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Abstract: Discarding is a common practice in fisheries. Total discards are estimated to be about
30 million tons, representing around 23% of worldwide catches. Discarding is an undesirable
practice, not only because of the waste of resources, but also because of its contribution to the
overexploitation of fish stocks. Several countries have already established discard bans, to different
extents (e.g., Norway, Iceland, Chile, New Zealand). The EU’s landing obligation (discard ban) is
a major measure of the latest reform of the Common Fisheries Policy for EU fisheries. It aims to
reduce unwanted catches in EU fisheries, by incentivizing improved selectivity and restoring fish
stocks to levels that can sustain the maximum production over time without harming the biodiversity
and the capacity of future generations to obtain fish. However, banning discards will inevitably
induce diverse short- and long-term ecological, economic, and social impacts, which may determine
whether the landing obligation’s objectives will be achieved.

Keywords: landing obligation; discards; discard ban; survival rate; MSY; undersized fish; minimum
landing size; minimum conservation reference size; Common Fisheries Policy

1. Introduction

In fisheries, discards, or discarded catch, is that portion of the total organic material of animal
origin in the catch which is thrown away, or dumped at sea for whatever reason. The discards may
be dead, or alive [1]. The Food and Agriculture Organisation of the United Nations’ (FAO’s) code
of conduct for responsible fisheries [2] identified discarding as a major problem and called for its
reduction. However, knowledge of the extent of discarding suffers from data availability and data
quality issues [3]. This is mainly because of the lack of systematic studies and the high variability in
the proportions of the catch discarded in different fisheries using different fishing gears [4,5]. Indeed,
discards can account for 80% of the catch in some fisheries. Alverson et al. [6] estimated worldwide
discards to be about 27 million tons, whereas more recently, Nellemann et al. [7] reported total discards
to be about 30 million tons, accounting for 23% of global catches.

Discarding occurs for both legal and economic reasons. Regulations often define the catch that
can be legally caught and landed. Catches that (i) exceed a quota, (ii) are below a minimum legal
size or (iii) do not meet catch composition rules cannot be retained on board and must be discarded.
For economic reasons, catches could also be discarded if (iv) they comprise small individuals of
commercial species that command low prices, (v) they are of poor quality (e.g., damaged, or not so
fresh), (vi) they include species of low market value, or (vii) they are of non-commercial species [8-11].
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The impacts of discarding in different fisheries depends on the survival rates of discards
which are mainly linked to the species and the fishing gear [12]. For most species, survival rates
are generally low and for some species and fisheries, the proportion of individuals that survive
discarding is zero [12-14]. The expected survival rates are potentially higher for crustaceans and some
elasmobranchs, e.g., skates/rays [14,15].

Discarding is an undesirable practice, since it results in:

e A waste of resources; catches disposed of at sea could be consumed or used in some other
way [16].

e Undocumented (i.e., unreported) catch which can lead to increased uncertainty in determining
optimal fishing mortality rates due to unaccounted mortality [12,17].

o Total Allowable Catches (TACs) and quota management systems not functioning as intended,
since part of the catch is not registered.

e Anincreased risk of overexploitation.

According to the United Nations, the 2012 world population of more than 7 billion will rise to
approximately 9 billion by 2030 and to 10 billion by 2050 [18]. Such rapid population growth will also
give rise to a rapid increase in the global demand for additional food [19-22]. Hence, there is not only
a need to increase food production sustainably, but also to ensure responsible consumption and to
minimize food waste.

As a result, some countries (e.g., Norway, Iceland, Faroe Islands, Chile, New Zealand and now
the EU) have established discard bans, i.e., the prohibition of discarding and the obligation to land
all catches of species falling under such bans. However, the range of species to which a discard ban
extends differs by country. Discard bans aim to make fishing more sustainable by encouraging more
responsible practices through, for example, the development and deployment of more selective fishing
gears [23,24].

2. Extent of Discarding in EU Fisheries

The EU landed almost 5 million tons of seafood products in 2015, of which almost 4 million tons
came from the North-East Atlantic and 0.4 million tons from the Mediterranean and Black Sea [25].

In Europe discards are recorded via at-sea sampling organized by national institutions and the
data are administered and stored by national authorities [3]. To date, discard information has primarily
been collected and recorded to supply data to stock assessments. In the NE Atlantic, stock assessments
are carried out by the International Council for the Exploration of the Sea (ICES).

Outside of stock assessment, a Fisheries Dependent Information (FDI) database containing
data submitted by EU Member States under the Data Collection framework (DCF; Regulation (EU)
199/2008 [26]) has been assembled and is hosted by the European Commission’s Joint Research
Centre (JRC). The FDI database holds data from EU Member States on fishing effort, landings and
discards by year and quarter, for selected fishing gear groups and FAO areas [27,28]. Under the DCEF,
EU countries report data for the NE Atlantic (including the Baltic and North Seas), and these data
are assembled by the JRC, making them available from 2003 to 2016 through a dissemination website
(https:/ /stect.jrc.ec.europa.eu/dd/effort [29]).

For the Mediterranean and Black Sea, data on total weight and abundance of discards by length
classes and/or age by stock/métier (Métier: defined as a group of fishing operations targeting a similar
assemblage of species, using similar gear, during the same period of the year and/or within the same
area and which are characterized by a similar exploitation pattern, (Reg. (EC) N° 949/2008 [30]).) are
collected by EU countries under the DCF and stored in a database hosted by the EU Commission JRC
(https:/ /stecf jrc.ec.europa.eu/dd/medbs [31]). These data are used, for example, to evaluate the state
of exploitation of the main demersal and small pelagic stocks [32,33].

Coverage of both JRC datasets is about 75%, i.e., both contain discard data related to almost % of
the EU landings from the area. Outcomes for the Mediterranean and Black Sea dataset suggest that
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reported discards of EU fleets represent slightly less than 10% of total catches in the area for 2015,
significantly less than the 19% estimated by Tsagarakis et al. [34]. The data for the NE Atlantic suggest
that reported discards represent a significantly higher share of the catches than in the Mediterranean
and Black Sea data [27]. These differences might be explained because discards in the Mediterranean
and Black Sea area are primarily undersized catches, while in the NE Atlantic catch limits also play
an important role. However, the data gaps and high variability across fisheries from all areas make it
difficult to derive a precise estimate of discards and hence the potential impact of the landing obligation
cannot be predicted with any certainty.

3. Fisheries Management under the CFP and the Landing Obligation

The EU’s Common Fisheries Policy (CFP) has been designed with the aim of ensuring that EU
fishing is environmentally, economically, and socially sustainable. Among the goals of the CFP are
to foster a dynamic fishing industry and to ensure a fair standard of living for fishing communities.
Whereas maximizing catches is of importance, the CFP must ensure that fishing practices do not
harm the ability of fish populations to reproduce. The objectives of the current policy [35] are set out
in Article 2 and although the term sustainable exploitation is not explicitly defined, a definition is
implied in the context of the objectives specified in paragraph 2, of that article, which states: “The CFP
shall apply the precautionary approach to fisheries management, and shall aim to ensure that exploitation of
living marine biological resources restores and maintains populations of harvested species above levels which
can produce the maximum sustainable yield. In order to reach the objective of progressively restoring and
maintaining populations of fish stocks above biomass levels capable of producing maximum sustainable yield,
the maximum sustainable yield exploitation rate shall be achieved by 2015 where possible and, on a progressive,
incremental basis at the latest by 2020 for all stocks”. Hence sustainable exploitation under the CFP equates
to the exploitation rate that will restore and maintain populations of fish stocks above biomass levels
capable of producing maximum sustainable yield.

The establishment of the landing obligation (discard ban) is a major provision of the latest reform
of the CFP and aims to gradually eliminate discards of commercially exploited stocks (Article 15 of EU
Reg. 1380/2013 [35]). In fact, the extensive practice of discarding in EU fisheries fostered by the EU
quota system, has been identified as one of the reasons for the failure of the past CFP [36,37]. Discarding
has prevented several fish stocks from recovering, despite low quotas [38]. Indeed, the obligation to
land all catches and a better use of marine resources are in line with the EU’s Europe 2020 Strategy
objective of a more resource efficient economy [39].

The landing obligation prescribes that all catches of species which are subject to catch limits and,
in the Mediterranean, also catches of species which are subject to minimum sizes caught during fishing
activities in Union waters or by Union fishing vessels in international waters, shall be brought and
retained on board the fishing vessels, recorded, landed and counted against quotas where applicable,
except when used as live bait. In both sea areas, catches of fish below minimum conservation reference
size (MCRS) that otherwise would have been discarded, cannot be sold for human consumption.

The landing obligation was introduced in 2015 and is being applied progressively across different
stocks and fisheries, starting with fisheries for small and large pelagic species, fisheries for industrial
purposes and fisheries for salmon in the Baltic Sea on the 1st of January 2015. The landing obligation
will be fully enforced by the 1st of January 2019 [35]. This gradual introduction is to allow the
fishing industry to adapt their fishing practices to comply with the changes introduced by the landing
obligation. Furthermore, TACs are adjusted to allow for the anticipated increase in landings due
to landings of that part of the catch that would previously have been discarded [40,41]. To put the
timescale of the landing obligation introduction into context the Norwegian no discard policy started
in 1987 covering two species (cod and haddock) and took until 2008 to gradually expand to cover
18 species. After the law was changed in 2009 to make an obligation to land all catches the norm,
the number of species covered again expanded to reach 55 species by 2014 [24]. The obligation to land
all catches does not apply to species for which fishing is prohibited under the CFP; species for which
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scientific evidence demonstrates high survival rates (of discards); and species that fall under so-called
de minimis exemptions. A de minimis exemption of up to 5% of the total annual catches of all species
subject to the landing obligation may be granted for fisheries where scientific evidence indicates that
increases in selectivity are very difficult to achieve, or where the costs of handling unwanted catches
are disproportionate [35]. Requests for exemptions incorporated in discard plans [42] or multi-annual
plans [43] and are considered on a case by case basis [44,45].

4. Factors Determining Success or Failure of the Landing Obligation Implementation

A discard ban will be beneficial if total removals are reduced [46] or if for the same amount
of removals, an exploitation pattern closer to the optimal is achieved [45]. For given quotas,
such reductions in removals can take place without any reductions in the weight of fish landed,
by avoiding capture of undersized and non-commercial species and by avoiding over quota catches.
However, reaping such benefits relies on strict compliance with the discard ban and on providing
incentives for fishers to alter their fishing practices.

Discarding takes place because fishers expect to profit from this practice or because they are
obliged to discard to comply with legal requirements. The landing obligation removes the legal
requirement to discard, but fishers may still have an incentive to discard for economic reasons.
For example, the desire to discard part of the catch may be related to the limited physical storage
on board and high sorting costs relative to expected revenues. Thus, an effective implementation of
the landing obligation will require stringent control and enforcement and/or economic incentives
to land more of the catch [46,47]. However, fisheries control and enforcement is typically rather
expensive [48,49]. Consequently, the required level of surveillance to ensure full implementation could
prove to be extremely costly considering the size and diverse nature of the EU fleet [46].

From the incentive perspective, incentives to land the unwanted catch should not be significantly
lower than the cost of landing to avoid illegal discarding or the deterioration of the fishers’ economic
performance. The main incentive to land fish that would otherwise be discarded is economic i.e.,
the ability to derive revenue from such landings. However, under the landing obligation, fish below
minimum size cannot be used for direct human consumption, i.e., must be destined to other uses
(e.g., fishmeal and fish oil production, bait, direct feed in aquaculture, fertilizers). This will often require
the provision of necessary infrastructure on land for processing the discards, which is commonly
lacking [50-52]. On the other hand, revenues from undersized fish should not be higher than the cost
of landing, to avoid creating a (perverse) incentive to target undersized fish.

To help to assess the effectiveness of the landing obligation it will be important to monitor the
relative catch profiles of different gear types and area combinations. Two significant issues make
such monitoring problematic. Firstly, fishery-dependent data, including data on discards, is often
collected at a much coarser level of aggregation than the categories of fisheries potentially of interest
to managers [53]. Hence disaggregation into sub-categories can only repeat the recorded age or length
profile [54]. Second, there is a tension between data used for scientific or compliance monitoring.
Discards made in contravention of the landing obligation are unlikely to be reported on a voluntary
basis. Any records obtained by national compliance organizations are unlikely to be made available
to the wider scientific community. Already, member states have rejected the notion of a scientific
database disaggregating “unwanted catch” into constituent parts (below minimum landing size,
high survivability etc.) partly on the grounds this increases the likelihood the data can be used for
compliance purposes and the pressure this creates to supply data that shows compliance [55].

5. Main Implications for Stock Sustainability, Biodiversity and Food Supply

Fishing has significantly impacted the marine ecosystem since ancient times. With the escalation
in industrial fishing such impacts have been accentuated, leading to the collapse of some fish stocks,
and discarding has become commonplace. Several studies point to the need of fisheries management
to reduce fishing capacity and catches to rebuild fish stocks and biodiversity [56-58]. Discarding
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has also impacted the marine ecosystem, especially during recent decades. With the introduction
of discard bans, the amount of fish discarded should decline. However, the short- and long-term
environmental effects together with their associated economic and social impacts of reducing discards
remain uncertain.

5.1. Effects on Stock Sustainability

A landing obligation-induced improvement in fisheries size selectivity, driven both by gear
modifications and by changes in the temporal and spatial allocation of fishing effort, could translate
into a substantial improvement in sustainability of both fish stocks and fisheries. The yield-per-recruit
theory [59] suggests that for every stock there is an optimal size at first capture (Lopt) that maximizes
fisheries yields [60]. Fishing at sizes lower than this Lopt results in “growth overfishing” (Growth
overfishing: Growth overfishing occurs when fish are harvested at an average size that is smaller
than the size that would produce the maximum yield per recruit. A recruit is an individual that has
lived long enough it can potentially be harvested by a fishery.). This is an issue particularly relevant
to the Mediterranean Sea, where the majority of fisheries resources are captured before they realize
their growth potential [61,62]. Conversely, increasing size at first capture results in higher maximum
sustainable yields (MSYs), greater stock size and greater resilience of fish stocks to increased fishing
pressure [63-68]. Gullestad et al. [24] report that the mean age of landing for Northeast Arctic cod
(subject to a discard ban in Norwegian fisheries since 1987) in recent years is 1.5 years higher than
in the 1970s, which translates, all other things remaining equal, to an 18% increase in annual yield.
Additionally, since size in fish is closely linked to maturity, a landing obligation-induced improvement
in size selectivity could reduce “recruitment overfishing” (Recruitment overfishing: Recruitment
overfishing occurs when the mature adult population (spawning biomass) is depleted to a level
where it no longer has the reproductive capacity to replenish itself—there are not enough adults to
produce offspring.) as well. Sparing the juveniles and allowing more fish to spawn-at-least-once
before they are captured has been shown to improve stock sustainability [69-71]. To reap all the
benefits from improved size selectivity relies heavily on the provision of effective technical solutions
and finding appropriate incentives that will encourage fishers to adopt more selective harvesting
methods [23,50,72].

5.2. Effects on Fish Biology

Phenotypic shifts have been observed in several fish stocks. Although differentiating plastic
(short term reversible) changes from genetic (heritable) changes is challenging, there is a body of
evidence for fisheries-induced evolution in important commercial fish stocks [73,74]. The pressure
exerted by fishing tends to induce maturation at younger ages and/or smaller sizes. In turn, lower size
at maturation is linked with reduced fecundity and offspring fitness [75,76]. Severe fisheries-induced
evolution has also been linked to reduction in genetic diversity, alteration of natural mortality rates
and shifts in predator-prey interactions [77-79]. The two main factors affecting the rate of evolution
are the size selectivity of fisheries and the intensity of the harvesting. The close-to knife-edge selection
pattern of trawl gears has been estimated to enhance selection for early maturity [80] but a response
to the landing obligation that reduces the selection of undersized and/or commercially less valuable
smaller fish should in theory, ease such selection pressure.

5.3. Effects on Food Supply to Other Species

Bio-energetic and ecosystem models indicate that discards may have strong direct and indirect
impacts across the whole food-web, which may have positive or negative impacts on populations,
or even alter or simplify food webs [81-85]. Moreover, many seabirds in Europe depend, at least for
part of their life cycle, on fisheries discards [86-88].

A direct and immediate consequence of banning discards will be a reduction in the food supply
to opportunistic feeders (e.g., shrimps, Nephrops) and associated but as yet unknown effects on the
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populations of such species. A reduction in the amount of fish discarded may also directly affect
meso-pelagic scavengers, benthic fish, and invertebrates [82,89], although these processes are not well
understood [90]. The extent of such effects will depend on species’ ability to switch to alternative
prey items, potentially causing cascading effects on other species through increased predation or
competition. Top predators may be also affected by changes in their prey populations, which may lead
to changes in the predation pressure exerted on the different trophic groups [91].

5.4. Effects on Food Security

In relation to the supply of food for human consumption, a negative short- to medium-term
effect of the landing obligation is likely to be a reduction in landings. This could arise with more
selective fishing practices and/or because of the need to cease fishing when quotas for the most
restrictive “choke” species are exhausted [92]. In mixed fisheries, the extent of the effects of choke
species will depend on fishers’ capacity to avoid catching the species with the most restrictive quotas
and their ability to take advantage of any quota-swapping mechanisms. In theory, closing fisheries
prematurely will tend to reduce catches and hence exploitation rates on those species for which the
quota has not been taken. Conversely, if catches of species that have a high discard survival rate
are landed, fishing mortality on such species could increase, resulting in a reduction in population
biomass [67,85]. However, species can be exempt from the landing obligation if scientific evidence
demonstrates that such species have high survival, although to date, providing such evidence has
proven to be problematic [93].

A reduction in landings for sale for human consumption could also result from undersized fish
now counting against quota. To counter this possible reduction in landings, the choke species problem
and adverse economic impacts as fishers adapt to the new regime, “TAC adjustments” have been
adopted [44,45]. Sometimes referred to as “TAC top-ups” such adjustments are intended to account for
that part of the expected catch that in the absence of the landing obligation, would have been discarded.
Before the introduction of the landing obligation, TACs were set to limit that part of the catch that
could be legally landed so in setting TACs for stocks under the landing obligation, the predicted
landings from a stock are inflated. In theory, the TAC adjustments are neutral regarding their impact
on the stocks, because the expected catch (amount of fish removed from the sea) remains the same.
However, discarding of unwanted catches continues, or unwanted catches are substantially reduced or
avoided through changes to fishing practices, the adjusted TACs will provide additional opportunities
to land more of the desired catch thereby increasing fishing pressure on stocks concerned, at least in
the short-term.

6. Use of Undersized Catches that Otherwise Would Be Discarded

The emphasis of the landing obligation has been placed on reducing unwanted catches (through
increased selectivity), rather than utilizing the catch that otherwise would be discarded [41]. Previously
discarded catches can be mostly used as bait, feed for the aquaculture sector, pet-food, and fishmeal
for the aquaculture, agriculture, and livestock sectors. Depending on the demand for these previously
discarded individuals, fishers may be able to sell them, e.g., to fishmeal processing plants. However, to
meet this demand, an appropriate infrastructure needs to be in place. Thus, making use of catch that
would formerly have been discarded may imply changes to markets and the processing sector which
may take time to occur, as they need to adapt to accommodate a wider range of catch components,
and maybe even be incentivized to do so. Yet, the EU landing obligation, focuses on commercially
regulated species and prohibits the use of undersized catches for human consumption, thus limiting
their effective use [41].

The landing obligation, together with greater public awareness, should also encourage more
responsible fishing practices and consumption to reduce food waste. FAO estimates that annually
a third of all food produced for human consumption (i.e., 1.3 billion tons) is wasted [94]. Although
fisheries represent less than 2.5% of overall food production in weight, most world regions lose about
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30% to 35% of the fish and seafood production, and losses in industrialized regions are mostly due
to discards (between 9-15% of catches) [94]. (These discards estimates are based on Kelleher [95]
data, who estimated global discards to be 7.3 million tons, representing about 8% of the total catch,
and consequently they are much lower than the most recent data from Nellemann et al. [7]. Therefore,
food loses in the fish and seafood production in industrialized countries could be beyond 50% globally.
In developing countries discards are only between 6-8% of the catches, and higher losses are suffered
in the distribution process [94]).

In terms of responsible consumption, the landing obligation is not enough, and other steps
need to be taken to avoid any kind of food loss and waste in the whole supply chain. For example,
from balancing our consumption with our needs (i.e., avoiding overconsumption) and consuming
more local food, to promoting the consumption of currently low-value by-catch species (non-regulated,
and not subject to the landing obligation) from sustainable sources. Consumption is often more
selective (i.e., picky) in wealthier communities than in poorer ones where a wider spectrum of species
and sizes are landed and consumed [34]. In case of the failure to incentivize the consumption of
low value species in economically developed countries, exporting this, perfectly edible, food to less
economically developed countries where there is relevant demand should be considered.

7. Future Prospects

The EU landing obligation will be fully implemented in 2019 and at present, there are few data
available to assess whether discard plans that have been implemented since 2015 have affected the
fisheries and species concerned. Moreover, in general, discard data contain significant gaps and high
variability across fisheries [96], which make it difficult to derive a precise estimate of discards and
hence the potential impact of the landing obligation cannot be predicted with any certainty.

In principle, the EU’s landing obligation is a step towards achieving more sustainable fisheries.
For it to succeed in doing so, it should result in both a reduction in the volume of discarded catches
and associated reductions in fishing mortality rates. The longer-term goal is to rebuild fish stocks
to levels that can deliver MSY, which in many cases will allow an increase in overall catches above
current levels.

However, to ensure compliance with the landing obligation will require high levels of surveillance
(i.e., high cost of enforcement) and/or creation of economic incentives to land all catches [46]; without
them, the success of the policy is at risk [97,98]. Different fleet sectors (targeting different species and
using different fishing gears) will face different degrees of difficulty in achieving greater selectivity.
Thus, policies to support the landing obligation will need to be tailored and capable of adaptation.
This places an importance on monitoring the selectivity of fleets, despite the high costs of sampling at
sea and the difficulties of ensuring detailed data collection for scientific purposes.

Moreover, the landing obligation has multiple dimensions, creating short- and long-term
ecological, environmental, economic, and social impacts that may be considerable. The landing
obligation could not be considered successful if fish stocks recover, but we lose the fishers. In the
short- to medium-term, the landing obligation will impose a cost (or loss of revenue) to fishers, while
it is uncertain whether and when they would be compensated by its medium to long-term benefits.
Thus, to ensure compliance with the landing obligation, but also to try to mitigate the fishers’ costs,
it is important to further involve fishers, since they are the ones taking the decisions on whether to
discard [97].

In summary the potential benefits of the landing obligation are considerable as are the challenges
that must be overcome if it to be judged a success. The landing obligation is a step towards achieving
more responsible fishing practices and the reduction of food waste at the production level. Nevertheless,
further steps are necessary to encourage responsible consumption and further reduction of food waste
in the commercialization and consumption stages.
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