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Executive Summary

 Most demersal species are caught together in mixed fisheries. This can cause
problems if a vessel does not hold enough quota to legally land all of the species it
catches. In the past this has meant that vessels have had to discard their over-quota
catches, but with the introduction of a discard ban for EU fisheries, this will no longer
be legal. Instead, vessels will be required to stop fishing once they have exhausted
one of their quotas. This could ‘choke-off’ their fishing opportunities for other stocks,
hence this is known as the ‘choke-species’ problem.

 The choke-species problem could have major economic consequences for the Scottish
fishing industry. For this reason, it is important to understand the factors that influence
the problem so that the issues can be managed in order to mitigate its impacts. One
of the factors that could influence choking is the process by which quotas are allocated
to vessels. This process was the initial focus of the current project.

 The objectives of the project were to describe the existing quota allocation process
then to identify possible alternative approaches and compare their effectiveness using
a model of the mixed fisheries of the North Sea. In practice, the focus of the project
was expanded so that it considered TAC-setting as well as quota allocation as the
initial TAC can also have a major influence on any problems with choke. At the same
time, it became apparent that the quota-allocation process is a managed in a very
‘hands-off’ way without any stated objectives about what it is trying to achieve. This
leads to practical difficulties in evaluating alternative approaches, so less emphasis
was placed on this aspect of the project.

 A TAC is set to limit the quantity of fish removed from a stock in a given year rather
than to provide the vessels exploiting the stock with sufficient fishing opportunities to
last the year. With that caveat, it is possible to identify aspects of the TAC-setting
process that can contribute to the risk of choking occurring. This project used a detailed
review of the TAC-setting process for the main North Sea demersal stocks in order to
identify these features.

 TACs are usually based on the results of catch forecasts which, in turn, are based on
the results of stock assessments. As a result, there is a greater risk of choke occurring
if a stock assessment is of poor quality or if there has been a lot of discarding of the
stock concerned as this will also influence the quality of the catch forecast. In addition,
if the fishing mortality on a stock is above the sustainability target value for that stock,
setting a TAC in order to reduce fishing mortality will also increase the risk of choke
occurring.

 Shares of EU stocks are allocated to EU member States on the basis of ‘relative
stability’.  The original basis for these fixed shares was established based on track
records of catches from the late 1970s. Within the UK, these quotas are allocated on
the basis of ‘Fixed Quota Allocations’ (FQAs) which, in turn, are based on catch track
records from the late 1990s. This means that initial quota allocations are fixed based
on fishing practices and stock conditions which may no longer be comparable with
current conditions.

 To get around the problems associated with quota allocations being based on past
fishing practices, a system of quota trading within the UK, and between the UK and
other EU Member States has developed. This allows vessels some flexibility to match
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their quota holdings to what they are actually catching. This has led to pattern of quota
trading that is relatively consistent from year to year for a given stock.

 A review of the patterns of quota allocation and trading for the main North Sea
demersal stocks is used to identify key risk factors for choke that are associated with
the quota allocation process. The main risk issues arise where the UK allocation of a
given stock is relatively small and/or there have been substantial changes in the stock
or fishery since the quota shares were established.

 The hake in the North Sea form part of the widely distributed Northern hake stock and
make a useful case study of the risk factors associated with choke. The stock is subject
to a full analytical assessment, and is fished at below its sustainability target level, so
these factors are low risk in terms of their potential of contributing to choke. On the
other hand, the amount of the total catch allocated to the North Sea is relatively small,
as is the share allocated to the UK. This is against the background of a large increase
in abundance of the stock, a northward shift in its distribution and changes in fishing
practice by the fleet so they fish in deeper water than previously. All this means that
vessels in the northern North Sea now encounter much higher abundances of hake
than would have been the case when relative stability shares were established. This
leads to a high choke risk and a high degree of trading-in quota from elsewhere.

 The Fcube mixed-fishery modelling works by translating scientific advice on catches
into the amount of effort it would take each fleet to take its quota share of the total
catch. The model was adapted so that it could be used to look at the process of quota
allocation and trading. Two runs were made to compare the current situation of quota
trading against a hypothetical case where no trading occurred. The results of these
runs indicate that the current system of quota trading is rather effective in mitigating
choke risk.

 The work on the identification of choke risk factors for North Sea stocks summarised
here is no being applied more generally to develop a risk framework for the
identification of choke risks across all stocks of UK interest. This will allow both the
highest risk stocks to be identified as well as the potential causes of any choke
problems

 Future research could extend the risk framework by addressing the biological aspects
of a stock which influence its potential choke risk. This would be of long-term relevance
in relation to issues like fleet capacity and sustainable exploitation.
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1 Project overview

1.1 Project details

The following report summarises work done under contract to Fisheries Innovation Scotland,
project reference FIS012a “Quota management and choke species in mixed-fisheries”.

The project had the following objectives:

1. To describe the current system of quota allocation and trading within Scotland and
evaluate the extent of flexibility. This will be completed by the end of month 2 of the
project.

2. To develop and implement the Fcube mixed-fishery model for the North Sea in order
to permit a detailed evaluation of the potential for managing quota shares to balance
fishing opportunities with catches in mixed fisheries. This will be completed by the end
of month 4 of the project.

3. To run a number of different quota allocation scenarios in order to evaluate the
contribution they could make to reducing the extent of the choke species issue for
Scottish vessels. This will be completed by the end of month 6 of the project.

There were some differences between these initial objectives and the project’s eventual
results. These are discussed in Section 6.3.

1.2 Project timeline

A kick-off meeting was held in Edinburgh on 27 April.

In order to help improve understanding of how the quota allocation and management process
operates, both in Scotland and UK-wide, the project leader had meetings with the Marine
Scotland quota management team and the Chief Executive of the Scottish Fishermen’s
Organisation. These took place in Edinburgh on 24 May. He also had a meeting with the Defra
quota management team in London on 1 June. The information gained from these discussions
forms the basis of Sections 4.2 and 4.3 of this report.

The project leader participated in the FIS Scottish Fisheries Workshop in St Andrews over 22-
23 August. There he ran a stakeholder workshop where he presented and discussed some
project results and sought input on a number of questions related to quota allocation.

Some results from the project were presented and discussed at the ICES Working Group on
Mixed Fisheries Advice Methodology in Copenhagen on 13 October. Results from the project
also formed the basis of an invited presentation on ‘Identifying choke’ at the North Sea
Advisory Council symposium on choke avoidance measures in Copenhagen on 2 November.

Comments on the report were received in early February 2017, and the report was amended
to take account of these comments and resubmitted at the end of March 2017.
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2 Introduction

Most demersal fish species are caught together in mixed fisheries. This often means that the
mix of fish species encountered by the vessel doesn’t match-up with the quota shares they
have for those stocks. Previously, vessels were able to address this by discarding over-quota
catches, but the introduction of the landing obligation to EU fisheries (EC, 2013) will remove
this possibility for stocks subject to Total Allowable Catches (TACs). Instead, vessels will be
required to stop fishing where they may catch a stock for which they have exhausted their
quota. In effect, the first quota to be exhausted can ‘choke-off’ fishing possibilities for other
stocks caught in the same fishery, hence this is known as the ‘choke-species’ problem.

The choke-species problem arises from the mismatch between the mix of species a vessel
catches and the quota shares it has for those species. The mix of species that a vessel catches
at any one time depends on the spatial and temporal distribution of the different species, which
is variable and very difficult to predict on a fine enough scale to be relevant to the operation
of fishing vessels. A vessel’s quota shares depend both on how the TAC is set and also how
it is allocated between and within nations. Broadly speaking, the mix of species a vessel
catches can be attributed to operational decisions taken by the vessel skipper, whereas the
quota shares it holds are a result of processes related to fishery management, that is TAC-
setting and quota allocation. For this reason, the current study considers these latter
processes in detail with a view to understanding the contribution they make to the choke
species problem.

The intent of this study is to identify the risk factors associated with the choke-species problem
for stocks of interest to the UK. This will be done through a detailed study of the TAC-setting
and quota allocation processes for subset of these stocks, namely the main demersal stocks
of the North Sea. This study will aim to identify the risk factors that are likely to contribute to
the overall choke risk of each of these stocks. Mixed-fishery modelling will also be used to
evaluate the extent to which the current quota allocation and trading system help mitigate the
risk of choke occurring. The results of this study should then help the development of a risk
framework that can be applied to further stocks in order to identify likely choke risks and help
to manage these as these stocks become subject to the landing obligation.
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3 Total Allowable Catches

3.1 Total Allowable Catches as a management measure

The primary purpose of Total Allowable Catch (TAC) in a fisheries management context is to
place an upper limit on the amount of fish that can legally be removed from a given stock in a
given year. By limiting the catch, the intention is to limit the number of fish killed by fishing, i.e.
the fishing mortality. Generally, a TAC will be based on the results of a catch forecast where
estimates of the recent population are projected forward under different assumptions about
fishing mortality. This means that there is a direct link between a TAC and its estimated
consequences for the stock, i.e. the level of fishing mortality it will lead to and the stock size
that will result. Management objectives for a given stock will normally involve ensuring that the
exploitation of that stock is sustainable in the long term, and this in turn will normally be
specified in terms of reference values for fishing mortality and stock biomass. As a result, by
setting appropriate TACs it is possible to adjust the level of exploitation on a stock towards the
references levels. Within Europe, there is a general policy of ensuring that stocks are exploited
in a way that is consistent with obtaining the Maximum Sustainable Yield (MSY) from the stock.
In general, this means that management is intended to ensure that the fishing mortality on
each stock is at or below the value of fishing mortality that will produce MSY. This value is
known as F-MSY. Similarly, management acts to keep the spawning stock biomass (SSB) of
each stock above its MSY trigger value (known as MSY B-trigger, or just B-trigger). Overall a
TAC will generally be set in order to bring or maintain a stock within these reference points.

3.2 Scientific advice on catches

The starting point for setting TACs for commercial fish stocks is scientific advice on the state
of each stock. For most stocks in EU waters, this advice is based on stock assessments which
are performed under the auspices of the International Council for the Exploration of the Sea
(ICES). Typically, this will involve fitting an assessment model to historic catch and survey
data in order to reconstruct the history of the stock in terms of trends in stock biomass and
recruitment and the fishing mortality that has been acting on the stock. Once this has been
done, the estimated populations for the most recent year for which data are available are
projected forward in order to provide a set of catch options for the year in question. The
methodology behind these short-term catch forecasts is discussed in detail by Reeves &
Pastoors (2007).

The catch options that result from the catch forecast are presented in the form of a table which
lists the fishing mortality value used as the basis of each option, the estimated catch that will
result from that fishing mortality, and the estimate of the spawning biomass of the stock that
will remain at the end of the year. Some of the options included in the table are there to
illustrate, for instance, the consequences of not fishing the stock, or fishing at the same level
as the previous year. Other options will include, e.g. fishing at a level that corresponds to the
agreed or advised MSY reference points or the fishing mortality that results from applying the
rules set-out in a management plan that applies to the stock.

Depending on the state of the stock relative to any agreed or advised reference points, ICES
will generally advise that the catch during the year in question should be no more than X
tonnes. This advice is based on stock conservation considerations, usually involved with
ensuring the long-term sustainability of the exploitation of the stock. Depending on past fishing
practices, the catch forecast may also contain an estimate of the discards. i.e. on the basis of
data from discard sampling in recent years, the forecast would estimate that a catch of X
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tonnes would consist of Y tonnes of landings and Z tonnes of discards. With the advent of the
landing obligation, the terminology used to describe these catch components has now
changes so the ICES advice refers to ‘wanted catch’ and ‘unwanted catch’.

3.3 Choke risks from TAC-setting

It is important to note that a TAC is a biological quantity. It is essentially a forecast of the
weight of fish that can be removed from a stock in a given year in order that the proportion
removed corresponds to the intended fishing mortality. A TAC is set to limit the quantity of fish
removed from a stock rather than to provide the vessels exploiting the stock with sufficient
fishing opportunities to last the year. The rate at which a TAC will be exhausted depends on
how many vessels will be fishing for the stock and on the effectiveness of the gears they use
and seasonal patterns in the fishery.

The choke-risk associated with a particular TAC cannot be fully identified in isolation of the
TACs for other stocks caught in the same fishery. Nonetheless, a number of circumstances
can be identified under which the TAC-setting process in itself may increase the risk of choke
occurring. One is if a TAC is set for a given year in order to produce a substantial reduction in
fishing mortality when compared to the previous year. As fishing mortality can be interpreted
as the proportion of the stock that is removed by fishing each year this would imply that a TAC
set to reduce fishing mortality would also mean a TAC that would be lower relative to stock
abundance. This, in turn, which would increase the risk of the TAC being exhausted before
the year end with the same level of fishing activity, and hence also the associated choke risk.
As a result, if a stock is below its biomass trigger point or is currently being exploited above
MSY, then there is also likely to be an increased choke risk associated with the stock.

TACs are derived from catch forecasts, which in turn are based on stock assessments which
estimate the current state of the stock in terms its abundance and the level of fishing mortality
it is subject to. Choking is less likely to occur if these catch forecasts are able to track changes
in the abundance of the stock in order that that the relationship between TAC and stock
abundance remains reasonably stable. This means that ‘quality’ of the stock assessment also
contributes to choke risk, with a less precise or consistent assessment increasing choke risk.
By extension, stocks which are subject to a precautionary TAC (i.e. a TAC which isn’t based
on an analytical stock assessment) and/or which are classified as data-limited, will also have
a higher choke risk.

Discarding is a source of uncertainty in stock assessments as the data on removals from the
stock through discarding are generally of lower precision than estimates of landings due to
lower sampling coverage. Thus stocks with a record of high or variable discarding are likely to
have a higher choke risk. This will partly be due to the greater uncertainty in the input data to
the stock assessment, but also because, as an interim measure while the landing obligation
is phased in, TACs for some stocks are being adjusted to include ‘uplifts’ to account for fish
that would previously have been discarded, but which now will have to be landed. These
adjustments lead to increased uncertainty being incorporated in the resultant TAC, both
because of the lower precision of the discard data, and because of potential problems with
allocating the uplifts to the relevant fleets, which may not be the case if the uplifts are allocated
according to relative stability.

While a TAC is set to limit removals from a given stock, there are sometimes additional
constraints on where or when these fish may be caught. In particular, in cases where the total
catch from a given stock is partitioned into different TACs to be taken from different areas.
Under these circumstances, depending on how the partitioning is made, there can be a risk
that the TACs are more restrictive in some areas than in others. An example of this would be
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where partitioning is based on relative catches over some historic reference period and
subsequent changes to stock distribution mean that the original partitioning is no longer
representative of the current stock distribution.

3.4 Setting TACs for North Sea stocks

The annual TAC is the starting point for determining the fishing opportunities available for each
stock. For this reason, this section is intended to give some background to the basis for which
TACs are set for each of the main North Sea stocks considered here. In all cases, TACs are
based on scientific advice provided by ICES, but the background to the advice differs from
stock to stock for a variety of reasons. Some of the differences arise from the distribution of
the fish populations in relation to the North Sea area. Some stocks are not confined to the
North Sea (ICES sub-area IV) but also extend into adjacent waters such as the Skagerrak
(ICES Division IIIa North) and the Eastern Channel (ICES Division VIId). Where this is the
case, scientific advice is based on a stock assessment covering all of the relevant areas. The
assessment leads to an advised total catch that can be taken from the overall stock, hence
setting separate area TACs requires that the total catch is partitioned between the different
areas. This is typically done using fixed percentages that are based on catches during a past
reference period. The specific details for each stock are described below. The status of each
stock in these summaries is based on the most recent ICES scientific advice (ICES, 2015,
2016).

3.4.1 Cod

As the most high-profile stock in the North Sea, the cod stock has been a major driver for
fisheries management in the North Sea since at least 2000. At that time the stock had fallen
to such a low level that ICES advised that no fishery on the stock should take place and that
a long-term management plan should be implemented to ensure the rebuilding of the stock.
Subsequent to this, a management plan was introduced which involved restrictions on fishing
effort and also low TACs which were intended to reduce fishing mortality on the stock to a
sustainable level and to allow the stock to increase above its limit biomass reference point.
Overall, this initial management plan and its successors have led to a substantial reduction in
the number of vessels exploiting the demersal fisheries of the North Sea and to changes in
how these vessels operate. The current EU management plan is given in EC (2008), but as
the stock is shared between the EU and Norway, the elements of the plan that determine how
the TAC is set are also written in to an agreement between the EU and Norway.

Recent stock trends for North Sea cod are shown in Figure 3-1. Management in recent years
has been aimed at rebuilding the stock’s spawning biomass above the trigger level of 165,000t
and reducing fishing mortality to a level of 0.4. Since the latter value was established, ICES
has revised its estimate of F-MSY for the stock down to 0.35, but TACs have still been set on
the basis of an F of 0.4 as this is the value that is written into the relevant legislation. In recent
years fishing mortality has been close to the 0.4 management target, and spawning biomass
has increased slowly to just below the trigger value.

Cod in the North Sea and the adjacent waters of the Skagerrak and the Eastern Channel are
considered to form a single biological population hence the assessment combines catches
from these three areas into one stock area. However, TACs are set separately with an overall
forecast catch being split so that 83% of the catch is allocated to the North Sea, 12% to the
Skagerrak, and 5% to the Eastern Channel.

Recent discard data for the stock imply an overall mean discard rate of 18.4% by weight.
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3.4.2 Haddock

Haddock in the North Sea and Skagerrak (ICES sub-area IV and Division IIIaN) were
previously treated as a separate stock from haddock to the west of Scotland (ICES Division
VIa), but following a review in 2014, they are now considered to form a single biological unit
and are assessed as such. Recent trends in the North Sea and West of Scotland haddock
stock are shown in Figure 3-2. The North Sea stock was previously managed under an EU-
Norway agreement but this has not been updated since the stock was merged with the West
of Scotland component. ICES management advice is based around maintaining the spawning
stock above a B-trigger value of 88,000t and maintaining fishing mortality at or below the MSY
level of 0.37. Recent stock assessments have indicated that fishing mortality has been below
the MSY value since 2008 and spawning stock biomass has been above the MSY trigger level
since 2007. However, the stock shows substantial fluctuations due to the influence of
occasional strong year classes, and the most recent (2016) stock assessment indicates a
recent change in status such that SSB is now below the MSY trigger value and fishing mortality
is above the MSY value.

Prior to the combining of the two haddock stock, the TAC for the North Sea stock was split so
that 94% was allocated to the North Sea with the remaining 6% allocated to the Skagerrak.
For the new, combined-area stock the split of the catches has been agreed as 9.5% allocated
to Division VIa, and the remaining 90.5% to the North Sea and Skagerrak, split 94:6 as
previously.

The most recent catch forecast for the stock uses a recent mean discard rate of 17.3%

3.4.3 Whiting

Whiting in the North Sea and the Eastern Channel are considered to form a single biological
population. Recent trends in this stock are shown in Figure 3-3. As the stock is shared between
the EU and Norway it was, until recently, managed under an EU-Norway agreement. However,
the model used to assess the stock was reviewed in 2016, in particular, changes were made
to the assumptions about natural mortality acting on the stock. Following these changes, the
harvest control rule contained within the EU-Norway agreement is considered no longer
appropriate.

ICES advice for the North Sea whiting is intended to ensure the spawning stock remains above
the MSY trigger level of 242,000t and that fishing mortality is at or below the MSY level of
0.15. In practice, spawning biomass has fluctuated around the MSY trigger level in recent
years, and fishing mortality has been slightly above the MSY level.

The overall catch from the stock is partitioned so that 80% is allocated to the North Sea, and
the remaining 20% to the Eastern Channel (ICES Division VIId). However, the TAC for whiting
in the latter area forms part of a larger TAC-area covering the whole of Sub-Area VII (i.e. the
Channel and the Celtic Sea) excluding Division VIIa (the Irish Sea). In practice, this means
that the catches of whiting taken in the Eastern Channel could legally exceed the quantity
implied by the quantity allocated from the North Sea/Eastern Channel catch forecast.

The recent mean overall discard rate for this stock is 38.4% by weight.

3.4.4 Saithe

Saithe is a relatively large and mobile species and the population that is found from the
Skagerrak, across the Northern North Sea and West of Scotland as far as the Rockall Plateau
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is regarded as a single biological stock. Recent trends in this stock are shown in Figure 3-4.
The stock is managed under an EU-Norway management plan with a target fishing mortality
of 0.3 and a spawning biomass trigger value of 200,000t. A recent ICES review of the stock
assessment model has resulted in a slightly higher estimate of F-MSY (0.36) and a lower
estimate of B-trigger (150,000t). On the basis of these values, fishing mortality on the stock
has been below the MSY level since 2013 and spawning biomass has been above the MSY
trigger level since 1997.

The total catch of saithe is partitioned between two TAC areas so that 90.6% is allocated to
the North Sea and Skagerrak and the remaining 9.4% to the areas West of Scotland.

Discard date for this stock suggest than in recent years an average of 4.8% of the catch has
been discarded.

3.4.5 Plaice

The North Sea plaice stock is managed in combination with the North Sea sole stock through
an EU plaice and sole management plan (EC, 2007). Since the implementation of the plan,
fishing mortality on the stock has shown a steady decline and it is now close to the estimated
MSY value of 0.19 (Figure 3-5). This decrease in fishing mortality has resulted in a substantial
increase in stock size to well above previously observed levels. Total catches in recent years
have been less than the TAC.

There has been a recent change in the way that North Sea plaice are treated for assessment
purposes as plaice in the Skagerrak are now considered to form part of the same stock as
North Sea plaice. As a result, since 2016 the ICES stock assessment now covers plaice in
both of these areas. It is not clear if a fixed partition of the TAC between the two years has
been established, but in 2016, the North Sea TAC amounted to 92% of the combined TACs
across the two areas.

The recent mean discard rate for this stock is 23.2%.

3.4.6 Sole

As with the plaice stock, the North Sea sole stock is managed through the long-term
management plan for plaice and sole documented in EC (2007). Fishing mortality has shown
a similar declining trend to that of plaice, to the extent that it is now close to the MSY level of
0.2. Spawning stock biomass has shown a recent increase and has been above the MSY
trigger level of 37,000t since 2012. Stock trends are shown in Figure 3-6.

Sole in the North Sea are regarded as a separate stock from sole in adjacent waters so the
TAC does not raise any issues of partitioning between areas.

Recent discard data suggest that on average 7% of the sole catch is discarded.

3.4.7 Hake

Hake caught in the North Sea are regarded as part of the Northern hake stock. This stock is
found in Atlantic waters from the north coast of Spain up to the Northern North Sea, including
waters to the west and south of the British Isles. A recovery plan was implemented for the
stock in 2004 (EC, 2004). However, this is no longer considered current as it is based on
reference points which have subsequently been revised by ICES. In addition, the stock has
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shown a substantial recovery since the late 2000s as fishing mortality has shown a steady
decrease to the point where it is now slightly below the MSY level (Figure 3-7). This decrease
in fishing pressure has been accompanied by a large increase in spawning biomass to levels
well above what had been previously observed for the stock. This increase in abundance has
been accompanied by changes in distribution of the stock. In particular, there has been a
marked increase in the abundance in the Northern North Sea. This effect is rather seasonal
as it is limited to the months from April to September (Baudron & Fernandez, 2015).

The large area occupied by the Northern Hake stock means that the overall total catch
resulting from the annual scientific advice needs to be partitioned across a number of different
TAC areas. The partitioning is as follows: ICES Division IIIa: 3.01%; North Sea: 3.51%; ICES
sub-areas VI, VIII, XII & XIV: 56.08%; ICES sub-area VIII: 37.4%.

In view of the small proportion of the overall catch allocated to the North Sea, it may be useful
to look at the catch history in the different areas to try and understand the basis for the
partitioning between the different areas for this stock. Figure 3-8 compares officially reported
catches of hake for each of the TAC areas with percentages allocated to each of these areas.
Based on these data, the percentage of the Northern Hake catch taken in the North Sea only
fell below the allocated figure of 3.51% in on year: 1984 when North Sea catches accounted
for 3.4% of the total. On average over 1950 to 2010, 5.91% of the total catch of Northern Hake
was taken in the North Sea. This brief analysis indicates that the basis for partitioning of the
Northern Hake TAC between areas is not clear but it does not appear to have been based on
reported catches from the different areas. Further, the result of the partitioning is that the North
Sea allocation is lower than it would have been had it have been based on historic catch data.

The recent discard data included in the catch forecast for hake imply that around 8.6% of the
catch in weight is discarded.

3.4.8 Norway Lobster

Norway lobster (Nephrops norvegicus), which is widely known by its generic name of
Nephrops, lives in burrows in the seabed so its distribution in the North Sea is limited to areas
with appropriate muddy sediment where it can dig these burrows. The animals are sedentary
and there is thought to be little or no connection between different populations within the North
Sea. For this reason, Nephrops within the North Sea are treated as a set of discrete sub-
populations know as Functional Units (FUs – see Figure 3-9). ICES provides scientific advice
for each of these separately. Because of the sedentary behaviour and because it is not
possible to determine the age of individuals, the stock assessment methodology used for most
North Sea stocks cannot be used for Nephrops. The more important FUs are surveyed using
remote cameras to survey the grounds so that a count of burrows can be used as an estimate
of population abundance, and this information is used as the basis of catch advice for these
units. For other FUs, the advice is typically based on maintaining the recent level of landings.

The status of the different sub-populations differs from FU to FU. The Farn Deeps (FU 6),
which is the area which has produced the highest landings in recent years, is estimated to be
both overfished with respect to MSY, and have an abundance below the MSY trigger level.
The harvest rate of the large Fladen Ground unit (FU 7) is estimated to be below the MSY
level, although abundance has recently dropped below the MSY trigger level. The opposite
situation is the case for the Firth of Forth population, where the harvest rate is close to, but
below, the MSY level, whereas stock abundance is relatively high. The Moray Firth population
is estimated to be both harvested sustainably and above the trigger biomass level. No
quantitative information is available on the states of the populations in other Functional Units.
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Reflecting the different states of the Nephrops sub-populations within the North Sea, ICES
has long advised that management should be applied at the Functional Unit level in order to
minimise the risk of transfer off effort between units leading to over-fishing. This
recommendation has not yet been implemented as the North Sea TAC is derived from the
sum of the advised catches from each FU, with no restrictions on where the catch may be
taken from.

Discarding of Nephrops is variable by Functional Unit, but recent data for the most commercial
important FUs show discard rates of between 0.3% and 14%.

3.5 TAC setting for North Sea stocks – conclusions

For most of the North Sea demersal stocks considered above, recent fishing mortality is at or
close to the specified MSY value or management plan target value and spawning biomass is
close to or above the MSY trigger value. One consequence of this is that future TACs are
likely to be set to correspond to a similar level of fishing mortality. As fishing mortality can be
interpreted as the proportion of the stock that is removed by fishing each year, setting a TAC
on the basis of a fixed fishing mortality has the advantage that the ratio between the TAC and
stock abundance should be comparable from year to year. In contrast, if a TAC was set in
order to reduce fishing mortality relative to the previous year, then this would also imply a TAC
set lower relative to stock abundance, which would increase the risk of the TAC being
exhausted before the year end, and hence also the associated choke risk.

The Nephrops populations are an exception to the general trend of North Sea stocks being
fished close to MSY. However, as the TAC is set as the sum of the advised catches across
the different functional units, the net result is that the overall TAC is not limiting given the
concentration of fishing on some of the smaller FUs.

Although the Northern stock of hake is now fished at below its MSY target, a number of other
factors contribute to the TAC in the North Sea being set at a low level when compared to the
abundance of hake encountered by vessels fishing in the relevant areas of the Northern North
Sea. The stock covers a much larger area than just the North Sea, but only 3.5% of the total
TAC is allocated to the North Sea, a portion that is low compared to the historic track record.
At the same time there has been a clear increase in the relative abundance of hake in the
Northern North Sea, beyond what would be expected due to the increasing stock size. The
situation is exacerbated by the fact that UK vessels, who constitute the main fleet active in the
areas of the Northern North Sea where hake are now abundant, receive a relatively small
allocation of the North Sea hake TAC.
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Figure 3-1; Stock trends in North Sea cod. From ICES (2016)

Figure 3-2; Stock trends of North Sea haddock, From ICES (2016).
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Figure 3-3; Stock trends in North Sea whiting. From ICES (2016).

Figure 3-4; Stock trends in North Sea saithe. From ICES (2016).
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Figure 3-5; Stock trends in North Sea plaice. From ICES (2016).

Figure 3-6; Stock trends in North Sea sole. From ICES (2016).
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Figure 3-7; Stock trends in Northern Hake. From ICES (2016).

Figure 3-8; Northern Hake. Breakdown of catches showing percentage reported from each TAC area and the share
of the TAC allocated to each area. Based on data on reported catches downloaded from www.ices.org.
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Figure 3-9; The North Sea showing Nephrops Functional Units. From ICES (2016).
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4 From TACs to fishing opportunities –
allocation and relative stability in EU
fisheries

In addition to their role as a fishery management measure, within the context of the European
Union (EU), TACs also serve as a measure of fishing opportunities which can then be divided
among the various member states with an interest in the relevant fishery. The original intention
was as much as possible to allow states stability of fishing opportunities from one year to the
next. However, it was also recognised that fish populations were subject to natural variation
so that it would not be possible to guarantee fixed quantities of fish each year, so fishing
opportunities were set as fixed percentages of TACs rather than as fixed tonnages. This has
led to the principle of ‘relative stability’ whereby each EU stock subject to a TAC has a fixed
allocation key which determines what percentage of the annual TAC different member states
receive.

The principle of relative stability dates from 1983 (EC, 1983; Holden, 1994) and the starting
point for the establishment of the allocation keys that were established at that time were the
historic catches by each member state over the reference period 1973-1978. An additional
complexity arose from the agreement to make special provisions for areas considered to be
heavily dependent on fishing. This applied to Ireland, ‘Northern Britain’ (see below), and at
that time also Greenland. This required the allocation of additional quantities of fish to these
areas to reflect their ‘vital needs’ in this respect. These became known as ‘Hague preferences’,
after negotiations that took place in The Hague in 1976 during the early stages of the
development of the EU’s Common Fisheries Policy (CFP). The additional catches allocated
due to Hague preference were based on reported landings in the reference year of 1975. For
Ireland the Hague preference was defined as twice the country’s reported landings of a given
stock in 1975, whereas for ‘Northern Britain’ the Hague preference was based on reported
landings by vessels of up to 24 metres in length in ports in Northern Ireland, Scotland and the
English East coast as far south as Bridlington. Holden (1994) gives a detailed description of
how the allocation process worked at that stage, but in short the Hague preference system
meant that the UK and Ireland received higher shares of some TACs than would otherwise
have been the case. The allocation calculations were done on the basis of groups of species
using the value of each species relative to cod (the ‘cod-equivalent’ approach) as an exchange
rate. This meant that there was some negotiation of the extent to which the increased quota
allocations would apply to different stocks, with a tendency to push for increase shares of
stocks that were considered desirable at the time at the expense of other stocks.

The original intention of Hague preferences was to make special provisions for areas that were
heavily dependent on fishing, and this provision still exists for the UK and Ireland through the
possibility to claim higher proportions of the TAC of certain stocks, if the TAC falls below a
specified threshold level. The precise origin of the threshold values in use is unclear, but the
threshold TACs are generally high relative to recent levels, so they presumably date from the
late 1970s when most stocks were at much higher levels than are currently observed. This
means that in principle it would have been possible for the UK and Ireland to invoke Hague
preference in most recent years, and in recent years the UK has routinely invoked Hague
Preference for North Sea haddock and whiting. One complication is that the Irish Hague
preference share is often larger than the UK one for stocks that both nations exploit. This
means that if both the UK and Ireland invoke Hague preference, this can lead to the UK
receiving a small quota share than would otherwise have been the case. This may have
contributed to the reluctance to invoke this option.
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In summary, the UK shares of the TACs on the main North Sea stocks are based on the shares
of the catches taken in the late 1970s, with some uplift due to the relative importance of
fisheries to parts of the UK. The negotiation process meant that this additional component
would have been allocated to stocks that were considered most desirable at that time,
including the traditional North Sea stocks.

4.1 From scientific advice to fishing opportunities

Historically, the scientific advice provided by ICES has been used as the starting point for
negotiations which lead to the final agreement on the TAC for a given stock. For the North
Sea stocks this negotiation takes place either in meetings between the EU and Norway (for
shared stocks) or within the meetings of the EU Council of Ministers. While some element of
negotiation remains for some stocks, the introduction of a policy of achieving MSY and the
increasing implementation of multi-annual management plans has meant that the TACs for
most stocks are now determined using pre-agreed algorithms based on the state of the stock
relative to its MSY reference points.

The negotiations that take place between the EU and Norway to establish TACs for shared
stocks sometimes also involve the trading of quota between the two parties.  In recent years
at least this has involved relatively small quantities of fish. The quantities vary from year but
since 2012 these swaps have resulted in the EU receiving up to 2600t of haddock and 750
tonnes of whiting from Norway (EU/Norway, 2015). In return Norway has received between
250 and 300 tonnes of saithe. These quantities have amounted to up to 6.8% of the overall
TAC for haddock, 5.5% of the overall whiting TAC and 0.5% of the saithe TAC.

The overall effect of this trading is to change the total amount of each of these stocks available
to the EU. This quantity is then divided between Member States according to the fixed
allocation key that results from relative stability. These figures are published annually as EU
regulations which specify the overall TACs for each stock and how these are divided between
Member States as national quotas. The regulations are described as “fixing the fishing
opportunities” for the relevant stocks – see, for example, EC (2015) for 2015 TACs - hence
the use here of the term ‘fishing opportunities’.

4.2 Allocation within the UK

While the UK share of any TAC is the main source of quota for a given stock, in a few cases
this is augmented with additional quota from other sources. The so-called ‘banking and
borrowing’ provisions (EC, 1996) apply in the case of under-utilised quota from the previous
year, and allow up to ten percent of that year’s quota to be transferred to the following year.
In addition, some vessels, known as ‘flag vessels’ are licensed in the UK but are foreign-
owned. These vessels are required to meet certain local connection requirements i.e. using
local crew or landing into the UK or donating quota to the UK. North Sea sole is the main stock
where there is a contribution through donated quota.

The basis for the allocation of quota to vessels and fishing operators is a system known as
Fixed Quota Allocations or FQAs. These are based on a track record period which in most
cases was 1994 to 1996 so that vessels were allocated one FQA unit for a given stock for
each kg they landed of that stock during the reference period. Only limited trading of FQAs
has been possible since 2002, as any trading has required buying the licence of the vessel
holding the FQAs.

Since 2012 the allocation of quota within the UK has reflected increased devolution with quota
shares first being allocated to the Fisheries Administrations (FAs, i.e. Defra in England, the
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Scottish and Welsh Governments and the Department of Agriculture and Rural Development
in Northern Ireland) in order to allow these administrations some independence in how they
allocate quota. For some specific fisheries, typically small scale pelagic fisheries such as the
southwest mackerel handline fishery, an initial allocation is made before the split between
FAs, and there are also under-pinning arrangements in place to ensure minimum allocations
of quota for some stocks to under-10 metre vessels and to non-sector vessels (i.e. vessels
that are not members of a PO). Once these initial allocations have been made, the quota share
for a given stock allocated to each FA is based on the proportion of FQAs for that stock that
are either held by vessels administered through the ports of that administration, or allocated
to dummy licences that are held by Producers’ Organisations (POs) under that administration.
At this stage each FA then has the option to further top-slice the quota, e.g. to make additional
allocations to its own non-sector vessels, before allocating the remaining quota to its POs.

4.3 Producers’ Organisations and quota trading

Under the existing UK system, quotas are allocated to Fish Producers’ Organisations on the
basis of the FQAs held by vessels that are members of that PO or held against dummy
licenses held by that PO. How the quotas are then allocated to the member vessels varies
from PO to PO. In some cases, the initial quota is allocated according to the FQA holdings of
each vessel; in other cases, the quota is pooled and then allocated to each member vessel,
typically on a monthly basis. Intermediates between these two approaches also exist.
However, the key to how POs operate is the existence of an active system of trading of quota
both within the UK and between the UK and other EU Member States.

The EU CFP permits trading of quota between Member States (EC, 2013) and while this
trading is administered by the relevant Fisheries Administrations, in practice the trading
operates between POs and the equivalent organisations in other Member States. A similar
situation applies within the UK. The FAs administer the system on a ‘hands-off’ basis, with the
idea being to permit the fishing industry to solve their problems between themselves as much
as possible. The result has been the evolution of a trading system which allows POs some
flexibility to adapt their fishing opportunities to their catches. This is an active and dynamic
process with most POs employing one or two full-time quota traders to ensure their vessels
have sufficient quota to continue fishing throughout the year if possible.

4.4 Choke risks from quota allocation

The background and history of the existing quota sharing and allocation process means that
the system has a lot of inertia as the share of the TAC allocated to the UK is based on fishing
practices and political priorities during the late 1970s as enshrined in the principle of relative
stability, and the initial allocation to vessels is based on the system of FQAs which in turn are
based on what vessels caught during the mid-1990s. North Sea demersal stocks have shown
substantial changes in abundance and, in some cases, also distribution since the late 1970s,
and there have also been changes in the nature and activities of the fishing fleets that exploit
those stocks which means that allocations based on the situation in the late 1970s are unlikely
to reflect the current situation.

The legacy of having fixed allocation systems based on historic reference periods means that
the risk of choking is inherent to the system. However, the possibility of trading quota both
between POs within the UK and between Member States within the EU offers a mechanism
which allows for some flexibility for vessels to match their quota holdings to their catches. In
effect, this trading allows vessels to mitigate the risk of choking by trading-in additional quota
to match what they are catching.
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Figure 4-1 gives a schematic representation of the TAC-setting and quota allocation and
trading process for North Sea stocks.

4.5 Quota allocation and trading at the stock level: North Sea demersal stocks

4.5.1 Data

To gain a more detailed understanding of the issues associated with quota availability and
allocation, the following sections consider key North Sea stocks with particular regard to
quotas and their allocation. The following analysis is based on data provided by the UK Marine
Management Organisation (MMO). The data consist of the initial and ‘adapted’ quota
allocations for each UK PO for the years 2012 to 2015. The initial allocations are the
allocations made to each PO at the beginning of the TAC year based on their FQA holdings.
The ‘adapted’ quota allocations are the quota allocations held by each PO at the end of the
year, i.e. they are the result of the initial holdings as modified by any subsequent trading and
transfers. The data are annual totals; no detail was provided on individual transactions. Where
the total adapted UK quota for a given stock differs from the initial total the difference (the
‘adaptation’) is here assumed to be mainly due to trading with other EU Member States;
exceptions to this are mentioned in the individual stock accounts. The data also allow
estimation of the extent of trading within the UK.

As a background to the following sections, Figure 4-2 shows the agreed quota allocations (i.e.
EU relative stability shares plus the agreed allocation to Norway where relevant, of the main
North Sea demersal stocks. Figure 4-3 shows the ‘adaptations’, i.e. the difference between
initial and adapted UK quotas for these stocks, expressed as a percentage difference from the
initial quota. Figure 4-4 shows the composition of the adapted 2015 quotas for the major North
Sea demersal stocks. This shows the extent of trading for each stock both within the UK and
with other EU Member States. Figure 4-5 shows the same information in percentage terms.

4.5.2 Cod

The UK allocation of cod quota amounts to 39% of the overall North Sea cod TAC. This means
that the UK holds the largest share. The next largest shares are held by Denmark and Norway
who each have around 17% of the TAC. Over 2012 to 2015 the initial UK allocation of North
Sea cod quota ranged from 10,300t to 11,400t. After trading, this was increased to between
12,200 and 14,800t. On average, over 2012-1215, trading with other EU Member States led,
on average, to a 25.5% increase in the UK cod quota. There is also some trading of quota
within the UK; 6.8% of the 2015 UK landings were made against quota that had been traded
within the UK. At the same time, about 70% of landings were made against quota that
remained with the PO it was initially allocated to. Most of the trading-in of quota (i.e. obtaining
quota from other EU Member States) is made by POs that are based in Scotland and there is
also a net movement of quota from POs based in England to POs based in Scotland, though
the extent of this varies from year to year.

4.5.3 Haddock

The UK relative stability share for North Sea haddock amounts to 77.6% of the EU catch; the
result of invoking Hague Preference is to increase this figure to 84.2% bringing the total UK
allocation to 64.8% once the Norwegian share is accounted for. Norway holds a further 23%
with no other state holding more than 5%. Over 2012-2015, the UK quota was increased by
an average of 7.9% due to trading-in of quota. In some years, including 2015, the EU share
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of the haddock TAC is increased by trading with Norway. As the UK is allocated 84.2% of the
EU share, in effect most of the quota traded-in from Norway come to the UK. In 2015, the level
of trading within the UK was comparable with the level of trading with other EU Member States.
The trading within the UK involves a net movement of quota from POs based in England to
those based in Scotland. Similarly, most of the trading-in of quota is made by POs based in
Scotland.

4.5.4 Whiting

The UK relative stability share of the North Sea whiting is 52.74% rising to 66.9% when Hague
Preference is included. Overall this leads to a total share of 60.2% of the North Sea whiting
TAC, with the next largest shares held by France (12.5%) and Denmark (8.3%). On average
over 2012 to 2015, the UK quota was increased by 8.1% due to trading-in of quota, though in
2015, the increase due to trading was rather higher at 16.2%. As with haddock, the EU share
of the whiting TAC is sometimes increased through trading with Norway, and in effect the UK
receives 67% of this uplift. Most of the trading involves POs based in Scotland trading in quota
from other EU Member States although there is also a net movement of quota from English to
Scottish POs.

4.5.5 Saithe

Norway is the main holder of quota for North Sea saithe, with 52%, followed by France with
24.6% and Germany with 10.5%. The UK is allocated 8.4% of the overall TAC. In some years
the EU trades-out saithe quota to Norway and receives haddock and whiting in return. As the
UK relative stability share of the stock is small, this implies a net loss to the UK of around 50
tonnes of saithe quota, a quantity that is too small to be apparent in Figure 4-4. The UK fleet
trades-in a substantial quantity of saithe quota from other EU Member States; in 2015 39.1%
of UK landings of North Sea saithe were made against quota that had been traded-in in this
way. Both English and Scottish POs are involved in this trading. Trading of quota within the
UK is minimal.

4.5.6 Plaice

The largest share of the North Sea plaice quota is held by the Netherlands who hold 35.9%.
This is followed by the UK with 26.5% then Denmark with 18.7%. For this stock the trading is
largely outwards, with a net movement of quota from the UK to other EU Member states. Over
2012 to 2014, between 11.5% and 16% of the UK quota was traded-out in this way. In 2015
the corresponding figure was rather higher as 29.3% of the UK quota was traded out.

4.5.7 Sole

The Netherlands holds the large majority of the North Sea sole quota with 75.2%. The UK
share is 4.3%.  On average, over 2012 to 2015, the UK quota was increased by 48% through
trading-in of quota from other Member States. There is also some trading within the UK that
leads to a net movement of quota from Scottish to English POs.
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4.5.8 Hake

Denmark is the major holder of North Sea hake quota, with 57.8%, followed by the UK with
18%, the France with 12.8%. The origin of the UK share is not clear; over the relative stability
reference period of 1973 to 1978 the UK took 24.8% of the catch reported by states that were
members of the EU at that time. This was reflected in the allocation of the first TAC that was
established in 1982, when the UK received 25.45% of the total. Further work is required to
establish when and why the UK allocation has changed.

Quota transfers that take place during the year lead to the adapted UK quota for hake in the
North Sea being substantially higher than the initial quota. Over 2012 to 2015 the adapted
quota was between 2.8 and 3.1 times higher than the initial quota. In this case the available
data do not make it possible to say where the additional quota has come from as in the case
of the widely-distributed Northern Hake stock, the TAC and quota regulations (e.g. Regulation
2015/104 for 2015 TACs) allow transfer of hake quota into the North Sea from the adjacent
waters of Division IIIa and Division VIa, providing any such transfer is notified in advance to
the European Commission. In addition, EU vessels fishing for cod, haddock and saithe in
Norwegian waters of the North Sea also hold quota for ‘Norway others’, to cover other species
they catch in Norwegian waters. It is understood that hake can form a substantial part of this
catch. Overall, it seems likely that trading-in of quota from other member states is not the only
mechanism whereby the initial quota for hake in the North Sea is increased.

4.5.9 Norway Lobster

The Nephrops fishery in the North Sea is very much a UK fishery as the UK receives an
allocation of 86.6% of the TAC. There is net outward trading of quota for this stock; over 2012-
2014, the adapted UK quota was between 6% and 8% lower than the initial quota. In 2015
however, there was much more quota traded out as the adapted quota was 35% lower than
the initial quota. The amount of trading within the UK is negligible.

4.6 Quota allocation for North Sea stocks - conclusions

The analysis of quota allocation and trading in relation to the main North Sea demersal stocks
has highlighted that the ability to trade quota within the EU is important in giving vessels some
flexibility to adjust their landing opportunities to their catches. In effect, it could be interpreted
that, instead of stopping fishing when one or more of their quotas are exhausted, the current
system means that vessels are able to adjust their quotas in order to continue fishing.
However, the information summarised here is not sufficient to determine how effective the
system is in this respect. In particular, until the landing obligation is fully implemented in 2019,
it will still be legal for vessels to discard at least some of their catches. As a result, over the
period summarised here, vessels have still been able to discard over-quota catches. This
means that it is not possible to determine whether vessels were able to obtain sufficient quota
to avoid a ‘choking’ situation. Similarly, given that the amount of quota for a given stock is
finite, it is not possible to determine whether vessels were able to obtain sufficient quota to
meet their requirements in all cases. These considerations will become more important as the
landing obligation is implemented. The landing obligation is also likely to change the pattern
of quota availability and trading as vessels may need to retain a full portfolio of quotas to cover
species they would previously have discarded.

The data on quota adaptations and trading indicate rather consistent patterns from year to
year. In terms of quota trading, this is the case both within the UK and also between the UK
and other EU Member States.  On the basis of these patterns, a case could be made for
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changing the allocation keys in order to account for these structural imbalances. However,
while such a change would have economic implications for the quota holders, it is not clear
whether this would have any impact on potential choking once the landing obligation is in
place.



FIS012a: Quota management and choke species Page 22



FIS012a: Quota management and choke species Page 23

Figure 4-1; A diagrammatic representation of the TAC-setting and quota allocation process for North Sea stocks. Red arrows indicate points where quota trading occurs.



FIS012a: Quota management and choke species Page 24

Figure 4-2; Agreed allocations of TACs for North Sea demersal stocks. Figures shown are relative stability shares
plus agreed allocations to Norway of North Sea TACs for the species concerned.
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Figure 4-3; UK Quota adaptations for North Sea demersal stocks. Figures shown are the differences between the
initial and adapted UK quotas for North Sea demersal stocks for the years 2012 to 2015 expressed as a percentage
of the initial quotas.
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Figure 4-4; Origins of adapted 2015 UK quotas for North Sea demersal stocks. 'Static' indicates quota used by the
PO to which it was initially allocated. 'Norway' indicates the contribution to the UK quota that originated from swaps
with Norway.

Figure 4-5; Origins of adapted 2015 UK quotas for North Sea demersal stocks as a percentage of the adapted
quota.
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5 Mixed-fishery Modelling

5.1 Methods

Choke is an issue that is specific to mixed fisheries that are managed by TACs so the issue is
here explored using a mixed fishery model of North Sea demersal fisheries. The model used
is Fcube (from Fleet and Fishery Forecast; Ulrich et al, 2011). The model was developed in
order to take account of mixed fishery effects in fishery management advice, and it is now
used by ICES to provide routine advice on this issue (ICES, 2016). As input data, the Fcube
approach uses an extensive dataset of catch and effort data for the fleets exploiting the
relevant stocks. Thus for the North Sea demersal fisheries the input data include catches and
effort by all fleets from all of the eight nations involved in the fisheries. The fleets are based
on vessel size categories and gear type as well as nationality, hence fleets include, for
instance, Dutch beam trawlers between 24 and 40 metres, and Scottish otter trawlers less
than 24 metres. Information is also included on catches and effort within the different metiers
these fleets exploit. For instance, Scottish otter trawlers less than 24 metres in length can fish
for whitefish with 120mm mesh gear (known as TR1 gear from the categories in the EU cod
management plan – EC, 2008) or fish for Nephrops using 80mm mesh (TR2) gear. Data
compilation before the model is used involves combining some of the minor fleet-metier
combinations into an ‘others’ category for simplicity, but even after this stage, the input data
for the North Sea Fcube still includes around  110 fleet-metier combinations. This is illustrative
of the high complexity of the demersal fisheries of the North Sea.

In addition to fleet catch and effort data, the Fcube approach also uses information on the
recent state of the fish stocks that are included in the model. The information included is
estimates of the population numbers in the most recent year as well as fishing mortalities and
weight at age.  These population parameters are the same as are used in the catch forecasts
for each stock that are used to provide TAC advice. In effect, this allows those catch forecasts
to be rerun, with the catch from the stock broken down by fleet and metier. The idea behind
this is that TACs are normally set on a single-stock basis without any recognition that they are
caught alongside other species. As a management measure, a TAC is assumed to limit
catches. This in turn requires that vessels stop fishing once they have exhausted their quota
for that stock. This may not be the case in a mixed fishery, hence Fcube is intended to look at
what the consequences of a given set of TACs may have for all of the stocks caught in the
fishery.

In order to use Fcube to look at the consequences of a given set of TACs may have for all of
the stocks caught in the fishery, forecasts are run for a range of different scenarios for how
vessels may respond to their fishing opportunities. These scenarios are expressed in terms of
the amount of effort each fleet might expend during the forecast year. The scenarios explored
generally include the following:

 SQ_Effort – Status quo effort, i.e. vessels use the same amount of effort as in recent
years

 Min – Minimum, i.e. vessels stop fishing once they have exhausted one of their quotas.
 Max – Maximum, i.e. vessels continue fishing until they have exhausted all of their

quotas.
 Cod – Vessels stop fishing once they have exhausted their quota for cod.

Numerous other scenarios are possible, including individual scenarios for all other stocks
within the North Sea Fcube model. However, the scenarios listed here are of interest as the
‘Min’ and ‘Max’ scenarios represent hypothetical lower and upper bounds on removals from
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each stock, with ‘Min’ being the extreme case of all vessels being choked by one of their quota
stocks – Figure 5-1. Similarly, if it is assumed that fleets were not choked in the preceding
year, then the ‘SQ_Effort scenario indicates what they might catch if similarly unconstrained
in the following year, and any scenario which leads to less effort than the status quo level
implies a degree of choke.

A key principle underlying Fcube is that A TAC can be translated into the amount of fishing
effort each fleet will need to expend in order to take its quota for each stock. This is based on
assumptions about the catch share held by each fleet, how that fleet allocates its effort
between different metiers, and the availability of each fish stock to each fleet. The catch share
is based on recent data on the catches by each fleet. As such, this shares reflect catches after
any trading of quota has taken place, rather than initial allocations based on Relative Stability
and national allocation processes. The rate of uptake of a TAC will also depend on the metiers
which a fleet exploits. In Fcube, the proportion of effort allocated to each metier in the forecast
is usually based on recent data for that fleet. The availability of each stock to the gear of each
fleet is termed the catchability. This is estimated from recent catch rate date for each stock in
each fleet-metier combination. The result of this is that a metier where, for instance, cod, is a
target species will have a higher catchability for cod than a metier where it is a bycatch. Taken
together, this means that it is possible to estimate how much effort each fleet will need to
expend in order to take its catch share of each stock.  The stock which implies the least effort
for the fleet to catch its share will then be the choke-stock for that fleet, unless the amount of
effort implied is greater than the status quo level.

For the current study, the area of interest was the allocation of quota shares and the extent of
trading of these and how much influence this can have on relieving choke for UK fleets. As to
a large extent the processes of allocation and trading happen at the PO level, it was necessary
to allow for this within the Fcube model. To do this, a set of input data was compiled based on
the data used in the 2016 ICES Fcube run for the North Sea demersal fisheries. In this, the
existing UK fleet data were replaced by corresponding data where the fleets were further
disaggregated to include PO information. To give an example, in the ICES data Scottish otter
trawlers less than 24m in length had constituted a single fleet, whereas the new data included
separate fleets for each PO that had such vessels among its membership.

The catch data compiled for use in the Fcube model are based on reported catches at the end
of the year by the relevant fleets. As a result, they represent catches that have been made
after all the quota trading has taken place. In order to explore the degree that quota trading
can contribute to mitigating choke, a second dataset was constructed which was intended to
approximate catches if no trading had taken place. This was done by calculating a correction
factor for each PO-stock combination based on the ratio between the reported catches by that
PO and the initial quota allocation for each stock held by the PO. These correction factors
were applied to the reported catches by each PO-fleet-metier combination to give an adjusted
dataset corresponding to the situation where vessels were not able to trade quota so were
limited to their initial quota allocations.

Two Fcube runs were made; a baseline run which differed only from the 2016 ICES Fcube
run in the inclusion of PO information for UK fleets, and an adjusted run, where the UK fleet-
PO catches were changed to correspond to initial allocations as if no quota trading had taken
place.  The intention of this approach was to compare the detailed results of the two runs in
order to evaluate the extent to which the existing quota trading contributes to mitigating the
risk of choke occurring.
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5.2 Results

In ICES mixed-fishery advice the results from an Fcube run are normally presented in terms
of the results for each stock. This is illustrated in Figure 5-1 which shows the results from the
ICES 2016 forecast for the ‘Min’ and ‘Max’ scenarios as well as the single stock catches as
advised by ICES. For the current study the focus is more on results at the level of Fleet-PO,
and to a lesser extent, country. This focus requires the presentation of substantial amounts of
information in order to cover the results for all fleets and stocks of interest. To do this the
results are here presented as ‘radar’ plots. Each spoke of a plot corresponds to a stock and
the length of the spoke is proportional to the amount of effort required to take the quota for
that stock. This provides a way of visualising which are the most and least restrictive stocks
in each case. As an additional piece of information, some radar plots also include information
on the relative importance of each stock to each fleet in terms of its contribution to fleet
landings. This is done by making the width of the spoke proportional to the landings.

Figure 5-2 and Figure 5-3 show radar plots of results from the baseline run for each country
that participates in the North sea demersal fisheries. Figure 5-2 shows only effort by stock
while Figure 5-3 also incorporates information on the catch by each nation. The plots suggest
that, in general the least restrictive TACs will be those for North Sea haddock or plaice in the
North Sea or Eastern Channel. The most restrictive stocks are indicated to be either North
Sea sole or one of the Nephrops functional units. When the catches are taken into account
(Figure 5-3) it is apparent that the major target stocks for each fleet are among the least
restrictive of their quotas, while the most restrictive stocks are generally a minor component
of their catches. The similarities across different countries suggest that the extent to which
given stocks are likely to prove restrictive suggest that these results arise from the TACs for
each stock rather than the allocation of those TACs between countries. Given that the results
are based on catches after quota trading has been taken into account, this result is not
unexpected.

Figure 5-4 to Figure 5-7 present more detailed output for the Scottish fleet-PO combinations.
Figure 5-4 presents the results from the baseline Fcube run in terms of effort for each stock,
and Figure 5-5 also incorporates information on the relative importance of the landings. Figure
5-6 and Figure 5-7 present the corresponding information for the Fcube run using the adjusted
UK data, i.e. assuming that no quota trading had taken place. The results from the adjusted
run (Figure 5-6) indicate that, in the absence of quota trading, each fleet-PO’s quota holdings
tend to be dominated by a single stock as the effort implied by that stock is much greater than
that for any other stock. The landings data (Figure 5-5 and Figure 5-7) indicate that the stock
that dominates tends to be the fleet’s main target stock. Despite this, these results suggest
that, in some cases at least, the quota holdings by this fleets may be well in excess of what
they are able to catch in a year. The results from the baseline run, where quota trading has
occurred, indicate much less variation in the effort implied by the catch shares held by the fleet
after trading. In effect, the probability of choke occurring increases with the variation in effort
implied by the different quota shares a fleet holds. As a result, the substantial reduction in
variation that occurs as a result of quota trading indicates that this process is effective in
helping reduce the risk of choke occurring.

5.3 Discussion

The comparison of Fcube forecast results with and without quota trading summarised above
suggests that the existing system of quota trading is reasonably effective at mitigating choke
risk as the process leads to most of the relevant fleets having a good spread of quota shares
so that the variation in the amount of effort implied by each of their quota shares is much lower
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than if the trading hadn’t taken place. This is a qualitative evaluation, which raises the question
of how a more quantitative evaluation could be made.  This is not straightforward to define,
partly because of the nature of the model, but mainly because of uncertainty about what an
optimum allocation of quotas would look like.

The two Fcube runs used the same set of assumptions and settings but differed only in the
catch shares held by each UK Fleet-PO combination. It would be possible to use different
assumptions and settings with each dataset, which would produce different results, but this
would require a clear objective for the allocation/trading process so that relative effectiveness
of different approaches could be quantified against that objective. The objective could be
stated in terms of , for instance, maximising quota uptake, or keeping all boats fishing as long
as possible or maximising overall revenue, or minimising choke. All of these approaches are
inter-related but raise different issues. For instance, if the objective is defined in terms of
minimising choke, how would this be traded-off across different stocks, different fleets and
different POs? While it may be of scientific interest to identify a hypothetical optimum, it would
be unrealistic to try and put that into practice, given that the existing system of quota trading
is a bottom-up process based on an informal network of business contacts rather than a
structured, top-down process.
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A, ICES advised catches for North Sea
demersal stocks in 2016. Assumes that all
stocks are caught independently of each
other.

B, Catches assuming that all vessels fish
until they have exhausted all of their quotas.

Over-quota catches leading to discards

The Fcube ‘Max’ scenario

C, Catches assuming all vessels stop
fishing once they have exhausted one of
their quotas.

Quotas under-utilised, leading to fishing
opportunities being ‘choked-off’

The Fcube ‘Min’ scenario

Figure 5-1, Fcube results for major North Sea stocks from the 2016 ICES Fcube run.
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Figure 5-2, ‘Radar’ plot of results from the baseline Fcube run showing results in terms of the effort implied for each
catch share held by national fleets.

The length of each ‘spoke’ is proportional to the fleet effort that would be required to take the catch share for each
stock in 2016.

‘OTH’ = Aggregate category for minor fleets across all states
‘UK’ = Aggregate category for minor fleets from England, Scotland and other parts of the UK.
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Figure 5-3, ‘Radar’ plot of results from the baseline Fcube run showing results in terms of the effort implied for each
catch share held by national fleets.

The length of each ‘spoke’ is proportional to the fleet effort that would be required to take the catch share for each
stock in 2016 and the width of each spoke is proportional to the proportion of that stock in the fleet’s catch.

‘OTH’ = Aggregate category for minor fleets across all states
‘UK’ = Aggregate category for minor fleets from England, Scotland and other parts of the UK.
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Figure 5-4, ‘Radar’ plot of results from the baseline Fcube run showing results in terms of the effort implied for each
catch share held by Scottish fleet-PO combinations.

The length of each ‘spoke’ is proportional to the fleet effort that would be required to take the catch share for each
stock in 2016.
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Figure 5-5, ‘Radar’ plot of results from the baseline Fcube run showing results in terms of the effort implied for each
catch share held by Scottish fleet-PO combinations.

The length of each ‘spoke’ is proportional to the fleet effort that would be required to take the catch share for each
stock in 2016 and the width of each spoke is proportional to the proportion of that stock in the fleet’s catch.
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Figure 5-6, ‘Radar’ plot of results from the adjusted Fcube run showing results in terms of the effort implied for each
catch share held by Scottish fleet-PO combinations in the absence of quota trading.

The length of each ‘spoke’ is proportional to the fleet effort that would be required to take the catch share for each
stock in 2016.
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Figure 5-7, ‘Radar’ plot of results from the adjusted Fcube run showing results in terms of the effort implied for each
catch share held by Scottish fleet-PO combinations in the absence of quota trading.

The length of each ‘spoke’ is proportional to the fleet effort that would be required to take the catch share for each
stock in 2016 and the width of each spoke is proportional to the proportion of that stock in the fleet’s catch.
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6 Discussion and conclusions

6.1 Risk factors in TAC-setting and quota allocation.

Of the two processes considered here which contribute to choke risk, the risks that arise at
the TAC-setting stage apply to all EU member states that exploit the North Sea stocks,
whereas the risks associated with quota allocation are UK-specific, in that they reflect the UK
share of the relevant TACs, and the capacity of the UK fleet to take those quotas. With regard
to TAC-setting, most of the stocks considered here are subject to full analytical assessments,
and are currently exploited close to their MSY fishing mortality targets. As a result, these
factors are low risk for most of the stocks considered here. The exception is Nephrops, where
a single TAC covers a number of functional units, some of which are being exploited above F-
MSY and others of which are classified as data-limited. In this case the use of a single TAC
covering multiple populations has the side effect of mitigating the choke risk that might be the
case if each Functional Unit was subject to a separate TAC. The information on quota trading
indicates a net outward trade of Nephrops quota, which suggests that overall, the choke risk
for Nephrops is relatively low.

For most of the stocks considered here, the area-partitioning of the TAC does not present an
obvious choke risk. In most cases the stock definition includes the North Sea as the main area,
sometimes also including adjacent waters such as the Skagerrak in the Eastern Channel. In
these cases, the large majority of the TAC is allocated to the North Sea. The exception is
hake. In this case the North Sea is part of the range of the Northern Hake stock which also
extends as far south as the north coast of Spain and includes the waters to the west of the
British Isles. However, the issue is not the wide distribution of the stock, but the way the overall
catch is partitioned across the different areas within the stock distribution. Only 3.5% of the
overall catch from the stock is allocated to the North Sea, a figure which is low when compared
to the historical track record of reported catches. As a result, this aspect of the TAC setting
represents a choke risk for hake in the North Sea.

In some ways the situation with hake in North Sea represents a ‘perfect storm’ of choke risk.
In addition to the low North Sea allocation, the UK receives around 18% of the North Sea TAC,
which is low compared to a track record of taking around 25% of the EU catch during the late
1970s over the period on which relative stability shares were based. This has been
exacerbated by changes in both the stock and the fishery since that period. The stock has
recently increased to a high level compared to historic trends, and this has been accompanied
by a change in distribution so that a higher proportion of the stock now occurs in the Northern
North Sea (Baudron & Fernandez, 2015). In addition, UK fisheries in the Northern North Sea
have undergone substantial changes since the relative stability shares were established. The
development of a fishery for anglerfish from the mid-1980s, primarily prosecuted by Scottish
vessels, has meant more fishing activity in deeper waters on the edge of the continental shelf
to the north and west of the UK (Hislop et al, 2000). As well as anglerfish, this change in
activity meant that vessels also started to catch more hake and saithe than was previously the
case, as these species also occur in greater abundances around the edge of the continental
shelf. The combination of a change in fishing activity to areas more favoured by hake, coupled
with an increase in abundance of hake and an associated northward shift distribution of the
stock, means that vessels fishing in these areas are likely to encounter much higher
abundances of hake than is implied by the area TAC and their relative stability share. This
leads to a high choke risk and this is apparent from the very high degree of trading & quota
transfer for hake in the North Sea. The next highest degree of trading occurs for saithe, which
is another case where the development of a fishery in deeper waters means that vessels now
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encounter higher abundances of the species than was the case at the time that relative stability
shares were established.

The work here has used the main North Sea demersal stocks as example stocks to use as
the basis of a risk framework that can be applied more widely to try and evaluate the choke
risk for stocks of UK interest that will become subject to the landing obligation. In this respect,
the North Sea stocks make a useful case study of risk factors associated with quota allocation
not least because these stocks are shared with a relatively high number of other states, hence
there is more scope for quota trading. As the hake example shows, choking can arise from
the combination of a number of inter-related factors from both TAC-setting and quota
allocation, but the available information on quota trading, particularly the difference between
initial and ‘adapted’ UK quotas appears to provide a useful indicator of overall choke risk. The
North Sea demersal stocks considered here are less useful as an example of choke risks from
the TAC-setting process as the relatively high quality of the stock assessments, and the fact
that most stocks are close to their MSY targets, means that these sources of choke risk are
less represented in these stocks. Further work will be required to evaluate risk factors for TAC-
setting, particularly for data-limited stocks, and also to identify indicators for these risk factors.

As part of the work involved in implementing the landing obligation, technical groups which
have met to discuss the issue have identified a number of categories of choke. These are, as
follows:

1. Sufficient quota at MS level
2. Sufficient quota at TAC level
3. Insufficient quota at TAC level

In principle, Category 1 choke situations could be addressed by reallocation of quota within
the relevant member state and Category 2 through exchange of quota between member
states. In practice the existence of active trading of quota both within the UK and with other
member states, and the absence of information on the extent to which this trading is limited
by the availability of quota, means that it is not straightforward to allocate stocks to these
categories. The available information on trading does highlight which stocks have the highest
degree of dependence on obtaining quota through trading-in, and also which stocks where
there is sufficient quota to permit trading-out. In practice the trading means that little distinction
is made between quota obtained from within the UK or from another Member State, hence the
problems in distinguishing between categories 1 and 2. In contrast, Category 3 arises largely
from the choke risks identified in relation to TAC-setting.

To give an indication of the risk framework that is being developed as a result of this work,
Table 6-1 shows an example risk table for North sea demersal stocks. It can be seen that this
approach helps to identify which problems are linked to which stocks and which stocks have
the highest overall risk. Such an approach should also help to identify which mitigation
measures are likely to be the most appropriate for each stock. For instance, where the main
issues are at the TAC setting stage, approaches which change the way TACs are set, e.g.
through flexibility in multi-annual plans, may be appropriate. There are a number of tools and
flexibilities available to help manage the landing obligation, whether at the TAC-setting stage,
or through decisions on how a stock will be phased-in to the landing obligation, or the
flexibilities to transfer catches between stocks or years that the regulation allows. In general
these tools apply at a stock level hence the requirement for stock-based information to aid the
application of these tools.

6.2 Mixed fishery modelling

The mixed fishery modelling conducted here used a modified version of the Fcube model used
by ICES to provide mixed fishery advice for North Sea Demersal stocks. The modifications
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were applied to the UK data so that it was possible to allocate catches at the PO-level in order
to reflect the fact that this is the level at which quota allocation and trading operates. Modifying
and using Fcube in this way proved technically challenging although the problems were
eventually resolved. One issue with using Fcube to look at questions related to quota
allocation is that the model uses catch data as the basis to estimate catch shares, hence the
shares are based on catches that have happened after quota trading has taken place. For this
reason, this study derived a dataset for UK fleets based on correcting their catches back to
their initial allocations before any quota trading. This was used to provide insight into the extent
to which the existing quota trading process acts to redistribute quota allocations in a way that
helps mitigate choke risk. On a qualitative level, the process seems to be rather effective in
mitigating choke, but it is difficult to make a more quantitative evaluation of this contribution,
given the lack of clear objectives for any allocation process.

While Fcube is routinely used to give mixed-fishery advice on a stock basis, the complexity of
the data underlying the model means that there is considerable scope for looking at results at
other levels, including nation and fleet. This study has illustrated the potential for making
greater use of the output from Fcube in this way. At the same time, the complexity of the data
also means that it is necessary to develop novel graphic approaches to try and aid
comprehension of the results.

6.3 Project objectives and results.

Objective 1 of the project was: “To describe the current system of quota allocation and trading
within Scotland and evaluate the extent of flexibility”. The quota allocation system is described
in Section 4 which also given an indication of the flexibility of the current system. During the
course of this work it became apparent that quota allocation was only part of the story as the
ways in which TACs are set also contributes to the choke species issue. Reflecting this, this
part of the project work was expanded to also cover TAC-setting.

Objective 2 of the project was: “To develop and implement the Fcube mixed-fishery model for
the North Sea in order to permit a detailed evaluation of the potential for managing quota
shares to balance fishing opportunities with catches in mixed fisheries”. This was done as
described in Section 5 and discussed in Section 6.2.

Objective 3 of the project was: “To run a number of different quota allocation scenarios in order
to evaluate the contribution they could make to reducing the extent of the choke species issue
for Scottish vessels.”. As well as the mixed-fishery model described under objective 2, this
objective required the identification of a number of scenarios of different approaches to quota
allocation, so their relative performance could be evaluated. From discussion with the Scottish
and English quota management teams it became apparent that there are no clearly stated
objectives for the existing quota management system, but rather it has been allowed to evolve
in a way which allows the industry flexibility to trade-in quota as and when they need it. Further,
it is apparent that the availability of quota from other EU Member States is at least as important
as the movement of quota within the UK. In addition, discussions at the stakeholder workshop
in August did not identify any clear scenarios that could be tested.

In the absence of clear objectives for the allocation process it is not possible to identify
performance measures to compare different allocation systems, and the availability of quota
from other EU Member States anyway lessens the influence of the UK allocation system. As
noted in section 4.6, there are some consistent patterns of quota trading both within the UK
and between the UK and other EU Member States, and while resolving these could have
economic implications, it is by no means clear that this would either increase the overall
degree of quota uptake or decrease any potential choke issues.
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Overall, from the work of the study it became apparent that the basic premise of objective 3,
i.e. that different allocation approaches might be more appropriate, was not relevant given
how the allocation and trading system works in practice. As a result the mixed-fishery model
runs that were performed were limited to two runs, a baseline run representing the existing
system, and an adjusted run representing the hypothetical situation that no quota trading takes
place.

Reflecting the limited extent to which it was possible to address objective 3, the work of the
project has developed in a different direction, but one which still focuses on the contribution
that the quota allocation system can make to the choke species problem. By looking in detail
at the patterns of quota trading for key North Sea stocks, and coupling this with a similarly
detailed analysis of the TAC-setting processes for each of these stocks, the project has
established the basis for a risk-based approach to evaluating the choke risk for all stocks of
UK interest. This work is continuing outside the framework of the current project and is being
used to support the Scottish Government and Defra in their implementation of the landing
obligation. As a result, it is considered that the resultant project is of substantial relevance to
the Scottish fishing industry.

6.4 Future research

As noted above, the work from this project is being used in the development of a risk-based
framework for identifying potential choke issues. This will include risk factors associated with
both the TAC-setting and quota-allocation processes. However, another key element which
could potentially influence choke risk is the biology of the species concerned. In a mixed
fishery, it is likely that the TAC for one species will be exhausted before the others, even if all
stocks are exploited at MSY and there are no allocation issues. This will reflect the balance
between the MSY target fishing mortality for each stock, and the capability of the fleet to catch
the species in question. If the fleet’s capacity and capability to catch a stock is not consistent
with the MSY targets of one or more of its target stocks, then this imbalance leads to a risk
that choke will be a long-term issue. The MSY target reflects aspects of the stock’s biology
such as its growth and reproductive characteristics, whereas the fleet’s ability to catch the
species depends on other biological characteristics such as the stock’s habitat, behavioural
response to fishing gear and geographical distribution. From this it can be seen that the
biological characteristics of a stock, specifically what might be considered the balance
between its productivity and its catchability, are important for both short-term considerations
like estimating choke risk and developing avoidance measures, and longer-term issues like
the balance between fleet capacity and sustainable exploitation.

Overall, the contribution that biological factors may have to choke risk suggests that research
into this topic would make a useful extension of the current work. The main areas to be
investigated would be the relationship between stock productivity and sustainability targets
coupled with the factors influencing the availability of the relevant species to fishing gears.
Reviews of each of these topics could then be used to identify choke risk factors similar to the
current analysis of TAC setting and quota allocation. Such an analysis would also help to gain
a more general understanding of the biological factors influencing sustainable exploitation,
and in turn this could contribute, for example, to the development of sustainability reference
points for data-limited stocks.
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Table 6-1, An example risk table for some North Sea stocks. A score of 1 is low risk and a score of 3 is high risk

Major risks Minor risks

TAC_stock F state B State Discards
Uptake &
trading

SA
Quality Distrib

Stock
change

Fishery
change Total

NS Anglers 1 2 1 1 2 3 1 1 6
NS Cod 2 2 3 3 1 3 1 1 20
NS Dabs & Flounders 2 1 3 1 2 1 1 1 10
NS Haddock 3 1 3 2 1 3 1 1 17
NS Hake 1 1 1 3 1 3 3 3 12
NS Lems & Witches 2 2 3 1 2 1 1 1 13
NS Megrim 1 1 3 1 1 3 1 1 8
NS Nephrops 1 1 1 1 1 1 1 1 0
NS Plaice 1 1 3 1 1 3 3 1 10
NS Saithe 2 1 1 3 1 3 1 3 13
NS Skates & Rays 2 2 2 1 2 1 1 1 10
NS Sole 1 1 1 3 1 2 1 1 7
NS Turbot & Brill 3 3 1 1 2 1 1 1 13
NS Whiting 3 1 3 2 1 3 1 1 17
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