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Executive Summary 
Electronic monitoring (EM) is increasingly being accepted as a viable tool for monitoring certain 

fishery activities and supplementing observer data collection (NMFS 2011).  In Alaska, there is 

strong interest in EM, particularly for smaller boats (under 60’ length overall) where onboard 

observers present safety, cost, and logistical concerns.  Industry representatives have testified 

that the commercial pot fishery for Pacific cod is well suited to EM due to its reputation as a 

fishery with limited bycatch, and because all catch is brought onboard and processed in one 

place, simplifying camera placement and the challenge of accounting for unintentional discards.   
 

The primary objective of this project was to assess whether EM would be a suitable monitoring 

tool for the Pacific cod pot fishery in the Gulf of Alaska.  Specifically, the project aimed to: i) 

design and modify an EM system to record fishing activity (time, date, and location), and 

provide high quality images for catch accounting; ii) provide accurate review of video data to 

report on fishing effort, catch composition, and set and haul locations; and iii) prepare a 

preliminary assessment of costs for an operational EM program for this fishery.  This was the 

first test of EM for this fishery in Alaska.   

 

EM systems were deployed on six vessels across four fishing seasons (Seasons A and B) 

between November 2013 and March 2015.  The EM systems were deployed for 152 at-sea days 

and collected 1,508 total hours of video imagery, which included 13,098 pot hauls.  

 

The EM service provider, Saltwater Inc., developed protocols for imagery review based on those 

from the North Pacific Groundfish Observer Program.  The data was reviewed for fishing effort, 

catch accounting, and bycatch disposition by Saltwater staff trained in the use of video 

management software.  The reviewers were all biologists with at-sea experience as observers and 

NMFS training in fish identification and observer sampling protocols. 

 

Overall, the video data collected during this project was of high-quality and allowed for catch 

accounting with few problems by data reviewers.  Approximately 22% of the 13,098 pot hauls 

were reviewed.  Of the 2,906 hauls reviewed 89.8% of the imagery was rated as high–mid 

quality and acceptable for fisheries interpretation purposes (69.0% high quality and 20.8% mid 

quality).  The remaining 9.7% had low quality (with some utility for fisheries interpretation) and 

0.4% of the images were considered unusable.  Beginning in 2014 A Season, adaptations were 

made to the camera type and positioning which resulted in 97% of the imagery being rated as 

excellent or good quality. 

 

In B Season 2014 a radio-frequency identification (RFID) scanner and associated tags were 

integrated into the EM system on one vessel to monitor the set and retrieval of individual pots. 

RFID technology was implemented successfully as both a proof of concept and technology 

component that would maximize fishery management information with minimal impact to 

fishing operations. 

 

Review of EM imagery was successful in terms of the ability to identify 99.6% of the 55,212 

catch items to a species or species group level.  Of these, 96.0% were identifiable to the species 

level.  From the sampled hauls, 95.8% of the catch was retained with 97.9% of it composed of 

the target species (Pacific cod), and the remainder composed of unidentified gadid species 
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including pollock.  A small portion of the catch (4.2%) was discarded and primarily included 

sculpin (species unidentified), as well as an assortment of rockfish, flatfish, other fish species, 

octopus, crab, and other invertebrate species.  For some species groups, including rockfish and 

sculpin, identification of the fish to the species level was not possible due to certain 

characteristics that require them to be in-hand for accurate identification.  For rockfish, 78% of 

these were identifiable only to the species group level, indicating that in the majority of cases 

confident identification to the species level was not possible.  Only 0.4% of the catch items were 

unidentifiable fish. 

 

Saltwater used a cost model developed by the NOAA Fisheries Greater Atlantic Region to make 

a preliminary assessment of the cost effectiveness of EM for this fishery.  Saltwater applied data 

from the Alaska pot cod fishery (e.g., number of permitted vessels, ports from which they fish, 

number of fishing days) as well as information collected during the project (e.g., fishing trip 

length, number of hauls per trip, data review time per haul) to make the assumptions in the 

model.  A preliminary cost estimate for the use of EM in this fishery is $287- $433 per day, 

depending on a 15% or 30% level of data review.  The average daily cost for onboard observer 

monitoring under the North Pacific restructured observer program in 2014 was $1,067.  

 

This study has shown that electronic monitoring of the pot cod fishery is feasible and may 

provide an cost effective monitoring tool, particularly for under 60’ vessels where there are 

logistical and safety concerns with onboard observers.  Future work is needed to move this 

fishery toward an operational EM program including: 

 

1. Clear definition of the data fields needed for fisheries management, and consensus on review 

levels and protocols.  Specifically, future research is needed to develop and test an effective 

method for weight estimation, including length-weight estimates using an onboard measuring 

device and piece count estimates.  Fishery managers will need to determine whether weights of 

all bycatch is required, or whether piece counts of some items (e.g. octopus, crab, other 

invertebrates) is sufficient to meet management needs.  

 

2.Verification of EM catch accounting data.  Future research should focus on comparison of 

catch information from EM with onboard observer information or skipper log sheets, especially 

for weights, species identification, and catch disposition.  

 

3. Further development of radio frequency identification (RFID) technology to evaluate fishing 

effort.  Integration of this technology would allow for tracking of unique pots in regards to 

location, gear soak time, and time and date of sets and retrievals.  Such information may also 

help expedite data review through the spatial visualization of set gear and by connecting sets and 

hauls of individual pots together.  While successful, further development of this technology is 

needed to determine its cost effectiveness.   

 

4. Future attention should be focused on furthering the logistical and regulatory considerations 

associated with a comprehensive and scalable monitoring program for this fishery.   
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1. INTRODUCTION 

Electronic monitoring (EM) is increasingly being accepted as a viable tool for monitoring certain 

fishery activities and supplementing human observer data collection (NMFS 2011).  Nationally, 

the NOAA National Marine Fisheries Service (NMFS) has established a policy to encourage the 

consideration of electronic technologies “to complement and/or improve existing fishery-

dependent data collection programs to achieve the most cost-effective and sustainable approach 

that ensures alignment of management goals, data needs, funding sources and regulations” 

(NMFS 2013). 

 

In Alaska, various electronic monitoring technologies have been tested over the past decade in a 

variety of fisheries (Ames et al, 2005, 2007; Bonney and McGauley 2008; Bonney et al. 2009; 

McElderry 2005, 2008; NMFS 2011).  There is significant interest in EM, particularly for 

smaller boats where monitoring with observers presents safety, cost, and logistical concerns.  

Effective in 2013, the North Pacific Observer Program was restructured in Alaska to expand 

observer coverage, fill scientific gaps, and provide more equitable distribution of observer costs 

(NMFS 2014).  The restructure expanded the requirements for observer coverage to previously 

uncovered vessels, including small commercial vessels under 60’ feet length overall.  Concerns 

about the available space onboard, costs, and safety of having observers on these smaller vessels 

led the North Pacific Fishery  Management Council (NPFMC) to approve a motion to adopt EM 

into the restructured observer program as an alternative tool for fulfilling observer coverage 

requirements (NMFS 2011).  The NPFMC established a priority for testing and implementing 

EM on small (under 60’ LOA) fixed gear boats fishing for halibut and sablefish. 

 

Several pilot projects have further tested the feasibility of EM to meet fisheries monitoring 

objectives on under 60 foot Alaska halibut and sablefish longline vessels (ALFA 2012, NPFA 

2012, Al-Huaidhi et al. 2015).  Based on the success of these trials and cooperative efforts by the 

NMFS-Electronic Monitoring Cooperative Research and Implementation Program, EM will be 

operationalized for this fishery in a pre-implementation phase beginning 2016.   

 

Meanwhile, fishermen are concerned and have testified to the NPFMC that the pot cod fishery is 

well suited to EM.  At the time this project was conceived (2012), there had been no EM studies 

on the pot cod fishery in Alaska.  One pilot project has tested EM on two pot vessels in 

California (Bryan et al. 2011).  Fishermen’s recognition that the operationalization of EM for the 

pot cod fishery would be predicated on determining its efficacy to meet specific management 

objectives provided the impetus for this project.  

 

1.1 Objectives 

The North Pacific Fisheries Association (NPFA) a fishermen’s association based in Homer, 

Alaska and Saltwater Inc. (Saltwater), an observer and EM service provider based in Anchorage, 

Alaska, partnered to test the feasibility of using EM to monitor vessels in the Gulf of Alaska pot 

cod fishery.  The specific objectives of this project were to: 

 design and modify an EM system to reliably record fishing activity including time, date 

and location, and provide high quality images for catch accounting;  

 provide accurate review of video data to report on fishing effort, catch composition, and 

set and haul locations; and  

 prepare a cost analysis to determine whether EM could provide a cost effective method 
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for monitoring the pot cod fishery.     

 

These objectives support a longer-term goal of developing EM as an acceptable and cost-

effective alternative monitoring tool that provides spatially and temporally explicit catch and 

effort data to inform management for small fixed gear vessels fishing for Pacific cod in Alaska.  

 

2. METHODS 

 

2.1 Fishery and fishing effort 

In Alaska, Pacific cod are caught using four gear types: hook-and-line (or longline), pot, trawl, 

and mechanical jigs.  Next to longline, pot gear is the most common gear type used for fishing 

Pacific cod, which is one of the most valuable fish species in the Gulf of Alaska.  On pot cod 

boats, fish are brought on board in a large pot or trap where they are immediately removed by 

hand and sorted by species into pre-determined holding areas.  Fishermen report very little 

bycatch in this fishery (mostly sculpin, octopus, and in some areas, Tanner crab).   

 

Under the Fishery Management Plan for the Gulf of Alaska, Pacific cod harvests are allocated by 

gear type, location, and vessel length in the Central regulatory area (NPFMC 2015).  The stated 

purpose of this management scheme is to reduce competition between sectors and ensure the 

long-term health of the fishery.  

 

Two distinct cod fisheries occur in the Central Gulf of Alaska.  The first fishery is referred to as 

the parallel fishery and is managed through NMFS regulations and management actions.  The 

second fishery is the state-waters fishery, which is managed by the Alaska Department of Fish 

and Game (ADF&G) by management area (Kodiak and Cook Inlet area waters) under guidelines 

developed by the Alaska Board of Fisheries.  The managed season for Pacific cod in the Gulf of 

Alaska is typically divided into two parts—Season A and Season B. Season A opens on January 

1 and runs for a month to six weeks, after which the state-waters season opens 7 days after 

closure of the parallel A-season.  Season B generally begins on September 1.  The fisheries close 

by gear sector when the respective harvest allocation is achieved. 

 

The project was conducted from November 2013 to March 2015 during which six fixed gear pot 

vessels field-tested EM systems.  Vessels fished from the primary ports of Homer, Adak, and 

Kodiak to participate in the federal, state, and parallel season fisheries.  Vessels in this study had 

open aft decks where mechanical equipment was used to haul up to 60 total pots, which is the 

maximum allowable gear for this fishery.  Pots were generally set on the bottom, mostly with 

bait, and in rows (strings) connected to a line.  The soaking time lasted from a few hours to days, 

but most commonly fishermen hauled their pots each day they fished.  All vessels had at least 

two crew members working on deck. 

 

While fishing, pots were retrieved on the starboard or port side of the vessel.  Upon retrieval, the 

hatch to the pot was opened and its contents were dumped onto a sorting table where the crew 

then sorted the catch items.  Target species were pushed from the table into a chute leading to the 

holding tank to be retained.  Non-target species were discarded from the table by manually 

tossing them overboard. 
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2.2 EM System 

At the beginning and over the course of the project, Saltwater solicited input from owners and 

crew of the volunteer vessels and other stakeholders about camera placement, appropriate sensor 

options, and power supply considerations.  Using this feedback Saltwater adapted and installed a 

“standard” EM system which included a control box with two internal hard drives, a power over 

ethernet (PoE) switch, a hydraulic pressure sensor, a GPS, and two digital internet protocol (IP) 

cameras.  

 

The control box and monitor were mounted in a dry and secure area inside the vessel’s cabin.  

The GPS receiver was mounted within the cabin and provided independent vessel position 

information and time.  The GPS coordinates associated with video imagery were updated once 

every 10 seconds, and provided a spatial reference for the set and retrieval locations of pots.  

Two cameras were installed and programmed to record based on the hydraulic system pressure 

and to continue recording for 30 minutes after the pressure dropped below a pre-determined 

level.    

 

One camera was mounted high above the deck and extended using a ram mount to achieve a 

clear, overhead view of the entire working deck area.  A second camera was mounted to the deck 

railing aft of the wheelhouse and was framed to record fish handling and sorting on the aft table, 

chute, and the holding tank (Figures 1- 2).  

  

In B Season 2014 a radio-frequency identification (RFID) scanner and associated tags were 

integrated into the EM system on one vessel to monitor the set and retrieval of individual pots.  

A Saltwater technician mounted the scanner and the fishermen marked their pots by inserting 

RFID read-only tags into pot buoys.  When the buoys were retrieved, the tag was passed over the 

scanner, which logged unique data, including time, date, and GPS for each tag. 
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2.3 Fishing logs 

Beyond fishing logbooks that are mandatory for management reporting in this fishery, fishermen 

were asked to complete supplementary fishing log forms with information on home port, trip 

start and end dates, hauls, and gear characteristics.  Gear characteristics included the number of 

pots fished per string.  No catch information was requested in the interest of data confidentiality 

for the participating vessels.  

 

2.4 Video analysis 

Saltwater developed data review protocols to assess system function, fishing effort, image 

quality, and catch accounting information.  These protocols were submitted to NMFS and the 

Figure 1-2. The EM system featuring a control box, display screen, hydraulic pressure sensor, and 

integrated sensor and GPS unit. Two digital IP cameras were placed at the deck (lower left) and rail level 

(lower right) and triggered to record haul events. 

 

 



5 

 

NPFMC’s Electronic Monitoring Work Group (EMWG) for review
1
 and were incorporated into 

the review protocols later adopted.  The review of EM imagery was conducted by Saltwater staff 

who had been trained in the use of video management software.  The Saltwater data reviewers 

were all biologists with at-sea experience as observers and NMFS training in fish identification 

and observer sampling protocols. 

 

Sensor performance 

Reviewers relied on knowledge of fishing practices and imagery time series to assess video 

completeness.  In cases where a fishing log was provided, reviewers compared the imagery to the 

fishing log provided by the vessel owner.  

 

The quality of the GPS receiver was evaluated to determine the reliability of the position (as 

determined by signal intermittence) and the time signal.  GPS information was plotted and any 

interference in location or vessel position was assessed.  For each trip, the sensor signals were 

rated as complete, incomplete, or no data.  

 

Imagery review 

Haul imagery data was reviewed for trip information, image quality, and catch composition.  

Initially, the data from each hard drive was assessed for completeness and reviewers recorded the 

date, time, and location of trips; number of hauls completed; and the GPS location for beginning 

and end of gear configuration (e.g. pot string).  

 

For data review efficiency, the hauls were subsampled for imagery and catch composition 

assessment.  For B Season 2013 and A Season 2014 data sets, 100% of the hauls were sampled 

on the first and last day in which imagery was recorded and, on intermittent days, three hauls 

were randomly sampled during each of the following time increments: 12a-6a, 6a-12p, 12p-6p, 

6p-12a.  The stratification of hauls sub-sampled was designed to assess image quality across the 

entire range of light levels within a 24-hour day.  Beginning B Season 2014, this method was 

changed to more closely align with the North Pacific Groundfish Observer Program sampling 

protocols in which every 10
th

 pot hauled was subsampled beginning from a randomly selected 

starting pot within the first 10 pots hauled.  A chi-square test was performed to evaluate the 

relationship between image quality and daylight conditions.   

 

Image quality 

A standardized, single stimulus continuous evaluation method was used to rate image quality, 

which is the industry review standard for EM programs in Canada and with the Pacific States 

Marine Fisheries Commission, U.S.  Excellent, good, and fair quality images were considered 

acceptable for species identification.  Refer to Figure 3 for examples of image quality. 

 

 E=Excellent. The imagery was very clear providing excellent views of fishing activities, 

including speciation and discards. Focus was very good; light levels were high and all 

activities were readily discernible.  

                                                 
1
 The Fixed Gear EM Workgroup is a committee of the North Pacific Fisheries Management Council established so 

that industry, agency and EM service providers have a forum to cooperatively and collaboratively design, test and 

develop electronic monitoring efforts that are consistent with Council goals and objectives to integrate electronic 

monitoring into the observer program. 
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 G=Good. The imagery was clear providing good views of fishing activity, but not all 

discards were discernible. Focus was good with slight blurring or light conditions. All 

activities were discernible.  

 F=Fair. The view was acceptable, but there may be some difficulty assessing discards. 

Moderate blurring or slightly darker conditions hamper, but do not impede analysis.  

 L=Low. The imagery is difficult to assess. Some camera views may not be available. 

Imagery is somewhat blurred or lighting has largely diminished. Some factors such as the 

fishing line going out of camera view or crew standing between the catch and the camera for 

extended periods of time may have also occurred.  

 U=Unusable. The imagery is lowly resolved or obstructed such that fishing activity cannot be 

reliably discerned. 

 

The factors associated with low or unusable image quality were rated by the reviewer.  These 

included camera lens obstruction (e.g. moisture, etc), crew member obstructing clear view of 

handling/sorting area, lighting issue (e.g. backlight, low light, glare), or other factor.  
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Data review speed 

The speed at which reviewers were able to assess video imagery was calculated as the ratio 

between the length of time for complete review and the total length of video imagery collected 

for each trip.  Data review speed was only recorded for trips beginning in B Season 2014 due to 

the revision in the review protocols.   

 

Catch accounting 

The data reviewers enumerated and speciated target and non-target catch to the lowest 

identifiable taxonomic level.  The disposition of all catch items was recorded as retained (either 

for market or bait) or discarded.  Beginning in B Season 2014 the disposition methods were 

Figure 3. Examples of image quality captured by the EM system. The upper left is a high quality image where 

imagery was very clear providing excellent views of fishing activities, including speciation and discards. The 

upper right is a mid-quality image that provides good views of the fishing activity but blurring or light 

conditions reduce the ability to clearly discern catch items. The lower left is a low quality image during day 

fishing where the catch items are discernible but not identifiable to species. The lower right is an unusable 

quality image where moisture on the camera lens is obstructing clear view of the fishing handling area. 
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revised to also include discard condition: discarded alive, discarded dead, or unknown 

disposition.  For all unknown dispositions, the reason for non-identification were rated as: crew 

blocking or obstructing view, low image quality, low confidence in taxonomic identification due 

to fish characteristics (e.g. the fish needs to be in-hand for accurate identification) or rapid 

movement of fish (e.g. the fish was discarded or moved too quickly to allow sufficient time for 

clear imagery and/or identification), lighting issue, or other condition.  

 

2.5 Cost analysis 

Saltwater used a cost model developed by the NOAA Fisheries Greater Atlantic Region to make 

a preliminary assessment of the cost effectiveness of monitoring this fishery with EM.  Saltwater 

applied data from the Alaska pot cod fishery (e.g., number of permitted vessels, ports from 

which they fish, number of fishing days) together with information collected during the project 

(e.g., fishing trip length, number of hauls per trip, data review time per haul).  The cost estimate 

is based on the following assumptions. 

  

Equipment Costs 

Annual equipment costs were calculated at $3,520 per year based on an initial EM system cost 

of $11,000
2
 and 15% annual replacement and upgrade costs over a 5 year period. 

 

Field Service Costs 

Installations 

The model assumes a 30% coverage option, with EM equipment installed on 55 vessels (out 

of a total 184 vessels) each year.  The actual cost of installs in an operational program will 

reflect the vessel selection and deployment approach defined by NMFS. 

 

The model assumes the installs would be done by certified EM service technicians that travel 

to each of the seven ports, and that all of the vessels selected to carry EM systems would be 

available in their respective port during the technician visit.  Each install is estimated to take 

approximately 10 hours which includes scheduling, vessel assessments, equipment 

preparation, equipment installation, vessel monitoring plan, and skipper and crew training.  

Costs for installs include technician labor, travel, and per diem.  Travel costs are based on 

current commercial air fares from Anchorage, AK.  

 

Data Retrieval 

The model assumes that Data Retrieval technicians would be based in the fishing ports and 

trained to do basic maintenance on the systems.  Data Retrieval technicians would be 

deployed via hail in reports and retrieve data every two weeks throughout the six month 

fishery.  Data Retrieval (DR) labor is estimated at 1 hour per event which includes both the 

data retrieval, system function testing, and basic maintenance.  The Data Retrieval technicians 

would mail in the hard drives using standard shipping for video review and processing.  Hard 

                                                 
2
 Cost of EM systems projected in the Alaska Region Electronic Technologies Implementation 

Plan assumes a "standard" camera system and undefined components (number of cameras, 

discard chute, RFID, etc.).     
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drive management costs include the labor involved with shipping, receiving, copying and 

scrubbing hard drives for reuse, and is estimated at 0.5 hour per hard drive.  

 

Saltwater is currently working in a large EM implementation on the East Coast where 

skippers are responsible for mailing in their hard drives after each trip.  This approach would 

likely provide some cost savings, but may extend the feedback loop and provides less local 

technical support in the port. 

 

Service Events 

The model assumes that certified EM technicians are based in Anchorage, AK, that most 

issues can be diagnosed remotely by telephone, and many can be remedied by skippers with 

remote technical support.  

The model assumes that in addition to the Data Retrieval technical maintenance, 25% of 

vessels would require four hours of servicing by a local technician over the course of a year 

and that approximately 10% of vessels would require hands-on services from a certified EM 

technician.   The cost estimate assumes that a certified EM technician would travel to each of 

the major ports one time per year for service.  Each service event (including travel) is 

estimated at two days due to remote locations, with the exception of Adak which would 

require four days due to the infrequent flight schedule (twice weekly). 

 

Data Services 

Data Processing & Reporting  

The data review strawman proposed for the Alaska fixed gear small vessel hook and line fleet 

at the NPFMC’s EMWG assumes that 12% of hauls would be audited per trip.  To reach this 

minimum level, the strawman assumes that 15% of hauls need to be reviewed.  Current 

observer sampling protocols in the North Pacific Groundfish Observer Program utilize a 30% 

haul review rate.  Because the cost of EM data review has such a big impact on overall 

program costs, the model provides cost estimates for both a 15 and 30% level of review.  

 

The cost model assumes vessels complete seven fishing trips per month for six months 

averaging 2.8 days per trip or 116 fishing days per year.  To account for the variability in 

fishing effort across the fleet, the data review cost estimates assume average fishing effort.  

Based on imagery collected in this study, the average vessel hauled 360 ± 171 (standard 

deviation) pots per trip.  Therefore a 15% rate constituted an average of 54 ± 26 pots sampled 

per vessel per trip, and a 30% rate constituted 108± 51 sample pots.  We assumed 9 minutes as 

the average review time per pot based on existing protocols which include accounting for all 

catch.  We believe this is a conservative review time because we were counting all retained 

items; most EM programs count discards only and rely on fish tickets for retained catch 

reporting.  Reporting labor is estimated at 0.25 hours per hard drive and includes producing a 

simple summary report for each data set.  

 

Management 

Management services include communications with NMFS and industry, budget, reporting, 

oversight of EM systems, program logistics, and personnel by an EM service provider.   
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These duties include procurement of EM system components, scheduling of installations, 

management and travel of EM service personnel including the recruiting, training and 

certification of EM technicians, local data retrieval technicians, and data reviewers.  

  

The Program Management costs do not include costs for data storage or NMFS program 

management.  While these are real and significant costs, they are not included here because 

the objective was to describe the cost of EM monitoring relative to the cost of an observer 

under the Restructured Observer Program.    
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Table 1. The number of pot cod fishing 

vessels that made deliveries in 2014 to the 

following fishing ports in Alaska (source: 

Alaska Dept of Fish and Game, unpubl. 

data). 
 

Port # Pot cod vessels 

Adak 4 

Akutan 34 

Dutch Harbor 37 

Homer 9 

King Cove 29 

Kodiak 38 

Sand Point 33 

TOTAL 184 

 

3. RESULTS 

 

3.1 Fishery and fishing effort 

In 2014, 184 vessels operated in this fishery from 

seven primary ports (Table 1).  At the project onset, 

NPFA and Saltwater worked to recruit volunteer 

vessels to field-trial EM systems.  All of the vessel 

owners in the Cook Inlet fishery were contacted, 

yet it proved more difficult than expected to find 

volunteers due to the poor market conditions of the 

fishery and few participating vessels fishing from 

Homer (the original port selected for the project). 

One vessel agreed to carry a system from 

November 29 to December 13, 2013. 

 

Prior to the start of each season in 2014 and 2015, 

NPFA and Saltwater recruited additional vessel 

owners to trial EM systems.  Given the persistent poor market and low catch levels in Cook Inlet, 

recruiting efforts were shifted to Kodiak and western Alaska waters where greater fishing effort 

occurred.  With clear written materials and face time in the ports, the number of volunteer 

vessels increased.  

 

EM systems were deployed on six vessels across four fishing seasons (A and B) between 

November 2013 and March 2015 for a total of 280 days, which encompassed 152 at-sea days 

(Table 2).  Each vessel completed between 2 and 15 total trips.  Trip length averaged 54.7 ± 27.2 

hours (S.D) per vessel.  The system collected 1,508 totals hours of video imagery which included 

13,098 pot hauls.  The study vessels averaged 305 ± 199 pot hauls per trip. 

 

 
Table 2. Summary of EM deployments, fishing effort, and imagery collected by vessel.  
 

 
 

* - Vessel E experienced technical issues associated with an intermittent power source, thus data from this 

deployment was eliminated from analysis. 

  

Vessel Year/Season Port # Sea Days # Trips Deploy Period Total Days Deployed # Hauls Imagery Hours

A 2013 B Homer 7 2 Nov 29 to Dec 13 15 60 24

B 2014 A Kodiak 15 5 Feb 20 to Mar 21 30 2,009 159

C 2014 A Adak 21 6 Mar 27 to May 3 38 307 41

D 2014 B Kodiak 67 16 Sept 13 to Dec 17 97 5651 876

E 2014 B Kodiak - - Nov 17 to Dec 30 44 - -

F 2015 A Kodiak 42 16 Jan 24 to Mar 20 56 5071 408

152 45 - 280 13,098 1,508Total

* 
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3.2 EM systems 

In general, the systems worked well, vessels had reliable power systems, and the fishermen 

cooperated in keeping the systems running while fishing.  Fishermen reported that the systems 

were easy to handle and technical support was available when repairs were needed.  

 

Over the course of the project the system was adapted and improved resulting in greater system 

reliability, image quality, and overall performance.  A Saltwater technician travelled twice from 

Anchorage to service the systems and a local marine technology company was able to provide 

additional service.   

 

The RFID scanner was able to read buoy tags as the pots were set and hauled on deck.  

Additionally the scanning of RFID tags across the reader during hauls was implemented with 

little modification by fishermen to their operations.  However, because of the design of the RFID 

test, it was not possible to determine the level of agreement between RFID data and actual pots 

hauled.  

 

3.3 Fishing logs 

The capture success (e.g. completeness) of the EM systems was determined by comparison of 

video imagery hours to fishing log data.  In this case the total number of unique hauls detected 

by the EM systems was compared to the number reported by the skipper.  Due to the voluntary 

nature of this trial, supplementary fishing logs were inconsistently completed by vessel owners.  

 

3.4 Video analysis 

Sensor performance 

To assess video completeness, reviewers relied on fishing logs (when present), GPS data and 

their experience and knowledge of operations with this fishery.  The time and location for each 

pot was recorded on all of the video imagery.  The GPS coordinates associated with the video 

images were updated every 10 seconds; providing a spatial reference for the retrieval locations of 

pots.  The GPS worked well and provided accurate positioning for all trips completed. 

Quantitative hydraulic sensor data was not recorded during this field trial, although Saltwater’s 

EM system currently collects that data. 

 

Imagery review 

Image quality 

Image quality was qualitatively assessed and assigned into high (excellent), mid (good and fair), 

low, and unusable categories.  There was a steady frame rate for imagery capture from both 

cameras, which was generally between 12-15 frames per second (fps).  The cameras were set to 

record high definition video (720 x 1280). The imagery was not pixilated or “jerky” and thereby 

high enough to allow for positive identification of catch and discarded items.  

  

Of the 2,906 total hauls sampled over the entire course of the project, 89.8% had high–mid 

quality imagery acceptable for fisheries observer purposes (69.0% high quality and 20.8% mid 

quality).  The remaining 9.7% had low quality (with some utility for fisheries observations) and 

0.4% of the images were considered unusable for interpretation (Table 3).  
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Table 3.  Summary of image quality assessment by vessel for the two EM system types.  

EM System Vessel 

Image Quality 

# of images High Mid  Low  Unusable 

Alpha 
B 0% 57% 41% 2% 496 

C 16% 75% 9% 0% 256 

Subtotal 5% 63% 30% 1% 752 

Beta 
D 60% 40% 0% 0% 1257 

F 60% 34% 6% 0.1% 897 

Subtotal 60% 37% 3% 0.10% 2154 

 

During the field tests, adaptations to the camera type and 

positioning resulted in improved image quality.  Using 

the beta EM system beginning in 2014 B Season, image 

quality improved from 68 % high- mid quality to 97% 

high- mid quality (Figure 4).  

 

The primary cause of reduced image quality was 

attributed to cameras focus (46%); this occurred when a 

camera on Vessel D was inadvertently bumped out of 

alignment with the sorting table (Figure 5).  Low lighting 

conditions and/or glare on the water or vessel surface 

were the secondary cause (37%).  A dirty or smudged 

lens, moisture on the lens, and low lighting combined 

with these factors attributed to the remaining 17% of low 

quality imagery.  Low quality imagery did not entirely 

impede the ability of the reviewer to discern fish; rather, 

it increased the difficulty of fish counting and diminished 

the image clarity needed for species identification.  

Unusable imagery prevented identification in less than 

1% of the total hauls.  In other words, despite the issue 

with backlighting the data reviewer was still successful in 

identifying nearly all of the fish caught to species or 

species grouping level. 

 

The quality of assessed imagery varied significantly by 

daylight conditions, χ
2
 (2, N = 2,810) = 400.1, p <.001.  Night imagery had a higher proportion 

(26%) of low quality images compared to daytime images (Figure 6).  This difference was 

attributed to low lighting conditions that impeded collecting high-quality images that enabled the 

video reviewer to consistently and reliably identify catch.  Also, in some cases, the deck area was 

powered with lights during night resulting in overexposure (i.e. glare) on metal surfaces of the 

deck (Figure 7).  
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    Figure 5. A summary of the factors associated with low or unusable imagery rating 

 

 

 

 
    Figure 6. The quality of images reviewed during day and night time conditions. 
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The overexposure created moderately difficult conditions for identifying discarded species 

during periods of darkness.  In these cases (e.g. 13 individual haul events), 37 discarded items 

were able to be counted but not speciated.   

 

Video imagery was assessed for obstructions that impeded the reviewer from having a clear and 

complete view of the fishing operations.  There were 102 classified obstructions to imagery, of 

which only 2 were critical (e.g. prevented positive fish identification).  The majority of non-

critical obstructions (57%) was attributed to crew position on the deck, where crew members 

momentarily blocked the view of the handling or sorting area but did not prevent species 

identification (Figure 8).  Of these obstructions, 41% were related to the position of fishing gear 

(e.g. bait bags on the sorting table) which blocked the view of portions of the sorting area.  

 

Data review speed 

The review speed of video imagery assessment across 25 trips averaged 1:4, with a range varying 

from 1.9 to 8.9 times real time.  This assessment was calculated as a ratio of the trip imagery 

length by total review time for that trip.  The range of review speed reflects changes to review 

protocols and software (e.g. adding catch disposition).  

 

Catch Accounting 

Data reviewers subsampled 2,906 hauls for retained and discarded catch, and were able to 

identify 99.6% of the 55,212 catch items to a species or species group level.  Of these, 96% were 

identifiable to the species level.  Only 0.4% of the catch items were unidentifiable. 

 

For some species groups, including rockfish and sculpin, identification of the fish to the species 

level was not possible due to the characteristics of certain species that would require them to be 

in-hand for accurate identification.  For rockfish, 78% were identifiable only to the species group 

level, indicating that in the majority of cases confident identification to the species level was not 

possible.    

 

Of the 2,906 sampled hauls, the total catch was primarily composed of the target species-- 94.0% 

were identified as Pacific cod.  Of the total catch, the primary bycatch species were sculpin 

(1.4%) and Gadidae unidentified (1.3%) (Table 4).  The cases where the gadid species could not 

be determined were attributed to lighting conditions or catch volume which prevented the 

reviewer from being able to discern the species with confidence.  The reviewers did not attempt 

to differentiate between the two species (plain or great) of sculpin due to the difficulty in 

accurately identifying this fish without being in-hand.  

 

Of the total catch, 95.8% was retained either for sale (market) or bait
3
; retained catch was pre-

dominantly composed of the target species (Pacific cod; 97.9%), and the remainder composed of 

unidentified fish in the Gadidae  family including pollock.  A small portion of the catch (4.2%) 

was discarded and primarily included sculpin (species unidentified), as well as an assortment of 

rockfish, flatfish, other fish species, octopus, crab, and other invertebrate species.  

 

                                                 
3
 Retained for bait was only recorded by the reviewer if the catch item was observed being cut 

and retained. 
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Table 4. The summary of retained and discarded catch items. Items are partitioned by whether 

the retained for sale or bait based on reviewer observations. The condition of discarded items is 

reported, when assessed, as alive, dead, or unknown. 

 

 

 

 

 

 

Sale Bait Alive Dead
Condition    not 

recorded

Condition 

unknown

Rockfish & Thornyheads

Rockfish, unidentified 5 10 23 0.07%

Rockfish, Black 1 1 0.00%

Rockfish, Dusky 5 1 0.01%

Rockfish, Quillback 1 0.00%

Rockfish, Yelloweye 1 1 0.00%

Pacific halibut 11 1 78 11 0.18%

Pacific cod 51,790 4 43 9 22 94.02%

Lingcod 2 1 0.01%

Flatfish

Flatfish, unidentified 2 3 10 0.03%

Flounder, Arrowtooth 2 0.00%

Other fish

Unknown fish 194 0.35%

Gadid, unidentified 665 19 5 1.25%

Irish lord, unidentified 25 3 1 0.05%

Irish lord, Yellow 5 2 4 0.02%

Mackerel, Atka 2 41 0.08%

Pollock (Walleye) 229 10 5 7 0.45%

Prowfish 1 3 0.01%

Roundfish, unidentified 4 1 7 19 0.06%

Sculpin, Bigmouth 1 1 0.00%

Sculpin, unidentified 15 7 1 135 629 1.43%

Wrymouth, unidentified 2 0.00%

Shark

Shark, Spiny dogfish 21 0.04%

Crab 0.00%

Crab, Hermit 3 0.01%

Crab, unidentified 23 54 0.14%

Greenling, unidentified 2 0.00%

Species
% Total 

Catch

Retained Discarded
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Table 4 continued. 
 

 

 

Of the discarded items, only 194 (0.4%) were categorized as unknown fish.  The most common 

reason for an item to be categorized as unknown (91.2%) was a fish being discarded too quickly 

to allow sufficient time for positive identification (Figure 9).  In a small number of cases (3.1%) 

the reviewer was unable to identify the discarded fish because a crew member or gear was 

obstructing the camera view (Figure 7).  Low image quality and low confidence in taxonomic 

identification due to either fish characteristics (e.g. the fish needs to be in-hand for accurate 

identification) were also issues associated with the lack of positive fish identification.  Rockfish 

and sculpin were difficult to identify to the species level without the fish being in hand.    

 

 
 

  

Figure 9. An example 

of image where crew 

discarded catch item 

too rapidly before 

positive identification 

could be made. The 

item being discarded 

overboard is 

highlighted in red. 

Sale Bait Alive Dead
Condition    not 

recorded

Condition 

unknown

Invertebrate

Jellyfish (All) 5 0.01%

Octopus, Pacific 45 135 8 82 83 0.64%

Sea anemone, unidentified 1 5 0.01%

Sea star, Basket 0 3 0.01%

Sea star, Sunstar 28 2 172 0.37%

Sea star, unidentified 1 311 0.57%

Sea urchin, Green 7 21 0.05%

Sea urchin, unidentified 16 0.03%

Snail, shell, unidentified 102 0.18%

Sponge, unidentified 1 0.00%

Grand Total 52,729 160 140 86 314 1,748 55,177

Species

Retained Discarded
% Total 

Catch
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Figure 10. The estimated cost per sea day for 

at-sea observer compared to camera-based 

EM systems using 15 and 30% data review 

for the Alaska pot cod fishery. 

For the majority of the discarded items (76.3%) the condition was not assessed at the time of 

discard.  This was due to the fact that data review protocols did not include condition assessment 

until mid-stream in B Season 2014 when they were modified.  When the condition was assessed, 

reviewers could discern disposition for many, though not all, of the discarded items. 

 

3.5 Cost Analysis 
A preliminary estimate of the cost for using 

EM to monitor vessels fishing for pot cod 

fishery in the Gulf of Alaska is $287- $433 per 

day, depending on the level of data review 

(Table 5).  This compares positively to the 

$1,067 per day cost of observers under the 

Restructured Observer Program in 2014 

(NMFS 2015; Figure 10).  This estimate 

includes equipment purchase (amortized over a 

5 year time period), installation, service, data 

retrieval, data review, and reporting.  It should 

be emphasized that the cost assessment 

presented here represents approximate 

estimates only. Actual costs of an operational 

EM program are likely to be different once the 

monitoring objectives, sampling protocols, and 

program logistics are defined.  A prime 

example is the cost of data review which will be determined by the level of review required.  

This estimate does not include the costs for data archive and NMFS program management. 

 

In this analysis, data review was the most substantive component, accounting for 53% to 69% 

(15% and 30% data review, respectively) of the total estimated cost per day.  Data review was 

estimated at 9 minutes per pot, based on average review time in this study.  This estimate 

included the enumeration and speciation of all catch items, both discards and retained catch.  

This time would be reduced substantially if only discards were enumerated depending on the 

final review protocols established by NMFS for this fishery.  
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Table 9. The estimated costs to deploy camera-based EM systems in the Alaska Pacific cod pot gear 

fishery. Values are shown as the approximate cost per vessel and cost per day, and as the total annual 

program costs. It is assumed that 30% of the fleet would be selected for EM coverage. Fleet size is based 

on 2014 effort where 184 vessels participated. The model assumes vessels would complete 7 monthly 

fishing trips for 6 months/year and average 2.8 days per trip (116 sea days per year). Based on this pilot 

study with pot cod vessels in Alaska, it is assumed that each vessel hauls 360 ± 171 (standard deviation) 

average pots per trip. To account for the unknown sample rate of EM video imagery for this fishery, this 

cost model shows two possible sample rates: 15% and 30%. Cost model 1 assumes a 15% sample rate, 

which constitutes an average of 54 ± 26 pots sampled per vessel per trip. Cost model 2 assumes a 30% 

sample rate, which constitutes 108± 51 pots sample per vessel per trip. 
  

 
 

  
 

* These costs do not include data storage or NMFS program management costs. While these are real and 

significant costs, they are not included in the per sea day cost of providing a human observer so we 

omitted them to make the cost comparison more accurate. 

 

  

Year 1 Year 2+ Year 1 Year 2+

Equipment $3,520 $3,520 $193,600 $193,600

Installation $2,042 $0 $112,335 $0

Field Service $5,618 $5,618 $308,983 $308,983

Data Service $17,639 $17,639 $970,167 $970,167

Program Management $4,441 $4,441 $244,262 $244,262

TOTAL $28,820 $26,777

By Sea Day $248 $231

Cost Per Haul $1.91 $1.77

Category*

Per vessel cost

Cost model 1:  15% data review with average fishing effort

$1,585,085 $1,472,750

Total program cost

Year 1 Year 2+ Year 1 Year 2+

Equipment $3,520 $3,520 $193,600 $193,600

Installation $2,042 $0 $112,335 $0

Field Service $5,618 $5,618 $308,983 $308,983

Data Service $34,649 $34,649 $1,905,717 $1,905,717

Program Management $4,441 $4,441 $244,262 $244,262

TOTAL $45,830 $43,787

By Sea Day $395 $377

Cost Per Haul $3.03 $2.90

Total program cost

$2,520,635 $2,408,300

Cost model 2:  30% data review with average fishing effort

Category*

Per vessel cost
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4. DISCUSSION  

At the time this project was conceived (2012), several electronic monitoring (EM) pilot studies 

had occurred on halibut and sablefish longline vessels, but none had been conducted for the pot 

cod fishery in Alaska.  Industry representatives felt strongly that the pot cod fishery was well 

suited to EM, and NPFA and Saltwater designed the project to test the feasibility of EM for this 

fishery.  The primary objective of this trial was to field-test and adapt as necessary an EM system 

that could capture video images of sufficient quality to allow an accurate record of effort and 

provide the accounting of catch and discards in a cost effective way.  

 

Based on the project findings, EM appears well suited to identifying and accounting for catch 

items that are brought on board in pots, sorted, and either retained or discarded from one area of 

the vessel.  This pilot effort helped identify adaptations to the EM system for this fishery and 

issues to be considered in the successful design and implementation of a fully-operational EM 

program. 

 

4.1 Fishery and fishing effort 

The first installation in this project provided valuable insights including strong skepticism from 

fishermen about being monitored, fishermen’s concern over the confidentiality of data collected, 

and an interference problem between the EM system and the Vessel Monitoring System (VMS).  

The VMS problem was corrected quickly, and NPFA and Saltwater decided that written 

information about the project would help establish a better working relationship with the 

volunteer vessels and fleet.  These included a description of the project objectives, expectations 

for deployment, duties of care for systems, data review procedures, and data confidentiality.  The 

“Project Information Sheet” summarized the relevance and need for the project, and described in 

detail the arrangement between NPFA, Saltwater, and the volunteer vessels. The Data 

Confidentially Agreement established that the video imagery would be used for the sole purpose 

of informing the performance and future development of EM systems for the Pacific cod fishery.  

The agreement outlined Saltwater’s responsibility to maintain the confidentiality of the 

volunteer’s fishing activity, and described the process for data disclosure and transfer and a clear 

chain of custody.  These materials proved invaluable in gaining industry support and volunteer 

vessels for the project, and have been subsequently used in other EM projects including a major 

EM program implementation.   

 

4.2 EM systems 

The information gained about system performance over the course of the project was 

instrumental in adapting the technology and improving the quality of data.  The sensor prototype 

developed for this system was sensitive and thus vulnerable to fluctuations or instabilities in the 

vessel power supplies.  This was best illustrated through the performance of the system on 

Vessel E.  This vessel switched generators multiple times per trip which eventually corrupted the 

SD card in the pressure system that triggered camera recording.  In most cases, however, the 

pressure system sensitivity was not catastrophic and, instead, resulted in the system overriding 

the pressure sensor to record continuously (as opposed to being triggered with the activation of 

the vessel hydraulics).  Or, in other cases, the sensor did not retrigger properly and the system 

recording halted after 30 minutes and fishing was still occurring resulting in incomplete video 

imagery.  This issue was solved over the course of the project.    
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RFID technology was implemented successfully as both a proof of concept and technology 

component that would maximize fishery management information with minimal impact to 

fishing operations.  However, because the RFID system was added mid-season to a system 

already-deployed while it was between fishing trips, the system was not fully integrated.  

Because gear was actively soaking in the water when the RFID was installed, tags were installed 

by the fishing crew on only a subset of the buoys.  

 

4.3 Fishing logs 

The collected EM data was only compared to fishing logbooks to determine level of agreement 

of fishing effort on some vessels, and it was not compared to human observer data on any of the 

vessels.  Therefore, the accuracy of catch information has not been reviewed and warrants further 

consideration.  Three vessels did not maintain fishing logs, which are needed for the data 

reviewer to assess video completeness.  This was mainly due to the voluntary nature of this 

project and the operator lack of familiarity with the importance of log information.  In an 

operational EM program such issues could be overcome using required logbooks to ensure this 

information were available for reconciliation.  

 

For logs that were submitted, there was varying agreement with the hauls detected using video 

imagery.  The vessels with a low level of agreement were attributed to a faulty sensor that 

triggered unreliably due to power disruptions to the system.  

 

4.4 Video analysis 

Sensor performance 

The completeness of video and sensor performance was determined by comparison with the 

fishing log and GPS, when available.  In cases where both video and GPS data was collected, 

GIS was used to visually determine video and sensor completeness.  This method is suboptimal 

for video completeness validation and future studies should include integrated sensor data.    

 

Imagery review 

Image quality 

Overall the video data collected during this project was of high-quality and allowed for catch 

accounting with few problems by data reviewers.  Approximately 90% of the imagery was 

excellent or good standard and only 0.4% of the data was considered unusable for interpretation.  

Adaptations to the camera type and positioning resulted in 97% imagery being rated as excellent 

or good.   

 

The majority of the low or unusable quality data was due to improper focus or lighting issues 

associated with backlighting during night hauls.  The camera focus issues resulted from a camera 

that was inadvertently bumped out of position during deployment.  This issue was likely 

attributed to the pilot nature of this program during which EM system service and data review 

were not regularly scheduled.  Such an issue would be easily corrected in an operational program 

by requiring timely review of EM imagery for quality purposes and technicians dedicated 

exclusively to servicing the EM systems.  

 

The lighting issue experienced on some vessels was not related to insufficient deck lighting.  

Rather the problem arose from deck lighting glare on the vessels’ metal surfaces (in particular, 
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the sorting table) and improper camera optimization for nighttime conditions.  Using the data 

review results and feedback received from the 2013 B and 2014 A Seasons, the EM system was 

adapted to better suit the conditions of the vessels and the fishery.  Notably this included 

adaptations to the camera type and positioning to improve the consistency of image quality, 

particularly at night when quality was compromised by low light or glare.  The adaptations 

(deployed beginning in 2014 B Season) improved image quality from 68 % high- mid quality to 

97% high- mid quality.  

 

The 3% of images with low image quality were related to smudging or moisture on the camera 

lenses.  A simple solution is to clean the lenses at a minimum daily or, ideally, before each haul.  

Cooperation by the crew in maintaining systems is integral to EM data quality.   

 

Data review speed 

The speed at which video data was viewed varied widely (2 to 9 times real speed).  The review 

ratio for pot vessels is noticeably higher compared to other fisheries due to the lag time between 

the float and the pot being hauled and the fish being brought onboard at one time (compared to 

hook by hook in other fisheries; Bonney et al. 2009).  The review time also reflects protocols 

which called for review and counts of all catch items- not just discards.   

 

The variation in review ratios was likely attributed to the experience of the reviewer, quality of 

video imagery, the volume of catch, and changes in the review software.  The longer review 

times occurred most often in cases where there was a high volume of fish being “choked” in the 

discard chute, or when there was low quality imagery from the side camera which necessitated 

simultaneous review with the deck camera data.  Review speed is most efficient when video 

imagery is of mid or high quality and the camera angle was fully framed on the haul and sorting 

area.  Additionally review speed was efficient with consistent handling and discarding of fish.  

Rapid discarding of fish required a slower review speed to ensure all fish items were counted and 

speciated.  

 

Catch accounting 

Review of EM imagery was successful in terms of the ability to identify 99.6% of the 55,212 

catch items to a species or species group level for reviewed hauls.  Only 0.4% of the catch items 

were unidentifiable fish.  Results from this project indicate that EM can be used effectively to 

quantify and speciate bycatch to species or species group level, such as rockfishes or rockfish 

groups, halibut, pollock, and sculpin.  For some species groups, including rockfish and sculpin, 

identification of the fish to the species level was not possible due to the characteristics of certain 

species that would require them to be in-hand for accurate identification.  For rockfish, 78% of 

these were identifiable only to the species group level, indicating that in the majority of cases 

confident identification to the species level was not possible.  

 

In the cases where fish identification was not possible, the most common reasons were rapid 

discard and camera obstructions.  In these instances, while the cameras capture a rate of 12-15 

frames per second, the fish was discarded too quickly by a crew member before positive 

identification could be made or a crew member/gear was blocking the camera view.  These 

factors leading to unknown fish identification are human-induced and, with crew training and 

agreed-to handling procedures, may be preventable.  
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For data review, enumeration and identification of catch was possible using a combination of 

imagery from the deck and side cameras.  The data reviewers relied primarily on imagery from 

the side camera for catch assessment.  However, when the side camera images were obstructed, 

in most instances, imagery from the deck camera provided a reliable alternative.  Therefore, it is 

recommended that installations of the side camera be prioritized to ensure both a high frame rate 

and reduced blockage or obstruction to allow for species identification.  

 

Condition of discarded species at the time of release was possible using video imagery, although 

in the majority of cases (59%) the condition was unknown.  The reviewers had a difficult time 

discerning condition mostly because they could not assess the fate of the fish after it entered the 

water.  This was either because the fish was not visible due to the water churning around the 

vessel (when in motion) or because the discarded fish was out of the camera view once it entered 

the water (either because of the vessel’s forward motion or the camera framing).  If bycatch 

condition is required information for fisheries management purposes, then a control-point 

method of discard and an additional camera focused on the water level may be necessary.  This 

warrants further research to determine its feasibility for assessing discard condition.  

 

5.  CONCLUSIONS  

The following key conclusions are drawn from this project regarding further EM developments 

that may be needed to operationalize this technology as part of an integrated observer program:  

 

A. The Alaska pot cod fishery is well suited to EM.    
Based on the project findings, the Alaska pot cod fishery appears to be an ideal candidate for 

observation by EM due to the visibility and concentration of fishing operations on the vessel 

deck and the catch dominance of the target species.    

 

B. Through this project a video-based electronic monitoring system was designed that could 

meet both the data needs of fishery managers and be responsive to the needs and constraints 

of small boats in the Alaskan pot cod fishery.    

Throughout the project a structured feedback tool was used to ensure that vessel crew and 

reviewer comments on the EM system were collected and incorporated.  Through this process 

the technical problems encountered, which included an instance of interference with a vessel 

monitoring system, difficulties with inconsistent vessel power, hydraulic sensor sensitivity and 

placement, lighting issues, and independent logging of metadata, were identified and resolved.  

 

C. The imagery collected was of high-quality and allowed for catch accounting with few 

problems by data reviewers.  

Both cameras recorded consistently at a resolution of 1280 x 720 pixels and 15 frames per 

second.  Overall, approximately 90% of the imagery was rated as excellent or good.  Using the 

data review results and feedback received from the 2013 B and 2014 A Seasons, the EM system 

was adapted to better suit the conditions of the vessels and the fishery, which improved image 

quality from 68 % high- mid quality to 97% high- mid quality.  These changes eased the data 

reviewer’s ability to clearly discern images for catch accounting.  The majority of the low or 

unusable quality data was due to a camera focus inadvertently bumped out of focus or lighting 

issues associated with backlighting during night hauls.   
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D. The imagery collected via this project indicate that EM can be used to quantify and speciate 

bycatch to species or species group level in this fishery. 

Trained reviewers were able to identify the vast majority of the catch items to a species or 

species group level.  For some species groups, including rockfish and sculpin, identification of 

the fish to the species level was not possible due to the characteristics of certain species that 

would require them to be in-hand for accurate identification.  For rockfish in particular, confident 

identification to the species level was not possible for the majority of imagery reviewed.  An 

operational program could consider a retention rule where rockfish species identification is done 

dockside.  The cost and logistical implications of a full retention system would need further 

evaluation. 

 

E. Onboard handling procedures may need to be modified to enhance compatibility of fishing 

practices with EM.    
In a small minority of cases (0.4%) reviewers could not identify a discard due to discarding too 

quickly before positive identification could be made or a crew member/gear unintentionally 

blocking the camera view.  These factors leading to unknown fish identification are human-

induced and may be preventable with crew training and agreed-to handling procedures.  Changes 

to prevent camera obstructions could include crew training on proper positioning while working 

on deck to avoid camera blockage or “avoidance zones” that are clearly marked on the deck.  A 

control point for discards could be established where all discard items are either placed in a tote 

or brought to a single place that is clearly in view of a camera before discard.  Alternately, 

discarded items could be held within view of a camera for 1-2 seconds before discard.  Reduced 

blockage may be achieved by proper camera framing relative to the handling/sorting areas, and 

by crew member awareness of their proper positioning while working to ensure complete 

imagery.  These modifications would need to be made for each vessel in consultation with the 

vessel skipper and crew to ensure they not impact fishing operations or safety.   

 

F. Industry “buy-in” will be key to successful EM program implementation.  

Small boats fishing for Pacific cod in Alaska are concerned about carrying human observers due 

to limited space and capacity onboard.  Because of that, many vessel owners view EM as a 

preferred alternative, but there is lingering skepticism about the data to be collected and onboard 

cameras impacting privacy.  In this study, a clear feedback loop, clearly written materials, 

industry leadership, and “face time” in the ports were instrumental in establishing positive 

working relationships with vessel skippers and crews.  Industry volunteers provided invaluable 

support in adapting the EM system and protocols to their boats and this fishery.  For EM to be 

successful, industry support will be required to: i) ensure the EM system is performing properly 

at-sea, ii) help identify modifications to fishing operations that will allow for complete imagery 

while minimally impacting fishing activity, and iii) ensure on-going basic system maintenance 

and repair. 

 

As EM systems are installed skippers and crew should be trained on their basic operation and 

maintenance.  Desired camera framing should be reviewed at the onboard monitor so both the 

skipper and crew are familiar with the appropriate camera positioning.  In the event a camera 

was inadvertently bumped during a fishing trip, the crew could readjust the camera to the 

appropriate position to prevent the loss of fully-framed video imagery. 

 



26 

 

G.  A preliminary cost estimate indicates that electronic monitoring of the Gulf of Alaska pot 

cod fishery may offer significant cost savings relative to the Restructured Observer Program.  

EM demonstrates potential to provide a cost-effective monitoring tool for this fishery, as 

compared to human observers.  The study model estimates costs for electronic monitoring of the 

pot cod fishery at $287 to $433 per day.  The average cost for onboard observers under the 

Restructured Observer Program in 2014 was $1,067 per day. The study model includes 

assumptions which may change as the details of an operational program are defined, such as 

level of coverage, deployment plan, and level of data review.  

 

5.1 Recommended Next Steps 

This study has shown the electronic monitoring of the Alaska pot cod fishery is feasible, and 

may provide an cost effective monitoring tool, particularly for under 60’ vessels where there are 

logistical and safety concerns with onboard observers.  Further work is needed to refine data 

needs, formats, and the inevitable trade-offs in designing a monitoring program framework.   

 

Recommendation 1. Clear definition of the data fields needed for fisheries management, and 

consensus on review levels and protocols.  The specific data collection fields needed for fisheries 

management should be formalized to focus development efforts moving forward. 

 

Future research is needed to develop and test an effective method for weight estimation, 

including length-weight estimates using an onboard measuring device and piece count estimates.  

Fishery managers will need to determine whether weights of all bycatch is required, or whether 

piece counts of some items (e.g. octopus, crab, other invertebrates) is sufficient to meet 

management needs.  

 

Additionally, consideration should be given to the data requirement for documentation of the 

condition of all discards, which could affect the components of an EM system and handling 

procedures.  Discerning the condition of discarded species at the time of release was possible for 

many but not all discards using video imagery.  Where the reviewers had a difficult time 

discerning condition it was mostly because they could not assess the fate of the fish after it 

entered the water.  

 

For this project Saltwater adapted the review protocols used by the North Pacific Groundfish 

Observer program.  Review protocols should be formalized and approved by NMFS, and data 

formats should be planned to assure the end data is usable.  The cost of EM data review is a 

significant part of the total cost for an EM program, and NMFS will need to approve not only the 

protocols, but the level of data review required.     

 

Recommendation 2.  Verification of EM catch accounting data.     

There may be a need for future research to validate EM catch information with onboard observer 

information, especially for weights, species identification, and catch disposition.  It could also 

include comparison to skipper log sheets and a determination of what role those logs could play.  

As such, it is recommended that future studies utilize quantitative analyses of the data coincident 

with either on-board observers or vessel log sheets to verify catch identification. 
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Recommendation 3. Further development of radio frequency identification (RFID) technology to 

evaluate fishing effort.  

RFID technology was implemented successfully as both a proof of concept and technology 

component that would maximize fishery management information with minimal impact to 

fishing operations.  Integration of this technology would allow for tracking of unique pots in 

regards to location, gear soak time, and time and date of sets and retrievals.  Such information 

may also help expedite data review through the spatial visualization of set gear and by 

connecting sets and hauls of individual pots together.  While successful, further development of 

this technology is needed to determine its cost effectiveness.   

 

Modification to the system would be needed to fully integrate the RFID scanner with the 

system’s sensor and imagery data.  Integration of the RFID and the GPS would facilitate spatial 

visualization and referencing of individual pots, which could expedite data review. Future 

developments could also explore RFID tag use as a recording trigger as an alternative or 

redundant option to the hydraulic pressure sensor. 

 

Recommendation 4. The Alaska pot cod fishery appears to be an ideal candidate for EM.  Future 

attention should be focused on furthering the logistical and regulatory considerations associated 

with a comprehensive and scalable monitoring program for this fishery.  
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