“Creating a Revolution in Marine Science”

10-1850 Northfield Road
Nanaimo, British Columbia
Canada V9S 3B3
T: (250) 729-2600
F: (250) 729-2622

Salmon River Fishway Assessment Study
Prepared by
H. Lydersen, S. Williams, A. Porter, M. Jacobs, Y.K. Muirhead, and D.W. Welch
DFO Contract No: F1103-080071; Final Report 28 February 2008

Location of the Salmon River diversion canal and the acoustic receivers deployed during the 2008 field
season. Insert shows the location of the Salmon River. The POST ocean arrays in southern British
Columbia are shown as bold lines.

28 November 2009

Salmon River Fishway Assessment Study

Table of Contents
Table of Contents ........................................................................................................................ 2
List of Figures ............................................................................................................................. 3
List of Tables............................................................................................................................... 5
Acknowledgements ..................................................................................................................... 6
Executive Summary..................................................................................................................... 7
Introduction ................................................................................................................................. 8
Goals and Objectives ................................................................................................................. 11
Methods .................................................................................................................................... 11
Instrumentation and Array Design ......................................................................................... 11
POST array ........................................................................................................................... 12
Salmon River Array ............................................................................................................... 12
Tagging Operations & Release of Fish....................................................................................... 15
Data Analysis ........................................................................................................................ 16
False Detection Screening ..................................................................................................... 16
Results....................................................................................................................................... 18
Movement of Fish in the Dam area ........................................................................................ 21
Discussion ................................................................................................................................. 24
Effect of BC Hydro Operations .............................................................................................. 24
Further analyses of the movement of coho ............................................................................. 25
Fish ID 24099 .................................................................................................................... 25
Fish ID 24097 .................................................................................................................... 26
Fish ID 24096 .................................................................................................................... 27
Array Performance ................................................................................................................ 28
Conclusion ................................................................................................................................ 29
Summary & Recommendations ................................................................................................. 29
Recommendations ................................................................................................................. 29
References................................................................................................................................. 31

KINTAMA RESEARCH CORP.

…2/31.

28 November 2009

Salmon River Fishway Assessment Study

List of Figures
Figure 1. Schematic of Salmon River diversion structure (not to scale; from Hansen
2001)...........................................................................................................................9
Figure 2. Picture A shows an open sluice gate during low flows. Picture B shows the
entrance to the fishway downstream from the sluice gate during higher flows;
the turbulence caused by the concentrated flow through the sluice gate can
easily be seen. ...........................................................................................................10
Figure 3. Aerial photo of Salmon River study area showing location of receivers. .................14
Figure 4.

Gastric implantation of acoustic tag in adult coho by Heidi Lydersen (Kintama
Research) and Barry Peters (DFO; Photo courtesy of Mainstream Biological
Consulting Inc). ........................................................................................................16

Figure 5.

Schematic of acoustic receivers locations on the Salmon River (map not to
scale). Receivers 1-7 were in the expected direction of travel for migrating
adult coho, while receivers 8-9 are deployed in the diversion canal ........................18

Figure 6. Movement over time of four individual fish in dam area. The array stayed in
place until 4 Dec 2008. Receiver locations can be seen in Figure 5 ………………22
Figure 7. Movement over time of three individual fish in dam area. The array stayed in
place until 4 Dec 2008. Receiver locations can be seen in Figure 5. ........................22
Figure 8. Movement over time of four individual fish in dam area. The array stayed in
place until 4 Dec 2008. Receiver locations can be seen in Figure 5. ........................23
Figure 9. Movement over time of three individual fish in dam area. The array stayed in
place until 4 Dec 2008. Receiver locations can be seen in Figure 5. ........................23

KINTAMA RESEARCH CORP.

…3/31.

28 November 2009

Salmon River Fishway Assessment Study

Figure 10. Flow (m3/s) and temperature (C°) in the Salmon River and Diversion Canal
during the period coho were detected near the BC Hydro Diversion Dam.
There is a gap in the flow data for the diversion canal between 7 Nov (3:22)
and 12 Nov (20:32). “Salmon main” refers to the flow above the dam and
“Adjusted flow” is an approximation of the flow in the river below dam. The
first hydrometric reading from the diversion canal, indicating flow, was on 1
Nov 2008 at 19:32 (UTC).........................................................................................24
Figure 11. A close-up showing the flow in the Salmon River, diversion canal, and
adjusted flow in river below dam during the time adult coho were detected in
the fish ladder. Fish 24099 was only detected once and subsequently heard
downstream. Fish 24097 had four periods of detection in the fish ladder at
approximately equal flow rates. Fish 24096 had one period of continuous
detection in the fish ladder. Each tag is shown as a different symbol. ................ ….27

KINTAMA RESEARCH CORP.

…4/31.

28 November 2009

Salmon River Fishway Assessment Study

List of Tables
Table 1.

Number of detections based on individual tags and receiver locations. All data
(including false positives) are represented here. Receivers 1-7 were in the
expected direction of travel for migrating adult coho, while receivers 8-9 were
deployed in the diversion canal. Receiver 4 was located in the fish ladder
which was the furthest upstream any coho were detected; none were detected
in either the upper Salmon River or the diversion canal...........................................19

Table 2.

Number of fish heard at each site and percentage of total tagged fish in the
Salmon River by the BC Hydro diversion dam, 2008. .............................................20

Table 3.

The approximate time in study area, and the first and last detection of the 14
adult coho tagged in the Salmon River by the BC Hydro diversion canal. Fish
were tagged on 28 Oct 2008 and the receivers were recovered on 4 Dec 2008.
Times are reported in UTC.......................................................................................21

KINTAMA RESEARCH CORP.

…5/31.

28 November 2009

Salmon River Fishway Assessment Study

Acknowledgements
Financial support for this pilot study was provided by DFO through the BC Hydro Bridge Coastal
Fish and Wildlife Restoration Program. Considerable field assistance was provided by Shannon
Anderson and Barry Peters of DFO and the staff from Mainstream Biological Consulting Inc.
Lastly, we would like to thank Andrew Sauter from Hydrology and Technical Services, BC
Hydro, for providing the flow and temperature data, and Mike Grant, also BC Hydro, for assisting
us on-site at the Salmon River diversion dam.

KINTAMA RESEARCH CORP.

…6/31.

28 November 2009

Salmon River Fishway Assessment Study

Executive Summary
A study investigating migration route of acoustically tagged adult coho salmon reaching the BC
Hydro diversion structure located on the Salmon River, Vancouver Island, was conducted by
Kintama Research. The study was done with the assistance of Department of Fisheries and
Oceans, Mainstream Biological Consulting Inc. and on-site BC Hydro personnel.

The diversion structure potentially poses a physical barrier to upstream migrating adult coho and
the functionality of the fish ladder has been questioned. The aim of this pilot study was to
establish both the functionality of an acoustic array in the Salmon River for future years as well
as investigating the behavior of coho upon reaching the BC Hydro diversion dam.

In the fall 2008, nine acoustic receivers were installed in the Salmon River, fish ladder, and BC
Hydro diversion canal; fourteen adult coho were gastrically implanted with Vemco V13 tags and
their individual travel patterns from the release site identified.

During the two and a half months the receivers were deployed, 2,549 detections were heard and
all fourteen tags were detected. The last detection was on 8 Nov 2008, approximately 260 hours
after release.

Of the fourteen coho tagged, none were heard above the dam or in the diversion canal. Two fish
were last detected in the fish ladder, nine were last heard on the receiver farthest downstream
from the dam, and three fish were last heard on the second-last downstream receiver.

Three of the fourteen tagged fish (21%) were detected in the fish ladder; however, since none
were detected above the fish ladder it is likely that successful upstream passage through the fish
way is less than 7%.
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Introduction
The Salmon River is located on the east coast of Vancouver Island, west of Campbell River,
British Columbia. The Salmon River watershed is approximately 1300 km2 and includes parts of
the Strathcona Provincial Park (Burt and Roberts 2002). Species inhabiting the Salmon River
include resident cutthroat and rainbow trout populations, anadromous cutthroat, steelhead, coho,
Chinook, chum, and pink salmon (Ptolemy et al. 1977). Due to snowmelt, the river flows are
high from May through July, and lower during the summer months, as is typical for a BC coastal
basin.

The Salmon River mainstem is 87.4 km long and flows into Johnstone Strait at Sayward (Hansen
2004). In 1958, the Salmon River BC Hydro diversion canal was built approximately 58 km
from the river mouth (Hansen 2004). The aim was to increase water flow available to the BC
Hydro power stations located below Elk Falls in the Campbell River system (Ladore and John
Hart Generating Stations). At the time of construction no additional fish passage was required, as
the main river below the dam was naturally obstructed by several large boulders which, in
combination with bedrock load and debris, formed an effective barrier for migrating salmon
(Ptolemy et al. 1977).

In 1977, the Ministry of Environment (MOE) removed the obstruction below the BC Hydro dam
and in 1986 and 1987 the upper watershed was stocked with steelhead and coho (Hansen 2004).
In 1986, MOE also installed a fish screen in the diversion canal, with a 457 mm diameter bypass
pipe, 400 m downstream of the canal headwaters; this was an attempt to prevent the downstream
migrating Salmon River smolts and upstream migrating adult salmon from inadvertently
migrating into the Campbell River system by rerouting them back into the Salmon River (see
schematic – Figure 1). In 1992, the Department of Fisheries and Oceans (DFO) installed a seven
step fish ladder to facilitate upstream migration at the dam. Prior to this, any upstream travel had
been through the under sluice used to control the flow in the river or, during high flows, up the
bank next to the over spilling dam face (M. Grant, BC Hydro, personal communication, 24 Sept
2008).
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Starting in 2000, BC Hydro was required to provide 1.73 m3/s of flow to the main Salmon River
whenever possible, and the canal was required to remain closed during lower flows (<1.73 m3/s;
Burt and Roberts 2002).

Figure 1. Schematic of Salmon River diversion structure (not to scale; from Hansen 2001).

Currently, fish must enter the small entrance (1.2m high by 0.4m wide) to the fish ladder slightly
downstream of the dam face and sluice gate, which appears to be less attractive than the flows in
the main river. When the canal is open, fish using the fishway must first maneuver up the ladder
and then exit into the full flow of the diversion canal to continue to swim upstream. The
trashracks at the entrance of the fish ladder and the entrance to the diversion canal gather debris
and can present an additional challenge for successful upstream migration. The migrating salmon
appear to be attracted to the spills over the dam, or the flows through the undersluice, rather than
the comparatively minor flow exiting from the fish ladder and thus tend to pool below the dam
face rather than using the fish ladder. BC Hydro staff open the under-sluice gate when they
KINTAMA RESEARCH CORP.

…9/31.

28 November 2009

Salmon River Fishway Assessment Study

observe adult coho holding below the dam, and depending on the discharge and head at the sluice
the fish might then be able to travel upstream through the gate. Although both adult coho and
smolts have been observed in the upper Salmon River, the success rate of adults navigating the
dam structure is not known. Adult coho have been reported below the smolt screen in the
diversion canal which eventually leads to the Campbell River system (M. Grant, BC Hydro,
personal communication, 24 Sept 2008). This anecdotal information suggests that some coho are
unable to continue upriver once they have entered the canal.

A

B

Fishway
entrance

Under
sluice

Dam
face
sluic

Flow from
under sluice

Figure 2. Picture A shows an open sluice gate during low flows. Picture B shows the entrance to the fishway
downstream from the sluice gate during higher flows; the turbulence caused by the concentrated flow through
the sluice gate can easily be seen.

The intent of this pilot study was to determine the success rate, as well as the passageway, of
migrating coho through the diversion structure using a small-scale acoustic telemetry array and
gastrically implanting uniquely coded acoustic tags in adult coho to monitor their movements.
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Goals and Objectives
The initial objective of this pilot study was to determine the migration route of adult coho that
reach the BC Hydro Diversion canal, whether they would: (a) turn around and spawn downstream
of the dam, (b) travel up through the fish ladder or otherwise navigate through the dam structure
(through under-sluice gate, or up the far side of the dam face during high flows) and (c) whether
they continue upstream in the Salmon River or (d) go down the diversion canal and thus
ultimately leave the watershed and enter the Campbell River system. To establish the pattern of
movement, three acoustic receivers were installed upstream of the dam in the Salmon River, three
below the dam, two in the diversion canal, and one in the fish ladder (Figure 3 and 5).

Furthermore, the uniquely coded acoustic tags enabled a closer inspection of the behavior of
individual fish in relation to river flows and dam operations. A timeline of the movement of each
specific fish can be constructed as the acoustic receivers record ID code, date and time of each
detection.

Methods
Instrumentation and Array Design
Acoustic telemetry is in principle similar to radio telemetry, but has an advantage as radio
tracking does not work when the tags are in deep or highly conductive water; as a result, radio
tracking is not feasible in estuarine or salt water. In contrast, acoustic telemetry can in principle
provide a seamless system to monitor both movements and survival in both freshwater and the
ocean. The basic design principle of these units is essentially a waterproof data logger, which
detect the presence near the receiver of an appropriately programmed acoustic tag. The unit
verifies the accuracy of the received transmission and, if the detection passes a checksum test
transmitted as part of the acoustic code, is logged to non-volatile flash memory along with the
date and time of the detection. Because of the characteristics of the checksum encoded as part of
the tag’s transmission, the acoustic code is identified with high accuracy, and “false positives”
(detection of an incorrect tag code) are rare.
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POST array
The POST array is a large scale marine acoustic tracking network which extends from Northern
Oregon,

throughout

coastal

British

Columbia,

and

up

to

southeast

Alaska

(see

www.post.coml.org for more information).

The POST array consists of many Vemco VR2 (temporary) and VR3 (permanent) acoustic
receivers deployed in key locations. These units are able to detect animals implanted with POST
tags which transmit unique ID codes at a frequency of 69 kHz. Kintama Research uses special
designed flotation collars and anchoring systems to deploy the units in the river or on the ocean
bottom down to a maximum depth of 300m. They are deployed in specific locations with set
spacing to provide maximum detection efficiency. The goal is to completely cover the areas
travelled between the beach and the shelf break as well as within several rivers (currently, the
lower Fraser, Columbia mainstem, and Snake Rivers have year-round coverage).

As the adult coho tagged in this study were solely monitored in the vicinity of the Salmon River,
the marine POST array is not described in further detail here.

Salmon River Array
For the study reported here, a temporary acoustic array was designed and deployed in the Salmon
River above and below the BC Hydro dam as well as in the diversion canal using Vemco VR2
acoustic receivers.

The original design of the array consisted of three evenly spaced receivers sited above the dam,
three evenly spaced receivers sited in both the diversion canal, and in-river below the dam, and
one receiver sited within the fish ladder. At the time of deployment changes were made to the
original layout due to the inaccessibility of some of the desired receiver locations. Canyon sides
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along the river forced the positioning of the upper-most receiver to be located 6.2 km from the
dam (straight-line GPS measurement; Figure 3).

During the array deployment BC Hydro

informed Kintama Research that the diversion canal would likely be closed off for a significant
amount of time, leaving the canal dry. As significant vandalism and theft had recently occurred
in the area, it was decided that a second deployment trip would need to be scheduled to install the
receivers in the diversion canal, rather than leaving them exposed for an indeterminate period of
time. However, one receiver was installed at the end of the diversion canal by Bodil Lake Main
bridge crossing as there was sufficient water to cover the receiver in this location.

Once

notification was given that the diversion canal had been opened (1 Nov 2008) a second
deployment trip was made to the Salmon River (4 Nov 2008) and one more receiver was installed
midway in the canal.

On 3 Nov 2008, Don McCubbing (InStream Fisheries Research Inc) recovered a receiver located
inside the fish way. High currents had torn the receiver from its anchor, but fortunately the
floatation collar kept it floating and the water levels at this time were sufficiently high to keep the
receiver trapped inside the fish way where it continued to log data. A replacement receiver was
installed approximately 24 hours later.

The Salmon River array was formed by a series of 10 detection sites, each comprised of an
individual receiver (Figure 3). Tagged adult coho would travel past these sites during their
migration upstream to spawn.

The data collected off the array would make it possible to

determine the direction and movement of the fish after being released below the BC Hydro
diversion dam.
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Figure 3. Aerial photo of Salmon River study area showing location of receivers.

To study the adult coho movements, Vemco V13-1H acoustic tags (13 mm in diameter, 36 mm
long, weighing 11 g in air, power output of 153 dB re 1µPa@1m) were gastrically implanted into
the fish’s stomach. These tags were programmed with the POST code map, an acoustic code map
and associated transmission schedule developed by Kintama Research to allow highly efficient
studies of the movements and survival of fish. Nine of the ten deployed receivers were recovered
on 4 December 2008. Upon retrieval, the data stored on the receivers was uploaded using
VEMCO data acquisition software.
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Tagging Operations & Release of Fish
On 28 Oct 2008, adult coho were caught by Mainstream Biological Consulting Inc, under
contract to DFO, using a beach seine and tangle net below the Salmon River Diversion Dam.
Fishing was completed prior to the arrival of the Kintama tagging crew, and a total of 14 adult
coho had been caught. The fish were temporarily held in an in-river holding pen which allowed
free river flow to the fish. All tagging was completed by Kintama Research with the assistance
of DFO and Mainstream staff on site.

Since the Salmon River coho are classified as food fish it was not possible to sedate them using
MS222 (Tricaine Methanesulfonate) which is commonly used in aquaculture and fisheries
studies. MS222 requires significant holding time in order to clear the fish for consumption and
the intent for this study was to only hold the coho for a brief period to monitor for tag
regurgitation. Clove oil was considered for use as an anesthetic, but since recent papers have
called attention to a possible interference between clove oil and the olfactory system by
potentially masking the chemical cues the migrating salmon need to navigate the river (Woody et
al. 2002), it was decided to tag fish without the use of any anesthetic.

To minimize fish handling, tagging was done in the river by the netpen. Individual fish were
lifted out of the water, turned belly-side up, and the V13-1L tag was quickly inserted into the
stomach using a food grade, flexible plastic tube and plunger (Figure 4). Once the tag was
inserted, the fish were put into a holding bag to monitor for tag regurgitation. The tagging
procedure took less than one minute per fish.

Low water temperatures (5.1°C) decreased the resistance of fish to the handling and thereby
facilitated the tagging. None of the 14 fish regurgitated their tags during the 30-60 min holding
period in the brood stock holding bags. The entire tagging event and fish release at the capture
site was completed between 14:30-16:00 local time (21:30-23:00 UTC).
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Figure 4. Gastric implantation of acoustic tag in adult coho by Heidi Lydersen (Kintama Research) and Barry
Peters (DFO; Photo courtesy of Mainstream Biological Consulting Inc).

Data Analysis
All data files collected from the array underwent quality assurance and quality control
procedures. System data recorded in the file header from the receiver were reviewed, and the
data files checked for gaps or inconsistencies. As the first receiver deployed in the fish ladder
(location 4) was removed on 3 Nov 2008 around 19:00 (UTC) and the replacement receiver was
not installed until 4 Nov at 19:45, there was a data gap of approximately 24 hours for the this site.
Finally, all records of tag detections were checked against a list of known tags codes used in the
Salmon River study and put through the standard “false detection screening” described below.

False Detection Screening
If a tag transmission arriving at an acoustic receiver meets certain criteria, the tag code is
recorded by the data acquisition firmware; otherwise, internal counters are incremented to record
how many possible transmissions were received, but the transmission itself is not recorded. A
key point to note is that all component pulses must be received in order for the tag to be detected;
KINTAMA RESEARCH CORP.
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a drop out of even one pulse is sufficient to cause the receivers to reject the transmission from a
tagged fish.

A substantial amount of effort went into designing Kintama Research’s array

geometry and tag transmission scheduling in order to allow that high detection rates were
possible while ensuring sufficient tag life and the need for relatively low amounts of equipment
deployed in the array.

All receiver files were examined and any detection likely to be false (as a result of aliasing or tag
collisions) using the acceptance criteria recommended by VEMCO (Pincock 2008) were
identified and excluded. Detections met the first of two criteria if there was at least one short
interval (<0.5 hour) between successive detections of a given ID code on a receiver and if there
were more short intervals between detections than long ones (>0.5 hour). Detections that did not
meet the first criteria were then examined individually to determine if there was possible collision
activity on the receiver (i.e. two or more tags transmitting at the same time). Collision of tag ID
codes was considered likely if there was another tag detected within five minutes on either side of
the detection in question.

This screening excluded a small number of sporadic detections

(0.078%) and the vast majority of the retained data consisted of multiple detections closely
spaced in time on a given receiver or sub-array.
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Results
Summaries of the coho salmon detections on the Salmon River array are presented in Tables 1
through 3. Table 1 shows the number of detections of each tag at each receiver location. Table 2
shows the number of unique ID codes heard on each site. Table 3 shows the time of first and last
detection, the time in the study area and location last heard. Figure 5 shows location of receivers
and names used in Table 1-3 in relation to tagging site and the BC Hydro diversion dam.

Receiver Locations
Tagging Site
Diversion Dam

7
Upper
Salmon River

6

5
Lower
Salmon River

3

2

4 (Inside Fish ladder)

1
8

Diversion Canal

9

To Campbell River system

Figure 5. Schematic of acoustic receivers locations on the Salmon River (map not to scale). Receivers 1-7 were
in the expected direction of travel for migrating adult coho, while receivers 8-9 are deployed in the diversion
canal.
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Table 1. Number of detections based on individual tags and receiver locations. All data (including false
positives) are reported here. Receivers 1-7 were in the expected direction of travel for migrating adult coho,
while receivers 8-9 were deployed in the diversion canal. Receiver 4 was located in the fish ladder which was
the furthest upstream any coho were detected; none were detected in either the upper Salmon River or the
diversion canal.
Receiver location
Tag Id

1

2

3

4

5

6

7

8

9

Total

21054*

0

1

NR

0

0

0

0

0

0

1

21367*

0

1

NR

0

0

0

0

0

0

1

24087

1

43

NR

0

0

0

0

0

0

44

24088

10

17

NR

0

0

0

0

0

0

27

24089

1

18

NR

0

0

0

0

0

0

19

24090

346

7

NR

0

0

0

0

0

0

353

24091

42

149

NR

0

0

0

0

0

0

191

24092

1

136

NR

0

0

0

0

0

0

137

24093

35

17

NR

0

0

0

0

0

0

52

24094

331

17

NR

0

0

0

0

0

0

348

24095

86

86

NR

0

0

0

0

0

0

172

24096

0

162

NR

217

0

0

0

0

0

379

24097

1

112

NR

199

0

0

0

0

0

312

24098

0

28

NR

0

0

0

0

0

0

28

24099

0

219

NR

1

0

0

0

0

0

220

24100

9

258

NR

0

0

0

0

0

0

267

863

1269

NR

417

0

0

0

0

0

2549

Total tag
detections
*False positives
NR - Not Recovered at date of writing
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Table 2. Number of fish heard at each site and percentage of total tagged fish in the Salmon River by the BC
Hydro diversion dam, 2008.
Receiver

Number and percent of

location

Site location

individual fish detected

1

3rd down river of dam

11 (78%)

2

2nd down river of dam

14 (100%)

3

1st down river of dam

Unit Not Recovered

4

Fish Ladder

3 (21%)

5

1st up river of dam

0

6

2nd up river of dam

0

7

3rd upriver of dam

0

8

Mid diversion canal

0

9

End diversion canal

0
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Table 3. The approximate time in study area, and the first and last detection of the 14 adult coho tagged in the
Salmon River by the BC Hydro diversion canal. Fish were tagged on 28 Oct 2008 and the receivers were
recovered on 4 Dec 2008. Times are reported in UTC.
Tag id

Sex

First detection

Last detection

Time in area
(hr:min)

Location last
heard

24087
24088
24089
24090
24091
24092
24093
24094
24095
24096
24097
24098
24099
24100

M
M
M
M
F
M
M
M
M
M
F
F
M
M

28-Oct-2008 21:39
28-Oct-2008 21:49
28-Oct-2008 22:11
28-Oct-2008 22:26
28-Oct-2008 22:32
28-Oct-2008 21:44
28-Oct-2008 21:52
28-Oct-2008 22:15
28-Oct-2008 22:26
28-Oct-2008 22:37
28-Oct-2008 21:46
28-Oct-2008 21:53
28-Oct-2008 22:17
28-Oct-2008 22:28

31-Oct-2008 11:03
29-Oct-2008 3:31
31-Oct-2008 10:15
30-Oct-2008 1:28
06-Nov-2008 6:31
31-Oct-2008 13:01
29-Oct-2008 3:27
30-Oct-2008 2:18
08-Nov-2008 20:18
02-Nov-2008 0:45
01-Nov-2008 22:12
29-Oct-2008 14:34
02-Nov-2008 7:32
31-Oct-2008 23:38

61:23
5:42
60:03
27:02
199:58
63:17
5:34
28:03
261:51
98:07
96:25
16:40
105:14
73:10

1
1
1
1
1
1
1
1
2
4
4
2
2
1

Movement of Fish in the Dam area
During the Salmon pilot study, all the uniquely tagged adult coho were detected on the acoustic
array. Initially they were all heard on receiver 2, which was approximately 20 m from the
tagging and release location.

Post-surgery their time in the entire study area varied from 5:42 hrs to 261:51 hrs; during this
period nine coho migrated downstream and did not return (receiver 1, furthest downstream was
last detection site), three fish were last heard by receiver 2 (upstream from receiver 1, close to
tagging site) and were not detected elsewhere. Two fish were last heard on the receiver in the
fish ladder (receiver 4). No fish were detected above the dam or in the diversion canal. At the
date of writing this report, receiver number 3 (immediately below the dam face) has not been
recovered. Figure 6-9 indicate the movement of the 14 adult coho tagged in 2008.
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9
Tag ID 24097

8

Tag ID 24098
Tag ID 24099

7
Receiver location

Tag ID 24100
6
5
4
3
2
1
0
28-Oct

29-Oct

30-Oct

31-Oct

01-Nov

02-Nov

03-Nov

04-Nov

05-Nov

06-Nov

07-Nov

08-Nov

09-Nov

10-Nov

Date

Figure 6. Movement over time of four individual fish in dam area. The array stayed in place until 4 Dec 2008.
Receiver locations can be seen in Figure 5.

9
Tag ID 24091

8

Tag ID 24092
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Figure 7. Movement over time of three individual fish in dam area. The array stayed in place until 4 Dec 2008.
Receiver locations can be seen in Figure 5.
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Figure 8. Movement over time of four individual fish in dam area. The array stayed in place until 4 Dec 2008.
Receiver locations can be seen in Figure 5.
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Figure 9. Movement over time of three individual fish in dam area. The array stayed in place until 4 Dec 2008.
Receiver locations can be seen in Figure 5.
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Discussion
Effect of BC Hydro Operations
The most significant effect of the BC Hydro operation on the Salmon River is the change in
hydrology below the dam depending on draw of water to the Campbell River system (Burt and
Roberts 2002). The dam poses a physical barrier to the migrating adult salmon and questions
regarding the functionality of the installed fish ladder have been raised. The following section
attempts to link the flow patterns in the river during the study period to the detections throughout the
site – specifically looking at the activity patterns in the fish ladder.
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Figure 10. Flow (m3/s) and temperature (C°) in the Salmon River and Diversion Canal during the period coho
were detected near the BC Hydro Diversion Dam. There is a gap in the flow data for the diversion canal
between 7 Nov (3:22) and 12 Nov (20:32). “Salmon main” refers to the flow above the dam and “Adjusted
flow” is an approximation of the flow in the river below dam. The first hydrometric reading from the
diversion canal, indicating flow, was on 1 Nov 2008 at 19:32 (UTC).
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Further analyses of the movement of coho
By 31 Oct 2008, three days after tagging, nine fish were still heard in the main river below the
dam. As flow started to rapidly increase on the 31 Oct; five fish (24087, 24089, 24092, 24095,
and 24100) appeared to either have given up their upstream migration or were forced downriver
by the increased flows. This behavior was inferred from their movement pattern, with the last
detection of these fish being on receiver 1. The BC Hydro diversion canal was not open at this
time.

Fish 24094 was able to remain in the detection area below the dam (receiver 1) during the high
flows, which peaked at 70.7 m3/s above dam and approximately 55.9 m3/s below the dam, and
then worked its way back upriver (receiver 2) once the flow decreased to approximately the same
level at which the fish had initially moved downriver.

Fish ID 24099
The first fish (ID 24099) in the fish ladder was detected on 29 Oct at 14:29 as a single detection:
the flow at this time was 4.31 m3/s. It apparently did not travel through the fish ladder and was
subsequently heard downstream again. Fish 24099 was not recorded at the fish ladder again.

The following three fish described here were detected inside the fish ladder and the sections detail
their movements in relation to the flow and temperature of the river. Figure 10 and 11 attempt to
clarify a possible relationship between the presence of fish in the fish ladder and the flow of the
river.
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Fish ID 24097
The second fish (ID 24097) detected in the fish ladder was detected approximately 11 hours later
at 1:45 on 30 Oct. By then the flows in the river had increased to approximately 10 m3/s (8.35
m3/s at 1:00 and 10.14 m3/s at 2:00).
30/10/2008 1:45-1:58

25 detections flow: approximately 10.0 m3/s.

The flow then increased to 13.1 m3/s.
30/10/2008 23:33-23:59

38 detections flow: approximately 10.4 m3/s.

31/10/2008 0:31-0.58

43 detections flow: approximately 10.3 m3/s.

Following these three periods in the fish ladder 24097 was detected down river as the flow
continued to rapidly increase. The maximum flow reached during this freshet was 29.9 m3/s.

Once the flow decreased, fish 24097 moved into the fish ladder for the fourth time on the 1st of
November, shortly after the opening of the diversion canal. This time period also coincides with
the temperature rising above 7°C for the first time during the study period. Fish 24097 entered
the fish ladder once the flow in the river below the dam dropped to approximately 20 m3/s and
was detected for two hours and 35 min (93 detections).

It is interesting to note that fish 24097 entered the fish ladder and was detected at 19:37 on the 1 st
of Nov at essentially the same time as the first hydrometric reading after opening the diversion
canal (19:32 on 1 Nov). Hydrometric data is recorded once an hour. An email from BC Hydro,
Mike Grant, states the diversion canal was opened at 19:00 UTC, which means the fish entered
the fish ladder within 37 minutes of the opening of the canal.
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Fish ID 24096
Once the flow decreased on 1 November, fish 24096 also moved into the fish ladder shortly after
the opening of the diversion canal. This time period also coincides with the temperature rising
above 7°C for the first time during the study period.

Fish 24096 was detected continuously for two hours and ten minutes (217 detections) in the fish
ladder and then was not heard again. This fish was first detected in the fish ladder at 22:34 on the
1st of Nov. This coincides with the timing wherein the flow in the diversion canal for the first
time is higher than the flow in the main river below the dam. At 22:00 the main flow above the
dam is measured as 20.7 m3/s and at 22:32 the diversion flow is measured as 12.3 m3/s, leaving
approximately 8.4 m3/s in the main river below the dam.
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Figure 11. A close-up showing the flow in the Salmon River, diversion canal, and adjusted flow in river below
dam during the time adult coho were detected in the fish ladder. Fish 24099 was only detected once and
subsequently heard downstream. Fish 24097 had four periods of detection in the fish ladder at approximately
equal flow rates. Fish 24096 had one period of continuous detection in the fish ladder. Each tag is shown as a
different symbol.
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Since the diversion canal was opened on Nov 1st and two of the fish (24096 and 24097) were
detected in the fish ladder immediately after the opening of the diversion canal as their last site of
detection, it does pose the question of their fate. Anecdotal accounts from BC Hydro crew report
otters working the fish ladder and salmon missing the entrance to the ladder during higher flows,
leaving them stranded on the grates above the pools in the fish ladder. It is unlikely that the fish
travelled upstream, as the first two of three receivers above the dam are fairly close, and the
detection efficiency of the receivers should be high. The receiver midway in the diversion canal
was not put in place until 4 Nov at 18:00, while the receiver at the end of the diversion canal was
in place throughout the study period. It seems unlikely that coho exiting the fish ladder during
these flows (12.3 m3/s and 13.5 m3/s) were missed by the single receiver located at the end of the
diversion canal.

Array Performance
The layout of the acoustic array and programming of the tags was designed to provide high
detection of tagged fish moving through the study area. However, a number of factors can reduce
this detection rate, including the following:


Incomplete coverage by receivers (i.e., some river locations might provide poorer than
expected coverage because of local topography);



Environmental noise (e.g, heavy rainfall, wind creating waves, interference between two
or more tag transmissions, machinery); and,



Acoustic absorption due to high levels of particulates in the environment.
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Conclusion
Between October 28th and December 4th 2008, the movements of 14 gastrically tagged adult coho
in the Salmon River were tracked using an acoustic listening array. The main findings from this
pilot study are as follows:


100% of the tagged coho were detected on the array.



None were heard above the Salmon River diversion dam or in the diversion canal. This
places a reasonable bound on the successful upstream passage rate as <7%.



Nine of the 14 fish (64.3%) migrated downriver following the tagging, two fish were last
detected inside the fish ladder and three fish were last heard on the second receiver
downstream of the dam.



Fish were detected, possibly holding, in the study area below the dam for up to 260 hours
(Table 3).

Summary & Recommendations
The purpose of this pilot study was to provide an initial assessment of the migration behavior of
adult coho salmon once they encountered the BC Hydro Diversion Dam on the Salmon River, as
well as assessing the performance of the acoustic array.
Our 2008 study shows that the acoustically tagged coho failed to travel upstream of the BC
Hydro dam, and despite extensive milling (200+ hours) in the area below the dam only three of
the fourteen tagged fish actually entered the fish ladder.

Recommendations
The results for the 2008 pilot study indicate that the acoustic telemetry system is a promising
method of resolving the movements of coho in the Salmon River after release. For future studies
it is recommended that more receivers be added downstream of the diversion dam to increase the
area covered below the release site and help identify the extent of the movements of the fish that
travel downstream. Initially the tagging site was intended to be immediately below the dam, in
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which case there were would have been two receivers located downstream of tagging site rather
than one. However, due to high flows and inaccessibility of the desired tagging area, the tagging
was done under the logging bridge just downstream of receiver #2. Standardizing the site below
the logging bridge as the favored tagging site in future years would allow for the array design to
be adjusted accordingly to optimize the information gathered.

The 2008 study indicated that less than 7% (<1 in 14) of adult coho travel upriver from the BC
Hydro diversion dam. The 14 fish in this study were all released at approximately the same time
and subject to the same environmental conditions. In order to give a closer estimation of the
proportion of adult coho migrating past the dam a larger study is required. It would be useful to
the study if there was an allowance for several tagging days (5-7 days apart) where groups of 1020 tagged adult coho could be released and monitored under various conditions.

Due to the possibility of theft in the area, the installation of receivers in the diversion canal posed
a concern as the canal was kept dry for a period of time after the initial deployment trip which
would have left the receivers exposed. It would be preferable if permission could be obtained to
drill into the concrete and mount the receivers directly onto the concrete floor at the beginning of
the study period. Alternatively, increased coordination with BC Hydro could possibly allow
installation of receivers immediately prior to opening the diversion canal. It might be beneficial
to add one more receiver below the Bodil Lake Main Bridge, past the end point of the concrete
diversion canal, in a location where the receivers would be submerged even without any water
being present in the canal. This would ensure the presence of two receivers on this route if, for
some unforeseen reason, the canal should be opened prior to the installment of receivers within
the actual canal.

The results for the Salmon River in 2008 match Kintama Research’s prior experience elsewhere
that properly designed acoustic telemetry studies can reliably address questions concerning the
movement and fate of adult coho in the Salmon River using relatively modest numbers of tagged
animals.
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