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Introduction 
 

LGL Limited (Sidney, BC) and Aquacoustics Inc (Sterling, AK) provided the Rivers and 
Smith Inlet Salmon Ecosystem Planning Society (RSSEPS) their services and expertise for the 
successful completion of the Wannock River Hydroacoustic Enumeration Project Plan.  A report 
prepared by LGL Limited in 2002 for the Rivers and Smith Inlet Partnership Group 
recommended hydroacoustic estimation techniques as one of the most promising tools for 
enumerating adult sockeye salmon returning to Owikeno Lake (Bussanich et al. 2002).    

 
Since 2002, the Pacific Salmon Endowment Fund Society has provided funding to the 

RSSEPS to investigate the use of a split-beam hydroacoustic system on the Wannock River near 
the outlet of Owikeno Lake.  Fisheries and Oceans Canada has conducted two years of the 
investigation with the goals of the hydroacoustic program, as follows: 

 
1. Develop an improved operational abundance estimator for Owikeno Lake sockeye (the 

current clear stream estimates are not a reliable indicator of total abundance including 
glacial systems); 

2. Allow for in-season estimates of abundance to provide an early trigger for need of 
conservation enhancement; 

3. To explore use of this system in combination with inlet sounding program for developing 
a more useful in-season management tool; 

4. Allow for more involvement of local community in stock assessment activities and 
fisheries management processes; and 

5. To aim for a reduction in costs for enumeration over the long term (would be able to 
reduce the scope of the current traditional fall survey project). 
 
 
The first two years of the investigation have focused primarily on the first objective, 

although some effort has also been made with respect to involving Oweekeno fisheries staff in 
the project, objective 4.  The 2nd, 3rd, and 5th objectives have yet to be addressed.   To move 
forward into a third operational year of the investigation, the RSSEPS requested a review of the 
first two year’s results and consultation with professional experts within and outside Fisheries 
and Oceans Canada.  This report documents our evaluation of the previous work and future 
direction of using hydroacoustics for monitoring salmon escapement upstream on the Wannock 
River.  
 

Our review included the following tasks: 
 

1. Review Wannock River Hydro-acoustic Pilot Studies; 
2. Review Acoustic Technology Options ; 
3. Review Species Composition Validation Options ; 
4. Review Acoustic Data Processing and Data Management Options ; 
5. Review Technical and Scientific Support Needs; 
6. Review Local Training Needs; and 
7. Recommend an operational plan based on the above reviews. 
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Project Area 
 
The Wannock River (watershed code 910-128800-00000) is located on the central coast 

of British Columbia, approximately 100 km north of Port Hardy, drains an area of 3,940 km2 and 
flows from the outlet of Owikeno Lake3 in a westerly direction to the head of Rivers Inlet (UTM: 
09-620796-5726776; Pendray 1988; Figure 1).  The Wannock River is approximately 6.5 km 
long, with a mean channel width of approximately 100 m.  There are no major perennial 
tributaries to the Wannock River.  Highly turbid water conditions prevail from April to 
December due to glacial run-off from the Monarch Icefield and Silverthrone glacier located in 
the Owikeno Lake basin.  Spring melt results in a peak annual discharge ranging from 325-580 
m3s-1 during May to August (Lynne Campo, Environment Canada, unpublished data).  
Additionally, a second peak event caused by rain and rain-on-snow usually occurs in the fall 
during October through November.  The physical and geographic aspects of the Wannock River 
system have been described in detail (Bussanich et al. 2001, Winther 1992). 

 
The Wannock River supports all five species of anadromous Pacific salmon.  Resident 

fish species present in the Wannock River include rainbow trout/steelhead (Onchorhynchus 
mykiss), cutthroat trout (O. clarki), Dolly Varden (Salvelinus malma), stickleback (Gasterosteus 
aculeatus), sculpin (Cottus spp.) and Eulochan (Thaleichthys pacificus) (Anon. 1999).  Adult 
steelhead (O. mykiss) pass through the Wannock River on their way to tributaries of Owikeno 
Lake, but it is not known if the Wannock River hosts specific (spawning) steelhead stocks.  
Estimated chinook escapements to the Wannock River have averaged 3,480 for the period 1950-
98 (Anon. 2000a).  For this same period (1950-1998), sockeye (O. nerka) have been the most 
abundant salmon species with an average estimated annual escapement of 75,440 in-river 
spawners (Rutherford et al. 1998, Rutherford et al. 1995).  Chum salmon (O. keta), coho salmon 
(O. kisutch), and pink salmon (O. gorbuscha) have averaged 12,370, 1,760, and 1,130, 
respectively, for the same period (Anon. 2000b-e).  It should be noted that because only a few 
semi-intensive escapement assessments were conducted during these years, the accuracy of 
annual escapement numbers for individual species during this period is generally unknown 
(Anon. 2001). 

 
The migration of adult sockeye salmon through Rivers Inlet begins in early July, peaks at 

the end of July, and ends between late August and early September (Goruk and Thomson 1988, 
Rutherford and Wood 2000).  Adult sockeye salmon typically return at age-4 and age-5 (Wood et 
al. 1970, Wood 1970).   
 
Task 1 - Review of Wannock River Hydroacoustic Pilot Studies 
 

The 2002 and 2003 hydroacoustic studies at the Wannock River and Owikeno Lake were 
reviewed (Cronkite et al. 2003; G. Cronkite, pers. comm.).  On 7 December 2004, leading 
acoustic experts met in Nanaimo, BC as a working group to review the study results and discuss 
future options.  The workshop was attended by Richard Bussanich (LGL), Don Degan and Anna-
Maria Mueller (Aquacoustics), George Cronkite (Department of Fisheries & Oceans (DFO)), 
Tim Mulligan (ex-DFO), Robert Kieser (DFO), and John Holmes (DFO).  The meeting began 

                                                 
3 There is a spelling difference and distinction between Owikeno Lake and Oweekeno First Nation / Nation / Oweekeno Village. 
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with Richard Bussanich outlining the Wannock River hydroacoustic project plan by the 
RSSEPS, followed by a presentation of the 2002 and 2003 studies by George Cronkite, and a 
review of remote communication tools and alternative power technologies when using 
hydroacoustics by Don Degan (Appendix A). Following the presentation, the group evaluated the 
information collected to date, the additional information needed, and the potential for using 
acoustics in the Wannock River to estimate salmon escapement.   

 
Discussion following the review of the work conducted in 2002 and 2003 lead everyone 

to agree that the sites selected during those two years would not be suitable for further 
hydroacoustic data collection.  The characteristics of a suitable site have been identified by 
previous researchers, Mesiar et al. (1990), Mulligan and Keiser (1996) and Ransom et al. (2000) 
whom reviewed how site condition, fish behaviour, and hardware configuration affect the 
efficacy of acoustic systems.  Ideal sites include:   
 

1) a channel with uniform slope through the sample area requiring the minimal number of 
transducers required for total channel coverage;  

2) minimal water level variation;  
3) non-turbulent (or laminar) flow;  
4) a smooth substrate with low acoustic reflectivity (i.e., sand, gravel or silt composition); 
5) water velocity sufficiently high to minimize fish holding or milling; 
6) suitable access to both river banks;  
7) a location downstream of all known salmon spawning; and 
8) a location upstream of tidal boundary ( i.e., heterogeneous fish behaviour displayed in an 

inter-tidal area). 
 

The Wannock River site sampled in 2002 was potentially the best site, however, there 
were strong indications from data collected at this site that the salmon were not all migrating.  
Additionally, the behaviour of the salmon at this site was not similar to migration patterns in 
other sockeye rivers.  Fish were observed throughout the water column and across the entire river 
channel, and many fish at this site were not actively migrating (generally classified as ‘milling’). 
The typical behaviour for sockeye migrating in rivers is to move in a directed upstream 
migration in the slowest water velocities available to the sockeye.  This is usually along the 
shoreline and near bottom.  Typical water velocities where sockeye migrate range from 0.3 to 1.0 
m/s, however, they will migrate in stronger currents when forced to do so. Using the 2002 site 
would require making assumptions about the milling behaviour of fish that could result in either 
over or undercounting the sockeye escapement to an unknown extent.  This would not be a 
suitable sample site for hydroacoustics based on the inaccuracy of the fish flux counts. 

 
The technical working group agreed that no other suitable sites were available on the 

Wannock River using the currently available equipment (split beam and multibeam imaging 
sonar) and data processing techniques. Two recommendations were proposed by the technical 
working group:  
 

1. Suspend further investigations into hydroacoustics on the Wannock River until new 
technology and processing techniques are commercially available; and/or 
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2. Conduct a comprehensive survey of the Wannock River and collect velocities and cross-
river profiles to validate that a suitable site does not exist in the area downstream of the 
2002 site (Figure 2). 

 
Despite this overarching recommendation to suspend further investigations of 

hydroacoustics at this time, we completed the remainder of this review.  Should the RSSEPS 
wish to pursue hydroacoustics at another location, the information presented here on technology 
options, species composition, labour requirements, and scientific support may still be relevant. 
 
Task 2 – Review of Acoustic Technology Options 
 

The number and type of acoustic systems currently used in salmon stock assessment is 
often constrained by the hardware and funding available.  Acoustic systems used to enumerate 
salmon escapement have included single beam, dual beam, split beam, and multibeam sonar.  
Single and dual beam systems have been recently replaced with split or multibeam sonar 
systems.  Both split beam and multibeam sonar provide fish counts and direction of movement to 
enable one to identify those fish moving upstream and downstream.  Split beam systems are 
more suitable for long range (> 12 m) while multibeam systems provide better images and wider 
beams for a larger sample area over a short range.   

 
If a suitable site were located, we recommend using proven, commercially available 

acoustic hardware and integrated software for echosounder control, data collection, visualization 
and analysis. Hydroacoustic technology is readily available from BioSonics Inc. 
(http://www.biosonicsinc.com), Simrad-MesoTech  (http://www.simrad.com), and Sound 
Metrics Corporation (http://www.oceanmarineinc.com, http://www.soundmetrics.com).  It is our 
opinion that one of these vendors could provide products most suited for application in the 
Wannock River, based on the following criteria: 
 

• Relevancy (i.e., evolution of technology and how long will the current system, or any 
system be appropriate); 

• Reliability of system(s)for salmon enumeration in the Wannock River; 
• Reliability of equipment and ease of operation and maintenance; 
• Efficacy of various data processing options; 
• Cost and availability; 
• Technical and scientific support availability; and 
• Ease of transfer of technical skills. 

 
Hardware components of an acoustic system suitable for further testing on the Wannock 

River may include the following: 

 
• Digital echosounders (BioSonics Model DTX 6000 split-beam, Simrad EK-60 split beam, 

or DIDSON short range 1/1.8MHz); 
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• Transducers for each sounder with beams sized for the sample size on the river, and 
sampling frequencies of 120 or 200-kHz for the split beam systems and 1/1.8 MHz for 
the multifrequency system; 

• A mount to position the transducers; and 
• One high-end laptop computer to configure the sounder, store data, and process data 

inseason.  
 

Using acoustic methods to monitor salmon escapement often involves high capital and 
operating costs, intensive sampling for species composition, and the need to adequately test 
equipment.  Capital costs of hydroacoustic equipment vary among manufacturers.  A single 
echoprocessor, single transducer, with digital cable, and motion sensor will cost $CDN 46,200 
for both Simrad and BioSonics split-beam systems.  DIDSON systems are currently priced at 
$CDN 115,000.   
 
Task 3 – Review Alternative Species Composition Validation Options 

 
Accurate counts of fish rely on both the ability to effectively sample the river channel 

with hydroacoustics, and an accurate species apportionment method. Since acoustic systems 
cannot distinguish between species, other types of sub-sampling (fishwheels, tangle netting, 
seining) are needed to verify distribution and composition near the acoustic site (in addition to 
collecting age, size and sex data on populations).  It usually requires several years of research 
and development at a given site to arrive at an acoustic monitoring technique than can be used to 
provide high-quality escapement estimates.   

 
Statistical analysis of species composition is essential to developing a sufficiently 

accurate and precise estimate of sockeye salmon abundance using hydroacoustics.  In the case of 
the Wannock program, it has been proposed that the Oweekeno First Nation net fishery in the 
river may be a suitable tool to determine species composition of salmon migrating upstream 
during the acoustic counting period.  It is critical that the species composition method be applied 
to a statistically valid sample of the total population, which may mean adjustments to the fishery 
in space and time.  This may or may not be compatible with other objectives of the fishery.  
Generally, we caution against using fisheries to determine species composition.   

 
Various enumeration methods have been used to estimate the escapement of adult 

sockeye salmon on the west coast of BC.  The suitability of a given technique depends on the 
characteristics of the stream, the behaviour and abundance of the fish, and the funds available.  
Physical factors such as channel hydraulics and geometry, water clarity (turbidity), water 
temperature, cover types, and substrates are important factors when selecting an enumeration 
method.  Related fisheries and stock enhancement activities may also affect the choice of an 
enumeration method. 

 
Options for determining species compositions could involve a modified Oweekeno 

fishery, as well as other methods such as a directed gillnet test fishery, beach seining, tangle 
netting, fishwheels and adult fish traps.  A combination of gears would typically be used when 
determining fish densities using catch data to minimize any biases associated with gear 
selectivity (with respect to species, size, and sex).   
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Various gear types have been tested for sockeye stock assessment and stock 
augmentation purposes on the Wannock River.  A single, fishwheel site on the south shoreline, at 
4.4 River-kilometer (Rkm) was tested in 1999 and 2000, and a single beach seining site on the 
north shoreline at 0.7 Rkm was tested in 2000 (Smith and Nelson 2000, Bussanich et al. 2001), 
both resulting in very low catches (Figure 2).  Based on the low catches, it was hypothesized that 
fish could be swimming offshore (Bussanich et al. 2001).  The findings from the acoustic study 
would support this assumption (Cronkite et al. 2003).  Floating fish traps have been proposed in 
tidal areas of the lower Wannock River, and Wannock estuary, but not tested (Bussanich et al. 
2003).     

 
Should further investigations into adult enumeration and species determination in the 

Wannock proceed, it would be prudent to test a combination of tangle netting and gillnetting.  A 
similar program using daily acoustic counts and test gillnet indices on the Copper River, AK, 
have showed correlation (Degan et al. 2004).  The goal of such a program is for daily sampling 
of a consistent portion of the total run.  Tangle netting at the upper river segment could be 
implemented daily by fisheries technicians, while Oweekeno gillnet fishers and their effort are 
closely monitored in the lower river, during the sockeye migration (Figure 2).   Other gear types 
such as fish traps, beach seining, and fishwheels would not be as effective in supporting an 
acoustic program, based on the physical characteristics of the Wannock River, and the atypical 
behaviour of Wannock sockeye demonstrated by Cronkite et al. (2003).   
 
Task 4 - Acoustic Data Processing Options 
 

Should RSSEPS proceed in the future with hydroacoustics on any river system in Rivers 
Inlet, guidelines for sampling, data analysis procedures, data quality control, and reporting could 
be developed based on proven techniques used in Alaska, Washington, and BC (Ransom et al. 
2000, Xie et al. 2002, Miller et al. 2003, Degan, et al. 2004).  Data processing is sometimes 
required to occur during the season to provide daily counts of fish passage.  The correct analysis 
method will be determined after selection of hydroacoustic equipment, since the equipment will 
dictate the options for data analysis.   It is imperative that onsite personnel are provided the skills 
and training needed to process and validate inseason daily counts, with data quality analysis done 
by trained acoustic experts.  Internet connection via satellite will allow data and daily count 
information to be transferred from the site for data quality checks, and wireless Ethernet will 
transfer data across river so that personnel will be stationed at a single campsite. 

 
Hardware vendors have developed some data processing software in collaboration with 

various government agencies (DFO and the Alaska Department of Fish and Game (ADFG)), and 
universities although none of the programs developed by manufacturers are currently in use.  
DFO’s software is available, but cannot be used with any of the vendor’s hardware; however, it 
could be modified for one of the systems.   

 
SonarData’s (Hobart, Tasmania, Australia; http://www.sonardata.com) EchoView® is the 

standard signal processing system based on its capacity to handle large volumes of data in a 
Windows® environment. A single, licensed copy with features for riverine tracking costs 
$19,500.  Of all the applications, Echoview meets most of the review criteria listed in Task 3 – 
Acoustic Technology Options, with exception to cost. RSSEPS would benefit by sharing 

LGL Limited                                                                                                                    Page 6  

http://www.sonardata.com/


Wannock Acoustic Project Plan                                                                                          EA 1732 

resources and gaining access to users or service providers of EchoView such as: Kim Hyatt 
(DFO-PBS, BC), Don Degan (Aquacoustics, AK) or Larry Witzel (ONMR-Great Lakes Fishery 
Commission, ON). 
 
Task 5 - Technical and Scientific Support Options 
 

If a suitable acoustic site was identified on the Wannock, RSSEPS needs to understand 
the availability and cost of technology and software application, personnel, community partners, 
and research partners in support of an acoustic program.  Available technology and data 
processing applications costs were reviewed, assessed, and documented for developing a 
Wannock River acoustic program (Table 1). A capital investment between $119,100 and 
$256,700 would be needed if a suitable site were located. 

 
Riverine fisheries acoustics is a very specialized field, with the majority of leading 

experts from government and industry located in Alaska, Washington, and BC (Table 2). Support 
to local hydroacoustic projects such as in Rivers Inlet can be obtained from government, the 
private sector and some academic institutions.   

 
Good communication is mandatory for assuring high quality technical support. Technical 

and scientific support for the site could include a satellite internet connection to allow technical 
support via the internet.  This would allow support personnel to view sonar system configuration, 
real-time data on the echogram, and upload data files for review and quality control of fish 
counts.  Additionally, personnel could be available by phone or email to answer questions that 
arise daily.  Communication technology is provided by Starband (http://www.starband.com), 
Galaxy Broadband (http://www.galaxybroadband.ca), and BE Bell Canada 
(http://www.bell.ca/shop/application/commercewf).  

 
During the development phase of the program, data transfer from the site would generally 

involve on-site visits, and shift to using wireless technologies.  Wireless systems are typically 
operable with line of sight up to 18 km.  Wireless ethernet technology is readily available for 
data transfer from nearly every location on the Wannock River to the Oweekeno Band Office, 
with the installation of communication bridges and antennae.  The installation cost for such as 
system could range from $2,000 to $4,000.  Support for this infrastructure would need to be 
provided through the Oweekeno Fisheries Program (OFP).  The OFP must assist and provide 
office space, communication, computers, and other equipment necessary to perform the data 
validation, storage, and transfer. 

 
A combination of solar panels and multiple-battery pack should be considered for remote 

acoustic programs.  Of the 200 W demanded by the acoustic site, 150 W will be required for the 
acoustic system (40 W for echo processor, 90 W laptop, and 9 W Ethernet), and approximately 
50 W for miscellaneous streamside accessories.  A power supply using three 75 W solar panels, 
and five 12V-heavy duty RV batteries (Rated 100 Amp-hours, re-charged every two-three days 
using a 5,000 W gasoline generator) would be adequate. 
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Task 6 - Local Training and Capacity Building Options 
 

An acoustic and catch (species apportionment) operation will require one crew leader and 
between two and three seasonal fisheries technicians.  Qualified candidates should have a 
minimum of a technical diploma and five or more years experience in the fisheries field, or a 
bachelor degree in fisheries (or a related field), with two or more years of field experience.  The 
desired technical skills provided by the crew members will include significant demonstrated 
experience and training with one or more of the following: 
 

• Skilled with computers, file management, general MS applications, and savvy with 
internet protocol and networking;   

• Certified and experienced with swift water boat operation and rescue; 
• Certified in Occupational First Aid Level 1; 
• General mechanical skills and knowledgeable with small engine operation, maintenance, 

and repair; and 
• General fisheries field sampling technology. 

 
The BioSonics, Simrad, and DIDSON hydroacoustic systems currently in use are user 

friendly and can be operated with minimal training (three-four days on-the-job training).  
Computer skills are needed for data manipulation, analysis, and field camp skills are necessary to 
operate the camp effectively inseason.  Local personnel can be trained to meet these 
requirements for data collection and inseason operation of the field camp.   

 
BioSonics and HTI make short courses available, which provide basic theory, and an 

introduction to data collection and data processing.  HTI provides a 2-d overview of 
hydroacoustics for fisheries assessment ($450), and BioSonics provides a 5-d hydroacoustic 
assessment workshop ($1,350) for fisheries-plankton assessment, and seabed classification.  
During the development phase, we recommend that computer literate technicians receive 
hydroacoustic training on-the-job, by a fisheries biologist with riverine acoustic experience.   

 
Training for general computer applications, boating, and first aid are available at North 

Island College (Campbell River Campus) and Malaspina University-College (Nanaimo).  
Additional fisheries’ training specifically tailored to First Nations is available through the 
Fisheries and Aquaculture Program, at Malaspina University-College.  Future training options 
can be directed by Oweekeno Fisheries Program Manager (Mr. Bruce Burrows) and facilitated 
by Fisheries and Oceans-Canada Community Advisor (Ms. Sandie MacLaurin).   
 
Task 7 –Operational Plan 
 

Based on the 2002 and 2003 study by DFO (Cronkite et al. 2003) and the uncertainty of 
long-term funding needed to develop an acoustic program, we recommend that the Wannock 
River acoustics program be suspended.   

 
Although DFO did an onsite inspection in 2002 and 2003, and the river channel between 

the 2002 site and Rivers Inlet did not appear to be a suitable site for sonar sampling, it remains 
that this would likely be the only possible location for a sonar site.  Ultimately, conducting a 
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comprehensive survey of the Wannock River and collect velocities and cross-river profiles 
downstream of the 2002 site would validate this conclusion.  This would require five-seven days 
onsite with a small crew near the peak of the 2005 sockeye run.   

 
Developing a program using hydroacoustics require continuous, long-term financial 

support.  Should such a program proceed on the Wannock (or other river system) in the future, a 
capital investment between $119,100 and $ 256,700 would be required (Table 1).  Typical 
acoustic programs require a minimum 175 person-days.  Of the 175 person-days, we estimate a 
minimum 87 person-days (~ 50%) would be allocated to local fisheries technicians (Table 3). 
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TABLES 

 



Table 1. Estimated capital costs associated with a hydroacoustics study on the Wannock River (Disbursements current to January 2005).

Split-Beam System Cost ($) Quantity 
(#)

Total Cost 
($ / unit) Potential Suppliers

BioSonics DTX 6000 or Simrad EK-60 split beam sonar system 46,200$     2 92,400$     BioSonics (Seattle) and Kongsberg-Simrad (Seattle) (Specific components listed in Task 3 - Acoustic Technology Options)
Transducer mount 600$          2 1,200$       Local welding shop in Port Hardy/Port McNeil
Power supply (1000 W generator, solar, batteries) 3,000$       1 3,000$       Solar panels available from Energy Alternatives (http://www.energyalternatives.ca or TOLL: (800) 265-8898)
Computer 3,000$       1 3,000$       Dell Canada (http://www1.ca.dell.com/content/default.aspx?c=ca&l=en&s=gen)
Echoview data analysis software 19,500$     1 19,500$     SonarData (http://www.sonardata.com/)

Investment Cost 119,100$   
Lease Cost $6,500 - 12,500 per week*** BioSonics, or Simrad

*** System only, does not include transducer mount, power supply, computer, or Echoview software

Multibeam System Cost ($) Quantity 
(#)

Total Cost 
($ / unit) Potential Suppliers

 DIDSON multibeam imaging sonar 115,000$   2 230,000$   Ocean Marine Industries
Transducer mount 600$          2 1,200$       Local welding shop in Port Hardy/Port McNeil
Power supply (1000 W generator, solar, batteries) 3,000$       1 3,000$       Solar panels available from Energy Alternatives (http://www.energyalternatives.ca or TOLL: (800) 265-8898)
Computer 3,000$       1 3,000$       Dell Canada (http://www1.ca.dell.com/content/default.aspx?c=ca&l=en&s=gen)
Echoview data analysis software 19,500$     1 19,500$     SonarData (http://www.sonardata.com/)

Investment Cost 256,700$   



Table 2.  Database of potential delivery agents and technical advisors of riverine, hydroacoustic applications for monitoring fish escapement.

Riverine Hydroacoustics

Personnel Agency Location

Equipment 
& Software 

Training
Sampling 
Design

Data 
Processing

Data 
Analysis 

& 
Reporting

Project 
Evaluation

Industry (Delivery agent role)
Jim Dawson BioSonics Seattle, WA, USA 3 3 3 3 3
Jeff Condiotty Kongsberg-Simrad Lynnwood, WA, USA 3  
Don Degan Aquacoustics Sterling, AK, USA 3 3 3 3 3
Richard Bussanich LGL Limited Sidney, BC, Canada 3 3  3 3
Ian Higginbottom SonarData Hobart, Tasmania, Australia 3

Government (Advisory role)
George Cronkite DFO-PBS Nanaimo, BC, Canada 3 3
Tim Mulligan Ex-DFO Nanaimo, BC, Canada 3 3
Herman Enzenhofer DFO-Cultus Lake Cultus Lake, BC, Canada 3 3
Norm Olsen DFO-PBS Nanaimo, BC, Canada 3 3
Yunbo Xie Pacific Salmon Commission Vancouver, BC, Canada 3 3
Debbie Burwen ADFG Anchorage, AK, USA 3 3
Robert Johnson Battelle-PNL Richland, WA, USA 3 3
Peter Johnson BAE Systems North Bonneville, WA, USA  3   3



Table 3. Estimated annual effort associated with a hydroacoustics study on the Wannock River.

Effort (days)a

Personnel
Project 

Management Planning 
Field 

Operation

Post-season 
Data 

Processing
Data 

Analysis Reporting Total 
b Senior Fisheries Acoustician 1 2 7 10 5 2 27
c Field Biologist (Acoustics) 1 2 35 7 7 7 59
d Field Crew Leader (Acoustics + Catch Operations) 0 1 35 0 0 1 37
e Fisheries Technician  A (Acoustics + Catch Operations) 0 0 25 0 0 0 25
e Fisheries Technician B (Acoustics + Catch Operations) 0 0 25 0 0 0 25
f Oweekeno Fisheries Program Administration 2 0 0 0 0 0 2

Total 4 5 102 17 12 10 175
Proportion (%) 2% 3% 58% 10% 7% 6% 100%

a Effort based on 7.5 hours per day. 
b See Table 2 for detailed service providers US and Canada (daily cost range from $800-$1500).
c Local Biologist (Central Coast, Vancouver Island).
d Local technician (Northern Vancouver Island, Central Coast).
e Oweekeno Fisheries Program (OFP).
f Oweekeno Fisheries Manager.
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