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Abstract 

 
In the spring and summer of 2017, 10,906 PIT tags were applied to Cowichan River fingerling 
Chinook salmon and early smolts. In addition another 650 first year juvenile Chinook were 
tagged in the marine environment during August and September.  Tagging mortality and tag 
loss on fish held (~5,000) was found to be 1.4 and 2.0% respectively after two weeks.    In 2017 
both lower river PIT arrays, and the standard DFO counting fence were operated to compare 
and determine the effectiveness of using the PIT array as an alternative method to a traditional 
counting fence.  During brood stock capture in the lower river 453 adults were scanned for 
presence of PIT tags (applied in previous years as part of other studies) with a mark rate of 
0.9%.  Additionally, 9,682 adult Chinook were scanned at the counting fence, with a similar 
mark rate of 1.01%.  Using PIT tag based methodologies, the total number of fish passing the 
lower river array in 2017 is estimated at 22,232, 9,682 (43.5%) of which were counted manually 
at the counting fence.  Based on tagged Chinook detected upstream at Skutz falls, the total 
array efficiency at the lower river array for upstream migrating adults was determined to be 
100%.  Using PIT tag results for 2017, the total escapement for Cowichan Chinook (all age 
classes) is 24,600 – 26,200, possibly the largest on record. 

 

Based on preliminary evidence it appears that the use of the mainstem PIT array can provide a 
suitable alternative to the traditional counting fence, especially in years of higher water; as 
most of the migration occurs during times of elevated flows, when the fence becomes less 
effective or in-operational.  It appears, that based on the results of the 2016 and 2017 returns, 
the traditional counting fence method may be significantly under-estimating total escapement 
and the use of the PIT array it likely a more accurate estimate of escapement. However, an 
unexpectedly low tag rate provides challenges to accurately determining mark rate (without 
running a counting fence) and potentially increases tagging costs of juveniles to an inhibitory 
level. 

vi 
 



Cowichan Adult Chinook Enumeration Methodology Change – Year 1 2017 

Introduction 
 

Cowichan River Chinook have been selected by the Pacific Salmon Commission (PSC) as one of nine 
indicator stocks in British Columbia that contribute to Southern Boundary Area Fisheries (www.PSC.Org).  
The Cowichan River indicator has represented the Lower Georgia Strait area since 1988.  As a result, this 
stock is rigorously monitored and through the PSC has an increased Coded Wire Tag (CWT) program to 
allow for greater resolution in stock/catch analysis.  Since the program inception, adult returns have 
been monitored through the use of a counting fence in the lower river (approximately 7 km above 
tidewater) in conjunction with an upper river dead pitch program.   

The counting fence, though providing reasonable escapement data on most years, has been re-located 
once and rebuilt several times.  Persistent issues include difficulty to maintain function at higher flows, 
re-occurring maintenance and rebuilding costs, high labor costs (24 hr staffing) as well as delays to 
upstream fish passage at low flows.  The latter has resulted in the local Cowichan Tribes First Nation 
pushing for an alternate escapement monitoring strategy.  

A five year project to explore other enumeration methods for this stock was funded by PSC in 2017/18. 
In 2016 the British Columbia Conservation Foundation  (BCCF), funded primarily by the Pacific Salmon 
Foundation (PSF), as part of the Salish Sea Marine Survival Project (SSMSP), installed a dual full stream 
Passive Integrated Transponder (PIT) tag antenna array near the current DFO counting fence site.  The 
array has the ability to detect tags implanted in juvenile Chinook throughout their life including adult 
returns.   An approach using a PIT tag based mark-recapture technique is a logical alternative to the 
counting fence, however several years of overlap is required to ensure data consistency between the 
two methods.   

 Detailed objectives outlined in the project proposal were as follows:  

a) Tag up to 10,000 juvenile Cowichan Chinook (mixed hatchery and wild spawned) with PIT tags 
resulting in 50-150 returning tagged adults in each age group in coming years.  

b) Use the PIT antenna array to estimate the number of tagged fish returning to fresh water (these 
fish were tagged as part of the SSMSP). Tags/fish will also be counted through the existing fish 
fence to evaluate the permanent array during this first year of comparison.  

c) Determine, using one or methods, the ratio of tagged to untagged adult Chinook to be used as 
an expansion factor to estimate the total run size. 

 
Since 2014 BCCF has tagged a total of 56,566 Chinook Juvenile salmon for the SSMSP (2014 n=7048, 
2015 n=15748, 2016 n=22790, 2017 n=10906).  Though not originally tagged for the purpose of this 
project, all returning tagged fish can be used for this project as they return in this and future years. 

 
Study Area 
The Cowichan River originates at Cowichan Lake and flows east for approximately 46 km before reaching 
tide water at Cowichan Bay.  The intertidal mud flats extend for an additional 2.5 km between the 
Tzouhalem Road bridges and deep water drop off within the bay (Figure. 1 - upper).  A bifurcation occurs 
1.3 km upstream of the bridges (river km 1.3) which separates the river into the North and South Arms.   
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The Trans-Canada Highway 1 crosses the Cowichan River at km 5.3 while Skutz Falls is located at river 
km 33.6.  The counting fence and PIT tag detection array is installed at river km 7, just downstream of 
the Allenby Road Bridge (Figure 1).  Based on current knowledge, the majority of Cowichan Chinook 
spawn in the upper river above river km 20, well above the detection array at km 7. However, Chinook 
spawning has been documented as far downstream as Duncan, including in 1976 where an estimated 
23% of the run spawned in this region (Lister et al. 1981). 
 

 
Figure 1.  Map of the Cowichan River between the lake and the bay including an inset aerial image with PIT tag 
detection array/counting fence locations. 

 

Methods 
 
Fish Capture and Tagging 
All juvenile Chinook were implanted with 12 x 2.12 mm PIT tags (0.1 g in air), injected into their body 
cavity using a hollow 12 gauge needle.  All tags were purchased in pre-loaded individual 12 gauge 
needles to increase efficiency in the field, ensure every needle was sharp, and provide sterilization 
between fish.  Two different tag technologies were implemented in 2017 – Half and Full Duplex B 
(HDX/FDX-B). The difference between the two is in how the tags are de-coded using changes in 
amplitude or frequency (similar to AM/FM radio).  FDX-B tags have a slight advantage in resistance to 
noise and read range over the HDX tags. However a portion of the hatchery tagged component were 
tagged with 12 mm HDX tags due primarily to the flexibility of antenna design options for a targeted 
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predation estimate project (as part of the PSF SSMSP).  Needles and tags come loaded in plastic trays1 of 
100 which also allowed for easy accounting prior to field visits as well as during tagging.  Needles were 
inserted into tagging guns1 by pushing the gun down onto the plastic end of the needle. The tag was 
expelled by squeezing the gun which activated a push rod.  An additional plastic push rod between the 
tagging gun and the tag ensured the gun remained sterile between fish.  The empty needle was then 
expelled from the gun by pulling the trigger at the front of the implanter.  The cycle repeated with every 
fish. 

Tag insertion and fish handling techniques described in the Columbia River PIT Tag Marking Procedures 
Manual 2 were modified slightly.  As per recommendations from the DFO Veterinarian3,  the procedure 
for tagging was to insert the needle ahead of the pelvic girdle along the midline and inject the tag 
forward (Figure 2).   

 
Figure 2. Photos demonstrating the tag insertion location used in 2017 as per recommendations from the DFO 
Veterinarian in 2015.   

 
Hatchery Tagging Event 
Non-AFC/CWT hatchery fish were tagged at the Cowichan River Hatchery by BCCF staff. This group 
consisted of fish too small for CWTs that were held as surplus to standard production.  Hatchery fish 
were taken off food at least 24 hrs. prior and feeding was reinstated two days following tagging.  
Hatchery fish were held in aluminum “cap troughs’ until release, approximately three weeks after 
tagging. The day prior to release, all fish were measured for fork length and scanned. The last four digits 
of the PIT tag were recorded with each fork length, thus a size at release was recorded for every fish.  
Any mortalities or lost tags during holding (recovered from the bottom of the tanks) were scanned and 
recorded.  The fish were released at pre-determined locations along the mainstem Cowichan River on 
May 23 and 24, 2017.  

 

1 Biomark HDX 12/FDX B 12 pre-load tray and MK 25 implanter 
2 PIT Tag Marking Procedures Manual. Version 2.0. 1999. Prepared for Columbia Basin Fish and Wildlife Authority PIT tag steering committee. 
ftp://ftp.ptagis.org/Documents/PIT_Tag_Marking_Procedures_Manual.pdf 

3 Christine MacWilliams 

Head 
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Cowichan Bay Tagging Event 
A 23 m commercial fishing vessel “Ocean Venture” was chartered to capture juvenile Chinook in 
Cowichan Bay.  The modified herring seine net was approximately 270 m long and 30 m deep, adapted 
for capture of the espicially small fish targetted by the Salish Sea Marine Survival Program.   The vessel 
was also equipped with three large live well type boxes (approximately 250 L each) for holding and 
recovery/sorting of fish.  Standard ‘open’ sets were perfromed by the crew of the OV, a secondary 
tagging crew (BCCF/Cowichan Tribes Staff) was also onboard to sort and PIT tag juvenile Chinook 
captured.  Locations varied slightly from set to set but were generally located near “Site 2A” located on 
the north west side of Cowichan Bay (Figure 3).   

 

Figure 3. General area (Red Line) in Cowichan Bay where the majority of the juvenile Chinook were 
captured and tagged during PIT tagging in June 2017. 

Once pursed in, crews would sort the bycatch (eg. jellyfish, herrring, squid, stickleback) from the main 
net, and using a small brailer, scoop juvenile salmonids into the large live wells.  Further sorting would 
occur until only juvenile Chinook remained.  A crew of 3-4 would then anesthetize, tag and measure 
(using 12 mm FDX-B tags) juvenile Chinook  usin tagging methods described as above (Figure 4).   

 

 

Figure 4. PIT Tagging and measuring juvenile Chinook on the commercial seive vessel, the Ocean 
Venture.  
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Those unfit for tagging (scale loss/damage) or which already contained a PIT tag were measured and 
released only.  Following tagging, fish were placed in a recovery tank prior to release (Figure 5).  In a 
typical 10 hr day, 6-10 sets were completed, with daily catch rates of approxiamately 800 – 2500 
Chinook.  A small number of fish failed to recover from the stress of anesthesia and tagging; these fish 
were not released and the tag numbers were recorded so that they could be later removed from the 
data base.   

 

Figure 5.  PIT tagged juvenile Chinook holding in the recovery tank prior to release back into Cowichan 
Bay. Note: several Coho are also in the recovery tank following bio sampling activities. 

 
PIT Tag Detection Arrays 
Passive Integrated Transponder (PIT) tags have been deployed in juvenile Cowichan River Chinook since 
2014 to support several research initiatives funded by the Pacific Salmon Commission (PSC) and Pacific 
Salmon Foundation  - Salish Sea Marine Survival Study (PSF- SSMSP; Pellett 2017).   A total of 56,000 fish 
have been implanted with PIT tags through 2017 with 51% of applications in the early marine 
environment.   The primary research objective was to track the survival to adult return (SAR) from four 
stages between May and September of their first year.   In order to detect returning tags a permanent 
detection array was installed at the counting fence site in May 2016.   Two arrays of six antennas each 
were anchored to the bottom with each array spanning the wetted width of the channel (~ 37 m, Figures 
6 and 7).   One of the arrays was installed 21 m below the substrate rail for the fence panels and the 
other 23 m above such that 46 m separates the two arrays.   This allows fish movement to be tracked in 
an upstream or downstream direction based on the sequence of detections.   
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Figure 6. Cowichan River PIT tag antennas (left), master controller/modem (center) and installed array of 
6 antennas (right). 

The arrays remain operational year round and at all flows.  Tags are energized when the pass within the 
detection field of an antenna which typically extends about 50 cm above the substrate depending on tag 
type and electrical “noise”.  The antennas decode the unique tag ID’s as they pass within the detection 
field as well as a date/time stamp.  All twelve antennas are wired in a network configuration and 
managed by a master controller on shore.  The controller manages data from all antennas as well as 
operating settings.  As the charging field from one antenna can interfere with adjacent antennas a scan 
sequence is programmed. This sequence activates antennas in pairs with only one antenna in each 
transect firing at a time.  Antennas are labeled in sequence starting with A1 on the upstream transect on 
left bank and ending with A12 on downstream right bank.  Commands can be sent to each antenna 
individually which is controlled with a submersed node containing a circuit board and Radio Frequency 
IDentification (RFID) reader.   Real time data and diagnostic information can be accessed remotely via a 
cellular modem to monitor performance.  

The master controller and antennas operate on 24V DC power supplied via two banks of 12V batteries in 
series.  The batteries are charged using 120V AC power at the site but isolated from the reader by a 
switching device to limit electrical “noise”.  This also allows the system to continuously function in the 
event of a power outage.       

All tags deployed in juveniles were 12 mm in length and arrived in pre-loaded individual needles (insert 
foot note biomark).   All tag numbers were recorded for each fish along with the date, time, fork length, 
location and origin.  ID’s were noted on data sheets but downloaded from hand scanners into the data 
base to prevent transcription errors.  Tags applied in freshwater were approximately 50% hatchery 
origin while those applied in the marine environment were predominantly wild (~75-80%).   

A secondary tag detection site was established in the primary fishway at Skutz Falls (Figure 8; river km 
34) in order to properly estimate lower river detection efficiency.   Although fish can bypass the Skutz 
Falls fishway at certain flows, tags detected in the fishway were assumed to represent a random sub-
sample of fish passing over the lower river arrays.  The proportion of Skutz Falls tags detected at both 
sites was used to estimate lower river detection efficiency and also provide information on migration 
speed/timing.       

 

British Columbia Conservation Foundation                                                                                                            7 



Cowichan Adult Chinook Enumeration Methodology Change – Year 1 2017 

 

Figure 7. Plan view of the permanent PIT tag array in the lower Cowichan River relative to the seasonally 
operated counting fence. 
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Figure 8.  Aerial photo of Skutz Falls fishways. The primary (upstream) fishway was instrumented with a 
pass-through PIT antenna three cells from the top.   The secondary fishway is only functional at high 
flows and is often limited by debris accumulation as shown. 

Tag detections were downloaded from the master controller in .log file format then imported into MS 
Excel (.csv; Table 1).  Each unique tag code was then sorted to remove duplicate detections on each 
antenna (leaving only the first hit on each antenna).   Each ID was then linked back to the tagging data 
base to determine the age based on tagging year.   The first detection at the site (antennas 7-12) was 
then binned by 8 hour fence shift to calculate the number of “arrivals”.  Next, the first detection on any 
of the upper antennas (1-6) was binned to calculate the number of “passage” events by shift.  This 
method ensured each unique tag was only counted once during the estimation of PIT tag ratios in each 
shift.  It also allowed behavioral parameters to be estimated including passage time through the fence 
(delay) and fate (eventual passage or non-passage).    

Table 1.  Example of tag detection data from the mainstem array prior to processing.  

 

Reader Date Reader Time Antenna ID DEC Tag ID
10/19/2017 13:47:56.490 11 982.000406599096
10/19/2017 13:47:57.280 11 982.000406599096
10/19/2017 13:47:57.330 11 982.000406599096
10/19/2017 13:48:13.680 1 989.001005665110
10/19/2017 13:48:13.710 1 989.001005665110
10/19/2017 13:48:14.500 1 989.001005665110

PIT antenna 
inside main 
fishway 
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Tags were also detected in bed-load moving over the antennas when flows increased significantly.  
These could be teased out easily by the large number of detections at each antenna (seconds to minutes 
in the read range) as well as their downstream direction (hours to days between arrays).   The vast 
majority of these tags were applied in freshwater and represent juveniles which did not successfully 
migrate to the ocean or rejected their tag.   These tags were removed from the analysis to ensure only 
live tags were included in the study.   

Data processing for Skutz Falls was far simpler as only one antenna was monitored.  Two antennas were 
operated in previous years but detection efficiency was found to be >99%.  As detections were a random 
sub-sample due to bypass there was no advantage to running a second antenna.    Tag detections were 
also far easier to process as fish generally proceeded in an upstream direction avoiding duplicate 
detections over time.   The date/time stamp for the first detection for each tag was kept and all 
redundant detections filtered out.   Tag IDs were linked back to the data base to verify species such that 
any non-Chinook or juvenile detections could be filtered out.   

 
Brood Stock Capture 
Adult Chinook were captured by Cowichan River hatchery staff in the lower river downstream of the 
counting fence.   A beach seine (~50 m X 10 m) was deployed from a skiff in deeper holding pools while 
captures were loaded into waiting trucks with holding tanks and transported a short distance back to 
the Cowichan River hatchery.   It was not practical to scan individual fish as they were loaded into tanks 
due to concerns over increased stress from prolonged handing so fish were scanned later on during egg 
takes using a hand held reader (Figure 9).   

 

Figure 9.   Hand held PIT tag reader (Biomark HPR Lite) employed for scanning individual fish. 

 
 

British Columbia Conservation Foundation                                                                                                            10 



Cowichan Adult Chinook Enumeration Methodology Change – Year 1 2017 

Results 
 

Fish Capture and Tagging 
A total of 5,494 hatchery-origin Chinook salmon (non AFC/CWT) were tagged on April 26 and 
May 2, 2017 at the Cowichan River Hatchery.  Eighty mortalities (1.5%) and 110 tag rejections 
(2.0%) were recorded over the following two weeks while fish were held in isolation in hatchery 
‘Cap troughs’ before release.   

Each fish was measured prior to release between May 19 and 22 in order to allow for detailed 
investigation of growth rates and survival.  Fish size ranged between 52 and 91 mm with an 
average of 69.8 +/- 0.13 mm (Figure 10).        

 
Figure 10.  Size distribution of 5,300 PIT tagged hatchery Chinook measured prior to release, spring 2017. 

Of the 5,304 hatchery tagged Chinook released, 2,939 were implanted with 12 mm HDX PIT tags 
and returned to the main rearing pond two days before release with the late hatchery group at 
Stoltz Pool (n = 450,245).  Another, 2,125 hatchery Chinook were tagged with 12 mm FDX-B PIT 
tags and were released across five standard sites throughout the Cowichan River mainstem on 
24 May as part of the SSMSP funded through PSF.  Additionally, 240 Chinook from this group 
were released at Shaw Creek (west end of Cowichan Lake) to estimate survival and migration 
timing throughout the full length of the watershed.  

 

Cowichan Bay Tagging Event 
A total of 5,153 juvenile Cowichan River Chinook were captured, tagged and released in 
Cowichan Bay over 27 sets from 19 June to 22 June, 2017 (Table 2).  In addition, 174 Chinook 
were recaptured from previous tagging events (river and bay), scanned and released while 16 
Coho smolts were also tagged. Over the four days 186 mortalities occurred, for a short term 
mortality rate of 3.6%.   
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Table 2. Summary of tagging data during Cowichan Bay PIT tagging on-board the Ocean Venture, June 
2017 

Date # of 
sets 

Tagged 
CN 

Recaps Mortalities Other 

19-Jun-17 7 1461 60 54  
20-Jun-17 7 974 18 43  
21-Jun-17 7 1302 27 47  
22-Jun-17 6 1416 69 42 16 Coho 
 

Wild Chinook composed 79.8% of all fish tagged in Cowichan Bay over the four days.   They 
were also found to be significantly smaller on average than their hatchery counterparts at 77.0 
+/-0.24 mm compared to 92.7 +/- 0.39 mm (95% C.I. on means).   See Figure 11 for further 
details on the size distribution for each group. 

 
Figure 11. Histogram comparing the size distribution of wild (W) and hatchery (H) Chinook implanted with PIT tags in Cowichan 
Bay; June 19-22, 2017.  

A third group of PIT tags was applied between August 9 and September 26, 2017 to Chinook 
captured by micro trolling in Sansum Narrows.  A total of 661 first year juvenile Chinook were 
implanted with 12 mm FDX-B tags of which 477 were wild origin (72.2%).  DNA was collected 
and successfully run from 619 of 661 fish in order to estimate stock composition.  498 of 619 
samples (80.5%) came back with Cowichan River as the first assignment.  452 of the Cowichan 
samples were assigned with a probability greater than 80% yielding 312 wild and 140 hatchery 
samples.  When compared, the hatchery fish remained significantly larger at 181.6 +/- 4.0 mm 
vs. wild fish at 161.5 +/- 2.4 mm (Figure 12).   Using the sum of all Cowichan probabilities it was 
estimated that 77.5% of the sample was Cowichan origin representing 512 PIT tagged Chinook.   
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Figure 12.  Histogram of Cowichan River Chinook lengths captured by micro trolling in the Sansum Narrows area, August 9-
Septemebr 26, 2017.  Note: Cowichan fish were isolated using DNA and only fish with probability of assignment greater than 0.8 
are displayed. 

Adult Enumeration 
 

Counting Fence 
All panels of the counting fence were installed on September 14 with the first shift starting at 16:00.   
Chinook were found to be migrating as soon as the fence was installed with 4 adults and 21 jacks 
counted on the first 8 hour shift.  By the end of the first week 568 jacks and 280 adult had passed 
through the camera box (Figure 13).  Counts picked up to 760 jacks and 676 adults the week of 
September 29 but declined the following week to 152 and 187, respectively.  A persistent dry weather 
pattern resulted in continued base flow conditions and slow migration through the week of October 13.   

 

Figure 13.  Summary of weekly Chinook counts at the Cowichan River fence, September 15- October 19, 2017.   
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Significant rainfall arrived on October 17 resulting in a modest flow increase from ~ 6.8 m3/s (reported) 
to 11 m3/s by the end of the day (Figure 14).   This had a dramatic effect on migration with 1036 adults 
and 1306 jacks moving on the 17th (Figure 15).  Strong migration continued on the 18th with 762 adults 
and 720 jacks passing on the first two shifts.  Increasing water levels halted counts for the last shift on 
the 18th and the first shift on the 19th.  Counts resumed at 11:00 am on the 19th resulting in 987 adults 
and 960 jacks to 16:00.  Further flow increases marked the end of the enumeration season and the 
camera box was removed at 18:30.    

Counts for the week ending October 20 were by far the highest with an estimated 3162 jacks and 3009 
adults counted through the camera box.  This does not include fish which were missed due to 
equipment malfunction (1 shift on the 18th, 2 shifts on the 19th and all three shifts on the 20th) or which 
passed the site before/after the operating period.    Including partial shift counts and periods of reduced 
coverage the total escapement through the fence between September 15 and October 19 was 5604 
jacks and 5132 adults.   

 

Figure 14.  Flow and temperature recorded at Water Survey of Canada station 08HA011 relative to counting fence operations. 
Cowichan River, September 1- November 21, 2017. 
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Figure 15.   Cumulative Chinook counts by shift at the Cowichan River fence, September 15- October 19, 2017 

PIT Tag Detections 
In addition to enumeration activities, all Chinook were scanned for PIT tags by automated detection 
antennas.   A run timing curve was able to be created as tags were assumed to be present in the 
returning population at random (applied as juveniles) and detections were continuous throughout the 
migration period.   Individual tag ID’s were able to be linked back to tagging records in order to 
determine age such that jacks (age 2) could be partitioned from adults (ages 3-5).   As tagged fish passed 
through the camera box and across the upstream array they were also included with the fence count.  
This provided the foundation for a mark-recapture population estimate whereby the proportion of tags 
in the fence count represented the recapture component and the total number of tags detected at the 
lower array the marks.   Lower river tag detection efficiency was estimated by comparing the number of 
common tag IDs to the secondary mid-river antenna at Skutz Falls.   

The first PIT tag detections at the site occurred on September 4, approximately 10 days prior to fence 
installation.   By the time the fence was installed and operational, 16 tagged fish had passed the site 
(Figure 16).  The run timing curves based on PIT tag detections suggest 62% of the Chinook migration 
occurred on October 18, 19 and 20 (Figure 17).   Unfortunately counting operations were impacted by 
rising water levels on the evening of the 18th and partial counts were obtained through the last shift 24 
hours later.   Of the 229 tags detected moving upstream 89 migrated on October 19 or 39% of the total.  
95% of the tag detections occurred by October 23 and the last upstream migrant registered on the array 
on November 8.    
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Figure 16. Run timing curves for PIT tagged Chinook based on the date of passage (detection on upstream array), independent 
of fence operations.   Cowichan River, August 25-November 25, 2017.  

 

Figure 17.  Cumulative tag detections in the period when fence operations were halted due to high flows. Vertical lines represent 
8 hour shifts and dots the status of counting operations (normal, partial, none). Cowichan River October 16-22, 2017.   

A portion of the tags detected on the lower array below the fence were not confirmed to have passed 
upstream.  92% of adults (49/53) were detected on the upper array compared to 89% of jacks (180/202) 
through November 29, 2017.    

A secondary tag detection site was operated at Skutz Falls between September 7 and November 9, 2017.  
A total of 63 PIT tags were detected in Chinook migrating to spawning reaches upstream of the falls.   All 
63 were previously detected on the lower river arrays suggesting a detection efficiency of 100%.   Sixty-
one of 63 tags were properly assigned as upstream migrants based on which antenna they were last 
detected on the lower arrays.   The two fish that were missed could be attributed to antenna 
maintenance activities which included repairs to A4 before fence operations and array re-programming 
after the fence was removed on October 20.     
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The distribution of tags relative to the lower river detection date was compared to validate the 
assumption regarding random population sampling.  Figure 18 suggests that tags detected at Skutz Falls 
represented most of the run moving through the lower river with the first tag passing the fence on 
September 8 and the last October 24.   Overall, 25% of the tags passing through the lower river were re-
sampled at Skutz Falls after excluding 31 which could not be confirmed as upstream migrants.  Of the 49 
adults confirmed to pass the lower river array, six were detected at Skutz Falls (12%) compared to 50 of 
180 jacks (28%).   Fifteen fish from the group tagged in Cowichan Bay (550-790 mm FL) were detected 
moving upstream past the array and five were detected at Skutz Falls (33%). 

 

Figure 18.  Summary of tag detections at the lower river array and Skutz Falls relative to the date of lower river passage.   

The number of tag detections per day at Skutz Falls was influenced by mainstem flow.   Only one tag was 
detected in the first 40 days before the first significant increase in flows on October 17 while 50% of all 
detections (32 fish) were registered by the 21st and 80% by October 26th (Figure 19).   Equipment was 
removed from Skutz Falls on November 10 following the last tag detection on November 7.   It is likely 
that several more tags transited the fishway prior to a significant flow increase on November 14th.    

The date/time stamp from the first detection at Skutz Falls was compared to the last detection on the 
lower river array to yield a migration time in days with a resolution of one second (assuming reader 
clocks were synchronized).   Migration time ranged from 1.4-42.7 days but was found to be longer for 
fish passing the lower river earlier in the season and shorter for those arriving later (Figure 20).   Two 
distinct clusters appear for fish which transited the lower river in the third week of October but further 
analysis as to the age or tagging location of these fish has not been conducted.   
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Cowichan Adult Chinook Enumeration Methodology Change – Year 1 2017 

 

Figure 19.  Comparison of tag detections in the Skutz Falls fishway to Cowichan River discharge measured at the outlet of 
Cowichan Lake, October 9 to November 10, 2017. 

 

Figure 20 Regression of migration time to Skutz Falls and lower river passage date for PIT tagged Chinook seeking spawning 
habitat in the upper reaches of the Cowichan River, fall 2017.  
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additional seining (500), and dead pitch (300 males only).    The anticipated CV on the estimate was 11% 
based on a total population of 9,000, a sampling rate of 19% (1700/9000) and a mark rate of 4.5% 
(76/1700).   

A shore based mobile PIT antenna was deployed during the first day of brood stock capture to allow for 
efficient scanning of multiple fish.  In addition, a hand scanner was also available on site.  It became very 
clear early in the day that the mark rate in the population was much lower than anticipated with zero 
tags detected in the first hundred fish.  It was also difficult to scan all fish due to the fast pace of sets 
including multiple tank trucks and a crew of 20+ who were simultaneously sorting and transporting fish.   
PIT scanning activities were ceased when an accurate count of fish scanned for tags was lost.     

Instead of looking for tags in brood as they were collected they were scanned at the hatchery during bio 
sampling associated with egg takes.  A total of 453 Chinook were scanned for PIT tags revealing four tag 
detections for an overall mark rate of 0.9%.  The vast majority of brood were adults (age 3-5) as only 11 
age 2 fish were collected.  Three of the four tags were in wild fish with three tagged in 2015 (brood year 
2014) and one from 2014 (BY 2013). Tags were distributed across capture locations with two from the 
river, one from beach seining and one from purse seining programs.  

All four fish were males which raised the question of tag ejection in females during holding.   The 
raceway that brood were held in was dewatered in December and scanned for tags with a large wand 
but no ejected tags were found.   Aging results from bio sampling revealed females were older on 
average with 46% of the cohort comprised of 4 year olds compared to only 10% of the males.  The 
fewest PIT tags were applied in the first year of the study (2014) which produced 4 year old returns in 
2017 with increasing numbers in 2015 and 2016.      

Given the relatively low mark rate in the initial brood sets and at the fence combined with prolonged 
handling time it was decided that the additional netting efforts in fall 2017 were not warranted.   With 
the observed mark rate of 1% and a re-sample of 1,700 fish there would be 17 anticipated tag 
recoveries.  Assuming a modest tag return of 250 in the total population the estimate would produce a 
CV of 25.8%.  As this was well outside the 15% CV target it was believed that the additional handling 
stress on returning adults during low flow conditions was not warranted in 2017.    

Despite lower than anticipated tag encounters in the brood sets, observations of Chinook moving 
through the counting fence were able to be paired with tag detections to estimate a mark rate.  Given 
the relatively large sample size required for the low mark rate and passive tag detection (no handling) 
this method became the focus for the 2017 PIT tag based enumeration estimate.  

A total of 98 PIT tags were detected in 9,682 Chinook passing through the fence (5,003 jacks, 4,679 
adults) during shifts when the site was operational under a “normal” status.   Of these tags, 79 were age 
2 fish (tagged in 2016) and 18 were adults (ages 3 and 4; tagged in 2015 and 2014).  Due to the small 
number of adult tags in the population and correlation in counts (Figure 21) both tag groups were 
pooled resulting in an overall mark rate of 98/9682 or 1.01%.  Figure 16 (above) also suggests similar run 
timing for each group. 
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Figure 21.  Comparison of cumulative PIT tag totals for jack and adult migrants passing the PIT arrays at the counting fence, 
Cowichan River, fall 2017. 

The PIT tag ratio estimated during fence operations was then expanded to the number of tags passing 
the site while the fence was not operational.  This includes the period prior to installation (17 tags/1680 
fish), incomplete or missed shifts (55 tags/4051 fish) and after (61 tags/6027 fish).   These estimates 
were added to the fence count for a grand total of 21,440 Chinook passing the site.   

In addition to the 231 tags that passed the site throughout the migration period there were 32 tags 
which were detected on the lower array but not the upper.  Based on the probability of upstream 
assignment from Skutz Falls detections (61/63) the 231 upstream tags were expended to 239 leaving an 
estimated 24 tags which did not pass the counting fence.  The revised estimate for upstream migrants 
was therefore increased by 8 tags/792 fish to 22,232 leaving 24 tags/2376 fish unaccounted for below 
the arrays.  The PIT tag based escapement estimate is therefore 24,608 fish in 2017 without accounting 
for brood removals or FSC catch.    

The natural spawning population of 22,232 was divided into age classes based on scale samples 
collected during dead pitch.   Age 2 fish (jacks) were the most abundant at 9,985 while the adult 
component (12,247) was dominated by age 3 (8,550) and age 4 (3,579) fish.   Only 118 age 5 fish were 
estimated to be present while hatchery returns represented 12% of the two year olds and only 4% of the 
adults.   

An alternative approach to estimating escapement was also taken by treating the entire project as a 
mark-recapture study (Equation 1).   The total number of marks was set at 263 to represent all PIT 
tagged Chinook which were detected at the site (n).   The number of fish sampled for tags (K) was equal 
to the total fence count (9,682) and the number of recaptures (k) was 98 (tagged fish in sample).   Using 
the equation below an escapement estimate (N) of 26,219 was derived with a coefficient of variation 
(CV = SD/N) of 8.1%.   There is additional uncertainty associated with detecting marks within the 
population (upstream assignment) but with the high detection efficiency indicated by Skutz Falls 
recaptures it was assumed to have minimal impact (one additional tag decreased the estimate by 270 
fish).  
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Equation 1.    A bayesian mark-recapture formula for estimating the mean population and standard deviation after Webster and 
Kemp (2013). 

 

 

The initial results from the first output were divided back into age classes based on the ratios estimated 
at the fence (48% age 3-5, 52% age 2).  Scale ages from dead pitch samples will be used to modify the 
results once available.  When compared to the long term data set for the indicator project (1988-
present) the adult count appears to be exhibiting a rebuilding trend (Figure 22).   Although the PIT tag 
expanded counts in 2017 are the highest since 1996 they do fit the trend.  Counts of age 2 fish (called 
jacks at the fence but typically include ~10% females) do not fit the recent trend and appear to be far 
more abundant than expected (Figure 23).    

 

Figure 22.  Summary of adult Chinook returns (ages 3-5) to the Cowichan River, 1998-2017.   
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Figure 23.  Summary of age 2 Chinook returns to the Cowichan River, 1998-2017.  

 
Assumptions 
As the alternative PIT tag based escapement estimate relies on several new data sources it is important 
to understand potential biases and assumptions.  Table 3 describes several assumptions embedded 
within this estimate methodology as well as the potential direction of bias relative to an escapement 
estimate.  The list is not necessarily exhaustive but covers a variety of factors that could have influenced 
the 2017 estimate and may do so into the future depending on how the project is conducted. 

 

Table 3.  Summary of assumptions and potential bias in the PIT tag based escapement estimate. 

Assumption Validation Likelihood of Violation Potential Bias 
PIT tagged fish are 

randomly mixed within 
the population. Pooled 
tag estimate assumes 

similar run timing for all 
age classes. 

Tags were applied in 
juveniles and detected 

throughout the 
migration window as 

expected. Ratio of jacks 
(age 2) to adults 

constant (Figure 13). 

Low – not all age classes 
represented (no age 5), 
high proportion of Age 

2.   

If age 2 fish arrive early 
then adult escapement 
under-estimated/age 2 

over-estimated after 
fence removal.    

Detection probability is 
the same at all water 

levels and independent 
of fence operations 

Tag detections at Skutz 
Falls indicate high 

detection efficiency for 
fish passing the lower 

river arrays at all 
operational conditions 

Low – poor detection 
efficiency was noted in 
2015 (~20%) based on 

same method.  
Mainstem array 
installed in 2016 

dramatically improved 

Missed tags during 
fence counts would 
under-estimate tag 

proportion and over-
estimate escapement.  

Only possible if 
detection probability 
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detections (93% in 
2016, 100% in 2017) 

was higher when fence 
was out.  Lower 

detection probability at 
high flows would under-
estimate escapement.  

Missed detections 
during all periods would 

have no effect. 
All tags passing the 
fence did so via the 

counting tunnel 

Could go back through 
the data and isolate 

detections on the outlet 
of the counting tunnel 

vs. upstream array 

Low to mod – fish were 
noted leaping over the 

fence and a low number 
of jacks passing through 

fence pipes.  Likely 
concentrated during 

partial/missed counting 
periods which were 

removed from analysis 
of tag ratio 

Tags bypassing the 
counting box would bias 
the tag proportion high 
resulting in an under-

estimate of 
escapement.   

Tag loss between initial 
detection and passage 

was zero 

The brood holding pond 
at the hatchery was 

scanned for tags after 
holding fish for up to 

two months.  Four tags 
were detected in brood 
but none on the floor of 

the pond. 

Low to Mod 
This may partially 

explain some of the 
tags which failed to 
pass the site as they 

could have been shed 
between the initial 

detection and passage. 

If tags were shed 
throughout the season 
then the true tag ratio 

would decline over 
time.  As the early 

season ratio was used 
to expand the late 
season detections 

escapement would be 
under-estimated. 

Detection probability 
was the same for all 

shifts (day/night) 

Compare tag ratio per 
shift 

No evidence of low 
detection efficiency for 
any time period based 

on random re-sample of 
Skutz Falls tags. 

Low to Mod 
RF noise is present at 
the site from 6pm to 

6am.  This reduces read 
range and possibly 

detection efficiency of 
antennas (main issue in 
2015).  Unknown source 

but could be 
investigated further 

Majority of early season 
(low water) counts 

occur at night but fish 
tend to move in the day 
when the water comes 

up (fence out).   This 
would under-estimate 
the tag ratio and over-
estimate escapement. 

Count of non-tagged 
fish is accurate on all 

shifts 

Compare tag ratios in 
low/medium and high 

count shifts 

Mod 
Suspect under-counting 
in shifts with high fish 
movement which also 

represent a large 
number of tag 

detections 

Under counting non-
tagged fish during busy 
periods would increase 
the proportion of tags 

in the population 
resulting in an under-

estimate of 
escapement. 
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Comparison to Current Methodology 
The initial drive for this project was based on reducing migration delays and other negative impacts to 
Chinook from the operation of the fence.  DFO staff were initially reluctant to move away from the fence 
as an escapement tool given the high degree of confidence in this method.   However, the fence count is 
only reliable if a large and/or known portion of the run is enumerated before the fence is removed.   
Figure 24 represents typical Chinook run timing for the lower Cowichan based on fall rains that push 
flows over an 18 m3/s threshold which is known to significantly increase migration (DFO files).  In order 
to enumerate 95% of the escapement in a normal year the fence would have to operate through 
November 1 which extends to November 5 in a late migration year.   The earlier that the fence is 
removed or becomes non-operational due to high flows the lower the proportion of the run that is 
enumerated.    

  

 

 

 

 

 

 

 

 

 

 

 

Figure 24. DFO run timing estimates for adult Chinook migration past the counting fence in the Cowichan River based on flow 
conditions.   

A review of the previous five years of fence operations was conducted to estimate the proportion of the 
escapement which was enumerated.  Run timing curves (Figure 24) were selected based on seasonal 
flow conditions then overlaid on the operating range to account for non-operational periods.    Using 
this approach, 51.8% of the escapement was enumerated on average between 2012 and 2016 (Table 4).  
This is significantly different than the 78.6% reported in the final expansions which potentially under-
estimated the escapement  

It should be noted that the run timing curve method relies heavily on selecting the appropriate curve for 
each year and is therefore not ideal.  Actual run timing curves are often skewed by discharge resulting in 
a disproportionate number of migrants in the last few days of fence operations.  This may result in an 
over estimate of the proportion missed but  it does suggest that the fence counts are not as complete as 
one may expect and that operations are highly variable based on flow.    
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Table 4.  Summary of Cowichan Chinook counting fence operations, 2012-2017.      

Year Operating 
Period 

Run 
Timing 

% Enumerated 
(Figure 24) 

Expansion 
Method 

% Enumerated 
for expansion 

Comments 

2017 Sept 15 - Oct 
18 

Late 47.0% PIT tag based 
run timing 

43.5% Fence and rail rebuilt, 
counting box failure on 

Oct 19 
2016 Sept 19 - Oct 

13 
Normal 52.4% Normal model 

for before and 
Big Qualicum 
run timing for 

after fence 

90.2% Lost fence, rail pulled 
out Oct 13 

2015 Sept 17 - Oct 
12 

Normal 50.3% Early run time 
model 10 m3/s 

threshold 
instead of 18 

m3/s 

71.4% Fence rebuilt 

2014 Sept 16 - Oct 
22 

Late 62.5% Normal time 
model 10 m3/s 

threshold 
instead of 18 

m3/s 

80.5% Fence underwater Oct 
22, left in all winter 

2013 Sept 9 - Sept 
28 

Early 24.1% Dead pitch 
mark recapture 

60.2%  Fence underwater Sept 
29, damaged but 
removed Oct 21 

2012 Sept 4 - Oct 
24 

Late 69.5% +15% for adults 
only 

90.7% Fence removed Oct 25 

 

In 2017, the total fence count of 9,682 was compared to the estimated number of upstream migrants 
(22,232) suggesting 43.5% of the run was enumerated.  This is less than the 47% estimated based on run 
timing curves alone and perhaps generous considering partial counts extending into October 19 were 
included in the fence count. The late run timing model suggests only 0.05% of the escapement was 
realized prior to September 15 (normal 1.8%, early 3.9%) but the PIT method indicated 7.1% (17 of 239 
tags) passed the site prior to counting operations.  An escapement estimate of 22,232 was produced 
using the PIT tag based approach compared to the raw fence count of 9,682 or the run timing based 
expansion of 20,600 (9682/47%).   

 

 

Discussion 
 

A targets of 10,000 tags set out in the propsoal was surpassed in 2017 with 10,906 fingerling and young 
smolt tagged in April-June, 2017.  An additional number of tags were applied to first year juvenile 
Chinook in Sansum Narrows and Maple Bay in the fall of 2017, approximately 650 fish were tagged and 
it is expected that approximately 70% of these fish are Cowichan origion, yet to be confirmed with DNA.  
These taggged early marine fish will contribute to the tag returns in future years. 
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Overall tagging went smoothly and effcienctly, with low mortality at 1.4% and 3.6% for hatchery and 
Cowichan Bay tagging events respectively. Excellent tag retention during all hatchery tagging was also 
observed at under 2% loss over approximately 3 weeks. 

Enumeration of Cowichan River fall run Chinook has always been challenging but appears to be met with 
increasingly volatile environmental conditions in the last 5-8 years.  The lower river counting fence has 
finite operating limits with respect to stream flow at both ends of the spectrum.  2017 was no exception 
to the challenging environmental conditions observed in recent years.   However, it also marked the first 
year with a significant number of PIT tag returns as well as proper detection equipment.  It appears that 
all of the necessary data was collected to reliably expand a partial fence count to a complete estimate 
over what is believed to be the longest monitoring period for any year to date (first and last tag 
detections span 75 days between September 4 and November 18). This method shows significant 
promise for reliably expanding fence counts or potentially other mark-recapture based escapement 
estimates. 

The total escapement estimate (all age classes) of 24,600-26,200 fish is far higher than any in recent 
history and rivals the highest count of 25,314 in 1995.   The relatively large expansion factor of ~2.5X 
between the fence count and final estimate based on a novel method using PIT tags suggests the 
estimate should be interpreted with caution.   The 2017 result presents several possible scenarios 
including 1) a flawed estimate due to new methodology, 2) a well-documented rebound in Cowichan 
Chinook abundance leading to 3) evidence that the true abundance of Chinook is often under-estimated 
in years of incomplete fence counts.   

This document represents the first step towards a thorough review of the escapement data collected in 
2017.   Further modifications to how the PIT tag and fence count data is processed and used are 
expected.    More importantly, the direction of the escapement program moving forward should be 
reviewed in light of potentially a robust enumeration method applicable to a wider range of 
environmental conditions.    

 

Recommendations 
 

In future years of study the capture method of seining early ocean migrants in Cowichan Bay may not be 
a viable option.  Daily operational costs of the seine boat are around $5,000/day.  In previous years this 
has been entirely paid for by PSF SSMSP.  2017 was the final year of the SSMSP and alternative methods 
of capture should be sought in future years to tag wild origin Cowichan Chinook.  One option includes 
the set-up and operation of a smolt trap in the lower river, likely in the North fork above tidewater 
influence.  Cost-sharing for capital and operational costs for a smolt trap are likely as there are at least 
two other PIT programs planned for the spring of 2018 (funding for these programs has recently been 
confirmed).  This method should allow for efficient capture and tagging of wild origin Chinook.  Previous 
methods of in river and or beach seining are possible, however effort for this can be relatively high, 
especially if catch rates are low. 
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It is recommended that in the next spawning year dead pitch crews scan all male fish in reasonable 
condition to improve confidence in tag rates for adults in addition to scanning during hatchery brood-
stock collection.   

PIT tagging adults in the lower river is also an option to provide additional tags to the program; 
however, this should only be done with rigorous sampling post migration.  Also there may also be some 
potential bias using these tags as they may not be randomly mixed into the population.  This method 
should be tested immediately while the adult fence is running to compare results with juvenile tags.  If it 
is determined to be a viable method it could potentially be the most cost effective way to mark 
Cowichan Chinook into the future if the fence is removed.  Tag costs would be significantly less as only 
200-400 tags would need to be applied on returning fish, vs. 10,000 or more on juveniles. 

Sampling of the returning population to estimate a mark rate continues to be the most difficult aspect of 
this project.   In 2017, the mark rate in the population was insufficient to support manual scanning using 
netting or dead pitch techniques.    Instead, observations at the fence were paired with PIT tag 
detections to dramatically increase sample size.  Relying on fence counts to derive a mark rate defeats 
the purpose of the project which is to find alternative methods to estimate escapement.   We suggest 
the Skutz Falls fishway be investigated as a monitoring location where mark rates in Chinook can be 
estimated using similar camera/PIT antenna methods.   
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