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Chapter 7 ®)
The Impact of Fisheries Discards ekl
on Scavengers in the Sea

Jochen Depestele, Jordan Feekings, David G. Reid, Robin Cook,
Didier Gascuel, Raphael Girardin, Michael Heath, Pierre-Yves Hernvann,
Telmo Morato, Ambre Soszynski, and Marie Savina-Rolland

Abstract A scavenger is an animal that feeds on dead animals (carrion) that it has
not killed itself. Fisheries discards are often seen as an important food source for
marine scavengers so the reduction of discards due to the Landing Obligation may
affect their populations. The literature on scavenging in marine ecosystems is
considerable, due to its importance in the trophic ecology of many species. Although
discards undoubtedly contribute to these species’ food sources, few can be seen to be
solely dependent on carrion (including discards). Ecosystem models predicted that
discards contributed very little to the diet of scavengers at a regional scale. A
reduction in discards through the Landing Obligation may therefore affect

Electronic supplementary material The online version of this chapter (https://doi.org/10.1007/
978-3-030-03308-8_7) contains supplementary material, which is available to authorized users.

J. Depestele (P<)
Flanders Research Institute for Agriculture, Fisheries and Food (ILVO), Oostende, Belgium
e-mail: jochen.depestele @ilvo.vlaanderen.be

J. Feekings
National Institute of Aquatic Resources, DTU Aqua, Technical University of Denmark,
Hirtshals, Denmark

D. G. Reid
Marine Institute, Oranmore, County Galway, Ireland

R. Cook - M. Heath
Department of Mathematics and Statistics, University of Strathclyde, Glasgow, UK

D. Gascuel - P.-Y. Hernvann
Université Bretagne Loire, Agrocampus Ouest, UMR 985 Ecology and Ecosystem Health,
Rennes, France

R. Girardin
Ifremer, Channel and North Sea Fisheries Research Unit, Boulogne sur Mer, France

T. Morato - A. Soszynski
Marine and Environmental Sciences Centre (MARE), Institute of Marine Research (IMAR) and
OKEANOS Research Unit, Universidade dos Acores, Horta, Portugal

M. Savina-Rolland
Ifremer, Fishery Technology and Biology Laboratory, Lorient, France

© The Author(s) 2019 129
S. S. Uhlmann et al. (eds.), The European Landing Obligation,
https://doi.org/10.1007/978-3-030-03308-8_7


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-03308-8_7&domain=pdf
mailto:jochen.depestele@ilvo.vlaanderen.be

130 J. Depestele et al.

populations for a few species in some areas, but generally this is unlikely to be the
case. But it is challenging to identify how important discards might be to scavengers,
as they are taxonomically diverse and vary in the role they play in scavenging
interactions.

Keywords Carrion - Discard consumption - Food subsidies - Food web models -
Scavengers

7.1 Introduction

Trophic interactions are increasingly recognized as an important driver of ecosystem
change (Pikitch et al. 2004; Mollman et al. 2015). Foraging relationships primarily
focus on predator-prey interactions while the consumption of carrion, as a high-
quality form of dead animal matter, has received far less attention in the ecosystem
context. There is considerable literature at the experimental level, but very few
studies have brought this information to the higher level of assessing the actual
role of discards/carrion in the marine food web. Carrion consumption should
however have different consequences for the structure and functioning of food
webs than predation, because it does not cause direct mortality or demographic
changes (Wilson and Wolkovich 2011).

A scavenger is an animal that feeds on dead animals (carrion) that it has not killed
itself (Dictionary 2018). Obligate scavengers are those that rely on carrion for
survival and reproduction. Facultative scavengers are those species that will scav-
enge, but do not depend solely on carrion for their survival or reproduction (Beasley
et al. 2015). On land, vultures are believed to be the only obligate vertebrate
scavengers (DeVault et al. 2016). In the sea some benthic scavengers (e.g., hagfish,
Lysianassidae amphipods) may also be obligate scavengers (Kaiser and Moore
1999; Smith and Baco 2003; Beasley et al. 2012). Facultative scavengers, in
contrast, are widely present in the marine environment and range from nematodes
to crustaceans, echinoderms, molluscs, fish and marine mammals (Jensen 1987,
Luque et al. 2006).

Apart from whale deaths, recordings of naturally-occurring marine carrion in the
sea are limited (Britton and Morton 1994; Smith and Baco 2003). The lack of
naturally-occurring carrion may be due to few animals dying from natural senes-
cence (Britton and Morton 1994) or to their rapid consumption by scavengers
(Kaiser and Moore 1999). Fisheries produce non-discarded carrion due to mortality
in the tow path or organisms escaping the capture process (Broadhurst et al. 2006;
Collie et al. 2017; Hiddink et al. 2017). Marine carrion from fisheries discards was
globally estimated to have been less than 5 million tonnes in 1950, rising to a peak of
18.8 million in 1989 and now less than 10 million tons per year (Kelleher 2005;
Zeller et al. 2018).
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Fisheries discards are often perceived as an important source of food for marine
scavengers that may be lost if discarding stops. A decline in European fisheries
discards is currently envisaged with the gradual phasing in of the Landing Obligation
(EU 2013). Such a lack of discards may have knock-on effects on seabird
populations and communities (Votier et al. 2004; Bicknell et al. 2013) and this
may also be true for non-avian marine scavengers, depending on their position along
the obligate-to-facultative scavenging continuum.

This chapter focuses on scavengers in the sea rather than scavenging by seabirds.
Two approaches were used to assess the impact of discards on scavengers in the sea:
(1) a review of knowledge from field observations and (2) modelling studies.
Noticeably, the review of field observations (Sect. 7.2) is less directly dealing with
the EU Landing Obligation itself compared to other chapters of this book. But this
study represents the first published synthesis on the fundamental knowledge on the
biological and ecological processes involved in scavenging, and thus provides a very
comprehensive and novel overview on the resilience of scavengers in the sea and on
their potential ability to switch to other food sources if fisheries discards are reduced.
This improved understanding of the processes involved will then be useful for a
more accurate parameterization of the ecosystem models presented in the second part
of this chapter. The final section of this chapter ‘Synthesis and outlook’ summarizes
information about discard-scavenger interactions and how to progress knowledge on
this topic.

7.2 Field Observations of Discard-Scavenger Interactions

Fisheries discards are considered to be an important food source for marine scaven-
gers in the sea (e.g. Link and Almeida 2002; Fondo et al. 2015). Several field studies
have been conducted using various observational techniques in various locations and
seasons (Yamamura 1997; Groenewold 2000). Here we review these studies and
empirical information with the overall objective of (1) identifying scavenger taxa
and (2) scaling scavenger taxa along the continuum of obligate to facultative
scavenging. In Sect. 7.2.4, we discuss the relevance of these observational studies
to the assessment of discard-consumer candidates and highlight current
knowledge gaps.

7.2.1 Methodological Approach
7.2.1.1 List of Observational Studies
We listed observational studies that identified organisms that are attracted to discards

or to marine carrion (presented as a proxy for discards). Most of the reviewed studies
used baited traps or lines (N = 16) or baited video frames (N = 16; Fig. 7.1)
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Fig. 7.1 Images taken from a baited camera trial in the Kattegat. (Photo courtesy Feekings,
unpublished data; Feekings and Krag 2015)

to observe interactions between scavengers and marine carrion. Alternative obser-
vational techniques made use of laboratory observations (N = 8), stomach analyses
(N = 6) or divers (N = 3). We also included seven studies that investigated
aggregations, increased abundances or stomach contents of scavengers after the
passage of a trawl, including the reaction of scavengers to carrion produced in the
tow path and/or carrion from discards (Kaiser and Hiddink 2007). Three field studies
on scavenging at ghost fishing nets have also been listed (Gilman 2015). These
observations were complemented with studies of interactions between surface scav-
engers and discards from spatial interaction analysis in combination with direct
observations by eye or using remote sensing systems with GPS-referenced data
(Bicknell et al. 2016). The extensive series of observational studies are documented
in Table 7.A of the Electronic supplementary material' to this chapter.

The majority of the studies were done in Europe and thus have a direct relevance
to the EU discard policy (30 out of 43 studies). Most studies were conducted at or
near the seabed (N = 39, with one in the intertidal zone), with three studies in the
mesopelagic zone and only four studies at the water surface; 20 studies were done on

'Table 7.A in the Online Supplement refers to an extensive overview of studies investigating
interactions between discards and scavengers.



7 The Impact of Fisheries Discards on Scavengers in the Sea 133

the continental shelf and 6 in deep sea areas (> 500 m). The number of studies in the
various depth zones of the sea (surface, mesopelagic and bentho-demersal zone)
suggest how much aquatic scavenging activity is occurring in each zone. The limited
number of studies in the mesopelagic zone is partly due to high sinking rates of the
carrion, although it may also reflect the difficulty in studying carrion-scavenger
interactions in that zone.

7.2.1.2 Review of Empirical Information and Observational Studies

Empirical information and observational studies were reviewed in two steps to
address the objectives of: (1) scavenger identification and (2) scavenger scaling
along the obligate to facultative scavenging continuum.

Scavenger Identification

Primary scavenger taxa from observational studies were identified (Table 7.A in the
Online Supplement). This list of scavenger taxa complements the species enumer-
ation from Britton and Morton (1994) with recent studies (1990-2017) but requires
caution in determining the relative importance of different scavenger groups as
consumers of marine carrion, because the different techniques used have technical
constraints in determining species composition. The retention efficiency and mesh
sizes of the different types of traps, for instance, may cause bias in the observed
abundances.

The list of scavenger species from observational studies were complemented
using data from commercial baited fisheries. Species were listed as scavenger
species when annual landings between 2003 and 2016 exceeded 1 ton in ICES
Subdivisions IV and VII a, d, f and VIIg. This list of species excluded discarded taxa.
Discard data were available from French and UK longline fisheries (Da Silva 2009;
Cornou et al. 2015). A list of species which are highly discarded (more than half of
the catch) was provided for the French and UK commercial baited fisheries. These
species generally comprise < 10% of the total catch of all species combined
(in weight).

Assessing Scavenger Abilities

The variety of species covered in the overview of field studies (Table 7.A in the
Online Supplement) and the species from commercial baited fisheries highlighted
recurrent characteristics across all scavengers in the sea: from the surface into the
seabed and from marine mammals to infaunal invertebrates. The overview showed
that a vast range of marine aquatic taxa utilize a scavenging lifestyle to a lesser or
greater extent along the facultative-obligate scavenging continuum.

Species that rely on scavenging to sustain substantial portions of their diets must
encounter a sufficient amount of carrion and must be able to out-compete potential
competitors and efficiently assimilate carrion to meet their energetic requirements
(Ruxton et al. 2014; Kane et al. 2017). We summarized the suite of biological and
functional traits that increase carrion discovery and monopoly (Table 7.A in the
Online Supplement) because these traits can be used to assess any organism’s ability
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to scavenge, i.e. to scale an organism along the obligate to facultative scavenging
continuum.

A scale of scavenging was developed to predict the qualitative importance of
carrion in a scavenger’s diet (DeVault et al. 2003; Kane et al. 2017) and to partition
the encountered carrion between scavenging taxa. This approach is analogous to the
partitioning of fisheries discards between aerial and aquatic scavengers, which is
presented in Depestele et al. (2016).

Two principal parameters of optimal foraging strategy were used to this end:
(1) encounter probability and (2) handling tactics.

1. Encounter probability is the likelihood to come across carrion or fisheries dis-
cards. Carrion availability is, in general, relatively unpredictable, ephemeral and
of short duration (Britton and Morton 1994; Kaiser and Moore 1999; DeVault
et al. 2003; Yang et al. 2010). Scavengers can either scan vast areas at low
metabolic cost to detect carrion or have limited home ranges where carrion is
regularly produced and rapidly detected and encountered (Schlacher et al. 2013;
Mole6n et al. 2014). Four traits are presented to assess whether an organism is
likely to find carrion quickly: home range, detection ability, locomotion and
metabolism, the latter is the rate at which animals expend energy in relation to
its acquisition (via feeding) (Brown et al. 2004). Scavengers are expected to
reduce energetic maintenance costs to allow for longer inter-feeding periods
(Kane et al. 2017).

2. Upon encountering carrion, scavengers require handling tactics to overcome
competitors and maximize nutrient gains during feeding so that they can replenish
their reserves until the next, unpredictable discovery of carrion (Ruxton and
Houston 2004). Two traits, i.e. competitive abilities and capacity to facilitate
the consumption of the encountered carrion, are presented to evaluate whether an
organism is well fitted to scavenge.

Both parameters must occur to promote an organism’s ability to find and consume
carrion like fisheries discards (Depestele et al. 2016). The traits within each param-
eter do not necessarily work multiplicatively or additively, but taken together, they
make up a qualitative scale of scavenging abilities that can be applied to any species
to assess the likely relative encounter and consumption of carrion in relation to other
scavenging taxa (Greene, 1986; Kane et al. 2017).

7.2.2 Identification of Scavenging Taxa
7.2.2.1 Observational Studies

A few studies highlight the importance of marine mammals as surface scavengers
(killer whales, dolphins and seals), but most studies focused on the identification of
taxa in association with the seabed. Demersal fish scavengers that were identified in
more than ten field studies in Table 7.A in the Online Supplement included the
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orders Gadiformes and Perciformes. Interestingly, both orders also occurred fre-
quently in longline landings (Sect. 7.2.2.2). Gadiformes covered several families:
Gadidae (e.g. Gadus morhua, Merlangius merlangus), Merluccidae (e.g. Merluccius
merluccius), Lotidae (e.g. Molva molva), Moridae (e.g. Antimora rostrata) and
Macrouridae (e.g. Macrourus holotrachys). Perciformes also occurred frequently
and were represented by several families: Sparidae, Labridae, Callionymidae,
Zoarcidae, Trachinidae, Scombridae, Gobiidae. Fish taxa that were observed in
fewer studies (N = 4-10) or in longline discards (see below) were sharks belonging
to the Carcharhiniformes (e.g. Scyliorhinus canicula), or taxa from the orders
Myxiniformes (hagfishes), Anguilliformes (e.g. Conger conger), Pleuronectiformes
(e.g. Limanda limanda) and Scorpaeniformes (e.g. Triglidae). Rajiformes and
Squaliformes occurred in less than four studies.

Invertebrate taxa were dominated by Decapoda, in particular Brachyura (>10
studies) like Cancer pagurus, Hyas araneus, Maja spp. and portunid crabs
(e.g. Carcinus maenas, Liocarcinus spp. and Necora puber). Amphipoda
(Orchomene spp., Scopelocheirus hopei), Isopoda (e.g. Natatolana borealis),
Asteroidea (e.g. Asterias rubens), Ophiuroidea and Neogastropoda (in particular
Buccinidae and Nassariidae) were also attracted to bait in at least ten studies. Taxa
encountered in fewer studies (N = 3—10) were Cephalopoda, as well as hermit crabs,
lobsters and shrimps, i.e. Decapoda belonging to the Anomura (Paguroidea,
e.g. Pagurus bernhardus), Nephropoidea (e.g. Homarus gammarus and Nephrops
norvegicus) or the Caridea (e.g. Crangon crangon). Polychaeta and Nemertea were
identified in less than three studies, which is likely due to the mesh sizes used in the
sampling methods. Landings from pot fisheries highlighted the importance of
brachyuran Decapoda, whelks (Buccinum undatum) and Cephalopods.

7.2.2.2 Commercial Baited Fisheries

Scavenger species from landings data of commercial baited fisheries are listed in
Table 7.1. Species which were discarded in French and UK commercial baited
fisheries were: Conger conger, sharks and ray species (Galeus melastomus, Mustelus
spp., Raja undulata, Scyliorhinus spp.) and quota-limited species like Brosme
brosme, Helicolenus dactylopterus, Phycis blennoides or Micromesistius poutassou.

7.2.3 Assessing Scavenger Abilities
7.2.3.1 Encounter Probability: Home Range

Most marine organisms exhibit site fidelity, i.e. their movements are directed and
confined to a smaller area rather than random. Routine activities like resting,
spawning and feeding are done in established areas, defined as their home range
(Pittman and McAlpine 2003). Home ranges are related to foraging strategies which
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Table 7.1 Landings of commercially valuable scavenger species from pot and longline fisheries

J. Depestele et al.

between 2003-2016, extracted from fisheries data collection website (JRC 2018)

Mean annual landings
Scientific name Common name (tons)
Pot fisheries Cancer pagurus Edible crab 233
Buccinum undatum Common whelk 232
Homarus gammarus | European lobster 27
Maja squinado Spinous spider crab 12
Necora puber velvet swimming 9
crab
Sepiidae, Sepiolidae Cuttlefishes, 6
Sepia officinalis Common cuttlefish 2
Carcinus maenas Shore crab 2
Longline Scomber scombrus Mackerel 22
fisheries Merluccius Hake 12
merluccius
Gadus morhua Atlantic cod 4
Dicentrarchus labrax | Seabass 3
Molva molva Ling 2
Pollachius pollachius | Pollack 2
Squalus acanthias Spiny dogfish 2
Conger conger Conger eel 2

are broadly categorized as (1) scavengers employing a sit-and-wait strategy and
(2) those actively foraging in search of carrion, the free-ranging strategy (Greene
1986; Higginson and Ruxton 2015).

The nature of the sit-and-wait strategy confines the home range of the scavenger
to a smaller radius of activity. Carrion detection of ‘sit-and-wait’ scavengers typi-
cally requires well-developed sensory capabilities (Sect. 7.2.3.2) but offers in return
the advantage of refuge from predation and low metabolic costs (Lgkkeborg et al.
2000; Bailey and Priede 2002). Hagfishes are a primary example of fish taxa with a
sedentary life style and low metabolic requirements (Lesser et al. 1997). The ‘sit-
and-wait’ strategy of scavengers has been observed in field trials as they rapidly
arrive at carrion e.g. snake eels (Ophichthus rufus) and amphipods (Sect. 7.2.3.3;
Table 7.A in the Online Supplement). These rapid responses, reflected in short
arrival times in baited experiments, have been used to model fish scavenger abun-
dances (Bailey et al. 2007). Several amphipod and isopod species with small home
ranges (Sainte-Marie 1986; Sainte-Marie and Hargrave 1987; Groenewold and
Fonds 2000; Johansen 2000) are candidates that quickly respond to odour plumes
(Tamburri and Barry 1999).

Free-ranging scavengers typically occupy larger areas to search for food and may
apply a range of search techniques to encounter carrion. Bailey and Priede (2002)
described two techniques in the deep sea: (1) drifting on ambient currents and
detecting carrion by the sound produced by other animals feeding and (2) cross-
current swimming which increases the probability of detecting carrion, albeit at a
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high-energy cost. Free-ranging facultative scavengers in continental shelf areas
actively forage with little, if any, knowledge of resource availability (Sims et al.
2008). When resources are sparse and patchily distributed, several species, including
sharks and teleost fish, exhibit Lévy flights (where area-restricted search (ARS)
behaviour is alternated with movements across longer distances to detect resources —
Fauchald and Tveraa 2003), while Brownian movements occur when resources are
abundant (Humphries et al. 2010; Sims et al. 2012). ARS-behaviour has been
observed in facultative free-ranging scavengers like plaice Pleuronectes platessa
(Hill et al. 2000), cod Gadus morhua (Lgkkeborg and Ferné 1999) and ling Molva
molva (Lgkkeborg et al. 2000) and over larger areas by Atlantic cod than by ling,
which increases the probability of carrion encounters. Highly mobile generalist
species like cod and sharks generally occupy larger home ranges than less mobile
specialist such as gobies, Conger conger and epibenthic invertebrates like Cancer
pagurus and Maja squinado (Pittman and McAlpine 2003; Pita and Freire 2011;
Abecasis et al. 2014; Carlson et al. 2014). The combination of ARS-behaviour and
larger home ranges increases the probability of encountering carrion that does not
normally constitute part of their diet. When accounting for the spatial extent of home
ranges, one should acknowledge that free-ranging scavengers may establish different
areas for spawning and feeding. And feeding areas may vary further diurnally,
monthly, seasonally and by animal personality, which can affect their interest in
scavenging (Yamamura 1997; Hunter et al. 2005; Humphries et al. 2017; Villegas-
Rios et al. 2018).

7.2.3.2 Encounter Probability: Detection Ability

Foraging by fish and marine invertebrates typically consists of various phases with
distinctly different characteristics (Hara 2011; Kamio and Derby 2017). The first
phase, finding food, involves food detection whereby scavengers are alerted by a
stimulus. Initial arousal is followed by a search, involving orienting and tracking the
food source. The second phase, food selection and consumption, typically involves
other mechanisms, which are discussed in Sect. 7.2.3.5.

The sensory mechanisms for distant food detection in aquatic environments are
primarily olfactory (smell) and gustatory (taste), rather than vision, electro- or
mechanoreception (Lgkkeborg et al. 2010). Whereas terrestrial scavengers may
discriminate themselves from non-scavengers by well-developed olfactory senses
(Kane et al. 2017; Verheggen et al. 2017), the distinction is much less pronounced in
benthic and demersal aquatic environments where visibility is much lower and
olfactory search behaviour is more predominant across a variety of taxa and foraging
types (Seibel and Drazen 2007; Paul et al. 2011; Puglisi et al. 2014). Also, the
chemical composition of the cues does not distinguish between marine scavenging
and non-scavenging taxa, as non-nutritious metabolic waste from urine or other
tissues of living organisms might also signal the presence of prey. The presence of
odour in water is long-lasting (hours) over long distances (hundreds of meters) and
has promoted evolutionary chemoreception beyond the exclusive domain of
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scavengers. Nearly all demersal fish and benthic invertebrates use olfaction for
distant food detection and respond to similar threshold levels (Kohn 1961; Croll
1983; Zimmer-Faust 1987; Hara 1994; Derby and Sorensen 2008; Hay 2011;
Lgkkeborg et al. 2014; Kamio and Derby 2017).

While the detection thresholds of amino acids in live prey may not be species-
specific (Hara 1994), various species show different behaviours when presented with
choices between living, damaged or dead prey (Jenkins et al. 2004; Brewer and
Konar 2005). Two deep-sea scavengers for instance, the hagfish Eptatretus stouti
and the amphipod Orchomenella obtusa, began searching for dead and decaying
food within seconds while they did not for odours that reflected live prey (Tamburri
and Barry 1999). The ratio of amino acids to ammonia decreases with increasing
carrion age, which may reflect relatively decreasing nutritional quality and elicit
different responses across scavenging taxa (Zimmer-Faust 1987). Fisheries discards
constitute a variety of living, damaged and dead organisms (Depestele et al. 2014)
and may, as such, attract scavengers along a continuum of those preferring freshly
killed carrion to those depredating on merely damaged and/or live prey (Table 7.A in
the Online Supplement). Dead discards could be colonized by bacteria in a few days,
which will then deter certain higher-order scavengers (Burkepile et al. 2006; Hussain
et al. 2013). These processes may lead to a clear succession of scavengers in deep-
sea environments and for larger carcasses (Smith and Baco 2003; Quaggiotto et al.
2016). In continental shelf areas, it is more likely that dead discards will not reside in
the benthic environment for longer than a few days (Groenewold and Fonds 2000),
and therefore primarily attract higher-order scavengers which will consume the
freshly killed carrion before it can fragment by physical forces and deteriorate.
Even the scraps created by wasteful feeders that macerate carrion may be fed upon
by indirect feeders before becoming available to detritivores (Davenport et al. 2016).

It is therefore not so much the detection threshold of carrion which will determine
whether an organism will encounter carrion or not, but rather the combination of
response time following detection (see arrival times in Table 7.A in the Online
Supplement) and the area of attraction. Groenewold and Fonds (2000) estimated, for
instance, that the attraction areas of gadoids reached up to 1200 m?, of amphipods,
hermit crabs and swimming crabs to 100 mz, of starfish, whelks, dab, shrimp and
brittle stars between 10 and 100 m* and attraction areas were less than 10 m? for
gobies, solenette, sea urchins and sandstars. Both response time and attraction area
are thought to be a function of swimming abilities (Sect. 7.2.3.3), intrinsic motiva-
tion (e.g. hunger status, Moore and Howarth 1996; Laidre and Elwood 2008), local
enhancement (e.g. through mucus secretion by conspecifics Lee et al. 2004) or social
learning behaviour (Ryer and Olla 1992; Brown and Laland 2003) as well as a
function of environmental variability (e.g. currents, substratum — Bailey and Priede
2002; Stoner 2004), diel thythm (Bozzano and Sardd 2002) and fishery-related
stimuli (e.g. acoustic cues from fishery-generated noise — Thode et al. 2007).
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7.2.3.3 Encounter Probability: Locomotion

Locomotion performance is another important driver in finding carrion, and can be
considered as a trade-off between extensive searching to find carrion fast versus
limited searching with extended resting times between feeding bouts (Ruxton and
Bailey 2005). Sit-and-wait scavengers will typically reduce searching and invest in
rapid reaction upon carrion detection. Hagfish, for instance, respond quickly to
carrion (Tamburri and Barry 1999) and move fast towards it despite their limited
swimming capabilities (Collins et al. 1999). In contrast to other burrowing scaven-
gers like Nephrops norvegicus which only forage upon carrion in the vicinity of their
safe burrows (Nickell and Atkinson 1995), it is likely that hagfishes aggregate close
to a previous feeding area to increase the probability of carrion encounters (Martinez
et al. 2011). Free-ranging scavengers, in contrast, invest to a greater extent in
scanning large areas to increase probabilities of encountering carrion. This foraging
strategy is efficient when they can cover vast areas at a low energetic cost (Ruxton
and Bailey 2005). The high energetic cost of swimming for marine mammals for
instance (Williams 1999) means that they need to trade-off metabolic costs and
carrion encounter between natural foraging behaviours and scavenging upon dis-
cards following fishing vessels. Whether marine mammals adapt to a scavenging
lifestyle may also vary between individuals (see examples in Table 7.A in the Online
Supplement). Other large marine organisms, like sharks, have been proposed as
good scavenging candidates, as their large pectoral fins are adapted to cruising
swimming (Carrier et al. 2004), much like typically obligate aerial scavengers,
such as vultures (Kane et al. 2017). Indeed, cruising specialists like sharks and
scombrids (Videler and He 2010) appeared regularly in field trials (Sect. 7.2.2).
Similarly, taxa with increased swimming abilities like Gadiformes and Perciformes
occurred in a larger number of studies than orders with lower swimming speed such
as Pleuronectiformes, Rajiformes and Anguilliformes (Videler and He 2010; van
Weerden et al. 2014). Several field studies also showed that fish arrived first,
followed by fast-moving invertebrates like decapod crustaceans and lastly by
slow-moving foragers such as starfish and whelks (Table 7.A in the Online Supple-
ment). Swimming abilities are therefore an important driver to determine an organ-
ism’s ability to move towards carrion fast.

7.2.3.4 Encounter Probability: Metabolism

Animal biology and ecology depends on metabolism to fuel vital activities, such as
foraging (Glazier 2014; Harrison 2017). Metabolic rate (MR) provides an objective
measure to attribute cost to their activities like locomotion, predator-prey interac-
tions and to assess what animals do compared to some optimal behaviour, i.e. a
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behaviour that maximizes one or more biological characteristics such as growth or
reproductive success (Metcalfe et al. 2016a, b) or a scavenger versus a predator
strategy. Body size and temperature are primary determinants of respiration (Brown
et al. 2004) but once accounted for, metabolic rate also reveals much about activities
like foraging and the risk of being eaten (Hirst and Forster 2013; Glazier 2014). In an
interplay with locomotive performance, carrion detection and foraging time, scav-
engers tend to reduce metabolic requirements in contrast to their predatory counter-
parts. A striking example is the higher MR of shallow-living pelagic predators like
gadoids and tunas using visual stimuli to locate their food and spending energy to
pursuit them (Farrell 1991; Seibel and Drazen 2007). The limited likelihood of a
scavenging foraging strategy in pelagic organisms is further reinforced by the
division of discards into floating versus rapidly sinking carrion, reducing their
incidental encounter in midwater (Harris and Poiner 1990; Croxall and Prince
1994; Bergmann et al. 2002).

Scavengers exhibit low metabolic requirements so that they can survive long
periods without food and benefit from efficient assimilation of carrion when it
becomes available. Sharks, for instance, have the ability to fast for weeks and
focus on energy-rich carrion to replenish their expenditures (Fallows et al. 2013).
Other large organisms like marine mammals have higher energy expenditures to
maintain their body temperature (Williams 1999; Hirt et al. 2017) and need to trade-
off gains and costs of scavenging. Ansmann et al. (2012) showed, for instance, that
dolphins preferred associations with trawlers as a reliable, easily located and large
food source when fishing effort was high, but they returned to group living to find
food when fishing effort reduced and costs of depredation became too high. In
contrast, scavenging hagfish, amphipods, starfish and gastropods may survive long
periods (4 weeks to 13 months) without food (Vahl 1984; Tamburri and Barry 1999).
Lysianassoid amphipods, in particular, exhibit a sit-and-wait strategy, withstanding
long periods of starvation, followed by a rapid response and localisation followed by
high rates of consumption and efficient carrion utilisation (Smith and Baldwin 1982;
Sainte-Marie 1992). Shallow-living demersal scavenging fish (Gadiformes,
Perciformes and Pleuronectiformes) have standard metabolic rates within the same
order of magnitude, while energy consumption of Anguilliformes and Myxiniformes
is generally much lower (Lesser et al. 1997; Clarke and Johnston 1999; Drazen et al.
2011). Lower mass-specific standard respiration rates of slowly moving (crawling)
invertebrate scavengers (including crustaceans and echinoderms) were also
suggested in Brey (2010).

Besides taxonomic differences in metabolic rates, a significant decline of meta-
bolic rate with depth was demonstrated for organisms whose activities depend on
light and vision (e.g. benthopelagic fish like cod), even after adjustments for
temperature and body size (Seibel and Drazen 2007; Drazen and Seibel 2007).
Comparisons of the deep-sea grenadier Coryphaenoides armatus with the facultative
scavenger Gadus morhua, for instance, showed the increased scavenging abilities of
the grenadier moving at slow swimming speeds and with a low metabolic rate,
ie. 15-30% lower, than similar-sized cod at similar temperatures (Ruxton and
Bailey 2005). Such depth-related differences in metabolic rates were not found
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between shallow and deep-living echinoderms, benthic fish, crustaceans and ceph-
alopods — organisms which depend less on visual interactions as do their
benthopelagic counterparts.

7.2.3.5 Handling Tactics: Competitive Abilities

Scavenging typically involves a large number of individuals at the carrion and leads
to a complex network of direct competition (this Section), facilitation (Sect. 7.2.3.6)
and indirect processes e.g. increased or decreased predation (Oro et al. 2013; Moleén
et al. 2014). Assessing an organism’s competitive abilities is particularly predictive
for marine scavengers, because of the short generation times of carrion pulses
(Nowlin et al. 2008; Beasley et al. 2012). Indeed, baited experiments show how
numerous interactions between scavengers dictate the opportunities to consume the
encountered carrion (see Table 7.A in the Online Supplement and references
therein). Observations from baited field trials focus primarily on competition related
to small amounts of carrion as used in field studies, rather than the potentially greater
amounts of carrion which become available from commercial discarding practices.

The competitive abilities of marine taxa are positively correlated to their willing-
ness to expose themselves to risk (boldness), which greatly influences their oppor-
tunities for food consumption and, ultimately, survival (Ward et al. 2006; Hamilton
2018). Several baited experiments highlighted the trade-off between feeding prefer-
ences (e.g. by damage level of discards), nutritional status (starvation level), the risk
of death by predation (e.g. risk aversion of dead conspecifics) and carrion density
and distribution (McKillup and McKillup 1994; Davenport and Moore 2002; Collins
and Gerald 2009; Tanner et al. 2011; Yeh and Drazen 2011). Overall, organisms
with larger body sizes have a higher efficacy as scavengers than smaller individuals,
which is not only because they arrive first at the carrion (Sect. 7.2.3.3), but also
because they ingest carrion faster, have access to larger bodied carrion, are less prone
to hyper predation and are more powerful in outcompeting with smaller organisms
(Juanes 1992; Collins et al. 2005; Ward et al. 2006; Nordstrom et al. 2015). In
response, smaller organisms have developed alternative strategies to compensate for
their small body size. Small scavengers can aggregate at the carrion and outnumber
competitors, e.g. abundance increases of hagfish and amphipods (Table 7.A in the
Online Supplement). They may also discourage competitors, e.g. by slime excretion
in hagfish (Zintzen et al. 2011) or by threat displays in crabs and fish (Davenport
et al. 2016). Competition may also lead to temporal niche partitioning and succes-
sional stages of carrion feeding, which is not only driven by the differential reaction
speed to carrion but also by an organism’s ability to ingest it (Sect. 7.2.3.6).

7.2.3.6 Handling Tactics: Facilitation

Once the food has been encountered and competitors excluded, carrion can be
selected (or rejected) for consumption. The selection and consumption of carrion
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as a food source is facilitated when overlapping with dietary preferences, and when
food processing abilities of the organism are adapted to the pulsed availability of the
resource. These two characteristics, (1) dietary preferences and (2) food processing,
jointly determine which taxa are best able to select and consume carrion and fisheries
discards.

Scavengers in baited experiments were not indiscriminately attracted to any bait
type but showed differential attraction according to dietary preferences
(e.g. Groenewold and Fonds 2000; Jenkins et al. 2004 in Table 7.A in the Online
Supplement). Starfish, for instance, showed higher abundances and attraction to
mollusc bait types, with a preference for damaged carrion (Jenkins et al. 2004;
Brewer and Konar 2005). The amphipod Tryphosa nana preferred dead crustaceans
(Kaiser and Moore 1999). Dietary preferences are not dictated by olfactory sensory
systems only, but are influenced by gustatory, visual, electro- and/or
mechanosensory stimuli in species-specific ways (Carrier et al. 2004; Derby and
Sorensen 2008; Lgkkeborg et al. 2014; Kamio and Derby 2017). Information on
sensory systems are scarce in scavenging observations, but lessons can be drawn
from observations of predators. Plaice, dab and flounder, for instance, use visual
stimuli more than Dover sole to target prey (de Groot 1969). Another predator, ling,
targets mobile prey more often than cod, potentially showing increased dependency
on visual stimuli (Lgkkeborg 1998). Elasmobranch species feeding on (live) benthic
prey use electrosensory means to locate food prior to its consumption (Desender
et al. 2017). The dependency on other sensory systems like electrosensory location
or the dependency on the mobility of food items may reduce the relevance of marine
carrion (and ‘dead’ discards) as a targetable food source for organisms using these
feeding mechanisms.

Whether scavengers will feed upon marine carrion will in part depend on these
dietary portfolios and the sensory systems to locate their food, but they will also be
dictated by a species’ dietary plasticity. Several examples have illustrated the dietary
flexibility of birds, dolphins, fish and amphipods in response to carrion availability
(Whitehead and Reeves 2005; Ansmann et al. 2012; Sinopoli et al. 2012; Oro et al.
2013; Johnson et al. 2015; Seefeldt et al. 2017).

Carrion size is another potential driver of a species’ ability to consume the
encountered carrion. Food size is positively related with mouth gape size in fish
(Scharf et al. 2000; Johnson et al. 2012), while brachyurans prefer medium-sized
food items as a trade-off between energetic gains from larger food amounts with the
mechanical costs of predation on larger species (Juanes 1992; Kaiser et al. 1993).

While these studies suggest that larger scavengers are more likely to consume
larger carrion, a series of studies demonstrated various strategies and techniques that
scavengers deploy to profit from carrion overcoming the gape limitation. Small
scavengers like amphipods, gobies and hagfish may immerse themselves into cav-
ities of decaying animals and forage from inside out ensuring consumption of rich
nutrient sources first (Kaiser and Moore 1999; Bucking et al. 2011; Polacik et al.
2015). Scavengers may also jerk or shake carrion to tear it to pieces or may, in case
of larger carrion, spin around their longitudinal axis, as observed in eels (Helfman
and Clark 1986) and Atlantic cod (Svendsen 2018). Sharks and brachyurans
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scavengers are particularly able to exhibit high biting or crushing forces to cut larger
food items into digestible pieces (Preston et al. 1996; Huber and Motta 2004;
Lucifora et al. 2009). Macerating practices are generally wasteful practices, gener-
ating easy access to food for indirect feeders (Sainte-Marie 1992), which is another
frequently applied scavenging tactic (Sainte-Marie 1992; Britton and Morton 1994).

Small-sized carrion used in baited experiments is expected to be consumed within
days (Table 7.A in the Online Supplement). These experiments presented small
amounts of small-sized carrion in comparison to fisheries discards, where larger
amounts are released at once. It is likely that not all carrion is consumed within days,
leading to decay and subsequent changes in palatability of the discarded carrion.
While some species like gastropods do not clearly discriminate between fresh and
old carrion (Morton and Jones 2003), others (Eptatretus stouti, Pycnopodia
helianthoides and Orchomene spp.) show clear preferences for dead or damaged
organisms (Moore and Wong 1995; Tamburri and Barry 1999; Brewer and Konar
2005). Successional stages have been documented for large-sized carrion, like whale
falls in the deep sea (Smith and Baco 2003) and in shallow waters (Glover et al.
2010; Quaggiotto et al. 2016).

The limited time window for carrion consumption (due to, for example, compe-
tition and decay) has also stimulated morphological and metabolic adaptations to
maximise energy gain from carrion while minimizing handling time. Deep-sea
lysianassoid amphipods, for instance, can be divided into two groups: highly
specialised necrophagivores (e.g. Eurythenes gryllus) that have mandibles and guts
which process food in batches, while Orchomene spp. process food in a more
continuous way, and have small guts and mandibles which are not well suited for
rapid food ingestion (Sainte-Marie 1992; Jones et al. 1998). Another typical scav-
enger, Pacific hagfish (Eptatretus stoutii), can ingest large amounts of protein which
would result in high rates of post-feeding ammonia and urea excretion. Indeed,
Pacific hagfish has a wide scope for ammonia and urea excretion, which allows it not
only to process decomposing tissue but also to process large amounts of protein
which it acquires during short-term feeding bouts (Wilkie et al. 2017).

7.2.4 Towards Identification of the Most Likely Discard-
Consumer Candidates

Field observation studies have elucidated how various traits, and trade-offs between
these traits, enable organisms to scavenge upon marine carrion. A trait-based
assessment enables scaling of marine scavengers along the obligate-facultative
scavenging continuum is given in Fig. 7.2. This scaling can pinpoint the scavenging
taxa that will primarily make use of marine carrion (including discards) and therefore
have the potential to experience a population level effect when discard levels change.
As discussed in more details in Sect. 7.4, the next step of this work will thus be to
perform the actual ranking of the taxa identified in Sect. 7.2.2 into the continuum, on
the basis of their life history.
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Fig. 7.2 Encounter probability and handling tactics determine an organism’s scavenging ability.
The traits of these two parameters make up a qualitative scale of scavenging that can be applied to
any given species to assess the relative importance of carrion, including dead discards, in its diet.
The ranking of species in the triangle is for illustrative purposes but does not represent a formal
analysis as such. (Scavengers from left to right: hagfish and amphipod spp., dogfish and edible crab.
In the centre: starfish, ophiurids and hermit crabs. Predator: tuna. Detritivore: Echinocardium spp).
NB: The probability that facultative scavengers also consume fisheries discards (with more or less
focus upon predation or detritivorous strategies —e.g. injured or stressed discards) was not estimated
in field observation trials and requires further research. Inspired by Kane et al. (2017)

Most observational studies used marine carrion as a proxy for discards in their
field tests. In general, these trials did not reflect commercial discarding practices. We
acknowledge, for instance, that not all discarded organisms are dead when they are
returned to the sea after commercial fishing. Foraging upon a mixture of dead,
stressed, injured and potentially undamaged discarded organisms implies that dis-
cards are not only suitable as a food source to obligate scavengers, but also to
predators. The consumption of stressed and injured organisms following discarding
practices were less frequently examined in the observational studies but may affect
foraging by facultative scavengers in commercial discarding practices.

Observational studies have also not focused on mimicking the total amount of
carrion that is discarded in commercial fishing practices, nor the way it is spread or
lumped on the seabed or the frequency of discard availability. Although observa-
tional studies indicated that discards are consumed in a short time window (within
days), we are not aware of any observational studies underpinning these assumptions
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in relation to the recurrent high amounts of discards that become available following
commercial discarding. When the assumption of rapid consumption of all discarded
material does not hold in certain circumstances, we may expect that not all fisheries-
induced carrion will be consumed by scavengers. A fraction of the discards may be
fragmented and become available to detritivores later.

In conclusion, field observation studies improve the qualitative assessment of the
scavenging abilities of taxa on marine carrion (Fig. 7.2, upper panel). To evaluate
how organisms with scavenging abilities profit from fisheries discards requires
additional information, notably on the total amount of dead versus living discards
and how discards are consumed by organisms with various foraging strategies. The
impact of discards on marine taxa with a facultative scavenging strategy requires
information on how predation and/or detritivorous strategies may influence the
consumption of fisheries discards (Fig. 7.2, lower panel). Predation and detritivorous
foraging strategies were not addressed in this chapter but cannot be ignored when the
impact of discards as a food source for marine organisms is evaluated.

7.3 Modelling Approaches to Discard-Scavenger
Interactions

Discarding is considered in existing ecosystem models evaluating the effects of
various fisheries management measures (Fulton et al. 2014; Kaplan et al. 2014;
Libralato et al. 2015; Mackinson et al. 2018), but very few have focused on
exploring the effects of varying discard flows on marine food webs (Lauria 2012;
Heath et al. 2014; Fondo et al. 2015). Here, we used five ecosystem models
implemented across Europe to illustrate the lessons learned and challenges still
ahead in modelling discard flows in marine food webs.

7.3.1 Materials and Methods

Three ecosystem modelling frameworks have been used: Ecopath with Ecosim
(EwE), StrathE2E and Atlantis (Table 7.2). They differ in their representation of
space, time and processes but all of them aim at modelling the whole food web by
using functional groups (representing species sharing similar life history traits).

Five existing models were considered in this study. They are generally
implemented at the scale of fisheries management regions (Fig. 7.3). The food
web description in each region is specific to its general ecology, fisheries and
conservation stakes (see Table 7.3 for details). However, in the outputs presented
here, biomasses of functional groups were pooled in aggregated categories for the
purpose of comparison. Discard flows are specific to each model and have been
parameterised using data from fisheries monitoring programs.
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Table 7.2 Main features of the three modelling frameworks used

J. Depestele et al.

Model More
type Principle Functional groups Space details
EwE Mass balanced Biomass pool (with life | No Heymans
stanza possible) et al.
Functional groups and (2016)
singled-out species
StrathE2E | Tracks the flows of nitro- | Biomass pools (with life | Vertical layers | Heath
gen in groups of func- stanza possible) (2012)
Atlantis tionally similar taxa and | Age structured popula- | Irregular hori- | Fulton
materials, spanning the tion (abundance) and zontal poly- (2010)
entire ecosystem from growth (average individ- | gons and
biogeochemistry to sea- | yal weight) dynamic for | regular verti-
birds and marine vertebrates and biomass | cal layers

mammals

pols for invertebrates
Functional groups and
singled-out species

Fig. 7.3 Geographic implementation of the 5 models used: the Azores EEZ (red), the Bay of
Biscay (ICES regions VIIla and b, yellow), the Celtic Sea (Vlle, h, f, g and j, blue), the Eastern
Channel (VIId), and the North Sea (IV ¢, b and most of a)

We evaluated two scenarios using the design in Table 7.3:

1. “Discard as Usual”: fishing mortalities and discard rates are fixed per group and
constant throughout the simulation, the discard survival rates are all assumed to

be nil;
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Fig. 7.4 Living biomass extracted from the ecosystem (landings) over the total biomass (leff),
biomass returned to the ecosystem as discards over the total living biomass (middle) and discards
over total potential consumer biomass (right). The total living biomass includes vertebrates, benthic
and pelagic invertebrates, benthic primary producers, as well as phytoplankton and zooplankton.
The total consumer biomass includes vertebrates, benthic and pelagic invertebrates (excluding
zooplankton and phytoplankton and benthic primary producers)

2. “No Discards”: total fishing mortalities per group remain the same, but the
discard rates are all set to 0, leading to no discards being released in the system?,
which allows one to test the ‘pure’ effect of the discard flow into the marine
food web.

The scenarios represent extreme cases to bracket the range of possible realities
and allow us to isolate the ecosystem response to the flow of discards. In the baseline
model, zero survival of discarded fish is extreme, as is complete cessation of
discarding in “No Discards” (especially without changes in the fishing pressure).

7.3.2 Results
7.3.2.1 The Flow of Discards Into the Environment

The fishing pressure varies considerably across the different modelled ecosystems,
but it is apparent from Fig. 7.4 that the flow of discards into the marine ecosystem is
extremely low (< 1%), when compared to the biomass of potential consumers of
discards (all living groups except plankton and primary producers).

In the five models used, the actual proportion of discards in the diet of a scavenger
depends on its (parameterized) preference for this type of food, and on the abun-
dance of discards available to feed on (together with other factors depending on the
model, such as spatial overlap or consumer clearance rate). Fig. 7.5 shows the
average calculated diet of three groups of scavengers in the Eastern English Channel
Atlantis model, among those with the highest parametrized preference for discards.
The discards never accounted for more than 0.4% of the total diet, which is due to the
very low abundance of discards available to consume.

°In the case of the North Sea StrathE2E model however, a residual discard flow remains for the
benthos, corresponding to 4% of the baseline discard flow (Heath et al. 2014).
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Fig. 7.5 Average diet composition of four groups of scavengers in the Atlantis Eastern English
Channel model: crabs, prawns (PWN), deposit-feeders (DEP) (mainly amphipods and some poly-
chaetes) and whelks (WHE), as calculated by the model. All the consumed food items appear in the
legend, but the ones representing less than 1% of the diet do not appear on the pie charts. Benthic
inverts: benthic invertebrates
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Fig. 7.6 Percentage changes in the biomass of aggregated categories between the “No Discards”
scenario and the “Discard as usual” baseline. Data is shown as absolute values colored in red for
negative change and green for positive change. The size of the circle is proportional to the absolute
% changes in the biomass. Aggregated categories: DET: detritus, ZOO: zooplankton, PEL_INV:
pelagic invertebrates, CAR_SCAV: carnivorous and scavenging benthos, SUSP_DEP: suspension
and deposit feeding benthos, DEM: demersal and bentho-pelagic fish, PEL: pelagic fish, MAM:
mammals

7.3.2.2 Effect of Removing Discards on the Ecosystem

Removing discards from the ecosystem had an extremely low effect on the evaluated
ecosystems (Fig. 7.6), with virtually no effect (< 0.2%) on the Azores ecosystem,
where the discard flow was the smallest. In the other case studies, the effect of
removing discards was small but noticeable on the benthic carnivores and scaven-
gers (—1.3% in the Celtic Sea and —2.4% in the North Sea). The largest negative
effect of removing discards was observed in the North Sea on the mammals/seabirds
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group. Not surprisingly, the effect of removing discards is dependent on the impor-
tance of discards in the diets of the different groups.

7.3.3 Discussion

Discard flows may seem large when considered as absolute values, and with regards
to the waste of natural resources it represents. When considered as a potential food
source, however, discard flows appear to be low relative to the living biomass in the
ecosystem, and when compared with other sources of food (natural carrion).

The models found little effect of a full discard ban (with no changes in the fishing
pressure) on the ecosystem. These results are in agreement with other modelling
studies. Sdnchez and Olaso (2004) confirmed the low importance of discards as a
food source in the Cantabrian Sea in comparison to detritus, primary producers or
other low trophic levels (0.07% of the total food intake, EWE model). Kaiser and
Hiddink (2007) and Collie et al. (2017) estimated that fisheries-generated carrion
could only sustain benthic carnivores for 3 days per year at the scale of the North Sea
and scavenging fish for approximately 6 days per year. Depestele et al. (2016)
similarly estimated that discards in the Grande Vasiere (northern Bay of Biscay)
contributed to less than 2% of the scavenging benthic community’s total food
requirements. Our findings are also consistent with the spatial analysis done by the
Working Group on Ecosystem Effects of Fishing Activities (WGECO) of the
International Council for the Exploration of the Sea (ICES) who found no relation-
ship between discarded biomass and scavenger abundance in the North Sea (ICES
2016; ICES 2017). Other modelling studies, in contrast, found an influential effect of
discards on benthic scavengers (Catchpole et al. 2006; Fondo et al. 2015) but at a
smaller spatial scale (respectively Moreton Bay, and the North Sea Nephrops
English fishing grounds). Ecosystem modelling can help extrapolate available data
and empirical knowledge (to a certain extent) on the fate of discards in the environ-
ment at the regional scale, and in testing a full Landing Obligation scenario.
However, some discrepancies between modelling and empirical knowledge should
be noted. First, the discards are all pooled into one group in the models, while
observational studies showed that the consumption of discards differs between the
provided types of discards and dietary preferences of the scavengers (Table 7.A in
the Online Supplement). Second, benthic and demersal scavengers tend to be
aggregated into coarse functional groups in ecosystem models. This aggregation
does not allow one to fully account for varying degrees of importance of discards to
specific taxa (e.g. Sect. 7.2 of this chapter; Kaiser and Hiddink 2007; Mackinson and
Daskalov 2017). Further splitting the scavenger groups would help, but only if
sufficient data are available for parametrization, which is unlikely at the scale of
the presented models.

A closer interaction between empirical and modelling approaches could increase
our understanding of the importance of discards in the marine food web. For
example, observational studies may inform modelling exercises regarding the
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differences between discard consumption ratios of taxa within one functional group.
Observational studies may also set the boundaries to conduct sensitivity analyses on
the existing groups, and help explore whether a different partitioning of discards as
food sources across taxa results in a significant food subsidy for some species and
not for others.

A major source of uncertainty in the modelling work was due to the quality of the
discards data. The limited fleet coverage of discard monitoring programs hampers
the possibility of discard estimations at a small spatial scale. Furthermore, current
discard monitoring programs focus primarily on commercial species and have been
designed to estimate discard rates per fleet and stock rather than to estimate discard
flow into the environment. Reliable quantitative information on the ratio of com-
mercial versus non-commercial discards is relatively sparse (Uhlmann et al. 2013;
Depestele 2015), but existing data could be used to speculate on the orders of
magnitude changes that non-commercial discards may cause in the energy flow in
the ecosystem. Here again, sensitivity analyses will be necessary to complete the
present work.

7.4 Synthesis and Outlook

There is a considerable literature about the ecology of scavenging in marine eco-
systems, showing that scavenging is an important aspect of the trophic ecology of
many marine species. Discards undoubtedly contribute to this with a global maxi-
mum of close to 20 million tonnes per year at its peak. Despite this, it is challenging
to identify how important discards might be to the scavenging community, as they
are very diverse taxonomically and in the role they play in scavenging interactions.

When marine scavengers are explicitly included as groups in ecosystem models,
the impact of stopping discards is shown as minimal (Sect. 7.3). These findings
corroborate earlier empirical and analytical studies where it was suggested that
discards only deliver a small-scale food subsidy in large areas. They contrast,
however, with a few studies (Catchpole et al. 2006) where fisheries discards may
have more significant effects in certain locations with high discards

One problem with our conclusion regarding the low impact of discards is that we
treated the scavenger community as a few functional groups over large spatial scales.
It is more than likely that there will be particular species that are more dependent on a
discard subsidy than others (Table 7.A in the Online Supplement). This was the case
with small-spotted catsharks (Scyliorhinus canicula) and smooth skate (Dipturus
inominatus) which made significant use of fisheries discards but not with starry rays
(Raja asterias) (Forman and Dunn 2012; Navarro et al. 2016). This highlights one
way in which modelling studies could be taken forward; to differentiate within the
models between scavenger species that might be more, or less, dependent on
discards. This would integrate improved knowledge regarding these species’ relative
dependencies on carrion (Sect. 7.2). It is easy to speculate, for instance, that hagfish,
which consume 82% of discards would be more affected than more opportunistic
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species by banning discards. That is, it may be possible to include more categories
with low to high discard dependencies within the functional groups. The trait-based
approach discussed in this chapter is intended to stimulate such an assessment of
scavenging abilities.

Scavenging is not only an activity of epibenthic invertebrate scavenger commu-
nities as we know that not all discards reach the seabed. Significant amounts will be
consumed by marine mammals and seabirds, depending on the type of discard
(Depestele et al. 2016). An unknown but likely smaller quantity will also be taken
by mid water scavengers. Many demersal fish species will also likely scavenge to
some extent (Table 7.A in the Online Supplement). Finally, discards may often be in
large quantities locally, and may simply exceed the capacity of scavengers to utilise
them all, and will then likely become available to a detritivore community. Empirical
field evidence should be the main source of information to parameterise discard
partitioning and usage, and therefore suggest scenarios for the models.

It is, however, important to also remain aware of the limitations of this evidence.
Empirical parameterisation should be based on more than one sampling technique
given the selectivity issues with observation within particular benthic and demersal
environments. While numerous studies in continental European seas have
highlighted what this means for benthic invertebrate scavengers, few experiments
have focused on implications to fish. Also, while baited traps or cameras are
excellent tools for studying which species might utilise discards and what discard
types they prefer, they may not be representative of the real situation, for instance in
the amount, condition or species mix of actual discards. Most importantly, these in
situ methods are expensive and difficult and only provide information that is specific
to a place, time and particular conditions. Extrapolating those data to population
levels can be risky (Levin 1992; Dickey-Collas et al. 2014).

This brings us back to the value of the models. The models could be used in a
number of scenarios to test their sensitivity to assumptions about the scavenger
group. These could include giving the scavenger group a much greater dependency
on discards than might otherwise be expected, and possibly finding at what level of
dependency a discard ban would likely start to have effects on populations. Alter-
natively, we could assume a much higher level of discarding, prior to the Landing
Obligation, than is suggested from observer data. Then the models could be run to
show the sensitivity to the assumptions of such a high, pre-Landing Obligation
discard volume. The sensitivity testing should give us some idea of what we still
need to know to understand the importance of discards in the marine food web, and
so the likely effects of eliminating them. This information could then be used to
design subsequent field studies and analytical assessments. To date most field work
has had a broad natural history approach — what do we see coming to some discarded
fish? The model sensitivities could be used to define more hypothesis-based field
work, focusing on particular species, discard types, places and seasons.

In conclusion, thus far, modelling and empirical studies suggest that carrion is
used by many species, but few species are solely dependent on carrion (including
discards). For a few species and areas, a reduction in discards due to the Landing
Obligation may have a population level effect, but generally this is unlikely to be the
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case. The way forward is to determine the sensitivities in the models to certain
assumptions, particularly in the importance of discards to some species in a broader
scavenging community, and the actual volume of discards. That information can
then be used to focus the field work on testing hypotheses which are tailored to
particular species and/or discard volumes in particular locations, periods and fisher-
ies where modelling predicts higher impacts of discards on scavengers.
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