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There is a demand for a management mechanism that can reduce the discarding problems of EU
ﬁsheries. Catch quota management (CQM) seems to be a promising candidate for such a mechanism.
Drawing on a principal–agent model, the objective of this study is to develop and test a method for
investigating if the CQM mechanism is efﬁcient in providing ﬁshers with incentives for participating in
CQM and complying with the rules. The study uses the 2011 Danish CQM trial project as its empirical
basis. The results indicate that CQM ﬁshers have a higher average gross income compared to ﬁshers
harvesting according to the conventional rules. Hence, there is an incentive for ﬁshers to participate in
the trial. However, with the possibility to cheat, CQM ﬁshers may achieve even higher gross income. It is
not obvious that the CQM mechanism's payoff structure (incentives) is attractive enough to ensure that
the ﬁshers comply with the rules. The empirical data illustrate that without discarding the CQM ﬁshers
achieve a lower average price for their catches. Therefore, to make the CQM mechanism sufﬁciently
attractive to ﬁshers, the participating ﬁshers must be compensated.
& 2015 Elsevier Ltd. All rights reserved.
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1. Introduction
Fisheries in the European Union have shown positive developments during the past couple of decades [1–4], however these are
not overall developments [4–7]. While the revision of the Common Fisheries Policy (CFP) in 2002 has contributed to an improvement of the status of many ﬁsh stocks [5–7], most of the cod stocks
in EU remain in a poor state despite increasingly restrictive
ﬁsheries management measures [4,5]. Discarding is a serious and
continuing problem, which now involves marketable ﬁsh [8–10]
and reﬂects a signiﬁcant weakness in the CFP [5,11]. Therefore
there is a demand for a management mechanism that can help to
address the discarding problems experienced in the EU ﬁsheries.
Discards are the part of the catch, which is not retained on-board
during ﬁshing operations but is instead returned, often dead or
dying, to the sea [12–14]. The practice of returning such dead or
dying ﬁsh to the sea is called discarding. These discards are often
unmarketable species, ﬁsh below minimum landing sizes (MLS) and
catches of species which ﬁshers are not allowed to land, e.g. due to
quota restrictions [8,12]. High-grading is the practice of selectively
discarding ﬁsh so that only the most valuable ﬁsh sizes or species are
landed, allowing ﬁshers to attain high prices for their limited catch
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quotas [13–15]. In commercial ﬁshing, ﬁshers are systematically
discarding to maximise the value of the catch [15,16].
Currently the total allowable catch (TAC) is the central measure
in EU ﬁsheries management [17]. The landing quota (LQ), where
only the landed portion of the catch matters [18,19], is the main
mechanism used to operationalise the TAC system [18,20,21].
However the LQ mechanism seems to fail in delivering the desired
results [18,20,22,23]. With the LQ mechanism, it is not allowed to
land ﬁsh smaller than the MLS, catches exceeding the quota, and
by-catch for which there is no quota.2 The LQ’s management
measures such as mesh-size regulation and limitations set for
MLS, automatically determine the discarding of undersized ﬁsh
[24–27]. The LQ mechanism’s regulation [27] also encourages ﬁshers to discard catches exceeding the quota, especially in mixed
ﬁsheries [23,29,30]. This discarding practice gives the ﬁshers the
opportunity to high-grade catches in order to optimise quota
income [15,31–34]. Hence, in EU ﬁsheries discards is still an evident
problem despite the heavy emphasis on conservation in the CFP [5].
This is despite the CFP being supported by control measures like

2
See the details of LQ mechanism’s landing limits in Article 9 “Conditions for
landing catches and by-catches”, page 7, in the “EU COUNCIL REGULATIONS (EC) No
43/2009 of 16 January 2009 ﬁxing for 2009 the ﬁshing opportunities and associated
conditions for certain ﬁsh stocks and groups of ﬁsh stocks, applicable in Community waters and, for Community vessels, in waters where catch limits are required”
[27]. Also see [28].
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logbooks and control at sea and ashore [23,26]. An alternative to the
LQ mechanism, catch quota management (CQM), is currently being
adopted in the EU as a mechanism to operationalise the TAC
management system [11,35]. Although all LQ ﬁshing regulations
are still valid for the CQM ﬁshers, a key feature of CQM that differs
from the LQ mechanism is managing the ﬁsheries by controlling
what is caught instead of what is landed. The intention is to reduce
unregistered ﬁshing mortality, thereby providing better scientiﬁc
data, and to encourage ﬁshers to ﬁsh more selectively, and thus
reduce unnecessary ﬁshing mortality [22,28,36–39]. For the purpose of the present paper, unnecessary ﬁshing mortality implies
mortality as a result of catches; (1) exceeding the recommended
quota, (2) smaller than MLS, (3) unmarketable ﬁsh species and
(4) any other by-catch which cannot be legally landed. This is
important as it can help in reducing discarding and may also
prevent the creation of unbalanced predator–prey relations in the
environment. By decreasing discarding and therefore reducing
unnecessary ﬁshing mortality, the CQM mechanism seeks to optimise the ﬁshers’ economic gain as well as achieving ecological
sustainability in the ﬁshery [22,39–41]. To achieve this, monitoring
and reporting of the total catch are essential management elements
in the CQM mechanism. In Danish trials of CQM, registration of
catches is monitored centrally, i.e. controlled by the closed-circuit
television (CCTV) and remote electronic monitoring (REM) system.
For every ﬁshing trip, on average 10% of the ﬁshing events (hauls)
per vessel with a minimum of 1 are selected for review of the image
data from REM [22,35,44]. Thus, the estimated discards of both cod
and other species are recorded. The volume of discards estimated
from the video footage is compared with the volume of discards
recorded by the ﬁsher in the logbook. This should discourage ﬁshers
from discarding and thereby avoid high-grading [42,44,45].
In British Columbia and elsewhere in North America, a similar
approach in monitoring ﬁshing vessels has also been applied. The
approach was reported to be successful [46–48], although it was
recently questioned [67]. Because the focus was on longline ﬁsheries
[47,49,50], the relevance of the success of North American studies to
European trawl ﬁsheries was unknown. Therefore Denmark, the
United Kingdom, Germany and the Netherlands initiated CQM trial
projects to analyse, understand and document the application of CCTV
equipment to European trawl vessels, and explore the subsequent use
of the information in a CQM system [22,51]. Except for the Netherlands, where the results neither demonstrate a reduction of discards
nor a change in ﬁshers’ behaviour as a response to CQM mechanism3
[51], the CQM reported results in general seem to be promising.
However, the mechanism is not fully comparable with observed data
when it comes to monitoring discards [76,77], but with some further
adjustments to improve the accuracy of monitoring catches there is
hope that discarding problems in EU can be reduced [76–78]. Among
other successful issues, the CQM trials have demonstrated that it is
possible to create incentives for the ﬁshers to avoid by-catch and
juvenile ﬁsh [22,43,44,52,53]. The presence of CCTV and REM systems
in the CQM mechanism allows auditing ﬁshing activities, including
the veriﬁcation of the ﬁshers' reported catches. This results in better
scientiﬁc data [44,45,54,55,76] for the advancement in ecologically
sustainable ﬁsheries. Therefore, in 2011, the impact assessment report
on the performance of the current CFP conducted by the DirectorGeneral for Maritime Affairs and Fisheries (DG MARE) suggested a
policy reform that is built on a CQM-like scenario [35]. The assessment
suggested that the CQM mechanism should be adopted as a key part
of the CFP reform [35]. Following this suggestion, the CQM mechanism has currently been adopted as an integral part of the CFP
[11,38,56]. It is adopted as an optional mechanism in managing the

3
We do not have a good explanation to this. However, the results are based on
a very low sample size.
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EU ﬁsheries. However, a more analytic discussion on how the CQM
mechanism can be expected to motivate the ﬁshers to change their
ﬁshing behaviour as intended is not discussed in these reports.
The CQM can be seen as a mechanism that attempts to regulate
ﬁshers’ activities by on the one hand setting rules that must be obeyed
(e.g. documentation of all catches) and on the other hand providing
beneﬁts (e.g. extra ﬁshing quota and ﬁshing days). To be an efﬁcient
mechanism CQM must fulﬁl two conditions. First, the CQM mechanism must be able to attract the ﬁshers’ participation, i.e. it must be
attractive for vessels to participate in the CQM trials. Second, when
participating, it must be attractive for CQM vessels to commit to the
CQM rules. Since the ﬁshers can be expected to respond to management regulations by trading off economic gain against the cost of noncompliance [16], the CQM vessels must earn at least as much as when
they operated traditionally. In practice, this means that it must not be
attractive for them to mimic the behaviour of traditional vessels
[16,57,58], by discarding and not documenting catches honestly.
The aim of this study is to discuss how the CQM mechanism
may be formulated in order to attract ﬁshers’ participation and
make it proﬁtable for them to comply with the rules.
Using the principal–agent model [59–61], the present paper
presents crucial properties which have to be present for a CQM
mechanism to be both attractive to ﬁshers and motivate compliance. Next, by using data from the 2011 Danish CQM trial project it
analyses whether this trial project has the required properties.
However, due to lack of vital data the analysis is based on several
simplifying assumptions and must be regarded as a theoretical
approach more than a realistic assessment of the 2011 Danish
CQM trial. Also, only the Skagerrak ﬁshing segment data are used
in this study despite the trial project covering the Skagerrak and
the North Sea ﬁshing segments. This is because of lack of comparable data for CQM and LQ vessels operating in the North Sea. The
study is designed to contribute to help the improvement of the
CQM mechanism as a tool for managing the EU ﬁsheries.

2. Description of the CQM mechanism in relation to the LQ
rules
The LQ and the CQM mechanism have basically the same ﬁshing
rules and regulations. Only catches for which the vessel has a quota
may be landed [26,27]. If the vessel does not have a quota for a
particular species, it should lease the quota or obtain it from other
vessels participating in the quota pool. Otherwise the ﬁshery should
be ceased. All catches must be covered by quota holdings [26,27].
The CQM mechanism allows ﬁshers to acquire extra ﬁshing days at
sea and extra quotas for the species caught. As cod is the only
species accounted for in the CQM trial projects hereto, only the cod
quota is increased in the 2011 Danish CQM trial project. It includes a
premium of up to 30% of the actual vessel quota, available after the
functioning of the documentation system has been approved
[22,36]. The additional quota is based on the vessel’s track record
for the previous annual landings. Cod landed under scientiﬁc
dispensation schemes and additional quota due to leasing is not
included in this track record [22,36,62]. In the event that the initial
quota has been partly ﬁshed at the time the vessels enters the
project, the premium is reduced accordingly, including the discarded undersized cod [22,36]. Participating vessels are not allowed
to sell or lease out their cod quota to vessels within or outside the
CQM mechanism. If a CQM vessel’s cod quota is exhausted, the
vessel must stop ﬁshing [22,36]. Although only cod is included in
the trial so far, it should be noted that this does not mean that
discarding is allowed for other species caught than cod.
In order to allow innovative ﬁshers to develop ﬁshing gear
ﬁtted for their purpose, there is a view that some ﬁshing effort
regulations should be considered unnecessary for CQM vessels,
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Table 1
Special CQM operational rules to follow for the 2011 Danish CQM trial project.a
The CQM vessels must have the CCTV linked to the REM system.
Cease ﬁshing with a gear for which cod is recognised as target species when the cod quota is exhausted.
Catches of ﬁsh restricted by a quota should not be discarded, if they are above the minimum landing size (MLS).
Cod should not be discarded if caught above the MLS.
Allowed to discard only the cod caught below the MLS, but can only be discarded after weighing and after 30 seconds display in front of the camera.
Discards of ﬁsh must only take place via conveyor belt and hatches that can be monitored by a camera.
All cod above and below the MLS must be separated from the catch.
Both the weight of cod above and below the MLS should be registered haul by haul.
All catches under the MLS are counted against the quota.
Haul by haul documentation of all ﬁshing activities and reporting all technical problems to the authority i.e. the Danish Directorate of ﬁsheries.
a

See CQM trial-reports [22,42] for more details, otherwise the CQM vessels have to follow all other traditional ﬁshing regulations applied.

i.e. that there should be a free choice of gear [22,53]. However, the
CQM mechanism has so far not been associated with a relaxation
of the effort regulations. Thus, until today, the effort regulations
for LQ vessels also apply for CQM vessels, except that CQM vessels
are granted extra days at sea.
Besides, there is an obligation that CQM vessels must have the
CCTV linked to the REM system on board (Table 1), whereas this is not
the case under the LQ rules. The REM system enables the authorities
to control high-grading if done by CQM vessels [44,45]. Hence, the
CQM rules make it more difﬁcult for ﬁshers to discard [44].
Table 1 gives an overview of the operational rules for the
vessels that participated in the 2011 Danish CQM trial project.
The interesting question is whether the extra cod quota and
extra ﬁshing days at sea granted to CQM vessels compensate for
the forgone proﬁts due to the avoided high-grading? If not, it is
likely that the CQM ﬁshers will try to copy (mimic) the harvesting
behaviour of the LQ ﬁshers in order to maximise their proﬁts
regardless of the presence of the REM system [16,57,58].

introduce the CQM mechanism, and the challenge to the ﬁsheries
authorities (the principal), is to formulate the CQM mechanism,
given the LQ rules. The ﬁsheries authorities are assumed to be
utilitarian and maximise utility [59,61]. The utility is the aggregate
of the expected net income across all ﬁshers. Assuming two groups
of homogeneous ﬁshers, the LQ ﬁshers and the CQM ﬁshers, the
authorities’ challenge is to maximise utility given the total quota to
the ﬁshery and that each group of ﬁshers cannot land more than
their allotted quota. This is expressed in (1) below:
max Π ¼ βfpCQ M hQ

CQ M

CQ M

 C CQ M ðhQ

Þ þpLQ hQ C LQ ðhQ Þg  KðβÞ
LQ

LQ

ð1Þ
s:t:

CQ M

hQ

LQ

þ hQ ¼ hQ

ð2Þ

where Π is the expected utility to the authorities of the ﬁshing
activity. The superscript CQM denotes the CQM ﬁshers and LQ
denotes the LQ ﬁshers. When p is a vector of prices per kg for each
CQ M

of the species landed, hQ

LQ

and hQ

are vectors of the quota in
CQ M

3. Theoretical model
The main intention of the CQM mechanism is to reduce
discarding, which implies a reduction in unnecessary and unregistered ﬁshing mortality [22,36–39]. Although the CQM vessels are
required to have CCTV on board, it takes time and surveillance and
thus involves costs for the ﬁsheries authorities to check each
vessel. An alternative is to formulate the CQM mechanism such
that it is not in the interest of the CQM vessels to cheat. A contract,
or mechanism, fulﬁlling this criterion, is said to be incentive
compatible [59,61], and how to formulate such a contract can be
analysed by using e.g. a simple principal–agent model [59,61].
The game of mechanism design (also called reverse game
theory) [59] is a game of asymmetric information in which the
principal chooses the payoff structure of the game and the agent
decides whether to participate in the game or not [59]. The
simple principal–agent model deﬁnes a situation where one
principal (ﬁsheries authorities) wants one agent (ﬁsher) to
behave in a certain manner, and where behaving in the desired
manner imposes costs upon the agent [59–61]. The payoff
structure is costly for the authorities because it has to allow the
ﬁshers a rent in order to secure information revelation [59,61].
The cost of the payoff structure equals the rent required for
securing the ﬁshers’ participation and truthful information
revelation.
The point of departure is that all ﬁshers harvest according to
the LQ rules. However, the ﬁshers possess different knowledge
about ﬁshing grounds, and where to catch different species. They
may also have different knowledge regarding where to get large or
small cod. Such information difference may be utilised to reduce
unnecessary ﬁshing mortality. Hence it is politically decided to

respect of CQM and LQ ﬁsher for the species landed, pCQ M hQ
LQ

p

LQ
hQ

and

are the gross revenues of CQM and LQ ﬁshers respectively.
CQ M

Similarly C CQ M ðhQ

LQ

Þ and C LQ ðhQ Þ are the costs incurred by the
CQ M

CQM and LQ vessel respectively. The term hQ

denotes the total

LQ
hQ

quota for CQM ﬁshers, whereas
denotes the total quota for LQ
ﬁshers, and hQ is the total quota for the speciﬁc ﬁshery under
consideration. Eq. (2) states that the total quota for the ﬁshery is
ﬁxed. The challenge is thus for the authorities to divide it between
the two groups of ﬁshers. Kðβ Þ are the costs of surveillance in order
to ascertain that the ﬁshers ﬁsh according to their speciﬁc rules. The
parameter β deﬁnes the probability for not being caught cheating,
 
and thus it is realistic to assume K 0 β o 0, i.e. that the ﬁrst-order

derivative of costs with regards to β is decreasing. This implies that
when the probability for not being caught cheating increases, the
costs decrease, which is reasonable as decreasing costs means lower
effort in enforcement of the regulations, which in turn means higher
probability for not being caught cheating. Throughout this paper,
however, it is assumed that β is politically decided and exogenous to
the ﬁsheries authorities. This also ﬁxes the costs term KðβÞ.
The idea is that some ﬁshers may be better informed where to
get larger sized cod and avoid the small sized cod, and thus will
have a competitive advantage in choosing the CQM contract.4 In
4
The reason why some ﬁshers may choose the CQM rules instead of the LQ
rules may be superior knowledge about groundﬁsh harvesting, which makes them
more competent to ﬁsh cod and other groundﬁsh and thus reduces their costs in
these ﬁsheries. Then, however, mimicking LQ vessels, which do not necessarily
specialise in groundﬁsh ﬁsheries, they will lose this cost advantage and there is no
reason to believe that CQM ﬁshers have harvest costs that are different from LQ
ﬁshers when they mimic the harvest pattern of the LQ ﬁshers.
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this endeavour, the authorities must assure that it is not proﬁtable
for the ﬁshers who choose the CQM contract to cheat by mimicking the harvest pattern of the LQ ﬁshers, which imply discarding.
This is called the incentive compatibility constraint. Also, they
must assure that the LQ contract is still proﬁtable for ﬁshers
without this superior information. This is called the participation
constraint.
When it comes to the ﬁshers in both vessel groups, the
assumption is that they maximise net income, given by
 
ð3Þ
Π k ¼ βfpk hk  C k hk g; where k ¼ CQM; LQ
CQ M

h

LQ

h

CQ M

rhQ

ð4Þ

LQ

rhQ

where Π is the net income to ﬁsher in group k, and h is a
vector of the amount in kg for the species landed for ﬁshers in
group k. For LQ ﬁshers, β ¼ 1, as they are not assumed to be able to
cheat, and thus are not caught cheating. As there are wellfunctioning control rules in place for ﬁsh landings in Denmark it
is realistic to assume that no ﬁsher can cheat by landing more
than their allotted quota, which is indicated by restrictions (4) and
(5). For LQ ﬁshers the assumption is that both gross income and
harvesting costs are well known variables to the ﬁsheries
authorities. Hence, it is possible to normalise the net income to
LQ ﬁshers to 0.5 Then, as CQM ﬁshers can always choose to cheat
and ﬁsh according to the LQ rules, the net income of a CQM
ﬁsher must be at least as high as 0. The participation constraints
thus are
LQ

LQ

pLQ hQ  C LQ ðhQ Þ ¼ 0
CQ M

pCQ M hQ

CQ M

 C CQ M ðhQ

ð6Þ

Þ Z0

ð7Þ

For the CQM ﬁshers not to be tempted to cheat, the CQM contract
must fulﬁl the following condition:
CQ M

CQ M

 C CQ M ðhQ
CQ M

M
where pCQ
LQ hLQ

n
o
CQ M CQ M
M CQ M
Þ Z β pCQ
Þ
LQ hLQ  C LQ ðhLQ
CQ M

M
and C CQ
LQ hLQ

ð8Þ

are the revenue and costs

respectively of CQM ﬁshers when ﬁshing according to the LQ rules
and discarding, but with a higher cod quota and assuming that (4)
is fulﬁlled with equality. The left-hand side of (8) expresses the net
income of CQM ﬁshers harvesting according to the CQM rules
whereas the right-hand side expresses the net income of CQM
ﬁshers harvesting according to the LQ rules, but with an additional
cod quota. Hence, (8) says that the net income of CQM ﬁshers
when operating according to the CQM rules must be at least as
high as the net income of CQM ﬁshers when harvesting according
to the LQ rules, but with the extra cod quota, and when there is a
possibility for being caught cheating.
If the assumption is that the costs of LQ ﬁshers harvesting
according to the LQ rules equal the costs of CQM ﬁshers harvesting




LQ
CQ M
M
according to the LQ rules, i.e. C LQ hQ ¼ C CQ
, then (8)
hLQ
LQ
can be expressed as follows:




CQ M
CQ M
LQ
M CQ M
LQ
Z βfpCQ
hQ g
pCQ M hQ  C CQ M hQ
LQ hLQ  p

ð80 Þ

The right-hand side of (80 ) is the expected difference between the
gross income of CQM ﬁshers harvesting according to the LQ rules,
but with the extra cod quota, and the gross income of LQ ﬁshers
5

harvesting according to the LQ rules. As the CQM ﬁshers can
always harvest more cod than the LQ ﬁshers, the right-hand side
of (80 ) will always be positive, implying that the CQM ﬁshers must
be allowed a rent beyond that of the LQ ﬁshers when harvesting
according to the CQM contract. The right-hand side of (80 ) gives
the limit for the rent to the CQM ﬁshers necessary to make the set
of contracts incentive compatible.6 This indicates the minimum
costs to the authorities of the regulation. A crucial assumption for
(80 ) is that eventual cost advantages are lost when CQM ﬁshers
mimic the harvest pattern of LQ ﬁshers.
Some qualitative incentives may not be taken care of in the
model presented above. Due to such restrictions of the model,
variables that matter, but not taken care of in the model, will be
discussed based on empirical data.

ð5Þ
k

k

pCQ M hQ
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Note, that this is a normalisation, which may allow for a positive rent to the
LQ ﬁshers.

4. Data
In order to be able to apply the model above to the Danish 2011
CQM trial project in Skagerrak, data had to be compiled from
various sources. These are: (1) data on total landings per species,
value per species and number of vessels for the vessel category
demersal trawlers and demersal seiners’ 18–24 m total length for
both CQM and LQ vessels obtained from the Danish National
Institute of Aquatic Resources [63], (2) data on prices per kg of
size-grade cod extracted from the DG MARE report [35], and
(3) data from the 2011 Danish CQM trial-project report which
are used to calculate the proportions of cod as divided on each of
the ﬁve size-grades [22]. None of the mentioned sources could
provide data on harvest costs. Although general data on harvest
costs per vessel group exist for all Danish vessels [64], it does not
exist separately for the CQM and LQ vessels.
The catch data is restricted to 8 speciﬁc species, which,
according to the 2011 Danish CQM trial-project report [22], are
the most important common commercial species landed for the
relevant métier vessels. All other species landed are included in
the category “Other Species”.
Based on the above sources, the average landings (in 1000K)
and price per kg is calculated in Danish kroner for the 8 most
important common commercial species harvested by CQM and LQ
ﬁshers. The formulas applied to calculate the numbers presented
in Table 2 are given in Appendix A (A1)–(A3). The CQM and LQ
vessel included in the analysis are métier vessels, i.e. vessels of the
same size (18–24 m total length), ﬁshing in the same areas prior to
the CQM trial project, and with the same gear type [22]. Prior to
the CQM trial, the landings made by the CQM and LQ vessels were
reported to be the same [22]. Hence, similar ﬁshing behaviour and
landing patterns are presumed for the two vessel groups prior to
the CQM trial project. Thus the results in Table 2 suggest that
the two vessel groups have chosen different harvesting behaviour
and landing strategies due to the implementation of the CQM
mechanism.

5. Results
5.1. Gross income per ﬁsh species
The data show that whereas the LQ ﬁshers get a major share of
their gross income from Norway lobster, the CQM ﬁshers' main
income source is shared between European plaice and Atlantic
cod. This is shown in Fig. 1 as well as in Table 2.
6
Note that the smaller the β is, the smaller the required rent. This is because a
low β means very high probability of getting caught cheating, which makes this
option unproﬁtable for the CQM ﬁshers.
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Table 2
Landings in 1000K and price in DKK per species for CQM and LQ vessels, 2011.
Species

Norway lobster
Haddock
Saithe
European Plaice
Lemon Sole
Witch ﬂounder
Atlantic cod
Common sole
Other Speciesa

CQM vessels

LQ vessels

Landings per
Price per
vessel (kg 1000) kg (DKK)

Landings per
Price per
vessel (kg 1000) kg (DKK)

1.709
34.700
6.922
78.579
1.172
1.144
26.359
0.016
8.626

13.372
5.306
11.279
24.536
1.105
3.168
10.780
0.281
17.631

71.18
10.72
10.65
10.28
37.72
29.73
21.68
118.70
16.18

72.48
8.71
9.91
10.17
39.42
22.23
23.61
111.68
10.47

a
See Appendix B: Table B1, for details on speciﬁc species included in the
category “Other Species”.

ﬁshers cannot proﬁt on mimicking the harvesting pattern of the LQ
ﬁshers. At the same time both groups of ﬁshers must have an
incentive to participate in the ﬁshery under their respective rules.
Since cod is currently the only ﬁsh species accounted for in the CQM
trials, the participating vessels in the 2011 Danish CQM trial were
allocated extra quota only for cod.
Table 4 provides the summary of the results concerning the
total gross income realised per vessel by CQM and LQ ﬁshers,
when harvesting according to their respective rules and when
CQM ﬁshers mimic the behaviour of the LQ ﬁshers. Ideally,
following the theoretical model and Eq. (80 ) in Section 3, it is in
the interest of the current study to compare the economic rent of
CQM ﬁshers when harvesting honestly and when mimicking LQ
ﬁshers. However, due to lack of separate cost data for CQM and LQ
ﬁshers, gross income was used. The simplifying assumption that
the costs for both groups of vessels are the same, i.e.




CQ M
LQ
¼ C LQ h
, was also used. Note that this simpliﬁcaC CQ M h
tion disregards possible cost advantages for the CQM ﬁshers. With
cost advantages for CQM ﬁshers, the rent required by CQM ﬁshers
in order not to mimic LQ ﬁshers will be lower.
In Table 4, “True” CQM or LQ vessels means that ﬁshers behave
according to the required rules. “Mimicking LQ vessels” means that
the CQM ﬁshers do not operate according to the CQM rules, but
instead mimic the behaviour of the LQ ﬁshers when it comes to
harvesting and landing patterns. These are model entities based on
theoretical assumptions and given the CQM and LQ mechanism rules.
It should be noted that it is assumed that when CQM ﬁshers mimic
the LQ ﬁshers, they maintain their extra cod quota. There are three
alternatives for how the CQM ﬁshers may mimic the LQ ﬁshers.

Fig. 1. Comparison of Gross Income per ﬁsh species (DDK 1000).

Table 3
Price indices in Danish kroner (DKK) per kg ﬁsh for cod and all species excluding
cod for CQM and LQ vessels.
Vessel group

Cod

All species excluding cod

CQM vessels
LQ vessels

21.68
23.61

10.02
19.51

5.2. Price index for cod and other species caught
A price index for cod, and a price index for all species landed
except cod for both CQM and LQ vessels were calculated. The price
indices are given in Table 3, and were calculated using (C1) and
(D1) in Appendices C and D respectively.
The price indices in Table 3 conﬁrm that the CQM vessels have
higher percentage of lower-value species within the category “All
species excluding cod” than the LQ vessels. The domination of the
high-value species for LQ vessels contributes to the high price
index. Also, the price index for cod indicates that the CQM
mechanism may work in order to reduce high-grading, as the
average price per kg cod landed is lower for CQM vessels
compared to LQ vessels. This indicates that the CQM vessels have
higher shares of lower grade (smaller) cod.
5.3. Is the CQM mechanism incentive compatible?
For the CQM mechanism, as applied in the 2011 Danish CQM
trial project in Skagerrak, to be an efﬁcient mechanism to reduce
unnecessary ﬁshing mortality, it must be the case that the CQM

Alternative 1: The assumption here is that the ﬁshers follow
the CQM harvesting rules, except that they discard small-sized
cod to achieve the cod price index of the LQ vessels. This means
that the CQM ﬁshers (1) retain their extra cod quota, 2) land the
extra cod quota, but discard small-sized cod, and (3) do not
discard other species caught to high-grade, and hence the price
index of “all species excluding cod” is the same as when the
CQM ﬁshers are ﬁshing honestly.
Alternative 2: The assumption here is the same as above,
except that the mimicking ﬁshers are not discarding cod, but
instead discard “all other species excluding cod”, in order to
achieve the higher price index for this harvest category. This
implies that for “all other species caught excluding cod”, the
ﬁshing behaviour and landing pattern of the CQM ﬁshers is the
same as that of the LQ ﬁshers. The CQM ﬁshers now obey the
rules for cod, implying a lower price index for cod.
Alternative 3: The assumption here is that the ﬁshers follow
the ﬁshing behaviour and landing patterns of the LQ ﬁshers to
achieve the higher price index of both cod and “all other
species” caught.
In all 3 alternatives above, the CQM ﬁshers retain and land their
extra cod quota and maintain their extra ﬁshing days.
The results in Table 4 indicates that CQM ﬁshers harvesting in
Skagerrak do have higher average gross income (DDK 2 166 480)
compared to ﬁshers harvesting according to the LQ rules (DKK
1 961 050). Hence, there is an incentive for ﬁshers to participate in
the trial and harvest according to the CQM rules. However, rows 2–4
of Table 4 also show that with the possibility to cheat and mimic the
harvesting behaviour of the LQ ﬁshers, CQM ﬁshers may achieve an
even higher gross income. This means they may have an incentive to
cheat and harvest according to the LQ rules. However, the increase in
their gross income decreases with increasing probability of getting
caught, and when β becomes sufﬁciently low, implying that the
probability of getting caught is higher, expected gross income of the
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Table 4
Gross Income in DKK per vessel per year for CQM ﬁshers when harvesting according to CQM rules and when mimicking LQ vessels, and for LQ ﬁshers harvesting according to
LQ rules.
Vessel group

Total Gross Income (DKK
1000) when β ¼ 1

Range of β values
(probability range)

Range of total gross income (DKK 1000) Description of the
when: β¼ 0.5, β ¼0.99
scenario

True CQM vessels

2166.48

NA

NA

Alternative 1: Mimicking LQ vessels for cod
and not for other species
Alternative 2: Mimicking LQ vessels for
other species but not for cod
Alternative 3: Mimicking LQ vessels for both
cod and other species
True LQ vessels

2328.93

0.5–0.99

1164.47–2305.64

2217.34

0.5–0.99

1108.67–2195.17

2278.07

0.5–0.99

1139.04–2255.29

1961.05

NA

NA

Fishing according
to their rules
Mimicking LQ
vessels
Mimicking LQ
vessels
Mimicking LQ
vessels
Fishing according
to their rules

NA ¼not applicable.

CQM ﬁshers when ﬁshing honestly is higher compared to when they
mimic LQ ﬁshers. When β ¼0.5, i.e. with a 50% chance of not being
caught cheating, the results indicate that the ﬁshers will be better off
harvesting honestly. In this case, if the CQM ﬁshers harvest according
to the rules, they earn almost double the income they earn when
they mimic the LQ ﬁshers. But with a sufﬁciently high β, the CQM
mechanism, as it materialised in the Skagerrak demersal trawl
ﬁsheries, is not incentive compatible (IC). This is because CQM
vessels may cheat and earn a higher gross income by mimicking
LQ vessels.
Having shown that the CQM mechanism, as it materialised in the
Skagerrak demersal trawl ﬁsheries, is not IC for sufﬁciently high β, a
relevant question is; how much extra gross income do the CQM
ﬁshers need for the CQM mechanism to become IC? Assuming
β ¼0.99 (Table 4), the answer is the difference between the corresponding gross income for CQM ﬁshers when mimicking LQ vessels
and the gross income of the “True LQ vessels”. So, applying Eq. (80 ) in
Section 3, the results show that for the CQM mechanism to be IC, the
CQM ﬁshers must earn DKK 344 590 (Alternative 1), 234 120
(Alternative 2) or 294 240 (Alternative 3) more than the LQ ﬁshers,
given no cost advantage for any of the groups of the ﬁshers. Note that
these amounts are too high if CQM ﬁshers have a cost advantage
when mimicking LQ ﬁshers’ behaviour. When CQM ﬁshers do not
cheat, they “only” earn DKK 205 430 (DKK 2 166 480–1 961 050)
more per vessel per year compared to LQ ﬁshers. This implies that
the CQM ﬁshers, although catching more cod and other valuable
groundﬁsh species as European plaice and haddock, will still be
better off if they mimic the LQ vessels’ harvest and landing patterns.

6. Discussion
The current study illustrates that the CQM vessels’ catch composition leads to lower price indices compared to the LQ vessels, but a
larger volume of total landings. This may be taken as an indication
that the CQM mechanism does work when it comes to avoid highgrading of both cod and all other ﬁsh species caught. However, just as
the ﬁshers have expressed their concerns [65], the CQM mechanism’s
operational rules seem to encourage the entry of vessels with
particular characteristics. As mentioned in Section 2, the operational
rules of the CQM mechanism increase the cod quota for the CQM
vessels, while the quotas for other species are unchanged. The extra
cod quota is granted as a percentage (currently 30%) of the quota the
vessel already holds. Vessels with a high cod quota face high rewards
from participating in the CQM trial and may therefore be more likely
to participate in the CQM trial than vessels with a smaller cod quota
[65]. On one hand, this is positive as it implies that those accounting

for the largest cod catches are also those who agree to reduce their
discards of cod. On the other hand, since the additional quota
premium of up to 30% of the normal vessel quota is based on catches
after subtracting incurred discards, it is probably those vessels with
already relatively low discards who gain most from adopting the
CQM rules. Consequently, the mechanism does not attract those who
are the largest discarders.
Looking at the difference in harvesting pattern between the two
vessel groups, the CQM vessels harvest more cod than LQ vessels
(Table 2), and they seem to practice groundﬁsh ﬁshery. This may
explain why the CQM vessels also harvest more European plaice and
haddock than LQ vessels. Cod, European plaice and haddock are all
groundﬁsh stocks. In typical cod ﬁsheries, European plaice and
haddock are the most common valuable by-catch species as they
often share similar water depths and seabed areas [66]. The extra
ﬁshing days granted allows the CQM vessels to spend more time in
groundﬁsh ﬁsheries, whereas the LQ vessels, with restricted ﬁshing
days, switch gear and engage in Nephrops norvegicus ﬁsheries, and
land a lot more Norway lobster compared to the CQM vessels. Usually
Nephrops norvegicus ﬁsheries take incidental catches of small gadoids
and ﬂatﬁsh [68]. This may explain why LQ ﬁshers practice highgrading (discarding e.g. small gadoids and ﬂatﬁsh) and concentrate on
only returning high-value species like Norway lobster [69]. Thus, the
catch composition between the CQM and LQ vessel group is different
despite being vessel groups originally targeting the same species. This
indicates that the implementation of the CQM mechanism has
triggered different harvesting patterns across the two vessel groups.
Given the prevalent management regulations, the CQM and LQ
ﬁshers adjust their ﬁshing behaviour by reallocating effort to
groundﬁsh and shellﬁsh ﬁshery respectively, in order to maximise
their gross income [57,58]. It is therefore expected that groundﬁsh
ﬁshery is more proﬁtable for CQM ﬁshers, due to factors such as
superior knowledge about the groundﬁsh ﬁshing grounds, which
may provide a competitive advantage, and the opposite is true for
LQ ﬁshers [16,20]. Due to the ﬂexibility of the CQM mechanism, it is
possible that the CQM ﬁshers are able to utilise their knowledge, by
harvesting on ﬁshing grounds where they can catch cod, the species
for which they already are allocated a larger quota. If the CQM
vessels’ harvesting costs for cod are lower than if they mimic the LQ
vessels and ﬁsh high-value species like Norway lobster, then it is
less likely that the CQM ﬁshers will mimic the LQ vessels.
The results in Section 5.3 are based on the simplifying assumption




LQ
CQ M
M
that C LQ h
¼ C CQ
implying that the costs per ﬁshing day
hLQ
LQ
of a CQM vessel harvesting according to the LQ rules equal the costs
of an LQ vessel. This means that if the CQM ﬁshers have cost




CQ M
LQ
M
advantages when cheating, implying C CQ
oC LQ h
, then
hLQ
LQ
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the necessary compensation to CQM vessels for not discarding
will be higher than those amounts presented under the results in
Section 5.3. Due to these simplifying assumptions and the fact that
cost data per vessel group is lacking, the estimated compensation
results in Section 5.3 do not necessarily correspond to the actual data
of the 2011 Danish CQM trial-project’s participating vessels in
Skagerrak. However, the methods of the present study will in general
be applicable in providing insights about how the CQM mechanism
may be formulated in order to attract ﬁshers’ participation and make
it proﬁtable for them to comply with the rules. The model used is
generic, implying that even if the simplifying assumptions used may
be unrealistic, the model framework can still be used to grasp
important aspects of the CQM mechanism. With sufﬁcient data, the
model can easily be adjusted and made operational for use in other
EU ﬁsheries. As mentioned above, details of the operating costs
at vessel group level are required to enable the provision of
concrete recommendations for questions on how to make the CQM

mechanism incentive compatible. This is the expectation because like
many other studies on ﬁsher’s behaviour, the current study has
postulated that ﬁshers are entirely driven by economic interests
[16,20,57,70]. Nevertheless, it could be important to take into
considerations the relevance of tradition, past experience and
information exchange on ﬁsheries’ behaviour [16,71–73].

7. Conclusion
The CQM mechanism is supposed to reduce unnecessary ﬁshing mortality, and thereby reduce discarding. To achieve this, all
ﬁshing activities are constantly monitored by the CCTV with REM
the system. However, since no system is fool-proof there nevertheless may be a possibility for CQM vessels to cheat by discarding
small-sized ﬁsh or unwanted by-catches and get away with it. An
interesting question is then; can it be trusted that the vessels

Table B1
Species Included in the Category “Other Species” per vessel.
Skagerrak ﬁshing segment
CQM vessels

LQ vessel

Species name

% of total landings

Price per kg (DKK)

Species name

% of total landings

Price per kg (DKK)

Common dab
European hake
Monk
Pollack
Catﬁsh
Turbot
Cuttleﬁsh
Ling
Whiting
Tub gurnard
Brill
Unknown Species
European ﬂounder
Atlantic halibut
Lumpﬁsh
Edible crab
Marine crabs
Raysþ Skates
Tusk
Picked dogﬁsh
Atlantic Mackerel
Grey gurnard
Lumpﬁsh
European lobster
Greater weever
Skate (Raja batis)
Breaked redﬁsh
Atlantic herring
Long-Rough dab
Megrim
Mullet
Tope

2.0862
1.8261
0.4234
0.3694
0.1240
0.1093
0.0984
0.0977
0.0708
0.0595
0.0371
0.280
0.0246
0.0221
0.0155
0.0100
0.0062
0.0035
0.0014
0.0010
0.0009
0.0008
0.0005
0.0002
0.0002
0.0002
0.0002
0.0001
0.0001
0.0001
0.0001
0.00001

7.06
14.35
33.01
23.94
37.90
63.90
38.11
14.94
7.83
19.82
50.28
16.30
5.71
90.81
17.17
18.95
26.10
18.36
20.28
19.04
16.17
9.92
2.45
117.63
15.50
37.54
28.73
2.00
14.00
8.82
39.45
8.71

Sprat
Atlantic herring
European hake
Common dab
Monk
Ling
Pollack
Turbot
Whiting
Cuttleﬁsh
Brill
Rays þSkates
North deep-water prawn
Atlantic halibut
Catﬁsh
Tub Gurnard
Lumpﬁsh
Atlantic Mackerel
European ﬂounder
Roundnose grenadier
Picked dogﬁsh
Unknown species
Lumpﬁsh
Edible crab
Marine crabs
Golden redﬁsh
Sandeel
Grey gurnard
Rabbitﬁsh
Skate (Raja batis)
Tusk
Blue ling
Greater weever
Tope
Beaked redﬁsh
Long-Rough dab
Atlantic Horsemackerel
Spinous spider Cr.
European lobster
Mullets
European eel
Freshwater bream
Sea trout
Greenland halibut
Megrim
Bass
Garﬁsh

8.0847
3.1510
2.4321
1.8150
1.7444
0.4516
0.4087
0.3389
0.2534
0.2310
0.2103
0.1451
0.1234
0.0843
0.0801
0.0800
0.0729
0.0672
0.0515
0.0432
0.0400
0.0375
0.0364
0.0293
0.0268
0.0209
0.0181
0.0178
0.0175
0.0115
0.0100
0.0082
0.0074
0.0035
0.0023
0.0015
0.0008
0.0006
0.0005
0.0002
0.0001
0.0001
0.00002
0.00002
0.00001
0.00001
0.00001

1.45
1.45
12.61
7.09
35.43
13.11
20.49
76.65
5.58
30.77
50.70
10.81
39.44
94.27
45.69
9.51
69.76
6.10
3.87
5.01
19.69
7.58
5.97
19.43
18.53
8.52
1.45
2.51
1.59
27.87
14.52
15.74
12.95
10.19
8.70
1.48
6.22
3.67
101.13
42.41
24.01
22.74
22.39
45.00
8.80
30.00
8.13
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following the CQM rules are not discarding? Unless the CQM
mechanism offers incentives that make ﬁshers earn more than
within the LQ mechanism, the ﬁshers will probably still be
discarding in order to increase the income from their ﬁshing
operation. In this paper, the principal–agent model is used to
discuss whether a Danish CQM trial project fulﬁls the criteria to be
an efﬁcient mechanism in order to reduce unnecessary ﬁshing
mortality in a mixed demersal ﬁshery in Skagerrak. The model
uses the empirical data from the 2011 Danish CQM trial for vessels
harvesting in Skagerrak. The results show that the CQM mechanism, as formulated in this trial and for this speciﬁc ﬁshing
segment, is not incentive compatible. The reason is that with a
low probability of being caught cheating, it is proﬁtable for CQM
ﬁshers to cheat by mimicking the behaviour (harvesting pattern)
of the LQ ﬁshers. However, because of the inability to get sufﬁcient
data to draw robust conclusions, the results are very preliminary,
and highly theoretical. The greatest weakness is that due to cost
data limitations, the two vessel groups are assumed to have
similar costs. The post-trial empirical data suggest a sort of
specialisation in ﬁshing methods between CQM and LQ vessels,
as the LQ ﬁshers get most of their income from high-value species
such as Norway lobster, whereas CQM ﬁshers get the main share of
their income from European plaice and Atlantic cod. Hence, one
may question whether the two vessel groups were distinctively
different with regard to their harvesting patterns prior to the trial.
Or rather, is it the case that the CQM rules allow ﬁshers to
specialise in different ﬁsheries according to the rules they choose
to follow? This is an important management concern [20,74]. Due
to the possibility that there may be adaptive ﬁshing behaviour, i.e.
specialisation in different ﬁshing methods between the ﬁshers
following CQM and LQ mechanism, it would be important for
future research to study the incentives leading to such responses
(reallocation of effort to different species), and link them to the
models used in analyses of ﬁshing behaviour [16,20,72,75]. Unveiling such incentives will contribute to clarify whether or not CQM
is an efﬁcient management mechanism for reducing discarding in
the EU ﬁsheries.
Comprehensive studies of incentive compatibility, require the
availability of data on cost, effort and harvest on the vessel level.
The future CQM studies are encouraged to make such data
available whenever possible as this would enable the development
of an empirical basis for improving CQM as a mechanism to reduce
discard problems in EU ﬁsheries.

nAdjusting factor ¼

85

Appendix A. The variables in Table 2 above were calculated as
given in (A1)–(A3) below.
Harvest (kg) per vessel per species for CQM and LQ vessels was
calculated as indicated in (A1) and (A2) respectively.
M
HarvestCQ
¼
i

Total kg for species i landed by the CQM vessels
Number of vessels involved
ðA1Þ

Total kg of species i landed by the LQ vessels
Number of vessels involved

HarvestLQ
i ¼

ðA2Þ

where the subscript i refers to species, and the superscripts LQ and CQM
refer to harvesting according to the LQ and CQM rules respectively.
The price per kg ﬁsh species landed was calculated using the
DTU Aqua ﬁsh data provided [63], i.e. based on landing (in kg) and
value (in DKK) per species landed from vessels harvesting in the
Skagerrak. Thus the price per kg ﬁsh for either CQM or LQ vessel
was calculated as given by (A3).
Pricei ¼

Value of total kg landed for species i ðDKKÞ
Total kg landed for species i

ðA3Þ

where i is the type of species as indicated in column one of Table 2.

Appendix B
See Table B1.

Appendix C. The price index per kg cod

P Cod
¼
k

5
X
f ¼1

codðf Þ

Þ
-codðf
 hk
k

;

where

k ¼ CQM; LQ

ðC1Þ

Þ
where P Cod
is the Price Index per kg cod landed, pcodðf
is the price
k
k
codðf Þ
per kg size-grade f cod landed adjusting factor*, and hk
is the
proportion (%) of size-grade f cod landed.
There are 5 cod sorting grades (kg).

Price per kg cod from the provided raw data of the 2011 Danish CQM  trial Project
Price index per kg cod based on the price per size  grade cod from the DG MARE report
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Appendix D. The Price Index per kg of all species excluding cod

SP
P All
¼
k

8
X
i¼1

SpeciesðiÞ

ðiÞ
-Species
 hk
k

;

where

k ¼ CQM; LQ

ðD1Þ

SP
where P All
is the Price Index per kg for all species landed,
k
ðiÞ
excluding cod, pSpecies
is the price per kg species i landed, and
k
SpeciesðiÞ
hk
is the proportion (%) of species i landed.
There are 8 species categories excluding cod. Refer Table 2 (ﬁrst
column) for details of the 8 category species included in “All SP”.

References
[1] European Commission. Green Paper. Reform of the common ﬁsheries policy.
Brussels, 22.4.2009, COM (2009) 163 ﬁnal. Available at: 〈http://tinyurl.com/
ow6pkj〉; 2009 [accessed 17.09.12].

86

M.R. Msomphora, M. Aanesen / Marine Policy 58 (2015) 78–87

[2] Ratz HJ, Mitrakis N.. Scientiﬁc, Technical and Economic Committee for Fisheries (STECF) – Evaluation of ﬁshing effort regimes in European waters—Part 1
(STECF-12-09). Ispra: JRC Scientiﬁc and Policy Report; 2012.
[3] Wakeford RC, Agnew DJ, Mees CC. Review of institutional arrangements and
evaluation of factors associated with successful stock recovery plans. Rev Fish
Sci 2009;17(2):190–222.
[4] ClientEarth. Response to commission communication on 2015 ﬁshing opportunities under the CFP. Available at: 〈http://tinyurl.com/knab24w〉; 2014
[accessed 27.01.15].
[5] Fernandes PG, Cook RM. Reversal of ﬁsh stock decline in the northeast
Atlantic.
Curr
Biol
2013;23(15):1432–7.
http://dx.doi.org/10.1016/j.
cub.2013.06.016.
[6] Cardinale M, Dörner H, Abella A, Andersen JL, Casey J, Döring R, et al.
Rebuilding EU ﬁsh stocks and ﬁsheries, a process under way? Mar Policy
2013;39:43–52.
[7] Smith ADM. Fishery management: Is Europe turning the corner? Curr Biol
2013;23(15):R661–2. http://dx.doi.org/10.1016/j.cub.2013.06.018.
[8] Tasker ML, Camphuysen CJ, Cooper J, Garthe S, Montevecchi W, Blaber S. The
impacts of ﬁshing on marine birds. ICES J Mar Sci 2000;57:531–47. http://dx.
doi.org/10.1006/jmsc.2000.0714.
[9] Daan N, Bromley P, Hislop J, Nielsen N. Ecology of North Sea ﬁsh. Neth J Sea
Res 1990;26:343–86. http://dx.doi.org/10.1016/0077-7579(90)90096-Y.
[10] Fernandes PG, Coull K, Davis C, Clark P, Catarino R, Bailey N, et al. Observations of discards in the Scottish mixed demersal trawl ﬁshery. ICES J Mar Sci
2011;68:1734–42.
[11] TAC Regulations. Council regulations: ﬁxing for 2014 the ﬁshing opportunities
for certain ﬁsh stocks and groups of ﬁsh stocks, applicable in EU waters and,
for EU vessels, in certain non-EU waters. October 2013. Chapter II: Additional
allocations for vessels participating in trials on fully documented ﬁsheries.
Available at: 〈http://tinyurl.com/qzlz6a9〉 site here; 2014 [accessed 06.01.14].
[12] Catchpole TL, Frid CLJ, Gray TS. Discards in North Sea ﬁsheries: causes,
consequences and solutions. Mar Policy 2005;29(5):421–30. http://dx.doi.
org/10.1016/j.marpol.2004.07.001.
[13] Anderson LG. An economic analysis of high grading in ITQ ﬁsheries regulation
programs. Mar Resour Econ 1994;9:209–26.
[14] Garthe S, Camphuysen CJ, Furness RW. Amounts of discards by commercial
ﬁsheries and their signiﬁcance as food for seabirds in the North Sea. Mar Ecol
Prog Ser 1996;136:1–11. http://dx.doi.org/10.3354/meps136001.
[15] Gillis DM, Pikitch EK, Peterman RM. Dynamic discarding decisions: foraging
theory for high-grading in a trawl ﬁshery. Behav Ecol 1995;6(2):146–54. http:
//dx.doi.org/10.1093/beheco/6.2.146.
[16] Batsleer J, Poos JJ, Marchal P, Vermard Y, Rijnsdrop AD. Mixed ﬁsheries
management: protecting the weakest link. Mar Ecol Prog Ser
2013;479:177–90. http://dx.doi.org/10.3354/meps10203.
[17] EU. Council Regulation (EC) No 2371/2002 of 20 December 2002 on the
conservation and sustainable exploitation of ﬁsheries resources under the
Common Fisheries Policy. OJEC, L 358; 2002.
[18] EU. Council Regulation (EU) No. 23/2010 of 14 January 2010 ﬁxing for 2010 the
ﬁshing opportunities for certain ﬁsh stocks and groups of ﬁsh stocks,
applicable in EU waters and, for EU vessels, in waters where catch limitations
are required and amending Regulations (EC) No 1359/2008, (EC) No 754/2009,
(EC) No 1226/2009, and (EC) No 1287/2009. OJEU, L 21; 2010.
[19] EU. Council Regulation (EU) No. 219/2010 of 15 March 2010 amending
Regulation (EU) No 53/2010 as regards the ﬁshing opportunities for certain
ﬁsh stocks and following the conclusion of the bilateral ﬁsheries arrangements
for 2010 with Norway and the Faroe Islands. OJEU, L 71; 2010.
[20] Poos JJ, Bogaards JA, Quirijns FJ, Gillis DM, Rijnsdorp AD. Individual quotas,
ﬁshing effort allocation, and over-quota discarding in mixed ﬁsheries. ICES J
Mar Sci 2010;67(2):323–33. http://dx.doi.org/10.1093/icesjms/fsp241.
[21] ICES. Report of the ICES Advisory Committee. Cod in Subarea IV (North Sea),
Division VIId (Eastern Channel), and IIIa (Skagerrak). ACIS Advice, 6, North
Sea; 2010. 305 pp.
[22] Dalskov J, Olesen HJ, Møller E, Jensen SP, Jensen M, Schultz F, et al. Danish Catch
Quota Management trials – application and results. Report on the 2011 Danishtrials. Available at: 〈http://tinyurl.com/kjyvuba〉; 2012 [accessed 02.10.14].
[23] Ulrich C, Reeves SA, Vermard Y, Holmes SJ, Vanhee W. Reconciling singlespecies TACs in the North Sea demersal ﬁsheries using the Fcube mixedﬁsheries advice framework. ICES J Mar Sci 2011;68:1535–47.
[24] Cappell R. Economic aspects of discarding – UK case study: discarding by
North Sea whiteﬁsh trawlers. In: Final report for DG Fish, European Communities, and MAFF. UK (Edinburgh): Nautilus Consultants; 2001.
[25] Graham N, Fryer RJ. Separation of ﬁsh from Nephrops norvegicus into a twotier cod-end using a selection grid. Fish Res 2006;82:111–8.
[26] Diamond B, Beukers-Stewart BD. Fisheries discards in the North Sea: waste of
resources or a necessary evil? Rev Fish Sci 2011;19:231–45.
[27] EU. Council Regulation (EC) No 43/2009 of 16 January 2009 ﬁxing for 2009 the
ﬁshing opportunities and associated conditions for certain ﬁsh stocks and
groups of ﬁsh stocks, applicable in community waters and, for Community
vessels, in waters where catch limitations are required. OJEU, L 22; 2009.
[28] Regulations. Council regulation (EC) No 40/2008 of 16 January 2008 ﬁxing for
2008 the ﬁshing opportunities and associated conditions for certain ﬁsh
stocks and groups of ﬁsh stocks, applicable in Community waters and, for
Community vessels, in waters where catch limitations are required (Acts
adopted under the EC Treaty/Euratom Treaty whose publication is obligatory).
OJEU, L19/1; 2008.

[29] Daan N. TAC management in North Sea ﬂatﬁsh ﬁsheries. J Sea Res 1997;
37(3–4):321–41.
[30] Reiss H, Greenstreet SPR, Robinson L, Ehrich S, Jørgensen LL, Piet GJ, et al.
Unsuitability of TAC management within an ecosystem approach to ﬁsheries:
an ecological perspective. J Sea Res 2010;63(2):85–92.
[31] Rochet M, Trenkel VM. Factors for the variability of discards: assumptions and
ﬁeld evidence. Can J Fish Aquat Sci 2005;62(1):224–35.
[32] Eliasen SQ. Cod avoidance by area regulations in Kattegat experiences for the
implementation of a discard ban in the EU. Mar Policy 2014;45:108–13.
[33] Kristofersson D, Rickertsen K. Highgrading in quotaregulated ﬁsheries: evidence from the Icelandic cod ﬁshery. Am J Agric Econ 2009;91:335–46.
[34] Gillis DM, Peterman RM, Pikitch EK. Implications of trip regulations for high
grading—a model of the behavior of ﬁshermen. Can J Fish Aquat Sci
1995;52:402–15.
[35] Directorate-General for maritime Affairs and Fisheries (DG MARE) report.
Impact assessment of discard reducing policies draft ﬁnal report. Available at:
〈http://tinyurl.com/nspnyo8〉; 2011 [accessed 01.02.13].
[36] Dalskov J, Håkansson BK, Olesen HJ. Final Report on the Danish catch quota
management project 2010. Available at: 〈http://tinyurl.com/k2osl2h〉; 2011
[accessed 28.11.12].
[37] Marine Management Organisation UK. Catch quota trials 2011 ﬁnal report.
Available at: 〈http://tinyurl.com/cgtnvvc〉; 2012 [accessed 22.11.12].
[38] CFP reform – the discard ban. Available at: 〈http://tinyurl.com/kkrmn9y〉; 2014
[accessed 19.09.14].
[39] Discarding and the landing obligation. Available at: 〈http://tinyurl.com/
qbgu3em〉; 2014 [accessed 19.09.14].
[40] European Commission. Proposal for a regulation of the European parliament
and of the council on the common ﬁsheries policy (12514/11) replacing the
basic provisions of the Common Fisheries Policy, Brussels, July 2011. Available
at: 〈http://tinyurl.com/ozrafuu〉; 2011 [accessed 20.09.14].
[41] Maritime Affairs and Fisheries. Reform of the common ﬁsheries policy: a
sustainable future for ﬁsh and ﬁshermen. Available at: 〈http://tinyurl.com/
kpxdwlb〉; August 2013 [accessed 20.09.14].
[42] Kindt-Larsen L, Larsen F, Stage B, Dalskov J. Final report. Fully documented
ﬁshery onboard gillnet vessels 415 m. Charlottenlund: DTU Aqua. Institut for
Akvatiske Ressourcer. Available at: 〈http://tinyurl.com/onr5nlv〉; 2012
[accessed 17.09.14].
[43] Dalskov J, Kindt‐Larsen L. Final report of fully documented ﬁshery. DTU
AquaReport no. 204‐2009. Charlottenlund: National Institute of Aquatic
Resources, Technical University of Denmark, 49 pp. Available at: 〈http://
tinyurl.com/n2d4vrm〉; 2009 [accessed 28.11.12].
[44] Kindt‐Larsen L, Kirkegaard E, Dalskov J. Fully documented ﬁshery: a tool to
support catch quota management system. ICES J Mar Sci 2011;68(8):1606–10.
http://dx.doi.org/10.1093/icesjms/fsr065.
[45] Kindt-Larsen L, Dalskov J, Stage B, Larsen F. Observing incidental harbor
porpoise Phocoena phocoena bycatch by remote electronic monitoring.
Endang Species Res 2012;19:75–83. http://dx.doi.org/10.3354/esr00455.
[46] Ames RT, Williams GH, Flitzgerald SM. Using digital video monitoring systems
in ﬁsheries: application for monitoring compliance of Sea bird avoidance
devices and sea bird mortality in Paciﬁc halibut longline ﬁsheries. US
Department of Commerce, NOAA Technical Memorandum, NMFS-AFSC-152;
2005. 93 pp.
[47] Ames RT, Leaman BM, Ames KL. Evaluation of video technology for monitoring
of multispecies longline catches. N Am J Fish Manage 2007;27:955–64.
[48] Stanley RD, Olsen N, Fedoruk A. Independent validation of the accuracy of
yelloweye rockﬁsh catch estimates from the Canadian Groundﬁsh Integration
Pilot Project. Mar Coast Fish Dyn. Manag Ecosyst Sci 2009;1:354–62.
[49] McElderry H. At Sea Observing Using Video-Based Electronic Monitoring. In:
Background paper prepared by Archipelago Marine Research Ltd. for the
Electronic Monitoring Workshop, July 29–30, 2008, Seattle WA. Available at:
〈http://tinyurl.com/n3g8n7a〉; 2008 [accessed October 2012].
[50] McElderry H, Schrader J, Illingworth J. The efﬁcacy of video-based monitoring
for the halibut ﬁshery. CSAS research document 2003/042; 2003. 79 pp.
[51] van Helmond TM, Couperus AS, Warmerdam M, van Tuinen DW. Catch-Quota
Pilot Study on the Dutch commercial ﬁshery on cod (Gadus morhua) (ﬁrst
period: 2010–2012). Report number C132/12a. Available at: 〈http://edepot.
wur.nl/240318〉; 2012 [accessed 18.02.14].
[52] Course G, Pasco G, Revill A, Catchpole T. The English North Sea Catch-Quota
pilot scheme – using REM as a veriﬁcation tool. CEFAS report: 44 pp. Available
at: 〈http://www.cefas.defra.gov.uk/〉; 2011 [accessed 23.11.12].
[53] Pascoe S, Innes JD, Holland M, Fina O, Thébaud R, Townsend J, et al. Use of
incentive-based management systems to limit bycatch and discarding. Int Rev
Environ Resour Econ 2010;4:123–61.
[54] Stanley RD, McElderry H, Mawani T, Koolman J. The advantages of an audit
over a census approach to the review of video imagery in ﬁshery monitoring.
ICES J Mar Sci 2011;68:1621–7.
[55] Benoit PH, Allard J. Can the data from at-sea observer surveys be used to make
general inferences about catch composition and discards? Can J Fish Aquat Sci
2009;66:2025–39.
[56] EU. Regulation No 1380/2013 of the European parliament and of the council
on the Common Fisheries Policy. Article 15: Landing obligations. Available at:
〈http://tinyurl.com/omtfn3x〉; 2013 [accessed 06.01.14].
[57] Gordon HS. An economic approach to the optimum utilization of ﬁshery
resources. J Fish Res Board Can 1953;10(7):442–57.
[58] Hilborn R, Kennedy RB. Spatial pattern in catch rates: a test of economictheory. Bull Math Biol 1992;54:263–73.

M.R. Msomphora, M. Aanesen / Marine Policy 58 (2015) 78–87

[59] Fudenberg D, Tirole J. Game theory. Cambridge: MIT Press; 1991.
[60] Vestergaard N. Principal–agent problems in ﬁsheries. In: Grafton R, Hilborn R,
Squires D, Tait M, Williams M, editors, Handbook of marine ﬁsheries
conservation and management. Oxford University Press. Available at: 〈http://
works.bepress.com/vestergaard/1〉; 2010. p. 563–71 [accessed 17.11.13].
[61] Laffont JJ, Martimort D. The theory of incentives: the principal–agent model.
Princeton: Princeton University Press; 2002. p. 28–49 [Chapter 2].
[62] Marine Management Organisation. Catch quota management with remote
electronic monitoring system: Terms and conditions. Available at: 〈http://
tinyurl.com/qaet4jx〉; 2015 [accessed 17.01.15].
[63] DTU Aqua data. The data provided by the Technical University of Denmark,
Danish National Institute of Aquatic Resources (DTU Aqua data), Denmark.
Contact: Hans Jakob Olesen: hjo@aqua.dtu.dk, Section for Monitoring and
Data, DTU Aqua; 2011.
[64] StatBank Denmark. Available at: 〈http://www.statbank.dk/statbank5a/default.
asp?w=1280〉; 2013 [accessed 15.09.13].
[65] Case study catch quota trials in practice. David Milne. FS73 1012. Available at:
〈http://tinyurl.com/qﬂbwmb〉; October 2012 [accessed 07.10.14].
[66] Havforskningsrapporten. Available at: 〈http://tinyurl.com/ogzkgjl〉; 2014 [only
in Norwegian with English summary in some Sections] [accessed 16.01.15].
[67] Stanley RD, Karim T, Koolman J, McElderry H. Design and implementation of
electronic monitoring in the British Columbia groundﬁsh hook and line
ﬁshery: a retrospective view of the ingredients of success. ICES J Mar Sci 2014.
http://dx.doi.org/10.1093/icesjms/fsu212.
[68] FAO, Corporate Document Repository. A global assessment of ﬁsheries bycatch
And discards. Fisheries and Aquaculture Department. Available at: 〈http://
tinyurl.com/qztepyr〉; 1994 [accessed 09.02.14].
[69] Redant F, Polet H. Introduction on the ﬁnﬁsh by-catches and discards in the
Belgian Norway lobster (Nephrops norvegicus) ﬁshery. ICES Demersal Fish
Committee CM1994/G:29; 1994.
[70] Hilborn R, Walters CJ. A general model for simulation of stock and ﬂeet
dynamics in spatially heterogeneous ﬁsheries. Can J Fish Aquat Sci
1987;44:1366–9.

87

[71] Holland DS, Sutinen JG. Location choice in New England trawl ﬁsheries: old
habits die hard. Land Econ 2000;76:133–50.
[72] Little LR, Kuikka S, Punt AE, Pantus F, Davies CR, Mapstone BD. Information
ﬂow among ﬁshing vessels modelled using a Bayesian network. Environ
Model Softw 2004;19:27–34.
[73] Marchal P, Lallemand P, Stokes K. The relative weight of traditions, economics,
and catch plans in New Zealand ﬂeet dynamics. Can J Fish Aquat Sci
2009;66:291–311.
[74] Salas S, Gaertner D. The behavioural dynamics of ﬁshers: management
implications. Fish Fish 2004;5:153–67.
[75] Dowling NA, Wilcox C, Mangel M, Pascoe S. Assessing opportunity and
relocation costs of marine protected areas using a behavioural model of
longline ﬂeet dynamics. Fish Fish 2012;13:139–57.
[76] Needle CL, Dinsdale R, Buch TB, Catarino RMD, Drewery J, Butler N. Scottish
science applications of Remote Electronic Monitoring. ICES J Mar Sci http://dx.
doi.org/10.1093/icesjms/fsu225.
[77] van Helmond ATM, Chen C, Poos JJ. How effective is electronic monitoring in
mixed bottom-trawl ﬁsheries? ICES J Mar Sci 2014. http://dx.doi.org/10.1093/
icesjms/fsu200.
[78] Ruiz J, Batty A, Chavance P, McElderry H, Restrepo V, Sharples P, et al.
Electronic monitoring trials on in the tropical tuna purse-seine ﬁshery. ICES J
Mar Sci 2014. http://dx.doi.org/10.1093/icesjms/fsu224.

