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Executive Summary  
The goal of the New England Electronic Monitoring (EM) Project was to 
investigate the potential for using EM within the broader Northeast Multispecies 
Fishery (NE groundfish fishery) catch monitoring program.  EM systems are 
designed for the automated collection of fisheries data while vessels are at sea. 
They collect high-frequency sensor data and closed-circuit television (CCTV) 
imagery during fishing or related activities which are then reviewed post-trip to 
provide data needed for fisheries management, compliance, and/or science. 

Phases I and II of the project were completed and documented in 2010-2013 (Pria 
et. al., 2011, 2012) and laid the initial groundwork for understanding how EM 
could best be applied in the monitoring needs of the NE groundfish fishery.  
These results led the National Oceanic and Atmospheric Administration 
(NOAA) to endorse two basic EM monitoring approaches: an Audit and a 
Compliance approach (NOAA 2013b). Phase III focused on refining the overall 
design of these two approaches, conducting field trials and outlining operational 
and cost elements of both approaches. 

This report summarizes the results of Phase III and represents the culmination of 
the New England EM Project, funded by the National Marine Fisheries Service 
(NMFS) and overseen by the Fisheries Sampling Branch (FSB). 

 
Design Approaches 
Both approaches are intended to provide: 

• Accurate catch accounting (discards and landings) by area for groundfish 
managed species (i.e.,  annual catch entitlement (ACE) species, prohibited 
species and species with trip limits); 

• Individual vessel accountability to support shares-based management 
(within sector ACE); 

• Timely data turnaround;  

• Verification of compliance with trip landings limits (i.e., Atlantic Halibut). 

In addition to these minimum requirements, the approaches attempt to 
accommodate several desirable, but possibly non-essential monitoring needs 
related to catch accounting of non-groundfish managed species, protected 
species captures, fishing effort and compliance with closed areas and possession 
limits at-sea. 

While both approaches meet the essential information needs for management of 
the NE fishery, they vary in the type and quality of the data products they 
deliver.  Each approach can be enhanced by exploring multiple options, 
including hybrid designs which blend features of the two main approaches. 
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The Audit Approach is designed to conform with existing retention regulations 
and uses a catch estimation audit. It is based on the principle that a random 
selection of EM data is reviewed to estimate catches and these are compared with 
the fishing log catch entries for the same subset of hauls (the "audit") to validate 
industry-reported record of catches. It assumes that if a random subset of fishing 
logs from within a given frame is proven acceptable then all logs from within 
that frame are acceptable without requiring review of all imagery.  This approach 
requires fishing log catch entry on a haul-by-haul level. The key element is that 
the now-validated fishing logs are then accepted as the official and complete 
record of discards.  It presumes development of an audit process and criteria for 
what will be considered an acceptable level of accuracy in the self-reported data. 

Audit Approach advantages include: 

• Individual industry accountability for recording discards similar to a census 
program but with a lower review rate; 

• No changes to the existing possession limit regulations or retention of ACE; 

• Involvement of the fishermen in the collection of data used for the 
management of the fishery, to create buy-in to the overall program; 

• Estimation of protected species interactions to the level of taxonomical 
identification possible and at the level of total sector annual catch (as 
opposed to individual trips for vessels). 

Audit Approach implementation challenges include: 

• More deck effort involved in processing high-volume catch data (e.g., trawl 
vessels); 

• Modifications to catch handling to allow for EM estimation. 

The Compliance Approach requires retention regulations to be modified so that, 
with some exceptions, all catch is retained including bycatch species and 
specimens below legal length. A higher speed and therefore less costly review of 
EM can then be used. The Compliance approach is complemented by the 
addition of a dockside monitoring (DSM) program. The key element is that the 
DSM data provide catch estimates of what previously would have been 
discarded while EM confirms that the catches are retained but does not provide 
an estimate. 

Compliance Approach advantages include: 

• Simplified EM imagery review thereby allowing the reviewer to scan 
imagery at higher speed (than in the Audit Approach) to determine whether 
discarding occurred during the haul; 

• All species (excluding prohibited species) are sorted and weighed at offload 
and recorded in the dealer or DSM data; 
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• Reduced reliance on fishing log data for retained catch estimates.  

Compliance Approach implementation challenges include: 

• The need to change the existing retention regulations and the associated 
impact on high-risk fish stocks, safety, and offloading operations; 

• Requirement to develop a DSM program to compliment the EM program; 

• No ability to verify the stock area of origin for the reported landings (only a 
concern in multi stock area trips, currently about 1% of the trips [NOAA 
2013a]). 

 

Field Trials 
Since each approach may require significant changes to catch handling, onboard 
EM configurations, reporting structure and regulations, field trials were 
conducted to further test the applicability of EM technology in the NE groundfish 
fishery with particular reference to each approach. 

In general, the Audit trial focused on comparing piece counts and weights of 
discarded groundfish managed species between EM and fishing log at the haul 
level. The Compliance trial focused on monitoring adherence to retention rules 
throughout the entire fishing trip and collecting offload data on the additional 
retained catch (referred herein as “dockside discards”).  

The EM systems collected a total of 848 hours of EM data from a total of 91 trips 
and 266 hauls for the Audit trial across three vessels and 65 hours of EM data 
from a total of 8 trips and 21 hauls for the Compliance trial across two vessels. 
More trips were initially planned for the Compliance trial but there were time 
constraints in obtaining an Exempted Fishing Permit (EFP) and quota constraints 
from the participating vessels.  

Data collection success within trips for the Phase III field trials was >99% and 
complete imagery data was recorded for 93% of hauls, indicating overall good 
EM system performance. Interviews conducted by FSB staff throughout the three 
phases of the project showed that the majority of fishers found the equipment to 
be user-friendly and reliable. Some respondents suggested the need for a trial or 
probation period at the onset to allow users to become familiar with the systems. 
Some fishers mentioned the challenge of providing sufficient power and failure 
of system components, although most of these were resolved through ongoing 
communication with the project staff. 

The data turnaround time in the audit trial was 20 days or less for 89% of the 
trips, with a minimum of three days. The turnaround in the compliance trial 
ranged from two to 11 days. The availability of staff for data analysis throughout 
the project was the single biggest influence in turnaround time. The trials 
indicate that turnaround times can be improved with sufficient and flexible 
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staffing levels, well-defined timelines and requirements, and incentives for 
fishers to handle catch in a manner that optimizes review speed. 

The difference in review speed between the two approaches was gear specific. 
The time to review imagery for day-trawl vessels was much lower in the 
compliance trial (22 minutes for each hour of video reviewed) compared to the 
audit trial (1 hour and 40 minutes for every hour of video reviewed). In contrast, 
the gillnet vessel had similar review times for both trials (29 minutes and 30 
minutes for every hour of video reviewed for the compliance and audit trails 
respectively). While these results are not representative of all trawl and gillnet 
vessels in the NE groundfish fishery, they indicate that the choice of approach 
may be gear dependent, among other issues. 

In the Audit trials, comparisons between EM and fishing log estimates of the 
discards indicated that captains tended to underestimate piece counts relative to 
EM. The degree of bias varied with the vessel and species. It is important to note, 
however, that for hauls where the piece counts of EM and fishing logs aligned 
well, the weights from both sources also aligned. This demonstrates the 
importance of accurate piece counts for both data sources when used for weight 
comparisons.  

The differences in estimates could be reduced with feedback and should not be 
interpreted to mean that self-reporting is not possible. It can be expected that 
accurate self-reporting will take time to develop and will be assisted with 
introduction of well-crafted incentives.  

The Audit trial demonstrated that some ACE species (White Hake) are 
indistinguishable from certain non-ACE species (Red Hake) during imagery 
review. This creates complexity for estimating the weights of groundfish 
managed species discards. Other problematic species pairings include American 
Plaice Flounder (ACE)/Fourspot Flounder (non-ACE) and Yellowtail Flounder 
(ACE)/Winter Flounder (ACE). The report includes suggestions for mitigating 
these problems. 

The Compliance trials indicated that EM was successful in documenting non-
allowable discards and compliance with specified retention rules. The 
Compliance trial demonstrated that adherence to jointly developed catch 
handling protocols, and a trusted DSM component are essential for success of the 
program. Furthermore, results demonstrated that for the approach to be 
successful it must be supported by the crew. For example, during the trial one of 
the vessels did not follow the defined retention rules out of concern for the fish 
stocks and conservation. This emphasizes the need for resolution among 
conflicting objectives during the program design (e.g., more precision or release 
of live specimens). 
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The DSM data illustrated that under modified retention rules, the dockside 
discards ranged from eight to 553 additional pounds landed per trip. However, 
owing to the small sample sizes in the Compliance trials these results may not be 
representative. Under modified retention rules, additional retained catch could 
hamper fishing and/or increase the costs because vessel hold capacity would be 
reached more quickly resulting in more trips to catch the same amount of catch 
sold (i.e., fewer hauls and reduced revenue per trip), introduce safety concerns 
and add time to offloads. Reducing the volume of retained catch could be 
achieved by allowing discarding of easily identifiable or abundant low value 
species (e.g., sharks, skates and rays and other large pelagic species).  

In the development of an operational program, the compliance approach would 
need to address concerns for select species (such as those with possession limits 
or those targeted by other fisheries). In this trial, some species were discarded 
due to conservation concerns. Ideally, these species would be easy to 
differentiate from species that must be retained. This would still allow for a 
relatively high-speed imagery review. Carefully planned catch-handling 
protocols that include conspicuous discarding of allowable species would also 
help to facilitate faster review times. 

The trials highlighted issues that could be improved in an operational program. 
These include the importance of feedback and communication between program 
staff and fishers and, in particular, the importance of proper completion of the 
fishing logs. Furthermore, because the onboard methodologies and self-reporting 
create additional workload for fishers, an adequate incentive structure will be 
key in integrating an EM program into NE groundfish monitoring. 

 

Operational and Cost Considerations 
The overarching consideration that influences the design of the operational 
components of an EM program is conforming to a realistic budget while still 
satisfying the monitoring needs.  Fishery monitoring programs are bounded by 
financial limitations and we believe this should be explicitly incorporated during 
program design.  

The level of investment in monitoring should relate to fishery value following 
the logic that the value of the fishery justifies the cost of obtaining the basic data 
needed to manage it. Recognizing there are a number of issues that will 
determine the final level of monitoring investment, this sets the approximate 
scale and thereby frames the discussion to identify potential monitoring 
approaches. In the absence of a financial ceiling, program design can easily 
diverge from what can truly be afforded and what is really needed.   

The key operational components in an EM program include outreach, field 
services, and data analysis services. Tailoring these components to the NE fishery 
will require defining the scope and size of the program and assessing the 
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resources required for implementation. The design of these operational aspects 
should aim to achieve an optimal balance between data quality, data turnaround 
and cost. There are several aspects of a fishery that must be considered early in 
the design. These design considerations inform or drive the design process rather 
than being design variables themselves. Design considerations include fishery 
characteristics, management regime and monitoring objectives, amongst others.  

An EM program will have distinct strategies to meet the monitoring objectives, 
which in turn will affect costs of the program. Stakeholders will have to consider 
multiple factors and make tradeoffs among them. Stakeholder engagement is 
critical during the monitoring package design process, and should continue 
during the operational program. Input from stakeholders will shape the design 
choices. For this reason, stakeholder engagement is in many ways the single 
biggest factor affecting the design of the program.  

Calculating the total cost of an EM program is difficult as it must take a 
multitude of operational and program delivery factors into account. However, 
given the basic design considerations and certain operational assumptions, it is 
possible to calculate an initial estimation of program core costs. These core costs 
focus on the effort necessary for collecting, retrieving, processing and reporting 
the EM data for each of the approaches under consideration. This costing 
exercise indicates that the annual core costs for the NE groundfish fishery (400 
vessels, 15,000 trips and 85,000 hauls per year) would be approximately $2.5 
million for the Audit Approach and around $1.7 million for the Compliance 
Approach. This constitutes two to four percent of the fishery landed value (ex-
vessel value). It must be noted that it is possible that different approaches would 
be adopted by different fleets and EM may not be implemented across the entire 
fishery. This costing exercise is intended to seed discussion on how different 
approach design options influence relative costs and what kind of program may 
be possible within financial constraints of the fishery. 

While the core costs should represent the majority of the program costs, there 
will be additional costs for administration and infrastructure such as program 
management, outreach, data storage, and travel, amongst others. These costs do 
not scale directly to the core costs and require a more involved design process 
and thorough consideration of program delivery. Program delivery relates to the 
framework of how the program will be run, how decisions are made, who pays, 
and what motivates stakeholders. 

To estimate the total costs we recommend stakeholders first calculate the core 
costs, then define the program delivery elements that affect costs and finally 
conduct a detailed design process to optimize the program. 

While we focus on EM operational components in this report, EM would be only 
one component of the NE monitoring package in New England. The cost and 
operation, and possibly changes to the other monitoring components must also 
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be included while designing a monitoring package that includes EM. In the NE 
groundfish fishery, these include the costs of fishing log support, NEFOP, VMS, 
ASM, and, potentially, a DSM program. 

 

Conclusion 
Both the Audit and the Compliance approaches will require significant 
additional design work to fully conform to the existing monitoring and 
regulatory environment and the operational features of the NE groundfish 
fishery.  They also have their different advantages and implementation 
challenges.  However, the Phase III results, summarized in this report, 
demonstrate that both approaches have the potential to provide a useful and 
cost-effective solution to help in meeting the information needs of the NE 
groundfish fishery.  This and the preceding reports provide an essential starting 
point in the evaluation and assessment of the role that EM can play within the 
NE groundfish fishery.   
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Introduction 
The Northeast Multispecies Fishery (NE groundfish fishery) is a commercial 
fishery managed by the New England Fishery Management Council (NEFMC). 
The fishery generates about $70 million in revenue and involves over 400 vessels 
(NOAA 2013a). The fishery targets groundfish species including Atlantic Cod, 
Pollock, Haddock, and several flounder species. The fishery is composed of three 
primary gear types: longline, gillnet, and bottom trawl. The majority of the 
activity is from trawl and gillnet, with trawl gear representing 65% of all hauls 
and 41% of trips while gillnet represents 33% of hauls and 54% of trips. In 2012, 
approximately 400 vessels completed close to 15,000 dedicated groundfish trips 
with most of the landings occurring between Rhode Island and Massachusetts 
(Appendix A). 

In recent years, the fishery has undergone significant changes to management 
with emergency actions in 2006 intended to reduce fishing mortality (NOAA, 
2007) followed by a move to a Total Allowable Catch (TAC) and "shares-based" 
management scheme in 2010.  

Sectors were created as a way to collectively manage Annual Catch Entitlement 
(ACE) among vessels. Sectors are a voluntary group of fishers that hold limited 
access permits and operate under a collective operations plan (Federal Register 
2010). 

These changes increased the need for a timely monitoring system to hold 
individual vessels accountable for their catch. The potential costs of an enhanced 
catch monitoring program and associated data collection activities have led 
stakeholders to request studies of more cost-effective monitoring. 

In response, the Fisheries Sampling Branch (FSB) of the National Oceanic and 
Atmospheric Administration (NOAA) initiated the New England Electronic 
Monitoring Project in 2010 to investigate the potential for using Electronic 
Monitoring (EM) as part of the broader NE groundfish fishery catch monitoring 
program. The FSB contracted with Archipelago Marine Research Ltd. 
(Archipelago) to collaborate in this project. 

EM systems are designed for the automated collection of fisheries data while 
vessels are at sea. The systems are used to collect high-frequency sensor data and 
associated Closed Circuit Television (CCTV) imagery during fishing or related 
activities. These data are reviewed post-trip to provide data needed for fisheries 
management, compliance, and/or science. 

EM systems are currently deployed in a wide variety of fisheries around the 
world and have successfully monitored a range of issues including fishing 
location and time, catch (quantity, condition, and species composition), fishing 
effort, gear, protected species interactions, and mitigation measures (Lowman et 
al., 2013). 
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Phases I and II of the New England EM project were completed in 2010-2013. The 
priorities of Phase I field studies were to install equipment, conduct outreach, 
develop data management capacity, explore potential EM data review methods 
and determine whether the resulting data could provide the same data as the 
current at-sea monitoring program (Pria et al., 2011). Building on Phase I, Phase 
II shifted the emphasis to experiments that used EM to estimate catch weights. 
These experiments focused on species identification, catch weight estimation 
using length and volumetric measurements and onboard catch handling 
protocols (Pria et al., 2012). Phase II (and III) also examined operational details of 
the fishery (number of vessels, ports etc.) as well as identifying the management 
information needed to integrate an EM monitoring component into the overall 
NE fishery monitoring package. 

A significant outcome of the Phase I and II research was the finding that the use 
of EM is not a ‘plug and play’ replacement for at-sea observers or monitors in the 
NE groundfish fishery. The two methods are very different, each with associated 
strengths and weaknesses. Whereas observer estimation methods are designed to 
provide full catch accounting, this task can be difficult with EM for many gear 
types, in particular trawl. Instead of considering monitoring as full catch 
accounting, we found it useful to consider monitoring as a gradient of 
complexity from maximized retention to catch accounting, then adding or 
modifying other fishery components such as dockside monitoring data, vessel 
logbook data, management regulations and onboard catch handling methods in 
order to provide an integrated approach to catch accounting.   Based on the 
fishery characteristics, information needs and other factors, there are different 
ways to accomplish catch accounting objectives, and we refer to these as 
“monitoring approaches”. 

Building on the results and lessons learned in Phases I and II, two basic 
monitoring approaches, which illustrate different levels of operational 
complexity, were endorsed by the Northeast Fisheries Science Center (NEFSC) 
and the Greater Atlantic Fisheries Regional Office (GARFO) for additional EM 
design development and field trials (NOAA 2013b).  

Approach 1 – "Audit" - is designed to be implemented under existing retention 
regulations and uses a catch estimation-audit approach. The audit approach is 
based on the principle that a random selection of EM data is reviewed to estimate 
catches and these are compared (the "audit") with the fishing log catch entries for 
the same hauls to validate industry-reported record of catches. This approach 
requires catch entry on a haul-by-haul level. The key element is that the fishing 
logs are then accepted as the official record of discards.   

Approach 2 – "Compliance" - requires retention regulations to be modified so, 
with a few exceptions, all catch is retained including bycatch species and 
specimens below legal length. A higher speed review of EM is used to ensure 
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compliance with the increased retention requirements rather than to estimate 
weight of the discards of quota species. This approach is complemented by the 
addition of a dockside monitoring (DSM) program. The key element is that the 
DSM data provide catch estimates of what previously would have been 
discarded and EM confirms that the catches are retained. 

With the two approaches identified, the objectives of Phase III were to: 
• Refine the overall design of the two approaches; 

• Trial the two approaches in the NE fishery;  

• Outline operational and cost elements of both approaches to be considered. 

This report summarizes the additional design work, field trials, lessons learned 
and conclusions of Phase III, which was completed in 2013. Part 1 provides more 
detail on the two approaches and options within those approaches. Part 2 
summarizes field trials of these approaches with the different gear types. Part 3 
first outlines key operational and cost considerations for an EM component 
regardless of the design approach. It then examines how the characteristics of the 
fishery (number of vessel, ports etc.) affect costs. Part 4 provides a brief 
summary. Appendices provide further detail on specific issues.  

   



Phase III Final Report  
New England Electronic Monitoring Project | August 2014 

 

© 2014 ARCHIPELAGO MARINE RESEARCH LTD.  Page 13 

1.0 Part 1: Design Approaches 
In this section we provide a more complete development of the concepts behind 
the two approaches. Whether the conceptual models described in this section, or 
some combination of the two approaches is applicable will depend on the 
operational and design considerations discussed in Parts 2 and 3 of the report.   

We examine the two approaches relative to their ability to meet the information 
and management requirements of the fishery with a discussion of the strengths, 
weaknesses and key decisions points for each approach. While much of the 
discussion in this section is based on the results and lessons learned in the Phase 
III trials, which simulated the two approaches in the NE fishery context, this 
section does not describe the methods carried out during the trials, which are 
described in Part 2. 

This section begins with background on the current NE groundfish monitoring 
goals, general information requirements and existing data collection 
components. We follow this with a summary of assumptions that were used to 
model the integration of EM into the fishery. This is followed by the design of the 
two approaches. We note the strengths and weaknesses of each approach and 
identify key decision points that management may need to consider prior to 
implementation. The selection depends on the fishing behaviour and gear, data 
requirements and priorities, as well as cost. We note that multiple variations of 
each approach are possible depending on needs. Furthermore, these approaches 
are not mutually exclusive and elements of both may be combined in the EM 
component of an overall monitoring package or even within a sector. 

1.1 Background on NE Groundfish Monitoring  
Several data collection components are currently used within the NE monitoring 
package. These components provide information for management, science and 
enforcement and would likely continue to do so, even with EM integration. They 
include a Pre-Trip Notification System (PTNS), scientific Northeast Fisheries 
Observers (NEFOP), At-Sea Monitors (ASM), fishing logs1, dealer data, electronic 
vessel monitoring systems (VMS), and a Port Biological Sampling program (see 
Appendix A for more detail). Furthermore, each sector manager submits a 
weekly report to the National Marine Fisheries Service (NMFS), which includes 
information about each fishing trip in the sector, any compliance or reporting 
issues and the ACE status calculations.  

The general conservation and management monitoring need is an estimate of 
total annual catch of ACE species by stock area, each of which is composed of 
several statistical areas. According to Amendment 16 (Federal Register 2010), 

                                                           
1 Referred to in the NE groudfish fishery as Vessel Trip Report (VTR) in their paper form and electronic VTR (eVTR) 
when filled in and submitted using specialized software. 
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management of the fishery requires that a monitoring program provide, at a 
minimum, the total ACE catch, including discards, by gear type, in pounds by 
stock area. Because stock area borders differ between species, catch data would 
ideally be available at the statistical area level, allowing for it to be rolled up to 
stock area as appropriate for each species.  

Furthermore, the transition to sector management and the requirement for 
updating in-season catches on a weekly basis adds new information objectives 
and complexity to the monitoring program. We elaborate on this point below by 
examining each of the information requirements for fishery management based 
on current monitoring programs and regulatory requirements. 

1.1.1 Species Management 
Species caught by sector vessels in the NE groundfish fishery are managed in a 
variety of ways and hence subject to different regulations. Of the species 
managed under the Northeast Multispecies Fisheries Management Plan (NE 
Multispecies FMP), nine are allocated and managed through ACE and four are 
not allocated and are subject to possession restrictions (Table 1). For the purposes 
of this report, these species are collectively referred to as “groundfish managed 
species”. 
Table 1: Groundfish managed species categorized by the manner in which they are regulated. 

Regulation Type Common Name Scientific Name 

ACE Atlantic Cod Gadus morhua 
 Haddock Melanogrammus aeglefinus 
 Pollock Pollachius virens 
 Redfish Sebastes spp 
 White Hake Urophycis tenuis 
 American Plaice Flounder Hippoglossoides platessoides 
 Winter Flounder Pseudopleuronectes americanus 
 Witch Flounder Glyptocephalus cynoglossus 
 Yellowtail Flounder Limanda ferruginea 

Possession 
Restrictions - 
Prohibited 

Atlantic Wolffish Anarhichas lupus 
Ocean Pout Zoarces americanus 
Windowpane Flounder Scophthalmus aquosus 

Possession 
Restrictions -  
One per trip 

Atlantic Halibut Hippoglossus hippoglossus 

 

In addition to the groundfish managed species, catch can also include non-
allocated target species (species that are not assigned an ACE but vessels are 
allowed to land and sell) and bycatch species (non-allocated species that are not 
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retained). For the purposes of this report these species are collectively referred to 
as “other species”. 

The last catch group involves those species considered protected, which include 
marine mammals, seabirds, turtles, and sturgeon. 

1.1.1.1 ACE Management by Stock Area 
The management of the fishery is based on allocation of ACE of several species, 
which GARFO manages by stock area, sector, and gear type (NOAA 2009). This 
creates a minimum information need for an estimate of total catch (retained and 
discarded) by ACE, stock area, sector, gear, and year. However, for in-season 
management, the information must be updated weekly. 

There are two components to this requirement. One, the total catch by species 
needs to be estimated and two, the catch needs to be assigned to a specific stock 
area. The total catch of ACE species is estimated at the trip level from landed 
catch (retained) and discarded catch. ACE accounting by stock area is 
determined through at-sea data (could be fishing log, observer, or EM) based on 
where the vessel fished and, in the case of multiple stock area trips, how much 
catch was obtained from each stock area. 

While vessels are not individually accountable for ACE holdings to GARFO, they 
are accountable to the sector managers who must track total sector catch for each 
participating sector vessel on a weekly basis (Federal Register 2012). 

1.1.1.2 Possession Restrictions  
There are two main possession limits that have monitoring implications. The 
first is for Atlantic Wolffish, Ocean Pout, and Windowpane Flounder, which are 
currently prohibited for possession and landing and must be discarded at-sea. 
The second possession limit is for Atlantic Halibut, which has a possession and 
landing limit of one fish per trip. While captains can land only one Atlantic 
Halibut per trip, there is no limit on the number of Atlantic Halibut that captains 
can retain and then later discard (i.e., to land a more valuable Atlantic Halibut). 

Sectors do not have ACE for the four species with possession limits but must 
report catch on their fishing log. Sector managers, in turn, must report total catch 
of these species on a weekly basis. For this reason, we include total catch of non-
ACE groundfish managed species as an essential information requirement. 

The possession limit requirement creates the need to validate that vessels do not 
land certain species beyond their limit. This requirement can be achieved by 
monitoring landings. Possession limits at sea are complex to verify because every 
piece would need to be seen captured and released. Verification of possession 
limits (e.g., Atlantic Halibut) at sea is not part of the current monitoring program 
and, while desirable information, for the purpose of the following discussion we 
consider it a non-essential information requirement for an EM program. 
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1.1.1.3 Other Species 
Other species caught in the fishery (i.e., non-allocated target and bycatch species) 
may include a broad range of species. These species are not managed under the 
NE Multispecies FMP but some are managed under other FMPs (e.g., Spiny 
Dogfish, skates, and Monkfish).  

Currently catch data on other species are collected through dealer reports, 
NEFOP and the ASM program. While some non-allocated target species have 
trip limits, there are no retention requirements and they can be discarded at the 
captains’ discretion.  

Amendment 16 states that the at-sea monitoring program “will be used to verify 
area fished and catch (landings and discards), by species and gear type, for the 
purposes of monitoring sector ACE utilization” (Federal Register 2010, pg 18278). 
While not explicitly required by Amendment 16, catch estimates for other species 
are currently collected for the purpose of calculating sector in-season discard 
estimates. For the purpose of this discussion, catch estimates for other species are 
treated as non-essential data for the EM program. They are considered in the 
discussion below, however, to allow for scalability and flexibility of the 
proposed approaches. 

1.1.2 Minimum Fish Sizes 
Captains are currently required to retain all legal-sized ACE specimens and 
discard all sub-legal ACE specimens. ACE deductions, however, include both 
legal and sub-legal catch (retained and discarded). This regulation requires 
captains to retain and land any legal-sized unmarketable fish (LUMF) ACE catch. 
Landed catch can be verified at the offload, whereas data from fishing activity at 
sea is required to document compliance to size restrictions of discards. 

While this regulation is in place, it is not part of the at-sea monitoring program 
requirements in Amendment 16, so, for the purpose of this discussion, we do not 
consider fish size as a requirement of the proposed monitoring approaches. We 
consider size limits only for scalability and flexibility for the approaches.  

If size determination at sea were to become a necessary information requirement 
for individual accountability at the haul level, it would create a need to 
accurately measure all discarded catch or confirm that discarded catch was sub-
legal (i.e., not legal-sized). Verifying individual accountability with respect to 
discard size composition would raise the cost of EM data review. As noted 
above, this is one of many examples of where a full design will require intensive 
discussion on the cost-benefit of specific data/information elements.  

1.1.3 Protected Species Captures 
Captains are not required to report interactions with seabirds and species 
protected by the Marine Mammal Protection Act (MMPA) and Endangered 
Species Act (ESA) in relation to sector reporting, however, they are obligated to 
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report these under the MMPA and ESA. Both NEFOP and ASM collect these 
data. It is our understanding that it would be desirable to have information on 
protected species captures as part of an EM component, but since it is not a 
primary objective of the monitoring program under Amendment 16 it is treated 
as non-essential information for the purpose of this discussion.  

1.1.4 Closed Areas 
There are permanent and rolling closed areas where vessels are not allowed to 
fish. The U.S. Coast Guard and NOAA Office of Law Enforcement (OLE) monitor 
closed area fishing and vessels are required to stow gear while transiting through 
closed areas. 

While this regulation is in place and EM data could be used to complement 
current programs, closed-area-monitoring is not treated as being essential for the 
proposed approaches. However, we make note of monitoring closed areas 
because it could be easily added to the EM data outputs with minimal additional 
costs. 

1.1.5 Requirements Summary 
Based on the above review, the following are essential information needs for a 
monitoring package for the NE groundfish fishery: 

• Estimates of ACE discard weights by statistical area; 

• Estimates of ACE retained weights by statistical area; 

• Estimates of possession-restricted- prohibited species discard weights by 
statistical area;  

• Evidence of compliance with possession-restricted- one per trip limits (i.e. 
Atlantic Halibut). 

Based on the above review, the following are not essential information needs 
for a monitoring package for the NE groundfish fishery, but would be 
beneficial: 

• Evidence of compliance with: 

o Possession limits at-sea; 

o The requirement to discard sub-legal sized specimens;  

o The restriction on landing minimum fish sizes for groundfish managed 
species; 

• Estimates of other species weights; 

• Estimates of protected species captures or encounters;   

• Evidence of presence/fishing activity within a closed area. 
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1.2 Key Assumptions and Considerations for Both 
Approaches 
In order to simplify the explanation of the two approaches we must make a 
number of assumptions regarding the NE fishery and its context. The following 
list helps to emphasize that EM will only be effective if integrated within a 
package of complimentary monitoring components supported by an appropriate 
regulatory and management framework. 

As noted above, while the assumptions were necessary to facilitate the study and 
test the two approaches effectively, they are not necessarily representative of 
standards and functional logistics in an operational program. Necessary 
regulatory changes, the incorporation of supporting monitoring tools, and data 
requirements are dependent upon the specific objectives of an operational 
program, which may differ from objectives tested in this study. Additionally, 
assumptions were based on management needs and did not incorporate a full 
assessment of biological stock assessment needs. 

• Individual trip accountability is required due to the need for sector managers 
to manage ACE holdings by vessel on a timely basis. 

• Sectors may choose ASM and/or EM as their primary monitoring tool (the 
EM approaches treat the EM program independently from ASM). 

• NEFOP and VMS will not be changed and the approaches treat the EM 
program independently from these data sources. 

• An EM program could operate in combination with either electronic or 
paper-based fishing logs but the use of electronic fishing logs would be more 
efficient since they offer the advantage of streamlining the data collection 
process (no additional data entry after submission, use of validation rules to 
enforce certain elements of data quality and completeness, etc.).  

• Fishing log location and catch data can be recorded on a haul basis based on 
the data requirements of a given approach (at least one of the currently 
approved eVTR applications in the fishery already supports haul-by-haul 
reporting).  

• Retention regulations may change as required by the choice in approach. 

• Compliance agents (i.e., Office of Law Enforcement) may be interested in 
using monitoring data to ensure that regulations are being met. 

• Offload weights by species are the best available data for retained catch and 
could be acquired from either dealer data or DSM data as required. 

• A DSM program would be required to provide third-party verification of 
landings data by species for catch not accounted for by dealers, depending on 
the approach. 
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• The following information does not need to be verified using EM: 

o Discard estimates of other species; 

o Possession limits at sea because this requires all hauls to be reviewed to 
ensure that the vessel did not exceed possession limits at any time during 
the trip. 

• Vessels using EM would have 100% data collection, meaning that the EM 
system would be on for 100% of the trips. Sensor data would be reviewed for 
all trips to validate completeness as well as compliance with closed area 
regulations and location for all hauls. 

• To minimize costs, a portion of the EM imagery data can be used as a 
verification tool for discard estimates and/or compliance to retention rules.  

1.3 Audit Approach – Discard Catch Estimation 
1.3.1 Overview 

The audit approach conforms the use of EM to existing retention regulations. 
This approach uses the fishing log as the primary data source for discards and 
fishing location and relies on using EM to verify haul location and an audit of a 
random selection of hauls to verify discarded catch data. Because the unit of 
comparison between fishing log and EM for catch and location is a haul, the 
approach necessitates fishing log reporting at the haul level.  

The model discussed concentrates on obtaining the essential information 
requirements outlined in section 1.1.5.  

In this model, discarded groundfish managed species are verified using the EM 
data. Total discarded catch of groundfish managed species is then treated as 
known for each haul and can be summed for the trip, sector, etc. Since haul 
location is known for each haul, the estimates of discarded groundfish managed 
species catch can be assigned to the correct statistical area and stock area. 

For the purposes of this discussion, we assume that random verification of 10% 
of the hauls would provide a sufficient deterrent to misreporting and meets the 
objective of verifying the fishing log data (see section 1.5.1 for more detail). As 
noted below (see section 1.5.2 “Catch Dumping”), if discarding outside of hauls 
is a concern, a sample of trips could be randomly selected for complete review 
for enforcement purposes. As noted in section 1.5.3, piece counting at the offload 
might also be used to test for dumping. 

Retained catch information for allocation of groundfish managed species is 
obtained at the time of landing. Retained catch is also recorded in the fishing log 
but is not verified by EM. 

Dealer records are used as the primary record of landings data. The landed catch 
by species total can be prorated to event (and therefore assigned to area) by the 
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relative proportion of each haul’s catch in the fishing log retained catch; 
however, retained catch (unlike discarded catch) by event is not validated by 
EM (see section 1.5.3 for more detail).  

Note that the audit procedure has to be completed in a timely manner in order to 
confirm and update the quota status of each vessel and requires a review/appeal 
process that can respond within a reasonable period. 

We limit the discussion to discarded groundfish managed species as this appears 
to provide the most cost-effective approach, assuming that landings data are 
reliable. We recognize, however, that EM in an audit approach could be used to 
validate all catch (retained and discarded catch) reported in the fishing log for all 
species, but this would require more costly review and more complex catch 
handling protocols, particularly in trawl vessels. Another consideration would be 
that the resolution of species data would be dependent on the ability to identify 
species.  

1.3.2 Quick Facts 
Retention: Status-quo 

Haul time and location verification: 100% of hauls 

Imagery review: 10% of hauls per week for each vessel pooled across all trips 
with a minimum of one haul reviewed per week 2 

EM imagery review output: Record discards of groundfish managed species and 
protected species 

Fishing log: 100% (catch and fishing effort at haul level) 

1.3.2.1 Essential Information 
• Groundfish managed species* discards amounts- Fishing log- 10% verified 

by EM 

• Groundfish managed species* discards area- Fishing log- 100% fishing 
location verified by EM, 10% catch by area allocation verified by EM 

• Groundfish managed species* retained amounts- Dealer weights  

• Groundfish managed species* retained area- Fishing log- 100% fishing 
location verified by EM, 10% catch by area allocation verified by EM 

• Landing limits- Confirmed by dealer reports  

* Groundfish managed species refers to ACE, prohibited and trip limit species (Table 1). 

                                                           
2 See section 3.4.2 under the Primary Data Processing sub header for more details on the operational and cost 
considerations of reporting periods. 
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1.3.2.2 Not Essential Information 
• Possession limits at sea (i.e., Atlantic Halibut)- Not verified as part of this 

approach 

• Discards sub-legal fish sizes- Verified by EM only if fish measured when 
discarded (i.e., slower review rate) 

• Landed minimum fish sizes- Not confirmed as part of this approach 

• Other species retained amounts- Dealer weights 

• Other species discard amounts- Fishing log  

• Protected species captures- Collected on 10% of EM imagery review3  

• Closed areas- Fishing log and 100% verified by EM 

1.3.3 Assumptions 
The audit approach relies on the following assumptions in addition to those 
noted above: 

• The fishing log can be used as the primary data source for at-sea catch data 
after a random portion of the data has been verified using EM data; 

• For multiple stock area fishing trips, if catch data and event location reported 
in the fishing log is verified by EM, then the apportioning of discard catch to 
stock area is also correct (only an issue for multiple stock area trips and not 
tested during the EM trials); 

• Management needs catch amounts to be in pounds but weight estimates can 
be calculated from other units (e.g. length, volume, pieces, etc.- note that 
only weight estimates from length and volume were tested as part of the NE 
EM project as reported in Pria et al., 2012); 

• Catch verification may be based on weight or piece count comparisons;  

• Groundfish managed species can be differentiated on video from other 
groundfish and non-groundfish species4.  

1.3.4 Summary of the Audit Approach 
The audit approach, which uses EM data to validate a portion of fishing log 
catch, has several advantages. These include: 

• Individual industry accountability for recording discards similar to a 
program where 100% of the fishing activity is verified but with a lower 
review rate; 

                                                           
3 Alternatively, protected species captures could be obtained from fishing log data with 10% verification from EM 
(i.e., protected species could be included in the audit comparisons). 
4 If groundfish managed species cannot be distinguished, retention regulations for select species may be needed to 
supplement the approach. 
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• No changes are needed to the existing possession limit regulation or 
retention of ACE; 

• Fishermen are currently involved in the reporting process through the 
requirement to report discards on the fishing log. The audit approach further 
involves fishermen in the data collection process by accepting the validated 
fishing log data as the official record of discards, thus helping to create buy-
in to the overall program (Stanley et al., 2011); 

• Estimation of prohibited species interaction, albeit to the level of imagery 
resolution and at the level of total sector annual catch (as opposed to 
individual trips for vessels). 

The main advantage of the audit approach is that it can be applied under the 
current regulations with no change to retention rules or landings limits and 
requires minimal imagery review effort. Conversely, the main challenge for this 
approach is the effort involved in processing high-volume catch data (e.g., trawl 
vessels) and modifications to catch handling. We propose minimizing these 
weaknesses by limiting the catch estimation to only discarded catch and, 
perhaps, to only discards of managed groundfish species (i.e., those regulated by 
ACE and possession restrictions) and protected species for trawl. While this 
limitation would result in less data for other species compared to the ASM 
program, it would meet the catch monitoring objectives for catch accounting of 
managed groundfish species by stock area at the individual vessel level. 

 

1.4 Compliance Approach – Full retention of groundfish 
managed species 

1.4.1 Overview  
In the compliance approach, the regulations and fishing operations are modified 
such that captains would be required to retain all catch with few exceptions, 
including protected species. The intent is to minimize the catch handling 
requirements for monitoring and reduce the need for catch estimation at-sea by 
transferring the task of catch accounting to the offload, thereby increasing the 
speed of EM imagery data review.   

This approach uses weights at the time of offload as the primary data source for 
catch data. It uses the fishing log data as the primary data source for haul 
location and relies on using EM to verify fishing location and compliance with 
retention rules. Because the unit of comparison between fishing log and EM for 
location and compliance is a haul, the approach necessitates fishing log reporting 
at the haul level. 
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The model discussed concentrates on obtaining the essential information 
requirements outlined in section 1.1.5. 

In this model all catch of ACE species must be retained so they can be accounted 
for at the time of offload though dealer and/or DSM data.  

In discussions over which species, if any, should be discarded under the 
compliance approach the following should be considered: 

• Protected species should be returned to sea due to conservation concerns; 

• Species with conservation concerns and high survivability should be 
returned to sea; 

• Species allowed to be discarded should be easily differentiated from ACE 
species; 

• Large species which would be difficult to retain (such as large pelagics); 

• Industry concerns over retention of certain species should be considered. 

This discussion is based on the retention exceptions used during the Phase III 
field trial.  

Of the species with possession restrictions, Ocean Pout and Windowpane 
Flounder were retained and accounted for at the offload. However, Atlantic 
Halibut, and Atlantic Wolffish were identified by GARFO as species of special 
conservation concern and high survivability.  They also are distinguishable from 
ACE species and occur in low numbers in the fishery, meaning that discarding 
them has minimal impact on the overall speed of imagery data review. Since 
weight estimates of Atlantic Halibut and Atlantic Wolffish are an essential 
information requirement, discarded weights are provided in the fishing log and 
verified by EM.   

GARFO also identified several large sharks and Barndoor, Smooth, and Thorny 
Skates as species of concern that should continue to be discarded under a 
compliance approach. To minimize the impact of these discards on EM imagery 
review speed and catch handling requirements, all sharks and skates could be 
allowed to be discarded. This allows the EM data reviewer to simply identify that 
the item being discarded is a “shark” or “skate” without having to ensure that 
they can be identified to species. Other large pelagic species (such as tuna) could 
also be discarded due to the ease of distinguishing them from groundfish 
managed species and in order to avoid forcing small vessels to retain large catch 
items. 

Additionally captains requested to be able to discard American Lobster due to 
their high market value for lobster fishers and high survivability. Finally, the 
state of Massachusetts required discarding of Striped Bass. 
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Catch of ACE species, the key monitoring requirement, is known at the trip level 
based on the landings data. Landings data are available through dealers and/or a 
DSM program. Here we present a model in which dealer data is used for legal 
sized ACE species catch, and all other kept catch, and DSM data is used for sub-
legal ACE species, possession restriction species. While weights of other species 
landed but not recorded by the dealer are not essential information, they could be 
collected by DSM if required.  

Similar to the audit approach, the landed catch by species total can be prorated to 
event (and therefore assigned to area) by the relative proportion of each haul’s 
catch in the fishing log retained catch; however, retained catch by event (and 
therefore the proportion by area) is not validated by EM (see section 1.5.3 for 
more detail).  

EM imagery review provides an account of whether retention rules were 
followed and, in cases when they are not, it provides as much information as 
possible with regards to species (or species group) and amounts discarded (e.g., 
piece counts or visual weight estimates).  

There are certain concerns with the additional retention of bycatch in instances 
where there may be safety or operational concerns (such as large hauls of Spiny 
Dogfish). In these cases captains may want to discard additional bycatch. The 
compliance approach could be designed to deal with these situations given that 
bycatch estimates are not an essential information requirement. These situations 
could be accommodated as long as the bycatch was discarded in a manner that 
was conducive to confirming that no ACE species, Ocean Pout or Windowpane 
Flounder (i.e., the groundfish managed species that must be retained) were 
discarded. If required, estimates of discarding in the event of a reported safety or 
operational discarding event could be obtained from the EM imagery data as was 
done during monitoring on the West coast Whiting fishery from 2004 to 2010 
(McElderry 2014).  

Similar to the audit approach, it is not necessary to review all hauls. A review rate 
of 10% of hauls (or the percentage that is considered a sufficient deterrent- see 
section 1.5.1 “Imagery Review Sample”)  could be used to document compliance 
to retention regulations. As noted below (see section 1.5.2 “Catch Dumping”), if 
discarding outside of hauls is a concern, a sample of trips could be randomly 
selected for complete review for enforcement purposes. 

1.4.2 Quick Facts 
• Retention: Modified retention regulations- full retention with limited 

exceptions. 

• Haul time and location verification: 100% of hauls. 
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• Imagery review: 10% of hauls per week for each vessel pooled across all trips 
with a minimum of one haul reviewed per week5. 

• EM imagery review output: Confirmation of compliance with retention 
rules, Atlantic Halibut and Atlantic Wolffish discard weights, information on 
deviation with retention rules (description of discarding), protected species 
captures (note that the relatively small number of encounters is expected to 
have little impact on review rate.) 

• Fishing log: 100% (catch and fishing effort at haul level). 

1.4.2.1 Essential Information 
• Legal-size ACE retained amounts- Dealer records 

• ACE sub-legal retained amounts- DSM weights 

• ACE species, Ocean Pout and Windowpane Flounder retained area*- 
Fishing log- 100% fishing location verified by EM, 10% catch by area 
allocation verified by EM 

• ACE species, Ocean Pout and Windowpane Flounder discard amounts*- 
10% EM confirmation of no discarding (EM estimates if this occurs)  

• ACE species, Ocean Pout and Windowpane Flounder discard area- 100% 
fishing location verified by EM, 10% catch by area allocation verified by EM 

• Atlantic Halibut and Atlantic Wolffish discard amounts- Fishing log-10% 
verified by EM  

• Atlantic Halibut and Atlantic Wolffish discard area- 100% fishing location 
verified by EM, 10% catch by area allocation verified by EM 

• Landing Limits- Confirmed by dealer reports, and DSM 

*As mentioned above, for the purposes of this discussion we assume Ocean Pout 
and Windowpane Flounder would be retained as per the Phase III trials. 

1.4.2.2 Not Essential Information 
• Possession limits at sea (i.e., Atlantic Halibut)- Not verified as part of this 

approach 

• Discards sub-legal fish sizes- NA to this approach 

• Landed minimum fish sizes- Not confirmed as part of this approach 

• Non-allocated target species amounts- Dealer weights 

• Bycatch species landed catch- DSM weights (if required) 

                                                           
5 See section 3.4.2 under the Primary Data Processing sub header for more details on the operational and cost 
considerations of reporting periods. 
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• Other species discarded- Fishing log- retention rules verified by EM in 10% 
of hauls 

• Protected species captures- Collected on 10% of EM imagery review6  

• Closed areas- Fishing log and 100% verified by EM 

1.4.3 Assumptions 
The compliance approach relies on the following assumptions in addition to 
those noted above: 

• Retention regulations could be changed to require sub-legal ACE species to 
be retained and landed;  

• Retention regulations could be changed to require species with possession 
restrictions (i.e., prohibited and/or trip limit) to be retained and landed;  

• All catch is retained with few exceptions, for example protected species (e.g. 
turtles, marine mammals, seabirds, and Atlantic Sturgeon), large sharks, 
easy to identify prohibited species with conservation concerns if retained, 
and species easily differentiated from groundfish managed species that may 
create operational challenges with retention. 

1.4.4 Summary of the Compliance Approach 
This approach, which uses EM data to verify retention compliance and transfers 
the catch accounting requirement from at-sea to the landing event, has several 
advantages, mainly that it: 

• Simplifies the EM review and allows the reviewer to scan imagery at higher 
speed (than in the audit approach) to determine whether discarding occurred 
during the haul; 

• Requires that all species (excluding prohibited species) are sorted and 
weighed at offload and recorded in the dealer data or DSM data;  

• Reduced reliance on fishing log for retained catch estimates because dealer 
and DSM data become the primary catch data sources.  

There are two main advantages of the compliance approach. The first is that the 
speed of EM imagery review for each haul is high compared to the audit 
approach, specifically for trawl vessels (see section 2.3.4.3). The second 
advantage is that the catch handling requirements for monitoring are low 
compared to the audit approach.  

The main weaknesses of this approach include the need to change the existing 
retention regulations. The approach would bring previously unmarketable fish 
to land which will need to be accommodated. In the BC groundfish HL fishery, 

                                                           
6 Alternatively, protected species captures could be obtained from fishing log data with 10% verification from EM 
(i.e., utilize an audit approach to protected species). 
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industry created new markets after the advent of full retention regulations for 
rockfishes (Sebastes spp.), many of which were previously considered bycatch.  
The added volume of landings was also negligible. The new retention 
regulations for the NE groundfish fishery will need to consider what may be 
appropriate ways for dealing with additional retained catch that is not allowed 
to be sold under the current regulations. A DSM program, or an alternative way 
for obtaining total weights of all landed groundfish managed species, will need 
to be developed.  

While the catch handling requirements for monitoring purposes in the 
compliance approach are low, increased retention could impact catch handling 
by fishers as the additional retained catch will need to be stored onboard. Also, 
the increased retention of catch may require changes in fishing activity (e.g., 
reduction of effort per trip or changes in fishing practices).  

1.5 Other Considerations 
1.5.1 Imagery Review Sample 

For the purposes of this discussion, as mentioned above, we assume that random 
verification of 10% of the hauls would provide a sufficient deterrent to 
misreporting and meets the objective of verifying the fishing log data or 
deterring non-allowable discards. In this section we explain the rationale of 10% 
based on the experience within the BC groundfish hook-and-line fishery. 

In the BC groundfish HL fishery, 10% of the hauls for each trip are reviewed, 
with a minimum of one haul per trip. This level has been found to be sufficient to 
meet operational objectives (Stanley et al., 2011).  Note that the role of the "10%" 
is to encourage captains to complete the fishing log correctly and adhere to catch 
retention rules. As such, the percentage of hauls reviewed is not based on a 
target coefficient of variation for any catch estimate. The choice of coverage level 
is a compromise between monitoring cost and the deterrence effect. This is not to 
say that these data from the 10% review cannot be "re-used" to derive stratified 
estimates of catch (e.g., total sector catch of a prohibited species – see Stanley et 
al., 2009), however, the two roles for these data should be kept distinct.  

The BC target of 10% emerged during early discussions. In these discussions, the 
design team (most of whom were industry representatives) chose to be 
constrained by a hypothetical monitoring budget equal to about 2% of landed 
revenue. The design team found that while this budget could provide 100% 
placement of cameras and imagery capture, the funds remaining would cover the 
review of only about 10% of the imagery. It was obvious that a 10% sampling 
rate might suffice for providing fleet-wide annual catch estimates using routine 
expansion methods, but the data would be too sparse to estimate catches at the 
scale of individual trip or quota share. However, full review of the imagery 
would result in costs unacceptable to the design team. At this point of the 
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discussion the "audit" concept was conceived. Industry representatives intuited 
that a 10% review rate would provide a successful deterrent and likened it to the 
radar "traps" on the highways. The 10% rate was tentatively adopted for 
subsequent discussions and then final implementation in 2006. In 2012, the 
sampling rate was revisited while looking for means to reduce costs.  However, 
given the fixed overhead costs (100% camera placement and raw data capture) 
reducing the variable cost of the imagery review from 10% to 5% resulted in 
negligible savings. As well, industry representatives suggested that a "once in 20" 
haul review rate would lose the psychological deterrent effect especially for 
captains who made fewer trips with fewer hauls. It would also increase the lag 
time in communicating to new captains that their recording was not of 
acceptable quality (i.e., it would take more trips to observe an unacceptable 
recording event). Conversely, since the 10% review rate had proven to be 
acceptable (Stanley et al., 2009), there was no need to increase costs with a higher 
review rate. If the fishing log and EM discard and location data match within a 
defined tolerance ("score") for the randomly selected hauls, then the fishing log is 
assumed to be correct for all hauls and is used as the official record of the trip for 
discard weight by species and location by haul. Rules must be in place to define 
which criteria are used to score the fishing log (i.e., acceptable tolerances), such 
as percent or absolute differences from the EM record. As well, rules must define 
the management response that will follow a failing score. Comparisons between 
fishing log and EM discard quantities could be made on pieces or estimated 
weight. The latter value might be calculated from individual fish lengths or 
mean piece weights. 

1.5.2 Catch Dumping 
In this document, we use "dumping" to refer to catch that is disposed of after 
initially being retained on board as opposed to "discarding" that occurs during 
initial capture at the rail or during initial deck sorting. In other words, dumped 
catch is catch that the EM reviewer (or an observer) and the fishing log would 
consider to have been retained, but was disposed of subsequently. This would 
include using fish for bait, consumption on board or high-grading on the way to 
offloading. If dumping becomes an issue with respect to accurate catch 
estimation, there is opportunity to address it within a monitoring package that 
includes EM and other interrelated elements. 

For example, within the BC groundfish fishery there is a small-volume live 
rockfish fishery, which targets Quillback Rockfish (Sebastes maliger) for the 
restaurant trade. In this fishery, a live and medium-sized ("plate"-sized) 
specimen commands 10 times the value/kg of a dead, small, or large specimen.  
Therefore there is a strong incentive for the holders of Quillback Rockfish quota 
(in weight) to dump less desirable pieces on their way to offloading thereby 
reserving their quota for higher priced specimens. The EM to fisher log piece 
count audit will obviously not reveal the dumping. Nor can a comparison of the 



Phase III Final Report  
New England Electronic Monitoring Project | August 2014 

 

© 2014 ARCHIPELAGO MARINE RESEARCH LTD.  Page 29 

audited fisher log piece count with an offloaded dockside weight reveal 
dumping because of the real variability in mean size (an issue examined during 
design). Therefore, the BC design added mandatory piece counts of rockfishes to 
the dockside validation. The post-trip review comparison demands a close match 
between dockside piece counts of Quillback Rockfish to the total fisher log piece 
counts, remembering that the fisher logs are routinely audited with EM. As a 
result, the combination of EM, fishing log and validated dockside monitoring 
collectively copes with dumping of Quillback Rockfish. This monitoring strategy 
is required due  to 1) a strong incentive to dump, and 2) the mismatch in 
measurement units between the EM and dockside, pieces vs. weight.  

While piece counting live rockfish during offloading is onerous for the live-
rockfish fishery, this solution was less costly than adding cameras to monitor all 
deck activity until the moment of offloading and the resulting imagery review 
costs (partial or full). Furthermore, industry representatives on the design team 
noted that they were sure that they would find ways to discard individual pieces 
out of camera view.  

It is worth noting, however, that the same monitoring rigour with respect to 
dumping is not currently applied to other groundfish species/sectors in the BC 
fishery. In this fishery, there are also price differentials between different sizes of 
Sablefish (Anoplopoma fimbria) and North Pacific Spiny Dogfish (Squalus suckleyi).  
However, these sectors land much higher volumes thus piece counting at 
dockside would incur large dockside costs. This would be particularly 
problematic for the dogfish fishery, which has chronically low profit margins.   
Furthermore, the additional handling of frozen Sablefish would lead to breaking 
of fins and loss of value on higher-end Asian markets. The sector representatives 
also claimed that high grading was not currently an issue since the price 
differentials were small and any significant high grading would force more 
fishing effort to catch the replacement fish. 

For these and other reasons, the BC design team (including managers) decided to 
risk-manage the dumping issue for these sectors and not mandate dockside piece 
counts until such time as dumping was deemed a problem. Industry is aware of 
the implicit threat of adding piece counts should it appear that the situation has 
changed. Note also that egregious levels of dumping would be obvious through 
a mismatch of total fisher log counts with landed weight through extremely 
small implicit mean weights. Furthermore, Stanley et al. (2009) provides an 
example of how the residual data from the 10% imagery review can be used to 
check for chronic modest dumping on a fleet-wide annual scale when there are 
dockside piece counts. 

1.5.3 Multiple Stock Area Fishing 
As noted in the assumptions, we assume that the data recorded during offload is 
the best available data for estimating total retained catch. Therefore, EM is not 
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used to verify retained catch in either approach. While landings data are the 
most economical way to determine total retained catch by trip, they cannot 
verify that the fishing log accurately assigns retained catch to area. In the event 
that the vessel fished in multiple stock areas, the fishing log can be used to 
allocate catch among areas, but EM would not be used to validate the allocation. 
According to GARFO estimates, only about 1% of the trips include multiple stock 
areas (NOAA 2013a). If required, specific requirements (e.g., accounting of 
retained catch per haul) could be considered for multiple stock area trips. 

1.6 Summary of Part 1 
To assess the two approaches, we began by examining the primary monitoring 
needs of the fishery. These needs determined that the most effective design 
includes: accurate catch accounting for groundfish managed species (discards 
and landings), individual vessel accountability to support shares-based 
management (within sector ACE), timely data turnaround and verification of 
compliance with landings limits. 

Several desirable, but non non-essential monitoring needs relate to tracking 
possession limits, prohibited species, closed areas, catch accounting of non-
groundfish managed species and fishing effort. 

The two approaches outlined here are: 

Audit Approach– Catch estimation. 

Advantages include: 

• Individual industry accountability for recording discards similar to a 
census program but with a lower review rate; 

• No changes are needed to the existing possession limit regulations or 
retention of ACE; 

• Involving fishermen in the collection of data used for the management 
of the fishery, to create buy-in to the overall program; 

• Estimation of protected species interactions to the level of taxonomical 
identification possible and at the level of total sector annual catch (as 
opposed to individual trips for vessels). 

Implementation challenges include: 

• More deck effort involved in processing high-volume catch data (e.g., 
trawl vessels); 

• Modifications to catch handling to allow for EM estimation. 

Compliance Approach – Full Retention of groundfish managed species. 

Advantages include: 
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• Simplified EM imagery review thereby allowing the reviewer to scan 
imagery at higher speed (than in the audit approach) to determine 
whether discarding occurred during the haul; 

• Allows that all species (excluding prohibited species) are sorted and 
weighed at offload and recorded in the dealer or DSM data; 

• Reduced reliance on fishing log data for retained catch estimates.  

Implementation challenges include: 

• The need to change the existing retention regulations and the associated 
impact on high-risk fish stocks, safety, and offloading operations; 

• Requirement to develop a DSM program to compliment the EM 
program; 

• No ability to verify the stock area of origin for the reported landings 
(only a concern in multi stock area trips). 

Both of the approaches we outline meet the essential information needs for 
management of the NE fishery, although they vary in the type and quality of the 
data products they deliver. 

Each approach has strengths and weaknesses. These can be balanced by 
exploring multiple variations of each approach, or with a hybrid with elements 
of both approaches combined in the EM component of an overall monitoring 
program. 

The approaches differ in the way that they would be implemented. Each may 
require significant changes to the fishery including factors such as catch 
handling, onboard configuration, reporting structure and regulatory changes. 
Part 2 looks at a field trial of both approaches to learn more about how they 
could be applied on active fishing vessels within the fishery with the ultimate 
goal of developing an operational program. 
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2.0 Part 2: Field Trials 
2.1 Introduction 

Field trials were conducted to further test the applicability of EM technology in 
the NE groundfish fishery under the audit and compliance approaches, 
consistent with the options outlined by the NEFSC and the GARFO (NOAA 
2013b). 

The trials simulated and tested the two approaches in an operational setting and 
allowed the project team to better understand and document the operational 
requirements for each approach. 

The operational components we tested included equipment field support, Vessel 
Monitoring Plans (VMPs), a fishing log, data processing and reporting, feedback 
to and from the participants, as well as dockside monitoring in the compliance 
trial.  

2.2 Methods 
EM systems were deployed on vessels during normal commercial trips. EM data 
were collected using different EM configurations and onboard catch handling 
methodologies. Flexibility was required to effectively work with volunteer 
participants so, while the trials were based on the approaches outlined in Part 1, 
their application differed in some respects.  

In general, the audit trial focused on comparing discards of groundfish managed 
species between EM and fishing log at the haul level while the compliance trial 
focused on monitoring adherence to retention rules throughout the entire fishing 
trip and collecting offload data on the additional retained catch (referred herein 
as “dockside discards”).  

Specifically, the trials were designed to answer the research questions outlined in 
Table 2. 

Note that the compliance approach discussed in Part 1 does not require 
comparisons between EM and fishing log catch data to meet the fishery 
information need but the trial broadened its scope to gain understanding on 
fishing log reporting under the compliance trial.  
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Table 2: Phase III field trials research questions. 

Research Question 
Audit 
Trial 

Compliance 
Trial 

Could the fishers7 carry out the onboard methodology?   

What was the proportion of fishing trips where data collection 
was complete from the start to the end of the trip? 

  

How did the EM and fishing log haul data compare (haul 
number, start/end location, start/end time, and statistical 
area)? 

  

How long did data retrieval services take?   

 How long did imagery review take?   

What was the data turnaround time?   
How did the EM and fishing log groundfish managed species 
discard data compare? 

 
 

Did the fishing log provide weight for discarded skates 
(allowable) and non-allowable discards (e.g. dogfish)?  

 

How long did dockside monitoring take?  
 

How much dockside discards were landed (pounds)?   
 

How can dockside discard catch be disposed of?  
 

How often was catch taken out of view and was the reviewer 
able to identify the species or species group and provide a 
piece count or estimated volume?   

 

Were non-allowable discard events detectable and was the 
reviewer able to identify (to species or species group) and 
count discarded items?  

 

 

2.2.1 Vessel Selection 
Four vessels were selected from those that had previously participated in the 
New England EM project. They were selected based on the following criteria: 

• Vessels that had a good track record for providing high quality EM data 
(complete EM data collected for the entire fishing trip and the EM system 
was powered from port to port);  

• Vessels which actively fished in the fishery;  

• Vessels that were geographically close to the FSB office (i.e., within a six hour 
round trip), allowing for operational accessibility and the collection of hard 
drives after each trip; 

                                                           
7 “Fisher” is used as a generic term to refer to captains or crew members collectively. 
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• Vessel captains that were willing to modify catch-handling practices and 
complete a modified Fishermen’s Comment log (“fishing log”) designed to 
match the trial research questions. 

The vessels included three day-trawlers and one gillnet vessel. They are referred 
to as Vessel A, Vessel B, Vessel C, and Vessel D (Table 3). Vessel participation 
was voluntary, therefore vessels cannot be assumed to fully represent the entire 
NE groundfish fleet. 

2.2.2 Data Collection Period 
Data collection took place between May and September 2013 for the audit trial 
and between August and September 2013 for the compliance trial (Table 3)8.  The 
trials included only single stock area trips. 
Table 3: Summary of participating vessel and timeline of data collection for the EM project 

Vessel Audit Trial Compliance Trial Gear Type 

Vessel A  May – September 2013 n/a Day-Trawl 

Vessel B  May – September 2013 n/a Day-Trawl 

Vessel C  May – September 2013 September 2013 Gillnet 

Vessel D  n/a August - September 2013 Day-Trawl 

2.2.3 EM System Description 
The EM systems used for this project were manufactured by Archipelago in 
Victoria, BC, Canada and were designed for the automated collection of sensor 
and image data, which can be used to produce fisheries information. The EM 
systems consisted of a control center, a user interface (monitor and keyboard), a 
suite of sensors (including GPS receiver, hydraulic pressure transducer and a 
drum rotation sensor) and up to four waterproof armored-dome CCTV cameras 
(Figure 1).  

Analog and digital cameras were deployed on vessels. Analog cameras provide 
imagery data with 0.3 megapixels resolution and limit frame rates, whereas 
digital cameras can record at frame rates of up to 30 frames per second per 
camera with up to 1.3 megapixel resolution9.  

                                                           
8 The difference in the data collection period between the two approaches was due to a delay in obtaining the 
Exempted Fishing Permit (EFP). It was necessary to include both fixed and mobile gear vessels in each approach to 
fully test the models.  Phase III only incorporated one fixed gear vessel and therefore that vessel participated in 
both approaches. 
9 Note that digital cameras are increasingly becoming the standard for EM due to the improved resolution and 
frame rates and lower costs. 
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Figure 1: Schematic of the electronic monitoring system used in the trials. 

2.2.4 EM Data Collection 
We defined the data collection standards for a successfully EM-monitored trip. 
These standards acted as the recording goals for the participating vessels in each 
trial (Table 4). When these standards were not met, the captains were provided 
with feedback. 
Table 4: Data collection standards for EM data 

Data Collection Standard Audit  
Trial 

Compliance 
Trial 

The captain completed a fishing log for the trip (as 
defined in section 2.2.6 “Fishing Logs”).   

The EM system was on and functioning correctly from 
dock-to-dock.   

Camera views were clean and unobstructed.   
Imagery was collected correctly (as defined in section 
2.2.4.1 “EM Data Recording Settings”) and if cameras 
were not automatically recording, manual record was 
used. 

  

Discarding of catch occurred at pre-defined control points 
within camera view.   

Discarded groundfish managed species transited the 
discard chute or were placed flat on the measurement 
area immediately before being discarded. 

  

Catch was discarded one-by-one to allow the imagery 
reviewers to identify them and to measure groundfish 
managed species. 

  

Catch destined for dockside discarding was stowed in a 
hold (containers could be covered but the container had 
to remain in camera view).  

  

Catch remained stowed or within camera view 
throughout the duration of the trip. 
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Captains were required to keep the EM system operational by supplying 
sufficient power, running a function test (a series of checks on the different 
components of the EM system) at the start of each trip, and keeping the camera 
domes clean. In the event that the system was not functioning or did not pass the 
function test, fishers were required to notify project staff immediately for 
assistance.  

Fishers were asked to ensure that catch handling procedures complied with the 
specific requirements of each trial even though these may have required 
modifications to normal catch handling processes (see section 2.2.4.2). 

2.2.4.1 EM Data Recording Settings 
EM sensor data were recorded continuously while the EM system was on and 
imagery data were recorded when triggered. The recording trigger differed by 
trial and gear type.  

During the audit trial, imagery recording focused on ensuring all fishing activity 
was captured. To achieve this, imagery recording on fixed gear vessels was 
limited to fishing activity (as indicated by the hauler rotation or the hydraulic 
pressure exceeding a threshold) and continued recording for 10 minutes after the 
last sensor reading above the threshold10. For trawl vessels, given that there was 
no sensor trigger that could isolate catch processing, recording started at the first 
trigger and continued until the vessel returned to port.  

During the compliance trial, imagery recording focused on ensuring catch 
handling and catch stowage locations were in view during the entire trip once 
there was catch onboard. In order to achieve this, imagery started recording once 
the winch rotated or hydraulic pressure exceeded a threshold level after the 
vessel left port; imagery recording continued until the vessel returned to the 
port. 

2.2.4.2 Onboard Methodologies and Camera Configuration 
The combination of catch handling protocols and EM system configurations were 
based on the essential information outlined in Part 1 (sections 1.3.2.1, audit trial, 
and 1.4.2.1, compliance trial) and designed to meet the research questions 
outlined in section 2.2. Each vessel was fitted with a sufficient number of 
cameras to capture the necessary data given the combination of vessel layout and 
onboard methodologies. The installation and onboard methodologies differed 
between the two trials, and are described in detail below. 

Audit Trial 
Catch handling for the audit trial specified that the fishers were to bring all catch 
on board prior to any discarding, discard only at pre-determined control points 
and ensure all discarded groundfish managed species passed one-by one across a 

                                                           
10 A ten-minute run-on time was chosen for the fixed gear vessels because it was sufficient to record all catch 
sorting  as per Pria et al. (2011,2012). 
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measurement grid area prior to discarding. These catch handling processes 
facilitated length measurement in the EM review (see Appendix B for more 
details on catch handling).  

To collect the data necessary for measurement, a digital camera provided a close-
up view that was as perpendicular to the measurement area as possible (Figure 
2). The EM technician created the length measurement grid on each vessel by 
marking either the discard chute or measurement surface with nine calibration 
points (Appendix C). Measurement grids were set on discard chutes for the trawl 
vessels and on the sorting table by the hauler for the gillnet vessel. The technician 
re-marked the calibration points as required throughout the trials. Further details 
on the length measurement tool are included in Appendix C.  

To facilitate accounting of groundfish managed species discards, captains were 
required to sort them out of the conveyer belt so that they would have an 
opportunity to count them and estimate weight before discarding them through 
the discard chute. 

 
Figure 2: Camera views from a day-trawl vessel showing all areas of the deck where catch was handled. 
The checker pen views (top right and left) were used to confirm that all small catch came onto the 
conveyer belt. The close-up views of the conveyor belt (bottom left) were used for a closer look at catch 
sorting and support view of what would be coming on to the discard chute. The discard chute view 
(bottom right) was used for species identification and length measurement. Images used with captain’s 
permission. 
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Figure 3: Camera views from the gillnet vessel. The sorting table view (top left) was used for a closer look 
at catch sorting and support view of what would be discarded or moved to the stern checkers. The stern 
view (top right) was used to confirm that only other species (non-groundfish managed species) were 
discarded at the stern. The close-up view of the measurement area (bottom left) was used for species 
identification and length measurement. The roller view (bottom right) was used to confirm discarding of 
groundfish managed species. Images used with captain’s permission. 

Compliance Trial 
Catch handling for the compliance trial specified that the fishers were to bring all 
catch on board prior to any discarding and discard only at pre-determined 
control points and ensure all catch was handled within camera view at all times 
or stowed in the hold (see Appendix B for more details on catch handling).  

Only the following catch were allowed to be discarded (referred to as “allowable 
discards”): 

• Protected species (marine mammals, seabirds, turtles, and sturgeon) 

• Atlantic Halibut 

• Atlantic Wolffish 

• Skates 

• Large pelagics 

• Striped Bass 

• American Lobster 

• Debris 
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All other catch had to be retained. An Exempted Fishing Permit (EFP) was 
required to carry out the compliance trial portion of the study because it required 
landing sublegal ACE and two prohibited species (Windowpane Flounder and 
Ocean Pout). In cases where these species were discarded, they are referred to as 
“non-allowable discards”. 

For the compliance trial, camera coverage of the entire catch handling area, catch 
stowing areas, and control points for allowable discards was critical to the study 
and ensured the EM system would document compliance with retention 
requirements. Camera views on Vessel D provided coverage of the entire deck 
and catch stowage areas (Figure 4). Vessel C was not set up with a deck view 
because the captain expressed concerns about privacy, since the imagery on the 
compliance trial was configured to be recording continuously from the first haul 
(rather than only during fishing activity as in the audit trial) (Figure 5). The lack 
of a deck view was not ideal since it was likely that some catch would be taken 
out of camera view, but it was a condition to the vessel’s participation on the 
trial. The captain agreed to handle all groundfish managed species within view 
to ensure that they could be accounted for. 
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Figure 4: Camera views for the trawl vessel. Starboard wide-angle view (top left), port wide-angle view 
(top right), stern view (bottom left) and conveyor belt view (bottom right). Large catch items from the 
“allowable discard” list were discarded at the rails by the stern. Other allowable discards occurred at the 
port rail. Images used with captain’s permission. 
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Figure 5: Camera views from the gillnet vessel. Wide-angle view of interior processing table (top left), 
close up view of processing table (top right) and roller with catch (bottom). Allowable discard species 
were discarded by the hauler. Images used with captain’s permission. 

2.2.5 Vessel Monitoring Plans 
Vessel Monitoring Plans (VMPs) were developed at the start of the trial for each 
of the participating vessels. The VMP is a communication tool used to ensure 
that captains, EM field technicians, EM data reviewers and project coordination 
staff understood their roles in the simulated operational EM program. 

The VMPs outlined vessel-specific catch handling protocols and EM system 
configurations that were used throughout the project (see Appendix D for an 
example VMP). Project staff introduced initial catch handling protocols, solicited 
feedback from captains, and proposed adjustments in catch handling procedures 
as needed throughout the project. During the first four weeks of the trials, the 
EM imagery viewers (both FSB and Archipelago staff) provided feedback on the 
EM system configurations and onboard methodologies. This continued until 
configurations and methods were considered acceptable and met the data 
collection requirements of the project. 

2.2.6 Fishing Log Data Collection 
To capture data from fishers while the vessel was at sea for both trials, we used a 
modified, paper-based, Fishermen’s Comment Log (“fishing log”) and defined 
specific data that the fishers were required to collect (see Appendix E for 
example fishing logs). Fishers were asked to record general trip and haul 



Phase III Final Report 
New England Electronic Monitoring Project | August 2014 
 

Page 42  © 2014 ARCHIPELAGO MARINE RESEARCH LTD. 

information as well as some discard catch data. At the outset of the project, 
captains were not given specific direction on how to measure weights, however 
advice was provided as requested throughout both trials.  

The audit trial required fishers to document: 

• Date and time of the trip start and end; 

• Date, time, location, and fishing area (based on the starting point) of each 
haul; 

• The number of pieces and estimated weights of groundfish managed species 
that were discarded for each haul at the species level. 

Under this trial, fishers did not document retained catch or other species 
discards. 

The compliance trial required fishers to document: 

• Date and time of the trip start and end; 

• Date, time, location, and fishing area (based on the starting point) of each 
haul; 

• For allowable discards: haul number, species, weight estimate; 

• For non-allowable discards: haul number, species, piece count and weight 
estimate11;  

• Occurrence (yes/no) of debris discarding, full or partial codend tripping and 
a comment when it did occur; 

• For discards outside of catch handling for a specific haul12: date, time, 
location, species, volume of discard and a short explanation for the discard 
when discarding occurred. 

Under this trial, fishers did not document retained catch. 

The EM technician (audit trial) or FSB staff acting as DSMs (compliance trial) 
collected the fishing logs with the EM data hard drive after each trip. 

2.2.7 Dockside Monitoring Data Collection 
As a component of the compliance trial, FSB staff worked as DSMs to document 
all dockside discards. These discards included any catch that would normally 
have been discarded but were retained as part of the trial. The DSM weighed all 

                                                           
11 Some captains expressed concerns over keeping certain non-allowable discards, in particular, live sub-legal sized 
ACE specimens and large catches of bycatch such as Spiny Dogfish, so the fishing log was modified to record the 
amounts of these species when discarded.  
12 While discarding would be associated to a specific haul, the fishing log allowed fishers to document discarding at 
any point during a trip. For example, it was considered possible that a fisher may choose to discard catch, e.g. 
dogfish, part way through a trip due to safety reasons.     
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dockside discards using a motion calibrated Marel scale or spring scales. 
Dockside discards were composed of the following: 

• Sublegal ACE species or catch that were smaller than the regulated minimum 
size but retained for the trial; 

• Prohibited species retained for the trial; 

• Bycatch that would normally be discarded at-sea (e.g. Sea Ravens, sculpins 
etc.);  

• Legal sized unmarketable fish (LUMF). 

Captains were required to notify FSB (via phone or texting communication) prior 
to landing to coordinate dockside monitoring services. DSMs did not verify 
landed catch that captains sold and dockside discards were not permitted for sale 
by the vessel owner/operators. FSB developed several options for disposal of 
dockside discards, which are described later in the report. 

2.2.8 Data Processing and Analysis 
2.2.8.1 Data Turnaround 

EM technicians collected hard drives (referred to as a “data retrieval”) of EM 
data sets after each trip was completed, excluding some of those completed on 
Friday, Saturday or Sunday due to staff limitations during the audit trial. During 
the compliance trial, a DSM monitored all offloads and conducted a data 
retrieval service immediately upon vessel landing. 

Following data retrieval, the hard drives were hand delivered to FSB offices to 
begin the data review and reporting process. Vessel activity, fishing log data and 
EM data were tracked from the start of a groundfish trip to completion of a trip 
report (Figure 6). Data turnaround time was calculated as the number of days 
between the EM data arriving at FSB and the completion of the trip report. 
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Figure 6: Flow of data and steps involved in collecting, consolidating and reporting the EM, DSM, and 
fishing log data. 

2.2.8.2 EM Data Processing 
Project staff reviewed the data set using EM InterpretTM Pro software a 
specialized software package designed to help the reviewer quickly process, 
evaluate, and report on fishing activity. The EM Interpret™ Pro software 
integrates imagery, sensor, and GPS records into a single synchronized profile, 
and presents it along a common timeline (Figure 7), so reviewers can quickly 
follow cruise tracks, review gear deployment and retrieval times and locations, 
and verify catch records. Key events, comments and observations were saved as 
annotations by the reviewer. All information was then stored in a relational 
database for analysis. 
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Sensor Data Processing 
The first processing step was to use the sensor data to identify trip, haul time and 
location data and to determine when specific activities occurred (Table 5).  
Fishing activity start and end were identified by gear activity and vessel speed 
(Figure 7) using the same methods as in previous studies (Pria et al., 2011 and 
2012). The EM reviewer documented the statistical area fished based on the start 
location of the haul. 

 

 
Figure 7: Example of typically haul activity as identified by sensor data (GPS, drum, and hydraulic sensors) 
for trawl (top) and gillnet (bottom) vessels. 

Sensor data were used to determine the total time gaps; these gaps are defined as 
periods within the EM data sets for which data were expected, but not present. 
For example, sensor data should be present from the departure from port to 
return to port if the system was on during that time. Any period for which the 
data were not available is a time gap. Periods prior to the system being switched 
on, or after the system is switched off are not considered time gaps. 
Table 5: Annotated sensor data types per trial. 

Data Annotated Audit  
Trial 

Compliance 
Trial 

Trip start and end date and time   
Haul start and end date, time and location   
Time gaps   

 

Imagery Data Processing 
Only one of the four reviewers, who included Archipelago and FSB staff, 
processed each data set. All imagery reviewers were trained in Northeast 
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groundfish identification and EM imagery review. Reviewers documented 
species to the lowest taxonomic group possible (i.e., species) and used species 
groups (such as flounder, nk) when it was not possible to discern species. 

The audit-based imagery was reviewed for each event only and not between 
events, whereas the compliance trial imagery was reviewed from the start of 
imagery until the end of the trip. 

For the purposes of the trial, all usable imagery was reviewed to maximize data 
available for comparison and feedback, which is different from how an 
operational program would operate where only a portion of the data would be 
reviewed (see Part 1 for more details on the design models of the two trials).   

Table 6 summarizes the data entered during EM imagery data processing under 
each trial. 
Table 6: Annotated imagery data per trial. 

Data Annotated Audit 
Trial 

Compliance 
Trial 

Imagery quality   
Total review time   
Species identification, length measurement of groundfish 
managed species discards including:  
• Discarded flounder species that were not possible to 

identify to the species level (flounder, nk) 
• Discarded fish species that could not be identified to any 

species or group level (fish, nk) 

  

Factors that restricted length measurement (i.e., curled fish, 
discard en masse, etc.)   

Piece counts and identification for discarded individual catch 
items 

  

Allowable discards - pieces   
Non-allowable discards - pieces   
The species and number of any catch items that crew 
removed from camera view to the extent possible  

  

Date and time of codend tripping   
Discarding outside of hauls (i.e., transiting)    

 

While codend tripping, catch removed from camera view, and discarding 
outside of a specific haul catch handling were technically possible under an audit 
trial, as noted earlier, the audit trial focused on the comparison between EM and 
fishing log estimates of groundfish managed species discards and not on 
monitoring other discarding. 

EM reviewers recorded the amount of time required to review each haul (for the 
audit trial) or trip (for the compliance trial). For the audit trial, review ratio is the 
time required to review a haul divided by the real catch handling time per haul. 
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For the compliance trial, the review ratio is the time required to review a trip 
divided by the total imagery duration per trip. 

Length Measurement 
The audit trial relied on measuring the length of each discarded catch item. 
Length estimates were collected using the length measurement tool in the EM 
Interpret™ Pro package. Length measurements were collected following the 
methods defined by Wigley et al. (2003) (see Appendix C for more detail). The 
length observations were converted to weight using combined-sex, length-
weight conversion formulas derived from survey data (Wigley et al., 2003). 

During processing, the reviewer calibrated the tool at the beginning of each trip 
and each time the discard chute (trawl) or sorting table (gillnet) appeared to shift 
in camera view (see Appendix C).  

When the EM reviewer could not measure a fish, the fish was assigned the mean 
weight of all the measured pieces for that species observed for that haul, because 
a length-weight relationship could not be applied to groups of species. We 
summarize the frequency of this occurrence in the results along with the reason 
for each assessment. The EM reviewer documented and categorized the reasons 
that a fish could not be measured as described below and illustrated in Figure 8:  

• Curled - fish was curled, therefore reducing the length on the screen; 

• Missing frame - part of the fish was outside the camera view in the imagery 
available; 

• Discard en masse - multiple fish were discarded simultaneously and either the 
mouth of the fish or the tail of the fish was not visible in the imagery 
available; 

• Human interference or chute interference  - part of the fish was not visible due to 
obstruction by the discard chute or crew member; 

• Poor image quality or missing frame - low image quality caused the edge of the 
fish to be difficult to discern; 

• Not placed on measurement area  - fish did not pass across the measurement 
area prior to discard; 

• Outside grid - the fish was visible in camera view partially or totally outside 
the calibration points on the measurement area;  

• Damaged- the fish was damaged in a way that prevented measurement such 
as missing part of the head or tail; 

• Other – the fish could not be measured for a reason not listed above. 
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Figure 8: Examples of imagery wherein fish could not being measured and the associated reason: curled 
fish (top left), outside of grid (top right), poor image quality due to water spots (bottom left) and 
discarded en masse (bottom right). Imagery used with captain’s permission. 

Imagery Quality Assessment 
Reviewers assessed the imagery quality when reviewing the data. The imagery 
was assessed collectively and included all cameras. The imagery quality rating 
was given for each haul for the audit trial and for each trip for the compliance 
trial. Categories included: 

• High - imagery was very clear and the reviewer had a good view of fishing 
activities.  The focus was good, light levels were high, and all activity was 
easily seen. 

• Medium - imagery was acceptable but there were some minor difficulties 
assessing discards such as slight blurring or slightly darker conditions. 

• Low - imagery was difficult to assess, but fishing activity could still be 
discerned. For example, imagery was somewhat blurred or lighting was 
greatly diminished. 

• Unusable - imagery was poorly resolved or obstructed such that fishing 
activity could not be reliably discerned. Imagery was not processed and used 
in comparisons.  

2.2.8.3 EM to Fishing Log Comparisons 
Archipelago produced a trip report for each completed trip. This report 
contained a summary of catch comparisons (discarded groundfish managed 
species for the audit trial and all discarded catch for the compliance trial), haul 
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date, time and location comparisons and feedback to the captain. For the 
purposes of these trials, we considered the EM data to be the standard and 
compared the fishing log data against the EM data. 

The EM and fishing log data were compared for the event start and end locations 
(nautical miles) and the event start and end time (minutes). EM fishing location 
was assumed to be correct (GPS is accurate to within three meters, see Garmin 
International, 2005, and activity was confirmed from sensor and imagery data). If 
the EM and fishing log reported the same statistical area for a haul, the area 
fished was reported as ‘correct.’ If the EM and fishing log statistical areas were 
not the same it was reported as ‘incorrect.’ EM data are used as the benchmark 
and assumed to be correct for this comparison. 

For the purposes of this study, unusable imagery was excluded from the catch 
comparisons. 

For the audit trial, project staff compared the fishing log to EM for the discarded 
groundfish managed species piece counts and weights recorded per event. The 
EM versus fishing log piece count and weight comparisons were examined with 
simple predictive linear regressions and scatter plots in Microsoft Excel, with the 
EM data considered the independent (i.e., measured without error) variable. 
These analyses were used to assess bias and precision of the fishing log data 
compared to EM data (Table 7). These tests were conducted to look for impact of 
gear, volume of discards, vessel, species groupings and species on the precision 
and bias of fishing log data. 
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Table 7: Summary of fishing log to EM catch comparisons tests conducted for the audit trial. Tests were 
only conducted when there were more than 14 comparisons. 

Test Comparison Level Catch Format Species Groups Reason For Test 

1 Total catch  by haul Piece Counts All species 
Assess fishing log estimates at 

haul level for all species 

1 Total catch by haul Piece Counts All species 
Assess fishing log estimates at 

haul level for all species 

1 Total catch by haul Weight (lbs) All species 
Assess fishing log estimates at 

haul level for all species 

1 Total catch by haul Weight (lbs) All species 
Assess fishing log estimates at 

haul level for all species 

2 Catch by species by haul Piece Counts 
Flounder species 

and other species* 
Assess fishing log estimates for 

species groups 

2 Catch by species by haul Piece Counts 
Flounder species 

and other species* 
Assess fishing log estimates for 

species groups 

3 Catch by species by haul Piece Counts Individual Species 
Asses fishing log estimates for 

individual species 

3 Catch by species by haul Piece Counts Individual Species 
Asses fishing log estimates for 

individual species 

4 Catch by species by haul Weight (lbs) Individual Species 

Assess fishing log weight 
estimates when piece counts 

match 

4 Catch by species per haul Weight (lbs) Individual Species 

Assess fishing log weight 
estimates when piece counts 

match 
*Flounder species include: Yellowtail Flounder, Winter Flounder, Witch Flounder, American Plaice Flounder and 
Windowpane Flounder. Other species include: Atlantic Cod, Ocean Pout and Red/White Hake 

For the compliance trial, EM imagery was reviewed to verify compliance with 
retention rules. The comparison of fishing log versus EM catch data at the haul 
level was conducted when one or both data sources had a recorded observation 
for allowable or non-allowable discard categories. The EM reviewer did not 
report catch weight, therefore comparisons are based on the reported presence or 
absence of species based on the EM and fishing log data. Data compared are: 

• Non-allowable discards (catch that should have been landed during the 
compliance trial as dockside discards) were compared by event as noted by 
the EM reviewer and the fishing log (EM and fishing log in pieces); 

• Allowable discards at sea of skates were considered a “match” if both the 
fishing log and EM data had an observation (EM in pieces, fishing log in 
weight); 

• Allowable discards were considered a “match” if both the fishing log and EM 
data had an observation (EM and fishing log in pieces). 

2.2.8.4 Reviewer Comparisons 
To assess the consistency of reviewer species identification and piece counts, four 
hauls from the audit trial trips were randomly selected for review by all four 
imagery reviewers (FSB and Archipelago). Comparisons were carried out twice 
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during the trial. Early in the trial, two hauls were chosen from Vessel A and 
midway through the trial two hauls were chosen from Vessel B.  

Reviewers were instructed to document all observations of groundfish managed 
discards. For the second set of comparisons, reviewers were asked to also record 
all flounder species, even the ones identified as non-groundfish managed 
species. 

Data sets generated from each reviewer were then compared against each other 
to determine consistency in species identification and piece count. Results were 
presented and discussed amongst the reviewers to improve consistency. 

2.2.9 Captain Exit Interviews: Phase I to III 
The FSB conducted exit interviews utilizing a structured questionnaire for all 
participating vessels in all three phases of the study. The purpose of the 
questionnaire was to solicit feedback on the project and the captain’s experience 
with EM.  

The feedback was collected during informal interviews that occurred when a 
vessel exited the study or when the final study data collection period ended 
(October 2013). Typically, the interview occurred on the day the equipment was 
removed from the vessel.  

Exit interviews cover the entire study period, and not only Phase III of the 
project. There were 13 participating vessels throughout all three phases of the 
study (May 2010 – October 2013) (Table 8).  
Table 8: Vessel participation including install and removal dates and the project phases each participated 
in. Phase I took place from March 2010 to August 2011. Phase II took place from September 2011 to 
November 2012. Phase III took place from October 2012 to November 2013.  

Vessel Installation Date Removal Date 
Participation 

(Project Phases) 
Vessel 1 4/26/10 10/24/13 I, II 
Vessel 2 4/28/10 08/20/13 I, II 
Vessel 3 4/23/10 11/06/13 I, II, III 
Vessel 4 7/21/10 11/18/13 I, II, III 
Vessel 5 7/16/10 12/21/10 I 
Vessel 6 7/19/10 01/08/12 I, II 
Vessel 7 7/22/10 10/30/13 I, II, III 
Vessel 8 10/02/10 11/05/13 I, II, III 
Vessel 9 10/04/10 10/11/11 I 

Vessel 10 10/06/10 06/17/11 I 
Vessel 11 04/21/11 08/01/13 I, II 
Vessel 12 06/06/11 11/01/13 I 
Vessel 13 06/23/11 10/18/13 I 

 



Phase III Final Report 
New England Electronic Monitoring Project | August 2014 
 

Page 52  © 2014 ARCHIPELAGO MARINE RESEARCH LTD. 

Timing of feedback was dependent on when the vessel actually participated in 
the study. Furthermore, the summary presented is not phase-specific, but rather 
relates to the entire project or the period the vessel participated in the study. For 
this reason, some of the feedback presented relates to project elements that are 
not part of the results of Phase III. While the scope of the exit interviews goes 
beyond the Phase III field trials, we present it here as the feedback collected 
throughout the project was instrumental in the refinement of project research 
objectives for each phase and helps provide a better understanding of the EM 
system. 

2.2.9.1 Format of Questionnaire 
The questionnaire format was chosen because the method was simple to 
implement and summarize, promoted individual contact, and minimized burden 
to captains as the process occurred during the equipment removal, when the 
captain was already present. A set of open-ended questions included topics such 
as equipment functionality and accessibility, information or questions the 
participants wanted the project to address, ability of EM to meet monitoring 
needs, and operational feasibility and preference for EM. These questions were 
used to allow the captain to formulate his own answer based on his personal 
experience with EM and the project. 

The interview process was implemented verbally in a manner suitable for an 
open and candid conversation with study participants.  All questionnaires were 
facilitated by one of three FSB staff members, who were affiliated with the EM 
study and had a working relationship with the study participants.  

The summary of answers presented in this report includes aggregated questions 
and associated answers. 

2.3 Results 
2.3.1 Operational Performance 
2.3.1.1 Data Collected and Processed  

During the audit trial, the EM systems collected 848 hours of EM sensor data 
from 91 trips and 266 hauls across all three vessels (Table 9). EM imagery was 
processed for 245 of the 266 hauls (21 hauls were not processed, see Table 11). 
During the compliance trial, the EM systems collected 65 hours of sensor data 
across 8 trips and 21 hauls, of which 20 hauls were processed (Table 9).  
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Table 9: Summary of total EM sensor data collected by totals hours for trips and hauls and EM sensor data 
completeness by the time gaps for each of the trials.  

Vessel  
Total 
Trips 

Trip 
Duration 

(hrs) 
Total 
Hauls 

Haul 
Duration 

(hrs) 

Total 
Hauls 

Processed 

Total 
Time 
Gaps 

Time 
Gap Hrs 

Audit Trial 

Vessel A 26 233 77 138 71 0 0 
Vessel B 40 396 124 176 111 4 0.14 
Vessel C 25 219 65 68 63 7 0.35 

Total 91 848 266 382 245 11 0.49 

Compliance Trial  

Vessel C 5 37 12 10.5 11 1 1.2 
Vessel D 3 28 9 13.3 9 0 0 

Total 8 65 21 23.8 20 1 1.2 
 

Data completeness within trips was greater than 99% of the total trip durations 
(i.e., out of approximately 914 hours that the vessels were at-sea there were 1.7 
hours of data missing). There were 11 time gaps that amounted to a total of less 
than half an hour for the audit trial and only one time gap of 1.2 hours from the 
compliance trial (Table 9). The 1.2 hour gap on Vessel C was caused by the 
captain turning the EM system off to avoid interference between it and the 
vessel’s VMS system, which caused problems with VMS reporting. This 
interference issue was resolved by shielding the EM system and running camera 
cables through different wire runs from those of the VMS cables. 

Fishers were requested to turn the EM system on when leaving port and leave it 
on until the vessel had returned to port. However, sometimes fishers forgot to 
turn on the system until they were outside of port or turned it off before arrival 
to port. Vessel reliability for turning on the EM systems before departure from 
port varied from 46% of the departures captured for Vessel A to 100% of the 
departures captured by Vessel C for both trials (Table 10). There was better 
success with keeping the EM systems on until returning to port, with the number 
of returns captured ranging from 73% to 100% across all vessels in both trials 
(Table 10).  
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Table 10: Vessel compliance with turning on EM systems at the start of the trip summarized by the 
number of departures and returns captured across all the trips for each of the trials.  

Vessel Total Trips 
Total 

Departures 
Captured 

Percent 
Departures 
Captured 

Total 
Returns 

Captured 

Percent 
Returns 

Captured 
Audit Trial 

Vessel A 26 12 46% 19 73% 
Vessel B 40 34 85% 40 100% 
Vessel C 25 25 100% 22 88% 

Total 91 71   81 
 Compliance Trial 

Vessel C 5 4 80% 5 100% 
Vessel D 3 3 100% 3 100% 

Total 8 7   8   
 

For the audit trial, of the 245 hauls that were processed, 181 hauls had reported 
discards from either EM or fishing logs and were included in the EM to fishing 
log catch piece count comparisons.  Only a subset of these (n = 154) had weights 
from both data sources. For Vessels A, B and C there were 66, 104 and 11 
comparable hauls, respectively for the EM to fishing log piece count 
comparisons. The EM to fishing log weight comparisons (154 hauls) consisted of 
65, 82 and 7 comparable hauls from vessels A, B and C, respectively.   

2.3.1.2 Imagery Quality 
Imagery quality was rated as medium or high for 116 of the 245 processed hauls 
that were assessed for imagery quality. There were 128 hauls rated as low 
imagery quality out of 245 processed hauls. The imagery from only one haul was 
rated as unusable across all hauls in the audit trial (Table 11).  

Discarding en masse occurred in three hauls, of which two came from Vessel A. 
Image data was incomplete for 18 hauls, of which 12 came from Vessel B. The 
incomplete hauls for Vessel B were caused by incorrect set-up of the EM software 
imagery triggers for this vessel at the start of the program. The six other 
incomplete hauls were caused by power loss to the EM system or the vessel 
returning to port before catch processing was complete, which caused the EM 
system to stop recording (called a “port box trigger”). 
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Table 11: EM imagery data collection and image quality rating by number of events for each of the 
participating vessels in the audit trial. 

Vessel Total Hauls 
Processed Hauls Not Processed 

High Medium Low Unusable* 
Discarded 
En Masse 

Incomplete 
Imagery 

Vessel A 77 13 15 42 1 2 4 
Vessel B 124 41 16 54 0 1 12 
Vessel C 65 25 6 32 0 0 2 

Total 266 79 37 128 1 3 18 

*Unusable hauls catch data were not used in the catch comparisons. 

Specific reasons for the low or medium image quality during the audit trial 
included environmental issues such as water spots on the lens (n=72 hauls) and 
sun glare (n=42 hauls), as well as dirt on the lens (n=29 hauls) and poor camera 
angles (n=19 hauls). 

In the compliance trial, image quality was low or medium for seven of the eight 
trips and only one trip was rated as having high image quality (Table 12), but all 
events were usable for review. Reasons for low and medium ratings were poor 
camera angles (n=3 trips), sun glare (n=1 trip) and dirty lens (n=2 trips). 
Table 12: EM imagery data collection and image quality rating by trip for the two participating vessels in 
the compliance trial. 

Vessel High Medium Low Unusable Total Trips 
Processed  

Vessel C 0 3 2 0 5 
Vessel D 1 1 1 0 3 

Total 1 4 3 0 8 

2.3.1.3 Data Turnaround and Retrievals 
For the audit trial, the turnaround time from the end of the trip to completion of 
the trip report across all three vessels ranged from 0-10 days for 37% of the trips 
and 11-20 days for 52% of the trips (Figure 9). The turnaround time was >30 days 
for only 4% or three trips. For the compliance trial, the turnaround time averaged 
five days and ranged from two to 11 days. 
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Figure 9: Turnaround time from end of trip to completion of trip report across all three vessels for the 
audit trial. 

During the audit trial, mean time for data retrieval services was 0.87 hours and 
ranged from 0.25 to 1.25 hours. During the compliance trial, mean time for data 
retrieval services was 0.43 hours and ranged from 0.25 to 1.00 hour (see Table 29 
for DSM processing time). 

2.3.2 EM and Fishing Log Area Comparisons 
The mean difference between EM and fishing logs for the location of the haul 
start and end was within 3.36 nm across all three vessels for the audit trial, but as 
low as 0.36 nm for Vessel A (Table 13). The mean time differences in the haul 
start and end ranged from approximately 4 to 52 minutes. 

For the compliance trial, the mean difference between EM and fishing logs for 
the location of the haul start and end was within 0.19 nm. Mean time differences 
between EM and fishing log start and end time ranged from 1 minute (Vessel C) 
to 13 minutes (Vessel D) (Table 13). 

Fishing log data for statistical areas fished was correct (i.e., EM and fishing log 
matched) for 155 of the 177 comparable hauls across all three vessels from the 
audit trial (Table 14). The area recorded in the fishing logs did not match EM for 
22 hauls across Vessel A and B. When plotting the location information provided 
by the fishing log, 21 of the 22 incorrect hauls had the start location recorded in 
the fishing log in the same statistical area as recorded by EM (both EM reviewers 
and captains were instructed to record the area fished based on the haul start 
position). Of these, 13 hauls occurred across two statistical areas and the fishing 
log area corresponded to the area where the haul ended rather than where it 
started. For the remaining nine hauls, the statistical area recorded in the fishing 
log did not match the positional data recorded in the fishing log or EM. Only one 
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of the incorrect hauls was due to a difference in the fishing log and EM positional 
data, with a difference of 1.94 nm for the haul start. 

 The statistical area fished was not recorded in the fishing log for 16, 38 and 32 
hauls for vessels A, B, and C, respectively. This represented 21%, 31% and 49% of 
the total hauls for vessels A, B, and C, respectively. 

Fishing logs area fished for the compliance trial was correct for 13 of the 20 
comparable hauls, of which all 9 hauls for Vessel D were correct (Table 14). For 
Vessel C, the areas fished for 4 of the 11 comparable hauls were correct, but no 
area was recorded in the fishing log for the remaining 7 hauls.   
Table 13: EM to fishing log comparisons for the mean haul start/end positions differences (nm) and mean 
start/end time difference (minutes) for all hauls that had location or time entered in the fishing log. 

  
Position Difference (nm) Time Difference (minutes) 

 

Total 
Hauls Start  End  Start End  

Audit Trial n 
Mean 

Difference n 
Mean 

Difference n 
Mean 

Difference n 
Mean 

Difference 
Vessel A 77 73 0.36 74 0.09 74 3.64 73 4.43 
Vessel B 124 121 1.21 120 0.54 122 45.43 122 38.91 
Vessel C 65 35 1.93 35 3.36 35 8.38 35 51.79 

Compliance Trial     
  

    
  Vessel C 11 10 0.13 11 0.1 11 13.09 11 4.09 

Vessel D 9 9 0.08 9 0.19 9 1.33 9 1.22 
 
Table 14: EM to fishing log comparisons by statistical area of fishing activity for both trials. When EM and 
fishing log were the same the fishing log was considered correct, and when they were different it was 
considered incorrect. 

Vessel 
Total 
Hauls 

No Log 
Area 

Recorded 

Total Comparable 
Hauls 

Correct  Incorrect  
Audit Trial       

Vessel A 77 16 49 12 
Vessel B 124 41 73 10 

Vessel C 65 32 33 0 

Total 266 89 155 22 

Compliance Trial       

Vessel C 11 7 4 0 
Vessel D 9 0 9 0 

Total 20 7 13 0 
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2.3.3 Audit Approach  
2.3.3.1 EM and Log Catch Comparisons 

Overall, there was consistent catch underestimation by fishing logs in all tests. 
The slope (b) ranged from 0.269 to 0.936 but was always less than 1.0 (Table 15). 
For example in Test 1-Vessel A, the slope is 0.31, therefore (given the low 
intercept value) the fishing logs estimates tended to be only 31% of EM estimate 
of piece counts (Figure 10 and Table 15). Note the points lie consistently below 
the reference 1:1 line. Not surprisingly the absolute variance tended to increase 
with the amount of catch in all tests (Figure 10 to Figure 12). 
Table 15: Results from fishing log to EM catch comparisons tests across all tests for Vessel A and B for the 
audit trial. Vessel C was not included because there was insufficient data for comparison (11 comparable 
hauls with reported discards by EM and fishing log). Tests were only conducted when there were more 
than 14 comparisons. 

Test Figure 
Catch 
Form Vessel Species groups 

Number of 
Comparisons 

(n) Slope  Intercept  R2 

1 10 
Piece 

Counts 

A All species 66 0.315 37.05 0.38 

B All species 104 0.794 -0.41 0.88 

10 Weight 

A All species 65 0.269 10.46 0.36 

B All species 82 0.797 8.19 0.89 

2 11 
Piece 

Counts A 

Flounder species 149 0.454 8.54 0.62 

Other species 53 0 0.55 0 

11 
Piece 

Counts B 

Flounder species 239 0.909 4.03 0.95 

Other species 100 0.497 1.52 0.57 

3 

12-A 

Piece 
Counts A 

Winter flounder 64 0.502 4.56 0.66 

12-B Red/White Hake 38 0 n/a n/a 

12-C Yellowtail flounder 14 0 n/a n/a 

12-D Windowpane Flounder 66 0.381 23.7 0.41 

12-E Ocean Pout 15 0.894 0.346 0.66 

12-A 

Piece 
Counts B 

Winter flounder 91 0.719 0.512 0.92 

12-B Red/White Hake 92 0.495 1.73 0.56 

12-C Yellowtail flounder 40 0.66 0.75 0.9 

12-D Windowpane Flounder 104 0.936 9.15 0.93 

4 
13 

Weight 
A 

Windowpane Flounder 
and Winter Flounder 24 0.495 3.1 0.87 

13 B 

Ocean Pout, 
Windowpane Flounder 
and Winter Flounder 45 0.778 0.03 0.98 

 

Vessel A results indicated a larger underestimation bias than those for Vessel B 
for all tests (Table 15). Vessel C did not have enough data for the tests and 
therefore was not included in the catch comparisons. Tests 2 and 3 indicated that 
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bias and precision improved with broader species groupings as compared to 
estimating individual species (Figure 11 vs. Figure 12).  

Windowpane and Winter Flounder were least biased for Vessel B, but remained 
poor for Vessel A (Table 15 and Figure 12). For Red/White Hake or Yellowtail 
Flounder, the slope indicates 0 for Vessel A because there were no associated 
piece counts recorded in the fishing logs. 

It is worth noting that some tests could be expected to have poor results (Test 3 
and Figure 12), because captains were only required to record White Hake (some 
chose to record other species) whereas EM reviewers used the general "Hake, nk" 
category. The large differences for both day-trawl vessels is likely due to the fact 
that Red and White Hake could not be distinguished by the EM reviewers so the 
two species were grouped together while the captains were only required to 
document White Hake because Red Hake is not a groundfish managed species, 
although some recorded both species. 

In examining the importance of piece counts on weight comparisons (Test 4), the 
bias and precision improved in cases where piece counts matched within 10% 
(Table 15 and Figure 13) as when compared to all hauls (Figure 10). While these 
results are not surprising, they serve as demonstration of the importance of 
accurate piece counts by both EM and fishing logs when used for weight 
comparison in an audit trial. 

 
Figure 10: Fishing log to EM total piece count (left) and weight (right) comparisons by haul for the two 
day-trawl vessels (Vessel A and B) in the audit trial. Sample size represents the number of comparable 
hauls for EM to fishing log piece counts and weights. The dashed line is the 1:1 line. 
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Figure 11: Fishing log to EM piece count comparisons for Vessel A (left) and Vessel B (right) for flounder 
species and other species. Flounder species includes; Winter Flounder, Yellowtail Flounder, Windowpane 
Flounder, American Plaice Flounder and Witch Flounder. Other species includes Ocean Pout, Red/White 
Hake and Atlantic Cod. Trend lines represent linear regression fits for each vessel.  
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Figure 12: Fishing log to EM piece count comparisons for Vessel A and Vessel B by species for: A. Winter 
Flounder, B. Red/White Hake, C. Yellowtail Flounder, D. Windowpane Flounder and E. Ocean Pout. Trend 
lines represent linear regressions for each vessel. 
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Figure 13: Fishing log to EM weight comparisons for Vessel A and Vessel B for Windowpane Flounder and 
Winter Flounder for Vessel A and Ocean Pout (Vessel B only). Trend lines represent linear regressions for 
each vessel, and sample size is the number of comparable hauls within 10% difference by piece count. 

The overall results of the comparison between EM and fisher logs piece counts 
are summarized in Table 16. This provides a clearer picture of the scale of the 
underestimation bias. The previous figures showed that the bias was present 
throughout the trials and not the result of a few underestimated large catches.  
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Table 16: EM and fishing log comparisons of total piece counts and weight estimates (lbs) by species 
groups for Vessel A, B, and C for species that were observed by at least one method. Difference is EM 
minus the fishing log count or weight. 

Vessel A  Piece Count Weight (lbs) 

 Species  Comparisons EM Log Difference Comparisons EM Log Difference 

 American Plaice Flounder  3 3 - 3 1 0 0 0 

 Ocean Pout  15 36 27 9 3 16 15 1 

 Red/White Hake  38 566 - 566 - - - - 

Windowpane Flounder  66 8,376 4,757 3,619 64 4,861 1,873 2,988 

 Winter Flounder  64 1,163 877 286 61 699 300 399 

 Witch Flounder  2 2 - 2 2 2 - 2 

 Yellowtail Flounder  14 58 - 58 11 28 - 28 

 Total 202 10,204 5,661 4,543 142 5,606 2,188 3,418 

 Vessel B  Piece Count Weight (lbs) 

 Species  Comparisons EM Log Difference Comparisons EM Log Difference 

 American Plaice Flounder  4 6 - 6 5 2 0 2 

 Atlantic Cod  1 1 - 1 - - - - 

 Ocean Pout  7 7 2 5 3 3 2 1 

 Red/White Hake  92 2,895 1,595 1,300 - - - - 

Windowpane Flounder  104 12,303 10,574 1,729 79 5,710 4,035 1,675 

 Winter Flounder  91 1,423 1,071 352 72 814 510 304 

 Yellowtail Flounder  40 351 204 147 20 80 51 30 

 Total 339 16,986 13,446 3,540 179 6,609 4,598 2,012 

 Vessel C  Piece Count Weight (lbs) 

 Species  Comparisons EM Log Difference Comparisons EM Log Difference 

 American Plaice Flounder  3 5 6 -1 3 4 6 -2 

 Atlantic Cod  6 9 9 0 4 18 6 12 

 Atlantic Halibut  3 5 2 3 - - - - 

 Atlantic Wolffish  1 - 1 -1 1 - 5 -5 

 Haddock  1 1 1 0 1 - 5 -5 

 Yellowtail Flounder  3 1 2 -1 1 - 1 -1 

 Total 17 21 21 - 10 22 23 -1 

 

2.3.3.2 Reviewer Feedback 
Reviewer feedback regarding the onboard methodology compliance during the 
audit trial identified 58 hauls during which non-control point discards occurred, 
of which 57 came from Vessels A and B. Reviewers identified 61 and 96 hauls for 
Vessels A and B respectively, in which groundfish managed species were not 
fully sorted by the crew. Catch removed from the camera view was noted in only 
three hauls across Vessel B and C. Vessel C only had one haul identified where 



Phase III Final Report 
New England Electronic Monitoring Project | August 2014 
 

Page 64  © 2014 ARCHIPELAGO MARINE RESEARCH LTD. 

non control point discards were observed and one haul where catch was 
removed from view (Table 17).  
Table 17: Summary of feedback from imagery review for use of onboard methodologies for each of the 
participating vessels in the audit trial.  

Vessel Hauls Non-Control 
Point 

Not 
Sorted 

Removed 
From View No Issues 

Vessel A 71 26 61 0 4 
Vessel B 111 31 96 2 7 
Vessel C 63 1 n/a 1 61 

Total 245 58 157 3 72 
Note: The totals do not represent unique hauls because more than one type of feedback may 
have been provided during a single haul. 

Length Measurement 
For vessels A, B and C, 57.3%, 79.4%, and 6.1%, respectively, of the discarded 
groundfish managed species were measured using the length measurement tool 
during imagery review (Table 18). This amounted to 70.4% of the total discarded 
groundfish managed species across all three vessels. Vessel C had the highest 
percent of discarded groundfish managed species that were not measured at 
93.9%, however due to the low volume of reported discards for Vessel C this 
only amounted to 115 pieces. Damaged fish was the most common reason 
(71.3%) that discarded groundfish managed species could not be measured for 
Vessel C (Table 18). Discard en masse accounted for 23.5% of the not-measured 
discarded groundfish managed species for Vessel A. For Vessel B, reduced image 
quality accounted for 9% of the 20.6% discarded groundfish managed species 
that were not measured (Table 18). 
Table 18: Summary of feedback from imagery review (include high medium and low quality imagery) of 
the fate (disposition) of discarded catch by percent of total piece counts for each of the participating 
vessels and processed hauls in the audit trial. 

 Vessel A Vessel B Vessel C 

Measured Total (%) 57.3 79.4 6.1 

Not Measured by Category 
Chute Interference 0.7 0.2 0.0 
Discard En Masse 23.5 4.8 0.0 
Curled 6.8 4.8 0.9 
Damaged 0.3 0.4 71.3 
Human Interference 0.0 0.0 0.0 
Poor Image Quality 8.3 9.0 13.0 
Missing Frame 0.1 0.0 0.0 
Outside Grid 2.5 0.8 0.9 
Other 0.5 0.5 7.8 

Not Measured Total (%) 42.7 20.5 93.9 



Phase III Final Report  
New England Electronic Monitoring Project | August 2014 

 

© 2014 ARCHIPELAGO MARINE RESEARCH LTD.  Page 65 

2.3.3.3 Review Ratio: Audit Approach 
It required 343 hours to review 206 hours of fishing activity across the two day-
trawl vessels for a review ratio of 1.66. Whereas the review ratio was only 0.50 
(33 hours/67 hours) for the gillnet vessel or about 1/3 that of the two trawl vessels 
(Table 19). The mean review time of one haul was 1.9 hours for trawl hauls and 
0.5 hours for gillnet hauls.  
Table 19: Total imagery duration (hours), imagery review time (hours), and imagery review ratios (the 
total review hours divided by the total duration imagery duration) by vessel and gear type for the audit 
trial.  Note that this table does not include the haul classified as unusable. 

 

Total 
Imagery 
Duration 

Imagery 
Review 

Time 
Review 
Ratio 

Mean 
Ratio 

Standard 
Dev 

Number 
of Hauls 

Day-
Trawl              

Vessel A 88.97 157.33 1.77 1.87 0.84 70 
Vessel B 116.98 185.25 1.58 1.60 0.57 111 
Total 
Trawl 205.95 342.58 1.66 1.70 0.70 181 

Gillnet 
      Vessel C 67.11 33.48 0.50 0.51 0.24 63 

 

2.3.3.4 Reviewer Comparisons 
The first set of comparisons among reviewers was highly variable for piece 
counts among species and among species groups (Table 20). Haul 1 piece counts 
of Windowpane Flounder were consistent among reviewers (roughly 84 pieces) 
whereas the piece counts of flounder, nk were highly variable (from 1 to 41; 
Table 20). 
Table 20: Piece counts by species groups for all four reviewers for Haul 1 and 2 from Vessel A.  

Vessel A Haul 1 Haul 2  
Event 1 R1 R2 R3 R4 R1 R2 R3 R4 
Flounder, American Plaice 1 0 0 0 1 0 0 0 
Flounder, Windowpane 81 85 82 86 87 39 75 137 
Flounder, Winter 13 8 17 15 6 2 11 8 
Flounder, Witch 4 0 0 0 0 0 0 0 
Flounder, Yellowtail 0 9 0 0 1 2 0 0 
Flounder, nk 14 1 41 2 45 87 83 11 
Total Flounder 113 103 140 103 140 130 169 156 
Red/White Hake 0 1 0 1 0 0 0 2 
Other 0 0 0 0 2 3 2 2 
Total Piece Count 113 104 140 104 142 133 171 160 
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The second set of comparisons were less variable among total flounder species 
(Table 21), with the exception of Reviewer 3, who identified more catch to 
flounder, nk than the other reviewers. When reviewing Haul 3, the count that 
Reviewer 1 provided for Hake was roughly half that of other reviewers (Table 
21). 
Table 21: Piece counts by species groups for all four reviewers for Haul 3 and 4 from Vessel B.  

Vessel B Haul 3 Haul 4 
Event 3 R1 R2 R3 R4 R1 R2 R3 R4 
Flounder, Fourspot 68 78 3 84 83 90 0 94 
Flounder, Windowpane 321 317 314 324 314 316 309 318 
Flounder, Summer 1 1 0 2 43 46 46 51 
Flounder, Winter 62 67 65 71 27 27 28 31 
Flounder, nk 21 8 83 0 10 10 88 2 
Total Flounder 473 471 465 481 477 489 471 496 
Hake 80 158 197 162 38 49 54 41 
Other 1 0 0 0 0 0 0 0 
Total Piece Count 554 629 662 643 515 538 525 537 

 

2.3.4 Compliance Approach  
2.3.4.1 EM Log Catch Comparisons 

The compliance trial comparisons focused on detection of non-allowable discards 
while at sea (Table 22). EM reviewers did not observe any incidents of codend 
tripping, or catch discarding outside of specific haul catch handling in any of the 
trips. EM reported seven non-allowable discard events while at sea for Vessel C, 
one of which the captain reported in the fishing log. EM review revealed 15 non-
allowable discarded catch items across the five monitored trips for Vessel C 
(Table 22). EM reviewers did not detect any non-allowable catch discarding for 
Vessel D during the three monitored trips.  
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Table 22: EM to fishing log comparisons for non-allowable discards for Vessel C for five trips. All non-
allowable discards were recorded by piece counts in the fishing log and EM data. 

Species EM Piece 
Count 

Log Piece 
Count 

Monkfish 3 0 
Sea Raven 2 0 
Dogfish, nk 5 0 
Hake, nk 2 0 
Lumpfish 1 1 
Starfish, Seastar, nk 1 0 
Crab, nk 1 0 

Total 15 1 
Note: EM did not detect any non-allowable discards by Vessel D. 

EM and fishing logs agreed on the presence or absence of a given species for 115 
of the 129 comparisons and did not agree for 14 of them across both vessels 
(Table 23). In most cases, captains were able to track dockside discards using the 
fishing logs. 
Table 23: Catch comparisons of EM and fishing log allowable discards. Comparisons were done for each 
catch type and haul. EM+/Log – indicates that EM detected the catch but it was not recorded in the log, 
whereas EM- /log + indicates that EM did not detect the catch, but it was recorded in the fishing log. 

Vessel Trips Hauls Catch Type 
Number of hauls in 

agreement 
Number of hauls in 

disagreement 
Present Absent EM +/Log - EM - /Log + 

Vessel C 5 11 Barndoor Skate 3 4 0 4 
Other Skate 10 0 1 0 
Mammals 0 7 4 0 
Atlantic Halibut 0 10 0 1 
Lobster 2 8 1 0 
Large Debris 0 11 0 0 

Vessel D 3 9 Barndoor Skate 0 8 1 0 
Other Skate 9 0 0 0 
Mammals 0 9 0 0 
Atlantic Halibut 1 8 0 0 
Lobster 9 0 0 0 
Large Debris 0 8 1 0 

   Torpedo Ray 0 8 0 1 
Total 8 20  34 81 8 6 

 

2.3.4.2 Reviewer Feedback 
Reviewer feedback regarding the onboard methodology compliance from 
imagery review for Vessel C identified two trips with non-control point discards 
and two trips where the crew removed catch from camera view (Table 24). Vessel 
D had no events identified as non-compliant with predefined onboard 
methodologies. 
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Table 24: Summary of reviewer feedback from imagery review for the use of onboard methodologies by 
trip for each of the participating vessels. 

Vessel  Non Control 
Point Not Sorted Removed 

From View 
Vessel C 2 0 2 
Vessel D 0 0 0 

Total 2 0 2 

 

EM reviewers documented discarded catch items, discarded damaged catch 
items and items that were removed from camera view.  Vessel C, the gillnet 
vessel, recorded fewer discards than Vessel D. Vessel C had 164 pieces of catch 
recorded as removed from camera view, meaning that the EM reviewer could 
not determine whether the piece was retained or discarded. Only nine damaged 
discards were observed between the two vessels, all of which occurred on Vessel 
C (Table 25). 
Table 25: Summary of the fate of catch by total piece counts identified during imagery review. Note that 
only the categories listed below were used and retained catch was not documented by EM. 

Vessel Discarded Damaged Removed from Camera View 
Vessel C 27 9 164 
Vessel D 500 0 0 

Total 527 9 164 

 

Monkfish accounted for the largest number of pieces removed from camera view 
for Vessel C (Table 26). In addition to Monkfish, American Lobster, crab and 
skate made up the four most common catch items that were removed from view. 
These catch items were moved out of view due to the lack of an overall deck 
camera (not included at the captain’s request due to privacy concerns). The only 
groundfish managed species that were removed from view include one Hake, nk 
(not confirmed to be White Hake), and one Atlantic Cod. 
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Table 26: Summary of species and species groups identified as removed from view during imagery review 
for Vessel C. Note, this was not recorded in the fishing logbook. 

Species Groups 
EM Piece Count 
Removed from 
Camera View 

Monkfish (Angler, Goosefish) 72 
Skate, nk 30 
Crab, nk 1 
Crab, Cancer, nk 19 
Hake, nk 1 
Cod, Atlantic 1 
Fish, nk 8 
Lobster, American 31 
Dogfish, Spiny 1 

Total 164 

 

2.3.4.3 Review Ratio: Compliance Approach 
Mean review ratios by trip were similar between the two vessels in the 
compliance trial at 0.48 and 0.36 for gillnet Vessel C and trawl Vessel D, 
respectively (Table 27). The mean review time of one trip was 2.5 hours for trawl 
trips and 2.2 hours for gillnet trips. 
Table 27: Imagery review duration per trip (hours), imagery review time (hours), and review ratios for 
each of the vessels for the compliance trial. 

Vessel Imagery Duration 
by Trip 

Imagery Review 
Time 

Review 
Ratio 

Vessel C 7.1 5.0 0.70 

 5.3 1.6 0.30 

 3.3 2.5 0.76 

 3.1 1.3 0.42 

 7.0 2.0 0.29 
Vessel C Total 25.8 12.4 0.48 

Vessel D 6.3 2.3 0.37 

 6.3 2.3 0.37 

 5.5 2.0 0.36 
Vessel D Total 18.1 6.6 0.36 

 

2.3.4.4 Dockside Monitoring 
Dockside monitors collected offload catch data for all dockside discards during 
offloads for the eight compliance trial trips (Table 28) (see Appendix F). Vessel 
C’s dockside discards ranged from 8 to 84 lbs per offload and Vessel D’s 
dockside discards ranged from 90 to 553 lbs per offload (Table 28). Vessel C had 
few discards due to the fact that it was fishing with large mesh gillnet and 
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targeting monkfish. For both vessels, additional catch that was landed for this 
trial included other fish species (e.g., Fourspot Flounder, Longhorn Sculpin and 
Sea Raven) and non-fish species (e.g., sponge, rock crab, scallops, starfish). 
Table 28: Range of landed dockside discard weights (lbs) by catch type by trip for Vessel C and D.  

 
Vessel C Vessel D 

Catch Type Range  (lbs) Range (lbs)  
Trip Limited 0-28 0 
Prohibited* 0 3-11 
ACE 0-15 22-49 
Other fish 7-72 27-116 
Non-fish 0-12 8-385 
Debris 0 0-5 
Total Dockside Discards 8-84 90-553 

* DSM data included Windowpane Flounder. Note that Windowpane Flounder and Ocean Pout, 
although usually prohibited, were required to be landed for the compliance trial. 

The dockside monitor took between 0.2 and 1.2 hours to complete catch 
processing per trip (Table 29). Vessel C’s catch processing times were consistent 
with a mean time of 0.24 hours. Vessel D’s catch processing times were longer 
with a mean time of 1.07 hours due to higher catch volumes. This translates to 0.3 
minutes of DSM sampling per pound of dockside discards for Vessel C and 0.1 
minutes per pound of dockside discards for Vessel D, not including travel and 
waiting time. 
Table 29: Summary of travel, wait time and catch processing time (hours) associated with dockside 
monitoring services. DSM catch processing refers only to dockside discards. Numbers in parentheses 
represent the standard deviation. 

Vessel 
Gear 
Type 

Trip 
Number 

DSM Travel 
Time to 

Dock 

Wait Time 
for Vessel 

to Land 

DSM Catch 
Processing 

Time 

Dockside 
Discards (lbs) 

Vessel C Gillnet 1 5.5 0.5 0.2 76 

  
2 5 0.5 0.3 84 

  
3 5.5 0.5 0.2 23 

  
4 4.5 0.5 0.2 19 

  
5 3 1 0.3 16 

Mean     4.7 (±1.03) 0.6 (±0.22) 0.24 (±0.05) 43.6 (±33.44) 
Vessel D Trawl 1 2 0 1 200 

  
2 2.5 0.25 1.2 317 

  
3 2.5 0.75 1 1032 

Mean     2.33 (±0.28) 0.33 (±0.38) 1.07 (±0.11) 516.3 (±450.4) 
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2.3.5 Captain Exit Interviews 
Below is an aggregated summary prepared by FSB of the responses to the exit 
interviews. 

Have you had any issues with the equipment? Do you think it is reliable? 

Some participants had issues with the equipment and a few had no issues at all. 
The participants who had issues noted they improved over time. The range of 
issues reported included: power issues (vessel needed a new alternator, power 
surges, vessels with insufficient power to support EM, and alternating current 
that interrupted power to the control box), the need to repair and switch out 
control boxes due to malfunctioning systems, camera issues (camera module 
failure, cameras with static blue screens with no video recording due to internal 
component malfunctioning), GPS failure, low voltage readings related to power 
supply issues, software glitches associated with software upgrades or the 
switching out of control boxes, hydraulic sensor failure, VMS interference, and 
poor video quality when fishing at night. One participant stated there is a 
learning curve to the system but overall it was more user-friendly than other 
electronic reporting technologies. One participant liked that it was easy to run on 
a daily basis. 

Most participants thought the equipment was reliable but a minority did not 
agree due to problems with the main control box which had to be replaced 
frequently. One participant noted the equipment is reliable except for minor 
adjustments and another said there should be a “shakedown” (e.g., adjustment 
or trial period) period if EM is implemented where the boat is provided time to 
work out any equipment issues. Another participant suggested a more durable 
housing unit for the cameras.  

What kind of data would you like to see included in the report? 

Participants would like to see how other data reporting systems (e.g., eVTR) or 
gear information (door sensors, etc.) could be incorporated into the system to 
reduce duplicate reporting. Participants were interested in comparisons of data 
at both the trip and haul level. In addition, comparisons of the captain’s discard 
estimates (visual or scale) to EM discard weight estimates and if there was noted 
improvement overtime. Participants were interested in the percent of accuracy in 
identification of catch to the stock/species level and wanted to know which 
species were unidentifiable. Participants noted that higher catch volumes 
resulted in more time and effort for crew to track discards (e.g., catch handling). 
Participants who experienced radio frequency interference issues with the EM 
system and Skymate Vessel Monitoring Systems (VMS) were interested in 
additional information on interference and mitigating measures. 

A majority of participants wanted cost estimates (specific to vessel size, gear 
type, fishery) for an operational program in order to compare program costs 
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between programs (ASM and EM). In addition, identifying data needs and 
program requirements (for sector managers) was a primary request. Participants 
were interested in EM program requirements including, level or rate of necessary 
coverage, percent of video review required, and if there is flexibility to alternate 
between EM and ASM/NEFOP coverage throughout the year. 

Would you recommend EM to other fishermen? 

Most participants would recommend EM to other fishermen for groundfish and 
non-groundfish trips and smaller vessels, but have reservations if EM is more 
cost effective than an observer. Several participants thought the EM system was 
excellent, they liked it, adjusted to it well, liked the authentication EM provided, 
thought EM was a good idea, made more sense than putting a human observer 
onboard (safety concern associated with humans), and felt that EM was the best 
monitoring option (with no concerns around the accuracy of the system). 
Participants felt there was less conflict with EM and had no concerns for the 
treatment of their property compared to observers. One participant said they 
would only recommend EM if it was cheaper and produced good data. One 
fisherman stated that EM was a simple system and it was a matter of engaging 
the right people to accept and use EM. The participants found EM easier to plan 
around and more suited to the realities and nature of fishing.  

One participant would not recommend EM because the project developed a poor 
reputation, not on its own merits but in combination with other political and 
logistical issues taking place in the Northeast simultaneously (quotas, observer 
coverage etc.). One participant stated that he tried to recommend EM to other 
fishermen but was told it was too much like “Big Brother.” Participants noted the 
industry would be more receptive to EM if funding of monitoring costs shifted 
from the government to the industry. 

Do you feel EM could sufficiently meet monitoring needs? 

All participants felt that EM could sufficiently meet monitoring goals and 
indicated that some boats may need at least 5 cameras to capture everything. 
Participants commented that the cameras capture everything and are not biased. 
One participant thought the cameras could do better than observers in many 
cases with no gaps in coverage but the technology should keep up with 
improvements in the field, such as implementation of automated species 
identification.  

If EM is approved, would you use it? 

All participants answered yes and one commented that he would use EM only if 
he did not have to take observers (ASMs) as often. One fisherman said he would 
use EM even if it was slightly more expensive than observers. 
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2.4 Discussion 
In the audit trial, current retention regulations were left in effect. Captains were 
asked to record haul details including date and time, location, piece count, and 
weight of discarded groundfish managed species. EM reviewers created a 
parallel version of the same information from EM data for comparison. A similar 
comparison was made in the compliance trial, except additional catch was 
retained and EM reviewers documented when at-sea discarding occurred but did 
not estimate the amount discarded, and DSMs sampled dockside discards when 
the vessel landed. We discuss the results below. 

2.4.1 Operational Performance 
2.4.1.1 EM System Performance 

Data collection success within trips for the Phase III field trials was >99% 
indicating overall good EM system performance. Complete imagery data was 
collected for 93% of hauls. Incomplete hauls were mostly caused by incorrect set-
up of the EM software imagery triggers for this vessel at the start of the program, 
followed by power loss to the EM system or the vessel returning to port before 
catch processing was complete, which caused the EM system to stop recording.  

In general captains did a good job at keeping the EM systems powered during 
the entire fishing trip although some forgot to turn on their EM system when 
they left port or turned it off part way through the transit back to port. In one 
case, the EM system was powered down to avoid EM interference between the 
EM system and the Skymate™ VMS on Vessel C, which caused a 1.2 hour time 
gap.  

Interference between the EM system and Skymate™ VMS had been observed on 
three other vessels during previous phases of the study and, with the exception 
of one vessel, the issue was addressed successfully by a combination of re-
routing EM cables to be away from VMS cables (at least 30 cm apart), 
repositioning the GPS away from the VMS antenna and/or shielding the EM 
system. For future work involving EM on vessels using VMS it would be ideal to 
ensure that EM systems meet radio communication standards compatible with 
the standards currently in place for bridge equipment deployed in a protected 
environment. For example, one of the considerations when moving forward with 
the next generation of the Archipelago EM equipment this year was to secure BS 
EN 60945 certification, which includes a series of stringent radio interference, 
temperature, and shake and vibration tests.   

During exit interviews, the majority of fishers that participated throughout the 
three phases of the study found the equipment to be user-friendly and reliable. 
Some respondents suggested the need for a trial or probation period at the onset 
to allow users to become familiar with the systems. Some fishers mentioned the 
challenge of providing sufficient power and failure of system components, 
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although most of these were resolved through ongoing communication with the 
project staff. 

2.4.1.2 Onboard Methodology 
An important aspect of an EM program is to ensure that captains maintain the 
systems as planned. In general, fishers followed the onboard methodologies but 
there was discrepancy among vessels. In one instance, the degree of adherence to 
defined onboard methodologies varied between the two trials on the same 
vessel.  

The participating trawl vessels all used conveyors for handling and sorting catch. 
This arrangement may have helped as it confines most of the catch sorting to a 
single area, but some discarding did occur outside of the defined control points 
(i.e., during regular operations, some catch sorting still occurs in the checker pen 
area). Vessels that do not use conveyors were not part of the study, and may 
have different results due to the differences in catch handling. On either type of 
vessel, it is reasonable to assume that catch handling would need to be defined in 
a VMP to ensure it is aligned with EM data processing. 

Vessel C, a gillnet vessel, followed the defined onboard methodologies well 
during the audit trial but less so during the compliance trial. During the 
compliance trial, imagery recording was continuous until the return to port after 
the first haul, which led the captain of Vessel C to ask that the camera be moved 
to protect crew privacy. This resulted in the loss of a view of catch handling. In 
addition, the captain was concerned with retaining sub-legal catch items from a 
conservation perspective which led to several instances of non-allowable 
discarding.  Receptiveness to the requirements of any given trial is an important 
consideration in the development of an operational program.  This example also 
reflects the need for cooperative development of the design. 

Overall, vessels documented 78 of 99 trip departures and 89 of 99 trip returns for 
both trials (Table 10), but results varied among vessels. One vessel captured only 
46% of departures while others were able to capture 100% of departures. Missing 
data resulted from crew powering the EM system on after the vessel had left the 
dock or off before returning to port was usually due to simply forgetting to 
switch the system on, and remembering before the first fishing event. The on/off 
action can be automated with engine sensors that are available at minimal 
additional cost as part of the EM system, but were not available at the time of the 
trial. 

Providing feedback is extremely important for modifying behaviour and 
improving compliance with catch handling protocols. The development of 
onboard methodologies and self-reporting is challenging and it takes time for 
fishers to develop practices and habits to support the trial. An example of 
successful communication was when the captain of Vessel B met FSB staff during 
the audit trial and processed the vessel’s data. Subsequently there were marked 
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improvements in compliance with onboard methodologies and piece count 
comparisons. 

Furthermore, communication should not be one-way, but rather a two-way 
conversation between program staff and captains to help speed up the period of 
adjustment. For example, in one case the feedback to captains was that they 
should separate groundfish managed from other species prior to discarding to 
assist reviewing during the audit trial. However, crew found it difficult to 
comply with this while completing other fishing duties. Captains reported that 
some specimens, particularly small Windowpane Flounder, were often covered 
on the conveyor belt by specimens from other, larger, species (such as skate) and 
were not detected by the crew. Collaborative work with captains should lead to 
the development of novel onboard methodologies that improve both review 
times and fishing log data. While it can be assumed that it will take time for a re-
designed new monitoring program to mature, it is difficult to predict the length 
of that period. However, this period will be dependent on the level of acceptance 
in the fleet, which in turn is determined by how well the program meets their 
needs. Additional discussion on program maturity is provided in section 3.2.1. 

At the end of the trial, captains indicated that although modifying their catch 
handling increased processing time they considered it achievable. Given the 
short timeframe of the trials, underreporting bias of fishing logs should not be 
interpreted to mean that self-reporting is not possible. It is important to note that 
accurate self-reporting is difficult and takes time to develop. In the BC HL 
experiences, self-reporting improved dramatically once captains started 
receiving feedback in an operational program in a context that provided 
incentives for accurate recording. 

2.4.1.3 Imagery Quality and Review Time 
Several factors affected the imagery review time including the amount of target 
catch in a haul, the amount of bycatch, the catch composition and the catch 
handling practices. For example, in the audit trial, day-trawl vessels typically 
processed higher volumes of catch during a single haul relative to the gillnet 
vessel, which resulted in higher review ratios. It is important to note, however, 
that the participating gillnet vessel (Vessel C) was fishing for monkfish with a 
larger mesh size than is typically used in the fishery and therefore the volume of 
catch and species mix is not representative of that fleet. 

Crew compliance with onboard methodologies (i.e., use of control points, 
removing catch from view, discarding en masse, etc.) affected the reviewers’ 
ability to document catch efficiently. Based on feedback from the reviewers, 
when crew did not comply with the use of control points it was difficult for the 
reviewer to determine the utilization of catch. Camera views and catch-handling 
protocols were set up to ensure that all catch was identifiable and visible to EM 
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reviewers. When catch handling protocols were not followed, reviewers required 
additional time to track fish between camera views.  

During the compliance trial, reviewers identified catch removed from camera 
view to species or species groups and provided a piece count. The ability to 
identify catch when it is removed from camera view is not sufficient information 
on its own for accurate accounting of quota. If the crew removes catch from view, 
some assumptions need to be made regarding the fate of the catch. In an 
operational program, incentives to encourage catch handling within view of the 
camera are essential. For example, in the BC groundfish HL fishery, if a fish 
moves out of camera view, the EM reviewer assumes that the fisher retains it. In 
this case, if catch is assumed retained, but actually discarded, there will be a 
discrepancy in the EM, log and dockside comparisons, resulting in increased 
review (and associated cost) for the fisher. 

In an operational program, there are various mechanisms that can be used to 
decrease review time through improved imagery; these mechanisms include 
feedback such as was used in these trials and incentives for compliance, which 
were not used in these voluntary trials. Rules must be defined that dictate 
consequences for non-compliance with catch handling procedures. These rules 
can include fees or fines for non-compliance and/or incentives for compliance. 
For example, in the BC groundfish HL fishery, fishers pay for review time so 
they have a financial incentive to ensure compliance with catch handling to make 
reviewing easy and efficient. Additionally, the review times associated with each 
gear type and trial in combination with the necessary catch handling 
requirements should be considered in the development of an operational 
program. 

Finally, low image quality increased the review time as it became more difficult 
to identify and measure the discarded groundfish managed species. Poor camera 
angles and sun glare were common causes for reduced image quality across all 
three vessels. Specific requirements can be defined that the captain must follow 
(e.g. regular camera cleaning) in an operational program, which greatly improve 
quality of imagery. It is important to recognize that it is not feasible to expect the 
systems to capture only high quality imagery, given the working environment, 
but the incentive structures of the program can be designed to help minimize the 
frequency of poor and unusable imagery and ensure that it does not bias the data 
set (i.e., occurs randomly and infrequently) and resulting information. Further 
discussion will be required to define the acceptable tolerance level and associated 
risk for medium to low quality imagery. 

2.4.1.4 Data Turnaround and Retrievals 
The data turnaround time in the audit trial was 20 days or less for 89% of the 
trips, with a minimum of three days. The turnaround in the compliance trial 
ranged from two to 11 days. The difference between the two trials is that at the 
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start of the audit trial, there was a backlog of data due to project staff time being 
spent on the operational aspects of the trial. In addition, the compliance trial had 
a much lower volume of data due to the timing of the fishing season and 
reviewers were available to process data as soon as it was received. Finally, in 
the audit trial, EM data retrievals did not occur on Friday through Sunday due to 
staff limitations; however, during the compliance trial data retrievals coincided 
with DSM work and took place on the day of landing. 

The availability of staff for data analysis throughout the project was the single 
biggest influence in turnaround time. The four imagery reviewers (at both 
Archipelago and FSB) assigned to the project had competing priorities. During 
the first eight weeks of the audit trial, it was unrealistic for four imagery 
reviewers working part time on the project to clear the backlog of data. This 
demonstrates the importance not only of having sufficient dedicated staff and 
resources when scaled to a larger operational program, but flexibility in staffing 
levels to cope with the seasonality of the fisheries. 

To put in into perspective, it took about 5.7 hours to review a trawl trip under the 
audit trial (average of three hauls per trip at 1.9 hour review per haul) and 2.5 
hours to review a trawl trip under the compliance trial. In an operational 
program the effort would scale differently as it did in the trial since only 10% of 
the hauls (audit trial), or trips (compliance trial), would be processed. 

Several other factors, which would not be present in an operational setting, 
increased the turnaround time in the trials. These include the time zone 
differences between FSB and Archipelago and the time it took to transfer files 
between FSB and Archipelago. Both of these could be eliminated in an 
operational program.  

The geographic distance between technical staff home base and port, as well as 
challenges of coordinating retrievals over weekends also slowed the process. 
This could be solved in an operational program by integrating calls for EM data 
retrievals into the existing hail program, as is done in the BC groundfish HL 
fishery. 

The trials indicate that turnaround times can be improved with sufficient and 
flexible staffing levels, well-defined timelines and requirements, and incentives. 
The key issue in timely data processing is providing sufficient staff. In BC, 
Archipelago provides the EM and DSM services for the BC hook-and-line fishery 
and issues trip reports that incorporate EM, DSM, and fishing log data to fishers 
within five days of landings to meet regulatory requirements. 

Data retrieval time ranged from 15 to 60 minutes for both trials, (excluding travel 
and DSM). The range was due to a variable amount of EM equipment 
maintenance during retrieval such as replacing wires or changing camera views. 
In the BC groundfish HL fishery, the mean data retrieval time is less than 30 
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minutes if no problems are encountered. However, a data retrieval service also 
includes an opportunity for two-way discussion with the captain, which can 
extend the total service event duration. 

2.4.2 EM and Fishing Log Area Comparisons  
Comparisons showed that mean distance between EM and fishing log start 
positions was 0.08 to 1.93 nautical miles and the time difference was within 52 
minutes for all vessels/trips (Table 13). For comparison, in the BC groundfish HL 
fishery, the fishing log start time and locations are considered a “pass” or 
“match” if they fall within 1 nautical mile and 60 minutes of the EM data. In 
addition, the incentive structure in the BC groundfish HL is designed to 
encourage accurate reporting by fishers to avoid administrative fees and 
additional costs. 

There were mismatches in the statistical areas recorded for a minority of the 
events (Table 14). Most of the differences were due to discrepancy in the 
methods used to define haul area when hauls spanned two statistical areas, and 
recorded the area where the haul ended rather than where the haul started. 
Improved alignment of the EM and fishing log fishing area could be achieved 
through clarification of the standards used to define a haul start, haul end, and 
fishing area.   

2.4.3 Audit Catch Comparisons 
The results from the EM and fishing log catch comparisons indicate that fishing 
logs underreport catch as compared to EM. Furthermore, the bias varied by 
vessel, species group, and individual species. Vessel B fishing log catch 
comparisons were consistently less biased, and in some cases more precise, than 
those for Vessel A, which had a larger underreporting bias for all comparisons. 
These results indicate that if the captain and crew are motivated to meet the 
reporting and onboard catch handling requirements are sufficient, it is possible 
to have reliable data reported by both EM and fishing log. Note that this report 
assumes that EM estimates are correct based on a previous study (Pria et al., 
2012).  

Flounder species such as Windowpane and Winter Flounder were well reported 
by both vessels when compared to Hake species. The discrepancy between EM 
and fishing logs for Red/White Hake is likely due to the fact that EM reviewers 
did not differentiate the two species because of the difficulty of identifying them 
in imagery (many hake were small individuals, less than 30 cm). Therefore, 
“Red/White Hake Mix” EM piece counts included both groundfish managed and 
other species, whereas the captains’ piece counts only included the groundfish 
managed species, White Hake.  

In an operational program, two possible methods to mitigate the challenge of 
indistinguishable species are: (1) to categorize similar species as groups (e.g., 
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Hake, sp.) during EM review and apply a conversion as required for in-season 
management and stock assessment; or (2) to require full retention of similar 
species for documentation at landing. For example, the crew could retain all 
Hake species because they do not have a sub-legal discarding requirement. In the 
BC example, there is full retention of the over 35 rockfish species (Sebastes spp.) 
partially because they are so difficult to distinguish during imagery review. 

This discrepancy emphasizes the need for species categories to be the same for 
EM and fishing logs and used consistently by EM reviewers and captains. One 
data source can provide a more detailed species breakout if when summed they 
align with a "total" category across both data source. This alignment is essential.  

Similarly, total piece counts among reviewers did not match well when 
reviewers documented only groundfish managed species (Table 20), but matched 
well when reviewers documented all catch and used the flounder, nk category as 
necessary (Table 21). The reviewer catch comparisons demonstrated the 
importance of consistent reviewer methodologies. It showed that if an unknown 
(nk) category is used, all species within the broader species group must be 
documented as well so that piece count comparisons can be made at the species 
and group level.  

EM was generally successful at measuring discarded groundfish managed 
species, with 70.4% of the specimens measured using the EM Interpret Length-
Measurement Tool. There was a large portion of the discarded catch (29.6%) that 
could not be measured for one of the reasons listed in section 2.3.3.2. We used a 
mean weight (calculated from the measured specimens for that species for the 
haul) for these specimens. This may have lead to some bias but its magnitude 
was not examined.  

Captains were not required to use a specific weight estimation method and 
therefore each vessel used their own methods for estimating the weight of 
discarded groundfish managed species and often changed these methods within 
and/or among trips13. The methods recorded by captains included actual weights 
(from an observer or a Marel scale), tally counts (mean weight applied to total 
piece counts) and visual estimates. Although captains were asked to document in 
the fishing log the method used for estimating catch, this information was not 
provided consistently. However, feedback interviews with captains throughout 
the Phase III trials provided further insight into each of the methods used. All 
captains’ visual estimates were influenced by the species composition of the 
catch, the relative size of the fish, and the total count recorded by the crew. 
Additionally, some captains based weight estimates on the volume of fish species 
per basket. As most captains were using tally counts to influence their weight 

                                                           
13 Allowing fishers the flexibility to decide how to weight estimation method for their vessel and crew is similar to 
the BC groundfish HL wherein the fishers are not given a prescribed method of counting pieces (the program does 
not require they estimate weight) and use the method they see as being most appropriate and accurate. 
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estimates, it is likely that on day-trawl vessels, where catch was not fully sorted, 
discard weight was underestimated in fisher logs because some pieces were not 
counted by the crew.  

Discarded weight comparisons closely mirrored the results of piece count 
comparisons at the haul level, and showed some underreporting bias in fishing 
logs, with variability among vessels. EM weight estimates were based on 
standard length measurement conversions and therefore relied on accurate piece 
counts and associated measurements to provide weights. When only those hauls 
with piece counts within 10% were included, the bias for Vessel A decreased and 
was similar for Vessel B (Figure 10 and Figure 13). This result is consistent with 
other results where Vessel B reporting was generally more accurate than Vessel 
A reporting.  

These results highlight the need for appropriate incentives to encourage accurate 
reporting by fishers and support the need for a phased-in approach to allow 
fishers sufficient time to modify handling to improve reporting. Furthermore, 
this study demonstrates that it is necessary to define an acceptable level of error 
in an operational program, for example, in the BC groundfish HL, each species or 
species group has a different acceptable error allowed that all contribute to the 
overall vessel audit score. The target levels of precision in the BC case were 
derived from experimental tests of how well an observer could record piece 
counts relative to EM (assuming EM was known with no error). The design team 
(including fishers) set tolerance levels of precision to be slightly less precise than 
what an observer had achieved and what the fishers on the team intuited was 
reasonable (see Stanley et al., 2011). However, as noted earlier (Section 1.5.2), the 
overall design in BC is flexible with respect to the bias and precision needs for 
managing different species.  

In summary, EM and fishing log comparisons indicated that vessel and species 
influence the piece count and weight alignment between data sources. To 
increase alignment, general species categories should only be used when all 
species in that group are tracked by both EM and fishing logs. In addition, 
weight comparisons are dependent on accurate piece counts in EM. These 
lessons could be applied in an operational program and would improve the 
overall data comparisons under an audit-based monitoring approach. 

2.4.4 Reviewer Comparisons 
As mentioned above, the reviewer comparisons indicate that the use of a general 
species category by the EM reviewer requires that all species within that group 
are recorded both by the reviewer and in the comparable data source (i.e., fishing 
logs). Training is also essential for accurate and consistent data review. One 
reviewer (R3) consistently used the flounder, nk category as the reviewer was not 
able to effectively identify the species by distinguishing identification 
characteristics. The other three reviewers were able to identify to the species level 



Phase III Final Report  
New England Electronic Monitoring Project | August 2014 

 

© 2014 ARCHIPELAGO MARINE RESEARCH LTD.  Page 81 

and were more consistent among their results. In an operational program, 
regular tests of reviewer data are necessary to identify when more training is 
required. For the BC groundfish HL fishery, Archipelago conducts data quality 
checks monthly and one trip is randomly selected and processed by all reviewers 
for catch comparisons. This process is essential for ensuring consistent reviewer 
data quality in an operational program. 

2.4.5 Compliance Catch Comparisons 
The objective of the compliance approach is to use EM to verify that onboard 
vessels were abiding by retention rules. This trial demonstrated that EM can be 
used to determine when discarding of non-allowable discards occurs. Vessel D 
did not have any discards of non-allowable catch and Vessel C had seven events, 
with one reported in the fishing log (Table 22). It is not known why the 
discarding was not recorded, however, the catch was discarded because the 
captain had concerns about the increased retention rules. From the start of the 
compliance trial, the captain agreed to participate, but stated that he would 
discard all groundfish managed species that were still alive, rather than retaining 
them for dockside discarding. 

These results further emphasize the importance of captains completing the 
fishing log as well as of ongoing outreach while demonstrating that EM can be 
used to document retention practices at sea. Furthermore, results demonstrate 
that the approach must be supported by the crew to be successful. In this case, 
Vessel C did not follow the defined retention rules out of concern for the fish 
stocks and conservation. More importantly, as noted above, it emphasizes the 
need to have resolution of conflicting objectives (e.g., more precision or release of 
live specimens) during the design. 

2.4.5.1 Dockside Monitoring Services 

Retention Weight 
The DSM data illustrated that under modified retention rules, the dockside 
discards, which represented the increased catch compared to normal fishing, 
ranged from eight to 553 additional pounds landed per trip (Table 28) (Appendix 
F). One of the participating vessels was fishing with a large mesh gillnet and 
targeting monkfish, so the dockside discards are not likely representative of the 
fleet. Furthermore, the participating vessels were small day boats, so the 
additional catch is not representative of larger multiday vessels with larger catch 
volumes per trip. 

Under modified retention rules, additional retained catch could hamper fishing 
and/or increase the costs because vessel hold capacity would be reached more 
quickly resulting in more trips to catch the same amount of catch sold (i.e., fewer 
hauls and reduced revenue per trip), introduce safety concerns and add time to 
offloads. In an operational setting, the retention rules would not necessarily be 
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the same as those used here. For example, regulators may not require that debris 
and non-fish catch be retained and discarded at the dock if it could be shown 
using EM that the discarded material did not contain fish. As was done in this 
study, reducing the volume of retained catch could be achieved by allowing 
discarding of easily identifiable or abundant low value species (e.g., sharks, 
skates and rays and other large pelagic species). Allowing discards of specific 
species would increase imagery review and onboard catch handling 
requirements compared to a no discarding environment. However, the review 
ratio would remain low if EM reviewers did not need to identify these species or 
estimate their weight and they are easy to differentiate from groundfish 
managed species.  

In the development of an operational program, the compliance approach would 
likely have to address concerns for select species (such as those with possession 
limits or those targeted by other fisheries). In this trial, some species were 
discarded due to conservation and industry concerns. Ideally, these species 
would be easy to differentiate from species that must be retained. This would 
still allow a relatively high-speed imagery review. Carefully planned catch-
handling protocols that include conspicuous discarding of allowable species 
would also help to maintain fast review times. 

DSM Operations 
Due to limited resources, the study did not have a sufficient number of 
participant vessels to characterize the impact of the compliance approach on 
fishing and offloading operations. However, during the EM trials, FSB identified 
some possible options for disposal of dockside discards. Among others, these 
options included using the dockside discards for bait or reduction to fish 
fertilizer and/or animal feed.  

The coordination and deployment of dockside monitoring services is an 
important component of an operational EM compliance program. During the 
compliance trial, FSB staff members were both the EM technician and DSM. In an 
operational program, greater resources will be needed to accommodate a larger 
geographic range and an increased number of participating vessels. 

The length of time for a DSM event (not counting travel and waiting) varied 
between gear types. Vessel C (gillnet) had a mean time of 0.24 hours compared to 
1.07 hours for Vessel D (trawl) (excluding EM retrieval time). The time variance 
is likely related to catch volume and target species because Vessel D landed more 
catch on average than Vessel C did during the trial (Appendix F) These data 
represent only a snapshot of each vessel’s fishing effort and activity and 
therefore are not representative of each vessel’s or fleet’s mean dockside discards 
catch volume under an operational program. 

In addition to travel time, some wait time at the dock was required to allow the 
vessel to land and offload prior to performing dockside services. If verification 
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and sampling of landed catch becomes a requirement in an EM operational 
program, more time will be needed to process the catch at the dock to 
accommodate DSM. To expedite dockside monitoring data services, asking the 
crew to sort the dockside discards by species would allow the DSM to identify 
and weigh the catch more efficiently. 

2.5 Part 2 Summary 
Part 2 presents the technical results from the testing of the audit and compliance 
approaches completed during Phase III of the Northeast EM project through two 
trials. The EM systems collected a total of 848 hours of EM sensor data from a 
total of 91 trips and 266 hauls for the audit trial and 65 hours of EM sensor data 
from a total of 8 trips and 21 hauls for the compliance trial. 

The audit trial demonstrated that captains tended to underestimate catch relative 
to EM. The degree of bias was specific to vessels and varied by species. However, 
this could be improved with feedback and the underreporting bias of fishing logs 
should not be interpreted to mean that self-reporting is not possible. It is 
important to note that accurate self-reporting is difficult and takes time to 
develop.   

Improving the accuracy of weight estimates alignment between fishing logs and 
EM may be challenging due to the different estimation methods used (EM used 
length-weight, and fisher estimation methods were not standardized or 
prescribed).  In the BC groundfish HL, while fishers do not report catch weight, 
they use any method they see fit for tracking piece counts for the fishing log. It is, 
however, important to note that for hauls where the piece count aligned well 
between fishing logs and EM data, the weights from both sources also aligned 
well (Test 4, Table 15 and Figure 13) This demonstrates the importance of 
accurate piece counts for both data sources.  

The audit trial has demonstrated that some ACE species (White Hake) are 
indistinguishable from certain non-ACE species (Red Hake) during imagery 
review. This creates complexity for documenting groundfish managed species 
discard weight. Other problematic species pairings include American Plaice 
Flounder (ACE)/Fourspot Flounder (non-ACE) and Yellowtail Flounder 
(ACE)/Winter Flounder (ACE). The report includes suggestions for mitigating 
these problems. 

The imagery review ratios were much lower for the day-trawl vessel (0.36) in the 
compliance trial relative to the audit trial (1.66). These results should be 
considered when moving to an operational program, as it will affect the 
suitability of one approach over another for specific gear types. 

EM was successful in documenting non-allowable discards and compliance with 
specified retention rules in the compliance trial.  



Phase III Final Report 
New England Electronic Monitoring Project | August 2014 
 

Page 84  © 2014 ARCHIPELAGO MARINE RESEARCH LTD. 

These trials highlighted several issues that could be improved in an operational 
program. These include the importance of feedback and communication between 
program staff and fishers. One example is proper completion of the fishing logs 
to meet the information needs of the audit approach. 

The results from both trials suggest that the captain’s reporting is an important 
factor in alignment between fishing log and EM data. Because the onboard 
methodologies and self-reporting create additional workload for fishers, an 
adequate incentive structure would be key in integrating an EM program into 
NE groundfish monitoring. 

The compliance trial demonstrated that compliance with agreed-upon catch 
handling protocols, and a DSM component are essential for success of the 
program. When fishers did not comply with control points, it was difficult for the 
imagery reviewer to determine the utilization of catch and therefore compliance 
with retention rules.  

Finally, as it will take time for fishers to develop the necessary methods and 
habits, collaborative work with fishers may lead to novel onboard methodologies 
that improve both review times and fishing log data.  

The trials completed during Phase III form an essential starting point in the 
evaluation and assessment of the implementation of EM within the NE 
groundfish fishery. Part 3 addresses the main operational considerations of 
implementing a large-scale EM program in the NE groundfish fishery and 
examines the key decisions that affect costs in a program. 
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3.0 Part 3: Operational and Cost Considerations 
3.1 Introduction 

Part 1 and 2 described the high-level design and field trials of two approaches to 
using EM as part of the monitoring package for the NE groundfish fishery. 

If an EM program is rolled out in the NE groundfish fishery, the approach 
chosen will inform the final design but there are key operational and cost factors 
that have to be accommodated regardless of which approach is chosen. 

Two overarching considerations must shape the design of the operational 
components of an EM program – a limited budget for monitoring and the need to 
stay within that budget and still provide all the components of the monitoring 
package. 

Fishery monitoring programs are bounded by financial limitations and we 
believe this should be explicitly incorporated in the program design process. The 
level of investment in monitoring should relate to fishery value following the 
logic that the value of the fishery justifies the cost of obtaining the basic data 
needed to manage it. For the purpose of program design, we suggest that the 
monitoring investment be around 5% of the fishery value, or less. Recognizing 
there are a number of issues that will determine the final level of monitoring 
investment, this sets the approximate scale and thereby frames the discussion to 
identify potential monitoring approaches. In the absence of a financial context, 
monitoring program design can easily diverge from what can truly be afforded 
and what is really needed.  Using this approach, the NE groundfish fishery, 
valued at around $70 million, would have a total monitoring budget of $4 million 
or less. The question to consider then is what monitoring approaches and 
program operations can be successfully used at this level of funding. 

A quest for efficiency must drive the design to achieve an optimal balance 
between data quality, data turnaround and cost. An EM program will not 
provide the same data currently collected in the ASM program and hence will 
have distinct strategies to meet the monitoring objectives, which in turn will 
impact costs of the program. 

While in this report we focus on EM operational components, EM will not be the 
only component in the monitoring package in New England. The cost and 
operation of the other monitoring components must also be included in 
designing a monitoring package that includes EM. In the NE groundfish fishery, 
the total monitoring budget must also consider the cost of fishing log, NEFOP, 
VMS, ASM, and potentially a dockside monitoring program. 

3.2 Operational Considerations  
There are several key components in an EM program (Figure 14); tailoring these 
components to the NE fishery requires defining the scope and size of the 



Phase III Final Report 
New England Electronic Monitoring Project | August 2014 
 

Page 86  © 2014 ARCHIPELAGO MARINE RESEARCH LTD. 

program and assessing the resources required for implementation. The following 
sections describe the key operational considerations and how they relate to the 
costs of an EM program. 

 
Figure 14: Schematic diagram of an EM program, depicting the main operational component groups, key 
roles and program deployment timeline 

Before describing the operational components, it is important to highlight two 
points. First, the program deployment occurs in three phases. In the first phase, 
design, the operational components listed in this report would be assessed and 
more rigorously defined. The implementation and operational phases follow 
with some overlap in transition. The implementation phase represents the effort 
and one-time costs to set-up the infrastructure and processes to support the 
operational phase. The bulk of the operational components occur in the 
operational phase with repeating annual costs. The program requires routine 
assessment on how the objectives are being met and how the operations may be 
improved (Stanley et al., 2009). Program maturation will take time until it is 
optimized. This process may take only one or several fishing years. For example, 
accurate self-reporting is difficult and takes time to develop. While the BC 
program worked adequately from the outset, probably owing to the clear 
objectives and substantial industry input to design, it still required two to three 
years for fishers to become comfortable with the requirements of the program. 
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The second point is that the operational components are divided among three 
roles; the fishery authority, local services and the technology provider14. There 
are various service delivery frameworks possible (see section 3.5.2). Each role 
may be assigned to a different group, or a single group may have more than one 
role, or more than one group may carry out each role. The number of groups 
involved and how roles are assigned to them will affect the level of redundancy 
and coordination needed in the program, which in turn will affect costs. 

3.2.1 Program Management  
Program management involves the coordination and oversight of all of the 
parties involved in carrying out the various operational components of the 
program. Program management will occur at different layers (field services, data 
analysis services, overall program management). Depending on the service 
delivery framework, program management will need to be carried out by 
different groups. 

The amount of effort going into program management is related to the overall 
size and complexity of the program but there is no formula for calculating 
program management costs. Instead, costs will depend on the perceived 
requirements to keep the program running. For example a program having 
relatively lower investment in program management will have less capacity to 
react to operational issues, which may result in delays or other problems. This 
may be an acceptable trade-off if the program is generally achieving the 
monitoring goals. 

During implementation, the rate of program maturation will be inversely 
proportional to the clarity of the objectives as well as to the resources that can be 
assigned to address issues as they arise. While clear objectives help ensure that 
the design process addresses the key concerns from stakeholders, unforeseen 
issues will arise as the program is implemented. For example, in the Phase III 
field trials the captain's concern about retaining live specimens and privacy on 
deck noted above are issues that affect the program design, yet these issues were 
only uncovered during the trials.  During the implementation of an EM program 
there will be many more of these issues. Program management involves 
resolving these issues as they arise. Hence, project management investment is 
generally higher during the implementation stage and will decline as the 
program matures and processes become more standardized and efficient.  

3.2.2 Outreach 
The involvement of stakeholder groups is extremely important in the success of 
the EM program (NOAA 2013c and Zollett et al., 2011). In order to effectively 

                                                           
14 The fishery authority role covers the general oversight of the program. The local services role carries out the 
work needed to collect, analyze and report on the data while the technology provider is responsible for the at-sea 
data collection hardware and analysis software used and the support for these. 
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educate and engage participants, a comprehensive outreach and education 
program should be in place prior to implementation and should continue during 
the operational program. Periodic meetings are essential and include:  

• Frequent project advisory team meetings to review program operations;  

• Outreach meetings with industry groups to gather input and develop 
solutions to serve the needs of the program and industry; and  

• Direct communication meetings with the participating vessels to resolve 
issues that arise over time.  

Communication and engagement during the operational EM program phase 
accomplish the following goals: 

• Provide feedback to agencies and industry on operational aspects of the 
program, including equipment installations, issues relating to data collection 
success, port-based services, program responsiveness, data analysis and 
communications; 

• Identify problem areas with program operations and work with industry and 
agencies to find solutions; 

• Examine EM program data to ensure they meet the goals of the program; and  

• Conduct periodic analysis of program costs to identify problem areas and 
inefficiencies. 

3.2.3 Field Services 
Field services refer to staff and efforts related to installing equipment, 
maintaining equipment and retrieving data from vessels. They are an essential 
component of an operational EM program and ensure that equipment functions 
reliably on vessels. 

3.2.3.1 Equipment Installation 
Successful deployment of EM systems across a part of the fishing fleet will 
require a large number of people including staff to coordinate the logistics. The 
amount of time and resources necessary to complete all vessel installations will 
depend on the number of vessels are involved and the timeframe in which 
installations need to occur.  

Installations typically follow several steps:  

• Pre-Installation Interview – Prior to installation, technicians and captains 
discuss an installation schedule, the layout of the vessel, a tentative 
installation plan, pre-installation requirements and consideration of any 
issues that may complicate installation process.  

• EM System Installation – The EM system is set up and connected then tested 
with the vessel in operation.  
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• Vessel Operator Briefing – Vessel operators will receive a briefing on the 
system operation, caretaking and procedures to follow when assistance is 
needed.  

There is often a period of adjustment following the installation which includes 
ensuring that everything is working as expected, providing further support to 
the fisher on the use and care of the system and fine-tuning camera views and 
software configuration. Following the installation of EM equipment, we advise 
scheduling a service after each of the first two trips or until fine-tuning is 
complete. EM technicians ensure that monitoring objectives are met and any 
captain or crew questions are addressed quickly by having frequent servicing 
early in the program. 

3.2.3.2 Vessel Services 
Vessel services can be scheduled through a single or multiple points of contact. A 
centralized approach with a single point of contact for scheduling services, is 
recommended in the early stages of a program. 

Field staff will be deployed based on the activities of the fleet, the service needs 
identified and the priority or urgency of those needs, the skill sets required for 
the service needs, availability of service technician staff, and travel logistics. Port 
based service is a requirement; however there are a number of approaches that 
can be used optimizing to balance program cost, timeliness of response, and 
quality of service. Staffing ports with trained service technicians would be ideal 
but the investment in maintaining certified technicians may not be justified, 
particularly in low activity areas where proficiency is difficult to maintain 
without regular use of skills. In such cases, it may be better to service low activity 
ports from nearby active ports or from a central program base, although this 
increases travel costs and reduces the response time. Similarly, certified 
technicians may not be required for all fleet service activities but this may dilute 
the available service work, making it more difficult to maintain certified 
technicians.   

Vessel services may originate from a fisher request for support, a request from an 
EM data reviewer to adjust the configuration on a vessel or the need to retrieve a 
hard drive from the vessel, also called a data retrieval service.  

Data retrieval is the process of collecting data on a hard drive from a specific 
vessel. Program management must define the frequency and method of data 
retrieval for the program. In general, while shorter data retrieval intervals create 
more opportunities to make adjustments and ensure that EM systems are 
working well, they result in higher costs. Data retrieval intervals also need to 
accommodate the amount of data being collected because hard drives have finite 
data capacity. 
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While repairs or changes to the EM system configuration generally involve a 
certified EM technician, data retrievals require minimal training and may be 
performed by people with little or no training including dockside monitors or the 
fishers themselves. Each of these options has pros and cons:  

• Certified service technician  

o Pros- Gives the opportunity to adjust and maintain the system if any 
problems are encountered. 

o Cons- Requires a targeted visit by a certified EM technician, often 
requires scheduling with the fisher. 

• Dockside monitors (if there is a DSM program)  

o Pros- Reduces costs by creating synergies between programs if travel 
costs are a concern. 

o Cons- If there is a problem it will not be corrected immediately. 

• Fisher 

o Pros- Has the potential to allow for data retrievals at no or little cost to 
the program. 

o Cons- May result in higher risk of data loss. Could complicate hard 
drive chain of custody. If there is a problem, it will not be corrected 
immediately. Fisher needs to devote time to deliver data (takes time 
away from other responsibilities). 

Of course additional synergies may be possible by providing training across 
programs, such as training dockside monitors as certified technicians. 

3.2.3.3 Equipment Management 
An important service component of the program management is carrying an 
inventory of replacement parts. Given the specialized nature of these products, 
this service is essential to ensure continuous operation of equipment deployed on 
fishing vessels. 

This process will depend heavily on the service model, and the service provider 
may be responsible for spare part replacement inventory. 

3.2.4 Data Analysis Services 
Data analysis services refer to staff and efforts related to managing hard drives 
and data, processing EM data, and reporting on EM results and comparisons 
with other data sources. They are an essential component of an operational EM 
program and ensure that data are processed and reported in a timely manner. 

Data analysis service coordination ensures that hard drives and data sets created 
by active fishing vessels are properly tracked throughout the operational cycle 
and that staff are available in connection with primary and secondary data 
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processing program needs (i.e., that staffing levels can meet processing and 
reporting requirements). Optimizing staffing levels will require consideration of 
seasonal variation in the fishing activity levels.  

Data services may be organized under a centralized model, where all the data is 
processed and managed in a single location, or decentralized, where processing 
and management occur at various locations. A centralized model is optimal for 
ensuring consistency in data processing, in particular during the implementation 
phase. A decentralized model does not lend itself to easily correct discrepancies 
in data processing methodologies due to having to interact remotely, as seen in 
the Phase III reviewer comparisons (see section 2.4.4). 

3.2.4.1 Hard Drive Management and Data Tracking 
Hard drive management requires an inventory management system to track 
hard dives throughout their use cycle (Figure 15). Key considerations with 
regards to hard drive management include: 

• Ensuring there are enough hard drives to allow for adequate availability 
of empty hard drives per vessel. This will depend on data storage 
requirements (see below). 

• Gate processes, or prescribed decision points, are used to manage when 
data are retrieved from the fishery and when hard drives are “scrubbed” 
(data deleted in a manner that it cannot be recovered) or permanently 
archived. These gate processes can be triggered on regular intervals (e.g., 
data is to be retrieved every month or data will be “scrubbed” every two 
weeks) or triggered by specific conditions (e.g., data is to be retrieved 
when the hard drive is 80% full or a portion of data will be permanently 
archived when a certain discarding event occurs). 
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Figure 15: Cycle for hard drive use between field and data services 

In addition to hard drive management, data collected by EM systems are tracked 
throughout the processing cycle (Figure 16). This includes tracking the transit of 
the hard drive from the vessel to the office, through primary processing, data 
consolidation and data reporting. 

Data tracking involves ensuring that data is meeting the turnaround 
requirements; the entire cycle shown in Figure 16 must occur within the required 
turnaround time. Once the turnaround time is defined, the program must ensure 
that the hard drives are being received in the office and that enough staff is 
available to process the data in a timely manner. 
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Figure 16: EM data processing cycle between raw data, primary processing and secondary processing 

3.2.4.2 Primary Data Processing  
Primary data processing refers to the processing of EM sensor and imagery 
output data from its raw form into fisheries data (see section 2.2.8).  

3.2.4.3 Secondary Data Processing 
Secondary data processing converts processed EM data into the information 
needed by managers, fishers and enforcement. 

After primary data processing is complete, the data are summarized and 
compared with ancillary data (e.g. fishing log, DSM data) as required depending 
on the approach. A detailed consolidation and reporting plan must include at a 
minimum: 

• Data to be compared; 

• Data comparison applicable to the chosen monitoring approach; 

• Incentives to correctly report; 

• Consequences for misreporting; 

• Required data processing turnaround time. 

Feedback often results from analysis of a data set in order to improve the quality 
and effectiveness of the EM deployment on the fishing vessel. Common feedback 
includes adjustments to system settings, changes to camera positions, data 
completeness, image quality, or catch handling practices. Feedback may be 
directed to field services (regarding EM system adjustments) or to the fisher 
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(regarding duty of care or onboard methodologies). A process for filtering and 
prioritizing feedback, as well as an interface for passing on and tracking 
feedback between functional service areas (and multiple service providers if 
applicable) needs to be defined.  

Feedback to the vessel needs to be standardized so that all fishers receive 
feedback in a consistent format. Ideally, critical feedback to the vessel should be 
tied to an incentive for them to act on the information given and improve data 
quality. Feedback to the vessel may be included in a report to the vessel (see 
section “Reporting and Feedback” below). 

Reporting and Feedback 
Results from EM data processing and consolidation are often delivered in a 
report to the fisher and/or the fishery authority. Reports can also be used as a 
feedback mechanism to the fisher to communicate deviations from the VMP, EM 
data completeness or to raise quality concerns. 

A reporting plan must include requirements for format, results content, feedback 
content, timeline, delivery method and audience. Common report formats 
include:  

• Trip Report – Summary of data collected by one vessel during one trip (see 
Appendix G - Trip Report).  

o Pros – Potential to have more timely results, finer level of detail. 

o Cons – Volume of reports may restrict the number of topics that can be 
included. 

• Data Set Report – Summary of the data collected by one vessel over several 
trips. 

o Pros – Provides vessel specific detail, allows fine level of detail. May 
allow for a similar level of detail as a trip report but reduces the volume 
of reports. 

o Cons – May not be as timely and the volume of reports may restrict the 
number of topics that can be included. 

• Summary Report – Summary of data collected by many vessels over a period 
of time. 

o Pros – Ability to provide a wide range of topics about numerous vessels. 

o Cons – Provides a coarser level of detail, less timely. 

• Exception Report – Summary of a specific activity or behaviour observed 
during data interpretation. 

o Pros – Low detail report allows very timely reporting, used to 
supplement other report types. 
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o Cons – Very limited in scope. 

3.2.4.4 Data Storage 
Data storage requirements will be driven by the regulatory and enforcement 
requirements.  

Short-term storage is required to view the imagery for catch determination. The 
simplest method is to read the hard drives retrieved from the vessels directly. It 
is possible to copy the imagery files to another medium (e.g., a centralized 
server) for viewing, thus creating a duplicate copy of the imagery where only the 
copy is handled for viewing. This method requires the management of both the 
hard drives and the copied files. 

Long-term storage of sensor data is reasonable given the small storage space 
requirement of sensor data. Long-term storage of imagery files, however, can be 
expensive depending on the medium used and the archiving duration. Similarly, 
storing either the original hard drives or copies of all imagery files requires a 
significant investment in storage capacity. 

A practical solution to balancing imagery storage is to maintain all imagery for a 
defined period after delivery of each data report to allow for any follow-up, 
clarification or additional processing that may be required. After that period, the 
data technicians format hard drives for reuse. Any unique trips or trips where 
enforcement action is required can be stored indefinitely. 

Data storage requires active management to allow technicians to access the data. 
This process must include a standardized plan for indexing and archiving the 
data as well as ensuring that access to the data is modernized as technology 
develops (e.g., updating servers as technology changes). 

3.3 Design Considerations 
There are several aspects of a fishery that must be considered early in the design. 
These “design considerations” inform or drive the design process rather than 
being design variables themselves. 

These include: 

• Stakeholders- Stakeholder engagement is critical during the monitoring 
package design process. Stakeholders include industry, managers, scientists, 
enforcement, council, service providers, NGOs and subject matter experts 
such as IT. Input from all stakeholders will shape the design choices. For this 
reason, stakeholder engagement is in many ways the single biggest factor 
affecting the design of the program. The biggest single issue is resolving 
needs versus costs. 

• Fishery Characteristics- The program must be optimized to fit within the 
fishery characteristics. These include how the fishery operates, vessel 
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characteristics, biological characteristics of target and non-target species, 
catch composition and the fishery socioeconomics.  

• Management Regime- The monitoring package ultimately needs to support 
the fishery management regime and address the key risks in the fishery. 
Different management regimes and fishery risks require different levels of 
data quality and turnaround times.  

• Monitoring Objectives- The monitoring objectives will drive the design 
process. Stakeholders may have specific objectives to meet their needs. 
Having objectives clearly laid out will facilitate the design process by being 
able to weigh the advantages and disadvantages of different options. It is also 
important to forecast changes in monitoring needs to ensure the initial 
monitoring package has the built-in adaptability or flexibility to meet 
changing requirements. 

• Sample-based or Census-based Requirements- The question of how results 
from the monitoring program will be enumerated needs to be addressed at 
the early stages of the program design process. Stakeholders must determine 
whether the information needs can be achieved under a sample or census 
approach for each element, possibly even within the EM component. The 
decision should be based on the management regime and monitoring 
objectives as well as the fishery characteristics.  

• Fleet Receptiveness to Monitoring- Given that some design options will 
require more industry engagement than others, the level of fleet 
receptiveness to monitoring needs to be assessed and taken into account to 
guide design. In the case of the NE groundfish fishery, the field trials have 
shown that there are captains willing and able to substantially modify their 
catch handling methodologies and provide detailed catch data. However it 
would be important to understand how representative that attitude is of the 
fleet in general. 

• Technology Considerations- The state of current technology will limit what 
is possible from a technical point of view. Technology is constantly being 
improved, however, so it is important to build a program based on viable 
options now and evolve the program as technology becomes available, rather 
than delay implementation. For example, wireless transmission of data 
would simplify data retrievals but feasible solutions for manual transfer exist 
now and can meet program objectives. 

3.4 Program Cost 
3.4.1 Key Cost Drivers 

The cost of any monitoring program depends on the program design, data 
requirements and specifics of the fishery (Lowman et al., 2013).  
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The previous sections outline the key operational components and design 
considerations of an EM program. Each of these has a differing level of impact on 
the program cost. The two main categories of influences are: 

1. External factors – Factors external to the design process, covered in the 
design considerations, such as number of vessels and landings; and 

2. Internal factors – Factors that are internal to the design process and hence 
within the purview of what can be modified, such as imagery review rate. 
This is where the design process must balance the trade-offs between costs 
and benefits of various parts of the program (NOAA 2013c). 

There is no simple way to calculate EM program costs. The decisions listed in 
Table 30 influence the program cost and portion of cost for each component. We 
present the EM programs for the BC groundfish HL fishery and US shore-based 
Whiting fishery in a simplistic way to illustrate this point (Table 31). When 
comparing these programs it is evident that costs can vary between different 
programs and, moreover, the cost elements can even be distributed differently. 

In the BC groundfish HL fishery, data services represent approximately 34% of 
the EM program costs (Stanley et al., 2011). In this fishery, complex primary and 
secondary data processing are needed to support the audit approach and 
program objectives. However, most vessels own their own EM system so 
equipment costs are low. Field service costs are reduced by balancing the 
requirement for trip data retrievals with service limited to four main ports with 
local staff responsible for a relatively small geography. The US shore-based 
Whiting fishery in the West Coast, however, had relatively high equipment costs 
due to the high proportion of leased equipment, which resulted from the 
temporary nature of the monitoring program (it was conducted under an 
Exempted Fishery Permit). Data services, on the other hand, were a small 
percentage of total costs in the Whiting fishery due to relatively simple primary 
and secondary data processing. 
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Table 30: External and internal costs influences in an EM program. 

External Factors Key Questions 

Fishery activity Number of vessels. 
Landing patterns. 
Fishing events. 
Total sea days. 

Port use patterns Temporal distribution of the fishery. 
Spatial distribution. 

Internal Factors  

Program centralization Is management of program operations centralized or is replication necessary at 
various levels and regions? 

Cost recovery method How are costs divided between government and industry as well as within 
industry? 
Is the fee structure a percentage of landings or service-based? 
What are the incentives for care of equipment and for working within the 
required catch handling protocols? 

Service delivery model Are there multiple service providers or a sole source? 
Are field and data services provided by single or multiple groups? 

Equipment Are EM systems purchased, leased, pooled/shared? 

Fleet coverage  Is program involvement mandatory or optional? 

Program lifespan Is equipment installation permanent or temporary? 

Program responsiveness What are the requirements for: 
- Review and reporting timelines? 
- Report frequency? 
- Field technician availability for equipment maintenance and 

troubleshooting? 
- Data reviewer availability? 

Data retrieval method Trained technician vs. DSM vs. fisher retrieval. 

Data retrieval frequency Are retrievals done every trip, weekly, monthly, etc.? 

Feedback and outreach What is the type and frequency of outreach (e.g., reports, meetings, one-on-one 
feedback, etc.)? 

Maturity of data model How deeply is EM data integrated into the flow of other monitoring data and 
catch allocation tracking? 

Data processing What is the approach for EM data use (audit vs. compliance approach)? 
What is the level of detail required during primary data processing? 
What is the imagery review rate? 

Analysis, reporting and 
archiving requirements 

What level of detail is required in the comparisons and reports? 
What assessment of data quality is necessary?  
How long, and under what conditions, will data be archived? 
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Table 31: Simple description of the BC groundfish HL (Stanley et al., 2011) and US shore-based Whiting 
(McElderry 2014) fishery EM programs. Costs include all aspects of the EM program (including equipment, 
all field and data service costs, project oversight, outreach, etc.). EM program costs shown are total (i.e., 
include funding from both industry and government). 

Program 
Characteristics BC Whiting 

Fishing activity Year-round. Seasonal. 

Equipment Majority owned. Majority leased. 

Field services Hard drives retrieved by an 
EM technician after every trip 
(dedicated service schedule) 
in 4 main ports by regionally 
based staff (low travel). 

Hard drives retrieved by an EM 
technician opportunistically 
(efficient service schedule) in 6 
main ports with centralized 
staff deployments (high travel). 

Data services Audit approach. 10% of the 
hauls imagery processed by 
third party. Complex primary 
and secondary processing. 

Compliance approach. 100% of 
the trips’ imagery processed by 
third party. Simple primary and 
secondary processing. 

Number of vessels 202 35 

Number of trips 1,323 728 

Sea days*** 11,545 1,269 

EM program cost per 
sea day*** 

$149* $208** 

EM program cost $1,725,080* $412,253** 

Supporting 
monitoring package 
components**** 

Fishing log, notifications, 
dockside monitoring. 

Fishing log. 

* 2009/2010 fishing season. Canadian dollars. 
** 2010 fishing season. US dollars. 
*** ”Sea days” are defined as the sum of calendar days when vessels were active.  
**** Supporting components are not part of the EM program and hence are not 
included in EM program costs shown 
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Figure 17: EM program cost breakdown by functional service component for the BC groundfish HL 
fishery and the US shore-based Whiting fishery. 

3.4.2 NE Groundfish Fishery Costing Exercise 
Taking the basic design considerations and some operational assumptions it is 
possible to begin building an indication of EM program costs for each of the 
approaches under consideration. However, the cost modeling shown below is 
provided to seed discussion and is not intended as a definitive prediction of the 
cost of integrating an EM component into the NE groundfish fishery. Its main 
purpose is to indicate how some of the choices listed above influence relative 
costs and what kind of program may be possible for less than ~$4 million. 

The initial overall cost estimation below focuses on the effort necessary for 
collecting, retrieving, processing and reporting the EM data, referred to as core 
costs of the program. It does not include program oversight, outreach, and other 
overhead costs, which are defined by the program delivery considerations rather 
than directly from the fishing activity of the fleet. 

For the exercise we assume that all vessels participate in the program and that 
EM is used to monitor all dedicated groundfish trips. For the sake of simplicity 
we use 400 vessels fishing a total of 15,000 dedicated groundfish trips and 85,000 
hauls per year15. We assume field and data services staff is billed at $32.63 per 
hour16.  

                                                           
15 The core costs for an EM program in New England will depend on the number of vessels that participate in the 
program as well as the level of fishing activity for those vessels (i.e., number of fishing trips and hauls). The costing 
exercise presented in this section could be replicated with a different amount of vessels, trips and hauls to scale 
EM costs to a portion of the fleet or a specific sector or region.  
16 Based on salary rates for a Biological Technician (GS-0400), Grade 9, Step 10, for Boston-Worcester-Manchester, 
MA-NH-RI-ME. Data taken from https://www.opm.gov. 
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Each cost estimate is described below and summarized in Table 32. We estimated 
that the core costs for an EM program to collect, process and report EM data on a 
weekly basis for the NE groundfish fishery to be ~$2.5 million for the Audit 
Approach and ~$1.7 million for the Compliance Approach (Table 32), based on 
the assumptions and decisions outlined above. This constitutes two to four 
percent of the fishery landed value (ex-vessel value).  

Since the core costs are directly related to the amount of effort, they can be scaled 
accordingly. For example, annual core costs per vessel on average for weekly 
data retrievals and reporting would be around $6,300 for the Audit Approach 
and $4,200 for the Compliance Approach. However, actual core costs for data 
retrievals, primary processing and reporting per vessel would ultimately depend 
on the number of trips and hauls taken by each vessel.  
Table 32: Core cost estimates of the main EM operational components for the NE groundfish fishery with 
data retrieval frequencies of one per trip, week, and month based on 400 vessels participating. In all cases 
we assume 100% of the fishing activity is recorded. 

Operational Component 
Annual Cost 

Trip 
Annual Cost 

Weekly 
Annual Cost 

Monthly 

Equipment $960,000 $960,000 $960,000 
Installation $31,325 $31,325 $31,325 

Audit Approach 
   Data Retrievals $818,950 $358,820 $132,825 

Primary processing $942,974 $942,974 $942,974 
Reporting $485,861 $212,878 $78,801 

Compliance Approach 
   Data Retrievals $744,500 $326,200 $120,750 

Primary processing $200,870 $200,870 $200,870 
Reporting $364,396 $159,659 $59,101 

Core Cost Estimates 
   Audit Approach $3,239,110 $2,505,997 $2,145,926 

Compliance Approach $2,301,091 $1,678,054 $1,372,046 
 

Equipment 
Equipment and installation costs, amortized across five years (the expected 
lifespan of the EM systems), result in a cost of ~$960,000 total for all vessels. We 
assume all vessels would purchase EM systems at $12,000 per system. 

Installation 
EM system installation takes about 12 person-hours17. This onetime cost is 
amortized across five years for a yearly cost of ~$31,000 total for all vessels. 

                                                           
17 Install time can vary greatly. It is affected by how involved the vessel owner is in ensuring the vessel is ready for 
installation as well as in the number of cameras and complexity of camera runs.  
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Data Retrievals 
The frequency of data retrievals affects field services costs (particularly if done 
by an EM technician). Data retrievals may be scheduled at different time 
intervals (although in some cases data retrievals are also triggered by the amount 
of data on the hard drive). 

Table 33 shows three alternative scenarios: trip, monthly and weekly data sets. It 
shows the number of data retrievals that would be expected under each scenario 
and the amount of data (trips and hauls) that would be retrieved at each service. 
In the weekly and monthly scenarios, the number of data sets are greatly reduced 
not only because of the data set interval but because only vessels active during a 
given month or week would have a service and activity is not constant 
throughout the year (Appendix A). 

A baseline data retrieval cost is calculated for the Compliance Approach. 
Depending on the interval, data retrieval costs may fluctuate between ~$744,500 
(trip basis) to ~$121,000 (monthly basis). 

Given that the Audit Approach requires a more complex onboard set-up and 
increased feedback and communication with the captain, a 10% “premium” is 
applied to the data retrievals cost to account for some of this additional 
complexity. This results in data retrieval costs between ~$819,000 (trip basis) to 
~$133,000 (monthly basis). 
Table 33: Data retrievals under three scenarios: trip, weekly and monthly basis. 

 
Trip Weekly Monthly 

Data retrievals  14,890 6,524 2,415 
Trips per data retrieval 1.0 2.3 6.2 
Hauls per data retrieval 4.0 13.1 35.4 

 

Primary Data Processing 
In accordance to the approach baseline presented in Part 1, this exercise assumes 
that 10% of the hauls will be processed. Given that the majority of the activity in 
the fishery is trawl, we use trawl data review ratios for each approach. Likewise, 
we assume catch handling per haul is two hours based on trawl trial results. This 
equates to primary data processing costs of ~$943,000 for the Audit Approach 
and ~$201,000 for the Compliance Approach. 

When selecting data for the 10% review we suggest that, even if the data set 
contains less than 10 samples (hauls or trips, depending on the approach), at least 
one is processed for each data set in order to maintain ongoing feedback with 
regards to catch accounting or compliance with retention regulations as well as to 
maintain the psychological deterrent effect of the random review.  
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Note that a consideration related to the interval in which data will be processed 
and reported is the number of hauls per data set. Trips in the NE groundfish 
fishery average about four hauls per trip (Table 33). Sampling a minimum of one 
haul per trip would result in a 25% sample rate. If a lower level of review will 
suffice, as we suggest, the program would over-sample for most trips of the 
fishery at that level. A data set generated on a weekly or monthly basis would 
allow for a lower sample rate, while still ensuring that each vessel has a 
minimum of one haul processed for each reporting period. 

Furthermore, different strategies can be used in relation with the timeline for 
reporting and vessel access to fishing. For example, in the BC groundfish HL 
fishery, vessels are allowed to go out fishing with one outstanding trip data set; 
but after that they need to prove that they have enough quota to continue 
fishing, which requires completion of their fishing log audit. This allows vessels 
to land, have data retrieved and leave for another trip immediately but prevents 
vessels from fishing without quota. In comparison, when vessels in the US 
Whiting fishery were being monitored with EM, they could carry out any 
number of trips in between data set processing since the EM program is verifying 
compliance and is not tied to vessel quota allocation. 

Reporting (Secondary Data Processing) 
Usually, data undergoes processing in the same interval as it is retrieved (that is 
every time a hard drive is retrieved, the data contained in it will undergo 
primary and secondary processing as a data set). 

We assume reports are prepared for each data set. Due to the Audit Approach 
requiring more complex reporting (detailed comparison with fishing log data) 
we assume these take one hour to prepare vs. 45 minutes for the Compliance 
Approach (no multiple data sources). 

For the Audit Approach, reporting costs may fluctuate between ~$486,000 (trip 
basis) to ~$79,000 (monthly basis). For the Compliance Approach, reporting costs 
are lower at ~$364,000 (trip basis) to ~$59,000 (monthly basis).   

Core Costs to Total Costs 
While the core costs should represent the majority of the program costs, there are 
other costs that would still need to be included. The next step would be to 
narrow down the monitoring approach choice and continue to build on this cost 
model by adding the rest of the operational components of the program, 
including those associated with administration and infrastructure.    

The costs associated with the administration and infrastructure of the program, 
such as program management, outreach, data storage, and travel amongst others, 
do not scale directly to the core costs. They require a more involved design 
process and thorough consideration of program delivery, as described below. 
Administrative and infrastructure costs could increase the total cost significantly, 
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therefore program design must focus on finding strategies to minimize those 
costs. 

In summary, the steps we recommend to determine the total costs of an EM 
program are to first calculate the core costs, then define the program delivery 
elements that impact costs and finally go through a detailed design process to 
optimize the program. 

3.5 Program Delivery Considerations 
Program delivery influences program costs and provides context for some 
program design choices. Program delivery relates to the framework of how the 
program will be run, how decisions are made, who pays, and what motivates 
stakeholders. 

Several monitoring programs are currently operating in the NE groundfish 
fishery (Appendix A – Fishery description) with existing program delivery 
frameworks. We discuss below how the frameworks will need to address the 
addition of EM to the monitoring package. 

3.5.1 Program Governance 
Program governance is the formal oversight and management process to ensure 
that the mandate of the program is established and upheld as well as to manage 
and control changes to the program. 

In general, the body in charge could be a single agency (government or industry) 
or a committee that includes different stakeholders. Committees offer a lot of 
value with regards to developing a common vision and including the needs and 
knowledge from a diverse group (Zollett et al., 2011)18. Committees should have 
industry, managers, scientific, enforcement and service provider representation 
and bring additional subject matter experts such as NGOs and IT as needed.  

When thinking about governance, the key element is to ensure that there is a 
clear process for oversight and management. Another consideration is that 
consistent participation of group members over time increases the efficiency of 
the governance process because it avoids unnecessary revisiting of previous 
decisions. 

3.5.2 Service Delivery Framework 
Very simply, service delivery refers to how the EM monitoring services outlined 
in Figure 14 are organized. There are a wide variety of options from one to many 
different entities providing the service. While there are three distinct functional 
areas that could potentially be carried out by the agency, a local service provider, 
and a technology provider, this can also be simplified to just one or two groups. 

                                                           
18 Whether this is a viable option will depend on the legal and social background of the fishery, including the fleet 
receptiveness to monitoring and the regulatory framework. 
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In contrast, there might be several providers for each functional area; for 
example, multiple technology providers offering similar onboard EM systems.  

Segregation of functional program areas across multiple entities can lead to 
challenges to creating a well-integrated, responsive program with minimal 
program inefficiencies. Multiple entities under separate organizational 
leadership are more difficult to coordinate than when all the program functions 
are within a single program umbrella. As well, multiple competing entities may 
provide incentives for cost reduction, but may also lead to additional costs with 
redundant infrastructure and unstable tenure. A multiple entities model also 
requires a far more detailed definition of responsibilities. 

The service delivery framework needs to be considered in relation to the 
characteristics of the fishery (size, activity levels and area), the available skill sets 
of potential service providers and the existing institutional arrangements with 
respect to outsourcing fishery monitoring services. There is no single correct 
service delivery framework but when alternatives exist, it is important to 
consider the cost implications they may pose. 

3.5.3 Cost Recovery Framework 
Cost recovery is the method by which the program is funded, including who 
pays for what and the manner in which costs are charged. The program can 
either be funded by a single group or through cost sharing between different 
groups.  

With industry-funded programs, the manner in which program services are 
charged can make a big difference in the total cost of the program. Cost recovery 
methods that directly align with services provide industry with the opportunity 
to develop strategies to achieve monitoring at a lower cost. For example, services 
charged per hour of usage will provide industry with an incentive to minimize 
total time as compared with services charged as a set rate per pound of quota, 
per trip, or per vessel. This service-based framework concentrates program costs 
on those who use the service the most.  

Cross subsidies often make sense to balance costs between fishery participants 
who make a few trips a year versus those who are continuously active. There is 
some justification for the low user paying a slight premium for the privilege of 
using a service as needed, while the program is largely funded by the more 
active participants. 

Increased complexity in how services are charged comes with added accounting 
and invoicing costs. The cost recovery framework needs to be designed in 
relation to the specific objectives of the program.  

Another aspect of the cost recovery framework is with the risks associated with 
fee recovery.  Monitoring program costs will never align with revenues collected 
from fees and there is a potential to over or under collect revenue. Fee systems 
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based on services (e.g., hourly rates) rather than fishery outputs (e.g., cost per 
pounds landed) are likely to track more closely to program costs but there are a 
number of factors that can result in misalignment between fees collected and 
program costs. Unless there is an agreement to retroactively adjust fees to ensure 
an alignment with costs, the cost of the program would need to be higher to 
mitigate the risk of a revenue shortfall.   

3.5.4 Regulatory Framework and Incentive Structure 
The performance of an EM program relies heavily on the regulatory framework 
that it operates under to ensure compliance with the program requirements. One 
way of achieving compliance is through regulations. So long as the regulations 
are well defined, easily measurable and enforceable, performance objectives of 
an EM program can be achieved by penalizing non-compliance. The challenge 
with EM programs is that some key compliance issues (keeping the system 
powered, clean cameras, etc.) may be difficult to enforce if the violation is 
deemed slight, yet compliance at this level may be very important. For example, 
a five-minute data gap may seem insignificant for a three week fishing trip, yet 
power loss during a high risk capture event could significantly weaken the value 
of the EM program. 

An alternative to program controls through regulation would be to provide 
administrative incentives. For example, charging higher fees for incomplete data 
sets relative to data sets with no data gaps and good quality imagery. Vessels 
with historically high levels of compliance might earn lower review rates 
(assuming a self-reported audit method) as compared to vessels with poor 
compliance.  

The cooperation and support of the host vessel is almost always needed for 
effective EM monitoring. Some monitoring approaches are more complex and 
require greater involvement, but nearly all require some level of involvement to 
provide value. Ensuring cooperation from host vessels is best if incentivized in 
some manner, as in a carrot or stick approach. 

3.5.5 Enforcement Considerations 
The efficacy of regulations is highly dependent on the enforcement capabilities 
available. It is important to integrate enforcement officials into the EM program 
so they understand how the program works, the critical risks, the role they can 
play, as well as provide an opportunity for them to tailor the monitoring to meet 
their needs or reduce their costs. Enforcement officials need a basic 
understanding of how the technology works, what data are collected, and the 
areas in which they can be of assistance. It may take a lot of effort to develop an 
effective case using EM data, particularly when experience with this type of 
evidence is limited. There are an increasing number of successful enforcement 
efforts using EM data, however, so this may largely be a transitional issue.  
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While enforcement may be an end user of EM data, in many programs they are 
not the ones who actively review data. Programs benefit from clear guidelines 
with regards to what type of activities will be targeted for review and reporting 
for enforcement purposes. For example, reviewers may be asked to document 
and report on fishing in closed areas or discarding of full retention species for the 
use of enforcement personnel. These personnel, in turn, may request additional 
reports or access to more data to pursue their investigations. 

3.5.6 Level of Industry Engagement 
A successful EM program usually relies on effective engagement with industry. 
As mentioned, compliance with onboard methods is necessary and often there is 
a need for ongoing communication to provide feedback and engage industry in 
developing solutions that balance the operational needs of the vessel and the 
data collection needs of the EM program. More broadly, engaging industry in 
vessel or fleet specific performance (e.g., discard practices) can help broaden the 
understanding of issues in the fishery and identify possible solutions. 
Demonstrating the utility of monitoring program information helps build 
support for the program. This inclusivity is the essence of co-management – 
developing mechanisms for industry to take greater ownership of the issues and 
challenges. 

3.5.7 Monitoring Package Integration 
As mentioned before, EM will only be one component of an integrated 
monitoring package in the NE groundfish fishery that will likely include fishing 
logs, some observer coverage and dockside monitoring. The value of an 
integrated monitoring package is to maximize the strengths of each component 
in a coordinated manner in order to optimize data quality and minimize cost.  

A successful monitoring package will have a data model that specifies how EM 
data is to be linked to data from other monitoring components. This will affect 
the ability to consolidate and compare data from different sources in an efficient 
manner and allow for adequate monitoring of sector ACE. These data should 
also support regular assessment of whether the program is meeting the 
monitoring objectives.  

3.5.8 Data and IT Considerations 
3.5.8.1 Data Model Considerations 

The data model includes a description of all data elements for the program, 
including data fields, field formats, table structures, relationships and validation 
rules as well as metadata definitions. 

Careful consideration of the data model and related aspects are critical because 
the ability to effectively manage and report on the data is fundamental to the 
success of the EM program. The data model needs to incorporate program 
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operations data (service events, data retrieval events, data processing events, 
reports, etc.) and standard fishery data (vessels, trips, set events, landing events, 
catch annotation and analysis) with specific outputs from the EM analysis. 
Furthermore, the data model must address how EM data/information link to 
other data sources (such as fishing logs, VMS, dealer data, and DSM) and where 
those additional data reside. The structure of the data model must be 
documented for the purpose of consistency and communication because it 
involves all service delivery parties within the program. 

Specific data fields (e.g., set start/end) must be clearly defined for the analysis 
process and data integration.  Data fields must define data exchange procedures 
between service delivery parties and fisheries authorities. From an operational 
perspective, performance specifications must be defined in terms of timelines 
and data quality for completed data sets. 

The fisheries authority’s role includes leading the specifications of the EM data 
products and the design of the data/information interface for incoming EM data 
products. The service provider’s role includes developing internal data models 
that include the program operations data. 

3.5.8.2 IT Infrastructure 
The IT infrastructure for an EM program includes the physical systems, as well 
as the procedures and policies that govern how program information is 
assimilated, managed and used. The infrastructure supports a variety of 
processes, including program operations, customer support and management, 
financial management, quality assurance, and EM data products. Often the 
architecture is distributed across different physical systems with data housed 
internally with the program and/or with different agencies (e.g., vessel log and 
landings data). There may be a requirement for long term data archiving which 
would necessitate both server storage capacity and administrative systems to 
manage the archive. The IT infrastructure requirements for an EM program 
should be considered and built in advance of program implementation but it 
may take time for all systems to be in place. 

3.5.8.3 Data Ownership and Access 
The nature of EM data (i.e., imagery data and high-resolution cruise track 
information) generates concerns about its ownership and access that go beyond 
those that exist with observer and fishing log data.  

Details around access to the data, and the requirements around that, will be 
dictated by the stakeholders (fishery authorities and industry). However, in 
general, the program design must include clear definition on who can have 
access to the data, what type of data they can have access to (e.g., raw imagery 
vs. secondary processing data products), when they can have access to the data 
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(e.g., before or after it has been processed), and the manner in which they can 
obtain the data.  

Unauthorized or inappropriate access to the data can be mitigated by encrypting 
the data at the time it is created on the vessel and establishing chain of custody 
procedures. Data protection and chain of custody can be enhanced through a 
combination of technical (e.g., encryption) and process (e.g., locked cabinets and 
sign off logs for hard drives) safeguards.    

3.6 Part 3 Summary 
Part 3 outlines the operational considerations of an EM program, and describes 
the operational and design considerations that program managers and 
stakeholders must consider and plan for, regardless of the monitoring approach 
taken. 

Planning of monitoring is bounded by financial limitations, and the fishery value 
provides a useful frame of reference as this demonstrates that the value of the 
fishery justifies the cost of obtaining the basic data needed to manage it.  

The design process consists of finding an optimal balance between data quality, 
data turnaround, and cost. Stakeholders will have to consider multiple factors 
and make tradeoffs among them. A stakeholder outreach and education program 
should be in place prior to the start of implementation, and continue during the 
operational program.  

Part 3 shows estimates that the core costs for an EM program to collect, process 
and report EM data on a weekly basis to be around $2.5 million for the Audit 
Approach and around $1.7 million for the Compliance Approach, based on a 
series of assumptions. This approximates two to four percent of the fishery 
landed value. While the core costs should represent the majority of the program 
costs, there are other costs that would still need to be included, such as those 
associated to the administration and infrastructure of the program. The steps we 
recommend to determine the total costs of an EM program are to first calculate 
the core costs, then define the program delivery elements that impact costs and 
finally go through a detailed design process to optimize the program. 

While this report focuses on EM operational components, the costs of the other 
monitoring components (i.e., fishing log, NEFOP, VMS, and a DSM) must be 
included in the monitoring package design process. 

The development of an EM program requires careful consideration of the goals, 
and incentives for participation in the program. Experience in other fisheries, 
such as the BC groundfish HL fishery, and US shore-based Whiting, has shown 
that an EM program can meet the information needs, while taking advantage of 
the flexibility in the operational elements to maintain low costs. 
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Part 3 has outlined many of the operational and design considerations of 
developing an EM program, and provided cost estimates as an example of how 
decisions can affect cost. There are many decisions that remain to be made if an 
EM program is developed, and we recommend a thorough evaluation, and 
dedicated planning effort before the program commences.  
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Overall Summary 
Phase III is the culmination of the New England EM Project, funded by NMFS 
and overseen by the FSB. Phase I and II laid the groundwork for understanding 
how EM could best be applied to meet the monitoring objectives of the NE 
groundfish fishery. EM would need to be integrated within an overall 
monitoring package, which would require changes to the existing monitoring 
program, in order to be an effective catch monitoring component in New 
England. As a result, NOAA endorsed two basic monitoring approaches: an 
Audit approach, and a Compliance approach.  

Phase III examined alternative designs for the two basic monitoring approaches 
endorsed by NOAA, simulated and field-tested the approaches on volunteer 
vessels, and identified and documented the operational and cost considerations 
based on the simulating of the approaches, the fishery characteristics, and 
experience from other EM programs. More detailed summaries of the results and 
outcomes are provided at the end of parts one to three of this report. 

Results in Phase III show that both approaches meet the potential information 
needs for management of the NE groundfish fishery but each provide different 
data as well as design, onboard, operational and cost considerations. 

In summary, the Audit Approach uses self-reported fishing logs as the official 
record of the discards of groundfish managed species with EM used to verify the 
self-reported logs through a random audit process.  The audit approach fits 
within the existing regulations and requires more complex catch handling 
methods onboard, data processing and feedback mechanisms. The Audit 
Approach has the additional benefit of engaging captains in the fishery data 
collection.  

In comparison, the Compliance Approach produces actual weights of total 
groundfish managed species catch at offloading. EM is used to confirm that 
vessels are complying with increased retention. This approach requires changes 
to existing retention regulations, a supporting DSM component, and requires 
relatively simple catch handling methods onboard19, data processing and 
feedback mechanisms.  

The difference in operational complexity translates to a difference in cost 
between the approaches. Costs for weekly EM data retrievals and processing 
data were estimated to be around $2.5 million for the Audit Approach and $1.7 
million for the Compliance Approach. However, the Compliance Approach will 
need to include some form of DSM to account for fish not accounted for by 
dealers, which should be taken into consideration as part of the monitoring 
package costs.  

                                                           
19 Note that while catch handling for the purpose of EM is simple, groundfish managed species will still need to be 
sorted at some point to be weighed at the dock. 
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This Phase III report and the other phase reports form an essential starting point 
in the evaluation and assessment of the implementation of EM within the NE 
groundfish fishery.   
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Appendices 

Appendix A: Fishery Background 

Fishery Description 
In 2012, 404 fishing vessels carried out 14,496 dedicated groundfish trips 
dedicated groundfish trips in NE (Table A-1). Across all trips there were 85,417 
hauls completed in 2012. The fishery is composed of three distinct gear types: 
longline, gillnet, and bottom trawl. Most of the trips are less than 48 hours (day 
trips) although most of the hauls occur in multi-day trips (Table A-1). 
Table A-1: Summary of gear types and activity levels for the 2012 fishing year (NMFS provided data, 
2014). 

  Longline Gillnet Trawl Overall 
Sectors 6 10 14 17 
Ports 4 21 30 39 
Vessel Length (ft) 31 to 50 ft 31 to 65 ft 35 to 106 ft  
Total Vessels 23 168 227 404 
Number of vessels 
involved in: 

    Day Trips 23 156 142 
 Multi-day Trips 7 112 190 
 Trips Total Percent Total Percent Total Percent Trips Total 

Day Trips 737 97% 6,988 86% 3,468 57% 11,193 75% 
Multi-day Trips 24 3% 1,095 14% 2,578 43% 3,697 25% 

Total Trips 761 
 

8083 
 

6046 
 

14,890 
 Hauls Total Percent Total Percent Total Percent Total Percent 

Day Trips 1,580 92% 22,534 79% 9,248 17% 33,362 39% 
Multi-day trips 146 8% 5,927 21% 45,982 83% 52,055 61% 

Total Hauls 1,726 
 

28,461 
 

55,230 
 

85,417 
 Hauls per trip 

    Day Trips 2.1 3.2 2.7 3.0 
Multi-day trips 6.1 5.4 17.8 14.1 

Overall hauls per 
trip* 2.2 3.2 5.3 4.0 

Catch Handling 
       Hours per haul 0.5 1.1 1.2 1.1 

Hours per trip 1.1 3.8 10.8 6.5 
Total catch handling 

hours 870 30,315 65,044 96,229 
 *Weighted average by proportion of day and multi-day trips. 
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Figure A-1:  Spatial distribution of groundfish landing events (count) by port for the 2012 fishing year 
(NMFS provided data, 2014). Top-five ports, by number of landings, are labeled. 

Fishing activity, number of total trips, increases during the summer months and 
is lowest from January to April. Number of active vessels (i.e. vessels that 
completed dedicated groundfish trips) also varies throughout the year 
depending on gear type. The number of active gillnet vessels increases in the 
summer and is greatly reduced in January to April while the number of active 
trawl vessels is highest during the winter.  
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Figure A-2: Fishing activity seasonality. Bars represent number of active vessels by month by gear type. 
Line represents total number of trips per month (NMFS provided data, 2014). 

Existing Monitoring Programs 
There are several data collection methods used within the overall monitoring 
program that provide fishery-dependent data for use in management and 
enforcement. The existing tactics include a Pre-Trip Notification System (PTNS), 
Northeast Fisheries Observer Program (NEFOP), at-sea monitors (ASM), trip 
reports (VTR), dealer reports, electronic vessel monitoring systems (VMS) and a 
Port Biological Sample program. 

Captains must register with the PTNS via phone, internet, or email at least 48 
hours prior to the start of a groundfish fishing trip. Based on the PTNS, an 
observer or at-sea monitor may be assigned to the trip. 

The NEFOP provides scientific observers on a percentage of the fishing trips 
each year, for example, in fishing year 2013 the coverage level was 8%. The 
objective is to gather data for scientific and management purposes such as stock 
assessments, protected species interactions, biological sampling, monitoring 
experimental fisheries, economics, and gear performance and characteristics. 
Since the introduction of sector management, NEFOP data is also used for 
tracking catch of ACE species. 

ASMs accompany vessels on a percentage of the fishing trips each year, for 
example, in fishing year 2013 the coverage level was 14% of groundfish trips. 
The primary purpose of ASMs is for monitoring catch of quota allocated species. 
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As such, ASMs collect information on catch composition, and the data 
contributes to estimates of total discards by sector, gear type, and stock area, 
which is then used for generating assumed discard rates for trips that are not 
observed or monitored (ASM factsheet, 2013). Information on trip, gear type, 
and fishing locations are also collected by ASMs. 

A VTR is completed by vessel operators for all trips for each area fished and gear 
type (e.g., if two areas or two gear types are fished, then two VTRs must be 
submitted). The data recorded on the VTR are catch by species per vessel per 
trip, but does not include catch by event or area breakdown. VTRs must be 
submitted by midnight of the first Tuesday following the end of the reporting 
week. This tool is used to portion the catch by area so that discard rates can be 
applied to total catch for trips that do not carry an ASM or NEFOP. 

Dealer reports (trip ticket/offload data) are completed at the dock for catch that 
is sold, and report the kept catch by species by vessel per trip. For a single trip, it 
is possible that a vessel may have multiple dealer reports, and catch can be sold 
the day after landing. 

VMS are deployed on all federally permitted vessels engaged in the 
multispecies fishery, and are monitored by NOAA’s Office of Law Enforcement 
(OLE) to track vessel location on an hourly basis. The information from VMS is 
used by OLE for closed area fishing enforcement, but is not used by the NEFSC 
for science or other management. 

The Port Biological Sampling program is jointly managed by the NEFSC and the 
GARFO, and contracted out to a third party. The Port Biological Sampling 
program collects length and age data from a subsample of all landed catch fished 
commercially within seven sampling regions. This includes both single and 
multiple stock species (37 species in total) and sampling takes place in calendar 
quarters. The program is designed to characterize the landings and to build a 
catch at age matrix and it is not designed to validate or monitor compliance with 
management requirements. 
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Appendix B: Onboard Methodologies 

Audit Approach 
Trawl Catch Handling 

• All catch brought on board and released into the checker pen.  

• All catch was run across the conveyor with the exception of large species 
(such as skate and dogfish) that would not fit on the conveyor belt or 
were difficult to get onto the conveyor belt; these were picked and sorted 
prior to processing.  

• All discarded groundfish managed species were sorted into baskets by 
crew as the catch moved over the conveyor belt.  

• All other discarded species were released over the chute as normal.  

• A measurement control1 point was established for any discarded 
groundfish managed species:  

o After the catch sorting was complete, each groundfish managed 
species was released, one piece at a time, down the discard chute.  

• Discard control points were established for any other species discarded: 

o Control Point 1: Large catch items other than the groundfish 
managed species could be picked from the checker pen and 
discarded over the rails next to the stern within camera view.  

o Control Point 2: Items were run across the conveyor belt and other 
species were discarded out a scupper via the discard chute. 
Groundfish managed species sorted into containers were 
discarded one by one after catch sorting and discarding of all 
other species had been completed. All catch handling was to occur 
within camera view. 

Gillnet Catch Handling 
• All catch brought on board at the hauler. 

• Crew sorted retained catch from the sorting table.  

• Other species picked from the net and discarded at one of the two discard 
control points described below. 

• Groundfish managed species placed on the sorting table within the 
measuring grid for three seconds, and then discarded by the net hauler. 

                                                           
1 Fish measurements were used to determine weight during EM data analysis, not for minimum length 
enforcement purposes.  
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• A measurement control point was established for any  discarded 
groundfish managed species:  

o Discarded groundfish managed species held flat within the 
measuring grid and within camera view for a minimum of three 
seconds. Fish were held in the middle section of the body while on 
the measuring grid so both the head and tail of the fish could be 
seen.  

• Control points were established for all discarded catch items (see 
Appendix F for example diagrams): 

o Control Point 1: Groundfish managed species discarded at the 
starboard side net hauler within camera view. Other species also 
discarded at this location.  

o Control Point 2: Other species discarded at the picking station rail 
(starboard side aft of the hauler) within camera view.  

• Catch handling methods specified for the crew member located at the 
stern was to pass all groundfish managed and other species discard to the 
captain for release.  

Compliance Approach  
Trawl Catch Handling 

• All catch brought on board was released into either the starboard checker 
pen (if starboard net is used) or the port checker pen (if port net is used).  

• All catch was run across the conveyor with the exception of larger species 
(skates, dogfish, large Atlantic Halibut, striped bass, Atlantic Wolfish) 
that would not fit on conveyor belt or were difficult to get onto the 
conveyor belt; these were picked and discarded at the control points 
listed below. 

o All dockside discards that could fit on the conveyor were collected 
in baskets/totes/vats at the end of the conveyor and then dumped 
into the starboard side vat for storage. 

o Skates were hand-picked from the conveyor and were discarded 
at a control point. The captain weighed some skates 
(approximately 30) prior to discard to help estimate the weight of 
overall discards. All skate were discarded piece by piece. 

o Smaller Atlantic Halibut (<24”) that could come onto the conveyor 
were held up for the camera and then were discarded one by one 
at a control point.   
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• Retained catch to be landed and sold (i.e. commercially landed catch) was 
picked and sorted into baskets and totes. 

• All dockside discards were stored in the starboard side vats and 
separated by haul. The captain may have separated species when 
possible.  

• Control points were established for any allowable discarding events (see 
Appendix D for example diagrams): 

o Control Point 1: Allowable discards could be picked from the port 
checker pen and discarded over the port rails next to the stern (not 
down the net ramp). 

o Control Point 2: Allowable discards could be picked from the 
starboard checker pen and discarded over the starboard rails next 
to the stern (not down the net ramp). 

o Control Point 3: Skates would be discarded by the basket on the 
starboard rail next to the conveyor.  

• During fishing, the crew processed and dressed fish putting the viscera 
into totes. Tote contents were discarded over either the port or starboard 
rail and were not counted as discard events. 

• All catch was stowed or within camera view for the duration of the trip to 
ensure discard compliance.   

Gillnet Catch Handling 
• Fish came on board at the starboard side net hauler; all catch remained in 

camera view once brought on board until the vessel had returned to port.  

• Crew sorted kept catch from both sides of the sorting table and fish were 
sorted into fish boxes on the starboard side, aft of the crew, and on the 
port side. 

• Crew sorted dockside discards from both sides of the sorting table and 
fish were stored in totes on the starboard side, behind where the captain 
works. 

• If non-allowable discards (particularly dogfish) were to occur, for safety 
reasons, the crew was to discard immediately at one of the control points 
with no attempt to store the catch on board. 

• Any allowable discards, with the exception of skates, were discarded at 
the starboard side net hauler either before they were brought onboard or 
after they were picked from the net. Skates were discarded at any of the 
control points by the crew member.  
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• Control points were established for any allowable discarding events (see 
Appendix D for example diagrams): 

o Control Point 1: Allowable discards could be discarded at the 
starboard side net hauler by the captain; non-allowable discarding 
was expected (particularly dogfish) and could occur at this 
location. 

o Control Point 2: Skates could be discarded on the starboard side of 
the vessel, aft of the captain, by the crew member; non-allowable 
discarding was expected (particularly dogfish) and could occur at 
this location. 

o Control Point 3: Skates could be discarded on the port side of the 
vessel by crew members; non-allowable discarding was expected 
(particularly dogfish) and could occur at this location.  

• During fishing, the crew processed and dressed fish and may have put 
the viscera into totes. These totes were to be discarded over either the 
port or starboard rail and were not counted as discard events. 

All catch was stowed or within camera view for the duration of the trip. 
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Appendix C: Length-Weight Measurements 

Length-Weight Conversions 
Table A-2: Measurement types (fork or total length) for groundfish managed species 

Species Fork Length Total Length 

Atlantic Halibut   
Pollock   

Atlantic Cod   
Haddock   

Ocean Pout   
Redfish, nk   

Atlantic Wolfish   
Winter Flounder   

Yellowtail Flounder   
Witch Flounder   

American Plaice Flounder   
Windowpane Flounder   

White Hake   
Flounder, nk   

 

 
Figure A-3:  Example of a discard chute with nine calibration marks (emphasized with black dots). 
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Table A-3: Length-weight survey data used by month for each species of groundfish managed species 

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Atlantic Cod W W W S S S S S S A A A 

Haddock W/S W/S W/S W/S W/S W/S W/S W/S W/S A A A 

Pollock W/S W/S W/S W/S W/S W/S W/S W/S W/S A A A 

Redfish, nk (Ocean Perch) S/A S/A S/A S/A S/A S/A S/A S/A S/A S/A S/A S/A 

White Hake  W W W S S S S S S A A A 

American Plaice Flounder  W/A W/A W/A S S S S S S W/A W/A W/A 

Winter Flounder (Blackback)  W W W S S S S S S A A A 

Witch Flounder (Grey Sole)  W/S W/S W/S W/S W/S W/S W/S W/S W/S A A A 

Yellowtail Flounder  W W W S S S S S S A A A 

Atlantic Halibut  A A A S S S S S S A A A 

Atlantic Wolffish S/A S/A S/A S/A S/A S/A S/A S/A S/A S/A S/A S/A 

Ocean Pout W/A W/A W/A S S S S S S W/A W/A W/A 

Windowpane Flounder  W W W S S S S S S A A A 

W=Winter, S=Spring, A=Autumn  

  



 
 

Phase III Final Report  
New England Electronic Monitoring Project| August 2014 

 

© 2014 ARCHIPELAGO MARINE RESEARCH LTD.  Page A-11 

Length Estimation Tool - Accuracy 
This section outlines a number of the tests performed by Archipelago Marine 
Research Ltd. R&D to document the accuracy of the length measurement tool, 
summarizes the results, and recommends best practices for working with the EM 
InterpretTM Length Measurement tool. The suitability of the tool should be 
evaluated for each individual program before use. 

Using the Length Measurement Tool 
While viewing video footage in the EM Interpret™ software, the reviewer can 
use the Length Measurement tool to estimate the length of individual catch 
items. When the viewer clicks on the start and end point of a catch item, the tool 
calculates the length of that catch item based on the “known” measurements 
between calibration marks (placed beforehand on the chute or measuring board 
and visible to the viewer). EM Interpret uses these calibration marks to 
compensate for lens distortion and correct for the keystone effect2.  

Sources of Error 
A number of factors can impact accuracy and influence the suitability of the tool. 
These factors can be grouped into three main categories: physical deployment, 
objects being measured, and reviewer methodology (Table A-4).  
Table A-4: Sources of error with using the length measurement tool. 

Category Sub-Category 

Physical 
Deployment  

• Shape of the chute 
• Angle of the chute with respect to the camera 
• Camera type 
• Lens type 
• Distance of camera from fish 

Objects Being 
Measured 

• Lighting (shadows) 
• Catch item behavior (i.e. curling of fish) 
• Catch handling procedures (i.e. discards en masse) 

Reviewer 
Methodology 

• Consistent manner for selecting measuring points 
• Tool calibration 
• Consistent approach for dealing with non-ideal imagery 

Testing Materials and Methods 
Archipelago tested whether the angle of the chute (with respect to the camera), 
the type of camera, or the type of camera lens effect the accuracy of the data 
outputs. Other potential sources of error, such as lighting and reviewer 
methodology, were held constant between trials (Table A-4).  

                                                           
2 The keystone effect occurs when attempting to project an image onto a surface at an angle, as with a projector 
not quite centered onto the screen; image dimensions are distorted, making it appear as a trapezoid or keystone. 
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Camera and Chute Setup 
Archipelago currently uses two types of cameras: analog and digital (IP). Testing 
was performed on both types, using two different focal lengths for each camera 
(wide and narrow). The lengths available for the IP camera were 3.6 mm and 
6.0mm, and for the analog 3.2 mm and 6.0 mm. (The 3.6 mm and 3.2 mm lens’ are 
considered comparable for the sake of a wide lens in relation to the narrower 
6.0mm lens.)  

During the tests, the cameras were permanently mounted between 1.5 and 2.5 
meters (5 to 8 ft.) from the centre of the chute. The variation in camera height was 
due to the setup of the chute which was angled at: 0, 12.5, 22.5, and 40 degrees.  

The purpose of these setups was to capture the effects of resolution and 
distortion from the camera setup and chute angle on the accuracy of the length 
measurement tool. The distortion may be increased depending on the location of 
the fish measurement on an angled chute. For this reason, the fish measurement 
position was also tested at the top, middle and bottom of the chute. Not all 
combinations of chute angle, camera type, and camera lens were completed 
leaving an unbalanced design. However, 9 replicates of 33 different test 
combinations were made for a total of 297 measurements.  
   High Calibration Marks       Middle Calibration Marks       Low Calibration Marks 

 
High End            (Mock chute at roughly 45 degrees incline)        Low End 

Figure A-4: Components of a vessel chute. 

Simulated Fish 
Actual fish were not an option for testing purposes, therefore test “fish” in the 
range of 25 to 43 cm length, were fabricated from 3 mm (1/8”) thick wooden 
material. There are inherent disadvantages to using simulated fish, in that they 
do not necessarily traverse along a chute in the same fashion as a real fish. The 
rigidity of the simulated fish was observed to vary the plane of traversal along 
the chute, and thus project a tilted or skewed image. The accuracy of 
measurement during viewing was negatively affected by this planar effect. 
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Figure A-5: Simulated fish used for testing the chute configuration. 

Analytical methods 
The purpose of the different camera, lens and chute angle combinations was to 
test the overall robustness of the length measurement tool to varying camera and 
chute setups. For this reason, absolute error was considered for more detailed 
analysis and not the direction of the error (i.e., over versus under-estimation). 
Error was the difference between the true length of the fish and the measured 
length from the video analysis. Both percent accuracy and error were analyzed 
using a linear regression with a cube-root power transformation for normality. 
Both models had the same significant effects for all factors including interactions 
between angle and lens type as well as angle and fish position on the chute. The 
angle of the chute was considered a continuous variable while all others were 
treated as factors. 

Results 
On average, the fish were overestimated by 0.32 cm (se = 0.03). Using an IP 
camera with a 6.0 mm lens provided the most accuracy. For a level (0 degree) 
chute there was no impact by the position of the fish on error; as the angle 
increased, using the middle or the top significantly reduced the absolute 
measurement error. A wide angle lens (3.2 mm or 3.6 mm) had a larger impact 
on error than the 6.0 mm lens, although this effect was reduced when the chute 
was set at higher angles. Under the best set-up conditions (IP camera, 6.0 mm 
lens, top of chute, and level chute) approximately 0.11 cm (se = 0.05) of error is 
expected and a percentage error of 0.4% (se = 0.5). Under the worst conditions 
(analog camera, 3.2 mm lens, bottom of the chute, and 40 degree angle) we 
expect approximately 1.7 cm (se = 0.11) of error and a percentage error of 5.3% 
(se = 1.0). 

Calibration Consistency 
From the results above, we used best practices to determine the most reliable 
method to analyze catch video. The best practice was used to test how sensitive 
the measurement tool was to calibration. Using a single frame of a fish, the 
measurement tool was recalibrated 30 times and a measurement was taken. The 
result was a standard deviation of 0.04 cm from the average. This result indicates 
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that very little error in measurement can be attributed to how the tool is 
calibrated. 

Conclusion 
Archipelago R&D testing confirmed that IP cameras produced much higher-
quality video, and lenses with a longer focal length provided less distortion. The 
best results (i.e. within 0.5% of actual size) were obtained when: 

• Using an IP camera with a 6.0 mm lens. 

• The camera was level with the measurement surface (0 degrees). 

• Objects were measured near the top or middle of the calibration area. 

Best Practices and Recommendations 
When deploying an EM system on a fishing vessel, it is best practice to use a 
digital camera with a 6.0 mm lens. The angle of the measurement area with 
relation to the camera should be as close to zero as possible. If the chute is 
angled, methodologies for reviewers should recommend measuring each catch 
item as it passes through the upper portion of the measurement area.  

Considering the number of variables that will impact the accuracy of the results, 
we recommended that the camera set up on each vessel be evaluated for 
accuracy, using the following procedure:   

1. Take three objects of known length (frozen fish, fish cut-outs, etc.) that 
represent the length of the target species.  

2. While recording video with the EM system, have each object slowly transit 
the calibration points.  

3. Review the imagery data, measuring each item three times (Upper, Centre, 
and Lower calibration marks) and record the values. 

4. Compare the recorded values with known length against the standards of 
acceptable error developed for the project. If the measurements fall within 
the standards, the camera set up is adequate. If they fall outside of the 
standards the camera set up needs to be reassessed.  
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Length Estimate Configuration Checks 
This section outlines the procedures used to check the effect the set up of the 
length measurement area has on the accuracy of the tool as well as the individual 
results for each vessel. As each vessel set up is unique, so are the physical factors 
that affect the accuracy of the length measurement tool.  

Length Measurement Tool Background 
The length measurement tool is a component of the EM Interpret™ software 
developed by Archipelago Marine Research Ltd. As described in the Application 
Note Length Measurement: Accuracy Testing, the length measurement tool uses a 
series of reference points that have been visually marked on either the discard 
chute or measuring board to enable the viewer to estimate the length of a fish as 
it passes across the camera view and within the nine reference points. Further 
information on the reference points can be found in the Discard Chute Standards 
document developed by Archipelago Marine Research Ltd.  

Objectives 
Although all EM cameras are set up in accordance with generic configuration 
guidelines, some vessel configurations may necessitate some unique variations. 
The goal of checking the length measurement set up on vessels participating in 
the Phase III Audit Approach was to determine whether the lengths of known 
objects fell into acceptable ranges when measured using the length measurement 
tool.  

Methodology 
Simulated Fish 
Three fish were fabricated using foam and glue. The fish measured 20 cm, 25.5 
cm and 30 cm in length (from the tip of the mouth to the fork in the tail) and 
approximately 0.6 cm wide (at the tip of the mouth and the fork in the tail). These 
lengths were chosen as throughout this phase of the project, 90% of measured 
discarded ACE species fell into the 20 to 35 cm range.  

Each fish was color-coded so that the length measurements from the video could 
be aligned with the actual lengths. Double-sided tape was adhered to the back of 
each fish so that the fish would remain stationary during testing. 

Video Clips 
Video was triggered to record using the manual record function of the EM 
system. A foam fish was first placed between points P7 and P8 of the length 
measurement area; and then placed between points P8 and P9; and finally placed 
with the centre of the fish lying over P8 (Figure A-6). The fish was left in place for 
three seconds at each point.  
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This procedure was repeated with the two remaining fish. After all fish had been 
placed on the measurement area the sensor and video data were collected from 
the EM system.  

 

 
 

 
Figure A-6: Diagram of fish measurement area showing the measurement placements for each fish. 

Data Processing 
Using EM Interpret Pro, catch annotations with length estimation were created 
for each fish at each point of the grid. The placement of the fish was recorded in 
the annotation comments.   

Results  
Table A-5: Accuracy of length measurement based on the position of the fish on the grid for small, 
medium and large sized fish for Vessel C. 

 

Fish Placement 
  

  

35 cm -2.0% 0.3% 0.6% 

25 cm 1.5% 0.6% 2.0% 

20 cm -1.5% -0.6% 1.4% 
 

Table A-6: Accuracy of length measurement based on the position of the fish on the grid for small, 
medium and large sized fish for Vessel B. 

 

Fish Placement 
  

  

 35 cm 3.8% -0.7% -2.8% 

 25 cm 6.8% 2.5% -0.7% 

 20 cm  5.0% 1.8% -1.0% 
 

The vessel configuration for Vessel C enabled a viewer using EM Interpret™ Pro 
to generate length estimations that range between -2.0% and 2.0%. The difference 
in actual length ranged from -0.696 cm to 0.490 cm. 

  

  P7 P8 P9 

Fish Placement 1 Fish Placement 2 Fish Placement 3 
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The vessel configuration for Vessel B enables a viewer using EM Interpret™ Pro 
to generate length estimates that range between -2.8% and 6.8%. The difference 
in actual length ranged from -0.995 to 1.329 cm.  
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Appendix D: Vessel Monitoring Plan Example 

Introduction 
The VMP outlines vessel specific catch handling protocols and EM system 
configurations being used throughout the project. The combination of EM system 
configurations and catch handling protocols are designed to meet the Project 
Objectives described in the Project Plan and the Fisher Letter. 

The VMP is a communication tool used to ensure that captains, EM field 
technicians, EM data reviewers and project coordination staff know what their 
roles are for a successful implementation. Each group has a role to play in 
ensuring the data collected by the EM system meets the project objectives and 
will need to provide feedback. 
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General EM Procedures 
EM System operation 

EM system performance will be monitored for every trip to maximize EM data 
collection.  

The EM system has been designed to operate with minimum effort by the 
captain. To ensure successful capture of EM data, the captain should: 

• Turn the EM system on when vessel unties or lifts anchor, and 
• Leave the EM system on the entire trip until the vessel has tied up in port or 

set anchor. 
These steps will maximize data completeness and quality for the entire trip.  For 
any fish handling activity occurring outside the normal recording of the EM 
system, captains are requested to use the manual record button on the system 
screen. 

EM System Configuration 

EM system components are to be installed on the vessel in a manner that meets 
the monitoring objectives, is both efficient for the technician and captain, and 
allows for normal fishing operations with a minimum of interference. Realizing 
the monitoring objective must be met, the first priority is to configure the EM 
system to achieve this objective and then complement the process by modifying 
catch handling protocol as a second priority. 

Catch Handling  

Catch handling should complement the EM system configuration (sensors and 
cameras) in achieving the monitoring objective. While every effort is to place and 
orient deck views with established catch handling procedures, some effort on 
behalf of the fishermen involved will be required. In this case the main issues are 
around discarding events. 

Observer Conduct 

Observers are to familiarize themselves with the EMS Observer Protocols sheet 
issued to each vessel which is also attached as Appendix B. Complying with 
discard locations and methods is essential to proper EM data collection. These 
modifications will ensure that data used as part of the pilot study are high 
quality. Following these protocols will also contribute to accurate estimates of 
species important to each vessel’s Annual Catch Entitlement (ACE) and sector 
ACE.  

Please note that these protocols are subject to change as EM analysis dictates. All 
observer protocols are developed by FSB staff. If you have any questions 
regarding protocol please call either Kelly Neville, (contact information), or 
Glenn Chamberlain, (contact information). 
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General Vessel Information 
Vessel Name Example 
Gear Type(s)  
Home Port Scituate 
Captain  
Sector  
Vessel Length  
Hull Number  

 

Home Port – Port Box 

 

Figure A-7: Scituate home port with port box. 
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Monitoring objective  

Trip Type: EM Experiment Trip, Phase III 
Date Implemented: 

MM/DD/YYYY 

Rationale: 

• Collect information on the EM system performance. 
• Use EM video to verify catch compliance; verify kept catch is stored in hold and 

dockside discards are stored on deck in large vats. 
• Use EM video to verify allowable discards such as large pelagics, marine 

mammals, sea turtles, sea birds, sturgeon, American Lobster, Atlantic Halibut, 
Atlantic Wolfish, Striped Bass, skates, Summer Flounder, and large debris at 
accepted discard control points. 

• Use a fishermen’s comment log to record fishing event details for EM reviewer 
alignment of time and location of fishing, and any allowable or non allowable 
events captured. 

EM System Configuration 
Compliance Approach 
Software Setup 

 

Figure A-8: Screen capture for EM control station.  
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EM Components Location 

Control Center 

 

• In the wheelhouse. 
• Controls all the sensors and cameras and stores 

all the EM data. 

User Interface 

 

• In the wheelhouse. 
• Allows the captain and the EM technician to 

interact with the Control Center to ensure the 
system is performing well, enter comments, etc. 

GPS 

 

• On wheelhouse gantry upper crossbar. 
• Provides location, time, and speed information. 

Hydraulic Pressure Sensor 

 

• On conveyor belt high pressure line in the engine 
room. 

• Detects hydraulic activity on conveyor belt to 
signal fishing activity. 
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Drum Rotation Sensor 

 

• Clamped on to starboard winch 
• Detects winch rotation to signal fishing activity. 

 

Camera 1 – Starboard View Location 

• On wheelhouse gantry upper crossbar. 
• Aimed towards starboard rail, conveyor and 

checker pen. 

View and objectives 

• Verify all catch is retained.  
• Dockside discards are stored in starboard side 

vats.  
• Kept catch is stored in the fish hold.  
• Also verify if allowable discarding taking place at 

starboard side rails. 

Camera 2 – Port Location 

• On wheelhouse gantry upper crossbar. 
• Aimed towards port rail, center deck and stern 

area. 

View and objectives 

• Verify all catch is retained.  
• Dockside discards are stored in starboard side 

vats.  
• Kept catch is stored in the fish hold.  
• Also verify if allowable discarding taking place at 

port rails. 

Camera 3 – Stern View Location 

• On wheelhouse gantry, starboard post. 
• Stern view of port and starboard ramps and 

rails as well as checker pen view. 

View and objectives 

• Verify all catch is retained except allowable 
discards (large pelagics, marine mammals, sea 
turtles, sea birds, skates, Atlantic Wolfish, 
Striped Bass, American Lobster, Atlantic Halibut, 
sturgeon, and non-living debris). 

Camera 4 – Scale view 

• Located under wheelhouse overhang, 
starboard side. 

• View of foredeck under the overhang where 
skipper will be weighing baskets. 

View and objectives 

• Ensure all catch stays in camera view, 
particularly when observers are on board and 
when the captain takes baskets to the scale for 
measurement. 

• View for verifying summer flounder 
identification if discarding occurs in camera 1.  
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Catch Handling Protocols 
EM Experiment trips, Phase III 
Details of the catch handling protocols were laid out in this section. These are included in 
the Materials and Methods section of this report. An example of the diagram outlining 
control points is provided on the next page.  

 
Figure A-9: Example Diagram showing locations of control points. 
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Notes  
This section includes notes and describes changes made to the VMP throughout 
the project. 

MM/DD/YYYY 

• New system components and catch handling section added to accommodate 
for full retention strategy as part of EM experiments trips in Phase III of 
project. Removal of other sections as they do not pertain to this phase of the 
project. 

EM System Configurations by Date 
MM/DD/YYYY to MM/DD/YYYY – Configuration- Non-Observed Groundfish 
Trips 

MM/DD/YYYY to MM/DD/YYYY – Configuration- Observed Groundfish Trips 

MM/DD/YYYY – Modified Configuration- 100% Full Retention Catch 
Monitoring 

Vessel Layout  
This section contains pictures of the vessel. No pictures have been included in the 
example to protect the privacy of project participants.  
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Observer Sampling Protocols 
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Specific Requirements - Compliance Approach 
Dockside Monitoring 

Define data needs 
• Obtain weights on all dockside discards with a focus on allocated species 

weights 
 

Table A-7: Species involved in the compliance approach. 

Groundfish Managed Species Annual Catch Entitlement 
(ACE) Species 

Prohibited Species 

Atlantic Cod Atlantic Cod Atlantic Wolffish 
Pollock Pollock Ocean Pout 
Haddock Haddock Windowpane Flounder 

(sand dab) 
Redfish Redfish  
Winter Flounder Winter Flounder  
Witch Flounder Witch Flounder  
American Plaice Flounder American Plaice Flounder  
Yellowtail Flounder Yellowtail Flounder  
Atlantic Halibut Atlantic Halibut  
White Hake White Hake  
Atlantic Wolffish   
Ocean Pout   
Windowpane Flounder (sand dab)   

Procedures and Forms 
• Captains will need to sort kept from dockside discards (sort discards by haul 

if using for a monitored trip3). 
• Dockside monitors will use the dockside monitor weigh-out report 

(originally created and used by DSM program). 
• Dockside monitors will obtain actual weights for all dockside discard species 

using Marel scales (monitors will not work with landed catch). 
• It will be assumed that any dockside discard ACE species was sublegal, else, 

it should have been landed and sold. 
o The exception is if the dockside discard ACE species is obviously a poor 

quality fish (i.e. missing head, missing guts etc.). 
• Fish at the dock will be measured in the fish house (if there is one present).  
• Fish may be measured on the boat then dumped back out at sea in some 

cases. 
• Dockside monitors will retrieve EM data and fishermen logs.  

                                                           
3 Vessel D was permitted by GARFO to use DSM data from trips under the compliance trial as ‘monitored trips’ 
under sector management requirements (i.e. as ASM data). 
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Appendix E: Fishermen Comment Logs 
Instructions –Audit Approach (Figure A-10): 

• Record time and location (coordinates and statistical area) of the start of 
all hauls (gillnet) or tows (trawl) 

• Document all discarding of groundfish managed species 

o Record haul number 

o Record all groundfish managed species piece counts for all hauls 

o Record all discarded allocated (ACE) total estimated weight (in 
lbs) by species for all hauls  

o Record weight estimation method used 

o Record damaged discarded allocated (ACE) species counts  

• Record time and location of the end of all hauls (gillnet) or tows (trawl) 

Instructions –Compliance Approach (Figure A-11): 
• Record time and location of the start of all hauls (gillnet) or tows (trawl) 

• Document all allowable discarding activity 

o Record haul number  

o Provide an estimated weight for discarded skate at the species 
group 

o Record all species discarded (identified to the lowest taxonomic 
level possible) 

• Document all non-allowable discarding activity 

o Record haul number (if applicable), time and location 

o Provide an estimated weight of the discard by species 

o Record the rationale behind the discard 

• Document any codend tripping 

o Record species and weight estimate 

o Record rationale for discard 
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Figure A-10: Fishing Log (modified Fishermen’s Comment Log) designed specifically for the audit approach. 
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Figure A-11: Fishing Log (modified Fishermen’s Comment Log) designed specifically for the compliance approach.
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Appendix F: Dockside Monitoring Results  
Below is a summary of all of the dockside discards that were recorded by the 
dockside monitors during the compliance approach field trials. 
Table A-8: Total dockside discards (LUMF, undersized ACE fish, prohibited species, and bycatch) data by 
species and weight collected by Dockside Monitors. 

  VESSEL C (lbs)   VESSEL D (lbs) 
Species Trip 1 Trip 2  Trip 3  Trip 4  Trip 5    Trip 1  Trip 2  Trip 3 
Alewife 0 0 0 0 0 

 
0 0 0.5 

American Plaice Flounder 0 0 0 0 0 
 

12.4 5.1 18 
Atlantic Cod 0 0 0 0 0 

 
0 0 1.8 

Atlantic Halibut 0 0 0 0 28 
 

0 0 0 
Barndoor Skate 0 15 0 3 8 

 
0 0 0 

Debris, nk 0 3 0 0 0 
 

5.2 11.9 28 
Fish, nk 0 3 0.6 0 6 

 
0 0 0 

Fishing gear debris 0 0 0 0 0 
 

5 0 0 
Fourspot Flounder 0 0 0 0 0 

 
6.7 7.6 18.4 

Haddock 0 0 0 0 0 
 

0 0.8 0 
Jonah Crab 0.6 21 4 6 8 

 
2.9 7.2 3.8 

Longhorn Sculpin 0 0 0 0 0 
 

0.1 0.2 67.1 
Lumpfish 0 0 0 1 0 

 
0 0 0 

Monkfish 0 15 0 0 6 
 

15.9 15.4 0.8 
Octopus, nk 0 0 0 0 0 

 
0.4 0.2 0 

Red Hake 0 0 0 0 0 
 

0.2 1.9 4.6 
Rock Crab 1 9 0 0.9 0 

 
2.6 3.1 15.9 

Sea Raven 0 0 0 0 0 
 

0 2.2 16 
Sea Scallop 0 0 0 0 0 

 
0 0 0.1 

Seastar Starfish, nk 0.4 0 0 0 0 
 

0 0.5 0 
Shell, nk 0 0 0 0 1 

 
0 0.1 2.1 

Shortfin Squid 0 0 0 0 0 
 

0 0.4 0 
Silver Hake 0 0 0 0 0 

 
0.8 0.5 2.4 

Skate, nk 0 0 0 0 0 
 

0 0 2 
Spiny Dogfish 0 18 18 9 26 

 
0 18.9 0 

Sponge, nk 0 0 0 0 0 
 

0 0 339.3 
Thorny Skate 2 0 0 0 0 

 
0 0 0 

Windowpane Flounder 0 0 0 0 0 
 

10.9 9 3.1 
Winter Flounder 0 0 0 0 0 

 
17.6 8.7 5.3 

Winter Skate 4 0 0 0 0 
 

0 0 0 
Witch Flounder 0 0 0 0 0 

 
0.4 0 0 

Yellowtail Flounder 0 0 0 0 0   8.6 7.4 23.8 
Total 8 84 22.6 19.9 83   89.7 101.1 553 
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Appendix G: Trip Report Example 
Below are two examples of trip reports that use mock-up data to demonstrate the 
information that was provided to captains during the trial. 

Audit Approach 
 

Vessel:   Example Vessel 

Departure Date: September 21, 2013 

EM Trip Number: 111111.01 

Feedback 
Overall 

• Feedback from the imagery viewer indicates that the camera dome above the 
measurement area requires cleaning. Please try to periodically wipe domes, 
particularly after catch processing. Clean camera domes facilitate imagery 
review and can reduce processing time.  

Data Completeness 
• The EM system was not powered on until the vessel was already outside of port.  

Onboard Methodology 
• Not all of the discarded allocated (ACE) species were measured. As described in 

the onboard methodology please place each discarded allocated (ACE) species 
catch item in the EM measuring grid for three second prior to discard.  

Species Comparisons 
• The Captain Comment Log had no pieces recorded for Ocean Pout; however, the 

EM imagery did record some Ocean Pout.  

Location and Date/Time Comparisons 
• The Captain Comment Log has Area 611 recorded for event 2 but the positional 

information of the EM data indicates the event start was in Area 539.  

  



 
 

Phase III Final Report  
New England Electronic Monitoring Project| August 2014 

 

© 2014 ARCHIPELAGO MARINE RESEARCH LTD.  Page A-33      

Species Comparisons 
Flounder, Sand Dab (Windowpane) 

  
Captain 

Comment Log EM Data Absolute 
Difference 

Percentage 
Difference 

Event 1 Pieces 83 395 312 79% 

 Weight (lbs) 32 252.5 220.5 87% 
Event 2 Pieces 36 50 14 28% 

 Weight (lbs) 12 32.6 20.6 63% 

 

Flounder, Winter (Blackback) 

  
Captain 

Comment Log EM Data Absolute 
Difference 

Percentage 
Difference 

Event 1 Pieces 3 17 14  
 Weight (lbs) 0.5 8.6 8.1  

Event 2 Pieces 15 34 19 56% 

 Weight (lbs) 3 20.7 17.7 86% 

 

Ocean Pout 

  
Captain 

Comment Log EM Data Absolute 
Difference 

Percentage 
Difference 

Event 1 Pieces  2 2  
 

Flounder Total (includes Flounder, nk) 

  
Captain 

Comment Log EM Data Absolute 
Difference 

Percentage 
Difference 

Event 1 Pieces 86 417 331 79% 
Event 2 Pieces 51 90 39 43% 

 

Calculations 
EM Weight = ∑(𝑀𝑒𝑎𝑠𝑢𝑟𝑒𝑑 𝐸𝑠𝑡.𝑊𝑒𝑖𝑔ℎ𝑡)+ (Unmeasured Pieces x Avg. Weight Per 
Measured Piece for Haul)  

Notes 
Unknown Species entries included:  

• Haul 1: 5 flounder, nk 
• Haul 2: 6 flounder, nk 
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Location and Date/Time Comparisons 
 

Location - Start 

 Captain Comment Log EM Data Difference (nm) 

Event 1 42° 16.03 72° 13.45 42° 16.01 72° 13.80 0.03 
Event 2 42° 08.71 72° 07.62 42° 08.68 72° 07.95 0.02 

 

Location - End 
  Captain Comment Log EM Data Difference (nm) 

Event 1 42° 09.45 72° 51.01 42° 09.44 72° 51.00 0.01 
Event 2 42° 04.62 72° 56.26 42° 04.62 72° 56.28 0.02 

 

Date/Time - Start 

 
Captain Comment Log EM Data Difference (min) 

Event 1 09/21/2013 9:27 09/21/2013 9:28 1 
Event 2 09/21/2013 11:05 09/21/2013 11:05 0 

 

Date/Time – End 

 
Captain Comment Log EM Data Difference (min) 

Event 1 09/21/2013 10:17 09/21/2013 10:17 0 
Event 2 09/21/2013 11:59 09/21/2013 12:00 1 

 

Area Fished 
  Captain Comment Log EM Data Result 

Event 1 611 611 Match 
Event 2 611 539 No Match 
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Compliance Approach 
 

Vessel:   Example Vessel  

Departure Date: September 21, 2013 

EM Trip Number: 111112.01 

Feedback 
Onboard Methodology 

• Great Job! 

Allowable Discards 
• The Captain Comment Log had no pieces recorded for Atlantic halibut; however, the EM 

imagery did record one piece of released Atlantic halibut during haul 1.  
• The Captain Comment Log had no large debris recorded; however, the EM imagery data 

did record some large debris.  

Non-Allowable Discards 
• One lumpfish was observed to have been discarded during this trip.  

Location and Date/Time Comparisons 
• All location and date/ time information was accurately recorded. 
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Allowable Discards 
2A. Skate Comparison 

Skate, other 

 
Captain 

Comment Log EM Data Result Estimated 
Weight (Log) 

Piece Count 
(EM) 

Event 1 Y Y Match 122 82 
Event 2 Y Y Match 45 35 

 

2B. Species Comparisons 

Atlantic Halibut 

  
Captain 

Comment Log EM Data Absolute 
Difference 

Percentage 
Difference 

Event 1 Pieces 0 1 1 n/a 

 

American Lobster 

  
Captain 

Comment Log EM Data Absolute 
Difference 

Percentage 
Difference 

Event 1 Pieces 1 0 1 n/a 
Event 2 Pieces 3 4 1 n/a 

 

2C. Large Debris  

Large Debris 

 Captain Comment Log EM Data Result 

Event 1 No Yes No Match 
Event 2 No No Match 

 

Notes  
Viewer indicated that one large segment of chain or rope was discarded off the stern. 
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Non-Allowable Discards 
Notes  
There were no non-allowable discards observed on this trip. 

Unknown Species entries included:  
• Haul 1: 2 invertebrates, nk 

Location and Date/Time Comparisons 
Location - Start 

  Captain Comment Log EM Data 
Difference 

(nmi) 

Event 1 42° 17.80  71° 25.80  42° 17.96 71° 25.93 0.12 
Event 2 42° 17.30 71° 22.50 42° 17.42 71° 22.50 0.02 

 

Location - End 
  Captain Comment Log EM Data Difference (nmi) 

Event 1 42° 10.00  71° 16.00 42° 09.83 71° 15.83 0.20 
Event 2 42° 09.20 71° 15.60 42° 09.02 71° 15.54 0.18 

 

Date/Time - Start 

 
Captain Comment Log EM Data Difference (min) 

Event 1 09/21/2013 10:10 09/21/2013 10:10 0 
Event 2 09/21/2013 12:50 09/21/2013 12:50 0 

 

Date/Time – End 

 
Captain Comment Log EM Data Difference (min) 

Event 1 09/21/2013 11:30 09/21/2013 11:29 1 
Event 2 09/21/2013 13:15 09/21/2013 13:15 0 

 

Area Fished 
  Captain Comment Log EM Data Result 

Event 1 516 516 Match 

Event 2 516 516 Match 
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