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Executive Summary: 

 

One hundred hatchery-reared steelhead smolts (Oncorhynchus mykiss) from Tenderfoot Creek 

Hatchery (19) and Fraser Valley Trout Hatchery (81) were tagged with acoustic transmitters and 

released in May 2007 as part of a 2-year assessment program to compare survival rates and 

migratory behaviour between wild and hatchery-reared steelhead smolts. As no wild fish were 

tagged in 2007 due to low smolt yield, this first study year provides a baseline for migratory 

behaviour and survival of hatchery-reared fish. Similar baselines exist for wild steelhead smolts 

from previous studies in 2004 and 2005. 

 

Tagged fish were released into either Tenderfoot Creek or the Cheakamus River. Hydrophone 

receivers deployed in rivers and near the seabed were used to track the migrations of smolts 

downstream, through nearshore marine areas, and out of the Strait of Georgia ecosystem. Mark-

recapture models were used to estimate survivorship of tagged smolts during the migration and 

compare hatchery groups. Several river receivers were deployed to monitor for possible smolts 

that residualized in the river (i.e., did not complete their migration to sea and remained resident 

in freshwater).  

 

Tagged fish that survived the migration generally moved rapidly downstream. After ocean entry 

the Tenderfoot Hatchery release group migrated faster through Howe Sound than the Fraser 

Valley Trout Hatchery group.  

 

Smolts reared at Tenderfoot Creek Hatchery had higher estimated survivorship downstream 

(0.56 + 0.10 s.e.) and through the Strait of Georgia ecosystem (0.18 + 0.10 s.e.) than smolts 

reared at Fraser Valley Trout Hatchery (downstream, 0.32 + 0.06 s.e.; SOG, 0.024 + 0.047 s.e.). 

This difference could be due to several factors including release time, body size, fish transport, 

and rearing histories. Both hatchery-reared smolt groups in 2007 had lower survivorship 

downstream and through the early ocean migration than wild Cheakamus River smolts in 2004 

and 2005. Due to the possibility of interannual variability in survival and/or residualisation rates, 

no conclusions can be made regarding comparisons between wild and hatchery-reared groups 

from these studies in different years, but that will be possible in the 2008 portion of the study 

when both groups are expected to be tagged. 

 

No fish were detected on river receivers upstream of their release sites, and no fish remained 

within proximity of receivers in Tenderfoot Creek or the Cheakamus River downstream of their 

release sites for more than 2 days. This suggests there is no evidence of residualisation in 
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proximity of these receivers. If in-river movements are on the order of several kilometres for fish 

that may residualise, then based on estimated detection probabilities we would have likely 

detected such residuals upstream or downstream of their release sites. If in-river movements are 

more localised for fish that may residualise (i.e., in between receiver stations), then we would not 

be able to distinguish in-river mortality from residualisation for the 2007 study. Mobile sampling 

in 2008 will assist in distinguishing between these possibilities. Overall, there does not appear to 

be any evidence for substantial rates of residualisation (>20-30%) in fish from either release 

group in 2007. 

 

 

Introduction: 

 

Cheakamus River juvenile steelhead trout formed one of the most severely depleted populations 

following the August 2005 railcar spill of sodium hydroxide. Restoration efforts have included a 

number of instream enhancement projects including LWD structures, habitat complexing and 

backchannel re-wetting projects, as well as a short-term (2 years) hatchery-rearing and release 

program, implemented in an effort to boost adult returns in years of poor forecasted wild smolt 

yield. Concerns regarding the effectiveness of this hatchery based restoration effort include 

potentially high levels of residualisation (failure to migrate, Walters 2005) and lower survival of 

hatchery-reared smolts in the ocean compared with wild smolts (McCubbing and Ward 2006), 

both of which will potentially reduce adult returns and thus the likelihood of program success.  

 

In 2007, wild steelhead smolt yield appeared much reduced (Melville and McCubbing 2008) and 

as a result, insufficient numbers of fish were available for tagging. The 2007 portion of the 

present study therefore represents an initial baseline for survival estimates and migration timing 

measurements in hatchery-reared smolts (previous studies in 2004 and 2005 on wild steelhead 

smolt migrations in the Cheakamus River produced similar estimates and measurements for wild 

fish). The 2007 portion of the present study may also provide an indication of differences in 

migratory behaviour between two different hatchery-reared release groups. It is proposed that the 

2008 portion of this 2-year acoustic tag and tracking study will focus on direct comparisons 

between wild and hatchery-reared smolt residualisation rates and survival during the downstream 

and early ocean migration phase. 

 

Recent developments in acoustic tagging technology have yielded individually-coded tags small 

enough to be surgically implanted into juvenile salmonids. By deploying a series of acoustic 

receivers in rivers and using the Pacific Ocean Shelf Tracking Project (POST) array of receivers 
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on the ocean seabed (Welch et al. 2003), the migration routes and rates of individual fish can be 

quantified and survival rates of populations crossing lines of receivers can be estimated. The 

migrations downstream and through the Strait of Georgia system of wild Cheakamus River 

steelhead smolts were tracked using the POST array in 2004 and 2005 (Melnychuk et al. 2007). 

A high proportion of tagged fish survived the downstream migration (71%, 84%), and after 

ocean entry fish migrated rapidly through Howe Sound. Most fish proceeded north through 

Johnstone and Queen Charlotte Straits, while a few went south through the Strait of Juan de Fuca. 

In both years the survival rate from release to leaving the Strait of Georgia system was 27%. 

Such measures of early marine survival, migration rates, and migratory routes are assessed in the 

present 2007 study for hatchery-reared smolts. Since the first few weeks of the smolt migration 

are arguably the most important period that determines recruitment of salmonids in general, this 

early ocean comparison could provide insight into marine survival rates and therefore fitness 

differences between wild and hatchery-reared steelhead and differing hatchery rearing and 

release locations or timing.  

 

Residualisation is a key issue in determining the overall success of the hatchery-rearing program. 

It is possible that hatchery-reared juvenile steelhead could differ in their degree of residualisation 

from wild steelhead or other hatchery release groups. This is addressed by using acoustic 

telemetry in the Cheakamus River to monitor for the presence of tagged steelhead in the 2-3 

months following the downstream migration, i.e., to detect individuals that failed to migrate 

downstream past stationary acoustic receivers deployed in the rivers. 

 

 

Methods: 

 

Study site – The Cheakamus River drains into the Squamish River before reaching Howe Sound. 

Howe Sound drains into the Strait of Georgia about 40 km south of the river mouth. Exit routes 

to the Pacific Ocean from the Strait of Georgia include Johnstone Strait and Queen Charlotte 

Strait to the north, and the Strait of Juan de Fuca to the south (Figure 1).  

 

 

Smolt tagging – Hatchery steelhead smolts were reared from eggs collected from Cheakamus 

River brood fish and raised at Tenderfoot Hatchery (TH) and Fraser Valley Trout Hatchery 

(FVTH). A total of 100 fish were tagged in 2007: 19 fish were tagged at Tenderfoot Hatchery 

April 27 and released into Tenderfoot Creek under volitional release on May 6; and 81 fish were 

tagged at FVTH May 15 and released into the Cheakamus River below the Cheekeye River 
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confluence on May 23. Body sizes were slightly larger in the Tenderfoot Creek tagging group 

(mean, 186.4 mm fork length; range, 172-206 mm) than in the FVTH tagging group (mean, 

182.6 mm fork length; range, 163-210 mm). VEMCO V9-6L acoustic tags were used for all fish. 

These tags are uniquely coded so individual fish can be identified when they are detected on 

acoustic receivers deployed in rivers or on the seabed. To meet fish release deadlines before tag 

manufacturing availability, 20 tags were used from Kintama stock which had a 30-90 s random 

delay between tag emissions. These were used in the 19 TH fish and 1 FVTH fish. The other 80 

tags, all used in FVTH fish, had a 20-40 s random delay between tag emissions. The shorter 

average delay between tag emissions is expected to slightly increase detection probabilities on 

acoustic receivers as fish swim by, but have a shorter lifespan from the date of tag activation. 

The 20 tags at 30-90 s delay were predicted to shut off on Aug. 5 and the 80 tags at 20-40 s delay 

were predicted to shut off on July 23.  

 

Tags were surgically implanted into smolts using standard surgical procedures (Moore et al. 

1990; Welch et al 2007). Tags measured 20 mm x 9 mm diameter and weighed 3.3 g in air. 

Coded transmissions at 69.0 kHz allow individual tags to be identified by acoustic receivers on 

hydrophones. Smolts were sedated with 1 ppm metomidate HCl (Aquacalm™), and 3-4 min 

prior to surgery they were brought under full anaesthesia with 70 ppm MS-222 mixed with a 140 

ppm NaHCO3 buffer. Gills were irrigated during surgery with running water and 50 ppm MS-

222 (100 ppm NaHCO3) flowing into the mouth from a recircultation system that pumped the 

water from the oxygenated anaesthetic bath. Oxygen levels and temperature were monitored and 

recorded with each fish, and the anaesthetic bath changed if temperature deviated by more than 

2ºC from the source water.  A mucous-protectant (Vidalife™) was used in all water baths. A tag 

was inserted into the abdominal cavity through a mid-ventral line incision, which was closed 

with 2 or 3 polydioxanone monofilament sutures. Fish were transferred back to aerated water and 

finally the rearing tanks to recover. Tagged fish were held at least 1 week before release to 

monitor fish for evidence of mortality or tag rejection– none were observed.   

 

 

Stationary acoustic array – Prior to releasing smolts, Kintama Research (under the Pacific 

Ocean Shelf Tracking Project, POST, see www.post-coml.org ) installed VEMCO Ltd. VR-2 or 

VR-3 receivers in listening lines placed either just above the seabed or raised to a depth of 150 m 

below the surface (in regions of water depths >150m) across Howe Sound (2 lines; 4 and 11 

receivers), the northern Strait of Georgia (NSOG, 28 receivers), Queen Charlotte Strait (QCS, 

24), and the Strait of Juan de Fuca (JDF, 29) (Figure 1). We also installed receivers as single or 

paired units in the Cheakamus (Figure 2) and Squamish (Figure 3) Rivers at several locations, as 
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well as one receiver in Tenderfoot Creek. Three stations (5 receivers) were located upstream of 

the Tenderfoot Creek confluence; these were used to monitor for any residualised smolts that 

moved upstream after release. Two stations (4 receivers) were located between Tenderfoot Creek 

and Cheekeye River confluences; these were used to monitor smolts from TH that migrated 

quickly downstream after release as well as to monitor smolts from either release site that may 

have residualised within this river reach. There were 5 stations (8 receivers) deployed in the 

Squamish River and 1 station (3 receivers) in Squamish Harbour that were used to monitor 

smolts as they completed the downstream migration and entered ocean waters; these stations 

permit the partitioning of survivorship into freshwater and ocean components.  

 

The lines of receivers deployed on the seabed were arranged to detect tagged fish as they swam 

across them with a probability typically about 80-90%. Detection probabilities for both river and 

ocean receiver stations were estimated with mark-recapture methods. Ocean receivers were in 

place throughout the summer, past expected tag battery life. River receivers were in place until 

either mid-June (these were mainly borrowed receivers that had to be returned for another 

project) or mid-August (these were the receivers devoted to the current study and mainly 

deployed in the Cheakamus River). Mobile in-river sampling did not take place in 2007 due to 

equipment availability but will be an important part of the 2008 sampling efforts.  

 

 

Data analyses – During their migration out of the Strait of Georgia, tagged smolts passed 

between 9 and 13 detection points: 8 stations in freshwater for the TH release group (5 for the 

FVTH release group), 1 station in Squamish Harbour, 2 stationary lines of receivers in Howe 

Sound, and 1 or 2 lines of receivers covering the southern and northern exit routes from the Strait 

of Georgia. We assumed that tags detected sequentially along migratory routes were still in live 

smolts and not in predator stomachs. Stationary lines of receivers were designed to provide a 

high but not perfect probability of detection. It was necessary to estimate detection probabilities 

(p) at each river receiver or line of ocean receivers in order to estimate the extent of migration of 

tagged fish; these were estimated simultaneously with survival rates (f ) in each segment of the 

migration using the Cormack-Jolly-Seber model (CJS) and variants thereof. 

 

The final segment f  is confounded with p of the final line (QCS/JDF), and cannot be separately 

estimated. To isolate these factors, we estimated an overall p for the NSOG line (pNSOG) and 

assumed this value for the QCS/JDF lines (89.7%). These three lines had similar spacing 

between receivers and similar deployment depths. After assuming fixed values for the final stage 

p, we used the 14 or 11-digit capture histories in a CJS recaptures-only model implemented with 
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Program MARK (White and Burnham 1999) through RMark (Laake and Rexstad, 2007) to 

estimate f  in river and ocean segments and p at detection stations. The product of segment-

specific f  estimates becomes the cumulative survivorship decline along migration routes. 

 

Segment distances were measured with mapping software as shortest-route distances between 

lines of receivers. The time of fish detections on each river receiver were inspected to assess the 

potential for residualisation after the initial downstream migration pulse. 

 

 

Summary and Discussion of 2007 Results:  

 

General migration behaviour – Tagged fish generally migrated rapidly downstream. Fish that 

survived to the mouth of the Squamish River were heard on average 7 days after release for the 

Tenderfoot Hatchery (TH) group (released May 6) and 6 days after release for the FVTH group 

(released May 23). In the lower Squamish River, migration behaviours began to diverge. The TH 

group spent relatively little time in the lower Squamish River and continued to migrate quickly 

through Howe Sound, crossing the outer Howe Sound line on average 11 days after release 

(Figure 4; the average duration of time at any given station can be seen as the difference between 

the red arrival means and the blue departure means for the population). The FVTH group spent 

more time on average in the lower Squamish River around Sqm 11 and Sqm 12 (Figure 4, though 

this difference was largely influenced by several fish spending 19-23 days around either of these 

stations, with most other fish spending little time around them). After ocean entry, the FVTH fish 

migrated more slowly through Howe Sound, crossing the outer HS line on average 32 days after 

release (Figure 4).  

 

Few fish were detected on either the NSOG or outer lines. From the TH group, 1 fish was 

detected on both NSOG and QCS and 1 fish was detected on JDF. From the FVTH group, 2 fish 

were detected on QCS (1 of which was also detected on NSOG) and 1 fish was detected on JDF. 

Please refer to the animation file enclosed along with this final report, “Cheakamus_Steelhead_ 

2007_xvid.avi”, for a visual representation of the timing and interpolated routes of the fish 

migrations.  

 

Not shown in Figures 4 or 5 are the Cheakamus River stations Chk 2-Chk 4 that were upstream 

of the Tenderfoot Creek confluence. No TH fish were detected on any of these receivers 

upstream of the confluence. No FVTH fish were detected on any Cheakamus River receivers 

(which were all upstream of their release site). Also not shown in Figure 4 is the Sqm 8 station in 
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the Squamish River; this receiver operated poorly as it was knocked over behind a large rock. 

The few detections on that receiver provided no additional information and were also excluded 

from survival analyses.  

 

In some cases the average arrival (or departure) time at a station is earlier than the average 

arrival (or departure) time at the previous station (e.g., mean HS_out arrival time is earlier than 

mean HS_in arrival time for the TH group; Figure 4). This is an artefact of imperfect detection 

probabilities on receiver stations, resulting in different subsets of fish (with different crossing 

times) being detected on successive receiver stations.  

 

Mark-recapture survival analysis – Properly estimating survival (f ) within each segment of the 

migration involves taking into account the detection probability (p) at each station. These can be 

estimated simultaneously using maximum likelihood procedures. Many model formulations are 

possible. The most common approach is generally to assume independent p at each station and 

independent f  in each segment. Since we have 2 different release groups in this study (which 

differ in release location, release time, and rearing location), we have several options of how to 

treat these groups: (i) assume they are completely independent of one another, so separate p’s 

and/or f ’s are estimated for each group separately; (ii) assume they share the same p’s and/or 

f ’s; or (iii) assume that the p’s and/or f ’s for each group are different, but that they differ 

consistently for all p’s and/or f ’s by the same amount in logit-space (i.e., additive models, where 

one group has a consistently higher p and/or f  in all stations or segments than the other group). 

The shared model (ii) would not allow comparisons between release groups, since these would 

be lumped together. There are two reasons why the additive model (iii) is probably more 

reasonable than the multiplicative model (i) for both f  and p. First, the sample size of the first 

release group was only 19, so there is little information with which to estimate all f  and p 

parameters independently for this group. Second, comparing these models with Akaike’s 

Information Criterion (AIC; Burnham and Anderson 2002) shows that the model in which both f  

and p are additive has >95% support from the data out of all models considered, as measured 

from the Akaike weight. Results presented here will thus be based primarily on this model. The 

next-best supported model, with >4% Akaike weight, was one in which f  was additive and p was 

multiplicative (i.e., independent p between release groups). To not completely disregard this 

model, we present model-averaged results weighted by their Akaike weights. The difference in 

survivorship predictions between different models is small compared to the difference between 

release groups, so general qualitative results are not very sensitive to this choice of model 

presentation.  
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From the release locations, survivorship of both groups declined in successive stages of the 

migration. The TH release group had an estimated 20% mortality rate from release to Chk 5, 

only 1.3 km downstream, after which survivorship declined more gradually with increasing 

distance for the remainder of the downstream and early ocean migration (Figure 5). The FVTH 

release group also had a large initial decline in survival, with >40% mortality to the first 

detection station at Sqm 7, 5.5 km downstream of their release site. The rate of decline in 

survivorship with increasing distance was slightly greater for this FVTH group than for the TH 

group. Only 16% of the tagged FVTH fish survived to cross the outer Howe Sound line, 

compared with 45% of the tagged TH fish. (To put these in context, in 2004 and 2005 

approximately 65-85% of tagged wild Cheakamus steelhead smolts survived their migration 

through Howe Sound; Melnychuk et al. 2007.) The larger standard errors on survivorship 

estimates of the TH group (Figure 5) are mainly a result of the smaller sample size of that group.  

 

Beyond Howe Sound, survivorship estimates to the outer lines at QCS or JDF continued to be 

greater for the TH group (18% of fish tagged surviving to QCS or JDF, +10% s.e.) than for the 

FVTH group (2.4% surviving, +4.7% s.e.). There is a possibility that survivorship to ocean lines 

is underestimated for this latter group due to tag battery life. Tags in the FVTH release were 

predicted to shut off around July 23, but 3 different fish were detected on the HS_out, NSOG, 

and QCS lines between July 22-24. Fish crossing lines after tag battery expiration would not be 

detected, so survivorship to the outer QCS or JDF lines is likely somewhat underestimated for 

the FVTH group. No TH fish were detected after June 24 and their tags were predicted to shut 

off Aug. 5, so this is not likely to be an issue for the TH fish. 

 

Both TH and FVTH groups had lower estimated survivorship than estimates of wild Cheakamus 

steelhead made in 2004 and 2005 (27% surviving each year; Melnychuk et al. 2007) despite 

larger body sizes in the 2007 hatchery-reared fish. This comparison between wild and hatchery-

reared fish is made between different cohort years, so it should be considered with caution while 

acknowledging the relatively similar results between years in previous Cheakamus river wild 

smolt studies. The planned 2008 study, where wild and hatchery-reared steelhead smolts will be 

compared within the same year, will likely be a better indication of survival or migratory 

behaviour differences between the two different rearing types.  

 

The differences between fish reared at Tenderfoot Hatchery which had higher survivorship 

throughout the migration and those reared at FVTH might be explained by at least 4 factors, 

which we currently cannot distinguish between in this study year: 
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i) FVTH fish were released almost 2.5 weeks later (May 23) than smolts reared at TH 

(May 6). In other studies date of smolt migration or release has been shown to have some effect 

on survival between release groups (e.g. Bilton et al. 1982). TH smolts may have emigrated at a 

more optimal time than FVTH smolts.  

ii) Tagged smolts reared at TH were slightly larger (186.4 mm fork length) than tagged 

smolts reared at FVTH (182.6 mm). In general, larger smolts enjoy a greater survival advantage 

than smaller ones (e.g. Bilton et al. 1982, Ward and Slaney 1988) perhaps due to improved 

predator avoidance capacity and/or energy stores. Based on typical effects of body size on 

survival in other juvenile salmon populations, this difference in size is likely not enough to 

explain the large observed initial difference in survival between the two release groups. 

iii) The transport and release process may have had some undetermined detrimental 

consequences for the FVTH smolts, especially in the early part of the river migration.  

iv) The FVTH fish were not reared in water from the Cheakamus and Squamish River 

watersheds. The TH fish may have had an easier transition physiologically into the Cheakamus 

and Squamish Rivers.  

 

 

Detection probabilities – The survivorship estimates shown in Figure 5 account for imperfect 

detection probabilities at receiver stations. These estimated p’s are shown in Figure 6. These are 

model-averaged estimates based primarily on additive models for f  and p, but multiplicative 

models give similar results. Detection probabilities varied widely across receiver stations, from 

>90% at Tend 1, Chk 5 and Chk 6 to <30-60% at Sqm 7-Sqm 10. We notice that p estimates 

were higher for the TH release group than for the FVTH group. Even in multiplicative models 

when this consistent difference (in logit space) is not a constraint, the same pattern holds of 

higher p for TH fish at all receiver stations. This can result from several possible reasons. In 

rivers and Squamish Harbour, faster current speeds are expected to decrease p since fish are 

within detection range for less time and background noise increases with higher flows. Since the 

FVTH group was released 2.5 weeks later than the TH group and river flows were greater in late 

May than mid May (Figure 7), we expect lower p estimates. (In 2008 an index of detection 

probability will be measured independently on river receivers using test tags to estimate the 

change in p over the season as river levels change.) Second, acute high flow events (e.g. May 19 

and June 1 in Cheakamus River, Figure 7) may have dislodged and knocked over river receivers 

from their optimal placement. Receivers were checked every few weeks, but not between the two 

release times. It is possible receivers were in a more optimal configuration during the main 

migratory run of the first release group than the second group. Third, average pulse rates were 

different between release groups, with a transmission on average every 60 s for TH fish and 



 11 

every 30 s for FVTH fish. This effect is likely minor, as the expectation would be the opposite of 

what was observed: higher p for the tags with more frequent transmissions.  

 

At ocean receiver stations, detection probabilities tend to be >80%. This was the case for HS_in 

(Figure 6). The p estimate for HS_out was based on few fish and has larger standard errors. The 

line was of a similar configuration in 2004-2006, and was typically >80% in those years, so the 

low estimated p in 2007 could be an artefact of lower sample sizes. Not shown in Figure 6 are p 

estimates for NSOG. These were estimated independently using all tags of the same acoustic 

intensity used by the POST project that cross the NSOG line (e.g., we expect a V9 tag in a Cultus 

sockeye smolt to have a similar probability of detection as a V9 tag in a Cheakamus steelhead as 

long as pulse intervals are the same and fish swimming speeds are similar). The NSOG station 

was of a similar configuration in all years, and the weighted average p over all years was 89.7%. 

This value was assumed for the outer lines at QCS and JDF, although with so few fish detected 

on these outer lines the survivorship estimates are relatively insensitive to changes in plausible 

values of p at these outer lines.  

 

 

Residualisation monitoring – No fish from either release group were detected upstream of their 

release location (stations Chk 2-Chk 4 for the TH group and stations Chk 2-6 for the FVTH 

group). Provided that detection rates on these upstream receivers were similar to those from Chk 

5 and Chk 6 (Figure 6) throughout their deployment until mid-August, then if fish residualised 

and migrated upstream of release sites crossing these stations, it is likely they would have been 

detected. If the possibility of residualisation is associated with in-river movement of several 

kilometres (as it was in the Keogh River; Walters 2005, Werlen 2003), then it appears there is no 

evidence of upstream migration of steelhead residuals in the several weeks following release. If 

the possibility of residualisation is associated with shorter distances of in-river movement or 

more localised habitat use, then we cannot exclude the possibility that fish residualised in the 

river but did not move far enough to be detected on receiver stations during the survey period.  

 

Survivorship estimates shown in Figure 5 include the possibility of residualisation downstream 

of release sites. Technically, if a fish ceases its migration between detection stations, the survival 

analysis would consider that fish to have not survived to the next station, so what is measured to 

each line is the joint probability of migration and survival to the line. The steepest declines in 

estimated survivorship with increasing migration distance were from the release site to Chk 5 for 

the TH group and from the release site to Sqm 7 for the FVTH group. There were no receivers 

downstream of the FVTH release site, so we have no information with which to attempt to 
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partition this initial >40% decline in survivorship into components of true mortality and 

residualisation. However, such initial declines in survivorship are common in juvenile salmonids 

of other species and/or in other rivers that have been tagged by POST. Since the decline with 

migration distance for either release group is not unusual compared to wild outmigrant smolts in 

the Cheakamus River or salmonids in other rivers, we can conclude there is no evidence for 

substantial (>20-30%) rates of residualisation in either release group. There however may be 

lower (<10-20%) rates of residualisation that we cannot distinguish from mortality in this year of 

study. 

 

We can examine the likelihood of residualisation downstream of the release site for the TH 

release group since there were 2 stations downstream of their release site. Examination of the 

first (red) and last (blue) times that each of the 19 fish were detected at these 2 stations (Figure 8, 

as well as on Tend 1) indicates that in nearly all cases these data points overlap for each fish. 

This suggests that fish moved quickly past receiver stations and were rarely detected for long 

periods after their first detection. Four fish were last heard at a station >3 hours after they were 

first heard, once on Tend 1 and 3 times on Chk 6. These patterns of detections are typical in 

other salmon species migrating downstream which are less likely to residualise (e.g., coho 

smolts), so are likely not evidence of residualisation in themselves. Verification of this 

evaluation is that two of these fish (18156 and 18170) that remained around Chk 6 for a few 

hours were heard later in their migration in the lower Squamish River and/or Howe Sound. Tag 

18167 was not heard after detection at Tend 1 and tag 18174 was not heard after detection at Chk 

6; unfortunately the fate of these fish is unknown. Data in Figure 8 indicate a complete absence 

of fish remaining in proximity of any of these receivers for long periods of time. Since receivers 

were deployed for several weeks (yellow bars in Figure 4), if residualisation rates were 

substantial and involved considerable in-river travel, we might have expected several days or 

weeks between the first and last detections of individual fish or periods of sustained residency 

and detections. If residualisation did occur it must have been associated with low rates of 

movement and localised habitat use between receiver stations.  

 

Mobile sampling by raft did not occur in 2007 as planned due to scheduling and equipment 

availability constraints. This sampling method is planned for 2008. Mobile sampling will help to 

resolve uncertainties in estimated survivorship declines being due to either mortality or 

residualisation. Multiple trips will be useful for increasing the probability of detecting tags and 

also for assessing whether any detected tags have moved between sampling occasions, indicating 

that tags are simply not immobile on the riverbed but rather are either in residualised steelhead or 

in predator stomachs. Spatial overlap of known fish predator locations in the Cheakamus River 



 13 

will help distinguish between these two possibilities. We will attempt to use mobile tracking to 

sample both upstream and downstream of all release sites. Further, in 2008 the index of p on 

river receivers that we will measure independently using test tags will also be used to 

approximate p on stationary receivers in cases where no fish are detected. This will assist in 

affirming any conclusions about the likelihood of having missed fish on receivers where no fish 

were detected (e.g. Chk 2-4 in 2007). 

 

 

 

Conclusions on 2007 portion of study:   

 

Smolts reared at Tenderfoot Creek Hatchery had higher estimated survivorship downstream and 

through the Strait of Georgia ecosystem than smolts reared at Fraser Valley Trout Hatchery. This 

difference could be due to a number of factors including release time, body size, transport, and 

rearing histories. 

 

Hatchery-reared steelhead smolts in 2007 had lower survivorship downstream and through the 

early ocean migration than wild Cheakamus River smolts in 2004 and 2005. Due to possible 

interannual variability in survival and/or residualisation, no conclusions can be made regarding 

comparisons between wild and hatchery-reared groups from these studies in different years. This 

evaluation should be possible in the 2008 portion of the study when both groups are intended to 

be tagged. 

 

No fish were detected on river receivers upstream of their release sites, and no fish remained 

within proximity of receivers in Tenderfoot Creek or the Cheakamus River downstream of their 

release sites for extended periods (several days or weeks). This indicates no evidence of 

residualisation in proximity of these receivers. If residualisation occurred and in-river 

movements were on the order of several kilometres, then based on estimated p’s we would have 

likely detected such residuals upstream or downstream of their release sites. However if 

residualisation occurred and in-river movements were more localised (i.e., only between receiver 

stations), then in-river mortality would not be easily distinguished from residualisation. Overall, 

there does not appear to be any evidence for substantial rates of residualisation (>20-30%) in fish 

from either release group in 2007 based on observed mortality rates from other studies of wild 

outmigrant steelhead smolts in both the Cheakamus River and elsewhere. 
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Figure 1. Map indicating lines of acoustic receivers operated by the POST Project in Howe 
Sound (inset map) and the Strait of Georgia system. Red lines show locations of receivers and 
are labelled as: inner and outer Howe Sound (HS_in, HS_out); northern Strait of Georgia 
(NSOG), Queen Charlotte Strait (QCS) and Strait of Juan de Fuca (JDF). 
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Figure 2.  Map of the portion of the 
Squamish River monitored by this 
acoustic tracking project. The 
confluence of the Cheakamus and 
Squamish Rivers is indicated. Red 
circles indicate locations of acoustic 
receivers, and are labelled. Map 
taken and modified from CERTC 
website. 
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Figure 4. Migration run timing of tagged fish past acoustic receiver stations. Data are separated 
by release groups. Red circles show the mean arrival time of that release group at that station (i.e., 
mean of the first detection of each individual tag). Blue circles show the mean departure time of 
that release group at that station (i.e., mean of the last detection of each individual tag). Stations 
correspond to labels indicated on Figures 1-3. Error bars show 1 s.d. Yellow bars show the 
duration over which receiver stations were deployed. 
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Figure 5.  Survivorship curves from release to outer Howe Sound line. Both release groups are 
shown, along with their respective distances from their own release sites to successive detection 
stations. Error bars show 1 s.e.  
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Figure 6.  Detection probability estimates at detection stations. Estimates for both release groups 
are shown. Error bars show 95% confidence limits. Tenderfoot Hatchery error bars are thinner 
and shaded in blue. FVTH error bars are thicker.  
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Figure 7. Water levels on (a) the Cheakamus River and (b) Squamish River near Brackendale in 
May-June 2007. Discharge data are also shown for the Squamish River. Figures taken from 
Environment Canada website. 
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Figure 8. Migration run timing of the 19 tagged fish from Tenderfoot Hatchery release group 
past Tenderfoot Creek or Cheakamus River receiver stations. Red circles show first detections of 
a tag at that station and blue circles show last detections. Lines join first and last detections of a 
tag where >3 hours elapsed between first and last detection.  
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