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Abstract 
 

The intent of the British Columbia Groundfish Hook and Line Catch Monitoring Program 

is to provide accurate estimates of species-by-area catch, including at-sea discards. The program, 

overseen by the Department of Fisheries and Oceans Canada, provides official estimates of total 

catch via fisher logbooks and dockside monitoring. This research provides a description of 

program components, examines weaknesses (i.e., non-random sampling), and analyzes catch 

data for a cross section of species, including: bocaccio, canary rockfish, lingcod and North 

Pacific spiny dogfish. This research provides evidence that the assumption of representativeness 

underpinning the program is valid, and that the system is providing good catch information, in 

most cases, related to the species under study. During the course of this research, data handling 

practices and the potential for uncertainty in the video footage review data emerged as additional 

objectives.  

Keywords: catch monitoring, electronic monitoring, groundfish, post-retention discards, 

participatory fisheries management, British Columbia 
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Introduction 

 A catch-monitoring program (CMP) exists in British Columbia (BC) to monitor the 

commercial hook and line (HL) groundfish fisheries. This CMP, known as the Groundfish Hook 

and Line Catch Monitoring Program (GFHLCMP), was implemented in 2006 under the direction 

of the Department of Fisheries and Oceans Canada (DFO). The CMP is part of a larger 

management framework, known originally as the Canadian Groundfish Integration Pilot Program 

(CGIPP) (Department of Fisheries and Oceans Canada [DFO], 2009a). The intent of the CMP is 

to provide accurate estimates of species-by-area catch, and in particular, accurate estimates of 

specimens that are discarded at the moment of capture or dumped after the fact (Mawani, 2009; 

Stanley, Olsen, & Fedoruk, 2009). Monitoring of the commercial HL groundfish fisheries is 

important because it fulfills management’s needs with respect to meeting operational and 

conservation objectives. Further, accurate catch accounting supports individual vessel quota 

(IVQ) and IVQ management.  

The CMP is considered a success in BC since it has successfully met the expectations of 

the fishing industry and the government (Stanley, Karim, Koolman, & McElderry, 2014). 

Researchers have concluded that the CMP is providing “accurate, defensible, and timely 

estimates of total catch for all quota and many non-quota species” (Stanley et al. 2014 p.1). 

Specifically, it has been concluded that for the first time, credible bycatch estimates exist for a 

rockfish species (yelloweye rockfish) across all fleets by region (DFO, 2009a). Secondly, it has 

also been concluded that the management framework (the CGIPP), which includes the CMP, is a 

more sustainable model when compared to historic (pre-2006) limited-entry licensing regimes 

that required fishers to discard non-target species (Mawani, 2009; Wallace, 2013).  
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Unpublished works tout the BC groundfish fishery as one of the best-managed fisheries 

on the planet, where various reforms including, but not limited to, the development of the CMP 

have resulted in more reliable stock assessments and a better understanding of the impacts the 

groundfish fishery has on other species (Wallace, 2013). Further, the CMP components allow for 

the verification of catch by all vessels, for all species, for all trips (Wallace, 2015).  It has also 

been concluded that the CMP works so well in getting fishers to cooperate with the management 

framework that they have left a large proportion of quotas uncaught where stocks need 

rebuilding (Dredge, 2015). Further, Dredge (2015) found that nearly half of CMP participants 

who were surveyed (approximately 60) feel that they are part of the cleanest, greenest and most 

sustainable fishery in the world. 

The CMP (and the associated management framework) is reputed to be a success around 

the world, not only because it is reputed to be a success (Stanley et al., 2009; Stanley et al., 2014; 

Mawani, 2009) but also because of its innovative elements. Worldwide, the traditional approach 

to commercial fisheries management has included top-down government-led initiatives that often 

discount the views and needs of participants (Hilborn, Punt, & Orensanz, 2004). In the case of 

the CGIPP, a deputation including government (managers, enforcement, science), industry 

representatives, and the service provider came to the table to develop a framework for managing 

the BC groundfish fishery (Stanley et al., 2014). This innovative approach of bringing 

stakeholders together as early as possible to solve a resource management problem in BC is a 

prime example of participatory fisheries management (Koolman, Mose, Stanley, & Trager, 2007; 

Reed, 2008) that ultimately led to the development of a framework (the CGIPP) that combines 

elements of both top-down and bottom-up control (Fraser et al., 2006).  



VALIDATION OF HOOK-AND-LINE CATCH ESTIMATES 
	
	

12 

The management framework has also received worldwide attention because of some 

pioneering technical elements, which includes an innovative use of camera monitoring within a 

random audit framework to validate fisher-reported catch logs (see Background). 

However, in spite of the plaudits there are few published works that critically examine 

the CMP’s effectiveness in catch monitoring. Mawani (2009) focused on the implementation of 

the CGIPP (including the CMP) and inferred success based on the design attributes. Stanley et al. 

(2009) went further and evaluated actual CMP data for one species, which was a focus of the 

design of the CMP. Their research focused on a particular issue, which was the potential for a 

significant number of fish to be disposed of after initial retention but prior to offloading, and not 

be recorded. While their research demonstrated that the CMP produces accurate catch estimates 

of yelloweye rockfish (Sebastes ruberrimus) (Stanley et al., 2009), it only examined catch data 

of one species and did raise concern for future work. Specifically, whether the “random” event 

selection process used to verify the fishers’ records, could be tampered with by fishers who 

wished for certain events not to be reviewed.  

The intent of this research is to provide a more critical look at the CMP element of the 

management framework. However, it is important to note that with such a complex monitoring 

program, it is beyond the scope of this study to examine all aspects of the CMP, rather I extend 

the work of Stanley et al. (2009) in examining the same two areas. In particular, I extend the 

work to four species, that, unlike yelloweye rockfish were not the focal point of the design, and 

present other complications and challenges to the CMP. I also pursue the concern raised but not 

examined by Stanley et al. (2009) regarding random selection and whether there is evidence of 

tampering within the CMP. Additionally, I examine data anomalies that were encountered while 
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pursuing the two main objectives of this thesis research. The document concludes with a 

summary of observations related to: 

a) The effectiveness of the CMP with respect to these two issues; 

b) Recommendations for improving the CMP; 

c) Recommendations for future studies of the CMP. 

Background 

The fisheries.  Currently, the commercial groundfish fishery in BC includes trawl and 

seven HL fisheries, or sectors (Table 1). The HL fleet includes approximately 200 active vessels, 

which conduct 1,300 trips and 11,500 sea-days per year (Stanley et al., 2014). The seven HL 

fisheries, or sectors, are referred to as the halibut, sablefish, rockfish (inside), rockfish (outside), 

lingcod, and dogfish. The seventh HL sector is a combination fishery referred to as the 

halibut/sablefish sector. The catch within these seven sectors includes more than 140 fish species 

(retained and discarded), including 22 that are managed using annual catch quotas (TACs) and 

individual transferable quotas (ITQs) (Stanley et al., 2014). However, prior to integration of the 

seven HL sectors in 2006, they were distinctly regulated as if they were single species fisheries 

that required fishers to discard non-target species regardless of commercial value (Mawani, 

2009). Non-target, or non-directed species, are those specimens that are considered to be bycatch 

by fishers. Targets, or directed species, are those specimens the fisher intends to catch. 

The fisheries prior to integration.  Since 2003, the DFO has worked together with the 

commercial groundfish fishers and others to better address the management and sustainability 

issues within the BC groundfish fishery (DFO, 2011). This required the development of an 

enhanced CMP capable of addressing conservation and socio-economic concerns related to the 
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commercial groundfish fishery in BC (Mawani, 2009).  However, it is important to note that the 

largest by volume groundfish fishery in British Columbia is the trawl fishery, where reforms 

began in 1995 with the introduction of its IVQ (B. Ackerman, personal communication, October 

29, 2015).  

In 2006, the DFO launched a comprehensive framework for managing the groundfish 

fisheries (HL, trap and trawl) in BC known as the CGIPP. It was designed to integrate all seven 

HL and trap fisheries and was developed following extensive stakeholder engagement (Mawani, 

2009). One of the principal stakeholders involved in the development process was industry. The 

term industry is used in this context to describe groups directly involved in the commercial 

groundfish fishery, such as fishers and processors (Mawani, 2009).  

In theory, the CGIPP was conceived as an ecosystem-based approach to fisheries 

management. The result of such an approach included the introduction of an inter-fleet 

reallocation system and a more sophisticated at-sea component (Mawani, 2009). For the HL and 

trap fleets, the new monitoring became the GFHLCMP, encompassing all seven commercial 

groundfish HL and trap sectors in BC. The purpose of the GFHLCMP is to function as the HL 

catch accounting element of CGIPP.  

The CGIPP was implemented beginning in 2006 as of 2010 the “pilot” nomenclature was 

dropped by DFO for the CGIPP and its element, the GFHLCMP was considered fully 

operational and successful (DFO, 2011). The 8th sector, trawl, is monitored with a program that 

includes using at-sea observers for bottom trawl and cameras for mid-water trawl (Grinnell, 

2010). This program has been in place since 1996. 
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Table 1 

The Commercial Groundfish Sectors in British Columbia 

Sector License 
Prefix Gear Type 

Trawl T Trawl 

Halibut  L Hook & Line (longline) 

Sablefish  K Hook & Line (longline, trap) 

Halibut/sablefish (combo) L/K Hook & Line (longline) 

Rockfish (inside) Zn-I 
Hook & Line (longline, 
handline) 

Rockfish (outside) Zn-O 
Hook & Line (longline, 
handline) 

Dogfish C Hook & Line (longline) 

Lingcod C Hook & Line (troll) 
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The problems leading to the introduction of the GFHLCMP.  From the DFO’s 

perspective, the major driving force behind the development of the management framework 

(including the CMP) was the complexity and difficulty of managing distinctly regulated single 

species fisheries, without accurate catch reporting by area and species (Mawani, 2009). These 

conservation concerns stemmed from independently managing the seven HL and trap groundfish 

fisheries prior to 2006, under pre-integration framework. Under this framework, fleets were 

required to discard non-target species given that the conditions of each license prevented the 

retention of non-target catch, even though some of these species were targeted by other sectors 

(Mawani, 2009). For example, fishers with a sablefish license had to discard rockfish, usually 

dead, while fishers with rockfish licenses had to discard sablefish. Therefore, under the pre-

integration framework, target species landings were verified, but fishers had no incentive to 

accurately report their at-sea discards. This practice was an obvious conservation concern given 

the absence of reliable at-sea discard estimates for all species and in particular, quota species 

(Mawani, 2009). 

Objectives of the GFHLCMP.  The primary objective in developing the CMP was not 

only to provide total estimates of fleet wide catches (retained and discarded) for conservation 

needs, but also to track catches of individual vessels for IVQ management thereby ensuring 

individual vessel accountability (Turris, 2010). An IVQ is the specific quantity of fish of each 

quota species by area allocated annually to a specific vessel. Therefore, a need exists to account 

for catch (retained and discarded) by vessel by trip.  
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The CMP was conceived through stakeholder engagement, which included the DFO, the 

monitoring services provider, and industry. It was built to satisfy the five guiding principles 

presented by the DFO (Stanley et al., 2014): 

i. The fishery must account for all rockfish catches; 

ii. Rockfish will be managed according to rockfish management areas; 

iii. Fishers will be individually accountable for their catch (i.e., IVQs); 

iv. Monitoring standards will be established to meet the 3 aforementioned principles; 

v. Species of concern will be closely examined, and managed using the precautionary 

approach, including catch limitations (i.e., reduction of TACs). 

Explanation of the GFHLCMP.  Briefly stated, the intent of the CMP is to provide 

accurate and defensible catch by area (retained and discarded) estimates of all species with a 

focus on quota species by area for each vessel, sector, and the HL fishery overall. The two main 

catch data drivers are the estimates of landings by species in combination with fisher logbook 

(FLOG) reports of at-sea discards by species. Defensibility or credibility is achieved by using 

third party dockside validation to confirm landings data and random checks of at-sea camera 

footage to validate FLOG records.  

The CMP has five key components: (i) a hail system, (ii) FLOGs, (iii) a dockside 

monitoring program (DMP), (iv) an Electronic Monitoring Program (EMP) and (v) the 

GFHLCMP Audit (Table 2). Vessels participating in the CMP must be equipped with an 

Electronic Monitoring System (EMS). In theory, vessels may take an observer, but this option is 

rarely used due to cost. The EMS has four primary components (Appendix A): a control box, a 

removable hard drive, a series of cameras set up to capture footage of hauling at the vessels side, 
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several equipment sensors (i.e., winch rotation, hydraulic pressure sensors), and a Global 

Positioning System (GPS) (Stanley, McElderry, Mawani, & Koolman, 2011). The EMS is 

capable of providing a comprehensive and continuous set of temporal and spatial data related to 

fishing activity (Piasente et al., 2012). The data collected by components i-iv are integrated and 

tested in the GFHLCMP audit (Table 2).  

Hail system, FLOG, DMP and EMP.  The CMP starts with a hail-out, when fishers 

notify DFO of their intention to go fishing. While fishing, fishers record details of their catch in 

their FLOG. At the same time, a series of cameras, a component of the onboard EMS, record 

capture and sorting activity at the rail. At the rail fishers are sorting species and sizes, and as a 

rule, are required to retain all rockfish regardless of size.  

Sensor data (SN) is a collection of equipment sensor readings and location information and is 

stored on the removable EMS hard drive. The equipment sensors (i.e., hydraulic pressure and 

drum rotation sensors) trigger the EMS cameras to begin recording video footage (VF). 

Simultaneously, the vessel’s location (longitude and latitude) is recorded at 10-second intervals. 

This information is then used during the CMP audit to confirm fishing activity such as the 

number of events fished, the location (i.e., groundfish statistical area (GSA)) of the vessel during 

fishing activity, and to check for any fishing in closed areas. Verifying the GSA on a per event 

basis is done in order to support accurate species-by-area management (Appendix B). 

Once fishing is complete, the fisher will hail-in to notify DFO of the intention and timing of 

the return to port and unload the catch. Upon hail-in, a government-certified dockside observer 

(DO) is deployed to the offload and ensures that all catch is sorted to species. Under the standard 

CMP framework, the DO then verifies the landed weight of all catch by species and piece counts 
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all quota-managed non-directed species. For example, the DO conducts a piece count of 

sablefish landed by a dogfish trip but does not conduct a count of spiny dogfish in a dogfish trip. 

The landed catch information is documented on the validation record (VR). The VR is 

considered the official DMP catch record for the offload, and is used for IVQ management. The 

DMP weights are prorated to area using the FLOG piece count recorded by the fisher. 

Exceptions to this standard CMP framework are noted below. 

Next, the DO collects the original copies of the vessels FLOG and removes the EMS hard 

drive from the vessel. Once collected, the FLOG, DMP and EMS hard drive are submitted to the 

contractor responsible for analysis of the data, including VF review and the GFHLCMP audit. 

Subsequent to analysis, the FLOG, DMP, and VF review data are uploaded to the DFOs 

information management system (IMS) known as the fishery operations system (FOS). 

Video footage review.  Subsequent to unloading, 100% of the SN data is evaluated, to 

confirm the GSA of fishing and verify that all the fishing events have been recorded in the 

FLOG.  Next, 10% of the VF of incoming catch at the rail is evaluated to provide an unbiased 

catch account for those events to compare with what the fisher recorded in his/her FLOG for the 

same events.  
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Table 2   

Components of the Groundfish Hook and Line Catch Monitoring Program 

Component Description Function 
(i) Hail 
system 

Hail-out / Hail-in Acts to notify the DFO of a fisher’s intent to 
go fishing (hail-out), and intent and timing to 
unload their catch (hail-in). 

(ii) Fisher 
logbook 
(FLOG) 

Fishers official 
record 

The fishers official catch record and it must 
detail: position, time, gear type, and catch by 
species, number of pieces, disposition 
(retained/discarded), and size (legal/sub-legal) 
for each fishing event 

(iii) 
Dockside 
Monitoring 
Program 
(DMP) 

Validation of 
landed catch by a 
government-
certified dockside 
observer 

Provides piece counts and weights of landed 
catch as per CMP framework. 

(iv) 
Electronic 
Monitoring 
Program 
(EMP) 

Electronic 
Monitoring 
System (EMS) 
 
 
 
 

A series of cameras used to capture video 
footage (VF) of hauling at the vessels side.  
 
A GPS linked to a winch sensor to provide 
location and time of fishing (collected as 
Sensor (SN) data). 
 

 Review of EMS 
data 
 

10% of events are randomly selected for VF 
review. 
 
100% of events present in the SN data are 
evaluated for time and location. 

(v) 
GFHLCMP 
Audit 

Designed to test 
the adequacy of 
the FLOG 

Performed on a per-trip basis. Consists of a 
series of tests between EMS data (VF review 
& SN) and fisher-reported FLOG data. 
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Event rejection or EMS failure may be noticed at this stage. Event rejection is when, for a 

variety of reasons (see below), an event randomly selected for VF review cannot be reviewed 

and is subsequently replaced with another randomly selected event from the same trip in order to 

meet the 10% VF review rate. EMS failure is the complete failure of a trip (i.e., all events), 

whereby no VF review can take place.  

After 10% of the fishing events have been successfully selected for VF review, a trained 

imagery viewer (IV) reviews the VF data and records (electronically) the species, size (where 

applicable) and disposition of each catch item. Catch size categorizes whether the specimen is 

sub-legal/unmarketable or legal/marketable as defined by the IFMP for Groundfish (DFO, 2011). 

Catch disposition describes whether the catch item is retained or discarded. As a rule, during VF 

review, the disposition of all catch is documented according to the GFHLCMP VF review 

testability matrix (Table 3). It is important to note that there are circumstances that may prevent 

accurate species identification during the VF review, such as poor image quality related to 

obscured view (i.e., sun glare, dirty camera dome).  

The GFHLCMP audit.  Within the CMP framework, specifically the audit, the 10% VF 

review data is designed specifically to be used as a verification tool to test the adequacy of the 

FLOG data since the intent is to use the self-reported FLOG as the official record of catch at sea.  

Audits are performed on a per-trip basis and consist of a series of comparisons between 

the FLOG, DMP, VF review, and SN data. If the sampled FLOG data is judged to be accurate 

(i.e., meets the prescribed tolerances), then the FLOG for the entire trip, including un-sampled 

data (the other 90% of events), is accepted as the official record of catch at sea. However, if the 

results of the comparisons do not meet prescribed tolerances (see below), the trip is sent to the 
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DFO Review Board. Following a discussion with the fisher, the Review Board may choose to 

use the FLOG as it stands, provide a warning, make adjustments to it, or request further review 

of the VF data at extra cost to the fisher (Stanley et al., 2011). The Review Board may also 

prescribe additional measures for future trips. For example, they may request a complete review 

of the VF data (i.e., all the events of the trip) and use the resulting data in place of the 

“discredited” FLOG data, and/or they may require the vessel to carry an observer on future trips 

at the fisher’s expense. In some cases, the Review Board may also recommend that legal action 

be taken against the vessel and fisher (Stanley et al., 2011). 

For trips that do not pass the GFHLCMP audit, which are those where one or more of the 

scoring thresholds have not been met, the CMP audit framework dictates that the annual and trip 

audit scores be used to determine the trip status. The status may be a Category 1 (Cat 1), 

Category 2 (Cat 2) or Category 3 (Cat 3). Category 3 trips are referred to the Review Board. 

When choosing a response to the failed trip score the Review Board considers the audit history 

for the vessel (Stanley et al. 2011).  

Quota status report.  To complete the CMP audit process for an individual trip, a quota 

status report (QSR) is generated. The QSR details the weight of landed quota species for a given 

trip and also the weight of at-sea discards of quota species derived from the FLOG. The QSR 

also includes a summary of the landed catch by species and area for the year to date to compare 

with the vessel’s IVQ limits for each of its area/species combination. If the FLOG is deemed to 

be an adequate representation of catch at sea, it can be used for QSR generation purposes. In this 

case, under the CMP framework, the QSR is generated by merging the at-sea discard information 

recorded in the FLOG and the landed catch information from the DMP. 
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Table 3 

Groundfish Hook and Line Catch Monitoring Program Video Footage Review Testability Matrix 
Presented by Sector for Each Species or Species Group  
 

Sector 

Species or species group subject to testing 
Spiny dogfish Halibut Lingcod Rockfish Sablefish 
RT DL DSL RT DL DSL RT DL DSL RT DL DSL RT DL DSL 

Halibut ✕ ✕ ✕     ✕ ✕ ✕ ✕ ✕ ✕ ✕ ✕ ✕ ✕ 
Halibut/ 
sablefish  ✕ ✕ ✕     ✕ ✕ ✕ ✕ ✕ ✕ ✕     ✕ 
Lingcod ✕ ✕ ✕ ✕ ✕ ✕ ✕   ✕ ✕ ✕ ✕ ✕ ✕ ✕ 
Rockfish 
(inside/outside) ✕ ✕ ✕ ✕ ✕ ✕ ✕ ✕ ✕ ✕ ✕ ✕ ✕ ✕ ✕ 
Sablefish ✕ ✕ ✕ ✕ ✕ ✕ ✕ ✕ ✕ ✕ ✕ ✕     ✕ 
Dogfish       ✕ ✕ ✕ ✕ ✕ ✕ ✕ ✕ ✕ ✕ ✕ ✕ 
 
Note. RT=retained, DL=discarded legal/marketable and DSL=discarded 
sublegal/unmarketable. ✕=test performed 

 



VALIDATION OF HOOK-AND-LINE CATCH ESTIMATES 
	
	

24 

The GFHLCMP audit testability matrix.  The audit is a series of scored comparisons 

between each of the monitoring elements and the FLOG. Under the standard CMP framework, 

the DMP to FLOG series of comparisons tests the total retained piece counts for non-directed 

species and total rockfish. Comparisons between the FLOG and the 10% VF review are made 

according to the GFHLCMP Audit Testability Matrix (Table 3). The testability matrix describes 

which species are tested within each fishery during the 10% VF review.  

The scoring criteria (Table 4) are used to assign scores for each of the testable elements 

(Stanley et al., 2011). The scores are derived based on the number of pieces tested, and the 

discrepancy, if any, observed between the FLOG and the DMP or VF review data (Stanley et al., 

2011).  

With exceptions, the general rule (Table 3) is that the reported catch of the directed 

species in a sector is not tested (i.e., sablefish in the sablefish sector). However, non-directed 

quota species or species groups (i.e., rockfish) are tested (i.e., lingcod in the sablefish sector). 

Thus the emphasis of the audit is on validating the counts for non-directed quota species.  
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Table 4 
 
Scoring Criteria for Testing Fisher Logbooks in the GFHLCMP Audit 
 

Score 

Absolute difference in 
number of individuals        

(if <30 individuals) 

Percentage difference in 
number of individuals          
(if ≥ 30 individuals) 

10 0 0-2 
9 1-3 2-10 
8 4-6 10-20 
7 7-9 20-30 
5 10-12 30-40 
3 13-15 40-50 
0 >15 >50 
 
Note. Adapted from Stanley et al., 2011.  
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Exceptions to the standard GFHLCMP framework.  There are several exceptions to 

the standard CMP including: 

1) For the purpose of auditing, only total rockfish (all species combined) is tested under all 

circumstances (i.e., as a directed or non-directed species). However, the DO ensures that 

during unloading all rockfish catch is sorted and weighed to species.  

2) As non-directed catch, spiny dogfish, halibut, lingcod, rockfish, and sablefish are tested in 

each fishery including whether specimens are retained or discarded and whether the 

discards were legal/marketable or sub-legal/unmarketable. The exception is rockfish, 

which must be retained regardless of size. 

3) As directed catch, spiny dogfish (retained and discarded) is not tested in dogfish trips. The 

exception is that 1% of dogfish trips are randomly selected to undergo VF review for both 

non-directed catch and spiny dogfish discards. However, VF catch data from this 1% of 

dogfish trips is not evaluated in this research.  

4) As directed catch, retained halibut within the halibut and halibut/sablefish sectors is not 

tested and halibut discards are assumed to be sub-legal. The same applies to sablefish 

caught within the halibut/sablefish or sablefish sectors.  

5) In the case of lingcod as a directed species, the retained lingcod are tested during VF 

review, and all lingcod discards within the lingcod sector are assumed to be sub-legal. 

The reasoning behind these exceptions is twofold. Firstly, it is acknowledged that there is 

difficulty identifying between some rockfish species during VF review. Secondly the mortality 

of rockfish is assumed to be close to 100% (Stanley et al., 2009), whereas other quota-managed 

species are subject to much lower mortality rates dependent upon gear type.  
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Therefore, it follows that rockfish are subject to 100% retention, given that if released, 

they are likely to die anyway and the video cannot be relied upon to distinguish between species, 

if discarded. The video review only needs to confirm that “rockfish” are not discarded without 

confirming which species. Further, this requirement means that all rockfish catch is presumably 

landed, since any rockfish can be seen being discarded and can be reliably identified during 

unloading. This exception is designed to enhance the precision of total catch accounting, given 

that dockside validators have a first hand view of landed catch and can therefore accurately 

identify the various rockfish species. This is critical given that the DMP landed weight for each 

species is used to track the official quota status of all quota species for each vessel. 

In essence, the FLOG as confirmed by VF allows for the confirmation that marketable 

species are not discarded, and if they are, a piece count is obtained that can be converted to 

weight and thus accounted for during IVQ tracking. By design, the CMP audit confirms only the 

non-directed quota species catches for non-rockfish. This is because incentive exists for fishers 

to mis-report this type of catch since it is not subject to 100% retention and is tracked for IVQ 

purposes. Therefore, fishers may attempt to mis-report non-directed quota species in an effort to 

avoid paying for the associated quota. 

Weaknesses in the GFHLCMP.  As stated earlier, the CMP has drawn international 

appreciation and is thought, because of its design, to work (Mawani, 2009). As noted by Stanley 

et al. (2009), previous research has focused on only one of the seemingly weak elements of the 

CMP design. This element is the ability of fishers to dump catch initially retained before landing 

without recording it in their FLOG. However, the CMP is not without some potential weaknesses 

that have so far been inadequately examined, and are just assumed to work in practice. It is also 
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apparent from the lack of published reviews that the actual degree of bias and imprecision 

remains unexamined. It is also possible that significant opportunities for cost-effective 

enhancements are not being exploited. This is a possibility since the data must pass through 

various systems before the final version is stored in the DFO’s IMS, the FOS. Prior to an 

explanation of the methods, I have elaborated and provided background of these issues below. 

Description of Study 

Post-retention discards.  As mentioned above, the ability of fishers to dump catch that 

was initially retained before landing by throwing it back, eating it, or using it for bait between 

recording it in their FLOG and unloading is a concern within the CMP given the potential for 

bias in official estimates. In this research, the various forms of dumping identified above are 

collectively referred to as post-retention discards (PRDs). Stanley et al. (2009) only examined 

the issue of PRDs for yelloweye rockfish, a quota-managed rockfish species. Based on the design 

of the CMP, it is imperative to examine a cross-section of species in order to adequately address 

the issue of PRDs. 

Non-random selection of events.  The potential for non-random sampling within the 

audit element of the CMP is a concern since the underlying premise of the audit is that 10% 

events can be randomly chosen to undergo VF review. Stanley et al. (2009) questioned whether 

this is a legitimate assumption given that some events had to be rejected as “non-reviewable”, 

and suggested that this issue should be examined. However, they noted that meta-data about how 

often and why events were rejected was not being recorded and as a result the CMP began to 

record these data about the process. The results of this investigation into these data on event 

rejection and EMS failure meta-data will provide managers with insight into whether the 
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assumption of randomness is founded, and subsequently whether the premise of random 

selection is valid. This premise underpins the entire CMP audit of FLOG records, including the 

discard records, let alone the assumption used by Stanley et al. (2009) that the VF data could also 

be used as a subset to provide an unbiased estimate of total catches. 

Data Handling.  This research also addresses the potential that the upload to FOS is not 

including certain aspects of the VF catch data and therefore, the IMS does not take full 

advantage of all the data that is generated within the CMP. Although this was not an initial 

objective of the project, it was uncovered as a possible concern while conducting this research.  

Bias in the VF Review and DMP Data.  It is possible that biases exist in the VF review, 

or in poor or biased DMP data. For example, it is possible that a pattern exists where certain 

species are misclassified during the VF review or at unloading. Therefore, there is value in 

comparing year-end fleet wide catch estimates from the two sources.  
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Methods 

The CMP audit of the FLOGS using the VF data is a monitoring element that was 

intended to demonstrate the overall confidence of the CMP to track discards. However, the 

resulting VF data, which represents 10% of all fishing events, provides an unintended 

opportunity to estimate total retained/landed catch via expansion, which can then be compared to 

“official” estimates based on FLOG and DMP data. However, expansion of the VF review data 

relies on the assumption that the sampled results from the audit are representative, and can 

therefore be used to generate an estimate of total retained catch with confidence limits. These 

estimates are assumed to be representative simply because the design calls for “random” event 

selection and the significant sample size (10%) at the fleet level.  

In this research, I use CMP data stratified by sector and region from the 2011/2012 

fishing year (March 2011 to February 2012) to examine two elements of the CMP. Firstly, I 

examined the circumstances and frequency of event rejection and EMS failure within the CMP. 

While the event rejection and EMS failure meta-data have been summarized in the past, this 

study is the first to analyze and report on these data for evidence and sources of bias. 

Secondly, the goal of this research is to validate total catch estimates for a cross-section 

of species, which present a variety of monitoring challenges. Comparing the expanded VF 

estimates for these species to the official estimates will uncover the degree of imprecision and/or 

bias present in the official catch estimates. In particular, this method should reveal PRDs or fish 

that disappear after retention and before unloading.  

In conducting this research, two additional aspects emerged and required investigation 

including the possibility that the upload to FOS is resulting in the exclusion of certain aspects of 
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the catch data and bias existing in the third-party data (i.e., VF review data). There are four 

aspects to this research: 

1) The assumption of random selection in the CMP audit; 

2) Bias in official estimates due to PRDs; 

3) Loss of resolution in the catch data due to data handling practices; 

4) The possibility of bias in the VF review data. 

Assumption of Random Selection in the Audit 

This premise of random sampling during the CMP audit could be violated if fishers could 

in some manner render some events, or even entire trips, non-reviewable. While the risk was 

noted by Stanley et al. (2009), they could not examine this issue because at the time, while they 

were informed that some events within a trip could not be reviewed and had to be replaced with 

others, no records were kept of how often this occurred or why the events were not reviewable. 

As a result of their recommendation, starting in 2011, records began to be kept on each time an 

event was rejected and replaced. This research represents the first time these meta-data have 

been critically examined and reported. 

The event rejection and EMS failure meta-data is examined for evidence that fishers may 

selectively render some events, or entire trips, unreviewable. For example, a fisher may 

intentionally turn off the EMS, or obstruct the camera view during fishing activity. However, 

there are also unintentional reasons for event rejection and EMS failure, such as obstruction of 

the camera views by the elements (i.e., sun glare). 

Intentional acts by some fishers to selectively prevent VF review are an obvious concern 

for managers and industry. The goal of this research is to shed light on whether the frequency 
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and distribution of these occurrences could invalidate the assumption of random sampling, and 

ultimately the representativeness of the 10% VF data and therefore the validity of the audit and 

attempts to re-use the VF data for independent estimates of total catch. Even the perception that 

this could occur would affect the credibility of the CMP. 

It is important to point out that instances of event rejection do not generally prevent the 

10% VF review given that a replacement event can be randomly chosen from the remaining 

events to meet the 10% review rate. However, in the case of EMS failure, VF review is not 

possible for any events in that trip. 

In this study, the event rejection and EMS failure meta-data were analyzed to determine 

the frequency of event rejection and EMS failure during the 2011/2012 fishing year. The analysis 

includes the examination of suspicious patterns such as the involvement of the same vessel, or 

the same circumstance resulting in event rejection or EMS failure. 

I developed a classification system for the raw event rejection meta-data provided by the 

contractor (Appendix C). The raw meta-data, which contained more than 40 unique event 

rejection reasons (Appendix D) across 104 total event rejections throughout the 2011/2012 

fishing year (Appendix E), were collapsed into nine categories. I then examined the distribution 

of the categories by vessel and sector.  

Data gathering.  Event rejection and complete EMS failure meta-data for the 2011/2012 

fishing year were obtained from Archipelago Marine Research (AMR), the contractor 

responsible for CMP data collection and processing during this fishing year.  Throughout this 

research, AMR is referred to as the “contractor”. These meta-data have never been uploaded into 

FOS owing to the fact that FOS has not yet been modified to accept these data. The event 
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rejection and EMS failure meta-data includes each instance of event rejection and EMS failure 

and the associated reason (Appendix E).  

Validation of Total Catch Estimates 

Testing for PRDs.  Testing for PRDs is achieved by determining whether evidence of 

bias exists in the official DMP and FLOG estimates of total landed/retained catch. This is 

accomplished in several steps and involves comparing official estimates to the independent 

estimate generated by expanding the records of catch created during the 10% VF review.  This 

initial multi-step test was conducted using the same methodology employed by Stanley et al. 

(2009) (Appendix F).  

Essentially, testing for PRDs answers the question of whether fishers dispose of fish after 

it is seen as retained in VF and recorded as retained in the FLOG.  Therefore, checking for PRDs 

involves several steps in order to verify that the catch shown as retained in the FLOG is landed in 

the DMP. If the DMP estimates are lower than the FLOG estimates, this is evidence of PRDs.  

The first step is to test for unreported discards. This is done since the actual test being 

conducted compares estimates of landings (DMP) with the FLOG record of retained fish for 

landing. It is important to determine whether discard records are being confused with retained 

fish (VF and FLOG) or landings (DMP). If not, then the key issue of comparing the FLOG 

retained and DMP landed catch to the expanded VF estimates of retained fish can be pursued to 

determine whether bias exists in relation to PRDs.   

The next step in the methodology involves expansion of the 10% VF review data to 

represent total retained catch. This should match the total retained/landed catch from the FLOG 

and DMP. This is done by expanding the VF mean catch rate for a given species per reviewed 
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event, by the total number of events in a given sector. A bootstrap resampling procedure is then 

used to establish the corresponding 95% confidence limits. The expanded VF mean catch rates 

and 95% confidence limits can then be compared to the DMP and FLOG estimates at the sector 

and regional level. If DMP sums are lower that FLOG sums and/or VF estimates, then it implies 

PRDs. 

Establishing bias related to unreported discards and PRDs, and whether official catch 

estimates have fallen within the established 95% confidence limits, allows one to draw inference 

about the accuracy of final catch totals. 

Data gathering.  The data used to check for unreported discards and PRDs for each of 

the species under study were obtained from the DFO. The data provided by the DFO includes the 

FLOG, DMP and 10% VF review data for the 2011/2012 fishing year.  

Loss of resolution in the catch data.  The contractor responsible for data collection and 

initial analysis utilizes their own IMS system to manage and store data then uploads a version of 

the data to the IMS used by the DFO. The IMS built by the DFO (FOS) was designed to address 

short-term reporting needs, mainly related to real-time quota management. During this research, 

I hypothesized that DFO’s IMS is omitting certain data elements during the upload. To test this 

hypothesis, event rejection and EMS failure meta-data provided by the contractor were examined 

and compared to the records available in the DFO’s IMS. This comparison allows for an 

inference of the type of data that may be lost by the IMS.  

Data gathering.  The data used to check the loss of detail in the catch data were obtained 

from the DFO and from the contractor responsible for CMP initial data collection and 

processing. The data provided by the DFO includes the FLOG, DMP and 10% VF review data 
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for the 2011/2012 fishing year. The data provided by the contractor responsible for initial data 

collection and processing includes the event rejection and EMS failure meta-data for the 

2011/2012 fishing year (Appendix E).  

Bias in the VF review data.  It is possible that bias exists in the VF review data. To 

examine this possibility, unexpanded catch counts for several red rockfish species (i.e., canary 

rockfish and yelloweye rockfish) are evaluated to determine whether misclassification during VF 

review could be a source of bias in the VF estimates. It is also possible that bias exists in the 

DMP data, however this possibility was not tested in this research. It is considered less likely 

since DOs are within arm’s length of landed catch and therefore have ample opportunity to 

examine specimens for species identification purposes.  

Data gathering. The data used to check for bias in the VF review data were obtained 

from the DFO. The relevant data provided by the DFO includes the FLOG and the 10% VF 

review data for the 2011/2012 fishing year. 
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Results  

Assumption of Representativeness 

 It is important that selection of events be random, or near random for the audit, and 

collected with enough frequency. Stanley et al. (2009) concluded that if the 10% VF review data 

could be treated as a pseudo-random, or near random, set of observations then this sample of data 

could be considered representative of all the events and therefore it could be expanded, to 

provide an unbiased estimate of retained/landed catch for all events. These VF-based estimates 

could then be compared with total retained or landed catch sums generated by summing FLOG 

retained catch or DMP landed catch, respectively. In particular, as suggested by Stanley et al. 

(2009), if what happens at the rail is correctly captured in the FLOG (i.e., the FLOG matches the 

VF count), it follows that the FLOG and DMP counts should also match. However, if the total 

FLOG count is significantly greater than the DMP count, then it might indicate fishers were 

disposing of fish after initial retention but prior to unloading (PRDs). However, Stanley et al. 

(2009) did not explore the exceptions from true randomness that could invalidate the assumption 

of representativeness that underpins this methodology and the CMP audit in general.  

The issues I examine with respect to randomness or representativeness within the CMP 

audit include: 

1) Satisfying the sampling target of 10% of events per trip by sector and region, 

including oversampling and under-sampling.  

2) An examination of two additional deviations from randomness that may undermine 

the representativeness of the 10% VF review data. Firstly, situations where an entire 

trip has failed and VF review was not possible. Secondly, situations where a specific 
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event could not be reviewed and was rejected and replaced with another event from 

the same trip. 

It is important to note that although a 10% sampling rate has been identified as a feature 

of the CMP, the framework dictates that trips ranging from 1-14 events have one event reviewed, 

50% of trips with 15 events have one event reviewed and the remaining 50% of trips have two 

events reviewed. Trips ranging from 16-24 events have two events reviewed, and so on. 

Therefore, it is clear that some individual trips are under-sampled and some are over-sampled. 

For example, a trip with five events and one event undergoing review, results in a VF review rate 

of 20%. Likewise, a trip with 14 events and one event undergoing VF review, results in a VF 

review rate of 7%.  

Across the various sectors and regions the number of events per trip, and therefore the 

number of reviewed events per trip, varies widely (Table 5). Coastwide, 11% of events were 

randomly selected and subject to VF review. The 10% minimum target review rate was achieved, 

or slightly exceeded, for 95% of the 1,028 trips (Table 6) fished by 191 individual vessels. There 

were no trips where the number of VF reviewed events grossly exceeded the 10% review rate. 

For the purposes of this research, trips with 100% VF review data were not included in the data. 

According to the FOS version of the catch data (Table 5), there were a total of 28 trips, or 

3%, with “0” events reviewed. This does not necessarily indicate that VF review did not take 

place; simply that VF review data were not available in FOS for 3% of trips. It was important to 

explore the distribution of this 3% of trips to determine if the assumption of representativeness is 

at risk. It was determined that the 28 trips included 541 individual events. Of those, six trips 

encompassing 77 events were accounted for by EMS failure. The remaining 22 trips 
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encompassing 464 individual events were found to represent 2.6% of the total events fished 

throughout the 2011/2012 fishing year. The 464 individual events span all sectors with the 

exception of the dogfish sector. 

Since the contractor has confirmed only six EMS failures, it follows that catch data for 

the 22 trips in question is missing. I hypothesize that this result is attributed to the possible 

misalignment between FOS and the contractor’s system (i.e., unmapped species codes) resulting 

in failed upload processes, or the accidental deletion of VF catch data in FOS.  

In the case of failed uploads, this may be the result of VF catch files containing 

unmapped species classification codes. For example, the general and combination species codes 

used by the contractor (Appendix G) to classify rockfish catch that cannot be classified to species 

are mapped in FOS to a single general rockfish species code. However, unmapped codes lack an 

identified path into the FOS and therefore, it is possible that FOS rejects all of the VF 

observations when a catch file contains unmapped species codes. However, the rejection of VF 

catch files should result in an error report and subsequent follow up.  

In the case of accidental deletion of VF catch data in FOS, it is also possible that a VF 

catch file was successfully uploaded to the FOS, and a FOS user mistakenly deleted the catch file 

resulting in the discrepancy observed between the contractor’s system and the FOS. It is 

unknown if the deletion of catch data after upload to the FOS would generate an error report.  

Therefore, this investigation revealed three possibilities for the observed result (1) EMS 

failure or (2) trip catch files failing to upload from the contractor’s system to the FOS, or (3) 

accidental deletion of catch data in the FOS after successful upload from the contractor’s system. 

In each of these cases, the catch data is unavailable for use in the CMP. 
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This issue was not investigated further for two reasons. Firstly, the error reports and the 

contractor’s version of the VF catch files reside in the contractor’s system. Therefore, they are 

not easily available. Secondly, I am not in a position to test the FOS upload process and this was 

outside the scope of the project. 

The impact of missing catch files for 22 trips encompassing 464 individual events could 

be significant in terms of undermining the representativeness that underpins the CMP and the 

CMP audit. This is type of bias could seriously impact the attempts of managers to use VF catch 

data to estimate total catch as in Stanley et al. (2009) (who did not investigate this issue) or in the 

future. Note, however, that the lack of these data in VF does not mean catches from these trips 

are not included in catch totals from FLOG and DMP.  
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Table 5 

Distribution of Reviewed Events per Trip by Sector and Region for the 2011/2012 Fishing Year 
as Provided by FOS 
 
        Number of events reviewed per trip 

Sector and region 0 1 2 3-5 6-10 11+ Total 
Halibut (outside) 8 195 164 45 2 8 422 
Halibut/sablefish (outside) 2 15 36 31 6 2 92 
Lingcod (outside) 9 111 11 7 1 0 139 
Rockfish (inside) 1 37 7 0 0 0 45 
Rockfish (outside) 3 136 64 22 0 0 225 
Sablefish longline (outside) 2 4 13 23 7 1 50 
Sablefish trap (outside) 3 1 1 4 3 3 15 
Dogfish (inside) 0 15 4 0 0 0 19 
Dogfish (outside) 0 4 5 12 0 0 21 
Coastwide 28 519 307 144 19 14 1,028 
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Table 6 
 
Groundfish Hook and Line Catch Monitoring Program Trips and Video Footage (VF) Reviewed Events for each Sector and Region 
for the 2011/2012 Fishing Year  
 

Sector and region 

Total 
number 
of trips 

Total 
number 

of 
events 

Mean 
number 

of 
events 
per trip 

Total 
number 
of VF 

reviewed 
events 

Overall 
percent 

of events 
reviewed 

Trips 
meeting 
10% VF 
review 
target 

Trips 
with 0% 
events 

reviewed 

Trips 
with 5-
10% of 
events 

reviewed 

Trips 
with 11-
15% of 
events 

reviewed 

Trips 
with 

>15% of 
events 

reviewed 
Halibut (outside) 422 6,594 16 814 12% 94% 8 209 148 57 
Halibut/sablefish 
(outside) 92 2,577 28 291 11% 97% 2 55 32 3 

Lingcod (outside) 139 1,514 11 169 11% 94% 9 35 70 25 
Rockfish (inside) 45 440 10 53 12% 98% 1 13 19 12 
Rockfish (outside) 225 3,204 14 340 11% 99% 3 99 105 18 
Sablefish longline 
(outside) 50 1,732 35 187 11% 94% 2 29 17 2 

Sablefish trap 
(outside) 15 1,071 71 92 9% 80% 3 7 5 0 

Dogfish (inside) 19 165 9 23 14% 100% 0 3 6 10 
Dogfish (outside) 21 551 26 54 10% 100% 0 15 6 0 
            

 
        

Total (outside) 964 17,243 29 1,947 11% 95% 27 449 383 105 
Total (inside) 19 605 9 76 13% 95% 1 16 25 22 
Coastwide 1,028 17,848 17 2,023 11% 95% 28 465 408 127 
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EMS failure.  The contractor’s version of the EMS failure (i.e., no events 

available for the trip) meta-data indicates that frequency of EMS failure was six out of 

1,028 trips coastwide during the 2011/2012 fishing year (Table 7). The frequency of 

vessel-attributed, possibly intentional, EMS failure was two trips out of 1,028. These two 

trips, fished by two separate vessels, represent 35 individual events. Given that 17,848 

total events were fished, it follows that vessel-attributed EMS failure affected only 0.2% 

of events (Table 7). The remaining four EMS failures were the result of contractor error 

(one) and three instances of unusable data related to software testing that can also be 

attributed to the contractor (Table 7). Therefore, I conclude that vessel-attributed EMS 

failure is not a significant source of bias and does not put the assumption of 

representativeness at risk. 
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Table 7 

Frequency and Nature of Electronic Monitoring System Failure during the 2011/2012 
Fishing Year  
 

EMS 
failure 
reason 

Trips 
impacted 

Vessels 
involved 

Total 
trips 

fished by 
involved 
vessel(s) 

Total 
events 
fished 

by 
involved 
vessel(s) 

Total 
events 
within 
failed 
trip(s) Sector 

Data gap 1 1 7 81 7 
Sablefish 
(longline)  

Unusable 
camera 
view 1 1 1 28 28 Halibut  

Overwritten 
data 1 1 13 197 22 

Rockfish 
(outside) 

Software 
testing 3 1 13 72 20 

Rockfish 
(outside) 

Total 
6 

(1,028a) 
4  

(191b) 34 
378 

(17,848c) 77  
Note. Overwritten data and software testing are EMS failure reasons that can be attributed 
to contractor error. 
 
a Total trips fished during the year  
 

b Total number of vessels participating in the year  
 
c Total number of events fished during the year  
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Event rejection.  In total, 104 of 2,023 (5%) randomly chosen events could not 

be reviewed during in the 2011/2012 fishing year (Table 8) and were therefore rejected 

and replaced with a randomly chosen event from the same trip to meet the 10% target. 

The sablefish longline sector had the highest rate of event rejection at 9%, whereas the 

dogfish (inside) sector had the lowest rate of event rejection with 0 out of 23 events 

(Table 8). 

Of the 104 events rejected, 103 occurred within sectors fishing the outside region 

representing a regional event rejection rate of 5%. The inside region had only one event 

rejection, resulting in an event rejection rate of 1%.  
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Table 8 
 
Frequency of Event Rejection by Sector and Region for the 2011/2012 Fishing Year 
 

Sector and region 

Total 
number of 

events 
subject to VF 

review 

Number of 
rejected 
events 

Frequency 
of event 
rejection 

Halibut (outside) 814 47 5.8% 
Halibut/sablefish (outside) 291 7 2.4% 
Lingcod (outside) 169 7 4.1% 
Rockfish (inside) 53 1 1.9% 
Rockfish (outside) 340 18 5.3% 
Sablefish longline (outside) 187 17 9.1% 
Sablefish trap (outside) 92 4 4.3% 
Dogfish (inside) 23 0 0.0% 
Dogfish (outside) 54 3 5.6% 
  

   Total (outside) 1,947 103 5.3% 
Total (inside) 76 1 1.3% 
Coastwide 2,023 104 5.1% 
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Summary of event rejection reasons.  Event rejection data are not uploaded to 

FOS, and therefore I had to obtain these data from the contractor responsible for data 

collection. These data began being collected in 2011 as a result of Stanley et al. (2009), 

who noted that no meta-data were being collected about how many and why events could 

not be reviewed. These were new data fields added after implementation, and like other 

information, FOS was not changed to accept these data and therefore they are not present 

in FOS, the DFO repository.  

As of 2011, during the review process, when reviewers reject an event, they are 

required to document the reason why the VF review cannot be performed. During the 

2011/2012 fishing year, reviewers used a look-up table in the contractor’s data entry 

system, however, when they selected “other” they also attached a description. Although, 

in some cases the comments entered under “other” matched an item in the look-up table. 

The flexibility in documenting the reason for event rejection led to the 42 different 

remarks (Appendix D). I collapsed the 42 remarks into nine general categories (Appendix 

C). The nine general categories are: (A) corrupt data files, (B) data gaps, (C) processing 

errors, (D) poor image quality, (E) software testing resulting in corrupt data files, (F) 

poor lighting during night hauls, (G) broken hauls, (H) unknown, and (I) other (Table 9). 

The majority of the 104 total event rejections were the result of data gaps or processing 

errors (57).  

Event rejection comments falling into the “unknown” category had no comment 

provided in relation to the event rejection. Event rejection comments falling into the 

“other” category were those for which a reason could not be discerned from the input text 
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comment. For example one inserted text was “FLOG issue no haul times recorded and 

could not discern between lingcod troll and salmon troll events”. 

 As with EMS failure, if event VF was deliberately “tampered” with by a fisher it 

could result in sampling bias. This is in contrast to events that are un-viewable for 

operational or mechanical reasons, and therefore, would not place the assumption of 

representativeness at risk as we can assume these failures are distributed in a random or 

nearly random manner, especially if there are few. I suggest that three of the event 

rejection categories could, for some events, reflect tampering in some manner. These 

categories include: (B) data gaps, (D) poor image quality and (F) poor lighting (Table 9).  

 Data gaps could be a deliberate attempt to prevent VF review, given that fishers 

could intentionally turn their EMS off during events that they do not wish to have 

reviewed. The same applies to poor image quality and lighting. Fishers may deliberately 

obscure the camera view with dirt or equipment, or fail to provide adequate lighting 

during a night haul, in an attempt to prevent VF review of specific events. To be clear, I 

am suggesting that some of the 50 observations within these three categories could reflect 

tampering, however, I am not suggesting that this applies to all or even most of the 

observations that fall within these categories.  

 In terms of the “unknown” and “other” categories, the event rejections falling into 

these categories cannot be classified as possibly either deliberate or random given the 

nature of the information available. The “unknown” event rejection observations have 

been grouped together because they do not have an event rejection comment associated 

with them, and therefore, the reason for event rejection is unknown. The “other” event 
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rejections are also unlikely to be the result of tampering. These event rejections are 

grouped together because the comment provided by the reviewer is unclear. Instead, they 

are best classified as operational failures. Even if some were deliberate, the number (<8) 

is small for an entire fishing year. Therefore, it is likely that far fewer than the 50 events 

(<< 3%) spanning categories (B), (D) and (F) could be considered to be suspicious.  
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Table 9 
 
Frequency of Event Rejection by Rejection Reason for the 2011/2012 Fishing Year  
 

 
Event rejection reason 

Event 
rejections 

Proportion 
of rejected 

events 
A Corrupt data file 13 13% 
B Data gap 32 31% 
C Processing error 25 24% 
D Image quality too poor for review 9 9% 
E Software testing - corrupt data 1 1% 
F Poor lighting during night haul  9 9% 
G Broken haul 7 7% 
H Unknown 5 5% 
I Other 3 3% 
 Total : 104 100% 

 
Note. Highlighted rows indicate event rejection reasons that could include   
deliberate attempts to prevent VF review. 
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Trends by sector.  The coastwide rate of event rejection was 5.1%. The sablefish 

longline sector had the highest frequency of event rejection at 9% whereas, for the 

dogfish (inside) sector there were no event rejections out of 23 events subject to VF 

review (Table 10).  

The halibut sector had the greatest number of event rejections that were attributed 

to data gaps, poor image quality, and poor lighting (B, D and F). However, these 

potentially deliberate attempts at event rejection represent only 0.3% of total events 

fished by the halibut sector. Taking into account total events fished, it appears that the 

dogfish (outside) sector had the highest frequency of potentially deliberate event rejection 

with 0.5% of total events fished subject to event rejection as a result of data gaps and 

poor lighting. However, this represented only three of 54 event rejections. 
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Table 10 

Frequency and Nature of Event Rejection by Sector and Region for the 2011/2012 Fishing Year  
 

 
Sector and region 

Total 
events 
fished 

Total 
events 

reviewed 

Total 
events 

rejected 

Frequency of 
event 

rejection 

Event rejection classification 

A B C D E F G H I 

Halibut (outside) 6,594 814 47 5.8% 10 13 6 5 1 4 3 3 2 

Halibut/sablefish 
(outside) 

2,577 291 7 2.4% 0 2 3 0 0 1 1 0 0 

Lingcod (outside) 1,514 169 7 4.1% 2 3 0 0 0 0 0 1 1 

Rockfish (inside) 440 53 1 1.9% 0 1 0 0 0 0 0 0 0 

Rockfish (outside) 3,204 340 18 5.3% 0 5 7 4 0 1 1 0 0 

Sablefish longline 
(outside) 

1,732 187 17 9.1% 1 7 8 0 0 0 0 1 0 

Sablefish trap 
(outside) 

1,071 92 4 4.3% 0 2 2 0 0 0 0 0 0 

Dogfish (inside) 165 23 0 0.0% 0 0 0 0 0 0 0 0 0 

Dogfish (outside) 551 54 3 5.6% 0 1 0 0 0 2 0 0 0 
               
Total (outside) 17,243 1947 103 5.3% 13 33 26 9 1 8 5 5 3 
Total (inside) 605 76 1 1.3% 0 1 0 0 0 0 0 0 0 
Coastwide 17,848 2023 104 5.1% 13 34 26 9 1 8 5 5 3 

 
Note. Highlighted columns indicate event rejection reasons that could be deliberate attempts to prevent VF review.
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Trends by vessel.  The event rejection data were stratified by vessel and the 

frequency of event rejection was determined by comparing the specific number of events 

fished and reviewed, per vessel, to the number of rejected events for that same vessel 

(Table 11). Again, this analysis was performed in order to determine if there was 

anything suspicious occurring within the fleet. For example, are there cases of the same 

vessel experiencing repeated event rejections under the same circumstances that could 

possibly indicate tampering? 

This study revealed that 191 individual vessels participated in the 2011/2012 

CMP fishing year. Sixty-three, or 33%, of those individual vessels experienced 104 

unique event rejections of which, 53 had an event rejection frequency of 4% or less based 

on the total number of events fished by each vessel (Figure 1). The remaining ten vessels 

had event rejection frequency rates that were between 4.1% and 10%. No vessel 

experienced an event rejection frequency greater than 10%. Lastly, the average frequency 

of event rejection was 2.3% amongst vessels experiencing event rejection.  

The 50 event rejections that were noted above as potentially suspicious, were 

attributed to 33 individual vessels. Of those, 26 vessels experienced a single event 

rejection, five vessels experienced between two and four, and two (Vessel 11 and Vessel 

53) experienced greater than four potentially suspicious event rejections that could have 

been the result of tampering (Figure 2). 

In summary, 17% of vessels experiencing event rejection were associated with an 

event rejection that could have occurred as a result of tampering. Seven vessels (4%) 

experienced repeated event rejection potentially attributed to tampering. Of those, two 
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vessels had between four and six event rejections attributed to data gaps (Vessel 11 and 

Vessel 53), representing between 2% and 3% of their total events fished (Table 11).  

Summary.  The dogfish (outside) sector had the greatest proportion of reviewed 

events (5.6%) rejected that could potentially be the result of tampering. Examining the 

trends by vessel revealed that 33% of participating vessels (191) experienced at least one 

event rejection, with an average frequency of event rejection of 2.3%. It was found that 

33 individual vessels experienced potentially suspicious event rejections (50) that could 

be the result of tampering, with the vast majority of those vessels experiencing only one 

(80%). However, two individual vessels (1% of total participating vessels) were 

identified as having greater than four potentially suspicious event rejections, representing 

between 2% and 3% of their total events fished, that could have been the result of 

tampering.  
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Table 11 
 
Frequency and Nature of Event Rejection by Vessel for the 2011/2012 Fishing Year  
 

Vessel ID 
Total 
events  

Reviewed 
events 

Rejected 
events 

Reviewed 
events subject 

to rejection 

Frequency 
of event 
rejection 

Event rejection classification 

A B C D E F G H I 
1 14 2 1 50% 7.1%   X               

2 61 7 1 14% 1.6%     X             

3 69 9 1 11% 1.4%               X   

4 270 28 1 4% 0.4% X                 

5 466 48 2 4% 0.4%     XX             

6 59 6 3 50% 5.1%     XXX             

7 241 24 3 13% 1.2%           XXX       

8 90 9 1 11% 1.1%     X             

9 22 2 1 50% 4.5%   X               

10 76 9 1 11% 1.3% X                 

11 180 21 6 29% 3.3%   

XXXXX

X           X   

12 89 9 5 56% 5.6%   X   X   X     XX 

13 30 4 1 25% 3.3% X                 

14 144 14 3 21% 2.1% X X X             

15 78 8 1 13% 1.3%   X               

16 707 70 1 1% 0.1%   X               

17 91 10 1 10% 1.1%     X             

18 84 9 1 11% 1.2%             X     

19 72 7 1 14% 1.4% X                 

20 27 3 1 33% 3.7%       X           
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Vessel ID 
Total 
events  

Reviewed 
events 

Rejected 
events 

Reviewed 
events subject 

to rejection 

Frequency 
of event 
rejection 

Event rejection classification 

A B C D E F G H I 
21 106 11 2 18% 1.9%     X       X     

22 11 2 1 50% 9.1%       X           

23 297 27 2 7% 0.7%     X     X       

24 76 7 1 14% 1.3%     X             

25 29 3 1 33% 3.4%   X               

26 181 18 1 6% 0.6%   X               

27 170 16 1 6% 0.6%             X     

28 386 37 1 3% 0.3%             X     

29 85 8 2 25% 2.4%             XX     

30 58 5 1 20% 1.7%   X               

31 44 5 1 20% 2.3% X                 

32 129 16 1 6% 0.8%   X               

33 22 2 1 50% 4.5% X                 

34 104 10 1 10% 1.0%     X             

35 94 10 1 10% 1.1% X                 

36 79 8 1 13% 1.3%       X           

37 112 11 2 18% 1.8%             XX     

38 38 4 3 75% 7.9%   XXX               

39 210 20 6 30% 2.9%     XXXXX         X   

40 331 22 1 5% 0.3%   X               

41 113 11 1 9% 0.9%           X       

42 32 3 2 67% 6.3% X     X           

43 53 5 1 20% 1.9%               X   

44 94 10 2 20% 2.1%   X       X       
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Vessel ID 
Total 
events  

Reviewed 
events 

Rejected 
events 

Reviewed 
events subject 

to rejection 

Frequency 
of event 
rejection 

Event rejection classification 

A B C D E F G H I 
45 184 18 4 22% 2.2%     X XXX           

46 262 24 1 4% 0.4%     X             

47 139 15 3 20% 2.2%     XXX             

48 22 3 1 33% 4.5%     X             

49 51 5 2 40% 3.9%   X     X         

50 139 15 1 7% 0.7%               X   

51 175 17 1 6% 0.6%   X               

52 54 6 2 33% 3.7% X               X 

53 172 19 4 21% 2.3%   XXXX               

54 157 15 2 13% 1.3% X                 

55 299 30 1 3% 0.3%     X             

56 43 5 2 40% 4.7%   XX               

57 53 5 1 20% 1.9%   X               

58 244 25 1 4% 0.4%     X             

59 52 5 1 20% 1.9%           X       

60 52 5 1 20% 1.9%       X           

61 62 6 1 17% 1.6%   X               

62 35 3 1 33% 2.9%   X               

63 87 9 1 11% 1.1%           X       

 
Note. Highlighted columns indicate event rejection reasons that could be deliberate attempts to prevent VF review.
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Figure 1. Distribution of the frequency of event rejection amongst vessels experiencing at 
least one event rejection during the 2011/2012 fishing year. Based on the number of 
events rejected versus the total number of events fished by each vessel. 
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Figure 2. Distribution by vessel of event rejection observations falling into the three 
potentially suspicious event rejection categories (B, D and E) for the 2011/2012 fishing 
year. 
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Validation of Total Catch Estimates by Species 
 

Based on the tolerances in the CMP audit (see Background), it is possible for 

fishers to have a small amount of PRDs, for example 10% of fish in the FLOG, and still 

“pass” the audit for each trip. Therefore, over the course of a year, the total catch of that 

specific vessel, or possibly the fleet overall, if widespread, would result in an 

underestimate of the total retained catch by up to 10%.  

However, the ability to generate independent estimates of total landed catch based 

on data collected before the opportunity for PRDs (i.e., using the VF), allows for a 

comparison between this independent estimate of retained catch and the “official” counts 

for retained catch in the FLOG and landed catch in the DMP.  Secondly, this can be used 

to look for the magnitude of bias related to a small amount of PRDs. As previously 

mentioned, the underlying assumption that the VF data is representative and unbiased 

(although imprecise depending on sample size and variance in raw observations) holds 

true. Therefore, the VF estimates derived from the 2011/2012 fishing year catch data can 

be used to look for bias related to PRDs. This is important given the management of 

fisheries with respect to both conservation (quota management) and operation for the 

fisheries and tracking their IVQs relies on the accuracy of the DMP weights. 

For each species under study, four strategic examinations of the various data 

sources are presented below in order to establish the adequacy of the total catch estimates 

(in weight):  

1) Discards (VF); 

2) Discards (VF vs. FLOG); 
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3) Validation of retained catch (expanded VF vs. FLOG); 

4) PRDs (FLOG vs. DMP) 

Bocaccio. 

Discards.  There were a total of 322 bocaccio observed in the VF review data, of 

those, 7 were discarded (Table 12). However, there were no bocaccio discards recorded 

in the FLOG. From this, it can be concluded that, aided by the CMP, fishers are retaining 

almost all bocaccio. These findings can be used to correct landed catch estimates by 

simply expanding the discard rate in the VF to estimate the total discards, which can then 

be added to the DMP sum of total catch. For reasons unknown, the total FLOG catch is 

slightly greater than total VF catch in reviewed events. However, most importantly the 

VF to FLOG comparison validates that the FLOG is a reasonably accurate record of 

retained bocaccio, and therefore total catch of bocaccio. 

Validation of retained catch.  The VF mean estimates and confidence limits (per 

event and annual totals) for retained bocaccio are presented by sector and region (Table 

13, Table 14). Comparing the VF estimate to the FLOG count reveals that the FLOG 

count matches the VF estimates quite closely at the regional level and provides a 

reasonable mean estimate for some individual outside sectors. However, the VF estimates 

for some individual sectors were less precise than the outside regional estimate, including 

the sablefish longline and dogfish (outside) sectors. Only one bocaccio was captured in 

inside waters so these sectors were excluded from the tables. The FLOG total event sums 

and DMP total landed counts for the outside region are within 10% of the VF estimates, 

all of which fell within the established 95% confidence limits (Table 14). The width of 
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the 95% confidence limits for these regions reflects variability and, more likely, the 

sample size. Therefore, the width of the 95% confidence limits could be attributed to the 

inadequacy of a 10% sampling rate within these sectors for this use of the data because 

the sample sizes are so small.  

PRDs.  Comparing the FLOG total event sum to the DMP total landed counts 

provides an opportunity to check for PRDs. Since the FLOG and DMP counts for 

retained/landed bocaccio are within 4% at the sector and regional level (Table 14), 

bocaccio identified as retained in the FLOG has made it to unloading and has not been 

dumped (PRDs).  

Summary.  It has been found that the coastwide FLOG total event sum is 

consistent with the VF estimate, and the DMP count is equal to the FLOG count 

indicating no significant bias related to PRDs within all sectors. Therefore, if the landed 

piece count reflects the actual retained count (and total count, including most of the 

discards), the landed weight in the DMP with the addition of the bocaccio discards, if 

needed, from the VF, is a correct value of total catch.  
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Table 12 
 
Comparison of the Fisher Logbook and Video Footage Piece Counts (discarded and 
retained) of Bocaccio in Reviewed Events by Sector and Region for the 2011/2012 
Fishing Year 
 

Sector and region 
Reviewed 

events 

Total Piece Count 
FLOG VF 

Discarded Retained Discarded Retained 
Halibut (outside) 814 0 72 2 69 
Halibut/sablefish 
(outside) 291 0 77 0 70 
Lingcod (outside) 169 0 130 2 137 
Rockfish (inside) 53 0 0 0 0 
Rockfish (outside) 340 1 35 3 22 
Sablefish longline 
(outside) 

187 0 2 0 2 

Sablefish trap (outside) 92 0 0 0 0 
Dogfish (inside) 23 0 1 0 1 
Dogfish (outside) 54 0 7 0 7 
  

     Total (outside) 1,947 1 323 7 307 
Total (inside) 76 0 1 0 1 
Coastwide 2,023 1 324 7 308 
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Table 13 

Expanded VF Mean Estimates and 95% Confidence Limits (in pieces) for Retained 
Bocaccio Captured by each Sector and Region for the 2011/2012 Fishing Year  

 
Note.  Inside regional data is not presented. 
  

 
  Pieces per event Total 

number 
of 

events 

Total piece counts 

Sector and region Mean  
Lower 

CL 
Upper 

CL Estimate  
Lower 

CL 
Upper 

CL 
Halibut (outside) 0.085 0.048 0.131 6,594 559 316 802 
Halibut/sablefish 
(outside) 0.241 0.058 0.488 2,577 620 150 1,089 
Lingcod (outside) 0.811 0.556 1.077 1,514 1,227 842 1,613 
Rockfish (inside) 0.065 0.012 0.144 3,204 207 38 377 
Rockfish (outside) 0.011 0.000 0.027 1,732 19 0 37 
Sablefish longline 
(outside) 0.000 0.000 0.000 1,071 0 0 0 
Sablefish trap 
(outside) 0.130 0.000 0.370 551 71 0 143 

        Total (outside) 0.158 0.116 0.207 17,243 2,719 1,993 3,445 
Coastwide 0.152 0.113 0.199 17,848 2,716 2,011 3,421 
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Table 14 
 
Retained Bocaccio Catch Estimates (in pieces) from the Expanded Video Footage, Fisher 
Logbooks, and the Dockside Monitoring Program by Sector and Region for the 
2011/2012 Fishing Year 
 

Sector and region 

Total piece count 
source 

Total 
DMP 
catch 

in 
weight 
(lbs.) 

95% VF 
confidence 
limits (pcs) 

VF 
est. 

FLOG 
sum 

DMP 
sum 

Lower 
CL 

Upper 
CL 

Halibut (outside) 559 689 734 
 

316 802 
Halibut/sablefish 
(outside) 620 754 789 

 
150 1,089 

Lingcod (outside) 1,227 1,100 1,111 
 

842 1,613 
Rockfish (inside) 207 229 236 

 
38 377 

Rockfish (outside) 19 49 62 
 

0 37 
Sablefish longline 
(outside) 0 1 0 

 
0 0 

Sablefish trap (outside) 71 52 47 
 

0 143 

       Total (outside) 2,719 2,873 2,979 27,550 1,993 3,445 
Coastwide 2,716 2,874 2,980 27,555 2,011 3,421 
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Canary rockfish. 

Discards.  There were a total of 1,278 canary rockfish observed in the VF review 

data, of those, 29 were discarded (Table 15). However, there were no canary rockfish 

discards recorded in the FLOG. From this, it can be concluded that, aided by the CMP, 

fishers are, for the most part, retaining almost all canary rockfish. As previously 

mentioned, these findings can be used to correct landed catch estimates. Similar to the 

results presented for bocaccio, for reasons unknown, the total FLOG catch is slightly 

greater than total VF catch in reviewed events. However, most importantly the VF to 

FLOG comparison validates that the FLOG is a reasonably accurate record of retained 

canary rockfish, and therefore total catch of canary rockfish. 

The results for both bocaccio and canary rockfish demonstrate that the CMP is 

working, and that the rule of 100% retention for rockfish species is being followed, 

specifically in relation to bocaccio and canary rockfish. Further, like bocaccio, a discard 

estimate exists for canary rockfish and can be used as a basis for correcting landed catch 

estimates. 

Validation of retained catch.  The VF mean estimates and confidence limits (per 

event and annual totals) for retained canary rockfish are presented by sector and region 

(Table 16, Table 17). While present, the canary rockfish population is considered small 

within inside waters, and inside quota is not available for canary rockfish. As a result, the 

following discussion is focused on the outside sectors and region. Using only reviewed 

events (Table 16), comparing the FLOG counts to the VF estimates reveals that the 

FLOG counts are within 7% of the VF estimates at the regional level (Table 15).  
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Upon expansion, when compared to the FLOG total event sum, the VF estimates 

for some individual sectors were less precise than the outside regional estimate, including 

the rockfish (outside) sector (Table 17). Therefore, the VF provides a reasonable mean 

estimate for some individual outside sectors. However, the FLOG total event sums and 

DMP total landed counts for most individual sectors and the outside region are 30% 

higher than the VF point estimates with the majority sectors falling outside the 95% 

confidence limits (Table 17). The exceptions include the lingcod, rockfish (inside) and 

dogfish (outside) sectors. For these sectors, the FLOG total event sums and DMP landed 

counts fell inside the 95% VF confidence limits.  

PRDs.  Since the FLOG and DMP counts for retained/landed canary rockfish are 

within 1% at the sector and regional level (Table 17), canary rockfish identified as 

retained in the FLOG made it to unloading and therefore there is no evidence of dumping. 
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Table 15 
 
Comparison of the Fisher Logbook and Video Footage Piece Counts (discarded and 
retained) of Canary Rockfish in Reviewed Events by Sector and Region for the 2011/2012 
Fishing Year 
 

Sector and region 
Reviewed 

events 

Total piece count 
FLOG VF 

Discarded Retained Discarded Retained 
Halibut (outside) 814 0 421 12 434 
Halibut/sablefish 
(outside) 291 0 78 3 58 
Lingcod (outside) 169 0 40 13 31 
Rockfish (inside) 53 0 8 0 6 
Rockfish (outside) 340 0 711 0 635 
Sablefish longline 
(outside) 187 0 5 0 2 
Sablefish trap (outside) 92 0 0 0 0 
Dogfish (inside) 23 0 0 0 0 
Dogfish (outside) 54 0 76 1 83 

      Total (outside) 1,947 0 1,331 29 1,243 
Total (inside) 76 0 8 0 6 
Coastwide 2,023 0 1,339 29 1,249 
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Table 16 
 
Expanded VF Mean Estimates and 95% Confidence Limits (in pieces) for Retained 
Canary Rockfish Captured by each Sector and Region for the 2011/2012 Fishing Year  
 
  Pieces per event Total 

number 
of 

events 

Total piece count 

Sector and region Mean 
Lower 

CL 
Upper 

CL Estimate 
Lower 

CL 
Upper 

CL 
Halibut (outside) 0.533 0.402 0.681 6,594 3,516 2,649 4,487 
Halibut/sablefish 
(outside) 0.199 0.110 0.309 2,577 514 283 797 
Lingcod (outside) 0.183 0.077 0.320 1,514 278 116 484 
Rockfish (inside) 0.113 0.019 0.245 440 50 8 108 
Rockfish (outside) 1.868 1.374 2.403 3,204 5,984 4,401 7,699 
Sablefish longline 
(outside) 0.011 0.000 0.032 1,732 19 0 56 
Sablefish trap 
(outside) 0.000 0.000 0.000 1,071 0 0 0 
Dogfish (inside) 0.000 0.000 0.000 165 0 0 0 
Dogfish (outside) 1.537 0.333 3.074 551 847 184 1,694 

        Total (outside) 0.638 0.518 0.764 17,243 11,008 8,928 13,177 
Total (inside) 0.079 0.013 0.158 605 48 8 96 
Coastwide 0.617 0.501 0.741 17,848 11,019 8,947 13,225 
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Table 17 
 
Retained Canary Rockfish Catch Estimates (in pieces) from the Expanded Video Footage, 
Fisher Logbooks, and the Dockside Monitoring Program by Sector and Region for the 
2011/2012 Fishing Year 
 

Sector and region 

Total piece count source 
Total 
DMP 

catch in 
weight 
(lbs.) 

95% VF 
confidence 
limits (pcs) 

VF 
est. 

FLOG 
sum 

DMP 
sum 

Lower 
CL 

Upper 
CL 

Halibut (outside) 3,516 4,662 4,615 
 

2,649 4,487 
Halibut/sablefish 
(outside) 514 1,530 1,477 

 
283 797 

Lingcod (outside) 278 470 482 
 

116 484 
Rockfish (inside) 50 73 74 

 
8 108 

Rockfish (outside) 5,984 7,936 8,011 
 

4,401 7,699 
Sablefish longline 
(outside) 19 158 161 

 
0 56 

Sablefish trap (outside) 0 0 0 
 

0 0 
Dogfish (inside) 0 7 7 

 
0 0 

Dogfish (outside) 847 608 708 
 

184 1,694 

       Total (outside) 11,008 15,364 15,454 55,248 8,928 13,177 
Total (inside) 48 80 81 177 8 96 
Coastwide 11,019 15,444 15,535 55,425 8,947 13,225 
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Underestimation.  The discrepancy between VF estimates and total FLOG and 

DMP sums required further investigation. It is possible that fishers are recording the 

similar appearing yelloweye rockfish as canary rockfish in their logbooks. Conversely, 

the IVs could be mistakenly classifying canary rockfish as yelloweye rockfish (or another 

morphologically similar species) during the VF review.  

Examining the DMP counts establishes whether the FLOG retained estimates are 

biased or whether uncertainty exists in the VF estimates. In this case, the FLOG total 

event counts and DMP counts are within 1% for the outside region. Therefore, since the 

species identification in the DMP is assumed correct, the discrepancy observed between 

the FLOG/DMP sums and the VF estimates may be the result of bias in the VF estimates.  

Despite the observed 30% discrepancy between the VF estimate and FLOG total event 

sum for canary rockfish in the outside region, the unexpanded VF sum is within 7% of 

the FLOG count for reviewed events only (Table 15). Therefore, while difficulty in 

identifying canary rockfish during the VF review process might contribute to the 

observed 30% underestimation, it can not fully explain it. Nevertheless, a thorough 

investigation was conducted to uncover sources of uncertainty in the VF review process. 

The results of this investigation are presented in Appendix H.  

Mean catch rate in non-reviewed events.  Since the unexpanded VF sum is 

within 7% of the FLOG sum for reviewed events only, the mean catch rate for canary 

rockfish in the non-reviewed events (90% of all events) must be significantly higher than 

in the 10% sample represented by the reviewed events.  
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Further examination of the FLOG data for the outside region revealed that 13,829 

pieces of canary rockfish were recorded in the FLOG across 15,296 non-reviewed events 

from the outside region, resulting in a mean FLOG catch rate (per event) of 0.90. By 

contrast, the mean FLOG catch rate for reviewed events was 0.64. The discrepancy in 

mean catch rate is the most significant source of uncertainty affecting the adequacy of 

using sampled VF review data to estimate total catch. It is important to note that the mean 

catch rate for canary rockfish in the 10% sample is higher in all three of the well sampled 

sectors (Table 18). 

Further analysis of the catch data reveals that the higher overall catch rate in non-

reviewed events is not explained by a few anomalous large catches (i.e., in the 1000’s). 

Instead, it is more a chronic effect (Table 19). There are simply more “0” catches (about 

1% more) in reviewed events. Further, examining only the positive (non-zero) catches 

reveals that bigger catches are more common than lower catches in non-reviewed events 

(Table 20). 

Summary.  It has been found that the coastwide FLOG total event sum is 

consistent with the VF estimate, and the DMP count is equal to the FLOG count 

indicating no significant bias related to PRDs within all sectors. Therefore, if the landed 

piece count reflects the actual retained count (and total count, including most of the 

discards), the landed weight in the DMP with the addition of the canary rockfish discards, 

if needed, from the VF, is a correct value of total catch. The VF point estimates (per 

event and annual totals) for canary rockfish by sector and region are 30% less than the 

total FLOG and DMP sums of canary rockfish harvest. This seems to result from a 
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chronic effect in the catch data where more “0” catch entries exist in the reviewed events 

and bigger catches are more common in non-reviewed events. However, these results 

remain unexplained and are considered further in the discussion.  

The investigation into the misclassification of canary rockfish during the VF 

review revealed that data are being thrown away upon upload to FOS since combination 

rockfish codes are amalgamated into a single species classification code. Finally, it is 

important to note that, in relation to the VF estimates, there is no risk related to 

understating the canary rockfish harvest when compared to official estimates, or related 

to individuals possibly over-estimating canary rockfish catch (with implications to their 

IVQ).  
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Table 18 

Mean Catch Rate for Retained Canary Rockfish in Reviewed and Non-Reviewed Events by Sector and Region for the 2011/2012 
Fishing Year 
 

Sector and region 

Total 
number of 

events 

Number 
of VF 

reviewed 
events 

 Number of 
non-

reviewed 
events 

10% VF Review 

Canary 
rockfish 

recorded in 
the FLOG 
for non-
reviewed 

events 

Non-
reviewed 
Events 

Pieces per event 
Pieces per 

event 

Mean  
Lower 

CL 
Upper 

CL Mean 
Halibut (outside) 6,594 814 5,780 0.533 0.402 0.681 4,241 0.734 
Halibut/sablefish 
(outside) 2,577 291 2,286 0.199 0.110 0.309 1,452 0.635 
Lingcod (outside) 1,514 169 1,345 0.183 0.077 0.320 430 0.320 
Rockfish (inside) 440 53 387 0.113 0.019 0.245 65 0.168 
Rockfish (outside) 3,204 340 2,864 1.868 1.374 2.403 7,225 2.523 
Sablefish longline 
(outside) 1,732 187 1,545 0.011 0.000 0.032 153 0.099 
Sablefish trap (outside) 1,071 92 979 0.000 0.000 0.000 0 0.000 
Dogfish (inside) 165 23 142 0.000 0.000 0.000 7 0.049 
Dogfish (outside) 551 54 497 1.537 0.333 3.074 532 1.070 

         Total (outside) 17,243 1,947 15,296 0.638 0.518 0.764 14,033 0.917 
Total (inside) 605 76 529 0.079 0.013 0.158 72 0.136 
Coastwide 17,848 2,023 15,825 0.617 0.501 0.741 14,105 0.891 

Note. Confidence limits were not calculated around the 90%-based estimate because finite population correction (FPC) renders 
confidence limits negligibly different from the point estimate.
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Table 19 

Distribution of Canary Rockfish Catch Including Zero Catches Across all Sectors and 
Regions Combined for the 2011/2012 Fishing Year 
 

Number 
of canary 
rockfish 
(pieces) 

Non-
reviewed 

events 

 
Reviewed 

events 

% of non-
reviewed 

events 

% of 
reviewed 

events 
0 13,400 1,730 84.65% 85.52% 
1 813 110 5.14% 5.44% 
2-3 643 72 4.06% 3.56% 
4-5 282 35 1.78% 1.73% 
6-10 334 46 2.11% 2.27% 
11-20 230 22 1.45% 1.09% 
21-30 67 3 0.42% 0.15% 
31-50 38 4 0.24% 0.20% 
51-100 21 1 0.13% 0.05% 
101-150 2 0 0.01% 0.00% 

     Total 15,830 2,023 100 100 
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Table 20 

Distribution of Canary Rockfish Catch Excluding Zero Catches Across all Sectors and 
Regions Combined for the 2011/2012 Fishing Year 
 
Number of 

canary 
rockfish  

Non-
reviewed 

events 
Reviewed 

events 

% of non-
review 
events 

% of 
reviewed 

events 
1 813 110 33.00% 37.00% 
2-3 643 72 26.00% 25.00% 
4-5 282 35 12.00% 12.00% 
6-10 334 46 14.00% 16.00% 
11-20 230 22 9.00% 8.00% 
21-30 67 3 3.00% 1.00% 
31-50 38 4 2.00% 1.00% 
51-100 21 1 1.00% 0.00% 
101-150 2 0 0.00% 0.00% 

     Total 2,430 293 100.00% 100.00% 
 

  



VALIDATION OF HOOK-AND-LINE CATCH ESTIMATES 
	
	

76 

Lingcod.  Fishers are required to discard sub-legal sized lingcod that measure 

(head on) less than 65 cm in length (DFO, 2011). Discarding sub-legal sized quota 

species does not impact IVQ holdings, nor are sub-legal sized discards counted towards 

annual quotas. Therefore, unlike with rockfish species, lingcod discards are expected 

within the CMP (Table 21). Secondly, in accordance with the standard CMP framework, 

piece counts for landed lingcod within the lingcod sector are not collected. For this 

reason, the lingcod sector data is presented in brackets (Table 22, Table 23). Further, the 

regional and coastwide totals do not include lingcod sector data.  

Since fishers may choose to discard legal sized lingcod, there must be a system to 

account for these discards and ensure they are reflected in the vessel’s annual quota. 

Based on CMP design, if legal sized lingcod pieces are recorded as discarded in the 

FLOG, they are managed by counting the number of discarded pieces and converting 

them to a weight using the official mean weight. The weight is then added to the DMP 

landed weight for total catch. Legal sized discards of other Schedule II target species, 

such as spiny dogfish, are managed using the same system. The average weights used to 

manage targeted species catch quota (including Schedule II species) are outlined in the 

Integrated Fisheries Management Plan (IFMP) for Groundfish (DFO, 2011; DFO, 

2013a). A piece weight of 12 lbs. is assigned for lingcod. 

During the VF review of targeted lingcod trips, the GFHLCMP VF review 

testability matrix (Table 3) dictates that, for audit purposes, all lingcod discards are 

assumed to be sub-legal in size. The VF and FLOG lingcod discard counts (Table 21) 
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include both legal and sub-legal pieces. The VF estimates and the FLOG and DMP sums 

for retained lingcod (Table 22, Table 23) include only legal sized lingcod pieces.  

Discards.  The comparison of retained (legal sized) and discarded (legal and sub-

legal sized) lingcod catch for reviewed events only, indicates that coastwide, the FLOG 

counts are 13% higher than the corresponding VF counts for discarded lingcod (Table 

21). This discrepancy can be attributed to the rockfish (outside) sector, where the FLOG 

event sum is 54% higher than the VF event sum. Excluding the rockfish (outside) sector, 

coastwide FLOG and VF counts match within 1%.  

Further investigation reveals that the VF and FLOG counts match for total fish (Table 

21), and the FLOG and DMP counts match for retained fish (Table 23) in the rockfish 

(outside) sector. Therefore, the observed discrepancy is likely due to a VF misallocation 

of some specimens as discarded instead of retained during the VF review. It is unknown 

why this phenomenon was observed only in the rockfish (outside) sector. It is possible 

that flipping lingcod into the boat, measuring, and discarding specimens is more 

prevalent during rockfish fishing. This is in contrast to the fishing practices observed in 

other sectors, where lingcod discards are more likely to occur immediately at the rail.  

Ultimately, the reason for the difference observed between the FLOG and the VF in the 

rockfish (outside) sector is unknown. Given that the VF and FLOG total fish counts 

match, the VF to FLOG comparison for reviewed events validates that the FLOG is a 

reasonably accurate record of retained lingcod, and therefore total catch of lingcod.  

Validation of retained catch.   The VF mean estimates and confidence limits (per 

event and annual totals) for retained lingcod are presented by sector and region (Table 22, 
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Table 23). Regional estimates exclude the lingcod sector data since DMP piece counts are 

not available (per CMP design). Comparing the VF estimate to the FLOG count reveals 

that the FLOG count matches the VF estimates quite closely at the regional level and the 

VF provides a reasonable mean estimate, based on the width of the 95% confidence 

limits, for some individual sectors. The coastwide FLOG total event sum and DMP total 

landed count are within 5% of the VF estimate, all of which fell within the established 

95% VF confidence limits at the individual sector and the regional level (Table 23). 

Further, the differential between the VF and FLOG event sums for retained lingcod in the 

rockfish (outside) sector disappeared with the expanded VF. These results provide some 

evidence of a lower catch rate of retained lingcod in the un-sampled 90% of events than 

was observed in the 10% of sampled events for the rockfish (outside) sector.  

PRDs.  Since the FLOG and DMP counts for retained/landed lingcod are within 

1% at the regional level (excluding lingcod sector data) and between 1-2% at the 

individual sector level (Table 23), lingcod identified as retained in the FLOG has made it 

to unloading and has not been dumped (PRDs). However, since piece counts are not 

performed for targeted lingcod catch in the lingcod sector, it is not possible to confirm the 

degree to which lingcod PRDs are occurring in the lingcod target fishery. 

Summary.  It has been found that the coastwide FLOG total event sum is 

consistent with the VF estimate (based on available data), and the DMP count is equal to 

the FLOG count indicating no significant bias related to PRDs in sectors with available 

data. Therefore, if the landed piece count reflects the actual retained count (and total 

count, including most of the discards), the landed weight in the DMP is a correct value of 
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total catch (excluding lingcod sector data). The misallocation of lingcod as either retained 

or discarded within the rockfish (outside) sector requires further research. A limitation of 

this study is that only one year of data was examined. A year-to-year comparison may 

shed light on the cause and prevalence of the misallocation issue. Secondly, the results 

for lingcod demonstrate that the mean catch rate in the un-sampled 90% of events can 

have a significant impact on the adequacy of the expanded VF estimates. In particular, 

this was observed in the rockfish (outside) sector. Lastly, based on the design of the 

CMP, there are limitations with respect to determining the prevalence of target species 

PRDs since DMP piece counts are not performed on the target species within each sector, 

with the exception of the rockfish fishery.   
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Table 21 
 
Comparison of the Fisher Logbook and Video Footage Piece Counts (discarded and 
retained) of Lingcod in Reviewed Events by Sector and Region for the 2011/2012 Fishing 
Year 
 

Sector and region 
Reviewed 

events 

Total Piece Count 
FLOG VF 

Discarded Retained Discarded Retained 
Halibut (outside) 814 365 1,992 323 2,189 
Halibut/sablefish 
(outside) 291 44 665 51 739 
Lingcod (outside) 169 1,248 9,824 1332 10,160 
Rockfish (inside) 53 213 59 204 70 
Rockfish (outside) 340 699 886 323 1,033 
Sablefish longline 
(outside) 187 4 12 5 25 
Sablefish trap 
(outside) 92 3 0 0 0 
Dogfish (inside) 23 6 0 3 0 
Dogfish (outside) 54 13 441 5 451 

      Total (outside) 1,947 2,376 13,820 2,039 14,597 
Total (inside) 76 219 59 207 70 
Coastwide 2,023 2,595 13,879 2,246 14,667 

 
Note. Discarded piece counts include both legal and sub-legal sized specimens. 
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Table 22 

Expanded VF Mean Estimates and 95% Confidence Limits (in pieces) for Retained Lingcod Captured by each Sector and Region for 
the 2011/2012 Fishing Year  
 

  Pieces per event 

Total 
number 

of events Total piece counts 

Sector and region Mean  
Lower 

CL 
Upper 

CL  Estimate 
Lower  

CL 
Upper  

CL 
Halibut (outside) 2.689 2.144 3.289 6,594 17,733 14,136 21,684 
Halibut/sablefish (outside) 2.540 1.402 3.972 2,577 6,544 3,613 10,235 
Lingcod (outside) 60.118 51.866 68.388 1,514 91,019 78,525 103,540 
Rockfish (inside) 1.321 0.736 2.075 440 581 324 913 
Rockfish (outside) 3.038 1.971 4.197 3,204 9,734 6,314 13,448 
Sablefish longline (outside) 0.134 0.011 0.289 1,732 232 19 500 
Sablefish trap (outside) 0.000 0.000 0.000 1,071 0 0 0 
Dogfish (inside) 0.000 0.000 0.000 165 0 0 0 
Dogfish (outside) 8.352 3.185 15.722 551 4,602 1,755 8,663 

        Total (outside) 7.497 6.489 8.679 17,243 129,274 111,895 149,647 
Total (outside)a [2.496] [2.044] [2.999] [15,729] [39,252] [32,149] [47,171] 
Total (inside) 0.921 0.500 1.487 605 557 303 899 
Coastwide 7.037 6.094 8.029 17,848 125,595 108,764 143,309 
Coastwidea  [2.431] [1.988] [2.873] [16,334] [39,708] [32,465] [46,921] 

 

a Estimates do not include lingcod sector data. 
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Table 23 

Retained Lingcod Catch Estimates (in pieces) from the Expanded Video Footage, Fisher Logbooks, and the Dockside Monitoring 
Program by Sector and Region for the 2011/2012 Fishing Year 
 

Sector and region 

Total piece count source 
Total DMP 

catch in 
weight (lbs.) 

95% VF confidence 
limits  

VF  
est. 

FLOG 
sum 

DMP  
sum 

Lower  
CL 

Upper  
CL 

Halibut (outside) 17,733 19,712 20,096 
 

14,136 21,684 
Halibut/sablefish (outside) 6,544 8,188 8,334 

 
3,613 10,235 

Lingcod (outside) [91,019] [83,015] [N/A] 
 

[78,525] [103,540] 
Rockfish (inside) 581 512 528 

 
324 913 

Rockfish (outside) 9,734 9,800 9,905 
 

6,314 13,448 
Sablefish longline (outside) 232 323 329 

 
19 500 

Sablefish trap (outside) 0 98 0 
 

0 0 
Dogfish (inside) 0 1 0 

 
0 0 

Dogfish (outside) 4,602 2,789 2,779 
 

1,755 8,663 

       Total (outside)b [38,845] [40,910] [41,443] 1,326,144 [32,149] [47,171] 
Total (inside) 581 513 528 5,565 303 899 
Coastwide b [39,426] [41,423] [41,971] 1,331,709 [32,465] [46,921] 

 

aBased on CMP design, DMP piece counts for lingcod within the lingcod sector are not available. Therefore, a comparison cannot be 
drawn between the VF estimates and FLOG and DMP counts of total catch. As a result, lingcod sector estimates and counts are 
presented in brackets.  
 

bTotals exclude lingcod sector data.
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Spiny dogfish.  Like lingcod, fishers must discard sub-legal sized spiny dogfish, 

which are specimens measuring (head on) less than 66 cm in length (DFO, 2011). Again, 

sub-legal discards do not affect IVQ holdings and they are not included in annual catch 

quotas. Therefore, sub-legal sized spiny dogfish discards are expected within the CMP 

(Table 24). In accordance with the standard CMP framework, piece counts for landed 

spiny dogfish as a target species are not collected. For this reason, the dogfish (inside) 

and (outside) sector data are presented in brackets, along with regional and coastwide 

estimates and counts, which exclude dogfish (inside) and (outside) sector data (Table 24, 

Table 25 and Table 26).  

As with lingcod, legal size spiny dogfish discards recorded in the FLOG are 

counted and converted to weight, by using the IFMP official average weight for spiny 

dogfish (9 lbs.). This estimate of discarded weight of legal-sized spiny dogfish is then 

added to the DMP landed weight for total catch. 

Further, the GFHLCMP VF testability matrix (Table 3) stipulates that during VF 

review of dogfish (inside) and (outside) sector footage, spiny dogfish specimens (retained 

and discarded) are not counted (Table 24). Therefore, I do not provide comparisons of 

spiny dogfish estimates and counts between the VF, FLOG and DMP in the targeted 

fisheries for spiny dogfish (Table 26). 

Discards.  The comparison of retained (legal sized) and discarded (legal and sub-

legal sized) spiny dogfish catch for reviewed events only, indicates that coastwide, the 

FLOG counts are 20% lower than the VF counts (Table 24). Overall, the VF discard 
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counts are moderately higher than the FLOG across the majority of sectors and regions. 

Therefore, these results indicate that spiny dogfish discards are under-reported in the 

FLOG.   

Unfortunately, the spiny dogfish discards were not separated into legal and sub-

legal sized for this research. This is a limitation in this study given that under-reporting 

discards can have different implications, depending on the size of the discards. For 

example, if fishers are under-reporting legal sized spiny dogfish discards, a quota 

management issue arises, specifically an IVQ management issue. If it is the case that 

fishers only under-report sub-legal sized spiny dogfish discards, the implication just 

becomes a long-term conservation issue specifically regarding the assessment and actual 

impact of the fishery on the resource.  

The under-reporting for the 2011/2012 fishing year ranges from 10% to 36% 

when compared to the VF counts. There is no evidence that catch allocation during VF 

review is a source of bias, given that VF estimates for retained and discarded spiny 

dogfish are higher than FLOG estimates in all cases, except the sablefish trap sector. 

Therefore, these results provide a basis for correcting spiny dogfish total catch estimates. 

 Examining the VF and FLOG retained counts for reviewed events only reveals 

that coastwide the FLOG counts for retained spiny dogfish were 13% lower than the VF 

counts. This discrepancy results solely from the halibut sector, where the FLOG counts 

were 30% lower than the VF counts for retained spiny dogfish. It is possible that fishers 

were less attentive with regard to counting retained spiny dogfish within the halibut 

sector.  However, the true cause of this observation is unknown.  
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Validation of retained catch.  The VF mean estimates and confidence limits (per 

event and annual totals) for retained spiny dogfish are presented by sector and region 

(Table 25, Table 26). Regional estimates exclude the dogfish (inside) and (outside) sector 

data since DMP piece counts are not available (per CMP design). Comparing the FLOG 

count to the VF estimate, reveals that the FLOG count matches the VF estimates quite 

closely at the regional level and the VF provides a reasonable mean estimate, based on 

the width of the 95% confidence limits, for most individual sectors. The differential 

between the FLOG and VF reviewed event sums for retained spiny dogfish in the halibut 

sector disappeared with the expanded VF, resulting in the coastwide FLOG total event 

sum and VF estimate matching within 4%. These observations, much like lingcod within 

the rockfish (outside) sector, but the opposite of canary rockfish, provide some evidence 

of a lower catch rate of retained spiny dogfish existing in the un-sampled 90% of events 

than was observed in the 10% of sampled events for the halibut sector.  

The coastwide FLOG total event sum and DMP total landed count are within 4% of the 

VF estimate (excluding dogfish (inside) and (outside) sector data), all of which fell within 

the 95% VF confidence limits at the individual sector and regional level (Table 26).  

PRDs.  Since the FLOG and DMP counts for retained/landed spiny dogfish are 

within 1% at the regional level (excluding dogfish (inside) and (outside) sector data) 

(Table 26), spiny dogfish identified as retained in the FLOG has made it to unloading and 

has not been dumped (PRDs). However, a curious discrepancy between the FLOG and 

VF for spiny dogfish discards is noted in the halibut sector. The ultimate cause of this 

discrepancy remains unknown.  Since piece counts are not performed for targeted spiny 
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dogfish catch in the dogfish (inside) and (outside) sectors, it is not possible to confirm the 

degree to which spiny dogfish PRDs are occurring in the spiny dogfish target fishery.  

Summary.  The coastwide FLOG total event sum is consistent with the VF 

estimate (based on the available data), and the DMP count is equal to the FLOG count, 

indicating no significant bias related to PRDs in the majority of sectors. However, the 

curious discrepancy in the un-expanded halibut sector data warrants further research.  It 

may be important to determine the cause of this observation (i.e., chance or inattentive 

recording).  This could be accomplished by examining catch data for multiple fishing 

years, determining whether the pattern is repeated, and whether or not specific trips or 

individuals account for the discrepancy. Again, as with canary rockfish and lingcod, the 

results for spiny dogfish catch in the halibut sector demonstrates that the mean catch rate 

in the un-sampled 90% of events can have a significant impact on the expanded VF 

estimates, in this case, erasing the discrepancy between the FLOG and VF counts for 

reviewed events upon expansion.  

Despite this, it can be concluded that the landed piece count for spiny dogfish 

reflects the actual retained count (and total count, including most of the discards) for 

sectors with available data. Based on this, the landed weight in the DMP is a correct 

value of total catch for all sectors with available data (possibly excluding the halibut 

sector).  

Lastly, it is important to note that the CMP framework does not allow for an 

investigation into the possibility of fishers dumping spiny dogfish within targeted spiny 
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dogfish fisheries. Therefore, the degree of bias related to PRDs of spiny dogfish is 

unknown within the dogfish (inside) and (outside) sectors.  

It is recommended that future research include a more thorough investigation of 

the potential issue of PRDs within the halibut sector (and other sectors). To determine the 

ultimate cause, future research ought to include a year-to-year analysis of the catch data 

and an investigation into the possible incentives for dumping (i.e., the cost of spiny 

dogfish IVQ). Secondly, discards ought to be separated into legal and sub-legal 

categories during analysis in order to determine whether these results represent a quota 

management or conservation issue. 
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Table 24 

Comparison of the Fisher Logbook and Video Footage Piece Counts (discarded and 
retained) of Spiny Dogfish in Reviewed Events by Sector and Region for the 2011/2012 
Fishing Year 
 

Sector and region 
Reviewed 

events 

Total Piece Count 
FLOG VF 

Discarded Retained Discarded Retained 
Halibut (outside) 814 15,504 2,312 18,223 3,034 
Halibut/sablefish 
(outside) 291 5,458 1,233 7,447 1,306 
Lingcod (outside) 169 0 0 0 0 
Rockfish (inside) 53 0 0 56 2 
Rockfish (outside) 340 1,801 2,589 1,991 2,579 
Sablefish longline 
(outside) 187 2,802 92 3,298 126 
Sablefish trap 
(outside) 92 142 0 63 1 
Dogfish (inside)a [23] [3393] [9322] [N/A] [N/A] 
Dogfish (outside)a [54] [2178] [9911] [N/A] [N/A] 

      Total (outside)b [1,893] [25,707] [6,226] [31,022] [7,046] 
Total (inside)b [53] [0] [0] [56] [2] 
Coastwide b [1,946] [25,707] [6,226] [31,078] [7,048] 
      Note. Discarded piece counts include both legal and sub-legal sized specimens 

 

a On targeted spiny dogfish trips, retained and discarded spiny dogfish are only counted 
for 10% trips that undergo VF review (1% of overall trips). Since counts are only 
available for 1% of trips, these data were not considered in this study. 
 
b Totals exclude dogfish (inside) and (outside) sector data.
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Table 25 

Expanded VF Mean Estimates and 95% Confidence Limits (in pieces) of Retained Spiny Dogfish Captured by each Sector and Region 
for the 2011/2012 Fishing Year  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

a By design, the CMP does not require piece counts for retained or discarded  spiny dogfish during the VF review of targeted spiny 
dogfish trips (with the exception of 1% of trips). As a result, the mean catch rate and 95% CLs cannot be estimated and are therefore 
listed as [N/A].  
 
b Totals exclude dogfish (inside) and (outside) sector data.

 
Pieces per event Total 

number of 
events 

Total piece counts 

Sector and region Mean  
Lower 

CL 
Upper 

CL Estimate Lower CL Upper CL 
Halibut (outside) 3.727 2.175 5.619 6,594 24,578 14,342 37,049 
Halibut/sablefish 
(outside) 4.488 2.314 7.082 2,577 11,566 5,962 18,250 
Lingcod (outside) 0.000 0.000 0.000 1,514 0 0 0 
Rockfish (inside) 0.038 0.000 0.113 440 17 0 50 
Rockfish (outside) 7.585 3.518 12.323 3,204 24,303 11,271 39,482 
Sablefish longline 
(outside) 0.674 0.043 2.428 1,732 1,167 74 4,205 
Sablefish trap (outside) 0.011 0.000 0.033 1,071 12 0 35 
Dogfish (inside)a [N/A] [N/A] [N/A] [165] [N/A] [N/A] [N/A] 
Dogfish (outside)a [N/A] [N/A] [N/A] [551] [N/A] [N/A] [N/A] 

        Total (outside)b [3.722] [2.677] [4.882] [16,692] [62,129] [44,691] [81,497] 
Total (inside)b [0.038] [0.000] [0.113] [440] [17] [0] [50] 
Coastwide b [3.622] [2.539] [4.851] [17,132] [62,049] [43,491] [83,114] 
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Table 26 

Retained Spiny Dogfish Catch Estimates (in pieces) from the Expanded Video Footage, Fisher Logbooks, and the Dockside 
Monitoring Program by Sector and Region for the 2011/2012 Fishing Year 
 

Sector and region 

Total piece count source 

Total DMP 
catch in 

weight (lbs.) 

95% VF confidence 
limits (pcs)  

VF est. FLOG sum DMP sum Lower CL Upper CL 
Halibut (outside) 24,578 24,391 24,759 

 
14,342 37,049 

Halibut/sablefish (outside) 11,566 10,359 10,295 
 

5,962 18,250 
Lingcod (outside) 0 0 0 

 
0 0 

Rockfish (inside) 17 0 0 
 

0 50 
Rockfish (outside) 24,303 26,018 24,799 

 
11,271 39,482 

Sablefish longline (outside) 1,167 859 931 
 

74 4,205 
Sablefish trap (outside) 12 0 0 

 
0 35 

Dogfish (inside)a [N/A] [60,943] [N/A] 
 

[N/A] [N/A] 
Dogfish (outside)a [N/A] [80,353] [N/A] 

 
[N/A] [N/A] 

       Total (outside)b [64,180] [61,627] [60,784] 1,080,920 [44,691] [81,497] 
Total (inside)b [23] [0] [0] 373,932 [0] [50] 
Coastwide b [64,642] [61,627] [60,784] 1,454,852 [43,491] [83,114] 

 

a Based on CMP design, the VF mean catch rate (and CLs) cannot be estimated for spiny dogfish within the dogfish (inside) 
and (outside) sectors, and are therefore listed as [N/A]. Secondly, DMP counts for the dogfish (inside) and (outside) sectors 
are not performed and are therefore listed as [N/A]. 
 
b Totals exclude dogfish (inside) and (outside) sector data.
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Discussion 

 The primary objective of this research was to uncover the degree of imprecision and/or 

bias in official estimates of total catch for four groundfish species facing a variety of monitoring 

challenges. Secondly, the goal was to investigate weaknesses in the CMP including non-random 

selection of events and the assumption of representativeness. However, during the course of this 

research, several other objectives emerged as possible weaknesses in the CMP, including data 

handling practices.  

Assumption of Representativeness 

The entire CMP, most notably the audit, relies on the assumption of representativeness. 

Stanley et al. (2009) concluded that if the 10% VF review data could be treated as a random set 

of observations, it could be expanded to provide an unbiased estimate of true catch, and 

compared with total catch sums (i.e., DMP and FLOG). This procedure also assumes that the 

sample size was large enough and variance low enough to provide reasonable precision to 

accompany the assumption of no bias. However, Stanley et al. (2009) did not explore the 

exceptions from true randomness that could invalidate the assumption of no bias underpinning 

this methodology, not to mention the entire program through its impact on the credibility of the 

audit.  

Throughout the 2011/2012 fishing year, 95% of trips (1,028 trips) achieved the 10% 

minimum target review rate and coastwide 11% of all events were subject to VF review. At the 

individual sector level, there was little difference from the coastwide mean review rate. From 

this, it can be concluded that the vast majority of trips were audited as planned and fishers would 

fish knowing they had a 95% chance of having at least 10% of the events from a trip reviewed.  
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EMS failure. There were few EMS failures (six trips) during the 2011/2012 fishing year, 

of which only two (0.2% of total trips) could be intentional on the part of the fisher. The other 

four EMS failures were attributed to the contractor. From this, it can be concluded that no 

significant evidence of tampering was uncovered. Therefore, it is reasonable to assume that 

based on the EMS failure data, the VF data can be considered representative. 

However, it was discovered that VF review data for 28 trips was unaccounted for in FOS. 

The cause is thought to be a combination of (1) EMS failure (six trips) and (2) unknown reasons 

(22 trips). It is hypothesized that the 22 trips without VF review data in FOS could be the result 

of failed uploads due to the misalignment between FOS and the contractor’s system (e.g., 

unmapped species codes), or the accidental deletion of VF review data from FOS by end users. 

This issue was not further investigated due to (1) limitations of access to FOS and contractor 

error logs and (2) the inability to test the FOS upload process. Although this does not put 

representativeness at risk, the cause of the missing catch data should be investigated in future 

research. 

Event rejection. This research examined several aspects of event rejection including 

trends by sector and region, event rejection reason and vessel. These different aspects were 

pursued in order to uncover any evidence of non-random sampling within the CMP by analyzing 

the available meta-data.  

It was found that during the 2011/2012 fishing year 5% (104) of 2,023 VF reviewed 

events were rejected. The sablefish longline sector had the highest rate of event rejection at 9% 

and the outside region accounted for 103 of the 104 event rejections.  
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The meta-data supplied by the contractor included 42 unique remarks associated with 

event rejection. From this, nine general categories, or event rejection reasons, emerged. Of those, 

it is hypothesized that three (data gaps, poor image quality, and poor lighting), encompassing 50 

instances of event rejection, could reflect tampering in some way. However, it was concluded 

that it is unlikely that all or even most of the 50 observations falling into these categories were 

intentional acts. Therefore, it can be said that much less than 3% of rejected events could be the 

result of tampering during the 2011/2012 fishing year. 

Examining the trend by sector revealed that the dogfish (outside) sector had the greatest 

proportion of rejected events (5.6%) that could potentially be the result of tampering. Next, the 

trend by vessel revealed that 33% of participating vessels (191) experienced at least one event 

rejection, with an average frequency of event rejection of 2.3%. It was found that 33 individual 

vessels experienced potentially suspicious event rejections (50) that could be the result of 

tampering, with the vast majority of those vessels experiencing only one (80%). However, two 

individual vessels (1% of total participating vessels) were identified as having greater than four 

potentially suspicious event rejections, representing between 2% and 3% of their total events 

fished, that could have been the result of tampering.  

Overall, far fewer than 3% of VF reviewed events could be considered deliberate 

attempts to prevent VF review. It is important for future researchers and/or managers to examine 

event rejection meta-data on at least a bi-annual basis to examine whether evidence exists that 

could indicate representativeness within the CMP is at risk. For example, the records of the two 

vessels with four suspicious rejections should be followed over time.  Nevertheless, this research, 
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found little evidence to support the theory that event rejection attributed to tampering is 

impacting representativeness within the CMP.  

It is important to note that in some cases, the reason for event rejection provided by the 

contractor could not be discerned and in other cases no event rejection reason was provided, 

highlighting the importance of requiring the contractor to conform to a fixed look-up table. 

Further, it is critical to mention that since the event rejection meta-data are not available in FOS, 

this data would be lost if there was a change in contractor.  

Validation of Total Catch Estimates 

Bocaccio. Bocaccio was assessed as endangered in 2013 by the Committee on the Status 

of Endangered Wildlife in Canada (COSEWIC), given its life history making it susceptible to 

overfishing, and its steady population decline over the last 60 years (Committee on the Status of 

Endangered Wildlife in Canada [COSEWIC], 2013). Therefore, managers have a special interest, 

beyond the generic program conservation goals, in gauging areas of uncertainty in catch 

estimation for bocaccio by the CMP. 

As of the 2004/2005 fishing year, both HL and trawl fleets voluntarily agreed to stop 

targeting bocaccio (DFO, 2012b). Further, the trawl fleet committed to a voluntary 

relinquishment program whereby all proceeds from captured bocaccio (and several other species) 

would be used to support groundfish research programs (DFO, 2013c). As of the 2013-2014 

fishing year this same voluntary program is being recommended for all groundfish fleets, 

including HL (DFO, 2013b).  

From this research, it can be concluded that the CMP tracking of discards appears 

adequate. Even if the discrepancy between VF (n=7) and FLOG (n=1) is considered important, it 
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can be accommodated using the VF data to correct overall discards amounts in the FLOG sums, 

if not done already. Therefore, the CMP is fulfilling its role and providing managers with the 

necessary data and ultimately good information related to discards of bocaccio.  

This information includes an estimation of bocaccio discards at the rail, which presents a 

significant estimation bias. Since the coastwide VF review rate was 11%, it follows that the 

FLOG and VF sums, if expanded, differ by about 54 pieces of discarded bocaccio. Given an 

average weight of 4.3 kg/fish (DFO, 2009b), the difference between the FLOG and VF could be 

¼ t. This represents nearly 5% of the anticipated 2017/2018 HL TAC for bocaccio (5.25 t) (DFO, 

2013c). Therefore, the significance of the discrepancy observed between the FLOG and VF 

counts for discarded bocaccio could mean a ¼ t bias in total catch estimates, based only on 

landings, for the 2011/2012 fishing year. This finding does not indicate that the CMP is not 

working. However, it does provide some evidence that bocaccio discards should be tracked 

within the CMP, especially in light of any potential reduction in the TAC.  

Despite deriving an estimate of bias related to discarding, it is important to note that there 

are flaws. The CMP is designed such that 10% of events are reviewed in the audit. Therefore, it 

is possible that unreported discarding may in fact be more egregious within the 90% of non-

reviewed events. For example, a fisher may encounter a hot spot of bocaccio in a given event and 

could decide to discard the catch without documenting it in the FLOG. In these cases, unless the 

specific event was chosen for VF review, it would go undetected by the CMP. However, in the 

case of larger sample sizes (i.e., several fishing years), the effect of hotspots is neutralized. 

Therefore, over five to ten years, management will be provided with a correct representation 
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thereby highlighting the importance of performing year-to-year analyses, instead of evaluating 

catch estimates for a single fishing year. 

Despite this neutralization effect, the aforementioned cases could be problematic if the 

CMP comes to depend on estimates (as it is beginning to do for non-quota) species. It may be 

necessary for managers to examine the sampling level to determine if the threat of 10% VF 

review is adequate within the CMP to encourage fishers to accurately report rare events. For 

example, if more precise estimates of bird encounters were required, and most birds were 

encountered in certain times/area/sector strata, then managers could increase the VF review rate 

in those strata. For example, the VF review rate could be increased to 100%, or more modestly to 

20% overall, or perhaps for select strata within the fishery, depending on program goals. This 

would allow managers to get better catch estimates for select species in specific areas or seasons 

with modest changes in costs. 

Now, since the issue of discards has been addressed, the adequacy of retained/landed 

catch estimates for bocaccio must be examined. Given that the retained counts in the VF and 

FLOG for reviewed events are similar, we can assume the FLOGs are, with exceptions, accurate. 

Next, we can compare the FLOG to the DMP (and VF estimates) to check for PRDs. The official 

FLOG and DMP estimates for the outside region are within 4%, demonstrating a strong 

agreement between the self-reported catch count for retained bocaccio and the DMP piece count. 

Therefore, there is no indication of unreported dumping. The FLOG and DMP sums fell within 

the 95% VF confidence limits for bocaccio for all sectors and regions. Therefore, as a result of 

this close agreement, it can be concluded that PRDs are not a source of bias in the official 

estimates. Therefore, the CMP is providing a good estimate of retained/landed bocaccio catch. 
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Further, a discard estimate exists that can be used to correct total catch estimates. Therefore, 

bocaccio is well monitored within the CMP. But, managers might continue to monitor the 

currently modest differential between VF and FLOG in reviewed events should quotas decline 

further. 

Canary rockfish. Canary rockfish was selected for study because it is considered 

difficult to identify in the VF and therefore presented a special challenge to the CMP in general 

and EM specifically. Reviewers can use a general classification code (i.e., “red rockfish”, 

“yelloweye/canary”, or “general rockfish”) to identify rockfish during the VF review process, 

this is especially true when VF quality is low and therefore could represent a special challenge to 

the CMP. However, canary rockfish can be easily distinguished from other rockfish during 

unloading. Therefore, testing canary rockfish catch estimates provides an opportunity to test the 

video element of the CMP. Previous research has only examined catch data for yelloweye 

rockfish and bocaccio, two species that are more easily identified during VF review. Secondly, 

canary rockfish are currently assessed as threatened by COSEWIC (2007). Therefore, examining 

whether the CMP is providing reasonable estimates of canary rockfish total harvests may be of 

interest to managers, especially if stock rebuilding measures become necessary.  

From this research, it can be concluded that the CMP tracking of discards of canary 

rockfish appears adequate in spite of the difficulty to distinguish it from other red rockfish 

species during VF review. Even if the discrepancy between VF (n=29) and FLOG (n=0) is 

considered important it can be accommodated by using the VF data to correct overall discard 

amounts in the FLOG sums. Therefore, the CMP is fulfilling its role and providing managers 

with the necessary data and ultimately good information related to canary rockfish discards.  
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Using the simple logic explained for bocaccio, total discard catch may be underestimated 

by approximately 258 pieces as a result of discarding that was not recorded in the FLOG. Based 

on the mean weight of 2.7 kg/fish (R. Stanley, personal communication, August 27, 2015), this 

bias could be nearly a ¾ t, however given the current HL TAC for canary rockfish is 

approximately 111 t (DFO, 2013b), this amounts to only about 0.7%. Therefore, this discrepancy 

is not placing management of canary rockfish or, IVQ tracking, at risk. 

However, it may be important for managers to check whether the same fisher is 

consistently under-reporting canary rockfish discards. Secondly, although canary rockfish are 

deemed difficult to identify in the VF, VF reviewers will only identify a rockfish specimen to 

species (and not use a general classification code) if they are confident in their identification (K. 

Taylor, personal communication, September 15, 2015). Therefore, is it highly likely that all, or 

the vast majority, of the 29 canary rockfish discards observed in the VF were correctly identified 

as canary rockfish, and not misclassified as canary rockfish, during the VF review. This is 

corroborated by the findings of the investigation into the misclassification of canary rockfish 

during the VF review (Appendix G), which revealed that misclassification is not a significant 

source of uncertainty in the VF review data. 

Now, since the issue of discards has been addressed, the adequacy of retained/landed 

catch estimates for canary rockfish must be examined. Since it was established that the VF event 

sums match the FLOG, it is safe to assume the FLOG is accurate. Therefore, we can compare the 

FLOG, DMP and expanded VF to look for PRDs. The official FLOG and DMP estimates for the 

outside region are within 1%, demonstrating a strong agreement between the self-reported catch 

count for retained canary rockfish and the DMP piece count. Therefore, there is no indication of 
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PRDs. However, the FLOG and DMP sums fell outside the 95% VF confidence limits for canary 

rockfish for the majority of sectors and regions.  

Despite the close agreement between the FLOG and DMP counts, and only a 7% 

discrepancy between the FLOG and VF event sums, the expanded VF estimates were 

significantly (30%) lower than official summed values for nearly all sectors and most notably, 

the outside region. I draw a number of conclusions from these results. 

There was a much higher “apparent” retained catch rate in non-reviewed events. There 

are two reasons for this observation  (1) chance - this could be expected to happen when 

conducting many comparisons. However, what is perplexing is that it occurred, independently, in 

each of three sectors (halibut, halibut/sablefish, and rockfish (outside)) with the largest sample 

sizes or (2) misclassification in the VF or by fishers. However, for misclassification of canary 

rockfish by fishers to be the source of the difference, the DMP must be identically wrong. Since 

official estimates are within 1%, the only possibility is that misclassification occurred in the VF. 

However, my investigation of the VF did not indicate that VF misclassification and VF 

classification using combination and general species codes occurred in sufficient magnitude to 

account for the large discrepancy (Appendix H).  

A third option emerged after examining the mean catch rate for canary rockfish in 

reviewed and non-reviewed events. This study revealed that not only was the mean catch rate for 

retained canary rockfish nearly 30% higher in non-reviewed events, this was not due to a few 

anomalous large catches in non-reviewed events, and instead was a more chronic effect where 

bigger catches are simply more common than lower catches in non-reviewed events. Therefore, 

the mean catch rate discrepancy between reviewed and non-reviewed events for retained canary 
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rockfish is of significant magnitude and provides an explanation for the underestimation 

observed in the expanded VF estimates. 

In summary, it can be concluded that the CMP is providing a good estimate of 

retained/landed canary rockfish catch. Further, a discard estimate exists that can be used to 

correct total catch estimates. It may be important to consider that the VF discard estimate for 

canary rockfish is underestimated (i.e., ¾ t vs. 1 t) due to the 30% underestimation observed in 

expanded VF estimates of retained canary rockfish. Managers may wish to monitor the 

differential between VF and FLOG events sums, and the degree of underestimation in the 

expanded VF estimates, as this could be of concern as stock rebuilding measures become 

necessary (DFO, 2010a). However, the CMP is providing managers with good data and there is 

no risk related to understating the canary rockfish harvest (based on the VF) when compared to 

official estimates, or related to individuals possibly over-estimating canary rockfish catch (with 

implications to their IVQ).  

While I failed to account for the discrepancy in canary rockfish by investigating 

misclassification in the VF, in trying to account for it, the investigation revealed a flaw in the 

FOS. The FOS cannot assign various unknowns. Therefore, the general and combination species 

classification codes used by reviewers are rolled up into a single general species code once 

uploaded to the FOS (i.e., “rockfishes”). As a result, the opportunity to examine uncertainty in 

VF catch estimates stemming from the use of general and combination codes is lost, despite the 

availability of higher resolution data. This is significant given that the use of general and 

combination species codes accounts for 8% of total rockfish observed in the VF throughout the 
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2011/2012 fishing year. Essentially, good data that could be used to improve the accuracy of 

catch estimates for some rockfish is being lost for lack of a programming change. 

Lastly, the curious discrepancy in the canary rockfish catch rates between reviewed and 

non-reviewed events should be of concern to managers. It is suggested that the canary rockfish 

catch rates for reviewed and non-reviewed events be compared in other years. A year-to-year 

comparison will demonstrate whether the discrepancy is consistent among years, and if so, 

would rule out the possibility that this finding is not due to chance. Instead, it would point to a 

systemic problem that ought to be explained.  

Lingcod. Lingcod is a non-rockfish quota species that is monitored under the standard 

CMP framework. Under this framework, lingcod catch is not subject to 100% retention and, as a 

target species, is not piece counted at the time of offload. Secondly, during VF review of targeted 

lingcod trips, all discarded lingcod are treated as being sub-legal in size (Table 3). The CMP 

assumes this because if fishers are targeting lingcod, they are unlikely to discard legal sized 

specimens since they must pay quota for marketable discards of quota-managed species. 

Previous research has not evaluated how well the CMP works on a quota species that is not 

subject to 100% retention, and which follows the standard monitoring framework where total 

catch is estimated by adding the landed catch weight to the converted weight for discards (based 

on FLOG discard counts and official mean weight). Therefore, testing the catch estimates for a 

target quota species provides an opportunity to determine whether bias exists in total catch 

estimates where discards are managed using official average weights (i.e., Schedule II species).  

This research showed that moderate uncertainty exists in the VF estimate for lingcod 

discards. The discard counts presented in this study represent a combination of legal and sub-
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legal sized specimens. The total (retained and discarded) counts for lingcod are similar for VF 

(n=16,913) and FLOG (n=16,474). However, a moderate (13%) discrepancy exists in the 

coastwide discard only count between VF (n=2,246) and FLOG (n=2,595). This discrepancy is 

solely attributed to the misallocation of lingcod discards in the rockfish (outside) sector during 

VF review. This is the case since legal-size lingcod discards will cost the fisher quota, and are 

therefore highly unlikely to be over-reported in the FLOG, and the retained lingcod are subject to 

DMP piece counts upon landing within sectors where lingcod is not the target. Therefore, it is 

most probable that the discrepancy found in the rockfish (outside) sector (54%) for lingcod 

discards (legal and sub-legal combined) can be attributed to the misallocation of specimens in the 

VF as retained when in fact they were discarded. This could be the result of fishing practices 

(i.e., catch handling).  

Within the CMP, a catch item is considered retained once it clears the water line and the 

crew member has control of the gear (DFO, 2011). Therefore, a lingcod is marked by the IV as 

retained as soon as it clears the water, but a proportion of those same lingcod may have been 

subsequently discarded outside of camera view. Technically, the VF is correct, and the 

subsequent discard is an example of a PRD. The CMP requires that all fishing activity be 

performed within camera view (DFO, 2011). Further, it is the responsibility of the fisher to 

ensure that the EMS is set up to adequately capture fishing activity, including discarding. Or, to 

modify crew behavior to ensure no fishing activity occurs outside of camera view. The rockfish 

(outside) sector results provide evidence that discarding outside camera view after initial 

retention is noticeable in sectors where lingcod is considered bycatch. Further, based on the CMP 

audit testability matrix (Table 3), both retained and discarded (legal/sub-legal sized) lingcod 
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counts are tested. Therefore, the observed misallocation should have affected test scores in the 

CMP audit. However, this was not examined as part of this study.  

From this research, it can be concluded that the CMP tracking of discards appears 

adequate within all sectors with the exception of the rockfish (outside) sector. The reason for this 

is ultimately unknown, but may be related to fishing practices. As a result, the VF data cannot be 

used to correct rockfish (outside) sector discard amounts. If the discrepancy between VF and 

FLOG is considered important within other sectors it can be accommodated using the VF data to 

correct discards amounts in the FLOG sums. However, modest mis-estimation of lingcod 

discards is not considered a major conservation issue, since post-release mortality of lingcod is 

considered to be low. Therefore, the CMP is fulfilling its role and providing managers with the 

necessary data and ultimately good information related to discards for the vast majority of 

sectors.  

Now, since the issue of discards has been addressed, the adequacy of retained/landed 

catch estimates for lingcod must be examined. Since the retained counts in the VF and FLOG for 

reviewed events are similar (disregarding the rockfish (outside) sector), we can assume the 

FLOGs are, with exceptions, accurate. Comparing the FLOG to the DMP (and VF estimates) to 

check for PRDs reveals that official FLOG and DMP estimates for the outside region (excluding 

the lingcod sector data) are within 5%, demonstrating a strong agreement between the self-

reported catch count for retained lingcod and the DMP piece count. Therefore, there is no 

indication of unreported large-scale dumping. The FLOG and DMP sums fell within the 95% VF 

confidence limits for all sectors and regions with available data. Therefore, as a result of this 
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close agreement, it can be concluded that PRDs are not a major source of bias in the official 

estimates.  

It is worth noting that although the official catch sums are within 5%, the DMP sum is 

higher than the FLOG sum.  If, for example, the DMP were 5% less than the FLOG, it may be 

cause for discussion since it may indicate that fishers are PRD’ing lingcod, or another species 

under study demonstrating the same type of discrepancy in the official estimates.  Although the 

main test in this research is whether the FLOG and DMP are within the 95% confidence limits, it 

is preferred when the DMP is not less than the FLOG.  This is because no evidence of PRDs, 

even at a small scale below the radar screen of the FLOG/DMP vs. VF statistical test, is detected.   

From this, it is established that the CMP is providing a good estimate of retained/landed 

lingcod catch. Further, a discard estimate exists, for most sectors, that can be used to correct total 

catch estimates. Therefore, it can be concluded that lingcod is well monitored within the CMP. 

However, managers ought to monitor the issue of misallocation of lingcod as bycatch, especially 

within the rockfish (outside) sector. It is recommended that several years of rockfish (outside) 

sector data be examined to determine whether the misallocation of lingcod catch is occurring 

consistently within this sector from year-to-year. Further, examining the audit results for rockfish 

(outside) sector trips with lingcod as bycatch, with a focus on the VF to FLOG comparisons for 

retained and discarded (legal/sub-legal sized) lingcod, may also be useful to confirm that the 

CMP is working adequately. 

It is important to note that the discrepancy observed between the VF and FLOG event 

sums for retained lingcod in the rockfish (outside) sector disappeared with the expanded VF. In 

the dogfish (outside) sector the FLOG and VF event sums for retained lingcod were identical. 
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However, the total FLOG count was 65% lower than the expanded VF estimate. Despite these 

observations, the official DMP and FLOG estimates fell within the established 95% confidence 

limits. This observation provides some evidence that small sample size (i.e., n=55) in the case of 

the dogfish (outside) sector, can be problematic when using the expansion method, and does 

result in broad confidence limits.  

Lastly, the contractor’s version of the VF review data details lingcod discards as either 

legal or sub-legal in size within the lingcod sector (K. Taylor, personal communication, 

September 15, 2015). However, once uploaded to FOS, these lingcod discards are combined and 

listed as sub-legal size. Secondly, in the CMP audit, lingcod discards made on lingcod trips are 

lumped together and tested as a total sum, regardless of whether the VF detailed any proportion 

of these discards as legal sized. Again, based on the short-sighted design of the FOS, useful data 

is not being uploaded into the DFO’s permanent data repository, jeopardizing the opportunity for 

future research. 

For example, if it was of concern, these data could be used to look for evidence of high 

grading within the lingcod sector. Although I acknowledge that lingcod may have a low 

mortality rate, and therefore the higher resolution catch data is unnecessary, the potential loss of 

data is unfortunate and a poor data policy. Currently these data are available through the good 

graces of the service provider. Should this firm lose the contract in the future, these data could be 

lost. This leads to yet another recommendation for managers to revisit the design of the FOS and 

ensure that potentially useful data that are collected at considerable cost, are being retained.  

Even if the cost of modifying FOS are prohibitive, it seems a trivial expense to conduct an 

annual upload of these specific data sets into a stand-alone, internal DFO, database.  
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Spiny dogfish. Spiny dogfish is a high volume quota species (DFO, 2010b) that is 

monitored under the standard CMP framework. As with lingcod, spiny dogfish is not subject to 

100% retention and, as a target species, is not piece counted at unloading. Further, under the 

standard CMP framework, the VF review of dogfish sector trips is unique in a few ways. Firstly, 

the CMP testability matrix stipulates that targeted dogfish trips are to undergo VF review for 

bycatch only, and therefore spiny dogfish catch (retained and discarded) is not counted during 

VF review (Table 3). However, 1% of the targeted dogfish trips are randomly selected to 

undergo VF review for both bycatch and discarded spiny dogfish. These data were not reviewed 

in this study since the sampling rate was too low to be useful for the questions addressed in this 

work. Testing the catch estimates for a high volume target quota species provides an opportunity 

to determine the degree of bias in total catch estimates where, as with lingcod, discards are 

managed using official average weights. 

This research showed that a moderate (20%) discrepancy exists in the coastwide discard 

only count between the FLOG (n=25,707) and VF (n=31,022). As a result of the CMP testability 

matrix, the coastwide event sums do not include dogfish (inside) and (outside) sector data since 

no data are available. As mentioned with lingcod, the discard counts in this study include both 

legal and sub-legal size specimens. Therefore, it is unknown whether these observations could 

result in an IVQ management or conservation issue. If considered important, the discrepancy 

between VF and FLOG can be accommodated using the VF data to correct overall discards 

amounts in the FLOG sums. Therefore, the CMP is fulfilling its role and providing managers 

with the necessary data and ultimately good information related to spiny dogfish discards in non-

target fisheries.  
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Since VF estimates for discarded spiny dogfish are not available for the dogfish (inside) 

and (outside) sectors, I can not determine whether bias related to discarding exists in FLOG 

counts for these sectors. However, the cost of fully reporting on a high volume species such as 

spiny dogfish is prohibitive, and likely deemed unnecessary by managers given the lack of a 

conservation risk associated with spiny dogfish (Committee on the Status of Endangered 

Wildlife in Canada, 2011). Therefore, the inability to confirm the reliability of spiny dogfish 

discard estimates in its targeted fisheries does not, at present, represent a conservation concern to 

managers.  

Examining the retained/landed catch estimates for spiny dogfish revealed that the 

retained counts in the VF and FLOG for reviewed events match quite closely therefore, we can 

assume the FLOGs are, with exceptions, accurate. Comparing the FLOG to the DMP (and VF 

estimates) to check for PRDs reveals that official FLOG and DMP estimates for the outside 

region (excluding the dogfish (inside) and (outside) sector data) are within 4%, indicating strong 

agreement between the self-reported catch count for retained spiny dogfish and the DMP piece 

count.  

However, a discrepancy was found that may provide some evidence of inattentive catch 

recording in the FLOG, or possibly PRDs, occurring in the halibut sector. This evidence is based 

only on the FLOG vs. VF event sum and FLOG vs. DMP comparisons for a single fishing year 

and upon expansion, the discrepancy observed between the FLOG and VF event sums 

disappeared.  Further, there is very little (if any) incentive for dumping in the case of spiny 

dogfish within the halibut sector (i.e., cost of spiny dogfish IVQ). Ultimately, the cause of the 

observed discrepancy is unknown and requires further research. 
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Overall, there is no indication of unreported dumping in the vast majority of sectors with 

available data. The FLOG and DMP sums fell within the 95% VF confidence limits for all 

sectors and regions with available data. Therefore, as a result of this close agreement, it can be 

concluded that PRDs are modest and not a source of concern with the official estimates.  

However, managers should investigate the issue of possible PRDs in the halibut sector by 

examining several years of catch data to determine if the observations made in the 2011/2012 

fishing year are repeated.  

Overall, it can be concluded that the CMP is providing a good estimate of retained/landed 

spiny dogfish catch. Further, a discard estimate exists for non-target sectors that can be used to 

correct total catch estimates, if deemed necessary. Therefore, spiny dogfish is well monitored 

within the CMP. However, it may be useful for managers to study several years of catch data to 

determine whether there is evidence of chronic under-reporting of spiny dogfish discards (or 

PRDs) in the halibut sector. Further, it is important that future research differentiates between 

legal and sub-legal size discards to determine whether under-reporting discards poses an IVQ 

management or conservation issue. Determining the implications of the under-reporting may be 

of importance if the conservation status of spiny dogfish is upgraded from special concern 

because of either declining biomass or increasing catches. 
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Conclusions 

The purpose of this research was to investigate two main questions. The first objective 

was to examine the concerns of Stanley et al. (2009) as to whether the selection of events to 

review could be assumed to be random. The second objective was to determine whether the CMP 

is providing accurate estimates of species-by-area catch, including discards and PRDs, for four 

species (bocaccio, canary rockfish, lingcod and spiny dogfish) that were possibly of secondary 

concern during CMP design and which are considered rare, difficult to identify, quota managed, 

and high-volume, respectively.  

This study demonstrates that there is no reason to question the assumption of randomness 

underpinning the CMP. Firstly, the number of individual events and whole trips that were not 

reviewable is negligible. Secondly, there were no obvious patterns to indicate individual fishers 

or sectors were deliberately biasing the results. While not uncovering anything that would 

suggest the program is not meeting the needs of managers, it was found that 2% of trips, after 

ruling out EMS failure, were inexplicably missing VF catch data in the DFO repository. Due to 

limitations, the cause was not further investigated in this study. It is recommended that future 

studies examine whether VF catch data from the contractor, containing species codes that are 

unmapped in the FOS, are rejected at the time of upload. 

Further, it was found that the CMP is providing accurate estimates of species-by-area 

catch, including discards and PRDs, for the four species under study. With respect to the second 

question, this study found that bocaccio, canary rockfish, lingcod and spiny dogfish are, in 

general, well monitored under the CMP and the CMP is providing managers with good 

information in the vast majority of cases. Further, this study demonstrates that for the most part, 
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fishers are following the rule of 100% retention of rockfish species. However, several problem 

areas were identified.  

This study revealed a statistically significant difference in canary rockfish catch rates 

between reviewed and non-reviewed events. It is recommended that an analysis examine 

subsequent years to determine whether a systemic problem exists, and to identify the cause. 

Further, it is suggested that managers consider an increase in the VF review rate in cases where 

more precise estimates are required (i.e., rare species or birds), and where hotspots occur in 

certain times/areas/sector strata. This could be especially poignant in cases where the 

conservation status of a given species changes  (i.e., bocaccio) or if quotas for a rare species were 

to decline.  

Next, the investigation into lingcod revealed that a significant proportion (54%) of 

lingcod catch within the rockfish (outside) sector was mis-allocated as retained instead of 

discarded during the VF review. It is hypothesized that the IVs document a lingcod specimen as 

retained once it clears the water line, and that fishers then discard the same lingcod specimen 

after the fact, but that it is not captured by the camera or is performed at the edge of camera 

view. Based on the definition of a “retained” specimen by the CMP, these findings might 

indicate lingcod PRDs within the rockfish (outside) sector. Therefore, indicating that discarding 

outside of camera view after initial retention occurs in sectors where lingcod is considered 

bycatch. 

The investigation into spiny dogfish revealed that PRDs of spiny dogfish may be 

occurring within the halibut sector, although this is only evident in reviewed events and not 

overall in the fishery. As with lingcod, this provides evidence that PRDs may be occurring in 
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sectors where spiny dogfish is considered bycatch, although other explanations for these 

observations were not examined. Dumped quota-managed species do not make it to unloading 

and are therefore not accounted for at the time of offload, leading to conservation (if applicable) 

or IVQ management issues. The conservation impact of this issue may be considered minor if 

survival is high for these two species, nevertheless it seems a better long-term objective to 

improve the source estimates of catch should assumption on mortality change in the future, or the 

population abundance of these pieces become a source of concern.  

The study of lingcod and spiny dogfish also revealed that due to the design of the CMP, it 

is not possible to determine the prevalence of target species PRDs, since DMP piece counts are 

not performed, except for rockfish and halibut. Ultimately, it is unknown what the effect of target 

species PRDs may be having on the resource. The exception is halibut, where halibut landing tag 

information is collected and retained by the International Pacific Halibut Commission (IPHC).  

Thus, PRDs of halibut within the target fishery could be examined if required (R. Stanley, 

personal communication, October 2, 2015). The lack of information related to the prevalence of 

target species PRDs (where applicable) could be of concern if there is incentive to high grade 

(i.e., a price differential) or if the conservation status of either species were to change (DFO, 

2010b; DFO, 2012a). Further, a flaw in this study was the failure to separate lingcod and spiny 

dogfish discards into legal/marketable and sub-legal/unmarketable size categories for the 

purposes of analysis. As a result, it cannot be discerned whether the possible under-reporting of 

lingcod and spiny dogfish discards in certain sectors presents a quota management or 

conservation issue.  
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 In addition to addressing the main objectives, I found multiple examples whereby data 

collected by the contractor, and archived in their data systems, were not available in the DFO 

repository. Or, that the level of detail found in the data available in the DFO repository was 

lower than what is found in the contractor’s system. To begin with, EMS failure and event 

rejection meta-data are not uploaded to the permanent DFO repository. This poses a significant 

problem should this contractor lose the contract at some point in the future since the EMS failure 

and even-rejection meta-data will then be inaccessible to the DFO.  

Secondly, the contractor uses combination species codes to classify rockfish during the 

VF review process. However, upon upload to FOS, the combination species codes are 

amalgamated into a single general species code. Therefore, once uploaded to the DFO repository, 

this level of detail is lost.  

Further, it was found that lingcod discards within target fisheries are classified as sub-

legal or legal in size during the VF review by the contractor. However, upon upload to the FOS, 

all of the lingcod discards are amalgamated into the sub-legal category given the assumption that 

fishers do not discard legal-sized target specimens. In all of these cases, potentially useful data, 

collected at considerable cost, is at risk. Further, assessment scientists and other researchers 

using these data in the future will be unaware of these data “idiosyncrasies” and may draw 

incorrect inferences.  

 Overall, this study, based on an examination of a cross section of species, supports 

previous statements and the general perception about this CMP that it is providing managers with 

good catch information, including discards and PRDs. The exceptions have been noted, and 

would not appear to place management at risk.   
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Recommendations for Changing the GFHLCMP Processes 

1) Reprogram the FOS and the upload program to accept event rejection and EMS failure meta-

data, including failure reasons. An interim solution could be to copy the existing data held 

by the contractor to a stand-alone database. Analysts can then examine this data and 

compare failure rates year-to-year. 

2) Conduct frequent routine checking of the event rejection and EMS failure meta-data. 

Although it is not necessary to conduct checking on an annual basis, it is recommended on a 

bi-annual basis. 

3) Regularly query FOS for completed trips (i.e., with QSRs) that do not have a VF catch 

record attached. Request verification from the contractor as to why catch records are not 

available. This will identify if VF catch data is failing to upload from the contractor’s system 

to the FOS. If EMS failure meta-data were available in the FOS, this could be accomplished 

without requiring initial input from the contractor. 

4) Reprogram the FOS and the upload program to capture general rockfish species codes used 

by the contractor performing the VF review. This will allow analysts to better estimate the 

uncertainty in VF estimates for rockfish species. It may also help to develop more 

sophisticated means for estimating catch by species. At the moment, this is primarily of 

concern in relation to specialized studies of CMP catch estimates. However, if the DMP 

design were altered (i.e., random DMP), this would be of greater importance. 

5) Reprogram the FOS to accept catch allocation and disposition for target non-rockfish 

species. This will allow analysts to look for signs of high grading in vulnerable fisheries 

(i.e., those where a conservation risk or a large price differential exists). 
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6) Monitor price differentials among product types for quota species. This will alert managers 

that incentive exists for dumping, such as with live rockfish (i.e., quillback rockfish). 
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Recommendations for Future Research 
 
1) Examine catch estimates for several other rockfish species that are harvested in the live 

rockfish fishery. For example, quillback rockfish, tiger rockfish and china rockfish. It may 

also be interesting to study the catch estimates for sablefish.  This recommendation has been 

made in light of the potential for price differentials to exist amongst product types and sizes 

(i.e., live rockfish), which may provide an incentive for dumping.  For this reason, it may be 

of interest to examine catch estimates for the aforementioned species.   

2) Evaluate catch estimates for additional years. In so doing, analysts can rule out the 

possibility of chance in cases where problems are identified. 

3) Non-quota species (i.e., birds, large sharks) are not subject to same verification in the CMP 

audit scoring. Therefore, the catch expansion methods used here will be the only credible 

means for estimating total catch for the species. Future research should examine the 

uncertainty in these estimates related to the 10% review rate. This research in turn may 

indicate significant and cost-effective benefits from increasing the VF review rate either 

overall or in specific species/time/area strata. Even if no changes are made, managers will be 

alerted to the ongoing risk that results from different sampling rates. 

4) When performing further tests of catch estimates, ensure discards are classified based on 

disposition (i.e., legal/marketable and sub-legal/unmarketable) where applicable. If a 

discrepancy is observed, analysts can use this information to determine whether an IVQ 

management or conservation issue exists. Note that in cases where FOS funnels target 

species discards into the sub-legal category, analysts ought to be aware that it is probable 

that a proportion of these discards are legal-sized. This is attributed to the current design of 
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the FOS. Reprogramming the FOS to accept non-rockfish target species disposition 

information from the contractor will eliminate this potential problem. 

5) Compare the reputed breakdown of species in the VF to the actual breakdown of species in 

the DMP in order to uncover sources of uncertainty in the catch estimates made by IVs 

versus those made by dockside observers. 
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Lexicon 
 
Catch Fish that are caught during the act of fishing.  

Catch estimate An estimate derived from the expansion of the 10% VF review data. The 

total catch estimate can be compared to the total catch sums from the 

official sources (i.e., FLOG and DMP).  Not to be confused with VF event 

sums, which represent the catch count for VF reviewed events only.  

Catch information Piece counts for retained and discarded catch that is recorded in the FLOG. 

Catch Sum The catch sum is defined as the catch count obtained from the official 

FLOG (retained/discarded) and DMP (landed) records.    

Catch monitoring 

program 

A program designed to monitor commercial fisheries catch. In the case of 

the Groundfish Hook and Line Catch Monitoring Program (GFHLCMP) the 

elements include a hail system, a dockside monitoring program, an 

electronic monitoring program, and the GFHLCMP audit. 

CIC Commercial Industry Caucus. A committee consisting of commercial 

groundfish vessel representatives and processors.  

CGIPP Canadian Groundfish Integration Pilot Program. Initiated in 2006 as a 

means of integrating HL, trap and trawl fisheries.  The program includes, 

but is not limited to, an inter-fleet re-allocation system, comprehensive 

catch monitoring, the extension of IVQ management to dogfish, lingcod 

and rockfish fisheries, and individual vessel accountability.  

COSEWIC The Committee on the Status of Endangered Wildlife in Canada is a 

committee of experts responsible for the assessment and designation of 

wildlife species in Canada that are in danger of disappearing. 
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DFO Department of Fisheries and Oceans Canada. The DFO is a federal 

government department responsible for the delivery of programs and 

services that support the sustainable use of aquatic resources.  

DFO Review 

Board 

The DFO Review Board is a governing body that follows up on GFHLCMP 

audits that do not meet prescribed tolerances. During this process the 

Review Board communicates with fishers and determines a plan of action. 

Actions may range from a warning, the requirement for further review of 

VF data, or in some cases the Review Board may recommend that legal 

action be taken against the vessel and fisher. 

Discard Catch that is released at the rail during fishing activity while at-sea. 

DMP Dockside Monitoring Program. The process of third-party verification 

(validation) of landed catch by species and weight. Catch validation is 

performed by a government-certified dockside observer. 

DMP data Total number of pieces landed by species (with the exception of directed 

catch items) and the total weight by species of all landed catch. This data is 

recorded on a validation record (VR), which is the official catch record 

from the offload. The electronic version is stored in the FOS.  

DO A government-certified dockside observer is a person who monitors the 

landing of fish and conducts verification of the weight and species of fish 

caught and retained. 

Dumped Catch initially retained, and subsequently disposed of before landing. 

Referred to as post-retention discards (PRDs).  For example, used as bait, 

eaten, or thrown back (i.e., high graded).  
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Ecosystem-based 

approach 

An approach to natural resource use that aims to restore and protect the 

health, function and resilience of entire ecosystems for the benefit of all 

organisms.  

EMS Electronic Monitoring System. A typical EMS consists of a series of 

cameras designed to capture VF of hauling at the vessel’s side, and a global 

positioning system (GPS) that are linked to winch sensors in order to record 

location and time of fishing. Data is collected and stored by the EM control 

center. 

EMP Electronic Monitoring Program. The complement of an EMS, EMS data 

(SN and VF) and the EMS data review process. 

Endangered A status category (COSEWIC/SARA) defined as a species facing imminent 

extirpation or extinction.  Note that while COSEWIC may assess a 

population as endangered, the Government of Canada (Department of the 

Environment) must “accept” the assessment for it to be listed as Endangered 

under SARA. 

Equipment sensor Designed and installed to monitor gear usage and indicate fishing activity 

i.e., hydraulic sensor. 

Fishing Event One unit of fishing activity. Usually one setting and hauling of fishing gear. 

Setting is described as the placement of gear in water, and hauling is the 

retrieval of the gear and accompanying catch.  

Event time The time at which setting or hauling activity occurs.  

Disposition Classification of catch item as retained or discarded. 

Fishers Individuals engaged in the act of catching fish.  
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Fishing effort A function of skate length and gear details i.e., the length of the longline 

and the number of hooks. 

FLOG The fisher’s official fishing record and it must detail: position, time, gear 

type, and catch by species in number of pieces, disposition 

(retained/discarded), and size (legal/sub-legal) for each fishing event. 

FOS The fishery operations system is an information management system 

designed and managed by the DFO and is designed to be a permanent and 

official repository of all GFHLCMP data (i.e., final location of DMP, 

FLOG, VF review data and QSRs). 

Gear type The type of equipment used during fishing activity i.e., hook and line, or 

trap.  

GFHLCMP The Groundfish Hook and Line Catch Monitoring Program is a monitoring 

program designed to ensure accurate catch estimates by species and area, 

for the HL and trap fisheries for groundfish in British Columbia. The CMP 

consists of a hail system in addition to the DMP, EMP, and FLOG 

components. There are seven sectors monitored under the CMP framework 

including: Halibut, halibut/sablefish, rockfish (inside), rockfish (outside), 

sablefish, lingcod and dogfish.  

GFHLCMP audit A report designed to verify accuracy of the FLOG. 

GMU Groundfish management unit is a DFO management subunit that is 

responsible for the management and administration of the BC groundfish 

fishery.  

Groundfish Bottom-dwelling fish. Within the BC groundfish fishery, commonly 
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harvested species include, but not limited to, rockfish, lingcod, halibut and 

spiny dogfish. 

GSA  Groundfish statistical area. Statistical areas with defined geographical 

boundaries by the DFO. 

Hail system  A system requiring fishers to hail-out in order to begin a fishing trip, and 

hail-in to a designated offload port at the conclusion of the trip. 

Harvest Act of catching fish. 

Hauling activity The retrieval of gear and the accompanying catch. 

High grade A selective harvest practice where only the highest quality fish are landed. 

Under IVQs this practice results in fishers obtaining high prices for limited 

catch. High grading can be a conservation concern if it leads to excessive 

wastage, and is unknown within the fishery. 

Hook and Line Gear type i.e., longline and handline. 

IFMP Integrated Fisheries Management Plans are developed and issued by the 

DFO; the annual IFMP outlines the objectives and management measures 

for a specific fishery. 

Industry Those representatives directly involved in the commercial groundfish 

fishery i.e., fishers and processors. 

Inter-fleet 

reallocation system 

A system that allows vessel owners to trade their quota amongst each other 

for all species and all license types. 

Imagery Viewer 

(IV) 

An individual hired by a company selected jointly by the DFO and industry. 

This person is trained in groundfish species identification. The IV reviews 

the video footage data collected at sea, and documents (electronically) the 
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species and disposition of each catch item. 

Individual Vessel  

Quota (IVQ) 

Quota held on a commercial fishing licence. IVQ is transferable between 

licenses either temporarily or permanently 

Individual  

Transferable Quota  

(ITQ) 

Quota that can be transferred between licenses or individuals either 

permanently or temporarily. 

K Sablefish fishery license. 

L Halibut fishery license  

Landed Catch Fish that are offloaded upon hail-in and validated by a government-certified 

dockside observer. 

Legal size The regulatory size limit of fish that may be retained by a fisher when 

fishing. Legal size limits are generally related to the maturation sizes of a 

given fish species.  

License categories  Sets of fishing licenses within the same sector, differentiated by gear type 

or fishing method i.e., sablefish trap.  

Marketable Catch that may be landed and sold. 

Offload Unloading of catch upon landing (typically from the vessel to the buyer). 

Per-trip basis Describes the frequency of the GFHLCMP audit. Audits are conducted 

upon the completion of each trip. 

PRD A post-retention discard is any catch item that was initially retained but that 

does not make it to unloading. For example, a PRD is a catch item that may 

have been eaten, used as bait, or thrown back (i.e., high graded). 

 
Quota A particular license holder’s limit for a given species (in pounds). Can be 
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bought, sold, or traded. Also known as ITQ.  

Quota species Marketable species with assigned quotas. Some species are marketable but do 

not have an annual quota (i.e. rosethorn rockfish). Landings of non-quota 

species, however, are usually limited by trip limit. 

Quota Status 

Report (QSR) 

Report detailing the state within a fishing year of a vessels IVQ, including 

landings to date.  

SARA Species at Risk Act. Created by the federal government of Canada in an effort 

to prevent Canadian indigenous species, subspecies and distinct populations 

from becoming extirpated or extinct. 

Season Refers to the start and close date of a commercial fishery. 

Sector A fishery targeting a specific species or species group. In BC there are seven 

primary groundfish hook-and-line sectors: halibut, halibut/sablefish, lingcod, 

rockfish (inside), rockfish (outside), sablefish, and dogfish.  

Shack-bait Unlicensed or licensed catch item(s) that are retained and later used to entice, 

by scent or flavor, target species during fishing. Bait usually is purchased prior 

to the trip (i.e. squid, octopus). 

SN data Sensor data is a .txt file containing sensor readings (i.e., time, location, and 

hydraulic pressure) for the duration of a trip and is typically collected at 10-

second intervals.  

Species mortality The percentage of at-sea discards that will die. Mortality rates vary by species 

and gear type used. 

Species-by-area-

specific 

Describes the method used by the DFO to manage the groundfish fishery by 

GSA. 



VALIDATION OF HOOK-AND-LINE CATCH ESTIMATES 
	
	

129 

management 

Sub-legal A catch item under the regulatory size limit that must be released. 

TAC Total Allowable Catch is the total amount of a particular species of fish that 

may be harvested in a single fishery season by the overall fleet. 

Target species The species that the fisher is targeting when fishing. Also called “directed” 

species in CMP syntax. 

Testability matrix Species or species group subject to testing in the FLOG to VF comparison of 

the GFHLCMP audit, by fishery. 

Official catch 

record 
The complement of DMP data (landed catch) and FLOG data (discards). 

Trap A gear type that is described as a longline with traps affixed at intervals. In 

sablefish fishing, there are typically 48 traps on each string. 

Trip The period elapsed between hail-out and hail-in. 

Unmarketable  Catch that does not have a market (i.e., cannot be sold because no market 

exists). 

Video footage (VF) Video footage data is collected by the EMS cameras during fishing activity and 

stored on the hard drive located in the EMS control center. 

VF review data The electronic record created by an IV. Details the species and disposition of 

each catch item during fishing activity.  

 
 

  



VALIDATION OF HOOK-AND-LINE CATCH ESTIMATES 
	
	

130 

Appendix A. Graphical Depiction of a typical Electronic Monitoring System 
 
  

Figure A1. Graphical depiction of a typical EMS with the key components identified – 

hydraulic and drum-rotation sensors, video cameras, the EM control center, and a GPS 

receiver. 

Note. Copyright 2011 by Archipelago Marine Research. Reprinted with permission. 
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Appendix B. Groundfish Management Areas for the Pacific Region 
 

 

Figure B1. Map of the Groundfish Management Areas for the Pacific Region.  

Note. Retrieved from: http://www.pac.dfo-mpo.gc.ca/fm-gp/maps-cartes/ground-fond/ground-

fond-eng.html. Copyright 2009 by Fisheries and Oceans Canada. Reprinted with permission. 
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Appendix C. Event Rejection Classification System 

Table C1 

Event Rejection Classification System Developed for the Purpose of this Research 
 

Rejection reason Classification 

Data file corrupt A 
Data gap B 
Processing error C 
Image quality too poor for review D 
Software testing - corrupt data E 
Poor lighting during night haul F 
Broken haul G 
Unknown H 
Other I 
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Appendix D. Unique Event Rejection Reasons for the 2011/2012 GFHLCMP Fishing Year 

 
Table D1 

Unique Event Rejection Reasons Derived from the 2011/2012 Fishing Year Meta-Data and the 
Corresponding Classification 
 

Rejection reason (contractor) Classification 

Data File Unreadable A 
Unviewable Other (include comment) A 
Sensor data gap B 
Data Gap B 
Gaps in recording resulting in incomplete record B 
Had to re-select sets to view several times due to data 
gaps. B 

No Imagery Recorded B 
Set 10 and 11 not available due to a sensor data gap 
(HD repair did not recover all of data). B 

Very few hauls available due to multiple time gaps 
throughout trip. Selected first two hauls from random 
set selection that had available video. 

B 

Viewed (event re-selected due to data gap) B 

Viewed (partial viewing, excluded from audit) B 
Viewed (listed as viewed, but no catch) B 
Event in Log not present in Data (could not discern set, 
so event re-selected)  B 

Reselected set to view due to sensor data gap.  B 
Not Applicable - Viewing not attempted B 
Viewed (event re-selected due to data gap, however 
video viewing status set to viewed and listed as 
included in audit) 

B 

Viewed (event re-selection due to data gap) B 
Not Applicable - Viewing not attempted - original sets 
to view not saved.  C 

Not Viewed - Other (include comment) - processor 
error, appears catch was re-associated to a different 
event to ensure a match.  

C 

Not Viewed - SN/VW Processor Error C 
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Rejection reason (contractor) Classification 

Viewed (incorrect haul selected during SN processing) C 
Not Viewed - Other (include comment) - viewing error C 
Viewed (event re-selected, no reason provided) C 
Viewed (event re-selection due to processor error) C 
Viewed (re-selected due to SN processing error - 
original events not saved) C 

No set haul start or end times recorded for selected set 
to view #4. Replaced with set 21. C 

Original sets to view selection not saved. Updated sets 
to view with original selection.  C 

Image quality too poor for interpretation D 
Not Applicable - Viewing not attempted - camera view 
unusable D 

Viewed (event re-selected, both camera views only 
available for event 1) D 

Camera Problem D 

Viewed (events re-selected 3 times for this trip due to 
extreme sun glare and dirty camera domes) D 

Viewed (issues with video files aligning due to 4.5 
testing leading to event reselection) E 

Night event, poor lighting F 
Not Viewed - Other (include comment) - broken haul G 
Tangled Gear/ Broken Haul G 
Viewed (listed as include in audit, but was not however 
partial catch listed at trip level, reason for event re-
selection was not documented) 

H 

Not Applicable - Viewing not attempted - No reason 
provided H 

Viewed (listed as include in audit, but was not viewed, 
no reason given for event re-selection) H 

Not Applicable - Viewing not attempted - FLOG entry 
error I 

Log error in set numbering I 
Not Viewed - Other (include comment) - flog issue no 
haul times recorded and could not discern between 
lingcod troll and salmon troll events. 

I 
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Appendix E. Raw Event Rejection Data for the 2011/2012 Fishing Year 

Table E1 

Raw Event Rejection Meta-Data Classified by Reason for the 2011/2012 Fishing Year.  
 

Event 
rejection 

Classi-
fication 

Contractor's 
event rejection 

reason 

Unique 
vessel 

identifier 
FOS ID Rejected 

event Fishery 

1 A Data File 
Unreadable 6 180556 24 Halibut  

2 A Data File 
Unreadable 13 166144 11 Halibut 

3 A Data File 
Unreadable 14 181944 2 Halibut 

4 A Data File 
Unreadable 19 173287 6 Halibut 

5 A Data File 
Unreadable 29 166181 24 Halibut  

6 A Data File 
Unreadable 31 186610 1 Halibut  

7 A Data File 
Unreadable 33 169435 3 Halibut  

8 A Data File 
Unreadable 35 175044 6 Halibut  

9 A 
Unviewable 
Other (include 
comment) 

42 166226 5 Halibut  

10 A Data File 
Unreadable 54 191558 12 Halibut  

11 A Data File 
Unreadable 10 180977 4 Lingcod  

12 A Data File 
Unreadable 52 180750 4 Lingcod  

13 A Data File 
Unreadable 4 166448 37 Sablefish  

14 B Sensor data 
gap 16 192819 11 Spiny 

dogfish  

15 B 

Gaps in 
recording 
resulting in 
incomplete 

9 193501 1 Halibut  
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Event 
rejection 

Classi-
fication 

Contractor's 
event rejection 

reason 

Unique 
vessel 

identifier 
FOS ID Rejected 

event Fishery 

record 

16 B 

Had to re-
select sets to 
view several 
times due to 
data gaps. 

11 172036 18 Halibut  

17 B 

Had to re-
select sets to 
view several 
times due to 
data gaps. 

11 172036 13 Halibut  

18 B Sensor data 
gap 15 185186 4 Halibut 

19 B 
Viewed (event 
re-selected due 
to data gap) 

25 195200 1 Halibut  

20 B 

Gaps in 
recording 
resulting in 
incomplete 
record 

30 177357 14 Halibut  

21 B 

very few hauls 
available due 
to multiple 
time gaps 
throughout 
trip. Selected 
first two hauls 
from random 
set selection 
that had 
available 
video. 

38 193285 8 Halibut  

22 B 

very few hauls 
available due 
to multiple 
time gaps 
throughout 

38 193285 3 Halibut 
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Event 
rejection 

Classi-
fication 

Contractor's 
event rejection 

reason 

Unique 
vessel 

identifier 
FOS ID Rejected 

event Fishery 

trip. Selected 
first two hauls 
from random 
set selection 
that had 
available 
video. 

23 B No Imagery 
Recorded 44 194016 9 Halibut  

24 B 

Viewed 
(partial 
viewing, 
excluded from 
audit) 

49 173496 1 Halibut  

25 B Data Gap 56 170858 22 Halibut  
26 B Data Gap 56 170858 14 Halibut  

27 B 

Set 10 and 11 
not available 
due to a sensor 
data gap (HD 
repair did not 
recover all of 
data). 

62 180625 11 Halibut  

28 B 

Gaps in 
recording 
resulting in 
incomplete 
record 

32 185347 6 Halibut / 
sablefish  

29 B 

Gaps in 
recording 
resulting in 
incomplete 
record 

51 188643 35 Halibut / 
sablefish  

30 B 
Viewed (listed 
as viewed, but 
no catch) 

61 195944 4 Rockfish 
(inside)  

31 B 
Gaps in 
recording 
resulting in 

1 187668 7 Lingcod  
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Event 
rejection 

Classi-
fication 

Contractor's 
event rejection 

reason 

Unique 
vessel 

identifier 
FOS ID Rejected 

event Fishery 

incomplete 
record 

32 B 

Event in Log 
not present in 
Data (could 
not discern set, 
so event re-
selected) 

38 169304 21 Lingcod  

33 B 

Gaps in 
recording 
resulting in 
incomplete 
record 

54 172767 1 Lingcod  

34 B 

Gaps in 
recording 
resulting in 
incomplete 
record 

11 171070 14 Rockfish 
(outside)  

35 B 

Gaps in 
recording 
resulting in 
incomplete 
record 

11 171070 16 Rockfish 
(outside)  

36 B 
Unviewable 
Other (include 
comment) 

11 170436 23 Rockfish 
(outside)  

37 B 

Reselected set 
to view due to 
sensor data 
gap. 

14 196960 17 Rockfish 
(outside)  

38 B No Imagery 
Recorded 26 170590 25 Rockfish 

(outside)  

39 B 

Viewed (event 
re-selected due 
to data gap, 
however video 
viewing status 
set to viewed 
and listed as 

12 196059 2 Sablefish  



VALIDATION OF HOOK-AND-LINE CATCH ESTIMATES 
	
	

139 

Event 
rejection 

Classi-
fication 

Contractor's 
event rejection 

reason 

Unique 
vessel 

identifier 
FOS ID Rejected 

event Fishery 

included in 
audit) 

40 B 

Gaps in 
recording 
resulting in 
incomplete 
record 

40 170616 29 Sablefish  

41 B 

Gaps in 
recording 
resulting in 
incomplete 
record 

53 196027 30 Sablefish  

42 B 

Gaps in 
recording 
resulting in 
incomplete 
record 

53 196027 38 Sablefish  

43 B 

Gaps in 
recording 
resulting in 
incomplete 
record 

53 196027 45 Sablefish  

44 B 
Not Applicable 
- Viewing not 
attempted 

53 195233 3 Sablefish  

45 B 

Viewed (event 
re-selection 
due to data 
gap) 

57 196219 49 Sablefish  

46 C 

Viewed 
(incorrect haul 
selected during 
SN processing) 

2 190225 7 Halibut  

47 C 

Not Applicable 
- Viewing not 
attempted - 
original sets to 

6 169313 4 Halibut  
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Event 
rejection 

Classi-
fication 

Contractor's 
event rejection 

reason 

Unique 
vessel 

identifier 
FOS ID Rejected 

event Fishery 

view not 
saved. 

48 C 

Not Applicable 
- Viewing not 
attempted - 
original sets to 
view not 
saved.  

6 169313 21 Halibut  

49 C 

Not Viewed - 
SN/VW 
Processor 
Error 

17 180049 3 Halibut 

50 C 

Not Viewed - 
Other (include 
comment) - 
processor 
error, appears 
catch was re-
associated to a 
different event 
to ensure a 
match. 

45 166230 5 Halibut  

51 C 

Not Viewed - 
SN/VW 
Processor 
Error 

48 166348 12 Halibut  

52 C 

Not Viewed - 
SN/VW 
Processor 
Error 

24 193732 20 Halibut/ 
sablefish  

53 C 

Not Viewed - 
SN/VW 
Processor 
Error 

55 176285 7 Halibut/ 
sablefish  

54 C 

Not Viewed - 
Other (include 
comment) - 
viewing error 

58 189598 14 Halibut/ 
Sablefish 
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Event 
rejection 

Classi-
fication 

Contractor's 
event rejection 

reason 

Unique 
vessel 

identifier 
FOS ID Rejected 

event Fishery 

55 C 

Not Viewed - 
SN/VW 
Processor 
Error 

8 188411 10 Rockfish 
(outside)  

56 C 

Viewed (event 
re-selected, no 
reason 
provided) 

14 196358 8 Rockfish 
(outside)  

57 C 

Viewed ( event 
re-selection 
due to 
processor 
error) 

23 195922 17 Rockfish 
(outside)  

58 C 

Not Viewed - 
SN/VW 
Processor 
Error 

46 196391 3 Rockfish 
(outside)  

59 C 

Viewed (re-
selected due to 
SN processing 
error - original 
events not 
saved) 

47 196760 15 Rockfish 
(outside)  

60 C 

Viewed (re-
selected due to 
SN processing 
error - original 
events not 
saved) 

47 196760 21 Rockfish 
(outside)  

61 C 

Viewed (re-
selected due to 
SN processing 
error - original 
events not 
saved) 

47 196760 24 Rockfish 
(outside)  

62 C 

Not Viewed - 
SN/VW 
Processor 
Error 

5 169429 8 Sablefish  
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Event 
rejection 

Classi-
fication 

Contractor's 
event rejection 

reason 

Unique 
vessel 

identifier 
FOS ID Rejected 

event Fishery 

63 C 

Not Viewed - 
SN/VW 
Processor 
Error 

5 194252 17 Sablefish  

64 C 

No set haul 
start or end 
times recorded 
for selected set 
to view #4. 
Replaced with 
set 21. 

21 197100 4 Sablefish  

65 C 

Not Viewed - 
SN/VW 
Processor 
Error 

34 168675 8 Sablefish  

66 C 

Original sets to 
view selection 
not saved. 
Updated sets to 
view with 
original 
selection. 

39 197132 1 Sablefish  

67 C 

Original sets to 
view selection 
not saved. 
Updated sets to 
view with 
original 
selection. 

39 197132 21 Sablefish  

68 C 

Original sets to 
view selection 
not saved. 
Updated sets to 
view with 
original 
selection. 

39 197132 45 Sablefish  

69 C 

Original sets to 
view selection 
not saved. 
Updated sets to 

39 197132 46 Sablefish  
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Event 
rejection 

Classi-
fication 

Contractor's 
event rejection 

reason 

Unique 
vessel 

identifier 
FOS ID Rejected 

event Fishery 

view with 
original 
selection. 

70 C 

Original sets to 
view selection 
not saved. 
Updated sets to 
view with 
original 
selection. 

39 197132 51 Sablefish  

71 D 

Viewed (event 
re-selected, 
both camera 
views only 
available for 
event 1) 

12 193884 2 Halibut 

72 D 

Not Applicable 
- Viewing not 
attempted - 
camera view 
unusable 

20 193944 10 Halibut 

73 D 
Image quality 
too poor for 
interpretation 

22 195673 4 Halibut 

74 D 
Image quality 
too poor for 
interpretation 

42 168946 2 Halibut  

75 D Camera 
Problem 60 172373 14 Halibut  

76 D 
Image quality 
too poor for 
interpretation 

36 166393 23 Rockfish 
(outside)  

77 D 

Viewed 
(events re-
selected 3 
times for this 
trip due to 
extreme sun 
glare and dirty 

45 196368 4 Rockfish 
(outside)  
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Event 
rejection 

Classi-
fication 

Contractor's 
event rejection 

reason 

Unique 
vessel 

identifier 
FOS ID Rejected 

event Fishery 

camera domes) 

78 D 

Viewed 
(events re-
selected 3 
times for this 
trip due to 
extreme sun 
glare and dirty 
camera domes) 

45 196368 6 Rockfish 
(outside)  

79 D 

Viewed 
(events re-
selected 3 
times for this 
trip due to 
extreme sun 
glare and dirty 
camera domes) 

45 196368 17 Rockfish 
(outside)  

80 E 

Viewed(issues 
with video 
files aligning 
due to 4.5 
testing leading 
to event 
reselection) 

49 177929 2 Halibut  

81 F Night event, 
poor lighting 7 192378 6 Spiny 

dogfish  

82 F Night event, 
poor lighting 7 192378 18 Spiny 

dogfish  

83 F Night event, 
poor lighting 7 172152 16 Halibut  

84 F Night event, 
poor lighting 44 194016 15 Halibut  

85 F Night event, 
poor lighting 59 169107 10 Halibut  

86 F Night event, 
poor lighting 63 174540 4 Halibut  
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Event 
rejection 

Classi-
fication 

Contractor's 
event rejection 

reason 

Unique 
vessel 

identifier 
FOS ID Rejected 

event Fishery 

87 F Night event, 
poor lighting 41 168849 4 Halibut/ 

sablefish  

88 F Night event, 
poor lighting 23 195478 12 Rockfish 

(outside)  

89 F Night event, 
poor lighting 12 196470 3 Sablefish  

90 G Tangled Gear/ 
Broken Haul 29 168711 12 Halibut  

91 G 

Not Viewed - 
Other (include 
comment) - 
broken haul 

37 191794 12 Halibut  

92 G Tangled Gear/ 
Broken Haul 37 188959 8 Halibut  

93 G Tangled Gear/ 
Broken Haul 18 170532 15 Halibut/ 

sablefish 

94 G Tangled Gear/ 
Broken Haul 27 174218 22 Rockfish 

(outside)  

95 G Tangled Gear/ 
Broken Haul 21 196197 31 Sablefish  

96 G Tangled Gear/ 
Broken Haul 28 195871 87 Sablefish  

97 H No comment 
provided 11 169043 12 Halibut  

98 H 

Not Applicable 
- Viewing not 
attempted - No 
reason 
provided 

43 177625 3 Halibut  

99 H 

Viewed (listed 
as include in 
audit, but was 
not however 
partial catch 
listed at trip 
level, reason 
for event re-
selection was 

50 170584 51 Halibut  
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Event 
rejection 

Classi-
fication 

Contractor's 
event rejection 

reason 

Unique 
vessel 

identifier 
FOS ID Rejected 

event Fishery 

not 
documented) 

100 H 

Viewed (listed 
as include in 
audit, but was 
not viewed, no 
reason given 
for event re-
selection) 

3 173922 1 Lingcod  

101 H No comment 
provided 39 196894 19 Sablefish  

102 I 

Not Applicable 
- Viewing not 
attempted - 
FLOG entry 
error 

12 188795 14 Halibut 

103 I Log error in 
set numbering 12 188795 22 Halibut 

104 I 

Not Viewed - 
Other (include 
comment) - 
flog issue no 
haul times 
recorded and 
could not 
discern 
between 
lingcod troll 
and salmon 
troll events. 

52 173638 7 Lingcod  

 
Note. The event rejection classification provided in this table is based on the system developed 
for this research and presented in Appendix D. 
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Appendix F. Methodology for Validating Total Retained Catch Estimates 

Validation of Total Retained Catch Estimates  

The validation of total catch estimates was performed using a methodology 

similar to Stanley et al. (2009), which involves a bootstrap re-sampling procedure 

adapted from Efron & Tibshirani (1993). The methodology used by Stanley et al. (2009) 

employs the principle of simple random sampling to derive mean catch rates per event 

(and variance), and then estimate total catch, via expansion, using a bootstrap resampling 

procedure, with replacement. 

As a side-effect of the CMP audit procedure, a residual set of data is created that 

includes catch for each of the reviewed events that have been randomly sampled at a rate 

of 10% per trip. Although these data are collected solely to check against a random 

sample of the FLOG on a per-trip basis, they can also be used to verify the entire FLOG 

data set and test the accuracy of official estimates. Stanley et al. (2009) argued that these 

data could be re-purposed to check for one of the possible means of misreporting.  

Stanley et al. (2009) were convinced that as each trip was audited, a trip might 

meet the tolerances of the audit, but in fact a knowledgeable fisher might always 

misreport by a few fish in order to improve his situation with regard to staying within his 

IVQ. If only a few fish are misreported on a few trips, there would not be a significant 

problem. However, if all fishers engaged in this same misreporting, this bias would be 

revealed if the residual audit data set, based on the random 10% VF review, was 

expanded in order to compare against fleet wide annual sums based on the FLOG or the 

DMP. Therefore, this method uncovers bias in the official estimates given that the VF 
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estimates are thought to be unbiased and can then act as a random check for the accuracy 

of the official estimates.  

Classical Sampling Estimators 

The VF review data were stratified by sector to reduce the variance found in the 

mean catch rates (Stanley et al., 2009). Each of the nine sectors (sampling units) 

represents a non-overlapping stratum (h=1,…., H) of all possible fishing events for the 

2011/2012 fishing year.  

Stanley et al. (2009) describe two primary weaknesses in using classical sampling 

estimators for this application. Firstly, classical sampling estimators allow for a negative 

lower-bound confidence interval. Secondly, the interval is symmetric about the mean 

estimate (Stanley et al., 2009). Given that catch estimation in the context of this research 

is in count form, the lower bound must be zero. Further, using classical sampling 

estimators to estimate confidence limits of non-normal data results in the construction of 

inappropriately wide confidence limits. The alternative  is a bootstrap resampling 

procedure, as presented by Stanley et al. (2009).  

Bootstrap Resampling Procedure  

Bootstrapping is a technique whereby repeated samples (of the same size) are 

drawn, with replacement, from the population of interest a large number of times (Efron 

& Tibshirani, 1993). The idea is to use the sample (non-normal) data as a surrogate 

population in order to approximate the sampling distribution.  

Within each stratum, and for each species under study, a bootstrap sample was 

obtained by randomly sampling the observed data (B), with replacement. Following the 
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notation of Stanley et al. (2009) and the method of Efron & Tibshirani (1993), each 

stratum h = 1, … , H, a simple random sample {!!!∗  } is independently selected with 

replacement from the observed sample {!!!}, i= 1, … , !!. The usual estimator of the 

stratified mean (!!"∗ ) is then computed for each resample. This step is then repeated (B) 

times, and the corresponding estimates of the stratified mean, !!"∗! , !!"∗! , !!"∗! ,… , !!"∗!  are 

calculated. Confidence limits are constructed from the distribution of the bootstrap values 

obtained by resampling, using the percentile method. In order to construct the 95% 

confidence limits using the percentile method, the cumulative distribution function (!!!) 

of the bootstrap values for the stratum mean !!"∗! , !!"∗! , !!"∗! ,… , !!"∗! must be defined. 

Using the percentile method, the 95% confidence interval is described as the 1− 2! 

percentile interval. Where ! and 1− ! form the lower and upper bound of the percentile 

interval of !!!. The stratified mean of each of the bootstrap estimates {!!"∗!} (b = 1, 2, … 

, B) are sorted and the Bαth value is chosen as the lower confidence limit (!), and the 

B(1− !)th value is chosen as the upper confidence limit (1− !) (Stanley et al. 2009). For 

this research, B = 1000 and α = 0.025 for each of the four species. From the ordered 

bootstrap estimates !!"∗!, the 25th and 975th mean estimate values were used to form the 

lower and upper bounds (Stanley et al. 2009), of the 95% confidence interval.  

Relevant Software 

The bootstrap resampling procedure was performed using SPSS 20 statistical 

software. The bootstrapping method used by SPSS 20 is a case-resampling procedure, 

where bootstrap resampling is performed using simple random sampling (with 
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replacement). The 95% confidence limits (25th and 975th mean estimate values) were then 

constructed using the ordered bootstrap estimates.  
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Appendix G. Video Footage Classification Codes for Rockfish  

Table G1 
 
Video Footage Review Species Classification Codes  
 

  
Species code 
(contractor) 

Species code 
(FOS) Species common name 

1 388 388 Scorpionfishes 
2 394 394 Rougheye Rockfish 
3 396 396 Pacific Ocean Perch 
4 398 398 Brown Rockfish 
5 400 400 Aurora Rockfish 
6 401 401 Red Banded Rockfish 
7 402 402 Generic Rockfish 
8 403 403 Shortraker Rockfish  
9 405 405 Silvergray Rockfish 
10 407 407 Copper Rockfish 
11 408 408 Greenspotted Rockfish 
12 409 409 Dusky Rockfish 
13 410 410 Darkblotch Rockfish 
14 412 412 Splitnose Rockfish 
15 414 414 Greenstripe Rockfish 
16 415 415 Puget Sound Rockfish 
17 417 417 Widow Rockfish 
18 418 418 Yellowtail Rockfish 
19 420 420 Chilipepper Rockfish 
20 421 421 Rosethorn Rockfish 
21 423 423 Shortbelly Rockfish 
22 424 424 Quillback Rockfish 
23 425 425 Blackspotted Rockfish 
24 426 426 Black Rockfish 
25 427 427 Blackgill Rockfish 
26 428 428 Vermilion Rockfish 
27 429 429 Blue Rockfish 
28 431 431 China Rockfish 
29 433 433 Tiger Rockfish 
30 435 435 Bocaccio 
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31 437 437 Canary Rockfish 
32 438 438 Northern Rockfish 
33 439 439 Redstripe Rockfish 
34 440 440 Yellowmouth Rockfish 
35 442 442 Yelloweye Rockfish 
36 443 443 Bank Rockfish 
37 444 444 Stripetail Rockfish 
38 446 446 Harlequin Rockfish 
39 448 448 Pygmy Rockfish 
40 450 450 Sharpchin Rockfish 
41 451 451 Shortspine Thornyheads 
42 453 453 Longspine Thornyheads 
43 455 455 Sablefish 
44 456 456 Generic Thornyhead 

45 C01 396/440 
Pacific ocean perch / 
Yellowmouth Rockfish 

46 C02 394/403 Rougheye / Shortraker Rockfish 
47 C03 389* Red Rockfish 
48 C04 442/437 Yelloweye / Canary Rockfish 

49 C05 440/394 
Yellowmouth / Rougheye 
Rockfish 

50 C06 424/431 Quillback / China Rockfish 
51 C08 015 Round Fish 
52 C11 389* Dark Rockfish 
53 C12 442/428 Yelloweye / Vermilion Rockfish 

54 C13 442/428/437 
Yelloweye / Vermilion / Canary 
Rockfish 

55 C14 437/428 Canary / Vermilion Rockfish 
56 C15 405/435 Boccacio / Silvergray Rockfish 
57 C16 418/417 Yellowtail / Widow Rockfish 
58 C22 221 Cod Fishes 
59 C23 424/407 Quillback / Copper Rockfish 
60 C24 440/437 Yellowmouth / Canary Rockfish 

 
Note. Provided by the contractor responsible for video footage review of GHLCMP data. 
General rockfish classification code use from 2010 onward is 402. From 2006-2010 the 
general rockfish classification code was 389. Note that some correct common names 
substituted for vernacular names in use by contractor. 
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Appendix H. Sources of Uncertainty in the Video Footage Review Data 

Overview 

During VF review, the IV has three primary options for classifying a catch item: 

identify to species, identify using combination or general species code, or cannot identify. 

By contrast, fishers must document every catch item to species in the FLOG. It is 

important to understand that fishers and DMP personnel have an advantage over IVs 

given that they have a first hand, arm’s length view, instead of attempting to identify 

catch at a distance through a lens. However, uncertainty related to the three primary 

options for classifying catch items would be apparent in the comparison drawn between 

the FLOG and unexpanded VF data. In the case of canary rockfish, the observed 

underestimation resulting from uncertainty in the VF is only 7%, but it is still important 

to explore the relevant sources of uncertainty.  The three options available to an IV for 

classifying catch items are discussed below, and are then contextualized to canary 

rockfish.   

Three Options for Classifying Catch during the VF Review 

Option 1: single species classification code.  The IV may classify a rockfish to a 

single species, of which there are 40 possibilities (Appendix G). Identifying catch items 

to species is a primary goal of the CMP. However, there are exceptions to this ideal 

scenario in cases of poor VF quality (i.e., due to inadequate lighting or sun glare). These 

exceptions require the CMP to allow for alternative means of classifying a given catch 

item. 
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Option 2: combination or general species classification code.  The second 

option is for reviewers to classify a rockfish using a combination or general species code 

when they cannot determine the species, given the quality of the available VF. In these 

cases, reviewers may be able to identify a rockfish using one of the 17 available 

combination and general species codes (Table G1). For example, the combination code 

“C04”, which describes “yelloweye/canary” and “C03”, which describes “red rockfish”.  

If an IV is unable to conclusively determine whether a rockfish is either a 

yelloweye rockfish or canary rockfish, the IV would classify it as “C04 – 

yelloweye/canary”. However, once a VF catch record is uploaded to the FOS, the 

contractor’s general and combination rockfish species catch entries are amalgamated into 

a single classification known as “rockfishes (402)” (Table G1). Therefore, if a catch item 

was in fact a canary rockfish, but was classified as a “yelloweye/canary” during VF 

review, it would not be taken into account in the VF estimates for canary rockfish.  

Option 3: “unknown fish” species classification Code.  The third option is for 

IVs to identify a catch item as an “unknown fish”. In this case, a reviewer is unable to 

identify the catch item using any of the available single species, combination or general 

codes available (Table G1). For example, in cases where there is a lack of lighting during 

a night haul or sun glare, low quality VF prevents the IV from identifying a given catch 

item. In these rare cases, the IVs will classify the catch item as an  “unknown fish”. 

During the video review process, the contractor has a threshold of 10 “unknown fish” 

catch entries that must occur before an event is deemed unusable and is rejected and 

subsequently replaced with another randomly selected event (K. Taylor, personal 
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communication, April 30, 2014). It is widely known that canary rockfish can be difficult 

to identify during VF review.  

Uncertainty in the Canary Rockfish VF Estimates 

Mis-classification of canary rockfish. It is possible that canary rockfish are 

confused with yelloweye rockfish and vermilion rockfish during VF review. Given this 

possibility, it is reasonable to assume that the underestimation (7%) observed in the 

unexpanded VF estimates of canary rockfish could be due to the misclassification of 

canary rockfish or the use of general classification codes during the VF review process. 

The results (Table H1) confirm that the VF estimate for yelloweye rockfish in reviewed 

events is 3% higher than the FLOG estimate for the outside region. There is no evidence 

that canary rockfish have been misclassified as vermillion rockfish.  Therefore, some 

evidence exists that canary rockfish have been mis-classified as yelloweye rockfish 

during VF review.  However, this is not a significant source of uncertainty in the VF 

review data. 

General and combination species codes. Throughout the 2011/2012 fishing 

year, 8% of rockfish observed in the VF were classified using general and combination 

species codes (Table H1). The sablefish longline (17%) and the dogfish (outside) (15%) 

sectors have the highest proportion of generally classified rockfish. The use of general 

and combination species codes is a notable source of uncertainty in the VF catch 

estimates for canary rockfish, but may also affect other rockfish species within the CMP 

that may be difficult to distinguish in the VF. Since the FOS aggregates all of the general 

and combination species codes into “rockfishes – 402”, it is unknown what proportion of 
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these catch items were classified by the contractor as “yelloweye/canary” or “red 

rockfish”, which are potential sinks for canary rockfish during the VF review. 

Ames (2005) noted that grouping catch and using general species identification 

codes during VF review of Alaskan commercial longline fisheries data was a source of 

bias, although it was deemed insignificant.  However, Ames (2005) identified five 

species with the highest rate of difference between sea-samplers and the VF data.  These 

species include arrowtooth/Kamchatka flounders, Greenland turbot, shortraker/rougheye 

rockfish, Alaska skate, and Aleutian skate.  Ames (2005) attributed these findings to low 

video quality, video recording rate, viewing angle, inexperienced video analysts and long 

viewing hours.  Although these findings are not attributed to the British Columbia 

GFHLCMP, the technology discussed by Ames (2005) is similar to what is used in the 

GFHLCMP.  

Unknown fish. The last theory to be explored is the possibility that the use of the 

“unknown fish” classification code is a source of uncertainty in the unexpanded VF 

estimates for retained canary rockfish.  

Throughout the 2011/2012 fishing year, within the outside region, there were 598 

catch items (retained and discarded) classified as “unknown fish” during the 10% VF 

review (Table H2). Given that a total of 312,235 individual catch items were classified 

within the outside region, this represents 0.2% of all VF catch entries. Further, only 

0.08% of the retained catch entries were for “unknown fish” within the outside region. 

These results indicate that use of the “unknown fish” classification code is not a 

significant source of uncertainty in the VF estimates of canary rockfish, and other species 
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monitored under the CMP framework. This is especially true for those subject to 100% 

retention.  
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Table H1 
 
Rockfish Identified to Species and Classified as “Unknown Rockfish” by Sector and Region for the 2011/2012 Fishing Year 

 
Note. Included are the piece counts specifically for canary rockfish, yelloweye rockfish, and vermillion rockfish.

 
Sector and region 

Rockfish identified to 
species Canary rockfish Yelloweye 

rockfish 
Vermilion 
rockfish “Rockfishes” 

Piece count source 
VF FLOG VF FLOG VF FLOG VF FLOG VF FLOG 

Halibut (outside) 14,306 14,665 434 421 4,610 4,488 22 61 833 N/A 

Halibut / sablefish 
(outside) 

13,415 15,702 58 78 1,259 1,229 7 10 1,901 N/A 

Lingcod (outside) 506 536 31 40 217 208 7 12 25 N/A 

Rockfish (inside) 4,094 4,033 0 8 0 60 0 2 0 N/A 

Rockfish (outside) 31,542 32,707 625 711 2,238 2,171 235 290 1,830 N/A 

Sablefish longline 
(outside) 

6,277 7,225 2 5 48 40 0 0 1,293 N/A 

Sablefish trap (outside) 1,005 1,095 0 0 0 0 0 0 0 N/A 

Dogfish (inside) 75 74 0 0 0 57 0 0 0 N/A 

Dogfish (outside) 725 832 83 75 160 163 0 3 128 N/A 
Total (outside) 67,776 72,762 1,233 1,330 8,532 8,299 271 376 6,010 N/A 
Total (inside) 4,169 4,107 0 8 0 117 0 2 0 N/A 
Coastwide 71,945 76,869 1,233 1,338 8,532 8,416 271 378 6,010 N/A 
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Table H2 
 
Frequency of “Unknown Fish” Video Footage Catch Entries for each Sector and Region 
for the 2011/2012 Fishing Year 
 

 
Note. The sablefish longline and trap sector data has been combined for this table only. 

 
Sector and 

region 

Number of           
"unknown fish" 

entries 

Total number of catch 
entries Proportion of VF catch 

entries classified as 
"unknown fish" Piece count source Piece count source 

VF VF 
Retained Discarded Retained Discarded Retained Discarded 

Halibut 
(outside) 

21 63 65,222 55,030 0.03% 0.11% 

Halibut / 
sablefish 
(outside) 

5 16 47,265 24,933 0.01% 0.06% 

Lingcod 
(outside) 12 11 10,738 1,468 0.11% 0.75% 

Rockfish 
(inside) 85 8 5,446 817 1.56% 0.98% 

Rockfish 
(outside) 97 15 40,575 8,949 0.24% 0.17% 

Sablefish 
longline & 
trap 
(outside) 

8 342 24,424 30,439 0.03% 1.12% 

Dogfish 
(inside) 0 4 635 666 0.00% 0.60% 

Dogfish 
(outside) 2 6 2,260 932 0.09% 0.64% 

Total 
(outside) 145 453 190,484 121,751 0.08% 0.37% 

Total 
(inside) 85 12 6,081 1,483 1.40% 0.81% 

Coastwide 230 465 196,565 123,234 0.12% 0.38% 


