus 
Lake on July 26. 

Date Survey area Total number 
of fish detected 

Number of fish 
detected on 
more than one 
day 

July 26 Cultus Lake 30 N/A 
July 27 Upper Vedder Canal 0 0 
 Lower Sumas River 2 0 
 Lower Vedder Canal 0 0 
 Fraser River 0 0 
July 28 Cultus Lake 18 15 

Totals 35 15 
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Figure 3. Acoustic surveys of Cultus Lake and the Vedder, Sumas, and Fraser Rivers. Sampling was carried 
out over three days, along the survey tracks shown. The region within the dashed box in the upper panel is 
shown with respect to distance in the bottom panel. Note that the north-south distances are compressed 
relative to the east-west distances in both panels. A total of 35 fish were detected at least once during the 
survey, mostly within Cultus Lake. Most of these were detected at more than one location, as indicated by the 
dashed lines in the bottom panel. Tag locations on days 1 and 2 are accurate to within 200-400 m; locations 
on day 3 are accurate to within approximately 50 m. Background satellite image: ©2003, Government of 
Canada, with permission from Natural Resources Canada (Appendix III). 
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Of the 35 unique tags listed in Table 2, 25 were recorded more than once during the survey, many of these at 
spatially separated listening sites (Figure 4). Depending on local levels of environmental noise, the VR2 & 
VR28 acoustic receivers can resolve tag positions with an accuracy of between approximately 200 and 400 m.  
Based on this spatial resolution, between 7 and 14 of the 25 fish were detected at stations that were far enough 
apart to conclude that the tags had definitely moved during the survey period  (Figure 4), and so were inside 
live, tagged fish (or were recently ingested by predators).  Either possibility implies that the smolts had migrated 
upstream from the release site and residualized in Cultus Lake.  No movement information is available for the 
10 fish that were detected only once; however, 6 of these tags were first detected in portions of the lake that 
were later re-surveyed and not detected (Figure 3), and so were likely moving as well. 

 
Figure 4. Maximum distances between multiple detections of single tag codes, for each of 25 
fish that were detected two or more times during the Cultus Lake/Vedder Canal surveys.  Note 
that the expected detection range of the VR2 acoustic receiver is approximately 200-400 m. 

2.2 Ocean Movements and Survival 

Once smolts left Cultus Lake and entered the Fraser River, their migrations were recorded on the POST acoustic 
array (Table 3). Assuming that 38 fish remained in Cultus Lake/Vedder Canal (Section 2.1), a total of 
466-38=428 tagged smolts entered the Fraser River. Of these, 46 (10.7%) were detected at the Fraser River line, 
most within a few days of release (Table 4).  Most headed north, with 21 fish leaving the Strait of Georgia via 
Queen Charlotte Strait and two leaving via the Strait of Juan de Fuca. Transit times to each of the two exits were 
similar, with fish entering the open ocean beyond the Strait of Georgia approximately four weeks after release in 
each case (Table 4).  The shortest feasible path lengths from the lower detection site on the Fraser River (Port 
Mann bridge, approximately 75 km from the release site) to the Juan de Fuca, Northern Strait of Georgia, and 
Queen Charlotte Strait lines are approximately 160 km, 150 km, and 400 km, respectively.  Based on these path 
lengths, migration rates are estimated to be approximately 8 km/d for the two fish that left the system via the 
Strait of Juan de Fuca, and 17 km/d for those leaving via the longer Queen Charlotte Strait route. 
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Table 3. Summary of Cultus Lake sockeye detected on the POST array. Note that none of the 14 tagged smolts 
that survived the Cultus Lake power failure were subsequently detected. 

Number of fish detected (% of tagged) Release 
location 

Release 
date 

(PDT) 

Number 
of tagged 

fish 
Fraser 
River 

Howe 
Sound 

Juan de 
Fuca 

Northern 
Strait of 
Georgia 

Queen 
Charlotte 

Strait 
49°04'48"N 
121°58'47"W 

31/05/2005 14 0 
0.0% 

0 
0.0% 

0 
0.0% 

0 
0.0% 

0 
0.0% 

49°04'48"N 
121°58'47"W 

06/06/2005 76 1 
1.3% 

1 
1.3% 

0 
0.0% 

2 
2.6% 

0 
0.0% 

49°05'06"N 
12°58'02"W 

08/06/2005 376 45 
12.0% 

8 
2.1% 

2 
0.5% 

41 
10.9% 

21 
5.6% 

All releases 466 46 
(9.9%) 

9 
(1.9%) 

2 
(0.4%) 

43 
(9.2%) 

21 
(4.5%) 

 

Table 4. Number of days from release to first detections of tagged sockeye smolts on each of 5 POST acoustic 
listening lines.  

Average number of days to first detection (min-max) Release 
date/time 

(PDT) 
Fraser River Howe Sound Juan de Fuca Northern 

Strait of 
Georgia 

Queen 
Charlotte 

Strait 
31/05/2005 
19:30 

------ ------ ------ ------ ------ 

06/06/2005 
19:30 

3 (3-3) 7 (7-7) ------ 18 (17-18) ------ 

08/06/2005 
20:00 

4 (2-21) 8 (5-17) 28 (17-39) 18 (8-51) 28 (14-68) 

 

Field tests during the summer of 2005 indicated that the detection range of the 4 Fraser River acoustic receivers 
(two lines consisting of two units located on opposite banks of the Fraser River) was lower than expected.  
Extensive range tests over the period 11-13 August 2005 indicate that the detection efficiency of the low 
acoustic power tags used in the Cultus Lake smolts was probably on the order of 50-75% at the Port Mann 
detection site.  This poorer than expected range was probably due to acoustic attenuation arising from the high 
sediment loads in the river, and possibly frequent boat noise from boats working in the area.  This resulted in 
incomplete coverage of the width of the river.  (This result was unexpected, as the use of high acoustic power 
tags in adult sockeye during 2003 gave nearly 100% detection rates using only a single receiver). 

In order to correct for the incomplete detection rate, the numbers of fish detected at the Fraser River line may be 
divided by the estimated detection efficiency of 74% for observed Cultus Lake tags (Table 5), yielding a value 
of 62 for the number of fish entering the Strait of Georgia. (Assuming a lower detection rate of 50%, this value 
becomes 92).  This translates to a survival rate of approximately 14-21% for the 428 tagged smolts that entered 
the Fraser River. 
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It should be noted that this detection problem was unique to the Fraser River lines, and can be corrected.  
Detection efficiency on the northern Strait of Georgia line was 100% (from comparison with the Queen 
Charlotte Strait line, since all fish detected here were first detected on the northern Strait of Georgia line).  
Detection rates are expected to be similarly high on the Queen Charlotte Strait and Juan de Fuca lines, since 
ocean conditions and array geometry are similar. 

 

Table 5. Estimate of the detection efficiency of the Fraser River acoustic 
listening line, based on detections of Cultus Lake tags on the POST array. 

Total number of fish detected on listening lines 
outside the Fraser River 

47 

Number of fish detected on listening lines outside 
the Fraser River, but not on the Fraser River line 

12 

Estimated detection efficiency of the Fraser River 
acoustic listening line 

(47-12)/47 = 74% 

 

Survival between the mouth of the Fraser River and the open ocean was considerably higher than survival 
within the river itself, with 23 of the estimated 62-92 remaining sockeye (25-37%) leaving the system. Seven of 
these were tagged with 2L-type tags, and will be detected if they swim across the SE Alaska listening line 
before the tags shut down on 1 December 2005.  An additional 8 fish carried 1L tags, for a total of 15 fish that 
can potentially be detected as returning adults in 2007.  

It would clearly be desirable to tag a larger number of fish in the future.  However, while releasing a larger 
number of tagged smolts would boost this number, the determining factor this year appears to be the low 
survival rate in the Fraser River, which has severely reduced the expected number of smolts that can survive to 
return as adults. This rate was only one-sixth the freshwater survival rate observed in 2004 (without correcting 
for detection issues experienced on the Fraser River line in both years), despite good survival rates in the Strait 
of Georgia in both years (Figure 5). In contrast, smolts released into Sakinaw Lake, which do not have to follow 
a long river to the sea, experienced a much lower overall mortality rate than Cultus sockeye in 2005; however, 
they followed a dramatically different route out to sea 2005, with many more fish leaving via the Strait of Juan 
de Fuca (Figure 5). 
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Figure 5. Percent survival of tagged Cultus and Sakinaw Lake sockeye smolts between pairs of POST listening 
lines, as observed during the 2004 and 2005 field seasons. Survival between each pair of lines = (number of 
fish on line 2)/(number of fish on line 1)*100 (see also Table 3). Black “+” markers indicate revised estimates 
of Cultus smolt survival in 2005, taking into account residualization in Cultus Lake and estimated detection 
efficiencies in the Fraser River. Numbers of tagged fish released in 2004: 100 at Cultus Lake, 97 at Sakinaw 
Lake. Numbers of tagged fish released in 2005: 466 at Cultus Lake, 47 at Sakinaw Lake.  

3 Conclusions 

A total of 466 tagged fish were released into Sweltzer Creek, immediately downstream of Cultus Lake, in late 
May and early June of 2005. While a power outage at the hatchery reduced the total number of available fish 
and especially the availability of large sized smolts, surgical implantations into the remaining fish was very 
successful, with few post-operative mortalities prior to release.  

Acoustic surveys of Cultus Lake and the Vedder, Sumas, and Fraser Rivers (the latter for the area near the 
confluence with the Sumas River) in late July showed that approximately 8% of the tags were still in the Lake 
or in Vedder Canal. Some of these tags were still moving, suggesting that the smolts had moved upstream and 
residualized there. For the smolts that left Cultus Lake and entered the Fraser River, very low in-river survival 
was observed, with an estimated 14-21% of the originally tagged smolts reaching the lower river detection sites 
a few days after release. The survival rate in 2005 is approximately one-sixth of that observed in 2004, and 
resulted in a correspondingly low overall survival rate of 5% out of the Strait of Georgia ecosystem, despite 
good survival (37%) within the Strait of Georgia.  As a result, only 23 of the 466 originally tagged smolts made 
it to the open ocean, most within four weeks of release. 

The cause of the poor in-river survival in 2005 is unknown.  While some issues were identified with the Fraser 
River lines, detection rates at the 20km long Northern Strait of Georgia line was 100%, with similarly high rates 
expected at the Queen Charlotte Strait and Juan de Fuca lines. Thus, while the number of returning adult Cultus 
Lake sockeye in 2007 will likely be low, the likelihood that these fish will be detected when they re-enter is 
high.  Survival in the ocean was at least as high as in 2004. 



Kintama Research, December 5, 2005  Page 13/19. 

Three issues occurred with regards to fish rearing and handling in 2005, which should be addressed in future 
work.  The power failure resulted in the loss of most of the Cultus Lake smolts held for the project, so many of 
the purchased tags could not be used—there were insufficient fish of an appropriate size left  Second, during the 
winter of 2004 feeding rates at the hatchery were not increased until a decision had been made to fund the 
project.  This meant that many of the fish that were left at the Inch Creek hatchery were too small for the larger 
tags needed in order to detect the adult fish return during their inbound migration.  In future years, arrangements 
should be made to continue feeding the fish overwinter prior to a funding decision being made.  Third, tagging 
work should preferably occur at the Inch Creek facility because of the facilities available there and the reduced 
need to transport the smolts.   

Finally, the very poor in-river survival of Cultus Lake smolts measured in 2005 may be an important reason for 
the current endangered status of the population.  Poor freshwater survival was the major contributor to the low 
numbers of tagged fish leaving southern BC.  Work should be done to improve the detection rates for the 
outbound smolts, in order to reduce uncertainty about where mortality is occurring in the river.  Since the 
primary goal is to measure the return timing of the adult run (and not necessarily to ensure their return to the 
lake), it may be beneficial to release some smolts in the ocean off the mouth of the Fraser River. This would 
likely increase the number of tagged smolts surviving to return as adults by reducing losses from residualization 
and in-river mortality; it would also provide an interesting assessment of post-release survival. 
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Appendix I: Cultus Lake Lab & Inch Creek Hatchery Trip Report 

Sites: Cultus Lake Lab & Inch Creek Hatchery 

Date of Operations: May 24th – 27th, June 3rd-6th, 2005 

Surgical teams: Melinda Jacobs and Erin Rechisky; Adrian Ladouceur and Phillip Pawlik 

The surgical teams arrived at the DFO Cultus Lake Lab on May 24th.  The Cultus sockeye smolts were in two 
large tanks with approximately 700 fish in each tank. The surgical teams size graded all of the fish into four size 
classes; <140mm, 140-169mm, 170-179mm, and >180mm. A fifth tank was reserved for postoperative fish 
recovery. During size grading it was found that the fish did not respond normally to either Metomidate 
(Aquacalm™) or MS-222, as slightly higher than normal amounts of anaesthetic had to be used. This was likely 
due to the high water temperatures measured (16.5-18.5°C). The water in the totes used for size grading needed 
to be changed frequently as it quickly filled with mucous from the fish (as evidenced by foamy bubbles on the 
surface). We measured DO2 readings at 6.5ppm-11.0ppm in the tanks used for the size graded fish. Concerned 
that oxygen levels might be too low, the water flow to each tank was increased.  After this change the DO2 
readings did not fall below 8ppm.  
 

Local weather was very hot with midday temperatures around 33°C. We suspected that the very hot weather 
was going be a variable in how to approach the surgeries but continued with standard operating procedures and 
monitored conditions closely. Approximately 30 size graded fish (~3%) died after handling;  although the exact 
cause was uncertain, handling stress and difficulty in keeping water temperatures consistent was likely to blame. 
As the forecast called for 30°C+ temperatures for the remainder of the week, it was decided that the tagging 
schedule would likely have to be modified to accommodate the hot weather.   

Surgeries were started later in the day to give the fish time to recover from the size grading and began with the 
170-179mm fish. Ambient air and water temperatures kept increasing and after tagging 40 fish there were 2 
mortalities. Upon considering the mortalities from size grading and those from surgery it was decided to 
perform the surgeries early in the morning and also in the evening in order to avoid the midday heat. The 
surgical teams left the hatchery at 4pm. 

On May 25th the teams implanted tags from 7:30am until noon, and then from 2:00pm until 9:30pm. 117 fish 
were tagged with no mortalities, however the high temperatures were still a concern, and quite uncomfortable to 
work in for the surgical teams. 

On May 26th the teams implanted tags from 6:45am to 1:00pm and then from 5:00pm to 9:30pm. Having found 
more of a comfort zone with the temperatures the teams completed 231 surgeries with no mortalities. A total of 
386 fish had been tagged up to this point.  

On May 27th the surgical teams arrived at the site just after 7:30am and were told that a power outage had 
occurred early in the morning.  The pumps which supplied water to the Cultus Lake Laboratory reservoir and 
tanks had not been operating. Furthermore, the backup pumps did not, or were not, turned on, resulting in all of 
the on-site fish being without a fresh supply of water and oxygen for approximately four and a half hours. All 
but 18 of the 386 tagged fish died by the time the surgical teams arrived, with 3 more of the 18 dying shortly 
there after. Most of the remaining tagged fish looked lethargic and somewhat unresponsive.  

Two tanks holding approximately 370 smolts in total appeared to be less affected by the hypoxic conditions 
with few mortalities occurring over the course of the day.  Another tank with approximately 400 of the smallest 
size graded fish had approximately 150 mortalities. The only fish to appear unharmed were a small group of 76 
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that had been left in one of the largest tanks. In total, approximately 521 fish had died as a result of anoxic 
conditions. 

All remaining tanks with fish were switched to deep water and flow rates were adjusted to see if the fish would 
recover and exhibit normal behaviour patterns. Tags were removed from the dead implanted fish, and were 
thoroughly cleaned and disinfected. 

As usual, pictures were taken to document the site and the surgical kits were thoroughly disinfected. The 
surgical teams received a written incident report (see attachment) from Jeremy Hume, Acting Designated Senior 
Official, and then left the site. 

One more of the tagged fish died some time after the teams left the site, leaving a total of only 14 tagged fish for 
release. These 14 fish appeared to have recovered and were released on May 31st at 19:30 hours into Sweltzer 
Creek along with ~500 non-tagged fish. Tank water temperatures for all released fish were brought up to ~17°C 
before release into the ~18°C water of Sweltzer Creek. No mortalities were observed for the entire group.  

On June 3rd three of four members of the surgical team returned to the Cultus Lake Lab to tag the 76 fish in the 
largest tank (that were apparently unharmed due to the power outage). All 76 fish appeared normal and were 
successfully tagged with no complications or mortalities. Weather conditions were cool and cloudy and the 
water temperature was between 10-11.5°C, with DO2 at about 9.5ppm. Upon completion of the tagging, all gear 
was thoroughly disinfected in preparation for the move to the Inch Creek Hatchery, (Pitt Sockeye Satellite 
facility) for the remaining sockeye surgeries. These 76 fish were released on June 6th, at 19:30 hours into the 
Sweltzer Creek.  The breakdown of tag types implanted into the 14 fish that survived the May 27th power 
outage and the 76 fish that were tagged on June 3rd is as follows: V8-2L=61, V8-1L=11, and V8-6L=4.  

On June 4th the fourth member of the surgical team met the other three members at the Inch Creek hatchery. All 
members were briefed on the hatchery’s disinfection protocols. Tagging proceeded until June 6th, with weather 
conditions being mostly cool and cloudy with brief sunny breaks. The water temperature at Inch Creek was 
between 7.3-10.5°C and DO2 was between 8.8-11.7ppm; much better than at the Cultus Lake facility. 376 
sockeye were successfully tagged (V8-2L=188, V8-1L=92, V8-6L=96) with no complications and only one 
mortality. 

By the end of the tagging, a total of 466 sockeye were tagged between the Cultus Lake Lab and the Inch Creek 
hatchery. Of the 466 tags implanted, 249 were V8-2L tags, 117 were V8-1L tags, and 100 were V8-6L tags.   
The original target had been to tag 700 smolts, but lack of fish prevented this. 

Recommendations: 

As the very hot weather and resultant warm water temperature is presumed to be the cause (in part or in whole) 
of the initial thirty size graded mortalities and the two post surgery mortalities, it is difficult to recommend 
anything else other than rescheduling tagging operations to work around the high temperatures. Conditions at 
the Inch Creek Hatchery were clearly better for the smolts that those encountered at the Cultus Lake lab.  The 
smolts at the Inch Creek hatchery were clearly in excellent condition, and responded to the surgery very well.  
Performing the surgeries early in the morning and in the late afternoon/evening, when temperatures were cooler, 
helped to resolve the issue, and will likely be the approach taken in the future if the same conditions are 
encountered.   
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Appendix II:  

From: david welch [mailto:david.welch@kintamaresearch.org]  
Sent: Monday, May 30, 2005 2:46 PM 
To: melinda@kintamaresearch.org; adrian@kintamaresearch.org; sonia@kintamaresearch.org; 
jayson@kintamaresearch.org; paul@kintamaresearch.org; david@kintamaresearch.org 
Cc: woodc@pac.dfo-mpo.gc.ca; Mackay, Angus; riddell@pac.dfo-mpo.gc.ca; Kowal, Don; 
Kristianson, Gerry; Peggy Tsang 
Subject: Cultus Lake sockeye.... 
  

All-- 

With the death of most of the Cultus Lake sockeye held at the Cultus Lake lab, some serious decisions have 
to be made.  I will give a precis of what happened, and my recommendations on what we are going to do. 

Surgical teams went over to Cultus Lake last Tuesday, after activating 700 tags at a May 24th Monday 
work BBQ in Nanaimo.  Because of high water temperature, it took the team of 4 taggers until Thursday to 
work out a safe and satisfactory surgery procedure (It involved the tagging teams working very early in the 
morning when temperatures were low, leaving at 8-9 AM, sleeping during the day,  and then tagging again 
from dusk until late in the evening, in order to keep water temperatures as low as possible.  The fish were 
clearly stressed by the high temperatures, but tagging mortality was zero with this procedure).  By late 
Thursday nght, 400 of 700 smolts had been tagged. 

A power failure occurred for the entire Cultus Lake area around 2 AM Friday morning, after the tagging 
teams had left for the night.  We still don't have full details, but as I understand it, the alarms sounded, and 
the security company claimed that they contacted the person on call for the Cultus Lake lab.  The person on 
call apparently claims that he never received such a call.  The upshot was that when our people returned to 
resume tagging on Fridayalmost all of the 1,300 smolts were dead-- including the 400 surgically implanted 
smolts. 

A rough tally is that we have 75 smolts that are probably OK because they were in a big tank by 
themsleves, so they could survive the power disruption.  There are approximately 350 fish that didn't die 
but are severely compromised by lack of oxygen-- they are pale, swimming on their sides, may be blind, 
and the team have taken to referring to them as "brain dead".  They are obviously not credible candidates 
for a tagging study, particularly as the purpose is to get the adult return timing.  (17 of these 350 
compromised fish still had tags in them). 

The good news is that Inch Creek hatchery has 422 Cultus smolts that they had held at our request for an 
additional "very late" sockeye release group in a project that Chris Wood obtained SARA funding for.  The 
purpose of this study was both to potentially boost tagged adult sockeye number sin 2007, and to establish 
whether a late release of animals held to a larger size affected their migration characteristics.  This project 
was going to be of considerable interest, but is clearly secondary to the major focus of establishing the adult 
run timing. 

Because of the smaller size of the smolts available this year, our original goals were to have 500 Cultus 
Lake sockeye tagged with two sizes of acoustic tags that would last until the 2007 return.  We had planned 
to tag equal numbers (250) with V8-1L & V8-2L tags.  The only difference between these two sizes of tags 
is that the -2L has enough battery power to run until December of this year before going to sleep.  The V8-
1L will go into sleep mode in September of this year.  Both tags will wake up June 30th, 2007, and begin 
broadcasting again.  The 200 V8-6L tags will die in September of this year because of their limited battery 
capacity. 
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I am leaving for Portugal tomorrow, so I need to make some decisions here.  I have talked by phone with 
Angus Mackay and Don Kowal & by email with Mike Lapointe.  Chris Wood has emailed me, but I have 
not been able to talk with him. 

Here are my judgement calls-- if people disagree then call me today on my office or cell phones (#s below), 
at home this evening (250-756-7747), or on my cell tomorrow (Tuesday).  I leave at 5 PM for Portugal. 

 I am going to ask my tagging teams to reorganise themselves to go back over to Cultus Lake and carry on 
the work.  Surgeries are only to be done at the Inch Creek hatchery, where most of the surviving fish are 
located.  Any surviving fish at Cultus Lake shoud be moved back to Inch Creek where the temperatures are 
lower, and reacclimated.  This gives us about 500 smolts to work with.  As the V8-2L tag gives us the 
greatest information possible, the teams are to preferentially implant these tags first. When these are used 
up (or if fish are too small), the V8-1L tags are to be used.  If there are any smolts left when all these tags 
are used up, then the V8-6L tags can be implanted.   

The smolts need to be held at Inch Creek and then transported for release only when Melinda & colleagues 
are comfortable that the animals can be carefully handled and that they can be released in a sensible 
fashion. 

This means that most of the 200 V8-6L tags we ordered, plus the 50 tags that Chris Wood ordered are 
going to be wasted-- we have checked with Vemco and it appears that there is no way to effectively turn 
them off because they have been potted in epoxy (In Chris Wood's case, this group of 50 tags may be 
salvageable, but I leave it up to Chris to contact Glen Coady at Vemco to discuss the options here-- I don't 
have time to elaborate.  Basically, Chris' tags aren't through the entire production process, so something 
may be done to salvage them). 

I would also note that Kintama is out about $6K to $10K over this problem.  The drugs & sutures cost 
about $15/fish, or $6K, and there was a lot of staff overtime and hotel costs in order to get the Cultus 
tagging to work correctly.  As the proposal to the PSC did not include any significant overhead or profit to 
us, I would like to request an extension to this contribution agreement to cover the costs of tagging these 
fish twice. 

Regards,  David 
David Welch, Chief Scientist POST project  
Kintama Research Corp  
4737 Vista View Crescent, Nanaimo, BC V9V 1N8  
Office Tel: (250) 714-0045  
Welch Cell (& Voice-mail): (250) 714-3526  
Lab Tel (& Kintama Voice-mail): (250) 714-0044  
Fax: (250) 714-0045  
david.welch@kintamaresearch.org 
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Appendix III: Geospatial data 

Sources of geospatial data used in this report: 

Bathymetric data (Figure 2) and Landsat satellite imagery (Figure 1 - Figure 3): ©2003, Government of Canada, 
with permission from Natural Resources Canada. Obtained through the GeogGratis web site 
(http://geogratis.cgdi.gc.ca). 

Topographic data (Figure 2) obtained from the NOAA Globe database: GLOBE Task Team and others 
(Hastings, David A., Paula K. Dunbar, Gerald M. Elphingstone, Mark Bootz, Hiroshi Murakami, Hiroshi 
Maruyama, Hiroshi Masaharu, Peter Holland, John Payne, Nevin A. Bryant, Thomas L. Logan, J.-P. Muller, 
Gunter Schreier, and John S. MacDonald), eds., 1999. The Global Land One-kilometer Base Elevation 
(GLOBE) Digital Elevation Model, Version 1.0. National Oceanic and Atmospheric Administration, National 
Geophysical Data Center, 325 Broadway, Boulder, Colorado 80303, U.S.A. Digital data base on the World 
Wide Web (URL: http://www.ngdc.noaa.gov/mgg/topo/globe.html) and CD-ROMs. 
 


