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Executive Summary:

One hundred hatchery-reared steelhead smOitedqrhynchus mykisgrom Tenderfoot Creek
Hatchery (19) and Fraser Valley Trout Hatchery (@&)e tagged with acoustic transmitters and
released in May 2007 as part of a 2-year assesspnegtam to compare survival rates and
migratory behaviour between wild and hatchery-réasteelhead smolts. As no wild fish were
tagged in 2007 due to low smolt yield, this firsidy year provides a baseline for migratory
behaviour and survival of hatchery-reared fish. iBinbaselines exist for wild steelhead smolts
from previous studies in 2004 and 2005.

Tagged fish were released into either Tenderfoeelor the Cheakamus River. Hydrophone
receivers deployed in rivers and near the seabed wsed to track the migrations of smolts
downstream, through nearshore marine areas, anof tlwe Strait of Georgia ecosystem. Mark-
recapture models were used to estimate survivorshipgged smolts during the migration and
compare hatchery groups. Several river receiverg weployed to monitor for possible smolts
that residualized in the river (i.e., did not coetpltheir migration to sea and remained resident
in freshwater).

Tagged fish that survived the migration generallyved rapidly downstream. After ocean entry
the Tenderfoot Hatchery release group migratecefastrough Howe Sound than the Fraser
Valley Trout Hatchery group.

Smolts reared at Tenderfoot Creek Hatchery hadehigistimated survivorship downstream
(0.56 +0.10 s.e.) and through the Strait of Georgia extesyy (0.18 +0.10 s.e.) than smolts
reared at Fraser Valley Trout Hatchery (downstre@ad? +0.06 s.e.; SOG, 0.0243:047 s.e.).
This difference could be due to several factordustiag release time, body size, fish transport,
and rearing histories. Both hatchery-reared smottugs in 2007 had lower survivorship
downstream and through the early ocean migratian thild Cheakamus River smolts in 2004
and 2005. Due to the possibility of interannualiaaitity in survival and/or residualisation rates,
no conclusions can be made regarding comparisomgebe wild and hatchery-reared groups
from these studies in different years, but that b possible in the 2008 portion of the study
when both groups are expected to be tagged.

No fish were detected on river receivers upstredrtheir release sites, and no fish remained
within proximity of receivers in Tenderfoot Creektbhe Cheakamus River downstream of their
release sites for more than 2 days. This suggést® tis no evidence of residualisation in



proximity of these receivers. If in-river movemeatg on the order of several kilometres for fish
that may residualise, then based on estimated taeteprobabilities we would have likely
detected such residuals upstream or downstreaheofrelease sites. If in-river movements are
more localised for fish that may residualise (i@ hetween receiver stations), then we would not
be able to distinguish in-river mortality from résalisation for the 2007 study. Mobile sampling
in 2008 will assist in distinguishing between thesasibilities. Overall, there does not appear to
be any evidence for substantial rates of residatabis (>20-30%) in fish from either release
group in 2007.

Introduction:

Cheakamus River juvenile steelhead trout formedaijrtee most severely depleted populations
following the August 2005 railcar spill of sodiungdroxide. Restoration efforts have included a
number of instream enhancement projects includid¢pDLstructures, habitat complexing and
backchannel re-wetting projects, as well as a dieont (2 years) hatchery-rearing and release
program, implemented in an effort to boost adulintes in years of poor forecasted wild smolt
yield. Concerns regarding the effectiveness of thaschery based restoration effort include
potentially high levels of residualisation (failuie@ migrate, Walters 2005) and lower survival of
hatchery-reared smolts in the ocean compared wiith smolts (McCubbing and Ward 2006),
both of which will potentially reduce adult returasd thus the likelihood of program success.

In 2007, wild steelhead smolt yield appeared meciuced (Melville and McCubbing 2008) and
as a result, insufficient numbers of fish were &@e for tagging. The 2007 portion of the
present study therefore represents an initial besébr survival estimates and migration timing
measurements in hatchery-reared smolts (previaugest in 2004 and 2005 on wild steelhead
smolt migrations in the Cheakamus River producedlar estimates and measurements for wild
fish). The 2007 portion of the present study maso ghrovide an indication of differences in
migratory behaviour between two different hatchexgred release groups. It is proposed that the
2008 portion of this 2-year acoustic tag and tnagkstudy will focus on direct comparisons
between wild and hatchery-reared smolt residuaisattes and survival during the downstream
and early ocean migration phase.

Recent developments in acoustic tagging technohayge yielded individually-coded tags small
enough to be surgically implanted into juvenilensahids. By deploying a series of acoustic
receivers in rivers and using the Pacific OceanfSmwacking Project (POST) array of receivers



on the ocean seabed (Welch et al. 2003), the nograbutes and rates of individual fish can be
guantified and survival rates of populations cnogdines of receivers can be estimated. The
migrations downstream and through the Strait of rGi@osystem of wild Cheakamus River
steelhead smolts were tracked using the POST arr2904 and 2005 (Melnychuk et al. 2007).
A high proportion of tagged fish survived the dotweam migration (71%, 84%), and after
ocean entry fish migrated rapidly through Howe Sbullost fish proceeded north through
Johnstone and Queen Charlotte Straits, while aemt south through the Strait of Juan de Fuca.
In both years the survival rate from release twitepthe Strait of Georgia system was 27%.
Such measures of early marine survival, migrataieg, and migratory routes are assessed in the
present 2007 study for hatchery-reared smolts.eSthe first few weeks of the smolt migration
are arguably the most important period that deteesirecruitment of salmonids in general, this
early ocean comparison could provide insight intarime survival rates and therefore fitness
differences between wild and hatchery-reared steelhand differing hatchery rearing and
release locations or timing.

Residualisation is a key issue in determining therall success of the hatchery-rearing program.
It is possible that hatchery-reared juvenile steathcould differ in their degree of residualisation
from wild steelhead or other hatchery release ggoufhis is addressed by using acoustic
telemetry in the Cheakamus River to monitor for gnesence of tagged steelhead in the 2-3
months following the downstream migration, i.e.,detect individuals that failed to migrate
downstream past stationary acoustic receivers geglm the rivers.

Methods:

Study site -The Cheakamus River drains into the Squamish Rig&are reaching Howe Sound.
Howe Sound drains into the Strait of Georgia akfukm south of the river mouth. Exit routes
to the Pacific Ocean from the Strait of Georgialude Johnstone Strait and Queen Charlotte
Strait to the north, and the Strait of Juan de Fadhe south (Figure 1).

Smolt tagging— Hatchery steelhead smolts were reared from egljscted from Cheakamus
River brood fish and raised at Tenderfoot Hatch@m) and Fraser Valley Trout Hatchery
(FVTH). A total of 100 fish were tagged in 2007: fish were tagged at Tenderfoot Hatchery
April 27 and released into Tenderfoot Creek und@itional release on May 6; and 81 fish were
tagged at FVTH May 15 and released into the CheakaRiver below the Cheekeye River



confluence on May 23. Body sizes were slightly ¢éargn the Tenderfoot Creek tagging group
(mean, 186.4 mm fork length; range, 172-206 mmh timthe FVTH tagging group (mean,
182.6 mm fork length; range, 163-210 mm). VEMCO &9acoustic tags were used for all fish.
These tags are uniquely coded so individual fish loa identified when they are detected on
acoustic receivers deployed in rivers or on thddedaTo meet fish release deadlines before tag
manufacturing availability, 20 tags were used fridmtama stock which had a 30-90 s random
delay between tag emissions. These were used ib9tAdd fish and 1 FVTH fish. The other 80
tags, all used in FVTH fish, had a 20-40 s randatayl between tag emissions. The shorter
average delay between tag emissions is expectstigtdly increase detection probabilities on
acoustic receivers as fish swim by, but have atshdifespan from the date of tag activation.
The 20 tags at 30-90 s delay were predicted toaffion 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 usingndard surgical procedures (Moore et al.
1990; Welch et al 2007). Tags measured 20 mm x 9diameter and weighed 3.3 g in air.
Coded transmissions at 69.0 kHz allow individuagistéo be identified by acoustic receivers on
hydrophones. Smolts were sedated with 1 ppm metmitiCl (Aquacalm™), and 3-4 min
prior to surgery they were brought under full atlaesia with 70 ppm MS-222 mixed with a 140
ppm NaHCO3 buffer. Gills were irrigated during semgwith running water and 50 ppm MS-
222 (100 ppm NaHCO3) flowing into the mouth fromme&ircultation system that pumped the
water from the oxygenated anaesthetic bath. Ox{geris and temperature were monitored and
recorded with each fish, and the anaesthetic daihged if temperature deviated by more than
2°C from the source water. A mucous-protectantldlfie™) was used in all water baths. A tag
was inserted into the abdominal cavity through d-wantral line incision, which was closed
with 2 or 3 polydioxanone monofilament sutureshhigere transferred back to aerated water and
finally the rearing tanks to recover. Tagged fisarevheld at least 1 week before release to
monitor fish for evidence of mortality or tag rejien— none were observed.

Stationary acoustic array— Prior to releasing smolts, Kintama Research urtde Pacific
Ocean Shelf Tracking Project, POST, se®ew.post-coml.org) installed VEMCO Ltd. VR-2 or
VR-3 receivers in listening lines placed eithet jpisove the seabed or raised to a depth of 150 m
below the surface (in regions of water depths >168am0ss Howe Sound (2 lines; 4 and 11
receivers), the northern Strait of Georgia (NSO& r&ceivers), Queen Charlotte Strait (QCS,
24), and the Strait of Juan de Fuca (JDF, 29) (eid). We also installed receivers as single or
paired units in the Cheakamus (Figure 2) and Saglafiigure 3) Rivers at several locations, as




well as one receiver in Tenderfoot Creek. Thredasta (5 receivers) were located upstream of
the Tenderfoot Creek confluence; these were usadawitor for any residualised smolts that
moved upstream after release. Two stations (4veriwere located between Tenderfoot Creek
and Cheekeye River confluences; these were usedototor smolts from TH that migrated
quickly downstream after release as well as to morsmolts from either release site that may
have residualised within this river reach. Thergen® stations (8 receivers) deployed in the
Squamish River and 1 station (3 receivers) in Sgsfardarbour that were used to monitor
smolts as they completed the downstream migratiah entered ocean waters; these stations
permit the partitioning of survivorship into freshtgr and ocean components.

The lines of receivers deployed on the seabed aamged to detect tagged fish as they swam
across them with a probability typically about 833 Detection probabilities for both river and
ocean receiver stations were estimated with mar&pteire methods. Ocean receivers were in
place throughout the summer, past expected tagripdite. River receivers were in place until
either mid-June (these were mainly borrowed recsitbat had to be returned for another
project) or mid-August (these were the receiversoti to the current study and mainly
deployed in the Cheakamus River). Mobile in-rivamgling did not take place in 2007 due to
equipment availability but will be an important paf the 2008 sampling efforts.

Data analyses— During their migration out of the Strait of Ggi@, tagged smolts passed
between 9 and 13 detection points: 8 stationsashfivater for the TH release group (5 for the
FVTH release group), 1 station in Squamish Harb8ustationary lines of receivers in Howe
Sound, and 1 or 2 lines of receivers covering thalern and northern exit routes from the Strait
of Georgia. We assumed that tags detected segiiygatiang migratory routes were still in live
smolts and not in predator stomachs. Stationamsliof receivers were designed to provide a
high but not perfect probability of detection. lasvnecessary to estimate detection probabilities
(p) at each river receiver or line of ocean receiversrder to estimate the extent of migration of
tagged fish; these were estimated simultaneoudly suirvival ratesf() in each segment of the
migration using the Cormack-Jolly-Seber model (Gai8) variants thereof.

The final segment is confounded witlp of the final line (QCS/JDF), and cannot be segdyat
estimated. To isolate these factors, we estimatedvarallp for the NSOG line fysog and
assumed this value for the QCS/JDF lines (89.7%esé& three lines had similar spacing
between receivers and similar deployment deptherAfssuming fixed values for the final stage
p, we used the 14 or 11-digit capture histories €& recaptures-only model implemented with



Program MARK (White and Burnham 1999) through RMéklaake and Rexstad, 2007) to
estimatef in river and ocean segments gndit detection stations. The product of segment-
specificf estimates becomes the cumulative survivorshipmeelong migration routes.

Segment distances were measured with mapping gseftas shortest-route distances between
lines of receivers. The time of fish detectionseach river receiver were inspected to assess the
potential for residualisation after the initial destream migration pulse.

Summary and Discussion of 2007 Results:

General migration behaviour Tagged fish generally migrated rapidly downstre&ish that
survived to the mouth of the Squamish River werarth@n average 7 days after release for the
Tenderfoot Hatchery (TH) group (released May 6) &rahys after release for the FVTH group
(released May 23). In the lower Squamish River,ratign behaviours began to diverge. The TH
group spent relatively little time in the lower Sapish River and continued to migrate quickly
through Howe Sound, crossing the outer Howe Soural dn average 11 days after release
(Figure 4; the average duration of time at any gisgtion can be seen as the difference between
the red arrival means and the blue departure mieartee population). The FVTH group spent
more time on average in the lower Squamish Riveurzst Sgm 11 and Sgm 12 (Figure 4, though
this difference was largely influenced by seveisth Spending 19-23 days around either of these
stations, with most other fish spending little tiam@und them). After ocean entry, the FVTH fish
migrated more slowly through Howe Sound, crossigduter HS line on average 32 days after
release (Figure 4).

Few fish were detected on either the NSOG or olimess. From the TH group, 1 fish was
detected on both NSOG and QCS and 1 fish was éetect JDF. From the FVTH group, 2 fish
were detected on QCS (1 of which was also detemedSOG) and 1 fish was detected on JDF.
Please refer to the animation file enclosed aloitg this final report, “Cheakamus_Steelhead
2007_xvid.avi”, for a visual representation of ttmming and interpolated routes of the fish
migrations.

Not shown in Figures 4 or 5 are the Cheakamus Ritagions Chk 2-Chk 4 that were upstream
of the Tenderfoot Creek confluence. No TH fish weletected on any of these receivers
upstream of the confluence. No FVTH fish were det@on any Cheakamus River receivers
(which were all upstream of their release sitesoAhot shown in Figure 4 is the Sgm 8 station in



the Squamish River; this receiver operated pooslyt avas knocked over behind a large rock.
The few detections on that receiver provided nateal information and were also excluded
from survival analyses.

In some cases the average arrival (or departumg #t a station is earlier than the average
arrival (or departure) time at the previous stafiery., mean HS_out arrival time is earlier than
mean HS_in arrival time for the TH group; Figure @his is an artefact of imperfect detection

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

times) being detected on successive receiver s&tio

Mark-recapture survival analysis- Properly estimating survival X within each segment of the
migration involves taking into account the detectppobability ) at each station. These can be
estimated simultaneously using maximum likelihoodcpdures. Many model formulations are
possible. The most common approach is generalssnme independeptat each station and
independent in each segment. Since we have 2 different relgaseps in this study (which
differ in release location, release time, and repftocation), we have several options of how to
treat these groups: (i) assume they are complatdgpendent of one another, so sepapée
and/orf’s are estimated for each group separately; (suage they share the sampes and/or
f's; or (iii) assume that th@’'s and/orf’s for each group are different, but that they etiff
consistently for alp’s and/oif 's by the same amount in logit-space (i.e., adéitiodels, where
one group has a consistently higlpeaind/orf in all stations or segments than the other group).
The shared model (i) would not allow comparisoesaeen release groups, since these would
be lumped together. There are two reasons why tliitinee model (iii) is probably more
reasonable than the multiplicative model (i) fottbb and p. First, the sample size of the first
release group was only 19, so there is little im@ation with which to estimate afl and p
parameters independently for this group. Secondppesing these models with Akaike’s
Information Criterion (AIC; Burnham and Anderson02) shows that the model in which bdth
and p are additive has >95% support from the data oullomodels considered, as measured
from the Akaike weight. Results presented here thills be based primarily on this model. The
next-best supported model, with >4% Akaike weiglds one in whict was additive ang was
multiplicative (i.e., independer between release groups). To not completely disdegas
model, we present model-averaged results weighyetthdir Akaike weights. The difference in
survivorship predictions between different modslsmall compared to the difference between
release groups, so general qualitative resultsnatevery sensitive to this choice of model
presentation.



From the release locations, survivorship of botbugs declined in successive stages of the
migration. The TH release group had an estimaté@d 2tbrtality rate from release to Chk 5,
only 1.3 km downstream, after which survivorshipcladeed more gradually with increasing
distance for the remainder of the downstream amli¢ eaean migration (Figure 5). The FVTH
release group also had a large initial decline unvigal, with >40% mortality to the first
detection station at Sgm 7, 5.5 km downstream eir tlrelease site. The rate of decline in
survivorship with increasing distance was sliglghgater for this FVTH group than for the TH
group. Only 16% of the tagged FVTH fish survived dmss the outer Howe Sound line,
compared with 45% of the tagged TH fish. (To pugsth in context, in 2004 and 2005
approximately 65-85% of tagged wild Cheakamus k&gl smolts survived their migration
through Howe Sound; Melnychuk et al. 2007.) Thegdarstandard errors on survivorship
estimates of the TH group (Figure 5) are mainlgsult of the smaller sample size of that group.

Beyond Howe Sound, survivorship estimates to therdines at QCS or JDF continued to be
greater for the TH group (18% of fish tagged sungvto QCS or JDF, ¥0% s.e.) than for the
FVTH group (2.4% surviving,4.7% s.e.). There is a possibility that survivopsta ocean lines

is underestimated for this latter group due to lagery life. Tags in the FVTH release were
predicted to shut off around July 23, but 3 difféaresh were detected on the HS out, NSOG,
and QCS lines between July 22-24. Fish crossireslafter tag battery expiration would not be
detected, so survivorship to the outer QCS or JDBéslis likely somewhat underestimated for
the FVTH group. No TH fish were detected after JAdeand their tags were predicted to shut
off Aug. 5, so this is not likely to be an issue fioe TH fish.

Both TH and FVTH groups had lower estimated sumsh@ than estimates of wild Cheakamus
steelhead made in 2004 and 2005 (27% surviving gaeah;, Melnychuk et al. 2007) despite
larger body sizes in the 2007 hatchery-reared fisliis comparison between wild and hatchery-
reared fish is made between different cohort yesrst should be considered with caution while
acknowledging the relatively similar results betwegars in previous Cheakamus river wild
smolt studies. The planned 2008 study, where wildl lzatchery-reared steelhead smolts will be
compared within the same year, will likely be atéetindication of survival or migratory
behaviour differences between the two differentinggtypes.

The differences between fish reared at Tenderfoatche€ry which had higher survivorship
throughout the migration and those reared at FVTighinmbe explained by at least 4 factors,
which we currently cannot distinguish between is gtudy year:



i) FVTH fish were released almost 2.5 weeks laMay 23) than smolts reared at TH
(May 6). In other studies date of smolt migratiorr&lease has been shown to have some effect
on survival between release groups (e.g. Biltoal.e1982). TH smolts may have emigrated at a
more optimal time than FVTH smolts.

i) Tagged smolts reared at TH were slightly lar¢e#6.4 mm fork length) than tagged
smolts reared at FVTH (182.6 mm). In general, lagyeolts enjoy a greater survival advantage
than smaller ones (e.g. Bilton et al. 1982, Ward &taney 1988) perhaps due to improved
predator avoidance capacity and/or energy storased on typical effects of body size on
survival in other juvenile salmon populations, thigference in size is likely not enough to
explain the large observed initial difference imvsval between the two release groups.

iii) The transport and release process may have dwade undetermined detrimental
consequences for the FVTH smolts, especially iretiréy part of the river migration.

iv) The FVTH fish were not reared in water from tGbeakamus and Squamish River
watersheds. The TH fish may have had an easiesiti@an physiologically into the Cheakamus
and Squamish Rivers.

Detection probabilities- The survivorship estimates shown in Figure Soant for imperfect
detection probabilities at receiver stations. Thestematedp’s are shown in Figure 6. These are
model-averaged estimates based primarily on additvodels forf and p, but multiplicative
models give similar results. Detection probabiditiearied widely across receiver stations, from
>90% at Tend 1, Chk 5 and Chk 6 to <30-60% at Sefgm 10. We notice that estimates
were higher for the TH release group than for th@H group. Even in multiplicative models
when this consistent difference (in logit spacenh@ a constraint, the same pattern holds of
higher p for TH fish at all receiver stations. This can fedstom several possible reasons. In
rivers and Squamish Harbour, faster current speeelsexpected to decreapesince fish are
within detection range for less time and backgronoide increases with higher flows. Since the
FVTH group was released 2.5 weeks later than thgfbidp and river flows were greater in late
May than mid May (Figure 7), we expect lowgrestimates. (In 2008 an index of detection
probability will be measured independently on riveceivers using test tags to estimate the
change inp over the season as river levels change.) Secontk hgh flow events (e.g. May 19
and June 1 in Cheakamus River, Figure 7) may hesledded and knocked over river receivers
from their optimal placement. Receivers were chdakeery few weeks, but not between the two
release times. It is possible receivers were incgenoptimal configuration during the main
migratory run of the first release group than teeosid group. Third, average pulse rates were
different between release groups, with a transimssin average every 60 s for TH fish and
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every 30 s for FVTH fish. This effect is likely nin as the expectation would be the opposite of
what was observed: highpifor the tags with more frequent transmissions.

At ocean receiver stations, detection probabiliteesl to be >80%. This was the case for HS_in
(Figure 6). Thep estimate for HS_out was based on few fish and drget standard errors. The
line was of a similar configuration in 2004-2006davas typically >80% in those years, so the
low estimatedp in 2007 could be an artefact of lower sample sikkd.shown in Figure 6 ane
estimates for NSOG. These were estimated indepdpdesing all tags of the same acoustic
intensity used by the POST project that cross t8®® line (e.g., we expect a V9 tag in a Cultus
sockeye smolt to have a similar probability of ddtes as a V9 tag in a Cheakamus steelhead as
long as pulse intervals are the same and fish swignspeeds are similar). The NSOG station
was of a similar configuration in all years, and theighted averageover all years was 89.7%.
This value was assumed for the outer lines at Q@SI®F, although with so few fish detected
on these outer lines the survivorship estimateseletively insensitive to changes in plausible
values ofp at these outer lines.

Residualisation monitoring- No fish from either release group were deteaggstream of their
release location (stations Chk 2-Chk 4 for the Tidug and stations Chk 2-6 for the FVTH
group). Provided that detection rates on theseregust receivers were similar to those from Chk
5 and Chk 6 (Figure 6) throughout their deploymemil mid-August, then if fish residualised
and migrated upstream of release sites crossirgg thiations, it is likely they would have been
detected. If the possibility of residualisationassociated with in-river movement of several
kilometres (as it was in the Keogh River; Walted®2, Werlen 2003), then it appears there is no
evidence of upstream migration of steelhead ref8dnahe several weeks following release. If
the possibility of residualisation is associatedhwshorter distances of in-river movement or
more localised habitat use, then we cannot excthdepossibility that fish residualised in the
river but did not move far enough to be detectedeaeiver stations during the survey period.

Survivorship estimates shown in Figure 5 include plossibility of residualisation downstream
of release sites. Technically, if a fish ceasemitgration between detection stations, the survival
analysis would consider that fish to have not sigwtito the next station, so what is measured to
each line is the joint probability of migration asdrvival to the line. The steepest declines in
estimated survivorship with increasing migratiostance were from the release site to Chk 5 for
the TH group and from the release site to Sqm therFVTH group. There were no receivers
downstream of the FVTH release site, so we havenfaymation with which to attempt to
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partition this initial >40% decline in survivorshimto components of true mortality and
residualisation. However, such initial declinesinvivorship are common in juvenile salmonids
of other species and/or in other rivers that hagenbtagged by POST. Since the decline with
migration distance for either release group isuratsual compared to wild outmigrant smolts in
the Cheakamus River or salmonids in other rivers,can conclude there is no evidence for
substantial (>20-30%) rates of residualisation ithes release group. There however may be
lower (<10-20%) rates of residualisation that wenz distinguish from mortality in this year of
study.

We can examine the likelihood of residualisatiorwdstream of the release site for the TH
release group since there were 2 stations dowmstodatheir release site. Examination of the
first (red) and last (blue) times that each of 1Bdish were detected at these 2 stations (Figure 8
as well as on Tend 1) indicates that in nearlycalies these data points overlap for each fish.
This suggests that fish moved quickly past recestations and were rarely detected for long
periods after their first detection. Four fish wéaet heard at a station >3 hours after they were
first heard, once on Tend 1 and 3 times on ChkHh&s& patterns of detections are typical in
other salmon species migrating downstream whichlese likely to residualise (e.g., coho
smolts), so are likely not evidence of residuaiisatin themselves. Verification of this
evaluation is that two of these fish (18156 and70§1lthat remained around Chk 6 for a few
hours were heard later in their migration in thedo Squamish River and/or Howe Sound. Tag
18167 was not heard after detection at Tend 1and 8174 was not heard after detection at Chk
6; unfortunately the fate of these fish is unknoWata in Figure 8 indicate a complete absence
of fish remaining in proximity of any of these reas for long periods of time. Since receivers
were deployed for several weeks (yellow bars inufgég4), if residualisation rates were
substantial and involved considerable in-river ¢étawe might have expected several days or
weeks between the first and last detections ofviddal fish or periods of sustained residency
and detections. If residualisation did occur it lnbave been associated with low rates of
movement and localised habitat use between recsiagons.

Mobile sampling by raft did not occur in 2007 asrpled due to scheduling and equipment
availability constraints. This sampling method lianmed for 2008. Mobile sampling will help to

resolve uncertainties in estimated survivorshiplides being due to either mortality or

residualisation. Multiple trips will be useful famcreasing the probability of detecting tags and
also for assessing whether any detected tags havedibetween sampling occasions, indicating
that tags are simply not immobile on the riverbadrather are either in residualised steelhead or
in predator stomachs. Spatial overlap of known fisbdator locations in the Cheakamus River
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will help distinguish between these two possilahti We will attempt to use mobile tracking to
sample both upstream and downstream of all relsiss. Further, in 2008 the index pfon
river receivers that we will measure independentfing test tags will also be used to
approximatep on stationary receivers in cases where no fishdatected. This will assist in
affirming any conclusions about the likelihood @iving 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 hadehnightimated survivorship downstream and
through the Strait of Georgia ecosystem than smeésed at Fraser Valley Trout Hatchery. This
difference could be due to a number of factorsudiclg release time, body size, transport, and
rearing histories.

Hatchery-reared steelhead smolts in 2007 had |Iewerivorship downstream and through the

early ocean migration than wild Cheakamus Riverlsnia 2004 and 2005. Due to possible

interannual variability in survival and/or residigakion, no conclusions can be made regarding
comparisons between wild and hatchery-reared grivopsthese studies in different years. This

evaluation should be possible in the 2008 portibthe study when both groups are intended to
be tagged.

No fish were detected on river receivers upstre&rh@r release sites, and no fish remained
within proximity of receivers in Tenderfoot Creekthe Cheakamus River downstream of their
release sites for extended periods (several daysiemks). This indicates no evidence of
residualisation in proximity of these receivers. riésidualisation occurred and in-river
movements were on the order of several kilomethes) based on estimatp$ we would have
likely detected such residuals upstream or dowastref their release sites. However if
residualisation occurred and in-river movementsewaore localised (i.e., only between receiver
stations), then in-river mortality would not be ibasglistinguished from residualisation. Overall,
there does not appear to be any evidence for sutateates of residualisation (>20-30%) in fish
from either release group in 2007 based on obsemathlity rates from other studies of wild
outmigrant steelhead smolts in both the Cheakanney Bnd elsewhere.
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Figure 1. Map indicating lines of acoustic recesveperated by the POST Project in Howe
Sound (inset map) and the Strait of Georgia syskeud.lines show locations of receivers and
are labelled as: inner and outer Howe Sound (H$1$,out); northern Strait of Georgia

(NSOG), Queen Charlotte Strait (QCS) and Strailuain 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.

17



Tendl |[—&—

K . - Tenderfoot Hatchery release group
ohk6 | +—O—

Squ_ ®

sm9 | —e—

M 10 —o—

gmil | >

gmi2 | —e-6

mMH | ©

HSin | o

HSout H——

NSOG | &

DF | o)
EEEEE5 s fEES
8 & 8 §n 8 5 & X = & ¥ N

m7 | © FVTHrelease group
M9 o

M 10 | e

gm1il | R

Im12 | O

mMH | -

HSin | L =

HSout | o

NSOG | ©

DF | O
F5Fs5 858 cE £
8 & 8 § ® 5 5 ® = ® @ B

Figure 4. Migration run timing of tagged fish pasbustic receiver stations. Data are separated
by release groups. Red circles show the mean htiiva of that release group at that station (i.e.,
mean of the first detection of each individual t&gjue circles show the mean departure time of
that release group at that station (i.e., meahefdst detection of each individual tag). Stations
correspond to labels indicated on Figures 1-3.rHyans 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 odi@wve Sound line. Both release groups are
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stations. Error bars show 1 s.e.
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Figure 6. Detection probability estimates at dibecstations. Estimates for both release groups
are shown. Error bars show 95% confidence limienderfoot Hatchery error bars are thinner
and shaded in blue. FVTH error bars are thicker.
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(a)

(b)

Figure 7. Water levels on (a) the Cheakamus Rimdr(B) Squamish River near Brackendale in
May-June 2007. Discharge data are also shown &%tluamish River. Figures taken from
Environment Canada website.
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Figure 8. Migration run timing of the 19 taggechffisom Tenderfoot Hatchery release group
past Tenderfoot Creek or Cheakamus River recetaéipes. Red circles show first detections of
a tag at that station and blue circles show lasatiens. Lines join first and last detections of a
tag where >3 hours elapsed between first and &stton.
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