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Executive Summary

The Moricetown Canyon on the Bulkley River is thdesof yearly steelhead
(Oncorhynchus mykiss) mark-recapture studies done by Wet'suwet’en Kiske In 2008, a pilot-
scale acoustic telemetry study was conducted waeudt steelhead were tagged with acoustic
tags and released back into the river along sgleused the annuadark-recapture study. A drop
back rate of 18% was measured for acousticallyad@glult steelhead (we define “drop-back” as
fish going downstream after release, rather thamimoing to migrate upstream past the recapture
site, as conventionally assumed). In 2009, thaustoo study was expanded in Moricetown

Canyon, and drop back rates were assessed moedyclos

In summer 2009, an array was designed and deployéae Bulkley River system by
Kintama Research, with the assistance of a lowak rjuide. Twelve acoustic receivers were
deployed in the Bulkley River on 10-12 July 2009d a®7 returning wild steelhead were
subsequently tagged with individually identifiabemco V9-2H acoustic tags. One fish was
harvested and therefore omitted from the data aisa{p=66). Fish were released from 5 August
to 24 September at two collection sites: (a) thacheseine site immediately below the
Moricetown Canyon and (b) the dip-net site locatddthe Moricetown Canyon falls. We
recovered all receivers between the 9-11 Novemb@® 2approximately four months later. Over
the deployment period, a total of 38,808 detectwaee recorded from 63 of the 66 tagged adult

steelhead.

Key findings of the 2009 Bulkley River study:
* Only between 56 and 59% of fish passed the recasite during active recapture
efforts (excludes: Fish that remained below (33@ti)detected tagged fish (5%),
and fish passing recapture site after the recajetfioets were terminated (3-6%)).
e 2009 drop-back rate (<0.7 km): 83% of all taggst {in=66)
» 2009 drop-back rate (<11 km): 35% of all tagget (8% in 2008).
* Average time from release to passing the Moricet@anyon recapture site (300

m upstream of release): 13.5 days (range: 0.9-¢&&y5).

J;i]NTAMA 12 MAY 2010 ...7149.
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* Twenty-two (33%) of all tagged steelhead remainedow the Moricetown
Canyon release site and were never exposed totveeagi the recapture site.

» Between two to four (3-6%) of the tagged steelhg@sbed the recapture site after
termination of the recapture effort and were nexgrosed to recapture at the dip-

net site.
This evidence coupled with the extensive movem#rasa substantial proportion of the tagged

steelnead made downstream and then upstream pagseldase site is potentially of major

importance for the interpretation of data from khericetown mark-recapture analysis.
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1.0 Introduction

The Bulkley River in British Columbia is renownedmid-wide for its summer run of
wild steelhead and yearly mark-recapture studiesveduate this resource have been conducted
by the Wet'suwet’en Fisheries since 1999. Theseirerapture studies focus on coho, sockeye,
and steelhead moving through Moricetown Canyone Bulkley is 257 km long, drains an area
of 12400 kni and is a major tributary to Skeena River (NRCAN.@0 The Skeena is one of the
largest watersheds flowing entirely in British Qoloia. All five Pacific salmon species and 30
other fish species, including multiple populatiarissteelhead trout, use the Skeena and Bulkley
river spawning and rearing habitats. Many of thémen and trout populations face intense
harvest during the summer and fall while returniagthese spawning grounds. Chudyk and
Narver (1976) reported that fishing pressure froommercial, recreational, and aboriginal
fisheries have all contributed to the decline ob&ka River steelhead. Skeena steelhead are
currently subject to significant fishing pressusearesult of incidental capture in commercial
sockeye and pink salmon gillnet fisherie®guss and Evans 1978). A genetic study of the
steelhead caught in the Tyee Test Fishery (Skeama Routh) identified the dominant steelhead
stock as originating from the Bulkley River draieagvhich includes the Morice and Bulkley
rivers, and Toboggan Creek (2007: 29% ; 2008: 4@éacham and Beere 2009).

Despite the many different management strategiexk sassessment techniques, and
research programs implemented since the 1970’'s kmerfa River populations, the Skeena
steelhead are thought to still be declining (Walttral 2008). In 2006, the Tyee Test Fishery,
located at the mouth of the Skeena River, idewtib@ unexpectedly large sockeye run while
steelhead numbers appeared relatively low. A comiadesockeye opening in Area 4 (the river
mouth) subsequently exposed co-migrating Skeenalhstgd to fishing pressure for 11
consecutive days. This decision caused intensdicpdbbate and controversy and led to a
demand for review of Skeena River salmon and steellmanagement strategies. In 2007, an
independent science review panel (ISRP) reviewedetstrategies and other issues facing the
Skeena River watershed (Waltetsal 2008). Walterset al identified a number of critical issues
and made several recommendations; one of themheaseted for a telemetry study of steelhead

removed from the water in the Area 4 fisheriesadidition to the final recommendations in the
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ISRP report, a recommendation by DFO biologistspug forth, suggesting a multispecies
telemetry study of sockeye, coho and steelheaducagptin the Moricetown Canyon mark-

recapture studies to provide information on suryigieop-back behaviour and migration rates.

In 2009, a Moricetown Canyon project was initiategl the Ministry of Environment
(MoE), the Pacific Salmon Foundation, and Kintamapecifically assess the behaviour of the
Bulkley River steelhead following tagging. Collewi data in these areas would complement
multiple steelhead studies previously conductetthismarea (Beere 1991a-d; 1995, 1996, 1997).

Acoustic telemetry has a significant advantage oaeio telemetry in that the signals
transmit effectively in both salt and fresh wateotentially allowing much broader geographic
study of the species. Off-setting this potentiataadage, the deployment of large-scale acoustic
arrays is more complex than when radio frequenaresused due to the nature of acoustic
propagation in water. In recent years, large-saatmistic telemetry systems have been used to
study the survival and migratory behaviours of salvéish species (e.g., Crosseh al 2008,
Chittenderet al 2008, Welchet al 2008, Melnychulet al 2007) and the large-scale Pacific Ocean

Shelf Tracking acoustic array, “POSTiww.postcoml.ory has been deployed semi-permanently

along the Pacific Shelf (including two major riveisetween northern Oregon and southeast
Alaska.

To investigate the behaviours of returning BulkRiver steelhead released from the
annual Wet'suwet’en mark-recapture study, a sulyaof 12 acoustic receivers were deployed in
the Bulkley River in the summer of 2009 (Figure Ajlult steelhead were primarily seined and
tagged below the Moricetown Canyon release sit&{hbut a small subset (h=10) were tagged
at the recapture site. One fish was subsequenthoved from the data analysis as it was
harvested during the study period (n=66). All dteal were tagged externally with uniquely
coded acoustic transmitters. In the fall of 2008w§ in the Bulkley became very low and a few
of the acoustic receivers became exposed. Oneeoféeteivers (#12) was disturbed on a few
occasions. MoE staff effectively redeployed andsome cases re-located the receivers in
guestion. All units were recovered and successfiplpaded in November 2009. The purpose of

this report is to present background data and gumsults valuable to the interpretation of the

#]NTAMA 12 MAY 2010 ...10/49.



194
195
196
197

198

199
200
201
202
203
204

205

yearly Moricetown mark-recapture studies by ideimij drop-back rates, residence numbers,

time to pass through the canyon from release, ateheand percentages of up or downstream

travel.
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Figure 1. Location of acoustic receivers deployed ithe Bulkley River. The red dots indicate the twele
receiver locations used to monitor acoustically taged steelhead during the fall of 2009. Four receivewere
repositioned or moved during the study due to low ater conditions or disturbance and are indicated usg
hollow red dots (if moved, both the initial and firal location are indicated as open circles). Distaes are
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2.0 Methods

2.1  Acoustic Sub-array

An acoustic sub-array consisting of twelve Vemcal{tdx, Nova Scotia) VR2 acoustic
receivers was deployed in the Bulkley River to nmmmovements and migratory patterns of
adult steelhead tagged at Moricetown Canyon in 200@mco VR2 receivers consist of a
transducer; internal electronics with a clock c&pabf measuring and logging validated
detections to flash memory, and a battery, all Bdus a submersible case. These receivers are
capable of detecting and recording the passageslofmplanted with tags which transmit unique
ID codes, potentially allowing for the reconstroctiof the complete movement and extent of
migration record of individual tagged animals, defiag upon the geographic extent and

performance of the array.

The sub-array in the Bulkley River was compatibléhwhe Pacific Ocean Shelf Tracking
(POST) array; POST is a large scale marine acouistoking network which extends from
northern Oregon, throughout coastal British Columtand up to southeast Alaska (Cover;

www.postcoml.oryy Acoustic receivers are deployed in specificatamns in the coastal ocean

with set spacing with the goal of providing neamgbete coverage of coastal marine shelf areas
from the beach to the shelf break (200m). Elemehtfie array are also deployed in multiple

locations within several river systems other tHa$keena.

During 10-12 July 2009, Kintama Research deployeziie acoustic receivers within the
Bulkley River with the assistance of Fred Seiletyetip EcoTours, Terrace. Seven receivers
were deployed downriver of the Moricetown Canyotoaations ranging from 17.9 to 47.3 RKm
from the Bulkley-Skeena confluence and five wersifimned above the canyon (Rkm 48) at
river positions 48.8 - 86.7 RKm (Table 1 and Figliye Locations were selected which appeared
to have a high probability of detecting the acaadly tagged steelhead and positions recorded
using a WAAS enabled handheld GPS receiver. Atithe of instalment, river transects were
surveyed using an onboard depth sounder to ensifieient water depth and avoid areas with

larger trenches. However, due to a combination pér@od of increased discharge that occurred

#]NTAMA 12 MAY 2010 ...12/49.



235 immediately following instalment of receivers antdsequent low river flow in the fall of 2009,

236 four receivers were redeployed by MoE staff becdaheg were found to be either very close to
237 the surface or no longer in the river. This resultegaps in the detection record for the telemetry
238 array (as tagged fish will not be detected if theeiver's hydrophone is not submerged). All

239 units were successfully recovered four months late®-11 November 20009.

240

241 Table 1 Detail of 2009 receiver and tagging locations witn the Bulkley River. Sites denoted with
242 an A were redeployed during the study period.

Distance . .
Site description %Z?(LO{LTTGQ; (RKr_n) fr(_)m Bglllzl;re]y Lauzgde Lon%gude
tagging site

Bulkley receiver # 1 10-Jul-09 -30.1 17.9 55.21915 -127.43847

Bulkley receiver # 2 10-Jul-09 -22.0 26.0 55.17220 -127.38058

Bulkley receiver # 2A 26-Aug-09 -22.0 26.0 55.17228 -127.38053

Bulkley receiver # 3 10-Jul-09 -15.8 32.2 55.12563 -127.36901

Bulkley receiver # 4 10-Jul-09 -10.2 37.8 55.09270 -127.32439

Bulkley receiver # 5 10-Jul-09 -6.7 41.3 55.06348 -127.31347

Bulkley receiver # 6 10-Jul-09 -2.7 45.3 55.03471 -127.30402

Bulkley receiver # 6A 26-Aug-09 -2.1 45.9 55.02909 -127.30676

Bulkley receiver # 7 10-Jul-09 -0.7 47.3 55.01836 -127.31673

Bulkley receiver # 7A 19-Aug-09 -0.7 47.3 55.01836 -127.31673

Tagging site 0 48 55.01540 -127.32510

Bulkley receiver # 8 11-Jul-09 +0.8 48.8 55.00951 -127.32812

Bulkley receiver # 9 11-Jul-09 +3.7 51.7 54.99218 -127.33611

Bulkley receiver # 10 11-Jul-09 +12.2 60.2 54.94255 -127.31300

Bulkley receiver # 11 11-Jul-09 +20.6 68.6 54.92229 -127.21705

Bulkley receiver # 12 12-Jul-09 +38.7 86.7 54.79522 -127.16322

Bulkley receiver # 12A 23-Sep-09 +39.7 87.7 54.80118 -127.15254
243
244
245
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2.2 Tagging

Adult steelhead were caught and tagged between siugit! and September $4at two
locations. Ten steelhead were dip-netted and thggeMoricetown Canyon falls while 57
additional steelhead were caught using a beache seimd tagged 300 meters below the
Moricetown Canyon falls. Each fish was externadgged just below the dorsal fin with an
individually identifiable Vemco V9-2H. Vemco V9-2Hansmitters are 9 mm in diameter and
weigh 3.5 grams. Tags used in the Bulkley studyraied at 69 KHz frequency.

The acoustic tags were attached externally usiagdéd Spiderwire line. Prior to the
actual tagging event, individual Spiderwire haresssere created for each tag and fastened
using epoxy. The harness location was distal éotthnsmission end of the tag such that the

signal was not compromised by the attachment (Eigir

Figure 2. A Vemco V9-2H tag after attaching the sgerwire line as a harness. Photo courtesy of MoE.

A tagging trough was lined with 5 mm Thinsulaterfoand a hole was drilled at one end
to accommodate a hose that supplied a constantdiomater through the trough. Acoustic tags
were applied on the left side of the steelhead wli transmission end directed posterior.
Needles were threaded between the pterygiophomsaaurgeon’s knot was used to securely
join the ends (Figure 3). Finally, a Scotty brasanector sleeve, intended for downrigger wire,

%IN’TAMA 12 MAY 2010 ...14/49.
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was crimped on above the knot. Tag number, sexe-fark length, and time of release were
recorded.

Figure 3. Left: attaching an acoustic tag on thdeft side of the steelhead. Right: inspecting a reatly
captured Skeena steelhead in the tagging trough witthe acoustic tag secured in place. Photo courtesf
MoE.

Wet'suwet'en Fisheries conduct an annual mark-recapprogram to estimate adult
salmon abundance. The program utilizes a jet-bmadeploy a beach seine and then mark
captured salmonids (Figure 4). Recapture is acashed via a dip-net fishery approximately
300 meters upstream of the tagging site. In 2@@®ustic tags were applied in the manner
described above in conjunction with the annual rredapture study. The fish were caught, and
immediately tagged and released. Prior to relemséndividually numbered, coloured anchor-T
tag was placed at the base of the dorsal fin ascanslary mark. The ten steelhead caught and
tagged at the dip-net fishery (the recapture siteje passed to a second net which was then

carried to a holding tank and subsequently taggetkacribed above.
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Figure 4. Deploying a beach seine in the Moricetow@anyon in the Bulkley River. Photo courtesy of MoE

2.3 Data Analysis

All data files collected from the array underwetdarglard quality assurance and quality
control procedures. System data recorded in fkeentdry receivers were reviewed, and the data
files checked for gaps or inconsistencies. Deatactiata were then compiled into an Access
database for false detection screening and anabfserray performance, fish survival, and
migratory behaviour.

Due to the proximity of the two 2009 release s{83) m apart) the tagged steelhead were
mostly treated as one release site throughouethart, the exception being when comparing the
2008 and 2009 data; this distinction is made wlwenparing the two years in order to maintain a
uniform treatment of fish between years.

One tagged steelhead was harvested post taggihguvibeing detected on any of the 12
receivers. This fish has been omitted from the datdysis (n=66).
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301 23.1 Falsedetection screening

302 We identified and excluded any detection likelyb® false (as a result of aliasing or tag

303 collisions) using the two criteria recommended BWCO (Pincock 2008). Detections met the

304 first criteria if there was at least one short imé (<0.5 hour) between successive detections of
305 an ID code on a receiver and if there were moretshiervals between detections than long ones
306 (>0.5 hour). Detections not meeting the first eate were then examined individually to

307 determine if there was possible collision activatythe receiver (i.e. when two or more tags were
308 simultaneously transmitting in the vicinity of theceiver; overlapping transmissions — collisions
309 - may potentially result in the generation of arggus tag code). We considered the detection of
310 another tag code within five minutes on either sifithe time of detection of the questionable tag
311 code as representing possible collision activityd did not include such detections unless they

312 met the first criteria.
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2.3.2 Minimum migration

Minimum migration estimates at each location wakewated by dividing the number of
fish detected on each acoustic receiver by the eumiéleased. These values underestimate
migration because they do not account for fish thay have passed the array but which were not

detected.

2.3.3 Direction and Extent of Apparent Migration Movement.

Minimum migration is an underestimate of true miigna because it does not take into account
the fish that were not detected at a given linendggally, it is possible to compensate for this
shortfall by estimating the detection efficiencytbé sub-arrays and using these to correct for
missed fish. However, this is only appropriate wiish have a unidirectional migration. The
Bulkley study presents a unique situation (at léasthe downstream migrators) because the fish
swim in two directions and may turn around at aygation. When fish pass multiple times over
the sub-arrays, the detection efficiency estimatesbiased high and do not correct properly for
fish that passed over the line only one time ancewet detected. Below we present two methods
of correcting the minimum migration estimates tog tletection efficiency of the array: Method 1
is the method we employ for unidirectional migratidlethod 2 is a more manual approach that

we hope is more appropriate for the Bulkley River.

Method 1

To correct for limitations in equipment performarateeach detection site, the detection
efficiency ) for sub-array(i) was calculated using a modification of the ratidish detected at
each sub-array (ndivided by the total number that swam past (exjumal plus the number
missed at sub-array but detected latgr(Jolly 1982)). The minimal movement estimatesever
then adjusted by dividing by the detection efficgro obtain the estimated number of tagged
fish reaching the"i sub-array. This adjustment can be made for subysmwvith other sub-arrays
further along the migration path (upstream or ddveasn depending upon direction of
movement) and with sufficient sample size to estinza Detection efficiency was estimated for
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the sub-arrays 2-11, RKm 26 through 68.6. Theutaled detection efficiencies are presented in
this report (section 3.4).

Due to the milling behaviour of the Bulkley steeddethese detection efficiencies are
skewed high because fish may pass over a sub-aru#tiple times. The level of overestimation
varies depending on the location of the specific-atray as the sites closer to the beach seine
have repeat fish crossing the sub-array more fratyuthan the ones further away. This repeat
crossing behaviour increases the detection effigieralculated and subsequently lowers the
estimate of apparent migration. Calculating appaneovement estimates based on these values
would be not be a true representation of the datxefore detection efficiency is not used for

further analysis.

Method 2

Detection logs from receivers were analyzed and@agodes cross referenced allowing
for a manually adjusted migration estimate per auby based on tags detected either on the
receiver in question or further along the migratpath. That is, a count of all the unique ID
codes heard on that sub-array or further alongdbte. This method causes an underestimate of
the extent of migration because it does not incliiste that were missed on sub-arrays further
along in the migratory path. The underestimatiangithis method is also variable depending on
the location of the specific receiver within theragr as travel extent will be increasingly
underestimated towards the upper and lower receiVée have decided to present the data using
method 2 for cumulative apparent migration becausédelieve it provides a less biased estimate

and includes only true detections, rather thansadfuinumbers.
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3.0 Results

3.1 False Detection Screening

The total number of detections on all receivers ®#8810. False detection screening
excluded only two invalid detections (0.005% oftiitleaving 38,808 detections that we believe
are real. The vast majority of the retained datasted of multiple detections closely spaced in

time on a given sub-array.

3.2 Unique ID Codes Detected at Each Location
3.21 Moricetown steelhead detections

In the Bulkley River, 66 adult steelhead were tabgath V9-2H tags and released at the
Moricetown Canyon (RKm 48). For this section the tirelease sites are treated as one due to
their close proximity. Table 2 presents the unigueber codes recorded on individual receivers
(minimum travel) whereas Table 3 (section 3.3) @nés the apparent cumulative number of fish
which passed the receivers (i.e. number detecteddht sub-array plus the number that must have
passed each sub-array because they were recondeer falong the migration path). Receiver 12
was intermittently in and out of the water durirg tstudy and as such the detections on this
receiver are expected to be significantly undemestied; as this is the final upstream receiver any
meaningful quantitative estimates cannot be madeadcommodate the lesser number of

detections likely recorded.
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Of the 66 released steelhead, two were re-captatréde dipnet site and lost their tags. As
these tags could not subsequently be detected @heveanyon, the total number of available
tagged fish above the recapture site have beerstadjiio 64. Fourteen (22%) tagged steelhead
were heard on the first upstream location while(3a@%) and 21 (33%) unique tag codes were
heard on the second and third receivers upstredimeafanyon. At the fourth upstream receiver,
located 20.6 Rkm above the tagging site (ReceiteRKm68.6), 33 of 64 (52%) steelhead were
recorded. Receiver 11 was a deep site and it isildesthat this was a holding location for
steelhead during their upstream travel. The recdiuthest upstream (RKm 86.7) only recorded

16 fish as this receiver was disturbed and remdnoed the river on a few occasions.

As the water level dropped in the fall, the receivemediately downstream of the canyon
release site was exposed and the number of detectfiects this: only 33 fish (50%) were heard
on this receiver below the canyon whereas 41 t&&94) were detected at the next downstream

river site (Rkm45.3) 2.7 RKm below the tagging site

Table 2. Number of acoustically-tagged, wild adult steelheadecorded on the Kintama array in the
Bulkley River in 2009. Distances specified as riv&ilometres (RKm) from the Bulkley-Skeena
confluence. Locations with additional bracketed diances were receivers moved during the study
period. Tagging site is indicated by double line dision between RKm47.3 and RKm48.8. Below the
tagging site n=66 but due to tagloss at recaptures64 above the tagging site.

BULKLEY
5 T
5 ) e 2 x
S £ > 0 oo | N|a | o g | ®|«n|~N|q| O
o 2 = ° ~ | © | o N I e o | @ | & ~
bt = o o — I ™ ™ < ™ < < o © © ~
© o © S S S S S S o} S S S S S ©
@ = g % ¥ | X ¥ | X < % x x ¥ | ¥ ®
[} c 4 4 4 4 4 S 4 4 4 4 4 £
o ) N N4
o o
BULKLEY W V9-2H Count 11 15 19 20 32 41 3 14 19 2133 16
BULKLEY W V9-2H Percent 17 23 29 30Q 44 62 50 22 3033 52 25

Release sites are treated as one due to theirmlosinity.
*Receiver 12 was intermittently in and out of wadering the study period.
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3.3  Direction and Extent of Migration

The majority (55 fish; 83%) of the adult steelheal@ased at Moricetown Canyon in
2009 dropped back and were detected on receiviw liee canyon: 11 (17%) migrated
downstream at least as far as Receiver #1, Rkmibt&ed 30.1 RKm below the tagging site
(Table 3; Figure 5). Of the fish that dropped b&kfish of 55 (56%) were detected on receivers
above the canyon. In addition to those 31 fish, figlo lost their tags during recapture when the
steelhead were migrating back up through the cafipbal 60%).

Only 59% of all tagged steelhead were subsequédetlycted above the canyon after
release, including the 31 tagged steelhead whithlly dropped back before subsequently
migrated upriver (Table 3, Table 5). Between 2 4ntdgged steelhead passed the recapture site
after the termination of the mark-recapture stugc(ion 3.5.1). Three fish were not detected on
the array in 2009, one for which the ID code wagcded at the tagging site during the mobile

acoustic survey (section 3.6).

100

Downstream

90

80

70

60

50

40 |

Steelhead (%)

30

20

10 -

0 T T T T T T T T T T T T
179 26 322 378 413 453 473 48 488 517 60.2 686 86.7

RKm

Figure 5. Apparent direction and extent of migration estimated (section 2.3.2) for returning wild Bulkey
River steelhead released at the Moricetown Canyorits in 2009 (Rkm 48 — dark blue). Estimates are
corrected between RKm 26-68.6 using method 2 (semti 2.3.3); data for the most distant upstream and
downstream sites cannot be corrected owing to thadk of information from more distant locations. Twotags
were lost during recapture and therefore n is adjuted to 64 above the release site.
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Table 3. Cummulative tagged adult steelhead travelling uprier and downriver from tagging site on
the Bulkley River 2009. Number of fish representslaunique ID codes detected at a specific receiver
and beyond. Distances specified as river kilometsglRKm) from the Bulkley-Skeena confluence.
Receivers with additional bracketed distances wemmoved during the study period. Two tags were
lost during recapture and therefore n is adjusted® 64 above the release site

A) Downriver movement (drop back)

Location River Km Number of fish  Percent
Release site RKm48 66 100
Receiver 7 RKm47.3 55 83
Receiver 6 RKm45.3 (45.9) 51 77
Receiver 5 RKm41.3 32 48
Receiver 4 RKm37.8 23 35
Receiver 3 RKm32.2 19 29
Receiver 2 RKm26.0 16 24
Receiver 1 RKm17.9 11 17

B) Upriver movement

Location River Km Number of fish  Plercent
Release site RKm48 64 100

Receiver 8 RKm48.8 39 61

Receiver 9 RKm51.7 39 61
Receiver 10 RKm60.2 38 59
Receiver 11 RKm68.6 33 52
Receiver 12 RKm86.7 (87.7) 16* 25

*Receiver 12 was intermittently in and out of watering the study.
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3.4 Detection Efficiency

The detection efficiency of each site was calcdatsing the ratio of fish detected at each line
(m;) divided by the total number known to have paskedsite (mplus the number missed at the

line but detected later @Jolly 1982)).

The detection efficiency estimates for the stemtheaptured and released at Moricetown
were high (100%) for RKm 32.2 and 68.6 (Table 4)e high detection efficiency at RKm 68.6
might be biased as the calculation is based onamdyreceiver further upstream (RKm 86.7) and
this receiver was intermittently out of the wateridg the study period. Receivers 1, 2, 12 and
possibly 6 were out of water at some point during 2009 study either because of physical
removal or dropping river levels. Detection effitdy cannot be estimated for the most distant
receivers (1 and 12) but the detection efficienay Receiver 2 and 6 are lower than expected
under normal conditions. The receiver at RKm 48mBmediately above the canyon, was

probably located in an acoustically poor environti{dietection efficiency 36%).

Table 4. Estimated detection efficiency fi) of the 2009 Bulkey River array for returning adult wild
steelhead released at Moricetown. Number of fish tlected at site i: m; Number of fish missed at site
i: zi; Number of fish detected both at and beyond site r;; Detection Efficiency: p;; NA: not

applicable.
Sub-array Location m b2 r pi
number

1" RKm17.9 11 NA NA NA

2" RKmM26.0 15 8 3 32%

3 RKm32.2 19 0 13 100%

4 RKm37.8 20 3 16 84%

5 RKm41.3 32 1 23 96%

6" RKm45.3 (45.9) 41 9 19 68%

7 RKm47.3 33 22 29 57%

8 RKm48.8 14 25 14 36%

9 RKm51.7 19 20 18 47%

10 RKmM60.2 21 17 16 49%

11 RKmM68.6 33 0 16 100%
12* RKm86.7 (87.7) 16 NA NA NA

*Receiver 12 was intermittently in and out of wadering the study period.

“Receivers 1, 2 and possibly 6 were out of the wdieing the study period.

KINTAMA

12 MAY 2010

...24/49.



455

456
457
458
459
460
461
462
463
464
465
466
467
468
469
470
471
472
473
474

475
476
ar7

478
479
480

3.5 In-River Movements

Most (83%) of the returning adult steelhead taggédVoricetown Canyon in 2009
dropped downstream after release. It is not undgdethat newly released fish would either
swim downstream to regain stamina before attemgegn to pass up through the fast moving
canyon or were carried downstream by the curreriewl-orienting itself post-tagging. In 2008,
the first receiver downstream of the canyon waatied 11 km below the tagging site. The 2009
study saw receivers deployed in a much tighteridasho finely evaluate the nature of any
milling that occurred and accordingly the firsteaer was located only 0.7 km downstream of
the tagging site. The 2009 drop back rate accouime83%, but more significantly: 36% of all
tagged fish were only detected on downstream recgiv none of which were ever detected
above the canyon past the dip-net site (Table §)tw of these fish (3%) lost their tags during
recapture at the dip-net site, 33% are believdtht@® remained resident below the recapture site.
2008 and 2009 data is compared in section 3.5.5.

Once above the canyon, most fish travelled switthstream. Only three fish were
observed above the canyon and subsequently turowdstiream (Tag ID codes: 24510, 23906
and 23809); these fish are described in detaikatien 3.5.2. A total of 62 percent of the tagged
steelhead travelled through the canyon (including 8% accounted for by tag loss at the

recapture site) and 52% reached Receiver 11.

Table 5. Overview of tags applied and their migratory fate i relation to the tagging site at the
Moricetown Canyon. Beach seine and dip-net taggingre treated together owing their close
proximity.

Count Percent

Total number of tags applied (beach seine: 56; dip net: 10) 66 100
Number of tags not detected 3 5
Number of tags only detected upstream 8 12
Number of tags only detected downstream* 22 33
Number of tags only detected on downstream receivers but which

were lost at the recapture site during upstream migration. 2 3
Number of tags detected both up and down stream* 31 47

*Excludes two tags lost a recapture site
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3.5.1 Moricetown steelhead migrating after end of recapture effort.

Tagging continued at the beach seine site untitédelper 24 and operations at the dip-net
site, ~300m upstream, continued until 1 October 20B8ur fish (6%) travelled up through the
canyon past the capture locations used for the -mesdpture study around or after the
termination date of the mark-recapture study (Fegly. Of these four fish, two passed through
the canyon after the termination of recapture &forhile two passed through the canyon during
a time period that included both active recaptuferts and a period after the mark-recapture

study ended. These 2 to 4 fish would not have leeponsed to recapture efforts.

1) Fish ID 23847:

The fish was tagged on September 8. After relesefish dropped back to Receiver 3
(15.8 RKm below the release site) by SeptembemtiBtlaen turned upstream, remaining
in the area between Receivers 5 and 6 (2.7-6.7 Rkiow the release site) from
September 24 — October 21. On October 22, thewashdetected immediately below the
tagging site (Receiver 7). It then travelled upotlgh the canyon, past the dip-net site,
between October 22 and 25, 44-46 days after tagging steelhead was last detected on
Receiver 9 on the October 25.

2) Fish ID 23852:
Tagged on September 8, the steelhead dropped dbae&diver 3 (15.8 Rkm below the
release site) and then resumed upstream migr&elaw the canyon, this fish ID was
last detected on receiver #5 (6.7 Rkm below theaisd site) on September 24. The tag ID
was detected again on October 31 above the cabybonly on receiver #11 (20.6 RKm
above the release site: 18 detections). It is ptes#hat the fish was simply not detected
swimming past any of the 5 receivers in betweenphlikely; other modes of transport
of the tag/fish might be considered (such as fgluinpredation and passing of tag by
non-aquatic animals). This fish would have pasbkealigh the canyon, past the dip-net

site, around October 2 ca. 23 days after taggimgeibssume a constant travel speed.

#]NTAMA 12 MAY 2010 ...26/49.



512
513
514
515
516
517
518
519
520
521
522
523
524
525
526
527

3) Fish ID 24512:

Tagged on September 24, the steelhead remained bedoccanyon in the area of
Receivers 6 and 7 (0.7-2.7 Rkm below release faitedt least 3% days after tagging (until
September 28) and was then detected on Receide7 Rkm above the release site) on
October 7: 12 days, 7 hours after tagging. Abbeecanyon, this fish travelled upstream
slowly and was last detected on Receiver 11 on Mg 5; at the observed mean rate of
movement this fish would have passed through thgarasometime between September
28 and October 7.

4) Fish ID 24511

Tagged on September 24, this steelhead remairntbeé area below the canyon (Receiver
5,6 and 7, 0.7-2.7 RKm below the release siteafdeast 4% days. It was not detected on
Receiver 8 (0.8 RKm above the release site), astificked up on Receiver 9 (3.7 RKm
above the release site) on October 3 (8¥2 daystafiging). This fish likely would have

passed through the canyon between September 29aaber 3.
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Figure 6. Detailed view of adult steelhead movemethrough the Moricetown Canyon, past the recapturesite,
around the termination time of recapture efforts.

3.5.2 Seelhead migrating back downstream through the Moricetown Canyon.

Of the 55 steelhead migrating up through the Mdéo@ Canyon in 2009, three were
observed turning around and coming back down thrargowards the canyon (Figure 7).
However, only one (1.5%) came past the taggingvgiiiée capture operations were still active.

1) Fish ID 24510:
Tagged and released on September 23. This stealngaoled back to Receiver 6 (2.7
Rkm below the release site), then rapidly migrafestream reaching receiver #12 (39.7
Rkm above the release site) before starting anllggqagid downstream transit. This fish

went through the canyon after termination of thekswacapture study.
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2) Fish 1D 23809:

Tagged and released on August 21 - this fish drbjmek to Receiver 6 (2.7 Rkm below
the release site) and then travelled upstream ¢eiRer 12 (39.7 Rkm above the release
site) before turning around and was last deteateRexeiver 10 (12.2 Rkm above the

release site) and as such did not pass througtathygn again.

3) Fish ID 23906:

Date

Tagged and released on August 11 - this fish negdratl the way downstream to
Receiver 1 (30.1 Rkm below release site) beforatraiing upstream migration.
Upstream migration to Receiver 11 (20.6 Rkm ab&lease site) was relatively quick
with no milling detected (~50 Rkm from August 1411®). After turning around and
returning downstream, the fish came through theiddtown Canyon between August 23

and 24 while beach seining was still occurring.

23-Nov-09
4+ 24510 Release site / dip-net site

. &

03-Nov-09 - 23809 : A
—a— 23906
14-Oct-09 -
o A
24-Sep-09 - AA:A
04-Sep-09 -
15-Aug-09 1 ‘4‘:‘:<ﬁ—ﬁ‘>‘
26-Jul-09 T T T T T T T T T
0 10 20 30 40 50 60 70 80 90 100
RKm

Figure 7. Detailed movement of 2009 adult steelhéavhich migrated up through the Moricetown Canyon and
then subsequently went back down through the canyon
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3.5.3 Immediate upstream movement.

Only 8 of 66 fish (12%) were observed migrating tegesm without any detected drop
back (Figure 8). This is significantly differenmoim the number reported in 2008 where 82%
were reported as traveling upstream in a uni-doaat fashion post-tagging — this difference is
mostly due to the greater distance between thiedownstream receiver in 2008 (Rkm 37; 11 km
below release site) and the location of the fimwdstream receiver in 2009 (Rkm 47.3; 0.7 km
below release site). A direct comparison betwedi82hd 2009 can be found in section 3.5.5. In
2009, fish were tagged in two different locatiohedch seine: 56 fish; dip-net: 10 fish) whereas
all 2008 fish were tagged at the beach seine sitatibn below the falls. The 2008 to 2009
difference in the number of tagged steelhead tmanediately travelled upstream after release
becomes even more marked if the 2009 data aractestito only include steelhead released at
the beach seine location; this lowers the 2009 munflrther from 8 to 5 fish (7.5%). 1t is
possible that these 5 steelhead, tagged and rdlaasbe beach seine, either held at or near the

tagging site prior to resuming their upstream ntigra

14-Oct-2009

23870 —m—23876
09-Oct-2009 - R | .t / d t .t
29-Sep-2009 1 —e— 23836 23811
24-Sep-2009 + 23798 23808
19-Sep-2009 -

14-Sep-2009 H

09-Sep-2009 |  ¢//
04-Sep-2000 -

30-Aug-2009 - : /

25-Aug-2009 - E
20-Aug-2009 - ;

Date

15-Aug-2009 ./
10-Aug-2009 ‘
05-Aug-2009 -
31-Jul-2009 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
45 50 55 60 65 70 75 80 85 90

Rkm

Figure 8. Bulkley River fish observed swimming upseam in a single direction after release.
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3.5.4 Resident steelhead.

One of the large unknowns in mark-recapture studidfse behavioural changes that may
result from handling and tagging. During the 20@8kiey River study, a large proportion (83%)
of steelhead were identified as dropping back doneam following treatment, and it is unknown
if untreated fish would exhibit the same behaviduperhaps more significant observation in
2009 is the number of steelhead which remainedeasibelow the recapture site following
tagging, thereby effectively excluding themselwesf the possibility of recapture. In 2009, 24
tagged fish were not detected on any acousticvereabove the Moricetown Canyon, but two
of these were recaptured at the dip-net site asidheir tags. 22 (33%) of the tagged fish did not
travel upstream through the canyon and severdlasiet disappeared downstream fairly quickly
after release (Figure 9). Time from release todastction for these 22 steelhead is shown in
Figure 10 and the final receiver they were deteotedan be seen in Table 6. It is not possible to
know if these fish died or if they simply decidedhiold downstream — but it is certain that

whatever their specific fate, they were removedniftbe potential recapture pool following
tagging.
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Figure 9. Detailed movement of the 22 steelhead vahi only travelled downstream from the Moricetown Canyon after tagging event in 2009 and the two
fish that lost their tags at the recapture site pror to upstream migration past the canyon (23850 and3864). Blue dotted line indicates release site.
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Number of fish

0-1 12 23 34

Days since release

45 56 6-7 7-14 14-21 21-28 28-35 35-42 42-49 49-56

Figure 10. Time to last detection for the 22 steledad only observed travelling downstream from the
Moricetown Canyon following tagging in 2009.

Table 6. Location of final detection for the n=22009 steelhead which remained downstream of the
Moricetown Canyon following release (excludes twash that were not detected on upstream receivers biost

their tags during recapture).

KINTAMA

Number of fish
receiver
Receiver 1 17.92 9
Receiver 2 26.03 4
Receiver 3 32.24 0
Receiver 4 37.77 0
Receiver 5 41.3 1
Receiver 6 45.28 4
Receiver 7 47.33 4
12 MAY 2010
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3.5.5 Comparison of the 2008 and 2009 Bulkley River drop back rates.
The 2009 Moricetown study was designed with a déglsenetry array situated around

the Moricetown Canyon. Twelve acoustic receiversevmsitioned (7 below the release site and
5 above), with the goal of refining information the drop back rates observed in 2008. In 2008,

only three acoustic receivers were in place belwvcanyon (Table 7; Figure 11).
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Figure 11. Map of Bulkley River acoustic receiverén 2009 (red dots with Rkm) and 2008 (black stars)

Unfilled red dots indicate a receiver which was efter moved or re-deployed during the study period.
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The drop back rate reported from the beach seiaeérs2008 was 18% (9 of 50 fish) and
only 5 of these fish (56%) were subsequently deteabove Moricetown Canyon. To have been
counted as a fish that dropped back in 2008 reduiosvnstream travel of at least 11 km (to
Rkm37). It is quite possible that the number ofiattrop backs in 2008 was significantly higher
but went unnoticed if the fish resumed their ugstranigration prior to reaching the first

downstream receiver at Rkm37.

The drop back rate for the 2009 study was 83% @ &pbut a fish was only required to
travel 0.7km downstream in order to be detectedliatet as a drop back. To compare the
studies it is necessary to evaluate the locatidhefeceivers between the two years and use the
location match of a 2009 receiver to the first detseam receiver in 2008. As can be seen in
Table 7, the best fit is Receiver 4 located at Rki@3approximately 800 meters below the 2008
site. The drop back rate to this location in 20@& 35% (Table 3) which is still substantially
higher than the 18% seen in 2008. However, to atlsact comparison all fish should have the
same treatment among years. In 2008 all adultretadlwere tagged at the beach seine site. In
2009, ten fish were tagged at the dip-net site altbg canyon. Of these ten, three were part of
the fish going downstream and passing Rkm37.8.uUgtat) the ten fish tagged at the dip-net site
such that the 2009 data includes only the beacleddish yields a drop back rate of 36% (20 fish
of 56 tagged), almost identical to the rate caledlancluding the dip-net caught steelhead.

The interpretation of the results of the acoudticlg for the mark-recapture study at

Moricetown Canyon depends upon the assumptionsatbanade concerning fish movements
after tagging (see SKR 2008).
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Table 7. The location of 2009 and 2008 detectiortes.

2009 2008
Location RKm Location RKm
Receiver 1 RKm17.9 Receiver 1 RKm19
Receiver 2 RKm26.0 Receiver 2 RKm27
Receiver 3 RKm32.2
Receiver 4 RKm37.8 Receiver 3 RKm37
Receiver 5 RKm41.3
Receiver 6 RKm45.3 (45.9)
Receiver 7 RKm47.3
Tagging site RKm48 Tagging site RKm48
Receiver 8 RKm48.8
Receiver 9 RKm51.7
Receiver 10 RKm60.2 Receiver 4 RKm59
Receiver 11 RKm68.6 Receiver 5 RKmM66
Receiver 12 RKm86.7 (87.7) Receiver 6 RKmM86

3.5.2 Travel rate to specific point of interest elease to above Moricetown Canyon.

Each year, the possibility exists for tagged stegthto move upstream of the Moricetown
Canyon mark-recapture study site after the recaptiort (dip-netting) is terminated, and
consideration to the timeline of termination of lb¢gging and recapture efforts is given yearly.
In 2009, the last tag was applied September 24gndetting continued for a week until October
1. Between 2 and 4 steelhead (3-6% of the totahseld) were detected above the canyon after
the termination of the recapture effort. If thegodion of tagged animals not available for
subsequent recapture is significant, and not agljufstr, then population estimates will
potentially be too high.

Rather than establishing a general travel raté#®tagged 2009 Bulkley River fish (as in
2008), we decided, in agreement with MoE, thattifigng travel rate to a specific point of
interest may have more practical value. Therefoeediata was analyzed to establish the time
from release to time first detected above the Maawn Canyon to get an estimate of the number
of days Bulkley River steelhead take from releasgassage through the canyon, past the dip-net
site (Figure 12). The average travel time froneask to above canyon is 13.5 days (range: 0.9-
52.5 days). For the presentation of the travel tilis&ribution data (Figure 12), we do not
distinguished which receiver the fish were firsted¢ed on; that is, if a fish was missed on
Receiver 8 and 9 and first detected on Receiverol@ttempts were made to extrapolate time of
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travel to the first receiver above the canyon (RexeB) in order to standardize. As such, the time
from release to first detection above the canydhbeiexaggerated for fish missed on the lower

receivers — however, as can be seen in Figurec®, amove the canyon fish tended to migrate
upstream quickly.

Number of fish

Q'\"'\/(’)V‘OQ)/\%O)'SN"\/“)

Figure 12. Elapsed time from release to first detgion above the Moricetown Canyon. No new fish were
observed above the canyon between day 30 and 46 tpasease (n=39).

3.6 Mobile Acoustic Survey.

A river survey was done in the Bulkley River at tnee of receiver recovery in early
November 2009 in order to find acoustic tags latatéhin or immediately above the study area.
The survey was done using an omni-directional VeMRA00 hydrophone which decodes the

tag IDs and allows the user to hear the pingintheftransmitting tags.

Most sites were surveyed using a river boat andraheas were accessed by foot. Where
possible, the boat was anchored while listenindgdgs, but in areas where flows were too fast for
the anchor to hold the boat, drift surveys wereed@ngure 13). During the acoustic survey of
the river, seven individual tags were detected; &dwhich were recorded at the beach

seine/tagging location. These seven tags are suaeddrelow.
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1) Fish ID 23882: Tag was detected multiple timetha tagging site (beach seine) during survey.
It was heard on the Bulkley array (Receiver 6 o8ly, Rkm below release site) following

tagging and it was last detected one day afteringgg

2) Fish ID 23818: Tag was detected multiple timetha tagging site (beach seine) within a very
narrow spatial range during the survey. This tadeomas never detected on any receivers

within the Bulkley array.

3) Fish ID 23856: Tag was detected multiple timetha tagging site (beach seine) during the
survey. This fish had dropped back to Receiver & was observed moving back and
forth between Receivers 6 and 7 over a 33 peria fagging. It was last detected on

Receiver 7 on Oct 17.

4) Fish ID 24570: Tag was detected once only atdbging site (beach seine) during the river
survey. This is not a valid Bulkley River tag coded probably is a false positive

detection resulting from tag collisions.

5) Fish ID 23875: Tag detected multiple times kitcation upstream of Receiver 10 during the
river survey. This tag had initially dropped baokReceiver 6A before turning upstream.
It was detected on Receivers 8, 9 and 10. It was fieard above canyon 15 days post

tagging on Receiver 8.

6) Fish ID 23847: At the time of survey this tagsanetected multiple times approximately one
Rkm below the location of Receiver 11. This fisltizly dropped all the way back to
Receiver 3 before returning upstream (detected exeiRers: 6A, 5, 4, 3, 4, 5, 6A, 7 and
9). It was first detected above the canyon 17 gags release (Receiver 9).

Last detection on array was on Receiver 9 on Oct®be
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7) Fish ID 23844: Tag was detected multiple timesve the study area. This area was
investigated while drifting in the boat and the IBgvas decoded during most of the drift.
After tagging, this fish initially dropped back teceiver 3 before turning upstream
(detected on Receivers: 6A, 5, 4, 3, 5, 6A, 7,0®,111, 12A). It was first detected above
the canyon 15 days post tagging (Receiver 9).
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Figure 13. Locations of acoustic surveys at thermination of the Bulkley River project in 2009. Redcircles
indicate areas of survey and black dots indicate thsites where tags were detected.
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3.7 Animation of Steelhead Movements.

To show in-river movements of the 2009 tagged besel, a computer animation was
generated using MatLab. Tag detection data werieved from the database, screened for false
detections, and then used to establish in-rivexsraf movement for each animal based on the

recorded time of detection on each receiver andhthieer distance between receivers.

The animation allows a clear visual assessmerttepattern and speed of movement of
the Moricetown Canyon adult steelhead releases tawer. A copy of the animation has been

provided to MoE and can also be obtained by coimigié¢intama Research Corporation.

3.8 Potential Impact on Mark-Recapture estimates.

In 2009, 41 of 66 tagged steelhead went upstreatipa recapture site (includes the two
fish which lost their tags at the recapture si@).these 41 tagged fish, 2 to 4 passed after the
termination of the recapture effort. Tagged fishttivere harvested (1) are ignored in the mark-
recapture study. This means that between 37-3%956) of tagged steelhead were potentially
available to recapture during the 2009 mark-reaapstudy.

Calculating the adjusted Petersen estimate usiadethtative 2009 mark-recapture datad the

travel data from the acoustic study in 2009, yielasfollowing abundance estimates:
Adjusted Petersen estimate:
N =(M+1)(C+1)/ (R +1)
Where,
N = Size of population at time of marking
M = Number of fish marked
C = catch or sample taken for census

R = number of recapture marks in the sample
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In 2009, 1366 fish were marked at the beach seiapwe corrected the number of fish
tagged and available for recapture (M) accordingth® proportion of fish which travelled
upstream in 2009. The estimated number migratirgfream during the mark-recapture study
yields (C=2169, R=123):

a) M = 765 (56%); implying an abundance estimatenty 13,405.

b) M =806 (59%); yields an abundance estimatedgf23.

Of the 66 fish that were tagged in 2009, threeewwt detected on any receivers. If these
fish were omitted from the study, thereby lowerihg number of fish tagged to 63 and increasing
the number of fish available to recapture (M) toazeen 806 — 847.

Of the 66 fish tagged in 2009, three were not syibsetly detected by any of the fixed receivers.
If these fish are excluded from the analysis, thgitewering the number of fish tagged to 63, the
result is to increase the proportion of taggedllsésal moving upstream by 3% (to 59-62% from
56-59%). This changes the number of fish availédbleecapture (M), and therefore the upstream

population abundance estimates, to:

c) M = 806 (59%); implying an abundance estimat&4fi23.

d) M =847 (62%); implying an abundance estimat&4840.

Calculating the abundance estimate without comwadir the acoustic data yields an abundance
estimate of 23,922 steelhead. Taking into accthenproportion of acoustically tagged steelhead
migrating upstream changes this estimate to 13]40523, while excluding the 3 tagged

steelhead unaccounted for by the array increagsesstimate to 14,123-14,840 (a 3% increase).
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4.0 Discussion

In July 2009, an acoustic study was initiated imjooction with the annual adult
steelhead mark-recapture study at Moricetown Camyothe Bulkley River, BC. The acoustic
technology was used to access the behaviour ofehening adult steelhead after tagging to
provide data to help refine the yearly abundandenates produced by the mark-recapture
program. Acoustic receivers were deployed at sdweations downstream of the Moricetown
Canyon release site and five receivers were deglayp®ve. The primary focus was to address
the drop-back rate of tagged fish. From Augusnbl eptember 24, 2009, a total of 67 adult
steelhead were caught at two locations by Wet'siewdtisheries and tagged by SKR consulting.
Fifty-seven were tagged at the beach seine siteehrately below the canyon and 10 were tagged
at the recapture site/dip-net site located at dipeof the canyon, approximately 300m upstream.
Subsequently one of the fish tagged at the beade seas excluded from the study as it was
harvested (as per mark-recapture protocol). Al fisere tagged externally, below the dorsal fin

with a Vemco V9 acoustic tag.

All twelve receivers were recovered and successiytloaded in early November 2009.
The units contained a total of 38,808 detectioomf63 of 66 tagged steelhead. The majority of
tagged fish eventually moved upstream (62%) butiBognt delays were observed in passage
times through the canyon following tagging and asée The average delay in passing
Moricetown Canyon was 13.5 days (range: 0.9-52ys)dalthough some steelhead migrated
upstream immediately following tagging (12%), thajonity initially moved back downstream of
the release site (83% of total tagged). A totaB8% of the released steelhead failed to migrate
upstream following release during the study periods not clear to what degree this represents
tagging-induced mortality or failure to migrate ther by choosing downriver migration or
holding in-river). The evidence that a significdrdaction of captured steelhead may not move
upstream following release may have significantliogpions for the interpretation of the mark-
recapture data collected from the Moricetown satea significant non-migratory component to

the tagged population could bias population abuogl@stimates high.
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In 2008, only steelhead that moved at least 11 kmndtream of tagging site could be
identified as “drop backs” and the 2008 study regmbrdrop-back rate was 18%. The 2009
receiver equivalent to the location of the firstvhstream receiver in 2008 is at Rkm37.8 — this
receiver recorded a total drop-back rate of 35984 36excluding steelhead tagged at the dip-net
site). The total drop back for the 2009 study i968%vith the first receiver was located
approximately 0.7km below the beach seine sitethis drop-back behaviour was caused by the
capture or tagging process, as opposed to it eeingtural occurrence (“milling”) then there is
significant potential to overestimate the abundasfdBulkley River steelhead, as well as expose
the steelhead to repeated capture and handlingdidach seine site. If the fish initially caught
at the Moricetown seine site hold at some positiownstream of the canyon after release rather
than continuing to migrate upstream (as assumesl) the recapture site at the head of the
canyon cannot capture them and abundance estimatethe steelhead population above
Moricetown Canyon will be skewed high.

Travel estimates are most appropriately called &agpt travel” because it is not possible
to distinguish mortality from over-wintering in thenainstream or emigration into river
tributaries. However, none of the tributaries witkhe current array configuration are believed to
be suitable fore over-wintering steelhead as sicant lake/canyons must be present within the
tributaries for summer/fall immigration to occus the acoustic tags can be programmed to
operate for multiple years, the possibility exisismonitor movements and survival of adult
steelhead during the downriver migration the follogv spring, as well as the spawning

migrations in the subsequent years.

Some of the key assumptions necessary for telers@idies of this type to be valid are
that tags are not lost and that neither the tagsslelves nor the tagging process affect the fish.
While we have no direct data, a previous study giemternally attached tags suggests an
approximate tag loss of 5% (SKR Consultants 2008pat study did not attempt to measure
whether mortality occurred due to handling. Ousuits should be interpreted with the
understanding that tag effects may result in urslienates of the extent of migration in the

general population.
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The implications of this study for the yearly madcapture studies done at the
Moricetown Canyon can be quite significant as megged fish failed to migrate upstream past
the recapture site. Three fish (5%) were not detedhis would agree with the assumed 5% tag
loss used in the mark-recapture studies. A largggtion of fish, 22 of 66 (33%), remained
below the recapture and some fish (3-6%) passedettapture site after the termination of the
recapture effort. This means that between 41 to 44%e fish tagged were not available for
recapture at the dip-net site. Using this dataha rmark-recapture calculation yield abundance
estimates that are quite different from the expke&imate without the input from the acoustic
study. Incorporating the acoustic data implies launaance estimate between 13,405 and 14,123
steelhead whereas the estimate without correctorthie sonic data is 23,922 steelhead. The
2009 sonic data was quite different from the 208t dvhich means that behaviour, and perhaps
impacts of tagging, change from year to year dejpgnon conditions and therefore care should

be taken using the results from year on data frtraroyears.
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5.0

Recommendations

Several different avenues for future work can beniiied based on the 2008 and 2009

studies:

1)

2)

3)

There was a high variability in proportion of fidhat travelled upstream following release
and drop back rates in 2008 versus 2009. It iseamdio what degree the proportion of
marked fish exposed to recapture efforts variesden years, and this should ideally be
clarified in terms of its relevance to the markagtre study.

Acoustic tags can be programmed to operate foriphellyears, so the possibility exists to
monitor movements and survival of adult steelheadnd the downriver migration the
following spring, as well as subsequent spawningrations in later years. To be
effective, this would require both the re-deploymeh a telemetry array during time
periods when monitoring is desired and surgicallamiation of the tags to ensure long-
term tag retention. A spring deployment of an yarauld measure both out-migration
survival of kelts and smolts and provide some irtgu@rperspective on survival rates.
Although occasional removal of individual receivdrem the river resulted in little
disruption to the overall study objectives, plamniior occasional site visits to verify

receiver deployment would be a sensible step.
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Appendix 1. Summary of detections of adult, wild steelhead heard on the acoustic array in the Bulkley River 2009.

Tag code

Bulkley 1

Bulkley 2

Bulkley 2A

Bulkley 3

Num

First

Last

Num

First

Last

Num

Date detected

First

Last

Num

Date detected

First

Last

23798
23807
23808
23809
23810
23811
23812
23813
23815
23816
23817
23819
23820
23822
23824
23825
23826
23828
23829
23830
23831
23836
23837
23842
23844
23845
23846
23847
23850
23851
23852
23856

779

18-Aug 03:19

27-Aug 15:39
30-Aug 07:13
31-Aug 04:37

17-Oct 10:35

07-Sep 02:52

18:Aug 03:27

27:Aug 15:39
30:Aug 07:13
18:0Oct 15:09

17:0ct 10:36

07:Sep 02:53

1

1

17:Aug 22:30

26:Aug 10:34

17:Aug 22:30

26:Aug 10:34

103

10

29:Aug 18:48
30:Aug 01:51

08:0Oct 11:42

06:Sep 20:09

05:Sep 18:56
03:Sep 13:57

29-Aug 18:48
30-Aug 02:19

08-Oct 19:37

06-Sep 20:11

05-Sep 18:56
03-Sep 14:07

11

17:Aug 15:07

26:Aug 04:58
29:Aug 14:33
29:Aug 14:27

08:0ct 05:09

06:Sep 13:53

05:Sep 17:56

03:Sep 05:26

08:Sep 01:22

18:Sep 14:46

12:Sep 04:12

17:Aug 15:09

26:Aug 04:59
29:Aug 14:34
29:Aug 14:27

08:0ct 05:11

06:Sep 13:57

05:Sep 17:56

03:Sep 07:41

15:Sep 21:37

21:Sep 01:30

12:Sep 04:12




Appendix 1. Summary of detections of adult, wild steelhead heard on the acoustic array in the Bulkley River 2009.

Tag code

Bulkley 1

Bulkley 2

Bulkley 2A

Bulkley 3

Num

First Last

Num

First Last

Num

Date detected

First

Last

Num

Date detected

First

Last

23857
23859
23862
23863
23864
23865
23868
23869
23870
23871
23874
23875
23876
23877
23882
23885
23899
23900
23901
23902
23905
23906
23907
23908
24508
24509
24510
24511
24512
238501
238831

21-Sep 22:05 21:Sep 22:05
23-Sep 00:29 24:Sep 13:09
22-Sep 10:05 22:Sep 10:05

02-Sep 13:09 02:Sep 13:11

14-Aug 22:01 14:Aug 22:02

101

19:Aug 20:20 19:Aug 22:13

15:Aug 21:05 15:Aug 21:05

14:Aug 11:43 15:Aug 15:47

666

21:Sep 20:36

21:Sep 21:25

04:Sep 14:58

01:Sep 13:04

28:Sep 01:26

23-Sep 16:16

21-Sep 21:26

04-Sep 15:05

01-Sep 13:04

28-Sep 13:08

97

49

2

21:Sep 19:31
20:Sep 13:34
21:Sep 15:15

17:Aug 01:30

30:Aug 12:50

15:Aug 14:47

13:Aug 18:56

27:Sep 21:46

23:Sep 23:13
20:Sep 13:35
21:Sep 15:15

06:Sep 19:08

01:Sep 05:44

15:Aug 14:49

15:Aug 21:38

27:Sep 21:47




Appendix 1

Bulkley 4 Bulkley 5 Bulkley 6 Bulkley 6A
Date detected Date detected Date detected Date detected
Tag code Num First Last Num First Last Num First Last Num First Last
23798
23807 88 12:Aug 20:17 12-Aug 22:35
23808
23809 103 22:Aug 14:07 22-Aug 21:14
23810 4 16:Aug 12:24 16:Aug 13:42 1 21:Aug 20:09 21-Aug 20:09
23811
23812 2 16:Aug 06:28 16:Aug 06:30
23813 15 26:Aug 01:18 29:Aug 17:04 6 23:Aug 04:59 29-Aug 05:11 1 29-Aug 22:32 29-Aug 22:32
23815 11 22:Aug 16:07 24-Aug 22:06
23816 4787 25:Aug 00:15 28:Aug 19:47 36 23:Aug 10:05 23-Aug 12:53 3 29-Aug 15:49 29-Aug 15:49
23817 1 26:Aug 01:39 26:Aug 01:39 3 25:Aug 23:51 25:Aug 23:53 46 25:Aug 03:23 25-Aug 05:38
23819 9 28:Aug 13:33 28:Aug 13:40 13 27-Aug 13:27 27-Aug 13:27
23820 75 29:Aug 06:18 29:Aug 07:36 103 29:Aug 01:51 29:Aug 04:05
23822
23824 9 14-Sep 15:07 14-Sep 15:07
23825 627  07:0ct 02:34 07:Oct 14:12 22 22:Sep 14:18 06:0ct 10:26 6 24-Sep 14:08 24-Sep 14:08
23826 10 04:Sep 23:01 04:Sep 23:10 36 03:Sep 03:09 20:Sep 16:51 2 21-Sep 19:15 21-Sep 19:15
23828 8 06:Sep 01:07 06:Sep 04:11 6 05:Sep 21:22 05:Sep 21:30
23829 1 05:Sep 14:02 05:Sep 14:02 7 04:Sep 21:09 05:Sep 13:20 5 04-Sep 19:56 04-Sep 19:56
23830 154  02:Sep 15:54 02:Sep 19:22 4 02:Sep 13:46 02:Sep 13:50
23831 24326 04:Sep 08:37 26:Sep 16:40 9 27-Sep 00:22 27-Sep 00:22
23836
23837
23842 5 06-Sep 13:35 06-Sep 13:35
23844 1 07:Sep 14:06 07:Sep 14:06 16 06:Sep 23:19 17:Sep 15:27 44 17-Sep 21:01 17-Sep 21:01
23845 72 08-Sep 15:05 08-Sep 15:05
23846 15 11-Sep 17:34 11-Sep 17:34
23847 48 12:Sep 11:44 23:Sep 15:03 9 11:Sep 19:08 24:Sep 03:19 31 22-Oct 20:05 22-Oct 20:05
23850 910 11:Sep 21:02 19:Sep 16:45 35 10:Sep 13:54 20:Sep 15:27 1 09-Sep 00:43 09-Sep 00:43
23851 15 13-Sep 20:21 13-Sep 20:21
23852 3 10:Sep 14:26 10:Sep 14:49 3 10:Sep 07:31 24:Sep 20:37
23856 7 17-Oct 07:01 17-Oct 07:01




Appendix 1

Bulkley 4 Bulkley 5 Bulkley 6 Bulkley 6A
Date detected Date detected Date detected Date detected
Tag code Num First Last Num First Last Num First Last Num First Last
23857 4 22-Sep 15:33 22-Sep 15:33
23859 2 16-Sep 14:46 16-Sep 14:46
23862 399 16:Sep 11:14 19:Sep 07:01 10 16:Sep 03:01 19:Sep 18:28 6 19-Sep 22:37 19-Sep 22:37
23863 846  18:Sep 00:31 07:0Oct 02:59 87 17:Sep 04:33 07:0Oct 14:46 9 08-Oct 12:41 08-Oct 12:41
23864 1 20:Sep 14:27 20:Sep 14:27 8 24:Sep 19:43 24:Sep 19:50 1 19-Sep 02:33 19-Sep 02:33
23865 4 19:Sep 00:43 19:Sep 00:46 2 18-Sep 22:57 18-Sep 22:57
23868 3 20:Sep 14:53 20:Sep 14:59 43 19:Sep 22:30 19:Sep 23:16 17 19-Sep 01:30 19-Sep 01:30
23869 4 22-Sep 15:12 22-Sep 15:12
23870
23871 9 26-Sep 15:08 26-Sep 15:08
23874 2 05-Nov 23:36 05-Nov 23:36
23875 4 26-Sep 02:01 26-Sep 02:01
23876
23877 3 15:Aug 13:11 07:Sep 18:29 6 15:Aug 04:47 08:Sep 08:01 2 08-Sep 15:52 08-Sep 15:52
23882 10 13:Aug 21:00 13-Aug 21:14
23885 1 14:Aug 02:49 14-Aug 02:49
23899 20 29:Aug 13:12 29:Aug 14:28 2 29:Aug 05:59 29:Aug 06:00
23900
23901
23902 2 14:Aug 19:47 14:Aug 19:48 15 13:Aug 13:58 13:Aug 14:26
23905 4 14:Aug 20:02 21:Aug 22:10
23906 13 13:Aug 14:23 13:Aug 14:46 5 13:Aug 11:56 24:Aug 22:25
23907
23908 4 13:Aug 12:47 13:Aug 12:50 11 12:Aug 00:48 13-Aug 18:11
24508
24509 1071 26:Sep 01:30 27:Sep 05:37
24510 1 09:Nov 19:36 09:Nov 19:36 8 09-Nov 05:44 09-Nov 05:44
24511 76 26:Sep 12:57 28:Sep 15:15 5 28-Sep 23:28 28-Sep 23:28
24512 2 24-Sep 23:07 24-Sep 23:07
238501 3 27:Sep 04:54 27:Sep 05:14 5 26:Sep 14:47 26:Sep 14:50 3 25-Sep 13:54 25-Sep 13:54
238831 6 29-Sep 22:38 29-Sep 22:38




Appendix 1

Bulkley 7 Bulkley 8 Bulkley 9 Bulkley 10
Date detected Date detected Date detected Date detected
Tag code Num First Last Num First Last Num First Last Num First Last
23798 74 06-Aug 15:16  06-Aug 16:57 13 07-Aug 08:35 07-Aug 10:31
23807 2 19-Aug 20:51  19-Aug 20:53 1 20-Aug 14:09 20-Aug 14:09
23808
23809 1 25-Aug 16:19 25-Aug 16:19 6 20-Sep 15:09 20-Sep 15:15
23810 1 24-Aug 15:00 24-Aug 15:00 2 26-Aug 22:57  26-Aug 22:58 1 27-Aug 01:27 27-Aug 01:27
23811 1 16-Aug 15:46  16-Aug 15:46
23812
23813 1 29-Aug 23:47 29-Aug 23:47 3 31-Aug 20:18 31-Aug 20:20 2 02-Sep 15:16 02-Sep 15:17
23815 8 25-Aug 02:16 25-Aug 13:00 3 30-Aug 15:40 30-Aug 15:42 30 19-Sep 15:48 19-Sep 16:23
23816 5 09-Sep 16:39 09-Sep 16:42
23817
23819
23820
23822 4 30-Aug 14:39 13-Sep 13:38
23824 450 15-Sep 03:10 15-Sep 13:26 1 24-Sep 22:14  24-Sep 22:14 1 25-Sep 00:29 25-Sep 00:29 3 25-Sep 12:04 25-Sep 12:07
23825 1 05-Oct 00:55 05-Oct 00:55
23826 1 21-Sep 21:19 21-Sep 21:19 4 25-Sep 01:57 25-Sep 02:01 53 25-Sep 17:43 25-Sep 18:36
23828 2 05-Sep 15:38 05-Sep 15:39
23829 6 03-Sep 16:07 04-Sep 18:36
23830 1 01-Sep 20:17 01-Sep 20:17
23831 2 29-Sep 04:42 29-Sep 04:43
23836
23837 12 04-Sep 20:43 12-Sep 21:21
23842 1 04-Sep 21:45 04-Sep 21:45
23844 1 17-Sep 23:01 17-Sep 23:01 2 19-Sep 14:43 19-Sep 14:44 3 19-Sep 23:49 19-Sep 23:50
23845 1 09-Sep 00:42 09-Sep 00:42 2 09-Sep 15:35  09-Sep 15:36 4 10-Sep 08:21 10-Sep 08:24
23846
23847 2 22-Oct 23:27 22-Oct 23:28 1 25-Oct 02:11 25-Oct 02:11
23850
23851 3 13-Sep 22:52 14-Sep 01:37 4 17-Sep 00:12  17-Sep 00:14 28 25-Sep 02:08 25-Sep 02:40
23852
23856 5 18-Sep 14:38 17-Oct 09:49




Appendix 1

Bulkley 7 Bulkley 8 Bulkley 9 Bulkley 10
Date detected Date detected Date detected Date detected
Tag code u First Last Num First Last Num First Last Num First Last
23857 1 22-Sep 18:29 22-Sep 18:29 12 28-Sep 00:12 28-Sep 00:23
23859 6 16-Sep 20:48 16-Sep 20:53
23862 1 19-Sep 23:53 19-Sep 23:53 8 26-Sep 05:17 26-Sep 05:23
23863 1 08-Oct 17:09 08-Oct 17:09
23864 2 18-Sep 18:57 25-Sep 00:50
23865 1 18-Sep 22:23 18-Sep 22:23
23868
23869 1 19-Sep 02:23 19-Sep 02:23 2 25-Sep 02:49  25-Sep 02:50 238 29-Sep 16:40 29-Sep 21:11
23870 1 27-Sep 01:30 27-Sep 01:30
23871 3 23-Sep 02:33 23-Sep 14:59 2 28-Sep 02:03  28-Sep 02:04 5 30-Sep 23:05 30-Sep 23:08 49 07-Oct 00:49 07-Oct 01:41
23874 2 23-Sep 13:59 23-Sep 14:01
23875 2 07-Oct 02:21  07-Oct 02:22 2 07-Oct 06:16 07-Oct 06:18 5 31-Oct 16:10 31-Oct 16:13
23876
23877
23882
23885 1 18-Aug 15:10  18-Aug 15:10 2 18-Aug 17:07 18-Aug 17:08
23899
23900 2 28-Aug 00:56  28-Aug 00:57
23901 2 02-Sep 20:16 02-Sep 20:16 6 03-Sep 12:22 03-Sep 12:27
23902
23905
23906 3 18-Aug 00:11  18-Aug 00:13 2 18-Aug 21:51 23-Aug 02:52
23907 1 23-Aug 05:02 23-Aug 05:02 1 28-Aug 08:57 28-Aug 08:57
23908 1 19-Aug 23:52 19-Aug 23:52
24508 2 24-Sep 02:31 24-Sep 02:32 3 26-Sep 16:00 26-Sep 16:04
24509 1 24-Sep 01:16 24-Sep 01:16
24510 1 24-Sep 01:46 24-Sep 01:46 1 01-Oct 21:34 01-Oct 21:34
24511 2 24-Sep 19:15 29-Sep 02:06 5 03-Oct 02:00 03-Oct 02:03 4 18-Oct 05:30 18-Oct 05:33
24512 3 24-Sep 22:22 28-Sep 00:28 2 07-Oct 01:16 07-Oct 01:17 6 29-Oct 02:06 29-Oct 02:11
238501
238831 3 30-Sep 22:07  30-Sep 22:10 2 01-Oct 01:21 01-Oct 01:23




Appendix 1

[ Bulkley 11 Bulkley 12 Bulkley 12A
Date detected Date detected Date detected
Tag code Num First Last Num First Last Num First Last
23798 16 25-Aug 16:29 25-Aug 16:44
23807 4 30-Aug 15:10 30-Aug 15:12 8 04-Sep 15:26 04-Sep 15:36
23808 5 02-Sep 17:04 02-Sep 17:12 2 03-Sep 08:40 03-Sep 08:41
23809 671  29-Aug 17:03 18-Sep 13:25 13 30-Aug 17:00 16-Sep 20:57
23810 9 28-Aug 03:28 28-Aug 03:37 8 29-Aug 02:47 29-Aug 02:53
23811 7 21-Aug 03:48 21-Aug 03:57 2 22-Aug 16:00 22-Aug 16:01
23812
23813 10 02-Sep 23:33 02-Sep 23:44 7 04-Sep 12:13 05-Sep 09:05
23815
23816 5 11-Sep 22:56 11-Sep 23:00 11 07-Oct 14:56 07-Oct 15:07
23817
23819
23820
23822
23824 8 25-Sep 23:38 25-Sep 23:51
23825
23826 5 26-Sep 18:26 26-Sep 18:32 15 07-Oct 14:25 07-Oct 14:41
23828
23829
23830
23831 9 01-Oct 19:25 01-Oct 19:32
23836 6 09-Sep 20:33 09-Sep 20:41 21 12-Sep 07:14 12-Sep 11:03
23837
23842 17 11-Sep 23:27 22-Sep 05:56
23844 12 20-Sep 22:45 20-Sep 22:58 8 06-Oct 17:22 06-Oct 17:31
23845 11 12-Sep 09:23 12-Sep 09:37 2 16-Sep 16:01 16-Sep 16:04
23846
23847
23850
23851 11 07-Oct 01:47 07-Oct 02:02
23852 18 31-Oct 11:55 31-Oct 12:12

23856




Appendix 1

[ Bulkley 11 Bulkley 12 Bulkley 12A
Date detected Date detected Date detected
Tag code Num First Last Num First Last Num First Last
23857 29 02-Oct 00:48 02-Oct 01:17
23859 4 18-Sep 18:30 18-Sep 18:35
23862 8 26-Sep 20:26 26-Sep 20:33 142 03-Oct 15:49 03-Oct 18:17
23863
23864
23865
23868
23869 7 07-Oct 01:40
23870
23871
23874
23875
23876 8 08-Oct 22:35
23877
23882
23885 11 19-Aug 13:20
23899
23900 9 29-Aug 01:51
23901 6 03-Sep 21:55
23902
23905 3 29-Aug 17:10
23906 15 20-Aug 15:48
23907 6 28-Aug 15:20
23908 8 20-Aug 21:00 2 21-Aug 19:00 21-Aug 19:01
24508 9 27-Sep 00:17 1 28-Sep 00:13 28-Sep 00:13
24509
24510 8 05-Nov 16:28 3 03-Oct 23:52 03-Nov 02:32
24511
24512 16 05-Nov 22:51
238501
238831 17 01-Oct 22:03 9 03-Oct 10:22 03-Oct 10:30




