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Introduction 

Since their protection, under Canada’s Fisheries Act and the United States Marine Mammal 

Protection Act in the early 1970’s, the number of Pacific harbour seals Phoca vitulina richardsi in the 

eastern Pacific Ocean has increased substantially and now may be approaching, or may have 

reached, their carrying capacity (Olesiuk 1996; Baraff and Loughlin 2000; Laake et al. 2002; Jefferies 

et al. 2003; Brown et al. 2005).  Pinnipeds are considered opportunistic predators that consume a 

wide variety of seasonally and locally abundant prey (Olesiuk et al. 1993; Orr et al. 2004).  Seals 

commonly prey on returning adult salmon in coastal rivers and estuaries (Olesiuk et al. 1996; Yurk 

and Trites 2000; Orr et al. 2004; Wright et al. 2007) and forage on salmonids caught in fishing gear 

(Stanley and Shaffer 1995; Baraff and Loughlin 2000).   

Fraser River sockeye Oncorhynchus nerka and pink salmon Oncorhynchus gorbuscha are 

managed by the Fraser River Panel to meet spawning escapement and harvest goals (Pacific 

Salmon Commission 2004).  Test fishing and commercial catch-per-unit-effort (CPUE) data and 

biological samples are collected for stock identification and species composition, of returning Fraser 

River sockeye and pink salmon.  These data in combination with hydroacoustics (Chen et al. 2004; 

Xie et al. 2005), are used for in-season assessment of Fraser River sockeye and pink salmon stocks 

(Woodey 1987).  The Pacific Salmon Commission operates two drift gillnet test fisheries in the lower 

Fraser River, one at Cottonwood and another at Whonnock, downstream of Mission, British 

Columbia, BC.  We have found that increased seal foraging activity at Fraser River test fisheries has 

resulted in 1) decreased daily catchability (q); 2) decreased sample sizes; and 3) increased variation 

in test fishing CPUE; thereby increasing uncertainty in sockeye and pink salmon assessments 

(Unpublished Data, Pacific Salmon Commission). 

Electric fencing is commonly used as a non-lethal method to contain and protect livestock.  

The threat of electrical shock can create a psychological barrier that often prohibits animals from 

attempting to cross electrical fencing (Reidy et al. 2008).  A non-lethal deterrent, such as the threat 

of electrical shock, is a practical solution to reduce seal foraging activity, particularly in urban areas 

such as those areas surrounding lower Fraser River gillnet test fisheries.  In 2007, the Pacific 

Salmon Commission, Smith-Root Inc., and DFO received SEF Funding for a three part study to 

investigate the feasibility of electrical barriers to deter seal presence in specific situations.  The 2007 

SEF project demonstrated that harbour seals can be deterred from passing through a low voltage 

electrical field and seals also can be deterred from foraging salmon from a Fraser River gillnet test 

fishery (Forrest et al. 2009).  In 2008 the Pacific Salmon Commission and Smith-Root Inc. received 

SEF project funding to develop a prototype electrical seal deterrence system for application to a 

salmon gillnet.  The 2008 SEF project objectives were to design, build and test a modular electrical 

seal deterrence system, that was integrated with a Fraser River gillnet and have minimal affect on 

the fishing gear. 



 Methods 

The Cottonwood test fishery is located approximately 30 km upstream from the Fraser River 

mouth, between the Alex Fraser Bridge and the Deas Tunnel (Forrest et al. 2009).  Two back to back 

20 minute sets are conducted daily at low slack tide during daylight hours.  The Cottonwood gillnet is 

120 fathom (220 m) long and consists of four 30-fathom panels, each panel has a different mesh 

size and mesh sizes range from 4 ½” to 5 ¾”.  One centimeter braided poly rope was attached to the 

gillnet corkline and lead line to provided a framework and support for the electrical array.  An 

onboard test fishing observer recorded test fishing start and end times, number of salmon caught, 

water temperature and conductivity, counted and observed seal behaviour and collected biological 

samples from salmon catch.  Salmon catch were counted for species composition and sockeye and 

pink salmon samples were collected for stock and age composition analysis and sex ratio.  Gillnet 

catchability from the electrical deterrence system were calculated and compared to similar indices in 

recent years where seal numbers and predation was considered serious and also with the 

Whonnock test fishery serving as a control.  Additional control studies may be conducted, if in the 

judgment of the investigators these are required for the successful evaluation of results. 

The electrical deterrent system was designed with 12 individual free floating modules.  Each 

module was self-contained and housed a DC pulse generator and a rechargeable battery (Figure 1).  

Lithium ion batteries were selected because of their relative light weight and capacity to hold a 

sufficient charge to last for several hours of operation.  For operational safety, the external case was 

insulated from the pulse generator by way of several layers of high density foam sealed by a 

rubberized coating.  As a safety feature the pulse generator will automatically turn off when either 

unplugged or excessively tilted, as is the case when the modules are lifted from the water.  Twelve 

end-to-end electrical arrays, each consisting of two parallel electrodes 15 m in length, (500 m total 

electrode wire) were secured to the poly rope framework over the entire length of gillnet (Figure 2). 

The electrode wires were multi-stranded 8 gauge wire (Leoni Elocab Ltd. ESL 37268REV.0).  Multi-

stranded wire was selected because it is highly flexible and light weight.  The wire had a conductive 

sealed coating to prevent internal electrolysis.  The electrode wire and net design was chosen to 

minimize the effect on the fishing gear and mesh shape to allowing the net to drift more freely and 

unobstructed compared to the 2007 SEF feasibility study (Forrest et al. 2009).  

As the electrical array and gillnet was deployed from the test fishing vessel each module was 

attached or detached as each section of the array entered or was removed from the water.  Each 

module was attached to the end of an array using a waterproof bayonet type electrical plug.  The 

bayonet plug required both male and female portions first be aligned, with a pin and slot, before the 

two parts could be pushed together and rotated a ¼ helical twist to ensure a waterproof and secure 

the attachment.  Each connector and module was detached from the electrical array by following the 

reverse procedure.  The female portion of the plug was protected in a recessed pocket on the side of 



the module (Figure 1).  Velcro strips were used to secure the male plug to the corkline while it was 

rolled onto the drum.     

 

Figure 1.  View of Smith-Root Inc. electrical pulse generator modules.  Each module 

measures 50 cm diameter x 18 cm deep and weigh approximately 7.7 kg.  LED indicators are viewed 

through the clear top access cover.  The LED indicators monitor module operations including off/on, 

low battery and malfunction.  

 

 

 

Figure 2. Configuration of the Cottonwood experimental multi-panel test fishing gillnet.  The 

net was constructed from no. 23-gauge multi-strand nylon.  The net was 120 fathom (220 meters) 

long x 60 gillnet meshes deep.  Twelve 15.2 m long x 2 m (50 ft x 6 ft) deep electric arrays were 

attached to and supported by a 1 cm poly rope frame. 

 

 



Results and Discussion 

The construction of a 120 fathom multi-panel mesh size test fishing gillnet, integrated with 

twelve electrical arrays, was competed in July 2008.  Smith-Root Inc. delivered 15 pulse modules on 

August 15, 2008.  Initial testing was delayed by approximately four weeks due to manufacturing 

delays, shipping of parts by subcontractors, and design and fabrication challenges.  The electrical 

deterrent system was field tested on August 10 and 11, 2008.  After two days of field testing we 

learned that the modules were excessively heavy and long, many sharp edges tangled with the 

gillnet, modules required additional floatation, several modules developed condensation and several 

modules leaked water, the modules were excessively cumbersome and required extra time to set the 

gillnet, and the power switches and electrical connectors needed further consideration.  As a result of 

the later than scheduled start date and technical issues encounter in 2008 we were unable to 

adequately test the seal deterrence system in 2008 and unable to meet our 2008 SEF project 

timeline.  A request for a one year extension was granted by the SEF committee and further field 

testing was postponed to 2009.   

Following the revised project timeline the re-designed 2009 prototype module was reviewed 

in January 2009 and April 2009.  Fifteen modules were received in early June 2009 and field tests 

were conducted prior to the Cottonwood test fishing start date.  Those present during the 2009 field 

trials were test fisherman; deckhand and PSC observer, Gordon Botkin, Chris Botkin and Clayton 

Botkin, PSC staff biologist, Keith Forrest and Smith-Root Inc. staff, Dave Smith, Lee Carstensen and 

Kerry Smith.  Smith-Root Inc. staff collected voltage output and voltage gradient measurements and 

insured the modules and system operated as designed.  The electrical deterrent system was fully 

operational and the Cottonwood test fishery commenced on July 6, 2009 and continued daily to 

September 18, 2009 (n = 75 days).   

The electrical deterrent system provided safe and continuous operation for the duration of 

the 2009 test fishery.  Very minor technical and operational issues were identified and provided 

optimism for continued use and further development.  A wireless communication feature, via an 

onboard laptop computer, allowed the user to remotely monitor and adjust each module while in the 

water.  Additional time was required to set the net because the drum had to be stopped completely to 

plug in each module.    Due to low Fraser river sockeye abundance in 2009 and low catch rates the 

modules never operated for more than a few hours at a time, and as a result the module batteries 

remained charged for the duration of each daily test fishery and the batteries were quickly recharged 

within a few hours following each test fishery.   

The total number of salmon caught in 2009 at Cottonwood was 1,276 adult sockeye, 10 jack 

sockeye, 1,449 pink, 155 adult Chinook, 81 jack Chinook, 146 Coho (released), 2 Steelhead 

(released) and 8 Chum.  The majority of the catch occurred in the upper 30% of the gillnet, in the 



vicinity of the electrical array.  On average 3.2 seals were observed per fishing trip at Cottonwood in 

2009, down substantially from 6.1 and 9.5 seals observed per trip in 2008 and 2007 respectively 

(Figure 3).  Similarly, a decline in the number of seals per trip was observed at the Whonnock test 

fishery (Figure 3) and as such we cannot conclusively determine if the lower abundance of seals at 

Cottonwood was due to the electrical deterrence system.  Since 1996 we have observed an 

increasing trend in the number of seals observed per test fishing trip and over the same time period 

we have observed a decreasing trend in catchability (Forrest et. al.).  
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Figure 3.  Mean number of seals observed per fishing trip for Cottonwood and Whonnock 

test fisheries.  Sum of the average number of seals observed per trip / total number of test fishing 

days. 

The seal avoidance behavior observed in 2009 was similar to the avoidance behaviour 

observed in 2007 studies, when approaching the electrical array seals would circle and/or dive 

approximately 1 to 1.5 m away from the electrical array.  However on a few occasions in 2009, seals 

were observed at the surface near the electrical array, with the array energized.  On a few occasions 

seals removed caught fish from the gillnet and caused minor damage to the gillnet in the vicinity of 

the array; however, seal damage was more extensive in the lower unprotected section of the gillnet.  

 

 



Over the past 25 years we have observed a declining trend in annual Fraser River gillnet test 

fishery q (Figure 5).  Declining q is likely a result of a combination of factors including the direct 

consumption and removal of caught salmon by seals, (seals can remove 100 % of the catch during 

low abundance and catch (PSC Unpublished data)), salmon avoidance of the area downstream of 

the test gillnet due to the increased downstream presence of seals in the vicinity of the test fishing 

gillnets and other non-seal related factors.  
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Figure 5.  Cottonwood and Whonnock sockeye catchability (q) from 1981 – 2006.  

Catchability (q) = sum of daily sockeye cpue / sum of daily abundance (for the same days). 

 

Whonnock and Cottonwood test fishing q appears to follow similar trends (Figures 5 & 6), 

suggesting at least some part of the observed decline in q may be influenced by mechanisms other 

than number of seals.  Non-seal related factors may include inter annual changes in salmon 

behaviour and distribution (spatial and temporal) due to in-river conditions and may include water 

temperature, flow and/or tidal influence.  Fewer seals are observed at the Whonnock test fishery 

(PSC unpublished data); however, the mean number of seals observed per test fishing trip at 

Whonnock and Cottonwood follow a similar trend.  It is unlikely that the same individual seals are 

present at both test fisheries due to the proximity of the two test fishing sites and similar timing of the 

test fishery on a given day.  The decline in the number of seals observed at each site is likely a result 



of annual seal abundances and/or redistribution within the lower Fraser River.  In 2009 we saw a 

decline in the number of seals observed per test fishing trip, at both Whonnock and Cottonwood, and 

a subsequent increase in catchability at both test fisheries, even though the Cottonwood test fishery 

was the only test fishery with an electrical deterrent system.  Additionally in 2009, q at Whonnock 

and Cottonwood was similar (Figure 5) and q at Cottonwood did not reach pre -1996 q values, a time 

when fewer seals were observed per trip (Figure 6).  Additional years of data are needed to compare 

electric and non-electric gillnets and to evaluate the interactions between Fraser River test fishing q 

and seal and salmon distribution, abundance and behaviour. 
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Figure 6.  Cottonwood and Whonnock sockeye catchability.  Blue diamonds = low annual 

number of seals observed / test fishing trip (years 1981 – 1996), red squares = high annual number 

of seals observed / test fishing trip (years 1997 – 2007), red cross = 2009.  See Figure 3 for the 

actual annual number of seals observed / test fishing trip. 

 

Approximately twice as much time was required to set the electrical array gillnet compared to 

a non-electrical Cottonwood test fishing gillnet (2000 to 2008 = average 4.54 m; 2009 = average 8 

m).  Setting the net not only required additional time, but stopping and starting the drum while 

deploying the net affected the final placement and overall shape of the net.  Due to the array design 

the net always had to be picked from the module end to shut off the array before the array was 



brought onboard.  However, the test fisherman continued to alternate the mesh size near shore by 

setting from the channel towards shore followed by setting from the shore outwards into the channel.  

This new procedure was different compared to non-electric Cottonwood gillnet test fishing procedure 

used in previous years, but by maintaining these new procedures over time we may find a lower q 

index (compared to pre-1996) with less inter annual variation.     

Presumably less seal induced gillnet damage occurred as a result of the electrical array, 

particularly in the upper 30% of the gillnet.  Although, fewer seals were observed in 2009, it appears 

that the electrical array protected the upper 30% of the net (approximately upper 2-3 m).  In the 

future we would like to explore and determine the maximum electrical array area and expand the 

threat of electrical shock to include and protect a larger portion of the gillnet.  Varying electrode 

depth, length and distance between upper and lower electrodes, combined with voltage gradient 

measurements at varying depths will facilitate mapping the voltage gradient surrounding the net and 

determining the maximum electrical array area as well as for how long we can maintain a voltage 

gradient over the area.  A larger electrical portion of gillnet should increase salmon landings as well 

as further reduce seal predation and damage to the net.  Increasing electrode length would reduce 

the number of array sections and the number of stop and starts while deploying the gillnet and 

subsequent time to set the net.  Larger electrical arrays will require more battery power and shorten 

the operating time before having to recharge the battery.  Since battery space (size and weight) is 

limited the current battery will predetermine the maximum area of the array. 

In conclusion, we successfully achieved our SEF project goals by meeting our specified 

project objectives to develop, build and test a modular electrical seal deterrence system integrated 

with a river gillnet. 

 

Budget 

Final project costs not only varied from the proposed budget, but exceeded the approved 

project budget. Smith-Root Inc. has absorbed all expenses in excess of the approved SEF project 

budget in order to bring the project to successful completion.  We believe that we were pragmatic 

and realistic in budgeting initial project costs; however budget variances occurred due to varying 

currency exchange rates, material cost oversight, and costs associated with the one year extension 

and the development of two prototype modules. (see the attached Project Budget Variance Form for 

details).  We request flexibility to reallocate expenses within the total approved amount and we 

request the remaining SEF project funding of $17,500.00 be dispersed to us to allow us to fulfill 

outstanding financial commitments. 
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