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Session 4. New approaches to analysing monitoring data 
 

Leader: Elizabeth Scott-Denton 

As knowledge and technology increases, we have adopted new tools and strategies to analyze 
data from observer and Electronic Monitoring programs. Moreover, other data sources 
including, but not limited to, environmental, biological and socio-economic data have recently 
been integrated into observer and EM assessments. These new strategies have reduced bias 
and uncertainty and have led to better bycatch estimates, bycatch reduction technologies, 
more robust single and multi-species stock assessments, and holistic ecosystem and 
probabilistic modelling approaches. In this session, we explored how these new and innovative 
approaches to analyse data from fishery observer programs and EM are being used in making 
management decisions. 

___________________________________________________________________________ 

 

Oral Presentations - Extended Abstracts 

 

Setting review rates: using existing data to help determine the business rules for an audit-
model electronic monitoring program 

Andrew W. Jones, Daniel W. Linden, Brant M. McAfee, Nichole A. Rossi, Michael C. 
Palmer, John J. Hoey, Amy S. Martins   

NOAA Fisheries, USA 

Audit-based electronic monitoring (EM) programs, where discard information is primarily 
derived from fisher's self-reported estimates and a subset of which are verified through 
video review, represent an attractive emerging option for monitoring fisheries. Many of 
these programs are in preliminary phases and manager tasked with cultivating them face a 
number of tough questions. One common but difficult topic is how to best determine the 
business rules (e.g., the percent of video to be reviewed) for these programs. This is of 
particular importance to these emerging programs because specifics like the rate at which 
video is reviewed are directly tied to data quality and total monitoring costs.  

Here we present some quantitative analyses currently being considered in formulating 
business rules for an audit-model EM program in the northeast Multispecies Groundfish 
fishery where discard estimates are highly contentious and there is interest from managers 
and stakeholders in advancing the state of monitoring. Specifically, we highlight how the 
region is focusing on a set of questions related to the percent review rate as well as the 
threshold for alignment between self-reported and independent trip summaries. We first 
discuss examples of specific questions we are investigating such as: ‘how many efforts might 
fail given different thresholds?’ and ‘how does an audit affect our estimates of discards?’. 
We then delve into the methods we are utilizing to develop preliminary answers to these 
questions, outlining both the data sets used and the types of simple simulations we are 
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performing. We highlight high-level results from analyses addressing each separate 
question.  

For simulations exploring how video review rates and weight alignment thresholds affect 
the proportion passing efforts we find that the percent passing efforts depends on the size 
of the threshold. As expected, a greater number of trips passed when the absolute 
magnitude of the threshold was larger. However, we find that this relationship was 
nonlinear, and that its shape is related to a number of factors. These factors include the 
data set that is used, whether weights are summed at the trip or haul level prior to the 
comparison, and the species complement included in weight comparisons. Finally we find 
that there is a clear pattern of decreasing variability (among simulations) in the percent 
passing efforts at higher review rates. This decrease in variability is most pronounced 
between a review rate of 10% and 20%, and decreases in variability are quite small when 
increasing the rate to more than 50%. 

For our investigations into the effect of different review rates on total estimates of discards 
we find a number of interesting patterns as well. Specifically, we find that the error in the 
total estimated discard weight (i.e., mean absolute difference from a census based 
estimate) increases with decreasing audit rates, and that the shape of this relationship 
varies greatly among the species considered. This means that the percent error (again, from 
a census) included in an estimate of total discards derived using the audit method will likely 
will likely vary among species. This also indicates that the rate at which the error in total 
discard estimates decreases with increasing video review will also vary depending on 
species that is considered. Perhaps most interestingly we find that the percent error for 
many simulated levels of audit was less than for a simulated ratio based estimate of total 
discarded catch. Perhaps most importantly, we find that at video review rates greater than 
20% the audit method produces a lower level of error than the ratio method for all but 
three species considered. While potentially significant, this finding is preliminary and will 
require additionally consideration to confirm. 

In conclusion we suggest that our approach is to synthesize across these distinct analyses to 
find rules or thresholds that seem advantageous. Taken together, our preliminary results 
from this work suggest that an audit-model program will likely be able to operate with less 
than 100% review. This work suggests review rates and weight tolerances varied across 
analyses, but that there was often limited quantitative gains in increasing the review rate 
above 50%. Based on these preliminary results we are beginning to implement an audit-
model EM program in the northeast Multispecies Groundfish fishery. We aim to provide a 
clear example of an approach to using the degree of alignment between self-reported and 
independent data to determine the percent review rate in hopes that this could be applied 
in other regions seeking to implement audit-based EM programs. 

___________________________________________________________________________ 

Grading machines - automatic fish weights for the people 

Joseph Ribeiro, Jon M. Elson, Leah Winpenny and David L. Maxwell 

CEFAS, UK 
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Background 

For around half a century there has been an English onshore sampling programme that 
collects length, age, sex and maturity data from landings at major ports in England. The 
current programme is coordinated by Cefas with the aim of collecting data from the 
landings of around 60 fish and shellfish stocks. In most instances, a subsample of the data is 
collected, and these data are raised and converted to fleet catch numbers and weight at age 
for stock assessments. 

At many of these ports landings are now processed using graders where every fish is 
weighed and categorised by weight for sale. There is clear potential for these Remote 
Electronic Monitoring (REM) data: both to cost-efficiently contribute to enhancing data 
collection needs for stock assessment but also to open up a new data stream, but we need 
to develop expertise and answer fundamental questions on the processes, practicalities and 
potential applications.  

Aims & objectives 

The following objectives were outlined for this project: 

• Establish feasibility and method of obtaining REM weight data. 

• Assess suitability of REM weight data to meet requirements, including costs & benefits. 

• Assess role REM weight data can provide in stock assessment inputs.  

• Seek novel scientific uses of REM weight data, e.g. monitoring spawning condition. 

• Investigate joint project with markets and grading companies, and business 
opportunities for data products and expertise in processing REM weight data. 

• Scope out if and how REM weight data could combine with market-based camera 
systems, on-board CCTV data and electronic logbooks for future fisheries monitoring. 

Having access to a high frequency source of weight data will enable the data quality, 
coverage and efficiency of our landings sampling to be evaluated and demonstrated. This 
project will qualify the value of the resource and offer an opportunity for the industry to 
provide core biological data for stock indices fleet activity for the conservation of their 
fisheries and even manage their activity. 

Delivery of objectives 

Objective 1    Data were successfully obtained for all graded vessel landings to Newlyn for 
Feb-June 2017 and from two vessels at Brixham for Jan-April and Jan-June 2017. This 
provided a good volume of data for the project, sampling 973,500 fish from over 200 
landings into Newlyn. Markets at Plymouth, Looe, Grimsby and North Shields also have 
Marel grading machines so should have the same data format, allowing the methods we 
have developed to be transferred. Data were downloaded directly from the system at 
Newlyn and data were emailed from Brixham. For routine access, transfer via an FTP server 
may be feasible. Verbal agreement to use the data in-house was given for Newlyn and by 
written consent from two vessel owners at Brixham so further written agreements and 
some guarantee of access to REM data will be needed on a port-by-port basis.  
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Objectives 2 and 3    We have programmed a method to process the data, then combine 
with official landings data and data from the ongoing market sampling programme. An 
evaluation of the data coverage and quality, based around ICES best practice guidelines 
indicate that the length distributions from the graders and market sampling were 
comparable. The two data sources have different strengths: grader data had considerably 
more fish weighed and more landings sampled; market sampling had more species, better 
coverage of small landings including those from smaller ports. Grader data also revealed 
some errors in the raw market sampling data. 

There is uncertainty in EU and UK fisheries data requirements after EU Exit but this data 
allows scope for new approaches. We can now convert grader data to the length-based 
format currently used for stock assessments, grader data cannot fully replace market 
sampling but can provide a cost-effective component of an integrated monitoring approach. 
The length data currently collected is converted to weight at age and these data could 
negate that process. 

Objectives 4 to 6     The main novelty of grader machine data is the high sampling resolution 
which can track changes in weight or estimated length distribution of landings in time (e.g. 
month) and space (ICES rectangle; Figure 1 below). 
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Building trust and demonstrating the value of sharing the data has been a gradual process. 
Discussions on uses of the data have been held with port staff and market operators. 
Follow-up meetings with the Cornish Fishermens Association and Southwestern Fish 
Producers Organisation (SWFPO) in April 2018 and getting further feedback has ensured an 
extension to the data exchange agreements and an expansion to include more of the fleet in 
Brixham.   

Continuation of this work fits within a new project, SMARTFISH, enhancing catch monitoring 
programmes using advanced technology for fishers and scientists. 

The grader data could enhance the QA on market sampling data.  

Figure 2 compares the lengths from a sole landing as recorded by a market sampler and by 
the grader machine. An error appears to have been made by the sampler recording the total 
landed weights of one of the market categories, and as a result a large proportion of the fish 
between 320-350 cm are missing from the market sample. This deficit is apparent in the 
difference between the weight landed and submitted by the skipper (762 kg) and the sum of 
the sampled weights (568 kg). Grader data can provide the missing information on which 
lengths may be underrepresented, and would prevent these data from being used, 
uncorrected, in the stock assessment. 

The future 

The project has developed understanding of grading machine data and produced methods 
to collect, process and combine it with other fisheries information to assess data quality and 
coverage. The current analysis has focused on the Newlyn sole data and although the 
different sources for size data are comparable the data for other species appears less so and 
that needs further investigation. It would enhance the current programme and could 
provide an opportunity for Cefas to reallocate the current resource to improve the coverage 
of other fisheries and our use of length, weight and age relationships.  

Overall, the design and analysis to combine multiple sources of standard and electronic 
fisheries monitoring data, and having the data systems to support this, is an important area 
for further development. 

___________________________________________________________________________ 

 
Spatial analysis of data from on-board observer program: towards discard mitigation for a 
French otter trawl fleet  
 
Fabien Pointin 1,2*, Marie-Joëlle Rochet 1, Yanis Souami 2  
 
1Ifremer, EMH, France.  
2SINAY Company, France.  
*Corresponding author at: Ifremer, EMH, France.  
 
Introduction  
The 2013 Common Fisheries Policy introduced a Landing Obligation (LO) to eliminate 
discards in European fisheries. To comply with the resulting constraints, fishers’ interests 
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are to reduce discards by using more selective fishing practices, such as avoidance 
behaviours. Knowing spatial patterns of landings and discards could help to identify fishing 
zones to be avoided (i.e., high discards) or to be favoured (i.e., low discards and 
medium/high landings).  
 
The French on-board observer programme (Obsmer) has collected data on fisheries landings 
and discards under the European Union (EU) data collection regulation (2002‐2008) and the 
subsequent data collection framework. Using these data, modelling studies have explored 
the spatial distribution of landings and discards, but statistical assumptions have been used 
to address the non-random spatial distribution of data, which may cause errors in the 
parameter of interest. An alternative non-model-based mapping method using nested grids 
can be applied (Pointin et al., 2018). This method is expected to address the spatial non-
randomness of data by adjusting the size of each grid cell as a function of the number of 
observations therein.  
 
The idiosyncratic nature of discards and mitigation strategies requires these strategies to be 
developed on a case-by-case basis at the scale of a group of vessels. The potential of the 
nested grid method is thus established by exploring the spatial and temporal distribution of 
landings and discards with a particular focus on choke species for a French otter trawl fleet 
from Boulogne-sur-Mer over the period 2011-2016.  
 
Materials and Methods  
Data  
First, the Obsmer data were used to create nested grids, estimate discards and evaluate the 
resulting maps. These data included information on landings and discards (in number, size 
and weight) per species for each fishing operation (FO) observed on-board individual vessel; 
fishing trip characteristics were also included (e.g., trip duration, landing port). Second, 
fisheries statistics were used to estimate landings and evaluate the resulting maps. Based on 
official data (logbooks, sales and fishing effort data), the most likely estimates of total 
landings (in weight and value) and fishing effort (in days-at-sea and fishing hours) were 
provided by individual vessel, fishing sequence (i.e., a combination of day, gear, and ICES 
statistical rectangle) and species.  
 
Nested grid method  
From the average geographical coordinates of each FO, the nested grids were constructed 
based on an iterative process of cell division: starting with a coarse regular grid, each cell 
was divided one or several times according to the number of FOs therein. The division-based 
procedure required a maximum and minimum FO threshold for each cell size. Based on a 
level of precision set to 0.35, FO thresholds were determined as described in Pointin et al. 
(2018). Total landings and discards were then estimated over the whole study area, and 
were distributed proportionally in each cell depending on local (i.e., per cell) estimated 
proportions computed from the observed FOs. Finally, the resulting maps relied on 
quantitative and qualitative indicators to evaluate the representativity of the Obsmer 
samples and the spatial distribution of FOs within each cell.  
 
Results  
At Boulogne-sur-Mer, the French otter trawl fleet was found satisfactorily covered by the 
Obsmer programme. Sampling effort was found temporally consistent with fishing effort 
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between years and between months, and was also found spatially consistent with fishing 
effort and landings. To identify fishing zones or periods to be avoided or to be favoured 
regarding choke species, the proportions of horse mackerel discarded were mapped 
according to the period of the year (Fig. 1).  
 
Discussion  
For the French otter trawl fleet, the Obsmer sample was representative of vessel sizes and 
fishing activity, and FOs were randomly distributed in almost all cells. Results showed that 
several fishing areas were characterised with high discarded proportions, and avoiding them 
could decrease horse mackerel discards in the eastern English Channel.  
 
The grid fineness and the estimate precision are found to depend mainly on the density and 
variability of on-board observer data. Moreover, an extensive coverage of fishing activity in 
space and time, and of all fishing vessels, is required to produce meaningful maps for which 
all quality criteria are met. The method is easily implemented, and additional data sources 
can be integrated, such as the volume of the previously discarded species which will likely 
be landed under the Landing Obligation.  
 
References  
Pointin, F., Cornou, A.-S., Prod’homme, R., Taupin, N., and Rochet, M.-J. 2018. A method to 
address the non-random spatial distribution of on-board observer data to map landings and 
discards. Fisheries Research, 199: 242–251.  

 
Figure 1: Discarded proportion of horse mackerel for the French otter trawl fleet based in 
Boulogne-sur-Mer from January to March, April to June, July to September and October to 
December. Data were pooled from 2011 to 2016. Black (grey) lines define cells with 
(in)sufficient amounts of FOs to make estimates with a precision level of 0.35. 

___________________________________________________________________________ 
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Uniting electronic monitoring and observer data to improve management of the US West 
Coast groundfish fishery 

K.A. Somers, J. Jannot, J. McVeigh 

NOAA – NWFSC – West Coast Groundfish Observer Program, USA 

In 2011, catch shares management was implemented in the US West Coast groundfish 
bottom trawl fleet to move towards individual catch accountability, primarily for those 
species with individual fishing quotas (IFQs). These quota account for all catch, whether 
landed or discarded, so the West Coast Groundfish Observer Program (WCGOP) placed 
observers on 100% of fishing trips to monitor at-sea discards. In 2015, to explore the 
potential for reducing the financial burden of monitoring costs borne by industry, electronic 
monitoring (EM) systems were adopted in-lieu of observers by some vessels. This subset of 
the fleet is no longer required to maintain 100% observer coverage and is instead randomly 
selected to achieve ~30% observer coverage, which is focused on biological and 
supplementary data collection. Rather than viewing observer and EM programs as opposing 
forces, this talk presents three specific ways that we have integrated these two programs 
and datasets to continue to provide total catch estimates for all species and essential 
biological data. 

First, we have assessed the strengths of both EM and observer data to identify the most 
appropriate source to utilize in calculating discard estimates for each species impacted by 
the fishery. EM provides excellent estimates of at-sea discards of a subset of IFQ species 
that are identifiable on video, as well as total weight estimates of unsampled, operational 
discharge (Figure 1). However, quota species account for only ~75 of the more than 300 
species encountered by the bottom trawl fleet, which include both actively managed 
groundfish species and currently unmanaged nongroundfish species (Figure 1). Much of the 
non-quota groundfish species discards consist of Ecosystem Component Species (ECS) and 
other groupings that the Pacific Fishery Management Council (PFMC) has identified as likely 
to be increasingly targeted in the future. Discard estimates for these species in the present 
will serve to sustainably manage the fishery as it evolves. The high percentage of non-
groundfish catch discarded is comprised of invertebrates, sharks, and non-managed flatfish. 
Observer data remains the only source of discard rates for these components of the ocean 
ecosystem, which are essential to estimating fleetwide at-sea discard amounts and 
understanding overall fishery impacts. 
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Second, we have recognized how differing rules in the EM fleet require new sampling 
protocols for observers. Prohibitions on which species can be discarded while using EM 
resulted in the regular landing of unmarketable species, which are frequently 
undocumented on landings receipts. Without the deployment of observers, the catch of 
these “shoreside discards” would be under-estimated and unknowable. We found that 
catch in 2015 and 2016, catch would have been underestimated by ~38 mt (Figures 2 and 3). 
While this amount is relatively small, half of that catch is comprised of ECS, including 15% of 
the total catch of giant grenadier across all sectors of the fishery (Figure 3). By working with 
fishermen to identify this portion of the catch, observers have been able to account for the 
weight and composition of these species at sea. 
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Finally, observers continue to collect valuable biological and genetic data necessary to meet 
the needs of stock assessments and inform legally-mandated biological opinions. These data 
are often either completely unavailable from EM and shoreside monitoring or not 
associated with specific temporal and spatial attributes. For quota, non-quota groundfish, 
and non-groundfish species, WCGOP observers collect length-frequency data. This data 
collection typically focuses on closely managed species, as stock assessors use length-
frequency tables to estimate population structures and managers use the same data to 
inform policy and regulation decisions. 
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Additionally, observers collect biological samples. A majority of these samples consist of 
corals and sponges, which has created a dataset of known presence locations that were 
essential in recent decisions to identify Essential Fish Habitat and alter spatial closures to 
fishing. Observers also collect otoliths used for age estimates in stock assessments and fin 
clips used for genetic analysis, especially of cryptic species. As EM improves and fishers are 
able to discard more managed species at sea, the number of specimens collected will also 
increase and continue to add value to both the observer and EM datasets that describe this 
fishery. 

Since 2015, the WCGOP and the EM program have worked together to collect and 
synthesize datasets that can be used to inform management while helping fishers navigate a 
new world of monitoring. By leveraging the compliance monitoring for which EM systems 
were designed, our observer program has enhanced its data collection protocols, while 
continuing to provide the best available catch estimates for all species impacted by the 
fishery. 

___________________________________________________________________________ 

 

Applying REM to improve estimates of commercial catches – Haddock 7b-k catches by the 
Southwest English otter trawl mixed fishery 

Tom Catchpole, Sam Elliott, Ana Ribeiro Santos, Jon Elson, Ramon Benedet, Michael 
Spence, Lillian Sandeman and Paul Nelson 

CEFAS, UK 

Introduction 

The reformed EU Common Fisheries Policy (CFP) came into force on 1st January 2014 with a 
ban on discarding (so-called Landing Obligation) for certain regulated species. This discard 
ban is being phased in, and will cover all quota stocks in EU waters by January 2019. It is 
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anticipated the move from a landing-based quota to a catch-quota system will motivate 
changes in fishing behaviour and practices, so that unwanted catches should be avoided. 
The CFP allows for quota adjustments (so-called uplift) to be made for those stocks under 
the Landing Obligation (LO), recognising fish that otherwise would have been discarded will 
now to be landed. These adjustments are being made based on the estimated discards of 
the concerned stocks, which are derived from a sample of less than 2% of all fishing 
operations, and then extrapolated to the fleet level. Because estimates may not be 
representative of true discard patterns, the fishing industry have claimed that discard data 
deficiencies are the highest risk in the transition to the LO, and insufficient uplift in quota 
could stop vessels from fishing (Catchpole et al., 2017a). 

Based on consultations with the fishing industry, it is considered that the haddock ICES 7.b-k 
stock is the most likely choke species for English southwest otter trawl fisheries under the 
implementation of the Landing Obligation. There is a widespread perception from the 
fishing industry that there is a mismatch between the quota (TAC) and catches of haddock in 
the Celtic Sea and Western Channel, and this is generating a high level of discards, which are 
thought not to be reflected in official discard estimates. The extension of the Landing 
Obligation to haddock 7.b-k is considered to cause a choke point, and a cessation of fishing 
activity, because current estimates of discard rates are not accurate. These concerns led to 
the initiation of a series of meetings between UK government, enforcement agents, 
scientists and the fishing industry which started in March 2017. At these meetings it was 
agreed that there was benefit in collecting additional data on catches and discards in this 
fishery to inform on future management options.  

This presentation describes the methods that have been developed and applied to deliver 
an enhanced data collection programme, specifically designed to generate more reliable 
data on discards of haddock in the Celtic Sea English otter trawl fishery. REM systems were 
installed in 3 vessels, and protocols were agreed with skipper and REM analyst to record and 
estimate haddock landings and discards. 

Results 

Error! Reference source not found. shows the relationship between the REM analyst and s
kipper’s discards and landings estimates, respectively. Overall the retained panel shows a 
better correlation than the data in the discard panel. Preliminary outputs of the model have 
been used to predict haddock discards from skipper’s estimates, based on the relationship 
between the REM analysts and skipper’s data.  

Based on the skippers’ estimates, and how close these corresponded to the REM analyst 
estimates, haddock discard quantities for the period July to December were between 
294,826 – 351,442 kg (90% CL) for the MFV Crystal Sea, 3950- 4849 kg (90% CL) for the MFV 
Swiftsure II, and 1398 – 1400 kg for Spirited Lady III. For both Crystal Sea and Spirited Lady, 
the total discards estimates from the skippers fall outside the C.I. (Figure 4). This is because 
we are using the REM analysts as the truth and the distribution of discards estimates from 
the model are significantly lower than the skipper’s estimates. The modelled skippers 
discards showed a discard rate around 81% of the total haddock catch (76% - 80% C.I.). 
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Representativeness of the Cefas Observer programme and REM vessels 

Figure 5 shows the number of trips by rectangle, made by English otter trawlers fishing in 
ICES 7.e,f,g,h, between July and December 2017, and the haul positions of the three REM 
vessels and Cefas Observer sampled trips. Most of the otter trawls fishing effort was in ICES 
area 7.e, off Plymouth and Lyme Bay. However, most of haddock landings are from SW edge 
(ICES rectangle 28E4). REM vessels operated in two distinct areas that correlated where 
most of the effort took place. The Cefas Observer programme sampled trips, also overlap 
where most of the effort of the English otter trawl fleet took place but also cover a broader 
area. 

Comparing estimates between skippers’ and Cefas Observer programme 

A motivation for this work was the industry perceived difference between the discard 
estimates derived from the scientific observer programme and their own experiences during 
fishing. Here we compare between the REM and observer programme, the discard rate and 
the estimated total haddock discards and catch quantities generated by the English otter 
trawl fleet. Within the same period that the skippers’ data was generated, July to 
December, skippers haddock discard rates were 80%, while the Observer programme were 
56%. During the same period there are data from 744 more hauls from the skipper, 
demonstrating the benefits of the enhanced monitoring programme using REM and 
skipper’s data. The mean discard rates from the new enhanced data collection programme 
are higher than the ongoing observer programme for the same period. Currently it is the 
observer discard rates that are applied to the official landings data to generate a total 
discard quantity and inform on total catches and will influence the level of uplift with the 
implementation of the Landing Obligation. The discard rates from the new enhanced data 
collection are highly influenced by the discard rates generated by one vessel. 
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Figure 4 - Estimated discards distribution for each vessel and the total, based on the Monte 
Carlo simulations. Solid line is the value estimated by skipper.  
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Figure 5 - Number of trips of otter trawlers by ICES rectangle, in quarters 3 and 4 (July – 
December), 2017 and haul locations for each REM vessel (top) and for Cefas Observer 
programme sampled trips (bottom). 

Conclusion 

The data from the continuous monitoring and the standard hauls from the survey are used 
to provide estimates of discards for these three vessels for the period of the study.  The 
results indicate high discard rates of haddock, where 80% of the haddock total catch is being 
discarded. This is based on skippers’ results, validated by independent analysis of Remote 
Electronic Monitoring data using a model which accounts for differences. A process was 
developed for using these derived estimates with those from the ongoing Cefas Observer 
programme in preparation for the 2018 ICES Assessment Working Group. 

However, uncertainties in relation to the skipper and REM estimates still need to be 
resolved, in order to understand where the differences result from. We need to understand 
what the skipper bases his estimate on and consider alternatives if necessary, and whether 
there is a critical mass or processing rate within the field of view for the REM analyst over 
the conveyor beyond which the analyst estimates become unreliable. Changes to the 
skipper and REM analyst protocols will be reviewed and changed to improve the estimates 
and reduce the bias. 

___________________________________________________________________________ 

Open Discussion Session 

 
A: What you have presented is very high tech/high-minded. It is difficult for developing 
countries with little money to follow the lead. In the future, it would be beneficial to get 
more contributions from Asian and African blocks.  
 
Q:  How are EM/Observer data compared and combined for use in stock assessments.  
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A:   Much work has been done by the EM program to compare EM and observer data, 
particularly with quota species. EM has found that observer and EM numbers are pretty 
close. 
 
Q: Bias from skippers is a concern. Are there incentives to misreport haddock?  
A:  Since this is a voluntary process, driven by specific segments of the industry to show that 
there is a problem, there is a reason to believe that bias exists, at least with some vessels. 
But, we should take opportunities to engage with industry when they are willing to 
participate. This is just a start to engage with industry. 
 
Q:  A lot of effort goes into training observers. What are the standards for training video 
reviewers? How are they vetted?  
A: This is a relatively new process, and we have made comparisons. There are often 
differences in interpretation of species identification. 
A:  A lot of work has been done to assess what reviewers can identify, reasonably. 
Limitations have been identified, as opposed to observers, who can generally identify 
anything that comes up.  
A:   Reviewers are often ex-observers. There is good dialogue, regarding what's feasible, and 
there are lots of sources of information. 
A:  I like the idea of using opportunistic data. I believe it is useful and more work should be 
done to assess the value of this type of data.  
 
Q:  Regarding haddock, what you found from the interaction with industry, is that they have 
a huge problem with discards. I am curious how you communicate what you've discovered 
with industry and whether or not you have a strategy moving forward, for when the landing 
obligation begins?  
A: A strategy…no.  It is always difficult communicating with industry. With the landing 
obligation, industry is going mad. It is currently peaceful, but difficult species are coming 
next year. We have had several cooperative projects with industry. We push for that. We try 
to engage them and include them.  
A: Obviously, we do need a strategy. There is a gap between EM and observer data. We see 
differences in all three methods. Vessels estimate to a ½ ton, so not a good resolution. 
A: We need to try to get participants from these countries. Quite a few people here have 
expertise working in developing countries to develop observer programs. There are travel 
grants available to send them here and us there.  
A: There is a huge industry in India and all deliver catch, so maybe focus efforts there, at the 
factory.  
 
Q: Is it correct that discards of cod didn't seem to vary between the observer and non-
observer vessels? What are the reasons for refusal to carry observers?  
A: Regarding refusals, maybe they hate me personally. There is a randomized vessel list, and 
observers call all vessels on the list. Often, they give bad excuses or just don't want to 
participate. Regarding the comparison, I looked at vessels that refused observers and those 
that did not have a problem taking observers and there was no significant difference. So, it 
may not be that they have high discards that they are trying to hide, but that they simply 
don't trust the scientists/government. 
A:  It would be worthwhile to consider holding a special panel for developing countries at a 
future IFOMC, similar to the artisanal fisheries panel at past conferences. 
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A:  Grading machines are promising. I encourage you to start taking lots of photos to aid 
machine learning.  
 
Q:  I am stunned by how different the estimates are for haddock discards. How are EM 
analysts quantifying haddock discards? How were they trained and have you asked industry 
to handle catch differently, to help with the process?  
A: We had EM/Observer/Skipper estimates for same vessels so that they could be easily 
compared. Often observer estimates are lower than skipper estimates. There is bias, due to 
change in the sorting speed (e.g., speeds up towards the end). Observers tend to sample 
early. 
 
Q:  Regarding the Haddock fishery and your work with the industry. Did working directly 
with industry affect the insights gained; more with EM than observers?  
A: Observers interact as much as EM. Cameras are voluntary and some prefer EM. Industry is 
keen to provide the information. Some go out of their way to show something which is not 
necessarily representative of what's happening. 
 
Q:  Is there any way to use observers to perform EM review?  
A: We utilize observers for this. Many do both and enjoy the change of pace. The salaries are 
pretty competitive at this point. 
A:  Most observers aren't full-time observers, meaning they have other jobs. So, EM is an 
excellent way to fill time. We don't employ full-time 100% observers. 
 
Q: Are you prepared to comply with landing obligation rules and do you have a plan to 
mitigate discards?  
A:  We plan to use EM and change the selectivity of nets to avoid haddock. Since 2014, and 
before, there have been lots of incentives to modify nets, but it is not part of our regulations. 
I don't care whether they comply with the landing obligation or not; we just want accurate 
data.  
A:  Everyone's scared of the landing obligation, both science and industry. There is a 
reasonable relationship with enforcement, and they will only use data to prosecute when 
absolutely necessary. The landing obligation hasn't resulted in refusals, yet, but this will 
become a problem soon. 
___________________________________________________________________________ 

 

Poster Presentations – Extended Abstracts 

Estimating unreported bycatch and discards in Norwegian fisheries under a discards ban. 

Tom Clegg, Kjell Nedreaas, Geir Blom 

Institute of Marine Research, Norway 

The Norwegian discards package, established in 2009, requires vessels to land and report all 
catches, providing the framework for a fully documented fishery. It aimed to broaden 
fisheries management away from just the target species to accounting for all catches in the 
fishery, whilst shifting the focus from “landings” to “total catches”. However, there are still 
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many sources of unreported catches, such as misreporting, insufficient detail in reported 
catches and continued discarding.  

An ecosystem approach to fisheries management requires knowledge of the total extraction 
from a fishery, which therefore includes a reliable estimation of these unreported catches. 
Stock assessments can be vulnerable to biases introduced by unreported catches, which 
could produce misleading estimations of fishing mortality, stock status and management 
advice. Therefore, it is important to quantify the extent and variability of unreported 
catches to include them in stock assessment models. These estimates must come from data 
which are reliable, readily available and in the correct format for inclusion in stock 
assessments. 

In Norway, sampling data can come from numerous sources, including inspections by the 
Coastguard, surveillance sampling by the Norwegian Fisheries Directorate, and dockside 
sampling by the Institute of Marine Research. There is also potential to use data from the 
Norwegian Reference Fleet, a group of active commercial vessels spread throughout 
Norwegian waters that are paid to supply detailed information from each trip, including 
their discards. The data sources available to this study are summarised in the figure below. 

Each fishery can be divided into multiple strata – a combination of gear, area and season. 
Key areas of the fishery will be identified and a vessel list obtained using catch logbooks and 
vessel monitoring data. For each stratum, catch data from on-board sampling of individual 
hauls will be paired with either official landings statistics, production reports or logbooks to 
estimate the unreported catches. Under a discards ban situation, all catches must be 
landed. Therefore, any differences in quantities or size compositions between catches and 
landings can be assumed to be a result of unreported catches. In data-deficient fisheries, 
auxiliary data from monitoring inspections and scientific research surveys can supplement 
biological information. 

The data will be analysed using a modelling approach to quantify unreported catches for the 
fishery, whilst identifying the driving factors behind discarding, including spatio-temporal 
trends. An increased understanding will also contribute evidence to sustainability 
certifications and help to evaluate the effects of unreported removals on the ecosystem, 
such as impacts on food webs or ecosystem functioning. 
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The following steps will help fill knowledge gaps and inform an estimation of unreported 
bycatch and discards in Norwegian fisheries: 

1) Validate the representativeness of sampled data for estimations. 

2) Identify the best practise procedure for raising fisheries-dependent catch sampling data 
in selected Norwegian fisheries. 

3) Quantify bycatch and discards in selected fisheries, and explore the spatio-temporal 
trends. 

4) Estimate the contribution of unreported bycatch and discards to total fishing mortality. 

5) Evaluate the possible effects that unreported bycatch and discards may have on 
ecosystems.  

___________________________________________________________________________ 

 

Albatross Bycatch in Alaskan Longline Fisheries: Modeling rates to inform trends 
 
Kimberly S. Dietrich1, Edward F. Melvin1, Robert Suryan2,3 and Shannon M. Fitzgerald4 

 

1Washington Sea Grant, University of Washington, Seattle, WA,  
2Oregon State University, Newport, OR;  
3NOAA Fisheries, Alaska Region, Juneau, AK;  
4NOAA Fisheries, Alaska Fisheries Science Center, Seattle, WA 
 
Abstract Although the incidental mortality (bycatch) of seabirds and other long-lived species 
ranks among the most critical conservation issues in world fisheries, case studies 
documenting significant reductions in the mortality of these low productivity species in a 
fishery are rare. Our analysis of 23 years of fisheries observer data spans pre- and post-
adoption of streamer lines (STLS) – a seabird bycatch prevention measure developed in an 
intensive collaborative research program with industry. Following adoption of STLS, at first 
voluntarily and then by regulation, seabird bycatch per unit effort (BPUE) was reduced by 
77% to 90%. Despite this clear success, our models also showed a significant increasing 
trend in albatross BPUE in the sablefish fishery since STLS were adopted. Our finding that a 
small number of vessels accounted for a disproportionate number of albatross captures in 
the observed bycatch may partially explain these trends. Although night setting yielded 
significant (74% to 97%) reductions in most seabird BPUE and significant increases (7% to 
11%) in target fish catch per unit effort compared to daytime setting, nighttime setting 
increased the BPUE of northern fulmar (Fulmarus glacialis) by 40%. Our findings suggest that 
best practices to prevent seabird mortalities in longline fisheries vary by seabird species 
assemblage and fishery. This case study informs global fisheries bycatch reduction efforts by 
illustrating that successful conservation requires: fishery specific solutions, strong industry 
support, constant vigilance in analysis and reporting of observer data, as well as ongoing 
outreach to fleets, especially to those vessels with anomalously high BPUE. 
 
Introduction 
Seabird bycatch is an important conservation concern in world fisheries, yet case studies 
documenting significant reductions in mortality are rare. The North Pacific Observer 
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Program (NPOP) has collected data on seabird bycatch in Alaskan fisheries since 1993, 
spanning pre and post fleet-wide adoption of streamer line (STLS). Initial seabird bycatch 
estimates for Alaska were extrapolated from relatively few direct observations on vessels to 
the entire fleet based on total catch, often including assumptions that increase variability 
and uncertainty. To increase precision in bycatch estimates and detect change over time, we 
calculated seabird bycatch per unit effort (BPUE) from observed sets in Alaska longline 
fisheries before and after the adoption of STLS and modeled BPUE trends post-adoption of 
STLS in the sablefish (Anoplopoma fimbria) and Pacific cod (Gadus macrocephalus) fisheries. 
 
Methods 
We analyzed NPOP 23 years (1993-2015) catch and effort data by set. Numbers of sampled 
hooks in a given set varied by more than two orders of magnitude, therefore, we used 
weighted means and standard errors with sampled hooks as the weighting factor. Seabird 
bycatch data is both zero-inflated and over-dispersed. Consequently, we used zero-inflated 
negative binomial (ZINB) models. Because the majority of albatrosses were taken in the 
sablefish fishery (> 85%), we modeled fishery–seabird groupings separately. Here, we only 
present the post-STLS adoption model to explore trends of and variables affecting seabird 
bycatch post-STLS adoption in 2002-2015.  
 
Results 
Observers reported 45,337 seabirds caught during over a quarter million sets. The BPUE all 
seabirds dropped precipitously (80% decrease for albatrosses) after the voluntary adoption 
of STLS (Table 1). Albatross BPUE was highest in the sablefish fishery.  Season and Area were 
included in both the count and binomial components of our final post-STLS adoption model 
while year – a continuous variable – was significant in only the count component, and time-
of-day was significant in the binomial component of the model. No significant first order 
interactions were detected. Although predicted mean albatross BPUE decreased from the 
pre adoption era, they steadily and significantly increased over the 14 years post STLS 
adoption (Fig. 1) and across the four geographic areas. Albatross BPUE was 80% lower when 
hooks were deployed at night compared to daylight hours (Table 2) whereas fulmar  CPUE 
was significantly higher at night. Of the vessels monitored by the NPOP from 2013 to 2015 
that targeted sablefish (178) and cod (98), roughly a third caught seabirds. In the sablefish 
fishery three vessels accounted for almost half (43%) of the 94 albatrosses observed caught.  
 
Conclusions 
Alaska longline fisheries represent one of the few cases where sharp reductions in seabird 
bycatch demonstrated in research translated into sharp reductions (77-90%) in the reality of 
an active commercial fishery. Approximately 9,400 albatrosses and 141,000 non-albatrosses 
were saved in the post-STLS era. After STLS adoption, the magnitude and trends in seabird 
BPUE varied by target fishery and by seabird species groupings.  Consequently, analysis of 
BPUE for Alaska fisheries are best conducted at the target fishery level in order to detect 
meaningful trends. Potential explanations for increasing trends in albatross bycatch include 
complacency with few bycatch mortalities of endangered short-tailed albatrosses in the 
post adoption era, changes in the distribution of fishing effort, reduced natural prey for 
seabirds, or seabirds habituating to streamer lines.  
 
Although night setting is an accepted best practice to prevent seabird bycatch in longline 
fisheries globally, few studies consider the impact of night setting on the CPUE of target 
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fishes. We demonstrated that night setting reduced BPUE of most seabird species while also 
increasing CPUE of target fish species. Higher BPUE of fulmars at night versus day, however, 
may be unique to northern hemisphere fisheries and supports the contention that best 
practice recommendations should be area and fishery specific.  
 
We posit that the greatest potential to further reduce albatross bycatch in Alaska longline 
fisheries is targeted outreach to vessels with high BPUE. Routine analysis and reporting of 
observed seabird BPUE by target fishery is central to detecting trends and reducing or 
maintaining reductions in seabird bycatch. 
 
Acknowledgements: We thank the NPOP for providing the data used in this analysis; the 
enormous contribution of the hundreds of individual observers who collected these data; T. 
Cardoso for providing modeling advice; A. Gladics for assistance with data management; The 
David and Lucile Packard Foundation and The National Fish and Wildlife Foundation for 
funding this work; and Washington Sea Grant for supporting EFM. The findings and 
conclusions in the paper are those of the authors and do not necessarily represent the views 
of the NOAA Fisheries. 
 

 
Figure 1. Mean annual predicted bycatch rate overall (dark line) with 95% confidence 
interval (grey shape) and by major management region for albatrosses in the sablefish 
fishery in the post streamer line adoption era (2002 to 2015). 
 
Table 1. Summary of longline effort and seabird bycatch by species (bird numbers, weighted 
mean bycatch per unit effort [BPUE; birds/1,000 hooks] and weighted standard error, SEM) 
in the observer sample before (1993 to 2001) and after (2002 to 2015) adoption of streamer 
lines in Alaska longline fisheries. 
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 Pre-Adoption Post-Adoption  

 Number BPUE 
(SEM) 

Number BPUE 
(SEM) 

% Decrease 

Hooks sampled (x 
1,000) 

370,458 – 703,120 – – 

Sets sampled 98,700 – 164,779 – – 
Total Albatross 1,959 0.0053 

(0.0002) 
392 0.0006 

(0.0000) 
80.0% 

Total Non-Albatross 30,029 0.081 
(0.0016) 

12,997 0.018 
(0.0004) 

77.8% 

 
Table 2. Mean (simple) bycatch rate (birds/1,000 hooks) and SE by seabird species or species 
groupings for all target species combined and catch rate (kg/1,000 hooks) of target and non-
target fishes in the sablefish and cod longline fisheries for sets made during the day and at 
night in the post streamer adoption era (2002 to 2015). 

   
  
  

Day Night Mann-
Whitney U 
(millions) 

p 
 

% 
Change 
 

Mean SE 
  

Mean SE 
  

Seabird Bycatch               
All Albatrosses 0.003 0.0002 0.000 0.0001 3380 0.000 -91.1% 
All Non-
Albatrosses 

0.023 0.0006 0.017 0.0007 3410 0.000 -26.7% 

        
Fish Catch        
Sablefish Target 273.3 1.9 292.7 3.2 42.9 0.000 6.7% 
Sablefish Non-
target 

321.7 2.8 337.5 4.5 43.4 0.000 4.7% 

        
Cod Target 464.4 1.2 519.2 1.1 1840 0.000 10.6% 
Cod Non-target 144.2 0.8 161.0 0.5 1790 0.000 16.6% 

 

___________________________________________________________________________ 

 

Two case studies of applying decision tree models to improving observer data quality: 
observer retention and species identification 

Debra Duarte 

Northeast Fisheries Science Center, Fisheries Sampling Branch 

Abstract 

Decision trees are powerful machine learning tools that are used for predictive analytics in 
many domains. Here, I present two examples of its use on data from the Northeast U.S. 
Fisheries Sampling Branch (FSB). 
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The first is the challenge of retaining experienced, high quality observers. High turnover can 
lead to increasing training and support costs, loss of data quality, more time spent on 
quality control, and complaints from the fishing industry about inexperienced observers. 
Survey results can provide broad qualitative trends, but cannot identify which individual 
observers are most likely to quit observing. By combining different factors, the decision tree 
prediction algorithm gives a probability of how likely an observer is to remain working over 
a specified time period. These factors can include data prior to becoming an observer (such 
as degree(s) earned and GPA), performance during training classes (such as grades on 
various assignments and attitude), and metrics about their field experience (such as number 
and types of trips taken, interaction with staff, disciplinary actions, safety incidents, and 
much more). The program manager(s) can use these scores to decide how to prioritize staff 
time and resources for the highest possible retention. 

The second example is the validation of species identification records. FSB requires that 
observers submit photos or samples of a subset of species encountered to confirm their 
identification accuracy. But there are still a large number of records that remain 
unconfirmed either because photos/samples were not taken or the photo/sample quality 
was insufficient to provide a positive ID. Human experts may be able to pick out errors by 
visual inspection of the data, but that can be a daunting task. Instead, a decision tree can be 
trained on the validated species records, using factors such as season, location, depth, and 
fishery. The trained model can then be applied to the unconfirmed records; records with a 
high probability of inaccuracy are flagged for review, making more efficient use of the 
experts’ time. The corrected records can then be included in the training set for future 
iterations, further improving the algorithm’s accuracy. 

These two examples show how decision trees can be used to identify trends that might not 
otherwise be apparent and make allocation of human resources more efficient. Because of 
their broad applicability and relative ease of use (using open source software such as R), 
machine learning tool can become strong assets to any observer program. 

The Models 

Models were built in R using packages rpart and rpart.plot. The most time consuming part of 
building a model is determining which factors should be included. For both models, I first 
queried the observer program data for the dozens of parameters associated with each 
observation, then did a preliminary cut based on my expertise and judgement about what 
could possibly have an influence and what was very unlikely not to. Next I had to decide on 
an output variable to model. Models can be either regression (numeric continuous output) 
or classification (nominal or ordinal output). The more factors and possible output classes 
included, the slower the model runs. Data was split into two random sets, with 
approximately 75% of the records being used as the training set and 25% as the validation 
set across which the trained model was tested. This prevents overfitting to the specific 
training data. Models have been simplified for this presentation but can be more complex. 

Observer Retention 

A large amount of information is collected about each observer that is trained and certified 
by the Fisheries Sampling Branch. The hardest challenge was choosing a timeframe of 
interest. Retention factors for a new observer would certainly be different than someone 
with 10 years experience. Various data were gathered for each observer that was trained 
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between 2012 and 2016, including activity level (e.g., number of trips and seadays per 
month, types of trips, locations), incidents (e.g., harassment reports, number of in-house 
debriefings), and training history (e.g., number of trainings attended, class size, and final 
grade). The output metric is the probability of retention after 1 year from initial date of hire. 

 

The initial split between observers who remain with the program and those who exit is the 
number of seadays they accomplish, which is directly related to their pay. This work can be 
expanded by looking at different classifications of exits (e.g., leaving to pursue graduate 
school, promotion to in-house staff, or decertification) or by predicting length of 
employment as a continuous variable. Similar work (not shown) has been done to predict 
training grade based on resume details, showing that previous observing experience, 
minimum biology college credits, and sea experience were significant predictors of 
successfully passing the training course. 

Species Identification 

Seals were chosen for this demonstration because there are only 3 species commonly 
encountered in the Northwestern Atlantic. Photographs are required whenever possible, so 
most identifications are verified. Input variables included information about the animal itself 
(body measurements and ratios), the time and location of the capture, and characteristics of 
the fishing gear (e.g., gear type, various gear dimensions, haul or soak duration). The 
outputs are the relative likelihood of each of the 3 common species. 
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Animals whose identification did not match predicted were investigated further. In some 
examples, there had been ambiguity in the original ID, typically because of poor 
photographs or very damaged or degraded specimens. The model was run against the body 
of 670 unverified animals (e.g., no pictures submitted for verification) with 71% match rate. 
Work on other species groups is ongoing but slow, due to the increased number of possible 
classes (e.g., 95 species of birds, 98 species of sharks) and fewer verified records per species. 

Conclusions 

Machine learning models such as decision trees can be applied to observer data to improve 
data quality and retention. Decisions trees do not require normalization of data nor 
assumptions about data distribution (e.g., normality). Decision trees are particularly well-
suited to identifying trends because of the visual, hierarchical output. Specific rules can be 
developed and applied to data in real time. For observers, this gives the earliest possible 
warning signs that an individual may need additional intervention. For species ID, this 
prevents a misidentified animal from being added to the observer database, which can 
strongly influence bycatch analyses, especially for rare species. Machine learning models 
can be subject to overfitting to a training set. Splitting data into training and validation sets 
can prevent overfitting.  

It is important to be aware that the outputs are statistical probabilities with some degree of 
error. Therefore when analyzing, say, a mismatch between identified and predicted species 
ID, the user must keep in mind that there is a possibility that the record may not be 
erroneous. Similarly, we cannot say with 100% certainty that an observer with particular 
characteristics definitely will or will not stay with the program, only that certain patterns are 
very likely associated with higher or lower retention. 

___________________________________________________________________________ 

 

Abstracts of presentations that did not provide Extended Abstracts 

 

Use of control data to estimate discard  

Marie Storr-Paulsen, Kirsten Birch Håkansson  

DTU Aqua - Denmark 

Since 2015 the European control agency (EFCA) has initiated member states in EU to 
conduct “last haul” surveys with the national control agencies. A last haul is conductedon 
board a commercial vessel by the inspectors from the control agency, being present on the 
vessels when the catch is towed on board. The inspectors are measuring the total catch (on 
selected species), in weight and are registration the amount of fish above and below the 
current minimum reference size (MRS). These data sets could potentially be a large 
contribution to the observer programs presently conducted by most EU countries to 
estimate the discard levels from different fleet segments. However, the aim of the sampled 
data from the control agency are potential different from the collected discard data derived 
from the scientific observer programs and caution has to be put on the design of the 
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sampling program. If the control agencies are using a risk based approach to target the 
fishing vessels in the last haul program, data can be biased, compared to a statistical 
random selection program targeting commercial vessels. DTU Aqua was provided access to 
the Danish control agency (AgriFish) data from the last haul program sampled in the time 
period 2015-2017. In that period AgriFish sampled 345 “last haul” on Danish vessels – and 
compared to that DTU Aqua sampled 582 trips at-sea with scientific observer. 

This study develops guidelines on how to make best use of the “last haul” samples to 
strengthen national discard estimates e. g. as independent discard estimates, for validation 
of scientific observer data or in combination with scientific observer estimates. The 
guideline includes e. g. 1) analyses of potential biases in the selection of samples by looking 
at catch and spatial patterns, 2) analyses the estimates the samples can provide with the 
given sampling protocol by looking at e.g. potential high-grading in the fisheries, 3) 
statistical methods for comparing estimates from two sampling programs and 4) methods 
for combining two sampling programs. Further it discusses how the “last haul” sampling 
design could be altered to make the data more useful for scientific purposes. 

___________________________________________________________________________ 

Electronically monitoring release method as a proxy for Pacific halibut discard mortality 
rates in the directed Pacific halibut longline fishery  

Claude L. Dykstra, Timothy Loher, Ian J. Stewart, Allan C. Hicks, Josep V. Planas 

International Pacific Halibut Commission 

Due to regulatory requirements, all Pacific halibut that are of sublegal size in the directed 
fishery cannot be retained and must be returned to the sea with minimal injury. Through 
the process of capture and release, Pacific halibut incur a range of injuries and are subjected 
to a variety of factors that will affect their survival potential after release. Accurate 
understanding of the types and relative levels of injuries and stresses that Pacific halibut are 
exposed to during the discarding process in relation to the biological characteristics of the 
fish can be instrumental in helping better estimate the probability of mortality resulting 
from the discarding process. Discard mortality rates (DMRs; a measurement of potential 
mortality) in the Pacific halibut longline fishery are currently estimated from injury or vitality 
data obtained on observed trips. The small vessel (<57’) longline fleet in Alaska is currently 
developing electronic monitoring (EM) capabilities, but determining vitality codes requires 
handling of the animal (which includes looking at both sides of the fish, testing muscle tone 
and opercular responses), which is something that cannot be achieved with cameras. EM 
provides information on Pacific halibut hook release techniques (careful shake, gangion cut, 
hook stripper) for close to 95% of events, however the suite of injuries incurred by each 
hook release technique is unknown. In the fall of 2017, we conducted a field study to begin 
developing an injury profile for different hook release techniques with associated 
physiological condition measures, which could then be used to calculate DMRs on vessels 
carrying EM systems rather than observers. Physiological parameters collected included 
information on condition status at capture (round weight, fat reserves) and post-handling 
stress levels (blood stress hormones). Additionally, we tagged and released 79 Pacific 
halibut with accelerometer pop-up archival transmitting tags to assess near term (96 days) 
survival, and 1,048 fish with wire tags to investigate longer term survival. The results of this 
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study will be used to further refine the estimation of DMRs by each hook release category. 
Preliminary results will be presented. 

___________________________________________________________________________ 

Using Benford’s Law to evaluate observer data quality  

Chad Demarest, Amy Martins  

NOAA Fisheries Northeast Fisheries Science Center 

Benford’s Law postulates a predictable distribution of first and second digits in many 
naturally occurring numerical data. The law was first proposed by Simon Newcomb in 1881, 
after he noticed that in books of logarithms, pages in the first half of the book 
corresponding 

to logarithms beginning with lower numbers (1, 2, 3, etc.), were more heavily used than 
those in the second half of the book. He proposed that the probability that first digit in a 
conforming data set will be equal to n is the log (base 10) of 1 + 1/n. The application of this 
insight has been verified and applied in fraud detection and accounting for many decades 
and has been used extensively in criminal and civil courts to demonstrate the presence of 
manipulated data. Conforming data typically span multiple orders of magnitude, are not 
truncated and are right skewed. The distribution of first and second digits in a conforming 
dataset may provide critical insights into the process used to generate data. 

We propose a method for applying Benford’s Law in screening observer data for quality. 
Observer data in the Northeast US are used to monitor and estimate catch on commercial 
fishing trips, make decisions on how to manage fisheries sustainably, and to assess impacts 
on protected species and fishing communities. Observer coverage is a mandatory 
requirement of fishing permits and data are collected by trained biologists, certified by the 
National Marine Fisheries Service, and employed by an approved Observer Service Provider. 
Data are vetted through a rigorous audit process before being provided to authorized end-
users. Using Benford’s Law may augment this process. 

In addition to data screening, Benford’s Law is useful in understanding when data generated 
from different processes, such as actual and estimated weights, should be considered 
functionally equivalent. We find that certain data collection techniques may provide more 
robust and reliable data, while others may provide data that are not equivalent. 

___________________________________________________________________________ 

Approaches to characterizing uncertainty for fishery-level total bycatch estimates  

Yong-Woo Lee, Lee Benaka, John Foster 

NOAA-Fisheries, Division of Science and Technology 

Fisheries with non-selective gears, such as bottom trawl fisheries, can produce bycatch 
consisting of hundreds of species in a given time period. Bycatch of individual species is 
commonly estimated with a ratio estimation approach based on observer-collected sample 
data. Fishery managers and/or conservation groups may have an interest in producing an 
estimate of total bycatch across all species for a particular fishery in order to prioritize 
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conservation actions or support sustainability claims. Due to the varying levels of spatial and 
temporal coverage provided by fishery observers, bycatch data often are sampled and 
estimated by individual species with a stratification scheme. As long as bycatch estimates 
for the individual species are unbiased, a simple summation of estimates across all species 
should return an unbiased estimate of total bycatch. However, it is unclear how to measure 
the uncertainty around the estimate of total bycatch across all species. Coefficient of 
variation (CV), defined as the division of standard error of the estimate by its own point 
estimate, is often used as an uncertainty measurement in bycatch estimation. Using a 
resampling strategy, this presentation evaluates two approaches for the CV estimation of 
total bycatch: (1) summation of variances and (2) simple averaging of the CVs available from 
the individual species estimates. Resampling simulations were performed based on 100% 
observer sampled bycatch data from the U.S. West Coast groundfish Catch Shares bottom 
trawl fishery in 2015. The subsampling rate was 25%, and the resampling iterations were 
2,000. Results indicated that the approach of averaging of individual CVs would produce a 
biased high CV estimate, while the summation of variances approach would produce a 
biased low CV estimate for the total bycatch. The cause of high bias in the simple averaging 
approach is due to the lack of a mechanism to account for differences in the bycatch 
magnitudes among the species. The reason for low bias in the variance summation 
approach is due to the large number of non-negligible violations of the independence 
assumptions among the species in bycatch patterns. This presentation concludes that a 
bootstrap approach would be a better choice to estimate CV for the total bycatch estimated 
as the summation of all individual bycatch across species in a large fishery. 
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Session 5. Assessing bias from monitoring programs 
 
Leader: Jørgen Dalskov 
 
Many countries run at-sea monitoring programs where scientific observers go on board commercial 
fishing vessels but only cover a subset of the fleet. The monitored vessels should be representative 
of comparable fleet segments, but this is not always the case - especially in fisheries where the act of 
discarding is illegal. This session focused on monitoring bias in at-sea monitoring programs and 
assessed whether potential biases can be reduced or eliminated. 
___________________________________________________________________________ 

 

Oral Presentations - Extended Abstracts 

 

Are self-report fishing log-books a solution for measuring catch, bycatch and discards?: 
The case of crustacean demersal fishery in Chile. 

Marcelo San Martín, J.C. Saavedra-Nievas, José López, Victoria Escobar, Catalina Román, 
Claudio Bernal 

Fisheries Development Institute, Chile 

Introduction 

The catch quantification in world fisheries is frequently established through landing reports. 
However, this information only provides a partial view of the total catch, and may 
underestimate the actual levels of fishing mortalities, as well as bycatch and discards. An 
option to obtain more reliable or accurate information on total catch is through monitoring 
programs by scientific observer on board, nevertheless its implementation is frequently 
expensive and complex, limiting, among other aspects, the sampling coverage. Thus, there is 
a need to have alternative sources of information that allows an increased level of coverage, 
context in which fishing self-report logs by fishermen have been an alternative discussed. 
However, its contribution respect to catch and bycatch quantification it is not clear. This 
work evaluates the bias and utility of information reported by Captains trough self-report 
log-books as source of information to measure total catch, bycatch and discards in the 
Chilean shrimp (Heterocarpus reedi) bottom trawler fishery. 

Objective 

The aim of this work was to evaluate the bias of the information reported by Captains 
through self report log-books on total catch, bycatch and discards for Chilean shrimp trawler 
fishery compared with the information provided by scientific observers as well as the 
convenience of using the fishermen´s information for management. 

Methodology 

This study was developed during a discard monitoring program implemented in crustacean 
fishery (shrimp, red squab lobster and yellow squab lobster) between 2013 and 2016, in 
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Central Chilean Coast. To evaluate bias and the convenience of using the information on 
total catch, discard and bycatch provided by the fishing industry, captain´s logbooks were 
contrasted with the information reported by scientific observers on board. To obtain 
information from fishermen, species identification guides and self-report log books were 
given to captains for each vessel. For a same trip the information provided by captains was 
compared with those from scientific observers. A Lin test was applicated to evaluate the 
concordance between both sources of information, through package DevsTools (ccc) for R 
Software. For the shrimp fishery, the level of compliance with self-report logs was also 
determinated, this with regard to the total trips of the fleet. In addition, the number of 
species, mean catch and discards quantification by haul reported by both sources were 
compared. 

Results 

The level of compliance with self-report logs in shrimp fishery reached an average of 41% in 
the period analyzed. A total of 24, 118, 113 and 31 hauls for each year were used to 
evaluate the differences in number of species, total catches and discards reported, as well 
as the level of concordance for both sources of information. A low inter-annual variation in 
the number of species reported by both sources was observed. However, in the entire 
period, higher numbers were declared by observers, with a mean of 11 species versus 4 
species reported by captains in log-books. In general, higher mean catches per haul were 
also reported by observers, especially during 2014. Thus, the main sources of differences 
were explained by the higher discard levels reported by observers, around of 65% 2014 and 
2015, and 125% to 2016 (Figure 1). 

 

Figure 1. Total catch, retained catch and discards reported by captains and scientific 
observer between 2013 and 2016. 

The evaluation of the reports for target species showed differences in the amount of catch 
retained declared by captains and observers, specially in 2015, however the difference 
regarding discards was low or null (Figure 2). In the case of Chilean hake (Merluccius gayi), 
one of the main species of accompanying fauna incidentally captured by the crustacean 
fishery, it was not reported by captains, however the observers reported retained catch for 
this species (Figure 2). Nonetheless, important differences were observed in the report of 
discards for Pacific hake discard, where the captains generally do not report discards of this 
species (Figure 2). 
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Figure 2. Retained and discarded catches of shrimp and Pacific hake reported by captains 
and scientific observer between 2013 and 2016. 

The evaluation of the concordance between information reported by captains and scientific 
observers, through Lin test, established the difference in the amount of catch reported from 
both sources information for all years monitored, except for 2013. The figure 3 show the 
concordance fixed to year 2013 and the not concordance by the 2015 as an example to 
results observed in the other years. 

 

 

Discussion 

The lower number of species reported by captains could be the result of the limited capacity 
or training of captains to recognize or identify species. However, the differences in the 
amount of catches reported by both sources of information were evident, especially 
regarding to discards of Chilean hake. Regulations, sanctions, cultural, social aspects and 
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mainly quota restrictions of some bycatch species such as Chilean hake, could be explaining 
the results observed in this work. Although self-report logs may help to increase the 
coverage of information, the data provided by fishermen are referential and must be taken 
with some restriction if used for management. Until not generating conditions that allows a 
trustworthy declaration on total catch, bycatch and discards by captains, the self-report logs 
in no case can be used for taking administrative measures or controling quotas consumption 
in the fisheries analyzed. Likewise, education and confidence between sectors must be 
improved to achieve the goals proposed. 

___________________________________________________________________________ 

Assessing representativeness and bias in Norwegian commercial catch sampling programs 
conducted in collaboration with the industry. 

Edvin Fuglebakk, Håkon Otterå, Tom Clegg, Gjert Dingsør, and Jon Helge Vølstad 

Institute of Marine Research, Norway 

Sampling programs 

Institute of Marine Research (IMR), Norway, obtains data on catch composition and 
biological samples from commercial catches in collaboration with the industry. These data 
are used for estimating by-catch, mean weight, length-, age-, and sex-composition, and 
maturity stage of fish for selected species.  We primarily assess potential bias in catch-
composition due to vessel-selection in fisheries-dependent sampling programs. The 
Norwegian Reference Fleet (RF) is a small group of fishing vessels that are contracted by 
IMR for 4-6 years to provide detailed information about their fishing activity and 
composition of catches systematically during the year through trained self-sampling. The RF 
vessels cannot be randomly selected since the law mandates an open bidding process, 
where the criteria for awarding contracts aim to ensure that the selected vessels are 
representative for segments of the fleet. IMR also runs an intercept-sampling program to 
collect samples from commercial catches, using a contracted vessel to visit ports up and 
down the coast north of 64 N annually every quarter. Before each port-visit, IMR staff 
contact a gear-stratified semi-random sample of commercial fishing vessels that are 
expected to land their catch at the port to ensure that their catches be brought ashore as 
roundfish. IMR staff sample fish from each landed catch as it is sold first-hand, and then 
return the gutted fish to the buyer for processing. For practical and funding reasons, trips 
cannot be selected from all combinations of statistical areas, seasons and gears. We 
employed several analytical methods and tools to assess the presence and magnitude of 
bias. We compared data from trip reports, logbooks, and dealer landing reports from the RF 
and the Intercept Sampling Program with census data for the general fleet. To assess effect 
size for the sampling bias we quantify it conflated with other error-sources by estimating 
parameters registered in logbooks and sales notes, such as total weight of catches or 
landings, and averages of spatial variables, temporal variables, and fishing depth. We have 
developed quality indicators that have general applicability, and present an example of 
analysis using 2016 data for cod (Gadus morhua) - the primary target species for the RF and 
Intercept catch sampling programs.   
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Estimation 

Clustered catch samples from vessel landings by trip within site-days (port-days) are 
stratified by gear3 and season4 (High-season and Low-season) in the analysis. RF-samples 
are analysed as clustered  primarily by area5 and quarter, and secondarily by vessels 
stratified by gear6. For the intercept sampling, the clustering is a result of the survey 
sampling design, while the clustering of RF-samples is done post-hoc to compensate for the 
unbalanced sampling of catches within combinations of area, quarter, and gear due to a 
small sample of vessels. For purposes of isolating concerns, we have in this work estimated 
parameters for only the area-quarter combinations that are sampled sufficiently to provide 
inter-vessel variance estimates. This limits the analysis to data from area-quarter 
combinations for a gear where we have samples from at least two vessels. This approach 
sacrifices some coverage in terms of sampling frame, yet between the intercept sampling 
and the RF-samples, the data analysed in this work are drawn from a sampling frame that 
covers a total of 77% of the total mass of landed cod. 

 

 

Paritioning of landed weight of cod (2016) between sampling frames (left), and between 
intercept sampling frame, and analysed clusters in reference fleet samples (right). 

Findings 

Estimates of parameters registered in logbooks and sales notes based on data from the two 
catch sampling programs are mostly within 95% confidence intervals. For the intercept 
sampling, the estimates fall outside of confidence interval only a few times, which could be 
expected by chance. This makes it hard to establish whether the estimates are consistent 
with unbiased sampling, and it is in any case reassuring that the cases where the true 
parameter value are not covered by confidence intervals are all found in the low season and 
with small normalised errors. The normalised error is described in more detail in the next 
paragraph (‘quality indicator’). This is consistent with our prior assumption, that the 
intercept sampling approximates random selection, even if randomisation is not strictly 
enforced at all levels. For the reference fleet the impression is largely the same, except for 
                                                             
3 Strata are: Gillnet, Longline, Danish Seine and Jig 

4 High season is February through May, Low-Season is June through January. 

5 Area categories are polygons defined by the Norwegian directorate of fisheries. 

6 Strata are: Gillnet, Longline and Trawl. 
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the location parameter in the Gillnet-strata, where confidence intervals for the estimate 
would have to be twice as large to cover the true value. Still, pragmatic informal 
interpretations of precision estimates holds true for these estimates as well; true values are 
in most cases within confidence intervals. We conclude that the non-random elements in 
vessel and catch selection in the reference fleet can be adjusted for by accounting for area-
season-gear cluster-effects in the estimation. Hence, we argue that an interpretation of 
estimates of age composition and by-catch could be done with the kind of caution 
warranted for all non-rigorous sampling. 

 

 

 

Normalised errors for estimates from intercept sampling (left) and reference fleet (right), 
based on 95% confidence intervals. For the intercept sampling, the following parameters 
have been estimated: tot.land, the total landed mass of cod; time, the mean day of the year 
of landings; position, the mean latitude of the center of area for landed catch. For the 
reference fleet, the following parameters have been estimated: tot.weight, the total weight 
of cod from logbooks, clust.pos: the mean distance of the position of catch from the center 
of the area; time, the mean time difference to a reference time-point in the cluster; depth, 
the bottom depth at the position of catch. The latter is estimated from fishing depth, which 
is a close approximation for this demersal fishery. 

Quality indicator 

Samples from our key sampling programs are primarily used to estimate age composition of 
landed catch of fish, and of by-catch in selected fisheries. The vessel- and catch-selection for 
these estimates are the same as for some parameters that are recorded in censuses 
(logbooks and sales-notes). We therefore attempt to quantify bias in these parts of the 
hierarchical selection by quantifying the error in estimating these census-parameters, with 
estimators that are formulated in such a way that direct comparison to the parameters of 
interest can be made. To the extent that the estimation of confidence intervals is sound, 
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errors in estimates reflect random error and bias in sampling. For an estimate of a 
parameter  (e.g. total catch or mean time of catch) where m is the midpoint of the 
confidence interval and w is the width of the confidence interval, we quantify this error with 
the measure D=2(m-)/w. We refer to this as ‘normalized error’. It essentially quantifies 
how much wider confidence intervals would have to be, to contain the true value of the 
estimated parameter. When the normalized error is between -1 and 1 the estimate falls 
within specified confidence intervals. For samples where the normalized error frequently 
falls outside this interval, the normalized error serves to quantify how far off the estimate is 
in terms of the precision (confidence interval) with which the estimate is otherwise 
presented. This precision is dictated by both the variability of the parameter of interest and 
properties of the sample selection, such as effective sample size. While estimates of proxy 
parameters cannot inform on the variability of other parameters, the properties of sample 
selection are the same for both the proxy parameters and the parameters of actual interest 
in the estimation. We therefore find this normalised error to be a useful indicator of the 
effect of sample bias, which is otherwise essentially unquantifiable. 

___________________________________________________________________________ 

 

What is an unobserved discard?  

Anna Henry and Chad Demarest  

NOAA, Northeast Fisheries Science Center  

Background 
In fisheries with less than 100 percent observer coverage, managers and scientists allocate 
tremendous efforts to estimate unobserved discards. Often, though, we lack the 
terminology to communicate precisely what we are estimating. This is particularly 
problematic in multispecies fisheries where regulations simultaneously mandate discarding 
specific species or sizes of fish and prohibit discarding of other species or sizes of fish. Such 
is the case in the Northeast United States groundfish fishery. Minimum size limits require 
discarding undersized fish; yet the fishery as a whole is managed by a quota-based system 
that requires landing all fish above the minimum size to determine when catch limits are 
met. Yearly observer coverage ranges from 11% to 32% meaning in some years up to 89% of 
trips are unobserved. Discard rates on observed trips are used to estimate discards on 
unobserved trips but, importantly, only the discards of undersized fish are estimated. We 
suggest the term “mandatory discards” to describe this estimate.  
 
In any quota-based fishery there exists some incentive to discard legal sized fish, perhaps to 
highgrade or avoid constraints imposed by small quota allocations (Arnason 1992). This 
incentive is a function of the costs and benefits associated with the retention of each 
individual fish based largely upon differences in quota prices and expected landings prices. 
We suggest the term “prohibited discards” to describe such events. Implicitly, prohibited 
discarding is assumed not to occur on observed trips. To our knowledge no attempt has 
been made to estimate its magnitude on unobserved trips. The exclusive focus on 
estimating mandatory discards has consequences on the precision and accuracy of total 
discard estimates. Estimating total removals in a fishery requires careful consideration of all 
the ways in which unobserved discards may differ from observed discards. We develop a 
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theoretical model comparing the costs associated with landing fish to the revenues these 
landings generate to estimates the stock and trip-level prohibited discard incentive.  

Methods 
We model the incentive to discard (Id) legal-sized fish (prohibited discards) as the difference 
between the costs associated with landing one additional unit (pound) of fish and the costs 
associated with retaining that unit. Costs of landing (Cl) include the cost of quota for that 
unit of fish, the cost of quota for all other stocks associated with landing an additional unit, 
together with sector and landing fees as well as any costs associated with on board handling 
such as the labor of properly gutting and icing the fish. Costs of discarding (Cd) include the 
revenue forgone when not landing one unit of fish (ex-vessel value), as well as the labor 
costs associated with discarding the fish and the detection probability and magnitude of 
sanction associated with being illegal fish discards.  
 
The fully specified equation for the incentive for prohibited discards (Id) follows  
 

 

 
 
where i=stock, k=trip, j=stocks in broad stock areas that overlap stock i, pq = quota price, q = 
quantity (live pounds), δ = percent of tows observed, r = discard rate, Cll = cost of labour of 
landing, sf = sector fees, lf = landing fees, disc = quantity of discards, qk= total trip landings 
(allocated groundfish stocks + non-allocated groundfish stocks + non groundfish stocks), pf = 
ex-vessel price, Cdl = cost of labor of discarding, p(d) = probability of detection, and s = 
sanction associated with getting caught.  
 
Incentives are estimated separately for each allocated groundfish stock and each groundfish 
trip over fishing years 2007-2017. Discard ratios are back calculated by stock and trip using 
the year end imputed rate.  
 
Quota prices are estimated with a robust regression model using methods described in 
Murphy et al 2015. For fishing years 2011-2016 quota prices are estimated by stock for each 
quarter of the fishing year using inter (between) sector and intra (within) sector trades of 
both fish for fish and fish for cash as reported in sector end of fishing year reports. Prices for 
fishing year 2010 and 2017 are estimated annually due to fewer reported trades and no 
information on within sector trades. The value of quota for fishing years 2007-2009 (pre 
sectors) is assumed to be zero.  
 
Model assumptions: 



162 

The incentive for prohibited discard model assumes that  
• landings are representative of underlying discard incentives (e.g. the model will 

not estimate discard incentives for stocks that are not reported as landed);  

• landings data are representative of true catch (e.g. no species substitution or 
other misreporting);  

• modeled quarterly inter- and intra-sector quota prices adequately capture the 
quota cost faced by fisherman prior to making a trip;  

• quota price encapsulates the marginal value of quota, where  

• the marginal value of leased quota is equal to that of allocated quota (e.g. not 
incorporating an “endowment” effect);  

• expectations of landed fish prices are adequately captured by ex-vessel prices 
received on each trip.  

• quota prices and ex vessel prices are representative of the marginal value of 
quota and landings and are unaffected by illegal discarding or misreporting, if 
any exists; and,  

• the benefit of discarding includes the marginal value of quota for that stock and 
the discards associated with landing an additional unit of fish, noting that this 
does not explicitly include the marginal value of landing any fish accessible in the 
future and enabled through discarding the fish in question.  

• discards are calculated using the year end imputed discard rate. 

 
Results 
Prohibited discard incentives change by stock and fishing year, therefore any bias in catch 
data resulting from illegal discarding of legal sized fish is unlikely to be consistent in either 
direction or magnitude over time (Figure 1). Discard incentives for many stocks increased 
notably with the implementation of the sector system (fishing year 2010). The percentage of 
trips landing at least one stock with a positive discard incentive has consistently increased 
since 2010. This is most true for trips landing Gulf of Maine cod, noting a particularly strong 
increase in discard incentives for trips in 2015.  
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Figure 1. Estimated incentives for prohibited discards on unobserved trips fishing years 
2007- 2017.  
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Observer Effects in the Northeast U.S. Groundfish Fishery 

Chad Demarest 

NOAA, USA 

Introduction 

The commercial component of the Northeast U.S. Multispecies fishery comprises 20 
individual fish stocks and 2 management units7. Of these, commercial fisherman are 
allocated quota for 15 stocks, leaving 5 for which retention is prohibited. Fishing quota is 
allocated to approximately 1,000 permits and actively fished by around 200 participating 
commercial vessels (NEFMC 2017). The majority of the commercial fishery for groundfish 
(~98% of landings) is managed under a quota allocation system whereby individual vessel 
owners pool stock-level quota into one of 21 authorized cooperatives called “sectors”. Each 
cooperative retains the catch rights associated with quota pooled within it, and reserves the 
right to allocate that quota to individual member fisherman as per internal operating 
guidelines. Observers are deployed on participating vessels to estimate discarded catch for 
each of the 22 allocated quota stocks on each trip. Observer coverage levels vary but in 
general have accounted for between 15-40% of all trips taken in any given fishing year. 
Discards are calculated by dividing the sum of stock-level observed discards by the total 
amount of observed retained catch on these trips. For trips with no observer coverage, 
discards are estimated by stratifying the population of fishing trips and applying the 
annualized real time observed discard rate for each sector’s strata, and these estimates are 
applied to the corresponding strata’s unobserved trips. Discards count against a sector’s 
quota after adjusting for gear and stock-specific discard mortality rates. Vessels are assessed 
estimated discards on unobserved trips based on their strata, regardless of whether or not 
an individual species was reported on that trip. Sectors must have adequate quota reserves 
for all species in a given stock area prior to any member vessels fishing in that area. 

                                                             
7  George’s Bank is divided into a “west” component for which haddock and cod stocks are assessed exclusively by 
NOAA fisheries, and an “east” component for which these stocks together with yellowtail flounder are jointly assessed with 
the Canadian Department of Fisheries and Oceans under a trans-boundary management agreement. 
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As observer coverage represents only a fraction of the total fishing activity in the sector 
component of the commercial groundfish fishery, obvious question arise: Does data 
generated on observed fishing trips reflect the activities of the whole fleet? Are estimates 
generated from these data unbiased? Bias may be induced by either a deployment effect, 
where the assignment of observers to vessels is non-random, or an observer effect, where 
the fishing activities on observed trips vary in detectable ways from those on unobserved 
trips (Benoit and Allard 2009). These two effects, deployment and observer, may act 
separately or in combination to render data collected by on board observers biased. This 
paper focuses specifically on one component of the the latter effect: do individual vessels 
alter their behavior in response to the presence of an observer. 
 
Why an observer effect? 
Fisherman may alter their fishing behavior when carrying an observer for any one of at least 
five reasons: (1) people may act differently as a response to simply being watched, an 
established phenomena referred to as the Hawthorne Effect (McCambridge et al. 2018); (2) 
fisherman may not want to impart their individual discarding preferences on the other 
members of their sector, an effect driven primarily by within-strata target species and 
fishing practice heterogeneity; (3) observers incur costs associated with slower fish 
processing and handling times, carrying extra food, and general inconvenience, all of which 
may incentivize fisherman to make shorter trips when observers are on board; (4) catch of 
undersized fish varies across space and fishing in areas and at times where undersized fish 
are relatively less abundant may minimize discard rates, though presumably at a cost in 
terms of reduced total trip revenues; and (5) binding quota constraints impart strong 
economic incentives to discard legal-sized fish when an observer is not on board and to 
avoid these stocks in the presence of an observer, again presumably at a cost in terms of 
reduced total trip revenues. 
 
This paper employs an exact matching method to determine if vessel performance along 
several metrics vary in a detectable way when an observer is on board, and when one is not. 
 
Methods 
Following a procedure laid out by Benoit and Allard, same-vessel trip sequences are 
analyzed to test for differences among various metrics. These trip sequences take the form 
of either: (1) three unobserved trips in a row (UUU), or (2) one observed trip between 
unobserved trips (UOU). To attenuate the possibility of interpreting seasonal effects as 
behavioral effects, only trips occurring within 45 days of each other are included. Trips are 
not repeated in multiple sequences. Vessels with less than two sequences are excluded 
from the analysis. 
 
Triplet sequences are winnowed to pairs by taking the difference of either the leading or 
lagging trip with respect to the middle trip. The variable U in equation (1) and U1 in equation 
(2), below, are selected randomly as either the leading or trailing trip in the triplet 
sequence, while the middle trip in the sequence is always the reference trip (O or , U1 
below). To mitigate against regulatory changes affecting fishing behavior within trip 
sequences while maximizing particularly the number of OU pairs for analysis, sequences 
overlapping the start of a new fishing year change (May 1 of each year) select only the lead 
or lag pair occurring in the same FY as the reference trip. 
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Differences are calculated as 
 
   (Equation 1) 

(Equation 2) 
where y is a fishing year, f is fishing vessel and v is any one of the metrics evaluated.  U’ is 
the mean unobserved value for each year, vessel and metric combination. 
Metrics evaluated, v, are: (1) Trip duration; (2) Kept catch; (3) Total revenue; (4) Kept 
groundfish; (5) Kept non-groundfish; (6) Groundfish average price; (7) Non-groundfish 
average price; (8) Number of market categories included in kept catch.   
The difference between the median values for ΔU’s and ∆O’s is calculated as 

 

(Equation 3) 
Differences between observed and unobserved trips are tested for location differences8 
observed in 𝑀𝛥𝑈−𝛥𝑂, with 95% confidence intervals estimated using bootstrap sampling 
(1,000 replicates) from the 𝑈𝑦𝑓𝑣  and 𝑂𝑦𝑓𝑣 values, where a lack of overlap with zero implies a 
95% probability that the true median values for each population are significantly different. 
 
Data 

Vessel Trip Report (VTR) and Commercial Fishery Dealer (CFDBS) data are combined to 
construct trip-level datasets. Only trips for groundfish species are retained.  For the post-
Sector years, both Northeast Fishery Observer Program (NEFOP) and at-sea monitoring 
(ASM) data are matched to the commercial trip data. 

UUU and UOU triplets are extracted and annual fishing year (May 1 – April 30) datasets are 
built with same-vessel two-trip sequences constructed from the UUU and UOU triplets. 

Results 

Results are reported based on two levels of aggregation: 
• regulatory regime, as 

o pre-Sector years (FY’s 2007-2009), 
o initial Sector years (FY’s 2010-2012), 
o intermediate Sector years (FY’s 2013-2015), 
o contemporary Sector years (FY’s 2016-2017); and 

• gear type, distinguishing between trawl and gillnet gears9. 

                                                             
8  “Location” refers to the central tendency of the data, in this case the median values, and has no geographic 
connotation here. 

9  Trawl gears include the Vessel Trip Report (VTR) codes ‘OHS’,‘OTB’,‘OTC’,‘OTF’,‘OTM’,‘OTO’,‘OTR’,‘OTS’, and 
‘OTT’. Gillnet gears include the codes ‘GNR’,‘GNS’, and ‘GNT’. 
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Equations (1) and (2) are scaled by each vessel’s mean annual values and median value 
differences are represented as percentages. For example, a median value of -0.042 for the 
kept catch variable implies that vessels catch roughly 4.2% less fish on an observed trip, 
relative to a neighboring unobserved trip by that same vessel, as measured across all vessels 
in the dataset. If the bootstrapped 95% confidence intervals fail to overlap with zero, the 
value is interpreted as significant using the confidence interval test. 
 
Trawl vessels catch less fish when an observer is onboard. In the stanzas after 2009, they 
fish for less time and land less groundfish in particular. Statistical significance is obtained for 
kept catch in all four stanzas, and for trip duration, groundfish kept catch and total revenues 
in the three post-2009 stanzas. Groundfish average prices are statically higher for three of 
the four stanzas, the exception being the period from 2010-2012, indicating that 
composition of groundfish catch on observed and unobserved trips is different. Based on 
the reductions in catch and fishing time on observed trips after 2009, the changes in 
response to observer presence appear to be related to incentives embedded in catch 
accountability and the sector management system. 
 
Gillnet vessels consistently made shorter trips, generate less revenue and appear to retain 
slightly less catch overall in the presence of an observer, but the results are more variable 
relative to trawl vessels. There is a trend in later stanzas toward more groundfish and less 
non-groundfish on observed trips for these vessels, indicating a difference in the mix of 
species landed in response to an observer. The increase in the number of groundfish market 
categories in the last stanza may indicate differential groundfish targeting, or perhaps high-
grading of specific species. Statistically different behavior in response to an observer is 
equally prevalent for gillnet vessels and trawl vessels, but the magnitude of the effect 
appears to be slightly smaller for gillnet vessels. This may reflect a truly smaller behavioral 
response, or it may be due to a smaller number of paired trips, particularly in the later 
stanzas, or some combination of both. There is a less clear distinction in response before 
and after the implementation of sectors, where gillnet vessels demonstrated a significant 
response before sectors and trawl vessels, for the most part, did not. 
 
Discussion 
Fishing vessels alter their behavior in response to observers. Estimated median paired trip 
differences are zero for only a handful of the metrics evaluated across stanzas or fishing 
years. Generally, the most pronounced effects are seen across trip duration, kept catch, 
kept groundfish and trip revenue. Observer presence has the smallest effect on the number 
of groundfish market categories and non-groundfish average prices, but even here we see 
differences. 
Incentives to alter fishing behavior have varied across time. Prior to sector implementation 
discards had no direct cost to fisherman and trip limits required discarding certain species. 
These factors may have reduced the incentive to alter fishing practices in response to an 
observer, noting that gillnet vessels did demonstrate a significant behavioral response prior 
to sectors. After full sector implementation, the accountability of discards and the 
application of sector/gear specific discard rates to unobserved trips, together with the 
potential catch of constraining stocks, increased the incentive to change behavior in 
response to an observer. 
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There may be off-setting incentives due to quota allocations, fishing preferences or other 
factors. One vessel may attempt to minimize observed discarding of flatfish at the expense 
of cod, while another vessel may take the exact opposite approach. Such offsetting behavior 
could change the central tendency of the distribution of 𝑀𝛥𝑈−𝛥𝑂  very little, but may affect 
the shape of the distribution, particularly at the tails. 
 
These analyses point toward a consistent pattern of different fishing behaviors when an 
observer is on board. The Benoit and Allard method isolates vessel effects by focusing on 
the differences in behavior in response to an observer for the same vessel. The data show a 
clear trend for three key metrics–in almost all circumstances vessels appear to retain less 
fish, fish for less time and obtain lower revenues when an observer is on board. Persistent 
differences such as higher average groundfish prices with an observer on board (trawl 
vessels) and emerging differences like a greater number of market categories retained with 
an observer (gillnet vessels) indicate that the composition of catch on observed trips is 
different. This suggests that data collected by observers are not merely a compressed 
representation of unobserved fishing practices but, rather, they may be non-representative 
along critical dimensions such as proportions and quantities of fish discarded and retained. 
___________________________________________________________________________ 

 

Consequences of EU landing obligation on Swedish sea-sampling programme in the Baltic 
Sea 

Katja Ringdahl and Sofia Carlshamre 

Swedish University of Agricultural Sciences, Sweden 

Cod fisheries in the Baltic Sea were the first demersal fisheries in Europe in which the 
landing obligation (LO) were implemented. The LO is a management measure that was 
initiated in EU Common Fisheries Policy 2013 and that is phased in fishery by fishery during 
2015-2019. It principally means that individuals of all lengths for all fish stocks managed by a 
TAC need to be landed. Individuals with a length above the Minimum Conservation 
Reference Size (MCRS) can be sold for human consumption while individuals below MCRS 
are sold for other purposes. The LO constitutes a main shift in the EU Common Fisheries 
Policy and is intended to reduce discards, improve selectivity in fishing gears and improve 
the knowledge of the fish stocks as all parts of the catches are supposed to be landed. 

The Baltic Sea is a large estuary in northern Europe. Only a few marine species are present 
in the main basin with cod being the most predominant demersal one. This mean that the 
demersal fishery targeting cod principally is a single species fishery and potentially ideal for 
a management measure such as LO. Data on the cod stocks is collected through the EC data 
collection regulations ((EU) No 2017/1004, Commission Decision 2016/1251/EU). Data on 
discards are included in the assessment of the two cod stocks.  In the eastern Baltic have the 
proportion of cod discarded in the catches increased during the last five years (Figure 1). 
This is a consequence of reduced growth of the individuals in the stock. In commercial 
catches measured within the Swedish sea-sampling programme 2017 were for example only 
13% of the individuals above 45 cm. Data submitted by countries participating in the fishery 
to the fish stock assessment working group (ICES WGBFAS) does further show that the fish 
below MCRS continues to be discarded despite the introduction of the LO (Figure 1). This 
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might have consequences for the sea-sampling programmes as observers now might 
observe illegal behavior. 

 

Figure 1. Percentage of cod discarded 1994-2017 for the Eastern and Western Baltic cod stocks. Catches 
combined from all countries and gears (passive and active). Data from ICES WGBFAS 2018. Decline in discards 
between 2014 and 2015 coincide with a reduction in MCRS from 38 cm to 35 cm. 

The Swedish at-sea sampling programme started in the late 1990ies. The objective of the 
sampling programme is to generate data on exploitation, including discards, of the stock for 
assessment purposes. The observers have no role in control and enforcement.  The aim has 
since then been to sample 24 fishing trips each year which used to correspond to 
approximately 1% of the fishing effort. In the beginning were vessels to be sampled chosen 
by the observers in an ad-hoc way. Vessels participated in the programme on a voluntary 
basis. In 2010 did Sweden, as a measure to reduce bias, apply a statistical design with a 
randomized selection procedure for vessels to sample.  The random selection procedure 
also gives the opportunity to assess how well the programme is running. This success rate, 
that principally describe how many vessels that need to be contacted before a trip can be 
arranged, can be followed over time as indicator of risk for bias but also to monitor if there 
are changes in the fishery. Not all unsuccessful contacts are refusals from the industry. It 
can also be a consequence of limited effort by some vessels that make trips difficult to 
arrange. The random selection procedure worked relatively well during the first years and 
approximately one third of the approached vessels agreed to carry an observer within the 
given timeframe (Figure 2). In 2013 did the stock start to suffer from growth problems and 
the fishery deteriorated. This resulted in less willingness to bring observers. Two years later 
were the LO implemented and the response from the industry were that none of the 
selected vessels were willing to bring observers. Sweden had to return to an ad-hoc based 
vessel selection procedure. The overall result of the sampling was however poor and 
Sweden could for the first time not deliver any data on discards to the stock assessment 
working group. This resulted in the development of a new system and more support to the 
institute carrying out the sampling from the authorities managing the fishery. Vessels that 
have been selected for sampling does now risk a fine if they do not bring observers. This has 
resulted in an improved success rate. The main reason for unsuccessful contacts is presently 
that vessels have a low activity in the fishery. The new system has so far been successful but 
it needs to be evaluated if it has introduced new sources of biases. The first conclusion on 
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consequences of the LO on the Swedish sea-sampling programme is that we can´t rely on 
vessels to participate on a voluntary basis. 

 

Figure 2. Showing planned number of trips to be sampled as well as number of trips sampled in the Swedish at-
sea sampling programme 2006-2017. a) vessels selected on an ad-hoc basis, b) introduction of random 
selection of vessels to sample, success rate approx. 33%, c) fisheries start to deteriorate, success rate 10%, d) 
introduction of landing obligation, success rate almost 0%, return to ad-hoc sampling e) introduction of a new 
system where it is mandatory for vessels to participate in sampling, random selection of vessels, success rate 
approx. 33% due to few vessels in the fishery. 

A second consequence of the LO is that is it difficult for the observers to assess if the cod 
below MCRS is landed or discarded, as discarding can happen at any time during the fishing 
trip. There might also be an observer effect, where more undersized cod is landed when 
observers are onboard. If, or to what degree, the undersized cod have been discarded is 
highly variable between observed trips. Discarding is an illegal act but it is assumed to be 
ongoing (Figure 1). A comparison of data (2015-2017) obtained though the at-sea sampling 
scheme with the official catch statistics (logbooks and sales slips) indicate underreporting of 
cod below MCRS in the official figures. Estimates from the sea-sampling programme show 
that 15-18% of the cod in the catches are below MCRS while the corresponding figures from 
the catch statistics is 2-4%. The difficulty for the observer to assess if caught undersized cod 
are discarded or not and the potential observer effect have led to a change in raising 
methods for the observed data. Instead of raising discards as such are we presently raising 
cod below MCRS based on the sampled trips. To estimate discards do we then deduct the 
landed undersized cod. 

The second conclusion on consequences of the LO on the Swedish sea-sampling programme 
is that major changes in management measures such as the LO has an impact not only on 
the sampling but also on the raising of data. 

___________________________________________________________________________ 
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The goal of selecting vessels and deploying observers is to obtain data from trips that are 
representative of the fishing activity. Nevertheless, vessel selection is one of the major sources of 
bias for on-board sampling programs worldwide. Based on different ICES groups recommendations 
such as WGCATCH, SGPIDS and WKPICKS, IEO moved towards a probability-based approach in 2016 
to reduce potential bias. This work presents results obtained in the sampling of the bottom trawlers 
operating in Northwestern Iberian waters -ICES Divisions VIIIc and IXa North- and discusses some of 
the metrics that can be used to assess at sea monitoring programs. Results show improvements 
regarding representativeness and coverage. At the same time, it’s also noted some difficulties to 
fully implement the new approach due to practical constraints. 

The Spanish on board sampling program coordinated by IEO has been traditionally developed thanks 
to the collaboration of vessels and fishing associations. In 2016 the selection of vessels changed from 
a previous ad-hoc selection -more likely to produce bias- to a random selection with replacement. 
List was generated based on the register of active vessels in the fishery to minimize sampling frame 
errors. The protocol included the full registration of responses into 6 categories including 5 different 
types of non-responses: 1-Affirmative, 2-Industry declined, 3-Not available, 4-Observer declined, 5 
No answer, 6-No contact details. 

The goal of this work is twofold. First, to analyze the bias produced by both at-sea sampling designs, 
i.e. the old ad hoc design and the new random design. And secondly investigate differences within 
the different type of responses received in 2016. In case of detecting bias, the aim is to obtain an 
understanding of the reasons explaining that differences thus allowing us to eliminate this bias of old 
or future estimates. 

Our study fleet is the Northern Spanish coastal trawl fleet, which operates in ICES Divisions VIIIc 
(Cantabrian Sea and Northern Galician waters) and IXa North (Southern Galician waters). This fleet is 
made up of boats using two main gear types, the bottom otter trawl (OTB) and the bottom pair trawl 
(PTB). It lands around 50.000 tons per year, deploying an effort of about 15000 days per year (Figure 
1). 

Bias was analyzed by comparing the landings registered in logbooks for the sampled trips against the 
total of unsampled trips to check if sampled units were representative of the fishery.  

Regarding our first objetive, results show a significant difference between sampled and non-sampled 
vessels in 2015 that no longer appears in 2016. This represent an improvement in 
representativeness associated to the protocol of selection. As a derive result, the percentage of 
unique vessels sampled fishery increased from 19.8% in 2015 to 27.1% in 2016. This is a well known 
quality indicator and is in fact part of the new quality context which is used to evaluate national 
sampling programs under the current EU data collection framework. 

In a second stage, the different 6 categories of responses were analyzed. The compliance of the 
random selection procedure was addressed with a 43% of affirmative answers, while direct refusals 
were only 9,4%. Deployment bias was mostly affected by temporal unavailability of the vessels –
mainly lack of space—. In this case, significant differences within the different 6 categories were 
found in 2016 thus indicating non-responses were behaving differently. Pair wise test found 
significant differences between “affirmative” (group 1) and “not-available” responses (group 3). This 
unexpected result with not-available group could be reflecting a potential failure in the way fleet 
answers and responses are registered.  

Deeper differentiation of responses categories could be needed and changes to distinguish real non 
availability cases are envisaged. Quality indicators and bias test based on logbook information 
should be included as periodical diagnostic tools within the sampling procedures. These kinds of 
diagnostics become more relevant in the context of European on board sampling programs, where 
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scientific institutes have to provide discards estimates and are currently facing a new scenario with 
the implementation of the landing obligation. 

Figure 1. Days at sea for the studied trawl fleet (mean 2015-2016). 

 

___________________________________________________________________________ 

 

Open Discussion Session 

Q - I think this is directed at Chad and Jose. Regardless of human or EM there is obviously an 
observer effect on extreme side you have Alaska groundfish fishery where you have 
instances of water holes or pre sorting of halibut or salmon and on the mild side you might 
have modest changes in operation or a different technique is as a couple you pointe. The 
only place I've seen where it seems like there just a simple solution addresses the 
Hawthorne effect. And Steve can correct me if I'm wrong but the Australian gummy shark 
fishery gillnet fishery there is a 100 percent observer coverage. You sow obviously there is 
no bias if there is less opportunity for bias if everyone is covered. That does not equal for 
everyone. But the one aspect that I don't think any of the speakers addressed and it is 
important and that's the issue of biased observers. There are observers that are selected 
more often by the industry. If it's not a randomized process and they go out on vessels more 
frequently than other observers and there's kind of an unwritten understanding that you 
know that they're providing information that should be considered suspect  You know how 
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do you deal with the bad apples that give all the observers a bad name ultimately and 
provide data that is not true is not honest. 
A - The last part of your question on observers. It's not something that we face in our 
programme because we are using our own team sampling team and we are not dealing with 
people from a company with the industry. Our team is belonging to the institute and is only 
working for us.  
A - Chad Demarest: Way outside the scope of at least that portion of the work that I was 
trying to talk about which is obviously on the vessel side. When you start to dig into the 
quality of observer data the mind starts to boggle or at least it should because observer data 
is really heterogeneous it's going to depend on the estimation method like you said it's going 
to depend on the observer could depend on the interface of the observer in the vessel. I think 
there are probably techniques to look at that. That's a very involved process but it's 
important work and I hope that somebody in this room other than me takes it up. 
 
Q - My question is to Chad and to Anna. Assuming the unobserved trip the data you was 
from the logbook. The data from the unobserved trip did they come from the logbooks 
information – self reported? 
A - The information from the unobserved trips is dealer data. 
 
Q - I noticed you had been looking at data and similar analysis in the southeast comparing 
observer chips versus what is reported in the logbooks which means something similar to 
dealer data. In the self reported data I saw that you looked at you know before catch shares 
and after catch shares. To me one of the first things to start looking at is that unobserved 
trip data changing over time as well due to management practices. I'm wondering if you 
examine that at all in your analysis when you compare the unit prep versus the observed 
trips. 
A - I think that's going to be tricky to tease out because of the regulatory impacts. The things 
that are going to drive behavior change are hard to isolate. It's not just the presence of an 
observer it's the regulatory changes. I suspect that there's ways to get it right. I don't have a 
great answer for you ready for sure. But I think that's a really good question and I think that 
it's unanswerable question.  
 
Q - Okay well that's the reason that I asked is I'm dealing with the same issue in the 
southeast and I was wondering how you might have approached that because I'm seeing 
changes in self reported data and it kind of hearing back to help management is changing 
and the industry will report some differently depending on how the management may be 
driving it one way or the other. That data is biased then it becomes hard to compare it with 
the observer data. So you have all these biases you know conflicting against each other. 
A - But isn't that the important point though that at the end of the day we need to 
understand how representative the observer data are for the intended purpose when talking 
about estimated discards. But there's also this compliance aspect to it for illegal discarding 
of legal sizes fish. The aspect of content reporting of changes in reporting over time still 
might lead to a regulatory responsive increase of observers or altered technologies.  
 
Q - For decades I have been working with observer data in different Argentinian fisheries, 
and regarding to discards I have noticed differences that can be considered when analyzing 
the causes of bias in the estimates of discards. These differences show a direct relationship 
between the amounts of fish discarded and the CPUE or yield. When CPUE increases 
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discards also does it, both for target species and for accompanying fauna (bycatch), 
increasing the discard of larger sizes of fish compared with when the CPUE is lower. 
A - Certainly when there are greater catches, discards tends to be greater due to restrictions 
to keep all the catch onboard. However, other causes that may cause discards must be 
considered, including quota limitations in multi-specific fisheries, where different species of 
accompanying fauna (bycatch) are at the same time target resources for other fisheries. In 
those cases it is possible that the discards are not necessarily caused by the amount of catch, 
but rather by the impossibility of retaining bycatch on board (due to quota restrictions). In 
Chile the main limitations are the catch quotas for the species of accompanying fauna 
(bycatch). We are currently studying how to modify the percentages of authorized bycatch, 
to allow (improve) their use. 
 
Q - In Argentina there are still no provisions to manage the discard by quotas, but it is 
remarkable for example how even for allocated species (species with quota), which are 
targeted by a specific fishing set, their discards increase due to lack of processing capacity 
onboard. The fishing vessels fail to process everything they catch and often there is a 
remnant that is discarded 
A - In Chile, most of the discarded species are not bycatch species (accompanying fauna), 
they are actually target species. It is interesting then because the work that must be done to 
reduce the discard is to find the alternatives to try to encourage fishermen to use all the 
catches. Naturally, in Chile also occurs what happens in other countries, where fish is 
discarded by size as well. Fishermen try to retain the most valuable fish and generally these 
practices are concentrated on the target species 
 
Q - Question for Anna and maybe for Chad. If I understood the presentation correctly and 
you were talking about mandatory discards and prohibited discards and you know more 
about the mandatory discards of the prohibited discards. Is that correct. 
A - We estimate mandatory discards like that's what's collected for unobserved trips and 
then that's what we use to estimate discards for the unobserved trips. Prohibited discards 
we never see so but there are incentives on unobserved trips for them to exist. 
 
Q - So is do those types of discards have any relation to the retrospective pattern that's 
appeared and stock assessments for certain species and feel free to explain what a 
retrospective pattern is if there's something to it if it really off base don't worry about. 
A - Well I'm not a stock assessment scientists of retrospective patterns or out of my 
wheelhouse as well. Certainly there's potential that that's related to the potential bias in 
catch data from prohibited discarded not existing in those catch data. And there are other 
folks who are working on trying to kind of determine that but I'm certainly not the person 
that would know most about that. 
A - We're going through a process right now with New England groundfish looking 
specifically at the coverage rate the style of coverage whether it's technology or humans not 
humans aren't technical but I totally illustrates that whatever. And one of the things that 
comes up a lot is your question what is the relationship between monitoring and improving 
the quality of the stock assessment. So for those in the room that don't know what the 
retrospective patterns are they're being referred to it's just that our stock assessments for 
certain really economically important stocks have not performed very well over time. They 
don't seem to predict fish mortality rates etc. That could be related to problems in the catch 
data that could be related to problems with natural mortality or other changes that are 
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outside the scope of monitoring necessarily. I think the most important thing though and the 
thing that Annas shows and mine as well that these changes over time. If captains are 
responding to these incentives in ways that would make sense to an economist and to a 
small business owner that can have a profound effect on even small changes can have a 
profound effect on the assessment performance because of the way that age structured 
assessments work. But the other thing is that when we're talking about improving 
monitoring in groundfish. I personally feel like it's a bad idea to tie that to assessment 
performance because for example if you captured your mortality really well with 100 percent 
monitoring in the first year you would drive up in the assessment and crash the fishery and 
life would get really ugly for a lot of people. So that's really not that I look at the fairness and 
equity thing especially in a quota management fishery where people are paying for quota. 
The fairness and equity associated with not being able to or some people not being willing to 
take risks that others are other are.   
 
Q - This isn’t actually a question, I thought I would take up the challenge of addressing 
biases in observer sampling because camera has virtually 100 percent observer coverage for 
us in all fisheries. Actually on a lot of our vessels we have multiple observers, and for a 
number of years we have spent time requiring observers to record which observer recorded 
what data and we have done extensive analysis on it. And it kind of turns out like with 
captains, that observers don’t really like being watched either, and they actively try to avoid 
knowing who has done what, believe it or not. So the whole question of bias about 
observers and what they collect is actually pretty messy and not easy to quantify. 
 
Q - I have a question for Chad. I'm not sure if I understood are you actually modeling a de 
facto 30 % coverage rate when you're looking at unobserved observe them and observe the 
model. 
A - No I'm just taking the data as it's given and so you'll see the variance in this stuff blow 
out in the observer coverage goes down. So the pool of the observed relative to unobserved 
trips shrinks a lot. It was like 11 percent observer coverage realized in the most recent year 
because fishing is so variable. You'll actually see the 97.5 and 2.5 lines at the whiskers at the 
end of those box plots do overlap with zeros so those are not statistically representative 
results. But the trends seem to work out and I think that's mostly kind of a power driven 
thing. We just don't have enough data in with the low coverage rates we had more coverage 
trips we'd have more pairs in that oh you thing and varians which shrank on those 
estimators and I suspect that we'd have more solid results. 
 
Q - Okay so then do you see that observer effect sort of swap out as you increase observer 
coverage or do you see that the type that your metrics get closer together as far as what an 
observed trip looks like when the coverage increases. 
A - No I don't actually see any change in the central tendency I see just blowing out of the 
variance because at the lower end. But no I don't see that and I think there's a lot of reasons 
why because fishing is such a complicated thing not everybody has the same incentives. Not 
even in the same the same month of the same year with the same gear type have the same 
incentives. So there is a lot of washing out. So I don't see a change with respect to the central 
tendency and the observer coverage rate.  
 
Q - Just curious whether you guys who use observer data. How you examine the data in the 
first instance before you use it for reporting. It might depend on the fisheries that you’re 
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involved in, but for example in New Zealand we do some trips where they fish 24 hours a 
day and we put two observers on and it’s still one observer trip. But often, same vessel we 
put one observer on. Now we get our observers to record the fact that when they are not 
on shift, cause we won’t let them work more than twelve hours a day. That figures they 
record are coded so we know those vessel figures. But it just gets really you know, you just 
say this is an observer trip and here is the data and they are quite different things when 
you’ve got a mix of observer recorded vessel collected data or information, particularly of 
effort, compared to all observed collected independent data and I’m just curious whether 
you guys ever considered factoring  that in or whether it is even an issue in your fisheries or 
programs. 
A - In our case and in my presentation data was based on official logbook data that of course 
work with our survey data to make estimations about fleet landings and discards. We do 
know the number and hauls that you are covering.  I could expect my team to be working 12 
hours per day. I know how many hauls they are covering within the trip and we use that 
information to raise everything to fleet level. I can compare as we are having the same kind 
of units for the official data.  
A - I mean I know that in our case the fisheries sampling branch does a lot of data cleaning 
and quality when they get the data from the observers and then so that happens before it 
goes into the database. But then when we use it I think it really varies depending on what 
you're using it for but like for example in the Northeast you know catch estimation methods. 
There's the gamut of lack of volume to volume estimation versus an actual scale 
measurement. And I think often times those are all just compiled and treated the same. Even 
though the accuracy and precision of those are very different. So I think it's something that's 
important to remember when using observer data is how heterogeneous it can be and I think 
often that that point does get lost.  
A - In Chile it has been difficult to have coverage of 100% of fishing trips with observers 
onboard (trips not hauls). Our study analyzed data from fishing trips where there was also 
an observer onboard. Trips without an observer were taken only as reference information in 
order to compare the level of information provided by captains and observers. There are 
indeed differences when there is an observer on board (observer effect), since the behavior 
of the crew changes. However it is difficult to quantify those differences or changes in 
behavior. 
By the end of 2018 EMS should start operating in Chile, and then the skippers will have to 
provide reliable information. These systems will promote the supply of reliable information 
by skippers. 
 
Q - I don't really have a question. More a comment to what has been put forward. In 
Greenland we have had discard ban for more than 30 years and we introduced the observer 
scheme 30 years ago because we discovered that we had a massive high grading problem in 
our shrimp fishery. Through the years we have collected catch information catch 
composition the vessel must report catch composition size groups of the shrimp's and that 
have enabled us to keep a very precise track of the performance of each vessel. That can be 
used now as what we call risk based assessment because we started out two to observers 
100 percent coverage. Now we're down to less than 50 percent coverage and with only one 
observer. When collects all these data you can measure the performance of the masters of 
these big shrimp vessels. A side effect is that you could also measure also measure 
performance of your observers and that would be reflected in the briefing of the observer 
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here. So, when you have established a system of data in your system here then you can 
keep a very precise track on the performance of each of the vessels.  
I apologize that I am slow because I want to have some remarks to students with previous 
panels. It strikes me that we should make more effort in explaining the fishermen that a 
more precise reporting of discards  and things like that can actually lead to any increase of 
the TAC and quotas. We have seen that when we got hold of our catch reporting in the 
shrimp fishery we were actually able to increase the TAC. And I know from the Barents Sea 
cod have also experienced that in the last five years the quotas have been increased 
because of the catch report. And I think also that the President of ICES mentioned that 
when you have the information from the fisheries that will be of benefit for the fishermen at 
the very end. 
 
Q - I'm thinking the presentations is really helpful to help think through this stuff. So I've 
heard a lot about how that vessel could potentially bias observer programmes and then 
some comments about how veteran observers could bias the observer programs. One thing 
that wasn't mentioned that I think in my opinion is a huge amount of potential to bias 
programmes is the weather and I was curious if any of the panelists thought about 
incorporating anything to do with whether into their analysis and to take it one step further. 
You know, you could you say while the weather happens on all trips so we just considered it 
that we had a wide enough sample size it didn't matter. But for example in New England 
some fishermen if the weather is bad and then they get selected for an observer that might 
be just enough to push them over the top and say I'm actually not going to take this trip. So 
there could be a bias on observed trips versus unobserved trips due to weather conditions. 
I'm curious if anyone accounted for that? 
A - I think that might fit under the rubric of a deployment effect analysis.  
A - It's true that was never used.  Weather conditions could be nice to have an to analyse. 
We have never seen any observer that was refusing to go on board any vessel because of the 
safety of the vessel nor because of the condition of the sea. As you could see in my analysis 
but it's through hat it could happen. It didn't happen. We don't have weather condition 
information data in the database. We don't have data metrological conditions. I have to say 
that I could imagine that to do something like that. You really need a good a very big pool of 
trips to analyse because when you start to take into account all the vessel characteristics, 
the law, the landings, the discards. I mean there are so many variables that you can play 
with that you get a little crazy with all the output and you need every time you stratify using 
one of them or you're trying to do something that you really need a good data set. That 
could be a problem 
 
Q - Thanks for the panel. I really appreciate the diversity of fisheries that you represent and 
the data that you're working with. So I'm going to put my question out to Marcelo at the 
Chilean hake fishery has something caught a question sort of getting at how the ground 
truth the difference between the reporting of what the captains are reporting and what the 
observers are recording. So Marcelo I was curious to know in your in your presentation you 
reported that captains don't report any hake discards so far and I'm wondering what do you 
attribute that to and what would you ground truth things. So what process are you using 
and can you reach out to these captains and ask them why is it just a new thing that they 
aren’t  doing or is there something more nefarious. What do you attribute your results to? 
A - In the case of the crustacean fishery, it has a strong interaction (bycatch) with common 
hake, a fairly important resource for several other industrial and artisanal fleets. As it was 
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mentioned at the beginning, the regulations and fear to sanctions induce the skippers of 
crustaceans fleets to not declare hake catches as bycatch (accompanying fauna). However, it 
is interesting they did not inform hake during the research project on discards, since by law 
during these studies it was allowed to declare all catches (including hake) without penalties 
or quota deductions, in order to know the real amounts caught without bias to subsequently 
adopt the necessary measures to reduce all discards.  
We all know that there is bycatch (accompanying fauna) in all fisheries and that bycatch is 
an inherent part of the fishing activity that must be reduced with, for example, measures or 
changes in selectivity. However, it will not be possible to reach zero bycatch. 
I do not understand why the skippers did not declare the exact information about bycatch 
during the study. It seems to me that their intention was to give the image of a clean fishery 
that had no effect on other non-target resources, especially when they actually have a direct 
competition with another important group of fishermen (common hake fishery). Regrettably, 
the quotas for hake were already established without good information on its bycatch in 
other fisheries and without the necessary adjustments that could have been made. Now the 
crustacean fishermen themselves have to adapt to the restricted quantities of hake 
(accompanying fauna) allocated for crustacean fishery, that they themselves declared (under 
reported) and that we detect during the study.  
 
Q - A follow up question. You said now they're going to you're going to start putting cameras 
on the boats. This is if there is a lack of reporting and then there's an eye on what they're 
doing and big change their reporting. This could cause problems. Just thinking about how to 
bring electronic monitoring in a way that has the fishermen willing to embrace rather than 
resist. I know that's kind of a hard question to answer quickly so we can talk later. 
A - From now on, fishermen are bound by law to incorporate EMS in their operations, it is not 
an option to want it or not. Who does not operate with EMS will not be able to fish. The 
discard reduction plans established are adaptable and can be improved as long as we have 
better information that EMS will provide.  
 
Q - This is a question for Chad and Anna. I know that in the Northeast you also help the 
industry funded scallop programme on its. Motivation putting an observer on those fisheries 
is very different than groundfish and I'm wondering if you have thought about or have 
analyzed any observer bias effect in the scallop fishery and if you have it or maybe in future 
analysis. 
A - I haven't done any work on that. 
A - So this is going a little further far afield from the work that I presented today but I'm also 
interested in the spatial aspect of observer bias and I was doing a lot of work on groundfish 
looking at that and one of my colleagues suggested I try to find a fishery that might not have 
a strong bias incentive and he said you should look at the scallop fishery and just to compare 
it to see if these results look substantially different. And so I did and I think this scallop 
fishery has a much different but also equally profound level of observer bias which is not 
what we expected to see and I didn't think a lot about that but I think it also might be mostly 
on the deployment side. I think that there are some incentives for spatial deployment that 
are different than the behavioral effects that I was looking at in groundfish. But again I 
haven't followed all that up yet. And so that's just kind of my initial inclination.  
 
Q - So here we've been mainly talking about the trawlers but I would also ask about long 
liners and this kind of bias for the large pelagic fleets and specially long liners when the 
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deploying observers. Many times conditions and the security of the vessels and by a vessel 
be the nice enough to get an observer onboard. In reality when we get to the information 
and for estimation of bycatches we get the information from the good boys from the fleet 
and we don't get any information from the bad boys from the fleet. So, I was just curious to 
know if the effect set at European level on strategy of selection of vessel in order to avoid 
bias in this kind of information or how we can address such a problem?  
A - Not sure I got everything of your question. I mean that things we now are doing in 
planning to deploy observers on vessels are that we generate in simple random selection 
from the list of vessels where all vessels are listed, meaning census data. We just randomly 
select the vessels to call for deploying an observer.  So we don't make any kind of 
assumption about the vessel history based on last year activity or on the vessel safety, 
nothing at all. We just go on as you have seen. We record every response from the skipper in 
order later to see what was happening if something is being hided. In the example that I 
showed in the case of 2016 we were very happy because the sampled vessels against the 
total fleet was not at all biased when comparing landing estimates. But as you could see also 
within the list of vessels there are six different categories we could find that something is not 
working for is not a available group. It is interesting to identify which vessels are they?  If 
they are behaving different in those cases when we are calling or in other cases when we are 
not calling them.  But, I mean my big surprise with this is simple analysis for us. It was so 
simple to do this from the very beginning just to create the list and not take nothing more 
into account.  
 
Q - This question is for Katja. So you talk about the impact of the landing obligation has had 
on your monitoring in some of the data that came out. But I think one of the biggest issues 
that is coming up in Europe is the impact on scientific advice in the stock assessment that 
goes after that  so my question is are you doing something, are you analyzing that or do you 
plan to do it in the future.? 
A - I think what I think what we are doing or are trying to do is keeping the scientific integrity 
of the data that we collect. And that's what we try and we got this collaboration with the 
authorities to grant ourselves access to the vessels. We tried to, instead of actually observe 
discarding instead of observe catches. This to try to avoid ourselves to observing to many 
illegal things because I really think when Europe is moving into the landing obligation the 
integrity of scientific data in particular those comes from the fleets it's one of the central 
things to try to keep. So that's in the line we're working but we are not 100% there but of 
course we need to look at other types of biases arising for this when it turns into more 
mandatory system.  
 
___________________________________________________________________________ 
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Low number of cooperative vessels: Can they conform to a reference fleet? 

Ana Cláudia Fernandes, Melinda Oroszlányová, Cristina Silva, Manuela Azevedo 
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Portuguese Institute for Sea and Atmosphere - IPMA, Portugal 
 
Introduction 
Major sources of bias on onboard sampling for fish catch data collection are related to 
vessel selection, catch sampling and changes in fishing behavior in the presence of 
observers. The Portuguese onboard sampling programme for the EU Data Collection 
Framework (PNAB/DCF), is based on a quasi-random sampling of cooperative commercial 
vessels. One of our concerns is related to the low number of cooperative vessels included in 
the sampling frame that is justified by several types of refusals. Representativeness of the 
samples is critical for obtaining accurate catch estimates and information about the main 
factors for mitigating by-catch. This study focuses on the otter bottom trawl fleet, 
comparing vessels characteristics and fishing activities using trips from the target fleet and 
trips from the sampling frame with and without observers on board.  
 
Material and Methods 
The analysis is carried out for the period 2012-2015 using data collected by the Portuguese 
onboard sampling programme, included in the National Programme for Biological Sampling 
(PNAB/EU/DCF), and data derived from logbooks and vessel monitoring system (VMS) 
provided by the Portuguese Administration (Directorate General for Natural Resources, 
Safety and Maritime Services - DGRM). The fleet selected for the study was the fleet size 
segment [24m-40m[ from the otter bottom trawl fleet targeting demersal species with cod-
end mesh sizes of 65-69 mm or ≥70 mm (OTB_DEF_>=65_0_0), operating off the Portuguese 
continental coast (ICES Division 27.9.a). A set of species was selected according to their 
importance in total landings weight from this fishery (representing around 80% of total 
landings): Merluccius merluccius (European hake), Trachurus trachurus (Atlantic horse 
mackerel), Micromesistius poutassou (Blue whiting), Trachurus picturatus (Blue jack 
mackerel), Scomber colias (Chub mackerel), Trisopterus luscus (Pouting) and Pagellus acarne 
(Axillary seabream).  
Variables included in the cluster analysis (trip) were the number of fishing days, number of 
hauls, quarter, ICES rectangle codes, total landings (all species), “Individual Vessel Quota” 
for hake and proportion of each species in total landings. Clusters of trips were identified 
using multivariate data analysis (CLARA). In relation to the observer effect, relevant 
variables in clustering were compared within clusters and, for trips with and without 
observers onboard, analyses were based on agreement rate by fishing zone, fishing pattern, 
landing profiles and proportions of species in clusters. 

Table 1. Summary of the data used in the analysis: Fishing (logbooks) and sampling 
(onboard) effort along with the number of observations (combination of trips/days/ICES 
rectangles). 
 

 
Results 
Multivariate analysis indicates two groups of fishing trips within the target fleet (cluster A 
and cluster B), persistent in the analyzed period, with distinct fishing regimes, total landings 

Year Number of trips Number of observations
Logbooks Onboard Logbooks Onboard

2012 4711 31 10829 46
2013 5243 27 12455 46
2014 5069 24 10997 35
2015 5294 26 12169 43
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and main landed species. The fishing grounds exploited during the sampled trips did not 
deviate from traditional fishing grounds (Figure 1). The mean agreement rate for the 
analyzed time period was 81% in NW, 62% in SW and in S of 60%.  
Figures 2 and 3 also show that no differences are found between the fishing activity of the 
vessels of the sampling frame and the vessels from target fleet as well as no observer's 
effect in sampled trips.  
 

 
Figure 1. Fishing effort distribution of the target fleet and of trips sampled from the 
sampling frame (black dots) along the fishing areas in 2012-2015. 
 

SW

S

NW
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Figure 2. Fishing effort by trip of the target fleet by cluster (A, B) for the period 2012-2015, 
and the median value of sampled trips (red dashed line). 

 

 

Figure 3. Species composition of landings within cluster for trips with and without observer 
onboard. Two left panels: Landing weight of dominant species in catches (80%); two right 
panels: Proportion of species in total landings. 
 
Final remarks 
Two different clusters of trips separated by characteristics/factors like fishing grounds, 
fishing effort, fishing season, management regime and target species were identified; they 
are spread along the coast and between quarters. Differences between clusters are mainly 
related to the landing profiles (Figure 3). The sampling frame includes trips from both 
clusters and they follow the same tendencies as trips from target fleet. The study also 
revealed that the presence of scientific observers onboard does not bias fisheries catch 
data. 
From 2018 onwards, the adoption of the sampling frame as a reference fleet for the 
Portuguese otter bottom trawl fishery will be considered. Also, the use of clustering to 
improve discards estimation in this fishery will be investigated. The possibility of applying 
this methodology/approach to the Purse Seine fishery will be analyzed.  
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Seabird interactions and catch in Alaska trawl fisheries – supplemental data collection 
revisited 
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Abstract Trawl bycatch in Alaska fisheries is an extremely rare event and challenging to 
monitor using standard observer sampling methods for species composition. New protocols 
were implemented in 2010 to monitor parts of the gear retrieval process which increased 
the likelihood of encountering seabird catch outside of the standard sample. Catch rates 
varied widely by target fishery and processing type.  Catcher-processing vessels (CPs) 
targeting Pacific cod in the Aleutian Islands (AI) had the highest catch rates.  Pacific cod 
motherships in the AI and deep-water flatfish CPs in the Bering Sea also had consistently 
high rates. When birds encountered in a supplemental sample were added to a subset of 
current estimates, the new estimate of total birds increased by nearly 20%. Supplemental 
sample data should be incorporated into the annual seabird catch estimation process.  In 
addition, current protocols for reporting supplemental seabird mortality on trawl vessels 
could be improved.  

Introduction 

Seabirds are sensitive to anthropogenic mortality due to their life history characteristics 
(e.g., long-lived, low fecundity).  Seabirds are attracted to fishing vessels due to discards of 
whole fish and offal and this dynamic may be related to time of year, target species and 
type of offal discharge.  Once in the vicinity of the vessel, birds may interact via vessel 
collisions, net cable collisions or net entanglement.  Alaska trawl fisheries currently account 
for approximately 691 seabird mortalities per year (2007-2015 average). Quantifying seabird 
interactions and mortality is more elusive in trawl fisheries compared to other fixed gear 
types such as longline because catch is less likely to be landed on the vessel or if landed, 
may not be encountered by the fisheries observer. Birds caught outside of the standard 
species composition sample are not currently included in the NMFS Alaska Region (AKR) 
estimates of birds caught.  The North Pacific Observer Program (NPOP) included additional 
seabird monitoring protocols in 2010.  We summarize seabird mortality using standard 
observer sampling and supplemental seabird mortality observations on trawl vessels and 
compare current fleet-wide estimates of seabird catch to estimates which include 
supplemental bird catch. 

Methods  
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Gear description: Trawlers in Alaska utilize the otter trawl, in which two warp (main) cables 
connect the vessel to trawl doors which keep the net open horizontally (Fig. 1). Net 
monitoring systems used by some fisheries add a third cable (wire) to the trawl operation. 
 
Fishery description: Alaska fisheries occur over a wide geographic range. Alaska trawl 
vessels may catch and process fish into frozen product on board (Catcher-processors - CP), 
catch and deliver their catch to either a shore-based processor (catcher vessels - CV) or an 
at-sea mothership.  
 
Data/Analysis: The NPOP supplied standard observer sample and seabird interaction data 
for 2010-2015. Observers deployed to 184 unique vessels and sampled 194,498 hauls. All 
bird catch was re-coded into 3 categories: included in standard observer sample; not 
included but could have been encountered by standard sampling techniques (e.g., found in 
factory bin outside of sample period); or not included and not likely to have been 
encountered (e.g., caught on cables)-supplemental sample. Mean # birds / 100 hauls 
calculated for standard and supplemental samples. 
 
Seabird catch comparisons: The NMFS Alaska Region (AKR) provided total retained fish and 
seabird catch estimates for all strata used for their fleet-wide extrapolation process.  
Seabird catch estimates from observer samples (including supplemental sample) were 
compared to AKR estimates for similar strata.  Comparisons were limited to CPs and 
motherships with all hauls sampled within each permit, trip, target fishery, management 
area and gear type combinations and when the sum of extrapolated observer estimates and 
AKR estimates were nearly equal (within 0.1) within the same strata.  
 
Results 

Bird catch and rates: Birds were caught in 0.14% of sampled hauls. Catcher vessels had the 
lowest bird catch rates whereas CPs had the highest. Pacific cod motherships and CPs in the 
Aleutian Islands and deepwater flatfish CPs in the Bering Sea (BS) had the three highest bird 
catch rates based on standard observer sampling whereas Pacific cod and rockfish CPs in the 
AI and deepwater flatfish in the BS had the three highest rates from the supplemental 
sampling sources (Error! Reference source not found.2). BS pollock and shallow-water f
latfish CPs have relatively low catch rates; however, due to the high effort by these fleets, 
overall bird catch is highest in these two fisheries.  
 
Seabird catch comparison: The subset of catch estimates examined accounted for 56% of 
the retained fish catch weight and 91% of the AKR estimated bird catch from 2010-2015. 
When supplemental birds were included by simply adding them onto the AKR estimate, the 
new estimate of birds increased nearly 20% to 3,124 total birds. Of this estimate, most were 
northern fulmars (Fulmarus glacialis; 72%) followed by shearwaters (Ardenna spp.; 13%) 
and Alcidae (8%).  No Laysan albatross were encountered in standard observer samples 
resulting in a zero estimate; however, supplemental sampling (without extrapolation) 
accounted for a catch of 44 Laysan albatross.  
 
Discussion 

Seabird bycatch estimates are currently underestimated since they are based only on 
standard observer samples. When birds encountered in the supplemental sample were 
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added to a subset of current estimates, the new estimate of total birds increased by nearly 
20%. Supplemental bird catch information could be integrated into the current seabird 
catch estimation process by simply adding the supplemental catch that had no chance of 
ending up in the standard sample to the AKR estimates. In the future, it may be useful to 
explore the validity of estimates using ratio estimators that have more operational 
relevance to seabird catch such as trawl duration (time cables are a risk to birds) or tonnage 
and type of discard which may impact the number of birds attracted to the vessel and at risk 
of interacting with the gear.  
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Fig. 1 Generalized trawl gear diagram (Courtesy of K. Williams, NOAA Fisheries). 
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Fig. 2 Birds per 100 hauls for catcher processors by target and large geographic area. Error 
bars are SE on total birds per haul. 
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Survey sampling for fisheries monitoring in Brazil: implementation and analysis  
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Cabrera Namora4, Marcus Henrique Carneiro1  
 
1Fisheries Institute of São Paulo State (IP/SP) 
2Federal University of Rio Grande (FURG) 
3Brazilian Institute of Geography and Statistics (IBGE) 
4Foundation for Development of the Agribusiness Research (FUNDEPAG)  
 
Brazil is among the countries with difficulties in maintaining a permanent and reliable 
fishery data collection system. Among the reasons for this situation is the fact that the 
national fishing statistics have been heavily influenced by changing institutional and political 
arrangements over time (Dias-Neto, 2010, 2011; Lima-Green & Moreira, 2012). Several 
government institutions were granted the formal and uncoordinated assignment to survey 
and produce statistics of the Brazilian fishing industry. Consequently, periods of interruption 
in data collection in different regions and oscillations in collection and processing efficiency 
were quite common. Moreover, the use of administrative records such as logbooks and 
fishing licenses is hampered by the lack of both, maintenance and integration of systems. 
Although the nationwide fishing data collection and processing system has collapsed due to 
lack of funding, some states, including São Paulo, Paraná and Santa Catarina, currently 
monitor fishing activity using specific programs designed to ensure compliance with 
environmental licenses of the Petrobras oil and gas activities in the Santos basin. The need 
for a sampling program that is economically viable and can produce nationwide basic fishery 
statistics is therefore paramount.  
 
The census of fishing landing data carried out along the São Paulo coast during 2011 
(Mendonça & Miranda, 2008; Ávila-da-Silva et al., 2015) was used as reference population in 
order to simulate a probabilistic sampling program according to the methodology proposed 
by the official Brazilian Institute of Statistics, the “Instituto Brasileiro de Geografia e 
Estatística” (IBGE) (Lima-Green & Moreira, 2012). The fishing data were obtained through 
the Fishing Activity Monitoring Program (PMAP), coordinated by fisheries scientists from the 
Fisheries Institute of the Department of Agriculture and Food Supply of São Paulo State, 
Brazil. The objective of this work was to evaluate the differences between the results 
achieved by sampling in relation to the census data collection, expecting acceptable 
estimates along with an important cost reduction. In each sample, the total landed catch 
was obtained from the Horwitz-Thompson (HT) estimator. The average estimated total 
among the 100 sampling simulations indicated that HT was a good estimator of the total 
landed catch for most municipalities, with relative low bias   and high precision (Table 1). 
The low coverage of CI95 was attributed to the non-conformity of the Gaussian 
approximation used to build these intervals. The small number of possible sets of sampled 
ports (conglomerates) compromises the use of IC95 to evaluate the precision and the 
reliability of the estimates (Bussab & Morettin, 2012). Comparing the results of each of the 
100 simulated samples, we found that the set of sampled ports that provided the lowest 
RMSE (best quality) was not the set that provided the lowest monitoring cost. Estimated 
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catch by month, by fish categories and both (factors not considered in the sampling design) 
demonstrated that, as the level of required detail increased, the catch estimates became 
more biased and less precise. However, when compared to the 2011 true catches, the order 
of importance of fish categories based on estimated catches changed in some positions only 
after the fourth place (Figure 1A). 

 
 
The Figure 1B presented the monthly estimated catches for four of the 20 main fish 
categories landed in São Paulo State, each displaying a different situation: estimates with 
some variability and bias (Micropogonias furnieri), estimates with relatively large bias 
(Macrodon atricauda), accurate estimates (Opisthonema oglinum), and estimates with very 
large variability and bias (Cassostrea brasiliana). The best result of monthly catches was 
obtained for O. oglinum which had very precise and unbiased estimates since the vast 
majority of the landings and of the landed catch occurred in ports that had been allocated 
into the census stratum. Estimates failed for the Oyster (C. brasiliana) showing the 
limitations of a serve-all-type stratification plan. This results also shows the importance of 
having good knowledge about the ports before the stratification is defined. An enormous 
variation in landed catch for oysters was recorded based on sampled ports, while in fact a 
very specific port, which almost exclusively has landings of this resource, was part of the 
sample. This port had been wrongly allocated into a sampled stratum rather than included 
into the census stratum, causing distortion and overestimation of the landed catch after 
being expanded over the sampled stratum. 
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The cost reduction due to sampling was minimal in comparison with the census 
methodology currently in use on the São Paulo coast. This reduction was 11.2% when the 
set of ports of the lower RMSE sample was considered and 15.4% when the lowest cost of 
monitoring was taken into consideration when choosing the sample. This work 
demonstrated that fisheries monitoring costs are directly proportional to the required level 
of details and data quality. And also that the cost reduction achieved with an inferential 
fishing monitoring at the São Paulo coast might not compensate for the loss of accuracy in 
the final results, due to the high diversity of the fishing    activity in this region.  
 
The full scientific article of this work was published at the periodic Brazilian journal of 
Oceanography, 2016, 64(4):401-414. The continuation of this work includes the Bayesian 
(model-based) inference for finite populations sampling as an alternative to deal with the 
high diversity of fishing activity.  
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Use of Scottish Random Vessel Selection to Monitor Bias  

James Dooley, L Clarke, A Pout, S Sweeting. 

Marine Scotland Science 

The Scottish scientific observer programme is nearly in its 30th year. Operated from the 
Marine Laboratory in Aberdeen (now part of Marine Scotland Science) it has collected 
discard and landings data from demersal species and crustacean species from various types 
of trawl fishing boats around the Scottish waters. From 2015 the monitoring scheme has 
also incorporated observers operated by the Scottish Fisherman’s Federation (SFF). 

The scheme is a stratified design with all vessels selected according to a random vessel 
selection forms, completed by each observer prior to the commencement of the trip. This 
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meets a key requirement of the estimation process, allows for the correct calculation of 
measures of variance and the recording of non-response and refusal rates. This random 
element has made the sampling by observers more representative and has also had 
profound effect in the amount of new boats sampled. The monitoring of selection of 
individual observers has also led to a reduced amount of revisits to boats. The other effect 
of this randomisation has led to an increase in the profile of the scheme which has led to a 
much reduced refusal rate over the last 2 years. With further development of this 
programme it would be our goal to reduce future bias in the way we select vessels from 
fleets. 

___________________________________________________________________________ 

Monitoreo de flotas chilenas de cerco a través de observadores científicos y bitácoras de 
autorreporte: Implicancia del origen del dato en las estimaciones de captura y descarte  

Rodrigo Vega 

Instituto de Fomento Pesquero, Valparaíso, Chile 

Se cumplen tres años desde el inicio del Programa de investigación del descarte y captura 
incidental en flotas de cerco que operan en la zona centro-sur de Chile. Se analizaron los 
resultados y se hicieron recomendaciones para la confección de un plan de mitigación. 

Las flotas en estudio correspondieron a una industrial, constituida por 34 naves mayores 
que orientaron sus actividades sobre jurel (Trachurus murphyi) y/o a la pesquería 
multiespecífica de sardina común (Strangomera bentincki) y anchoveta (Engraulis ringens), 
pudiendo pescar en zonas oceánicas (jurel) y costeras desde 32°10’ LS hasta 43°44’LS. La 
flota artesanal (semi- industrial) con más de 500 embarcaciones, sólo operó sobre sardina 
común y anchoveta, en zonas costeras cercanas a sus puertos de recalada. La obtención de 
información fue realizada a través de dos fuentes: (1) datos recopilados a bordo a través de 
observadores científicos y (2) datos obtenidos directamente de los pescadores mediante 
una bitácora de autorreporte, con información de cada lance y viaje de pesca. 

Los resultados mostraron un patrón diferenciado en las estimaciones de captura total y 
descarte, dependiendo del origen del dato. En las estimaciones de captura total, no se 
observaron diferencias significativas en los estratos año y región, tanto en la flota artesanal 
como en la flota industrial de sardina común y anchoveta. Sólo se observaron discrepancias 
en la flota industrial que operó sobre jurel, con diferencias principalmente en 2016 y 2017. 
En cuanto a las estimaciones de captura descartada según el origen de la información, 
siempre se observó una mayor estimación de captura descartada con los datos de 
observadores científicos, destacándose la magnitud de esta diferencia en la flota industrial 
de jurel, 

la que alcanzó en 2017 entre 1,1% y 16,7%, con datos de autorreporte y observadores 
respectivamente. 

Las diferencias observadas en las estimaciones de descarte desde las dos fuentes, pueden 
ser explicadas principalmente por la desconfianza de los pescadores en el uso de esta 
información, ya que el descarte estuvo prohibido y penalizado históricamente hasta la 
implementación del programa de investigación. Estimaciones de captura y mortalidad 
incidental, sólo pudieron ser realizadas con datos de observadores científicos, mientras que 
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otros indicadores biológicos como riqueza de especies fueron mejor representados por 
datos entregados por los pescadores. Se destaca la complementariedad de la información 
desde las dos fuentes, sobre todo al momento considerar toda la información disponible 
para plantear las medidas de mitigación. 

___________________________________________________________________________ 

Estimación de la Pérdida de Fluidos de anchoveta desde su Captura hasta su Desembarque 
a bordo de Embarcaciones Pesqueras del litoral peruano  

Manuel Ochoa Madrid, Pablo Marín, Marilú Bouchon, Julio Limache, Gersson Roman, 
Cecilia Peña 

Instituto del Mar del Perú (IMARPE) 

En una pesquería pueden existir importantes diferencias entre las cantidades en peso que 
son capturadas y las que son registradas oficialmente en las estadísticas (desembarque). 
Estas diferencias, pueden deberse entre otros a la pérdida de fluidos que pueden sesgar de 
manera significativa la evaluación del stock y las medidas de manejo derivadas de ella. Estos 
fluidos, conocidos como sanguaza, son generados por efectos de manipulación o 
almacenamiento (la presión, temperatura del ambiente, la degradación de enzimas o 
proteínas, entre otros). La cantidad de líquidos que se pierde durante las actividades de 
pesca, depende de la distancia del área de pesca al lugar de desembarque y de los 
volúmenes de captura. Este último, a mayores capturas se genera una mayor presión sobre 
las capas inferiores de la bodega ocasionando una mayor pérdida de líquidos. 

En el Perú la pesquería industrial de anchoveta tiene un rol importante en el desempeño del 
sector pesquero en general, por este motivo, en los últimos años se viene realizado especial 
esfuerzo en la investigación de datos no cuantificadas necesarios para la formulación de 
políticas pesquera. 

Con el objetivo de estimar la perdida de fluidos en la pesquería industrial de anchoveta en el 
litoral peruano, se realizó el análisis de la información de las capturas reales obtenidas a 
bordo de embarcaciones pesqueras mediante el Programa Bitácoras de pesca y las del 
desembarque oficial atreves del Seguimiento de la Pesquería Pelágica de Instituto del Mar 

de Perú, caracterizándolas por tipo de flota (embarcaciones de acero y de madera) y a 
través del tiempo, para el periodo 1996 – 2016. Observándose que durante la época de la 
carrera olímpica (2005-2008), la pérdida de fluidos presentó un importante nivel de 
variabilidad hasta aproximadamente 12% en las embarcaciones de acero y cerca al 10% en 
las de madera, esto debido a que el exceso de flota pesquera obligaba a pescar más en el 
menor tiempo posible lo que ocasionó que llegara demasiada pesca a las fábricas con 
demoras de más de un día en la descarga y aún más en el procesamiento, produciendo 
pérdidas de mayor cantidad de líquidos. 

Con la introducción de las cuotas individuales IVQ en la pesquería industrial de anchoveta, 
se incrementaron las temporadas de pesca y disminuyeron considerablemente el número 
de embarcaciones, realizándose las descargas en menor tiempo con menor pérdida de 
fluidos. 

___________________________________________________________________________ 
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Session 6 - Harmonizing and standardizing monitoring programs 
 
Leader: Elizabeth Chilton 
 
The harmonization and standardization of at-sea monitoring programs are key for 
maximizing data quality, particularly if the data from these programmes are shared and 
pooled between countries, regions and stocks. Examples of this are the disparate at-sea 
monitoring programmes in the U.S. and EU and their common data uses. Co-ordinated 
approaches reflect the diverse needs of regional/national observer programs while 
achieving consistency in key areas of importance, such as funding, safety, health and data 
quality. This session reviewed and identified the best practices adopted in national and 
regional programs and explored various approaches for coordinating observer programs. 

___________________________________________________________________________ 

Oral Presentations - Extended Abstracts 

 

A review of the harmonised standards between Tuna RFMO Transhipment Observer 
Programmes. 

Steven Young 

MRAG Ltd 

In light of concerns that transhipments on the High Seas may be used in tuna laundering 
operations, a series of programmes to place observers on vessels which tranship with tuna 
longliners were established by RFMOs – by ICCAT (International Commission for the 
Conservation of Atlantic Tunas) in 2007 and by IOTC (Indian Ocean Tuna Commission) and 
IATTC (Inter-American Tropical Tuna Commission) in 2009. The ICCAT and IOTC observer 
programmes have been managed by a consortium between MRAG Ltd and CapFish since 
inception, and the IATTC programme is managed by MRAG Americas. 

The scope of these programmes is geographical, with ICCAT, IOTC and IATTC covering the 
Atlantic, Indian and eastern Pacific respectively. In addition, observers have also worked 
under the remit of CCSBT (Commission for the Conservation of Southern Bluefin Tuna) since 
its establishment in 2010. In contrast with the RFMOs, the scope of this programme is 
species-specific. As the geographical range of Southern Bluefin tuna falls within all three 
oceans, observers across all programmes are able to act as CCSBT and RFMO observers 
simultaneously. 

Due to the similarities across programmes in terms of working conditions and programme 
objectives, the observer’s role and working practices are also very similar. Observer roles 
include: 

• Monitoring transhipment of products 

• Product Counts 

• Weight estimates 
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• Species verification 

• Verifying transhipment details 

• Location 

• Vessels involved 

• Countersign transhipment document 

• Fishing vessel inspections 

• Confirm vessel markings are correct 

• Check presence of Vessel Monitoring System (VMS) 

• Check vessel possesses a compliant fishing logbook 

• Check vessel possesses a compliant fishing licence 

This enables many opportunities for harmonising the management and implementation of 
these programmes. The similarities in role enable observers to be cross-trained as ICCAT, 
IOTC and CCSBT observers simultaneously, with training in practical aspects of the job such 
as pre-sea safety inspections of carrier vessels, monitoring transhipments, conducting 
fishing vessel inspections and health & safety (both general and transhipment-specific) 
being almost identical. Background information, for example on the role of observers and 
the RFMOs in combating IUU, also introduces concepts common to both transhipment 
programmes. 

Topics covered by the training course include: 

• IOTC and ICCAT 

• Informs observers about the organisation, role and responsibilities of these two RFMOs 

• Regional Observer Programmes 

• Introduces observers to the framework of the Regional Observer Programmes 

• Tuna Biology 

• Review of the biology and catches of significant tuna and tuna-like species 

• Longline fisheries and transhipment operations 

• Review of the vessel types and operational procedures 

• Conservation and Management Measures 

• Review of IOTC Resolutions and ICCAT Recommendations relevant to transhipment 
operations 

• Observer Code of Conduct and the Memorandum of Understanding 

• Describes the reciprocal rights and responsibilities of observers, operators and observer 
suppliers 

• Health & Safety 

• General review of health & safety, plus transhipment-specific issues and conflict 
resolution 

• Transhipments and IUU 
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• Introduction to general and transhipment-specific IUU issues 

• Deployment Cycle 

• Review of transhipment deployment processes, from initial notification of deployment 
to debriefing and report submission 

• Tuna, bycatch and product identification 

• Identification of transhipped products, practice of fish counts using videos of real 
transfers, and training in the specific requirements for CCSBT 

• Fishing vessel and compliance reporting 

• Full inspection procedures for both IOTC and ICCAT 

• Data Recording 

• Data recording on data forms and database, generation of the final report and handling 
and labelling of photos 

• Language and cultural awareness 

• Training in the Japanese language and general cultural issues 

• Administration and finance 

• Invoicing and contracts 

• Final Exam 

Programme implementation is also harmonised across programmes. IOTC and ICCAT notify 
deployment requests in a similar fashion and many vessels operate in both the Atlantic and 
Indian Oceans, facilitating liaison with operators and agents common to both. This also 
enables crossover deployments in which observers remain on vessels whilst moving from 
one ocean to the other, leading to greater efficiency in logistical planning and flights. For 
example, during 2016, twelve out of 70 IOTC deployments (17%) were crossovers either to 
or from ICCAT.  

Reporting requirements are standardised, with both IOTC and ICCAT receiving reports every 
five days summarising transhipments observed. These were formerly emailed to the clients, 
although more recently an online submission system has been introduced to which outputs 
are uploaded, and then downloaded by the client. The final report is also produced to a 
common template. Data is recorded in a database from which deployment outputs can be 
exported. Database design is very similar for both programmes because the data required 
for each is so similar. 

In summary, there is a great deal of harmonisation in all aspects of the IOTC, ICCAT and 
CCSBT observer programmes, which can lead to greater efficiency in management and 
implementation. 

___________________________________________________________________________ 

 

Implementation of regional and pan regional fisheries data collection programmes by the 
countries within the European Union – challenges and opportunities 
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Dalskov, J. 

National Institute for Aquatic resources, Technical University of Denmark. 

The European Commission and the EU Member States Council of Ministers for Fisheries 
agreed in 2001 on establishing a Community programme for the collection of data in the 
fisheries sector that was implemented from 2002.  

In 2002 the EU had 15 Member States (28 MS from 2014) and several Member States (MS) 
are having several regional fisheries research laboratories. Many data collection operators 
are therefore involved. All laboratories have several decades of deeply-rooted data 
collection practices.  Among the operators these practices may not be comparable.  

Within the International Council of the Exploration of the Sea (ICES) a number of survey 
(fishery independent data collection) planning groups, with the tasks of establishing 
coordination, standardisation and quality ensurance procedures, have been running for 
years.  

For fishery dependent data collection no common standards were described nor 
implemented when the EU data collection regulation came into force. All the coastal EU MS 
have for decades have been collecting fisheries data and most MS had their own approach. 
There was no provisions in the 2002 data collection regulation obliging MS to coordinate 
and standardise their data collection. 

The ICES community which provides scientific advice on fish stock status and fishing 
opportunities for the North East Atlantic Region recognised, that without cooperation 
among the MS the quality of the data from commercial catches sampling would decrease. 
Thereby degrade the quality of the input data for the stock assessment analysis. Therefore, 
ICES found it necessary to establish a coordination forum and to seek to achieve some 
standardisation of collection of fisheries data.  

As a consequence of these needs the ICES Planning Group on Commercial Catches, Discards 
and Biological Sampling (PGCCDBS) was established in 2002.  This planning groups should 
implement the ICES Quality Assurance Framework to ensure that data sets and parameters 
supporting assessments and advice for the ICES area are based on i) statistically-sound 
sampling schemes; ii) correct and consistent interpretation of biological material such as 
otoliths and gonads; iii) technology that improves accuracy and cost-effectiveness of data 
collection; iv) comprehensive and easily sourced documentation, and v) efficient 
collaboration between PGCCDBS, ICES expert groups and other bodies in relation to data 
collection. 

The outputs of the series of PGCCDBS meetings and associated intersessional work such as 
workshops and exchanges formed an extremely valuable resource summarising current 
state of knowledge in Europe and worldwide. In many cases, a high degree of technical and 
scientific competence has been required for PGCCDBS workshops (such as sampling design 
and data analysis), and leading experts from Europe and overseas have been involved. 

The PGCCDBS focused on work completed since the last year, planned work for the current 
and next year, in the following topics which have formed the basis of the Terms of 
Reference: 
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• Stock-based biological parameters from sampling of fishery and survey catches (age, 
growth, maturity, fecundity, sex ratio) 
• Fleet/métier related variables (discards estimates and length/age compositions of 
landings and discards) and statistical design of sampling schemes 
• Data collection technology (hardware, and software such as WebGR and the 
Regional Data bases). 
• Implementation of the ICES Quality Assurance Framework 
• Addressing recommendations and requests for advice from ICES expert groups 
(including through PGCCDBS data contact persons), and RCMs. 
 

The EU MS around the Mediterranean decided to establish an equivalent to the PGCCDBS 
the Planning Group for the Mediterranean (PGMED).  The PGCCDBS met annually with 
PGMED for a joined meeting for two day and had parallel meetings for three days. 

Therefore, within the ICES community substantial effort and many workshops and expert 
groups with the aims of improving fisheries data collection have been conducted. 
Knowledge on how to run data collection programmes have been gained and common 
approached on statistical sound sampling schemes have been or are to be implement by 
some MSs.  

Since 2002 a large number of guidelines and manuals such as sampling manuals, age 
readings and maturity staging manuals have been made. In addition to this production 
sampling Methods  Workshops (26 since 2002), Age calibration workshops and otolith 
exchange programmes (75 since 2002) and Maturity staging workshop (14 since 2002) have 
been conducted.  

PGCCDBS related reports can be found at: www.ices.dk/community/Pages/PGCCDBS-doc-
repository.aspx  

In addition to the effort on standardisation a regional/pan-regional data base holding fishery 
dependent data was developed by DTU Aqua and handed it over to ICES in 2011. 

In the process of developing common data collection standards it was also realised that 
significant cooperation and coordination within each sea basin region and on pan-European 
level was needed. It was recognised that if common sampling design standards are 
implemented within a region possibilities of using other MS data are increased and a much 
more cost effective sampling programme can be implemented.  The EU Commission 
followed the effort carried out in ICES and by the MS.  The EU Commission and the MS’s 
agreed in 2004 to set up Regional Coordination Meetings (RCM) though without no legal 
basis. On the basis of work in ICES and the RCM’s provisions on regional cooperation and 
coordination in the revision of the regulation data collection regulation adopted in 2009 and 
further extended in the recast of the regulation in 2017.  

The present DCF adopted in 2017 includes provisions obliging MS to coordinate their data 
collection activities with other MS in the same marine region and to make every effort to 
coordinate their actions with third countries having sovereignty or jurisdiction over waters 
in the same marine region. To facilitate this regional coordination, Regional Coordination 
Groups (RCG) are established by the relevant MS for each marine region. The RCG’s are 
having the aim at developing and implementing procedures, methods, quality assurance and 
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quality control for collecting and processing data with a view to enabling the reliability of 
scientific advice to be further improved. In addition, regional coordination groups shall aim 
to develop and implement regional databases. 

The RCG’s have decision power but work on the basis of consensus.   

Lessons learned 

When carrying out commercial fisheries data collection in a sea basin and where a large 
number of operators are involved, significant effort in standardisation and coordination of 
the data collection is needed.  

When starting the process of standardisation and coordination one should not take anything 
for granted - not even simple things. Not even how to measure a fish. Is it total length or 
fork length?  

Further, remember the three T’s. “Things Take Time”. Especially when a large number of 
countries or operators are involved. To change habits takes long time – it takes years. There 
is a need for running and repeating age determination workshops and/or otolith exchange 
programmes in order continually to check consistency among the readers. Ensuring a 
constant focus on improving statistical based sampling schemes. 

Finally, a well working regional or multi-regional database and estimation system is a 
prerequisite. 

___________________________________________________________________________ 

 
A Plane Approach: Developing Electronic Monitoring in the United States 
 
Brett Alger 
 
NOAA Fisheries, USA 
 
Commercial fisheries increasingly are incorporating electronic monitoring (EM) into existing 
fishery-dependent data collection programs. Seven fisheries across the United States are 
using EM for catch accounting and/or compliance with catch retention requirements, 
including fisheries in the Northeast (Atlantic herring and mackerel, and groundfish), West 
Coast (Groundfish, Pacific whiting), Alaska (fixed gear groundfish and Pacific halibut), and 
Highly Migratory Species (HMS; Atlantic Bluefin tuna).  As these programs mature, and 
additional fisheries consider EM for their own data collection and monitoring, it is 
imperative that programs coordinate and make efficient use from the lessons learned to 
support emerging EM programs.  Moreover, in order to promote innovation and 
competition among EM service providers, managers must provide a shared set of standards 
and policies, while balancing regional heterogeneity and concerns from local constituents. 
 
NOAA Fisheries has made deliberate efforts to support the implementation of electronic 
technologies in fishery-dependent data collection. In 2014, a national electronic 
technologies working group (ETWG) was established to share information and coordinate 
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internal NOAA Fisheries expertise and ongoing work related to electronic technology 
development, implementation, and operational issues.  The ETWG provides a coordinated 
approach for addressing day-to-day requests, long range planning, budgeting, policy 
development, and challenges that impede progress related to EM.  The ETWG will be 
addressing issues relevant to EM programs around the world, including but not limited to:  
 

• EM program cost allocation 

• Video storage and retention requirements 

• Hardware and software 

• Video review and automation 

• Data collected from the imagery 

• EM service provider approval process and auditing providers 

• Imagery access and ownership 

• Imagery and data transmission 

• Writing statements of work 

 
The ETWG expects to find commonalities and differences across the EM programs in the 
United States in these categories, yet, will strive to develop best practices, minimum 
requirements, and/or national standards, while balancing unique fisheries and data 
requirements across regions.  NOAA Fisheries plans to have policies developed for several of 
these categories by the end of 2018.  We look forward to working across the regions and 
countries to move EM forward.  
___________________________________________________________________________ 

 

Electronic Monitoring - From Imagery to Data: Establishing Data Analysis Process 
Standards in the Western and Central Pacific Tuna Fishery  

Malo Hosken 

Pacific Community (SPC)  

There are over 600 longline and 257 purse seine vessels registered to operate in the 
Exclusive Economic Zones of the 22 Pacific Islands Countries and Territories (PICTs). While 
the Western and Central Pacific Fisheries Commission (WCPFC) requires 100% observer 
coverage of the purse seine fleet, only 5% observer coverage is required for the longline 
fleet and this target has proven difficult to reach due to a range of reasons.  

In an effort to address this gap, PICTs, regional and sub-regional fishery management 
organisations, non-government organisations and electronic monitoring service providers 
have been collaborating since 2014 on the implementation of electronic monitoring (EM) 
technology on tuna longline vessels. While some countries have taken the approach of using 
EM as a complimentary tool to existing observer programmes, others have considered using 
EM as stand-alone tool when it is either unsafe or unpractical to place observers on longline 
vessels they licence to operate in their zones.  
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In 2014, recognising the need for PICTs to implement EM as well as the need to establish 
documented policies and standards for this technology, the WCPFC established the 
Electronic Reporting and Electronic Monitoring Working Group. This specialised working 
group has since met once in 2015 and again in 2016.  
 
Recognising the need for process standards for the provision of longline operational 
observer data fields collected through EM systems, SPC facilitated a first regional EM 
Process Standards workshop in 201610. This workshop focused on the detailed data 
standards for EM by defining the scientific data fields and describing the business 
requirements in relation to those data fields.  
 
In 2017, a second regional EM process standards workshop held at SPC provided (i) revised 
draft EM longline process standards (ii) draft EM purse seine process standards and (iii) draft 
EM transhipment and unloading process standards. The purpose of establishing the process 
standards for EM is to provide guidance on how the agreed standard observer data fields11 
can be collected (or not) using EM. Both workshops focussed on the full range of Data 
Collection Committee (DCC) standards12 which SPC and FFA members utilise.  
 
This harmonisation approach with existing observer operational data field ensures 
continuity with the current observer data needs. In the future, this approach will allow 
having EM programmes established in hand with existing observer programmes and for 
observers to focus on collecting greater biological information and tissue samples.  
 
It is intended that through a variety of fora these drafts standards be refined and made 
available to PICTs and EM service providers and to the WCPFC ER Reporting and EM 
Working Group for its consideration. 

Since the first trial of EM on two longline vessels in the Solomon Islands in 2014, there are 
today 68 longline vessel, two purse seine vessels and one carrier vessel equipped with EM 
operating in PICTs zones. Having regionally agreed EM data process standards is a key step 
towards the efficient implementation of EM technology in the WCPO. 

___________________________________________________________________________ 

 

 

 

                                                             
10 https://www.wcpfc.int/node/27441 

11 The Data Collection Committee (DCC) standards which FFA/SPC members utilise and the WCPFC 
Regional Observer Programme (ROP) minimum data field standards which are mandatory for WCPFC 
members. 

12 http://oceanfish.spc.int/en/meetingsworkshops/dcc/444-10th-tuna-fishery-data-collection-
committee-12-15th-dec-2016 
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Harmonized monitoring in a disaggregated fishery 

Timothy Park  

Pacific Community (SPC), Fisheries, Aquaculture and Marine Ecosystems 

The Western and Central Pacific Ocean (WCPO) holds the world’s largest tuna fishery with 
its waters producing ~2,700,000 mt, or ~56% of the global tuna catch. The tuna fishery is 
composed of three industrial gear-types: purse seine (15 fleets, 257 vessels), longline (23 
flagged fleets, 666 vessels), and pole and line (25 vessels).  With other carrier and bunker 
vessels, about 1100 vessels are on the regional register of fishing vessels in the WCPO. The 
value of the fishery is USD5.3 billion, which provides almost USD500 million in access fees 
from foreign fishing vessels to fish in the waters of the small Pacific Island Countries and 
Territories (PICTs). The value of IUU fishing is currently estimated to be as high as USD616 
million, and this drives the compliance monitoring initiatives in the WCPO. The overarching 
Regional Fisheries Management Organisation (RFMO) is the Western and Central Pacific 
Fisheries Commission (WCPFC, 26 members, 7 participating states), though other regional 
organisations provide support to the PICTs. The Pacific Community (SPC, 26 members) is the 
science and technical service provider and regional data manager, and the Pacific Islands 
Forum Fisheries Agency (FFA, 17 members) supports regional coordination of initiatives in 
fisheries compliance, management and sustainable development. The sub-regional 
organization the Parties to the Nauru Agreement (PNA, 8 members), works to maximize 
financial benefit from PICTs from tuna fisheries.   

SPC, FFA and PNA provide the support to harmonise the geographically disaggregated PICTs 
national and subregional observer programmes. Harmonisation has been achieved through 
developing homogeneous training standards, which are recognized as a benchmark 
qualification for authorisation as providers under the WCPFC Regional Observer Programme 
(ROP). Regional data collection standards were established and maintained through the 
formation of a regional SPC/FFA Data Collection Committee (DCC). The observer data 
collected are stored in a central data warehouse that integrates data from different sources 
(Tufman2).  Coordination and cooperation among national and subregional observer 
programmes is promoted through an annual observer programme coordinators’ meeting 
(ROCW). These common features have allowed a federation of PICTs  programmes under a 
united label, the Pacific Island Regional Fisheries Observer (PIRFO) ‘brand’ that is commonly 
owned by all the PICTs observer programmes. 

Observers are an important monitoring tool used to collect independent operational data 
supporting fisheries management in the WCPO. However, since 2008, the role of fisheries 
observers has shifted from that of independent catch verification and scientific sampling to 
that where their role includes monitoring the implementation of, and compliance with, 
WCPFC conservation management measures (CMMs). In particular, one CMM that requires 
catch retention of target species and a FAD closure period for purse seiners, and verification 
of longline catches to meet flag-state-based catch limits for bigeye and yellowfin, specifies 
that observers monitor vessels’ compliance with the measure. This measure stipulates 100% 
observer coverage of purse seine effort (~2,000 observer trips p.a.), 5% of longline effort 
(~700 observer trips p.a.) and coverage of all high seas transhipments (~550 transhipments 
p.a.). The 15 observer programmes of PICTs provide the majority of observer services for 
flag-states to meet these requirements. PICTs programmes expanded rapidly to benefit 
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from the revenue and employment generated as observer service providers and there are 
now more than 800 active observers under PIRFO, providing significant revenue at the 
village level. Observing is a significant employer in many PICTs and national and regional 
cost recovery initiatives have created more of a business culture with national programmes 
operating as observer service providers to foreign fleets. 

The key challenges with respect to observer programmes in the region are the increasing 
use of observers to monitor vessels’ compliance with CMMs and the difficulty of achieving 
sufficient coverage for the longline fishery.  

The amount of data observers collect for compliance monitoring has increased with an 
increase in the number of CMMs pertaining to observer duties (14), since the advent of the 
ROP in 2007. There has been a corresponding decline in the number of biological samples 
collected by observers in the past three years. Observer coordinators have stated that this is 
due to observers having reached their limit of capacity to collect data owing to the 
competing roles of an observer to monitor compliance and collect scientific data and 
samples. 

The existing 5% observer coverage level has been shown to be too low for robust species 
composition estimates for even target species in the tropical and subtropical longline 
fisheries. (Lawson, 2004, 2005). Reliability estimates suggest an increase in coverage from 
5% by a factor of 2-4 times for target species and much more for bycatch species, if the 
coverage was evenly stratified. Unstratified coverage requires an even higher level of 
coverage.  

To improve coverage across all fleets the WCPO longline fishery has been stratified into 29 
‘fisheries’ by flag and area of operation. Flag-states must ensure 5% coverage across each of 
these ‘fisheries’ and report the coverage to the WCPFC. 

However in 2016, of the 29 fisheries, 17 met the 5% minimum coverage requirements, five 
had ‘insufficient (<5%) coverage and five had no coverage, two pairs of fisheries had also 
been combined in the flag state reporting (Williams, et al, 2017). Some of the largest 
(highest effort) of these ‘fisheries’ had ‘insufficient’ coverage.  Some of these operated and 
transshipped solely on the high seas, not returning to their homeport for up to 18 months 
and so were difficult to monitor using observers. 

Thus, there is a critical need to increase the level of monitoring coverage, more evenly 
stratifying coverage across all ‘fisheries’ and reducing the reliance on observers to collect all 
operational data, especially that pertaining to compliance. 

The dispersed and inaccessible nature of some of these ‘fisheries’ to observer deployment 
suggests alternative systems be examined to supplement the data currently collected. A 
complimentary monitoring strategy, integrating different methods, and creating scalable 
monitoring systems to provide the necessary coverage for all needs is required.  

Electronic-Monitoring (EM) is now being implemented in the WCPO longline fishery. Current 
initiatives are to standardise regionally data formats, data management and security, 
verification and validation processes, and to improve observer safety. However, there 
remains a perception of EM as an alternative to observers.  The current challenge in the 
region is to integrate these as distinct but complimentary tools and utilise the strengths of 
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each monitoring system to cross validate data quality for science, compliance and 
management. Defining each system’s data standards and protocols has been the first step 
toward an integrated at-sea monitoring system.  

A recent WCPO regional EM standards workshop recommended that observers and EM 
systems need to be implemented and coexist as cross-validating tools and as scalable 
systems to provide adequate coverage (Anon. 2017). 

This year’s PIRFO Regional Observer Coordinators Workshop (ROCW18) articulated the 
concerns of PICTs observer programmes with respect to the implementation of alternative 
monitoring tools. ROCW18 recommended: 

• an integration of monitoring tools is supported by an investigation of appropriate 
coverage levels for all data fields and is based on paired trip trials as to the effectiveness 
of all tools to collect each field;  

• to conduct a data needs analysis to specify what data fields are collected by each 
monitoring tool and how those tools can be used in a complementary manner;  

• to prescribe minimum coverage levels for each tool separately to avoid industry 
perception of a choice of alternative tools available; and  

• that the impact of new technologies on observers and observer training be assessed. 

This paper relates to WCPO fisheries data collection issues, opportunities and considerations 
in integrating observer and electronic monitoring systems to meet the needs of small PICTs. 
There is a difference in the rationale behind implementation of monitoring tools in the 
Pacific Islands. While a developed country’s considerations in choosing monitoring systems 
will tend to focus on efficiency and cost effectiveness, the developing PICTs’ consider the 
opportunities for vocational skilling, employment and long-term economic security from its 
principal resources as priorities. 

Limited capacity and resources in PICTs precludes adopting large nationally managed 
monitoring systems. Rather an integration of technologies, nationally and regionally 
supported, to build coverage to statistically robust or compliance-sufficient levels is more 
sustainable. 

Integrated systems do require clearly defined processes for quality assurance. Quality 
assurance processes includes verification (debriefing or data accuracy checking) and 
validation (independent cross-referencing) processes to use the strengths of all tools to 
improve the accuracy of the data overall. 

Finally, with adoption of new electronic technologies among PICTs there has been a 
temptation to automate collection of data for efficiency. However, it is important to 
consider the purpose of each data field collected when considering automation versus 
manual collection, as there may be value in fields with apparent innate redundancy, such as 
to verify or validate other data fields. 
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Open Discussion Session 

Q- - How did you get everyone to have standards and shared.  Technical and cultural side.  
Sustainable Development Goals – were they thought of?     
A - In the 1990’s in Denmark, we took a lot of time to develop. At ICES in 2011, countries 
agreed over time to join the database.  Logbooks were aggregated statistics by métier, just 
used for coordination of vessels and we developed agreements for data confidentiality.  By 
relying on each other, we ensure that no data on individual level can tamper with data.   
 
Q - On the topic of integration of technology into sampling methodologies, how do you 
bring harmony to programs across different regions?   
A - The focus is based on data product, the final output from the equipment technologies. 
Suggest that you don’t try to specify the exact piece of equipment to allow room for 
innovativeness rather than be too prescriptive.  Think of the data needs outside of an 
individual program to provide harmony and data equitability.  
 
Q - There has been a dramatic change in safety equipment on vessels, along with human 
right violations and maintaining safety standards. 
A - Safety equipment, Emergency Action Plan requirement, 2-way communication device are 
key.  2-way communication device on RFMO transshipment, have two uses 1) reporting an 
emergency and 2) an independent means of communication.  PLB’s are also being provided. 
Observers have the right to refuse if they feel they shouldn’t deploy on a vessel.  MOUs with 
operators that are signed and returned by vessels and used in international fisheries.  If there 
is a problem on the vessel with overloading the number of crew, the international observer 
program can liaise directly with the vessel and disembark crew.   
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Q - How are we sharing the lessons learned from the innovation with electronic monitoring 
to prevent much harmonization after the the data has been collected? 
A - The US is using small pilot programs and other equipment deployments, all in different 
states of of development along the timeline. Sharing best practices can help inform the new, 
upcoming programs so collectively we are not recreating the wheel.  Agree that it takes time 
to develop a new technology, sometimes you need a new generation to come in and 
acknowledge that everyone (vessel crew, data collectors, and data users) has to adjust to the 
changes. It’s also a good idea to replicate the best examples when applicable,  EM will be 
part of the observer scheme.  
 
Q - Indian Ocean Community – Artisanal fleet – observer coverage 0%.  Srilanka – gillnet.  
Standards for coastal fleets? 
A - We do have separate standards for inshore small and large.   
 
Q - More data harmonizing sounds good.  From political view, the ability of government 
involvement can either help or hinder this effort.   
A - In the Indian Ocean, countries with similar subsistence fishing programs tend to work 
better together.  Differing geopolitical views will make the outcome different, such as 4 to 5 
different coordinated programs can make things complicated, take you down different roads 
of program development. Suggest forming a block of countries with similar goals, as the 
process for buy in helps.  
 
Q - What about the future need for observer employment, with the belief that it’s cheaper 
to have EM. That’s not true in all parts of the world.   
A - Creating a cost benefits analysis in your program, observers may be a lot less per hour of 
data collected. For instance in the 100% in purse seine fishery, EM created employment 
opportunities that was not just about monitoring but also video review and equipment 
technicians. Shifting a skillset from an observer onboard to curating the data, deployed 
observers are not a risk and there may be more jobs with EM.  Experienced observers are 
needed to watch video.  EM will never replace humans; for  the collection of biological 
samples.   
 
Q - How do you evaluate the fisheries assessment and make sure that observer data is used 
in the assessment?   
A - Not all stock analysts can access fishery databases and that is a challenge. We seem to 
be on the right track, perhaps another 3-4 years to get there.   
 
Q - There are different goals in observer programs, what is common across all these 
programs to improve conditions for our people at sea? 
A - We need to focus on the cooperative nature of our programs with industry and data 
users.  The technical needs seem to be easier to resolve than the political issues. National 
legislation should be greatly improved, sending a message about support from government 
leaders. Fairly recently, we have improved insurance standards for observers.  NAFO has 
done a lot with standardization of data collection, can be found on the NAFO website. 
Suggest that vessel inspections and enforcement become more efficient.   
___________________________________________________________________________ 
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Poster Presentations – Extended Abstracts 

 

Improvements in U.S. Fish Bycatch Data Quality: Tier Classification System Results for 
2005 vs. 2015 

Lee Benaka, Noelle Olsen, and Young-Woo Lee 

NOAA Fisheries, Office of Science and Technology, Silver Spring, Maryland, USA 

Bycatch occurs when fishing methods are not sufficiently selective for target species, or 
when take of protected species occurs as a result of fishing.  Total fishing mortality can be 
estimated only through methods to account for the magnitude of bycatch.  NOAA Fisheries 
documents bycatch levels in U.S. fisheries through the publication of national bycatch 
reports.  A tier classification system evaluates the quality of bycatch data and the reliability 
of estimation methods to develop bycatch estimates for selected U.S. commercial fisheries.  
NOAA Fisheries experts conducted this analysis in 2005 for 142 fisheries and in 2015 for 126 
fisheries.  The tier classification system defines its tiers as follows: 
 

• Tier 4—Bycatch estimates are based on observer program data collected on an annual 
basis for at least the past five years, with partial or complete sampling frames and 
negligible or nonexistent program design deficiencies. 

• Tier 3—Observer program data were collected over the past five years, although not 
necessarily on an annual basis, and sampling frames were either partial or incomplete. 

• Tier 2—Bycatch estimates typically were based on somewhat inconsistent or unreliable 
information (e.g., self-reported logbooks), but current or recent observer data may have 
been available for some of these fisheries. 

• Tier 1—Observer data were not available or have not been collected during the past 10 
years, or serious deficiencies or limitations in the design of the observer program were 
identified. 

• Tier 0—Bycatch data collection programs have not been implemented. 

 
Tier Classification System scoring criteria break down into the following categories: 
 

• Bycatch data adequacy criteria 

• Length of observer program (5 points) 

• Sampling frame (3 points) 

• Sampling design (12 points) 

• Design implementation (8 points) 

• Data quality control (5 points) 

• Industry bycatch data (2 points) 

• Supplemental data (10 points) 

• Database/information technology considerations (2 points) 
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• Bycatch estimate quality criteria 

• Assumptions identified, tested, and appropriate (10 points) 

• Peer-reviewed/published (8 points) 

• Statistical bias of estimators (4 points) 

• Measures of uncertainty (3 points) 

 
Fisheries that received a score of 0 were classified as Tier 0.  Fisheries that received a score 
of 1 to 31 were classified as Tier 1.  Fisheries that received a score of 32 to 48 were classified 
as Tier 2.  Fisheries that received a score of 49 to 65 were classified as Tier 3, and fisheries 
with scores of 66 to 72 were classified as Tier 4. 
 
Although all tier percentages changed between 2005 and 2015, the greatest changes were 
in Tier 0 and Tier 4 fisheries.  The percentage of Tier 0 fisheries decreased, and the 
percentage of Tier 4 fisheries increased, from 2005 to 2015 (see Figures 1 and 2).  The 
percentage of Tier 0 fisheries decreased mostly due to new pilot observer programs, and 
the percentage of Tier 4 fisheries increased mostly due to the restructuring of the Alaska 
Observer Program, which among other things addressed sources of bias related to observer 
coverage and expanded the number and types of vessels with observer coverage. 
 

 
 
Figure 1.  Tier classification scores for fish bycatch data quality in 2005 (number of fisheries 
evaluated = 142) 
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Figure 2.  Tier classification scores for fish bycatch data quality in 2015 (number of fisheries 
evaluated = 126) 
 
Among the evaluated fisheries that demonstrated improved Tier Classification Scores, the 
Gulf of Mexico shrimp trawl fishery moved from Tier 2 to Tier 3 due to improved scores in 
the areas of sampling design, design implementation, and data quality control.  The Bering 
Sea/Aleutian Islands pollock trawl fishery moved from Tier 3 to Tier 4 due to improved 
scores in sampling frame and sampling design.   
___________________________________________________________________________ 

 

Abstracts of presentations that did not provide Extended Abstracts 

 

Harmonizing and standardizing at-sea monitoring programs in the South West Indian 
Ocean: a challenge at regional scale  

Teresa Athayde 

SeaMOre - Individual Consultant 

The geographical configuration of the SWIO region, where coastal states EEZ limits merge 
together, all around Madagascar, obliges SWIO countries to coordinate Observers’ 
deployments with the industrial tuna fleets operating in their waters, to maximize Observer 
coverage. To exchange Observer data and maximize data quality National Observer 
Programmes (NOPs) need to harmonize and standardize data collection. Yet, such co-
ordinated approach demands a high level of political willingness and technical capacity both 
at national and regional level. An agreement signed in 2010 by the Indian Ocean 
Commission (IOC) member states, for the certification of state observers at IOC level, 
proved member states political willingness to co- ordinated such activities. 
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Since 2015 two studies where undertook, under the aegis of the IOC, to identify and 
overcome difficulties in harmonising and standardizing Fisheries Observers Monitoring 
Programs in the SWIO. Key barriers to harmonisation included: 1) A high disparity among 
NOPs Observer minimum recruitment requirements, Observer management, data 
verification and reliability; 2) a lack of regional standards for the training and management 
of observers, and 3) a lack of standard tools for the collection, verification, sharing and 
dissemination of observer data. Furthermore the existence of multiple observer initiatives 
targeting the industrial tuna fleet provoked great confusion among NOPs who see their 
Observers trained by multiple organisation in the usage of different data collection and 
storing tools. 

The absence of harmonisation concerning Observer recruitment, training and management 
requirements and the lack of standard data collection tools has proven to impede the usage 
of state observers at sub-regional level and the fair exchange/sharing of observer data 
among countries. The lack of coordination among organisations/programs sponsoring 
Observer initiatives is hampering observer management, increasing observer work load and 
hindering efforts towards the harmonisation and standardisation of at-sea monitoring 
programs, key for maximizing data quality. Furthermore the lack of coordination among 
different initiatives is conducting to a duplication of efforts and delaying the achievement of 
initiatives objectives. 

Recommendations where provided to harmonise efforts towards the standardization of at-
sea monitoring programs in the SWIO with the objective of achieving consistency in the 
identified key areas of importance, in a quick and efficient manner. 

1Comoros, France (Reunion Island), Madagascar, Mauritius and Seychelles. 

2Such initiatives are sponsored by research institutes, fishing fleets, regional projects, 
Regional Inter-governmental Organisations (RFO) and Regional Fisheries Management 
Organisations (RFMO). 

  


