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Annexe 1. Expert knowledge collection on ecosystem challenges. 


Table 1.1. Guidance for information collected on ecosystem challenges

	Data Collection 
	Details 

	Purpose 
	This is a request to all project partners to provide input about locally relevant ecosystem challenges to fisheries. The information collected here will be supplemented by a systematic review being undertaken by DTU Aqua. 

	Project relevance 
	The results of your input will inform ecosystem challenges local fisheries are facing. 

	Request 
	Please fill out the attached table with locally relevant examples of ecosystem challenges linked to specific fisheries 
One row will be a unique combination of “Fishery”, “Challenge Type”, and “Challenge”. 
For each fishery, there should be at least three entries, one for each challenge type, but there may be more. 
Published supporting evidence may come from scientific literature, grey literature or be non-existent (for current challenges not yet studied/published) 

	Specific guidance 

	Fishery 
	Please find an appropriate scale, which may be based on a target species or a specific mixed fishery in your area. The specificity may vary. 

	Challenge type 
	Three pre-defined challenge types are corresponding to the project application: Fishery effects on the ecosystem, ecosystem effects on the fishery, and social/governance effects on the fishery. These are further described in the example entries provided in the table (the examples are very generic, your responses may be as generic or more specific). 

	Challenge 
	Please identify the general challenge that applies to the selected fishery example. 

	Issue identified 
	Elaborate on the challenge, what causes it and what effects does it produce? 





Challenge 1.1: Fish extraction alters exploited stocks' resilience - Box EU Partners Input
· Mixed demersal trawling fisheries for cod & flatfish in the West Baltic
· Fish stock status: Fishing for cod would further deteriorate the poor stock status of eastern Baltic cod given fishing mortality still too high, e.g., for western Baltic cod.
· Pelagic fisheries for sprat and herring in the Baltic
· Fishing for especially sprat in the southern Baltic may impact food availability for cod and thereby its growth and condition. There is a possible large misreporting issue between sprat and herring in the Baltic when landed for industrial purposes. This would lead to a wrong stock status on the two stocks.
· Salmon fisheries of mixed stocks (both in good and poor conditions)
· The threat of extinction of Baltic salmon stocks with poor status: Genetic identification of baltic salmon shows that there are specific stocks for each of the salmon river. In general salmon stocks from the north of Baltic Sea are productive and in good condition, while eastern and southern stocks are in poor condition. Fish representing both types of baltic salmon stocks are gathering in the southern Baltic for feeding and are exploited there.
· longlines, eel fishery, Western Baltic Sea
· Management of anthropogenic impacts at all life stages, data, and coordination challenge. 2017: historically low levels in eels in the Baltic Sea and EC proposed ban for commercial and recreational eel fishery across life stages of the eel. in 2008 and in 2014, the eel was listed in the IUCN Red List as a critically endangered species.
· Purse seiner targeting small pelagic fishes in the Bay of Biscay 
· The decline of the sardine stocks, both in the Bay of Biscay and the Iberian Waters, this last in very poor body condition for the last 3-4 years.
· French Demersal trawlers in the Bay of Biscay
· Fishing pressure: Despite improvements in selectivity, trawlers targeting Nephrops are still catching small hakes, sometimes below the Minimum Conservation Reference Size.

Challenge 1.1: Fish extraction alters exploited stocks' resilience - Box ICES reports
· WGNSSK: Nephrops in the North Sea. Different sexes have a different catchability (due to behavioural differences) and hence fishing pressure. Therefore, stock-wide measures of abundance and production are not applicable.  The assessment for this stock (or the functional units within) utilise combinations of sex-specific indicators to come to an overall mean-stock indicator.  These are validated against sex-specific stock-recruit ratios to ensure one sex isn’t being overexploited.  If the validation metrics show one sex under too much pressure, more conservative sex-specific indices of F are used.
· WGBIE: Seabass in 8a & b: Discards of juveniles are known to take place but are not fully quantified.
· WGWIDE: North Sea horse mackerel and western Horse Mackerel.  The fishery for small pelagics in the western Skagerrak catches horse mackerel from different stocks in different times of the year.  The assessment for this stock splits catches temporally, for this area, and assigns them to their respective stocks and this practice is considered mature.
· WGDEEP: Roundnose grenadier in 3a. A short fishery over-exploited this isolated stock. Recovery is dependent on a strong recruitment event, which is unlikely given the small stock size and was unpredictable during times of larger stock size.

 
[bookmark: _Toc48048636]Challenge 1.2: Fishing results in loss of biodiversity (bycatch and habitat degradation) -Box EU Partners Input
· Industrial Fisheries in the North Sea for sandeel and sprat 
· Sprat and sandeel are mainly fished with large bottom contacting trawls. In general, relatively light gear components are deployed on sediments with relatively low sensitivity to physical disturbance, and the benthic impact is assessed to be limited. Bycatch is limited in the sandeel fishery, although an unknown component of a non-targeted sandeel species is presumably being caught in management area SA2r. There is, at times when herring stocks are in poor shape, a potential herring bycatch problem in the sprat fishery (bycatches are therefore monitored). Sprat and sandeel are important prey to a range of marine predators (fish, birds, and mammals).  Nevertheless, local requirements of prey biomasses to sustain ecosystem services is unspecified.
· The small-meshed fishery for Norway pout in the Northern North Sea
· Bycatches: Several species (mainly herring and whiting) are being caught as bycatches in the Norway pout fishery.
· Benthic impacts: The fishery deploys large bottom contacting trawls with moderately heavy gear components, often on sediments with relatively high sensitivity to physical disturbance, and the benthic impact is assessed to be at an intermediate level. Norway pout is important prey to a range of marine predators, but local requirements of prey biomasses to sustain ecosystem services are unspecified.
· Mixed demersal towed gear fisheries in the North Sea
· litter/ghost nets: Mending fishing gear at sea result in net cut-offs which are often discarded and subsequently can cause entanglement of fish, mammals and seabirds. The use of dolly ropes on, e.g. beam trawl leads to rope fragments which are ingested by filter or benthic feeders.
· Physical disturbance: Bottom fishing impacts the habitat suitability for resident ecosystems (by creating possible smoothing of the seabed, etc.).
· Mixed demersal static gear fisheries in the North Sea
· Bycatch/ghost fishing: Marine mammals and seabirds are prone to bycatch in passive gear and ghost nets. Ghost nets impact all active fish species in a size range matching the gear mesh size.
· Demersal trawling for Pandalus Borealis in Skaggerak and Norwegian Deep (3.a and 4.a East)
· Catch and by-catch: A number of deep-sea species such as roundnose grenadier, rabbitfish, and sharks are frequently caught in shrimp trawls in the deeper parts of Skagerrak and the Norwegian Deep. No quantitative data on this mainly discarded catch are available, and the impact on stocks is difficult to assess. The fishery also has by-catches of 10–23% (by weight) of commercially valuable demersal fish species, which are legal to land if quotas allow. The target species is important prey to a range of marine predators in Skagerrak, and the current assessment model carries an assumption of an average M of 0.75 for the stock. The local requirements of prey biomasses to sustain ecosystem services are unspecified
· Physical disturbance: Northern shrimp are typically fished with medium-sized demersal otter trawls (twin trawls) with relatively heavy gear components. Trawling takes place with high annual intensity and mostly in deep water, soft-bottom sediments, which have relatively high sensitivity to physical disturbance. Consequently, the benthic impact is assessed to be at a high level.
· Mixed demersal trawling fisheries for cod & flatfish  in the West Baltic
· Physical disturbance: Bottom fishing impacts the habitat suitability for resident ecosystems (by creating possible smoothing of the seabed, etc.)  
· Mixed demersal trawling fisheries for cod & flatfish  in the Central Baltic
· Bottom fishing impacts the habitat suitability for resident ecosystems (by creating possible smoothing of the seabed, etc.)
· Pelagic trawling fisheries in the Central Baltic Sea, Or Small scale fishery in Latvian coastal waters
· Bycatch of protected species such as the cetaceans
· Mixed demersal trawling fisheries for cod, Nephrops & flatfish
North Sea
· Physical disturbance: Bottom fishing impacts seabed habitat and associated species but more quantitative approaches required
· Pelagic trawl fisheries in the North Sea (ICES area 4)
· Seabirds: Reduction in breeding bird success potentially through a reduction in prey availability and possibly initiated by commercial fisheries (past and present) in combination with climate change.
· Bycatch: Bycatch of Protected, Endangered, or Threatened Species (PETS) of seabird
· All UK pelagic and demersal trawl fisheries (OTB) plus 
the bottom set gill nets  (GNS) and entangling nets (GTR)
· Bycatch of Protected, Endangered, or Threatened Species (PETS) and unwanted species
· Purse seine (anchovy and others) fishery in the Gulf of Cadiz
· Seabirds: Potential accidental bycatch of marine birds, particularly important when fishing overlaps with the GoC Birds Special Protection Area (SPA)
· Slipping: Slipping is a practice reported in the Gulf of Cadiz (pers. comm.), the extent to which it affects the survival of those non-target fish species depends on several factors. Particularly important now due to the current situation of the sardine stock
· Striped Venus clam (Chamelea gallina) fishery in the Gulf of Cadiz
· This fishery uses a hydraulic dredge that has a strong impact on the whole benthic community
· Mixed beam trawl fisheries for flatfish in Central North Sea, Or Beam trawl fisheries for shrimp in coastal (Eastern) the North Sea, or Nephrops (otter) trawling
· Physical disturbance: Bottom fishing impacts the physical sediment structure of the habitats by smoothing and resuspending sediments
· Benthic Biomass: Benthic community disturbance (structure and function) with effects on the ecosystem: biodiversity, seafloor integrity
· Fish bycatch: non-target epibenthic and fish community (bycatch and mortality in the towed path) with effects on the ecosystem biodiversity
· Fish stocks: sustainable management of fish populations, high discard levels of various species, inbreeding in overexploited stocks (e.g., Plaice in the North Sea)
· Plastic: Wearing and tearing of beam trawl, particularly the loss of chafing gear
· Chemical: The former use of TBT (tributyltin) has been eradicated, but it is unclear what alternatives are being used and what their effects are
· Climate: high fuel consumption
· Mixed demersal trawling fisheries for whitefish and Nephrops in the Celtic Sea
· Abrasion by trawl gears
Impact on the benthic community in terms of Relative Benthic Status (RBS) (WGFBIT)
· Demersal trawl fishery for Nephrops and fish (3a and 4)
· Bottom fishing affects the seafloor affecting the structure and function of benthic communities through e.g. direct impact and smothering, and changes in turbidity and habitat complexity.   
· Sensitive species: The limited selectivity of fine-meshed trawls leads to the possible bycatch of recruits of overexploited species (e.g., cod), and of sensitive and endangered species (e.g. elasmobranchs)
· Fisheries with passive gears in 3a (creels, traps gillnets)
· Bycatch mammals and sea birds: Passive gears and most notable gillnets will bycatch marine mammals and seabirds and cause mortality through drowning.
· beam trawl (TBB), North Sea, the shrimp fishery
· Overfishing and discards: increased fishing effort has led to growth overfishing of brown shrimp; Small mesh sizes again led to catch of non-target species; seasonally variable, shrimp landings entailed about 70% of small shrimp bycatch and others. since 1970s shrimp fisheries were non-regulated; the fishery has no quota (no stock assessments take place) but has implemented an industry-led management plan in the context of MSC certification, however, it has not been  in  operation  for  a  long  time, and so information and evidence to support and demonstrate its effectiveness is limited at present 
· Physical disturbance: Beam trawls are known for their disturbance of the benthic communities on the seafloor (ICES 2014_ Germany advice Crangon crangon)
· Beam trawl, mesh 33-70mm, mussel fishery, Eastern North Sea (German coast)  
· physical disturbance and removal of mussels as the link between primary producers and the higher trophic levels: blue mussel production is based on bottom-culture techniques; seed mussels are obtained from wild beds in the coastal sea and mussels are collected with dredges from natural intertidal and subtidal habitats and transferred to licensed culture plots in the Wadden Sea (Buck et al. 2010)
· Mixed plaice and sole fishery,  Central and the southern North Sea; Plaice main target species
· very high discards: Substantial discarding continues (estimated unwanted catch for 2018 is 7649 tonnes in Subarea 4 and Division 3.a, i.e. 8.7% of the total catch)
· physical disturbance (bottom impact)
· Beam trawl Plaice fishery,  Central North Sea
· Physical disruption of the seabed through contact of the gear components with the sediment and the resuspension of sediment into the water column; they have been shown to impact the benthic environment by modifying habitats, community structure, and geochemical processes; (i) immediate biological effects such as direct damage and mortality to the benthos, (ii) geochemical effects such as the release of nutrients or contaminated sediments, and (iii) physical effects which can be categorized as being either geotechnical or hydrodynamic; beam trawlers contribute extensively to the physical impact on the seabed in the southern North Sea and can affect benthic invertebrate and demersal ﬁsh communities,  depending on beam trawl weight, towing speed, and sediment type. 
· high discard rates: In 2018, 52% of the total catch in Subarea 4 and 19% in Subdivision 20 was discarded
· German Otter trawl in the North Sea for Plaice and Nephrops, Plaice, or Saithe fishery
· Physical disturbance and benthos depletion: Bottom trawling will reduce the biomass and biodiversity of the benthic ecosystem, and may reduce the complexity of seabed habitats and affect the functioning and productivity of the benthic ecosystem through a progression of state changes. The ecosystem effects of bottom trawling will be determined by the type of gear deployed, the type of seabed, direct effects of the passage of a trawl, the footprint of the trawl and the trawling frequency and the sensitivity of the seabed and benthic ecosystem. Otter trawls and seines mainly sweep the surface of the seabed, whereas shellﬁsh or ﬂatﬁsh dredges and tickler chain beam trawls will penetrate deeper into the sediment.
· Fish bycatch:  Bottom trawl ﬁsheries may have a negative eﬀect on the condition of some of their target species, but not others, by reducing the abundance of their benthic prey
· German demersal seine, mesh >120mm, saithe fishery, cod
· bycatch of sensitive species (e.g. ray): data from observers on board in 2013-2017 showed over 50 different non-target species in the saithe trawl catches
· NLD Trawl fishery
· Physical disturbance: Bottom fishing adverse effect on seabed habitats and additional mortality to invertebrate animals. Pulse trawling might have a smaller effect compared with traditional beam trawl.
· Ghost fishing: Abandoned, lost or discarded fishing gear may continue to catch fish, invertebrates and marine mammals. Entangled animals may die of starvations, wounds, infections or lack of oxygen (mammals). Lost nets contribute to plastic litter in the ocean.
· Bycatch: Beam trawl fishery have incidental bycatch of protected species including mammals, birds, turtles and rare fish species. Bottom trawl and seines fishery have unwanted catch which can be landed and/or discarded
· Unwanted catch: Beam trawl fishery have unwanted catch which can be landed and/or discarded
· Mixed demersal trawling fisheries operating in ICES divisions VIII and VII 
· Seabirds: LO creates a food shortage for scavenging seabirds. The landing obligation in EU waters will likely cause a substantial increase in bycatch rates in longliners, at least in the short-term, due to birds switching from trawlers to longliners
· Bycatch: Bycatch of cetaceans, mainly Short-beaked common dolphin Delphinus delphis also Bottlenose dolphin Tursiops truncatus and Stripped dolphin Stenella coeruleoalba
· Gillnetters and Trammel nets operating in the BoB & Iberian Waters ecoregion
· Bycatch of cetaceans and seabirds. Most affected cetacean species: Short-beaked common dolphin Delphinus delphis and Harbour porpoise Phocoena phocoena
· Longlines targeting demersal species in the Bay of Biscay
· Biomass loss on side ecosystem components: seabirds
· Portuguese demersal bottom otter trawl fish fishery
· Discards: The markets (volume vs commercial value) drive the discarding of the main discarded species, e.g. blue whiting, chub mackerel and blue jack mackerel, MLS and TAC (Regulatory reasons) constituting additional important motives for discarding, e.g., European hake
· Bottom fishing impacts the habitat suitability for resident ecosystems
· Portuguese crustacean bottom otter trawl fishery
· discard practices of commercially valuable species in this fishery are finfish by-catch limits of the crustacean fishery (blue whiting, horse mackerel and jack mackerel), the relative availability and commercial value of each by-catch species within total by-catch (low commercial values when compared to other by-catch), minimum landing sizes (e.g. most hake discarded is below MLS) and quotas (e.g. anglerfish and hake). Several species are discarded for economic restrictions (low or null commercial value for species and/or with no immediate market)
· Bottom fishing impacts deep-sea corals and sponges in areas and habitat suitability for resident ecosystems
· Portuguese demersal longline fishery in the Azores
· Discards: Deep-water sharks are common discarded species although in smaller quantities  (mainland and Azores)
· Keystone species: Cold-Water-Corals and charismatic species can also be affected
· Portuguese Gill and trammel nets for demersal fish
· Trammel nets may have an increased effect on bycatch of cold-water corals;
· Considerable ghost nets’ effective fishing lifetime is 10–11 months in the rocky bottom and 8 months in the sandy bottom; 
· Elasmobranch species (rays, skates and sharks) are commonly discarded; 
· Portuguese Purse seiners for Small Pelagic Fishery 
· small vessels fishing close to the coast might have a slight impact on the seabed
· Slipping in purse seine fisheries is not really estimated in the present because they are very hard to estimate without information from fishers or observers on board. How can one estimate slipping in purse seine fisheries? What information can be gathered by the industry? How could it be used and incorporated? If slipping is high, our perception of catches might be biased with consequences on the stock size estimates
· Reports of interaction, with occasional bycatch, between cetaceans/seabirds and purse-seiners
· French Hook vessels (U15m) in the Bay of Biscay or North Western Waters
· Incidental catch of birds, notably when lines are set in coastal areas.
· French Net fleets in the Bay of Biscay targeting fish
· Incidental catch of birds and cetaceans, notably when nets are set in coastal areas. Recent cetacean strandings tend to indicate that interactions with net fleets are still significant, which is also confirmed by onboard observations (OBSMER)
· French Demersal trawlers in the Celtic Sea or in the English Channel or North Western Waters
· The latest French Marine Strategy documents (2019) list the impacts of trawling activity on benthic habitat as potential threats for several geomorphological structures (Ridens de Boulogne, Roches Douvres et Fosse centrale de la Manche)
· French Dredgers for shellfish in the English Channel
· Dredgers' interactions with the seabed are considered important pressures
· French Netters in the Bay of Biscay or the English Channel targeting fish
· Incidental catches - diadromous fish: None of the 7 diadromous species monitored for the MSFD are reaching the good ecological status. One of the key pressures listed on these species is the accidental bycatch in coastal and estuarine areas when these species are migrating
· Pots and traps targeting large crustaceans in the English Channel
· Loss of pots is listed as potential pressure on the stocks of large crustaceans

Challenge 1.2: Fishing results in loss of biodiversity (bycatch and habitat degradation) - Box ICES WGs reports
· WGCSE: Sole 7a & g. Beam trawling has a significant impact on benthic communities, although this impact can be harder to ascertain in areas with a long history of beam trawl fisheries.
· WGBFAS: Bottom Contacting Gears in the Baltic Sea.  Physical seabed disturbance (primarily from otter-trawls targeting demersal and benthic fish) has been shown to reduce benthic faunal diversity and biomass in neighbouring marine and tidally influenced areas.  However, the impact of such fishing activity on Baltic Benthos has received little attention.
· WGBIE: Seabass in 8a & b: Discards of juveniles are known to take place but are not fully quantified.


Challenge 1.3: Fishing alters food-web interactions - Box EU Partners Input
· Mixed beam trawl fisheries for flatfish in Central North Sea, Or Beam trawl fisheries for shrimp in coastal (Eastern) North Sea, or Nephrops (otter) trawling
· Foodwebs: Bottom fishing impacts the interactions between benthic infauna and epifauna, as well as non-target fish and target fish communities
· Mixed demersal trawling fisheries for whitefish and Nephrops in the Celtic Sea
· Impact on the benthic community in terms of  Relative Benthic Status (RBS) (WGFBIT)
· Foodweb: Changes in predator-prey relationships, particularly predator pressure on forage fish species
· Bycatch: Impact of fisheries removals on mammals abundance.
· Mixed demersal trawling fisheries for cod & flatfish  in the eastern Baltic (bottom trawl, spawning time)
· by-catch of cod specifically in flounder catches: potential impact on increased fishing mortality of cod, impact on cod recruitment
· Pelagic fisheries with active gears
· The selective removal of forage fish may lead to changes at lower trophic levels through changes in their consumption of plankton as well as changes in their availability as prey for piscivores, marine mammals and seabirds
· Otter, mesh <90mm, Herring and sprat fisheries, Western Baltic Sea
· mostly multi-species interactions: single-species assessments which ignore
the broader ecosystem context and impact
· NLD Trawl fishery
· Community structure change: Removal of the biomass of target species directly or indirectly (through species interactions) affects the abundances of species, thereby altering community structure (e.g. size spectrum, proportional biomass of large fish (large fish indicator), mean trophic level)
· Trophic cascade: Sole, plaice and other benthivorous species including invertebrates are preyed upon by large demersal fish and elasmobranch species and seals. (1) The fishery removes biomass from the ecosystem that may have otherwise been available to these predatory species. (2) The fishery may indirectly affect the plankton and/or benthos community by removing benthivorous fish from the ecosystem, thereby reducing predation of those fish on invertebrates and potentially also affecting recruitment and thus plankton consumption. Some invertebrates may be targeted by fisheries too.
· Mixed demersal trawling fisheries operating in ICES divisions VIII and VII
· Bottom trawling negatively affects the biomass of a number of functional groups as well as the total biomass of the benthic-demersal community
· Trophic: Bottom trawling negatively affects mean trophic level at spatial scales
· Species richness: High fishing pressure affects the condition of some stocks, potentially causing loss of some species, which negatively affects the biodiversity and so the resilience of these ecosystems. 
· Portuguese Demersal bottom otter trawl fish fishery
· Foodweb: species interactions generate fluctuating and cyclic population dynamics and nonlinearity in single-species dynamics generates deterministic fluctuations, these are not mutually exclusive hypotheses as all could act together to increase variability. For exploited species, fishing can also vary from year to year and translate. Directly into population variability or could interact with other drivers to enhance fluctuations in fish abundance.
· Portuguese Purse seiners for Small Pelagic Fishery 
· SPF (e.g. Sardina pilchardus) are key species in the Portuguese upwelling system, they are forage fish of the main commercial species, and cascading effects on other commercial species and the ecosystem are enhanced under fishing pressure.
· French Pelagic trawl or Seiners targeting small pelagic species in the Bay of Biscay or in the English Channel, or in the North-Western Waters
· Foodweb: Some of the species targeted by this fleet are forage fish for species with higher trophic levels that may be targeted by other fishing fleets (notably cod, seabass, sharks or salmon)

Challenge 1.3: Fishing alters food-web interactions - Box ICES reports
· WGNSSK: Plaice in 4. A significant release from fishing pressure has led to substantially increased stock size, potentially competing with other benthic foragers that are still under fishing pressure for food resources.
· WGBFAS: Cod Fishery in the Baltic Sea.  The stock size of the Baltic’s small pelagics (herring, sprat and perhaps sticklebacks) are determined by the predation pressure of cod, which is at very low stock size due to (among other causes) fishing. 
· WGHAWG: Herring in the North Sea.  Herring is a key link between plankton and predatory fish as well as between offshore and coastal habitats, in and around the North Sea.  High exploitation rates, of both herring and its predators, may release other planktivorous fish  (e.g. sandeel and sprat) with different energy and nutrient flows in the system. 


Challenge 2.1: Inherent ecosystem variability and ecosystem component attributes interact with fishing impacts to affect fishing opportunities - Box EU Partners Input
· Industrial Fisheries in the North Sea for sandeel and sprat 
· Climate change and species interactions: In particular the sandeel fishery is suffering from what appears to be a climatic influence on stock productivity
· Pelagic fisheries for sprat and herring in the Baltic
· Climate change and species interactions: Sprat and herring are affected by predation from cod. At the meantime, Sprat and herring recruitment and growth are affected by climatic variables
· Purse seine (anchovy and others) fishery in the Gulf of Cadiz
· Increased predation on eggs: Southern mackerel (S. colias) is expanding due to warming, predation on sardine and anchovy eggs has been put forward
· Increased predation: The recovery of hake, bluefin tuna, dolphins, and orca whale populations have been put forward as a cause of small pelagics (sardine) decrease
· Change in productivity: The management strategy evaluation of sardine in 8c and 9a (special request by Spain and Portugal) asked ICES to assess if the productivity regime of sardine recruitment had changed. New reference points are being discussed
· Demersal trawl fishery for Northern Prawn (3a and 4)
· Top-predators: Natural mortality of prawns is presently low due to weak stocks of demersal predatory fish. This may change following a recovery of these fish stocks.
· Fisheries with passive gears in 3a (creels, traps gillnets)
· Top-predators: The recovery or recent increase of marine mammals and seabirds that act as top predators may increase natural mortality of harvested species leaving less of the biomass for fishing
· German large pelagic freezers
· Adapting fisheries management to climate change: North Sea is projected to warm by about 2°C during the 21 st  century under IPPC scenario RCP8.5 and about 1°C under IPPC scenario RCP4.5, with comparable increases at the surface and bottom levels; model projections of European pelagic fisheries show a contrasting picture where some stocks (and the fleet catching them), benefit in the scenarios mid-century while others, such as the North Sea autumn spawning herring, decrease due to continuous reduced recruitment
· Mixed plaice and sole fishery, in Central and southern North Sea
· Climate change and other adverse impacts affect the distribution of demersal species: distribution shift in plaice can be attributed to climate change rather than to ﬁshing, but both play a role in the distribution shift of sole. Climate change impacts eutrophication, prey availability, and habitat modiﬁcation are additional factors for distribution. Information from surveys suggests that in recent years the nursery area of plaice is shifting away from coastal areas and towards offshore areas.  Older ages also show a  northward expansion in distribution.
· The Dutch Fleet
· Climate change affects the target species i) by affecting the growth and size of individual fish (physiological response) and the extent of cannabilism as larvae, and ii) by affecting population growth, mortality and recruitment, iii) by a changing behavioural and/or phenological responses, such as moving to warmer/colder/deeper areas potentially leading to shifts in the distribution of species (only for juv. & adults, since eggs and larvae depend on currents), and changes in the timing and extent of spawning or feeding migrations. These factors may affect the catch area of the fishing fleet, iv) by affecting other parts of the ecosystem, e.g. plankton, predators, which may indirectly affect the biomass of target species (e.g. earlier plankton spring bloom -> mismatch with fish larvae if spawning of fish does not happen earlier too). Besides, there are risks for ocean acidification, changes in primary production (which may cascade up to higher trophic levels), increased stratification (due to higher temperatures in summer), and increased frequency and length of marine heatwaves (especially in shallow waters that warm up easily)
· Ecosystem change: Changes in community composition, structure, and functioning, may be caused by changes in the environment and/or fishing with increases or decreases in the abundance of species, or the arrival of new species or the disappearance of species. 
· Trophic cascade: sole, plaice and other target species in two ways: i) bottom-up: many benthivorous species are planktivorous as larvae, so changes in the plankton community (e.g. due to climatic variation or climate change) may affect the timing of food availability and quality. Juveniles and adults are mostly benthivorous, so food availability and quantity of benthos affect the juvenile and adult part of the stocks; ii) top-down: predators of the target species strongly determine natural mortality, so any changes in the biomass of predators due to environmental change and/or fisheries on predators will affect the target species of the beam trawl fishery. This could be the release of predation on at different life stages (eggs, larvae, juveniles, adults)
· Habitat alteration: increased benthic production in the North Sea during the 1980s and 1990s resulting from the reduction of large demersal fishes due to fishing, with the largest plaice stock ever observed since monitoring began. Climate change with southern, warm-loving Lusitanian fish species has become more abundant in the North Sea (e.g. grey gurnard and Mediterranean scaldfish (Arnoglossus laterna), whereas cold-loving, boreal species have decreased (e.g. cod, Atlantic wolffish). New or increasingly abundant species may predate on or compete with resident species with a similar ecological function. The increase in abundance of 'new' species may provide new fishing opportunities, especially when fishing opportunities for other species diminish. 
· Portuguese Demersal bottom otter trawl fish fishery, or Gill and trammel nets for demersal fish
· Shreds of evidence of environmental driven fluctuations in the abundance of some of the target species either by pelagic recruitment/juvenile phase or bottom-up effects are driven by species interactions (e.g.predator-prey) with mixed layers habitats. Ocean warming has affected the composition of fisheries landing
· Portuguese Crustacean bottom otter trawl fishery
· Shreds of evidence of environmental driven fluctuations: The temporal pattern of rose shrimp shows high fluctuations in abundance, with periods of several years of very high abundance and some years of low abundance. Catches of rose shrimp have very high fluctuations dependent on the recruitments. The factors that affect the recruitment level are unknown. This species is always the main target species, either because it is caught in shallower areas than the other target Norway lobster and high market value.
· Portuguese Demersal longline fishery in the Azores
· Shreds of evidence of environmental driven fluctuations in the abundance and composition of target and landed species. Ocean warming has affected the composition of fisheries landing
· Portuguese Purse seiners small pelagic fishery
· Recruitment of small pelagic fishes is strongly dependent on good environmental factors. Changes in environmental conditions such as temperature might affect the level of recruitment and consequently of the state of the stock causing the decline of fish populations targeted by the fishery. Alterations on the size of populations of one species might then have an impact on the whole food chain and dynamics between species targeted by the fishery (e.g. decrease in sardine and increase in mackerel and or anchovy)

Challenge 2.1: Inherent ecosystem variability and ecosystem component attributes interact with fishing impacts to affect fishing opportunities - Box ICES WGs reports
· NIPAG: Pandalus in the Skagerrak and Norwegian Deep. Seasonality effects on catchability. Landings per unit effort differ throughout the year, but the mechanism behind this is unknown.
· WGEEL: European eel across European range. The north-south variation in temperature and food availability affects the growth rate and age at the maturation of yellow eel.  This results in different demographic rates across a same stock.
· WGWIDE: Norwegian spring-spawning herring. Pelagic water conditions drive stock distribution shifts. Changes in zooplankton productivity and interspecific competition with mackerel have forced NSS herring westward in recent years.
· WGNSSK: Mixed demersal trawl fishery of the North Sea. The complexity of interactions between species, many of which are exploited, makes modelling changes over the whole system a challenge.  Regarding Multi-species models: "There are many direct and indirect interactions between species, making it difficult to reach a single and robust best solution. Optimization scenarios carried out so far show that the result (target F) depends very much on the objectives (objective function) and SSB constraints used."
· WKBALTIC: Cod fisheries in the Baltic Sea. Low benthic productivity could be causing population bottleneck at early life-history stages—potential competition between adults of other species and juveniles of cod.
· WKBALTIC: All fishing in the Baltic Sea.  Regime shifts can cause changes in fish assemblage structure.  Substantial changes in assemblage structure, such as large increases in stickle back abundance.  These are both potentially unwanted and a new targeted catch.  Indirect effects  in food-web and as un-modelled parameters affecting fishery models for other species.
· WGDEEP: Blackspot Seabream in 6, 7, & 8.  Following historically high fishing pressure there has been a shift in the stratification and temperature regime of waters in the Celtic seas and Bay of Biscay, which are unfavorable to the blackspot seabream and may prevent stock recovery.
· WGHAWG: Herring in 20-24. Larval survival and year-class strength are linked to oceanographic dispersal and pelagic environmental conditions, not least of all planktonic food availability at the time of first feeding.
· WGCSE: Seabass in 4b & c, and 7d-h.  Warming ocean conditions allow the northward expansion of seabass’ range into the North Sea and North-East Atlantic, enhancing juvenile survival in coastal nursery habitats.
· 

Challenge 2.2: Anthropogenic environmental changes interact with fishing opportunities individually or cumulatively - Box Partners Input
· The multi-fleet fishery for herring
· The Western Baltic Herring stock is declining rapidly, and current predictions indicate that it may decline even further even without a fishery. Recruitment has been declining for five consecutive years. The reason remains unknown (but could be related to changes in the environment). North Sea herring, on the other hand, has rebuilt and is now well above biomass limit reference points, although poor recruitment in recent years has sparked some concern.
· Demersal trawling for Pandalus Borealis in Skaggerak and Norwegian Deep (3.a and 4.a East)
· The distribution of the population in the stock area has changed, and biomass and recruitment have generally declined in recent time. These changes are potentially linked to climate change-related temperature increases, as Skagerrak is on the southern border of the overall distribution area of this northern hemisphere cold-water species.
· Mixed demersal trawling fisheries for cod & flatfish in the West Baltic
· Eutrophication: create concerns on coastal fishing opportunities (e.g. by changing vital rates). Besides, a critically reduced cod stock might not be able to maintain its central position in the food-web. Novel food-webs might emerge, with so far unknown specifications. Eutrophication is an issue for cod in the eastern Baltic.
· Hypoxia: Eutrophication affects oxygen conditions, which has adverse effects on cod physiology and also on benthic prey availability, and thereby affects cod growth and condition and consequently fishing opportunities
· Climate affects recruitment of commercial fish and thereby stock size, and may also affect the distribution of fish, e.g. coastal vs offshore distribution Possible change in survey catchability due to increased areas with hypoxia
· Climate: Climate affects the hydrographic conditions for cod reproduction. Climate impacts on oxygen conditions may also impact the availability of benthic prey
· Grey seals affect cod through predation and parasite infestation, with adverse effects on its growth, condition and natural mortality, and thereby affect fishing opportunities
· Sprat and herring are more northerly distributed, with limited overlap with cod in the southern Baltic Sea. This may imply a food limitation for cod in the southern Baltic Sea. Further close to 50% of the sprat catches are taken in ICES SD 25 and SD 26 cod main distribution area
· Mixed demersal trawling fisheries for cod & flatfish  in the Central Baltic
· Eutrophication and increased hypoxia areas are negatively influencing recruitment of demersal fish species as well as their feeding conditions - hypoxic areas decrease  benthic prey abundance
Pelagic trawling fisheries in the Central Baltic Sea
· Highly variable pelagic fish recruitment success due to climate-driven changes
· Small scale fishery in Latvian coastal waters
· Invasion of round goby in coastal seas
· Increase of abundance of seals: The number of grey seals in Latvian coastal waters increased significantly; as a result, damage of  fishing gears and damaged landings are registered in coastal fishery waters
· Striped Venus clam (Chamelea gallina) fishery in the Gulf of Cadiz
· Land-based effects (rice production) on recruitment: Freshwater discharges regulation for rice agriculture purposes in the Guadalquivir River (salinity/turbidity) may have an impact (via recruitment/settlement) on this fishery
· Acidification: Possible effects on larvae and seed hypothesised and currently being studied
· Mixed trawl fisheries for flatfish or Nephrops in Central North Sea
· Reduced biomass at length for commercial fish species like Dover sole, European plaice
· Pathogen: Pathogens (bacteria, viruses, parasites etc.) occurring in the natural environment and contributing to natural mortality
· Climate change: unpredictable future and ongoing changes in geographical fish distribution, consequent changes in catch composition between species, changes in reproduction of commercial species. e.g. regime shift in the North Sea (the eighties), e.g. lower cod biomass in the southern North Sea, higher plaice biomass
· Mixed demersal trawling fisheries for whitefish and Nephrops in the Celtic Sea
· Climate change: Increasing temperatures due to climate change, and modulations in that due to AMO etc. impacts
· Mixed demersal trawling fisheries for cod & flatfish  in the eastern Baltic (bottom trawl, spawning time)
· Considerable increase of parasitic infection in 2012-2019 (liver worm - Contracaecum osculatum) from a few % to 90%. Infection dispersed to the entire area of the southern Baltic. It leads to significantly declining cod body condition and probably increase in natural mortality. 
· Hypoxia: Reduced area of cod bottom distribution and also cod prey availability. Shrinkage of cod spawning areas. Changes in cod metabolism. Prespawning migrations of eastern Baltic cod to western Baltic spawning area of Arkona Basin
· Spatial overlap: predation of clupeids on cod eggs, migration of clupeids to  north-eastern Baltic in autumn (cod food reduction)
· Salinity: Low frequency of saline water inflows from the North Sea leads to salinity changes and (together with eutrophication) results in hypoxic conditions at the bottom, which may affect/limit flounder spawning. The extension of habitats suitable for reproduction and thus supporting the stock vary greatly, affecting both stock abundance and species distribution
· flatfish fishery along the Polish coastline
· Round goby increases competition for space and food resources with native species of commercial value as flatfish
· Salmon fisheries of mixed stocks (both in good and poor conditions)
· poor conditions of river environment due to mechanical barriers: dams, hydroelectric power plants; eutrophication; inadequate bottom structure; disorders and turbulence;  effects of climate change and global warming (lower river levels during fish migration; not appropriate water temperature.
· Demersal trawl fishery for Nephrops and fish (3a and 4)
· Climate change: Changes in temperature leads to changes in the distribution (latitude and depth) of harvested species. Fishing practices and quotas may not be adjusted for that. With increasing temperature and freshening, stratification and oxygen consumption will increase, possibly leading to hypoxia affecting the growth, survival and distribution of harvested species
· Swedish Pelagic fisheries with active gears
· Climate change: Changes in temperature leads to changes in the distribution (latitude and depth) of harvested species. The dominant zooplanktivores fish species may be impacted by climate change-driven shifts in the community structure of primary producers and zooplankton
· Fisheries with passive gears in 3a (creels, traps gillnets)
· Eutrophication: Eutrophication will act in several ways to change the niches of demersal fish species, but most notably by reducing possible fishing grounds through oxygen deficiency. Eutrophication may increase algal blooms and alter habitat complexity through a shift from perennial macro vegetation to phytoplankton and filamentous algae
· Beam trawl, mesh 33-70mm, mussel fishery, Eastern North Sea (German coast)  
· management of invasive species (for Federal State of Lower Saxony) for the risk of introducing non-native species
· The Dutch Fleet 
· Habitat alteration: Construction of offshore wind farms, oil and gas platforms, seismic operations, and sand extraction. Artificial structures result in a direct loss of habitat but might be beneficial for fish stocks when they result in closed areas for fishing. Also may provide few more fishing opportunities for passive fishing gears (e.g. for edible/brown crab) and the cultivation of mussels and seaweeds. 
· Environment: temperature, salinity, water inflow and currents, chlorophyll-a and climatic indices, may influence fish growth, mortality and recruitment, and spatial distribution including feeding grounds, spawning grounds, nursery areas. Correlations are weak, however.
· Mixed demersal trawling fisheries operating in ICES divisions VIII and VII
· Climate change: changes in the spatial distribution (northward shift of the distribution limits) of the demersal fish species due to climate change. Changes in the distribution (northward shift of the distribution limits) of other target species such as Atlantic Mackerel, with change the timing of the spawning migration to the southern area of the Northeast Atlantic mackerel population
· Spanish purse seiner targeting small pelagic fishes 
· Climate change, warming is causing species shifts to Northern area
· Changes in the predation mortality of small pelagic species due to warming: Given the earlier spawning of Atlantic mackerel in the Bay of Biscay, an increase in their potential to predate upon sardine (mainly) and anchovy (probably) predation is hypothesized
· Changes in the condition of some pelagic species. A decrease in weight and size of some pelagic species has been found in the last decade. This might be related to poorer environmental conditions (as it seems to be the case for sardine and mackerel) or also due to the high recruitment events (as for anchovy), in which even the individuals with worse conditions, also survived.
· Spanish gillnets and Trammel nets or longline operating in the BoB & Iberian Waters ecoregion
· Changes in the distribution (northward shift of the distribution limits) of the demersal fish species due to climate change
· French fleets in the Bay of Biscay
· Eutrophication/Turbidity: The latest French Marine Strategy documents (2019) indicate a high risk of turbidity in some coastal areas of the Bay of Biscay (Loire, Perthuis Charentais, Gironde, Arcachon).
· French vessels targeting hake in the Bay of Biscay and in North Western Waters
· Climate change changing spatial distribution of fish stocks: The main target of this fleet, hake, is showing a shift in its geographical distribution towards northern areas, but also in the North Sea
· French fleets in the English Channel
· Eutrophication/Turbidity: The coastal areas of the English Channel are listed as essential areas for several species targeted by the coastal trawlers fleets (spawning areas, nurseries), which are sensitive to eutrophication and sediment input. The latest French Marine Strategy documents (2019) indicate a high risk of turbidity in most coastal areas of the English Channel
· French Demersal trawlers in the North Sea and North Western Waters (Saithe)
· Climate change changing spatial fish distribution: One of the main target of this fleet, saithe, is showing a shift in its geographical distribution

Challenge 2.2: Anthropogenic environmental changes interact with fishing opportunities individually or cumulatively - Box ICES WGs reports input
· WGBFAS: Non-indigenous species. Introduction rates of non-indigenous species have more than doubled in the 21st century, compared to the period before (3.2 vs 1.4 species per year). These impact fisheries directly (e.g., declines in native, target species abundance/biomass and fouling of fishing gears) and indirectly (e.g., changes in the physio-chemical habitat of sediments and water and changes in food-webs).
· WGBFAS: Cod in the Kattegat. Ontogenetic migration of Skagerrak cod means that smaller individuals originating from the Skagerrak/North Sea may migrate away from the Kattegat, essentially increasing unallocated removals not accounted for in natural mortality or estimates of fishing pressure.
· WGBFAS: Cod in the Kattegat and Baltic Sea. Potential increase in natural mortality derived from the predation from recovering seal populations. Rates of seal predation on cod are unknown.
· WKDEM: Cod west of Scotland. The degree of overlap, and therefore true predation pressure, between seals and cod is unknown, introducing a large error in the estimated natural mortality used in assessment models.
· WGBIE: Hake in 8c & 9a, and Seabass in 8a & b. Unknown drivers of recruitment introduce more uncertainty into forecasting for advice on fisheries opportunities.
· WGDEEP: Blackspot Seabream in 9.  Food web challenges (increased predation from recovering bluefin tuna stocks) interact with long-term environmental changes (migration patterns and overall distribution of blackspot seabream) to increase the complexity involved in trying to predict future states of the fishery.
· WGDEEP: Blackspot Seabream in 10. Unknown drivers of interannual catch variability introduce more uncertainty into forecasting for advice on fisheries opportunities.
· WGDEEP: Black scabbardfish across all western waters. The black scabbard fish is thought to complete it is life cycle over a large latitudinal scale with spawning and juvenile habitats around Madeira and Canary Islands, recruits in Northern waters (Iceland and West of Scotland) and the main fishery of adults with different levels of maturity in between.  This makes one stock exposed to multiple fisheries.
· WGHANSA: Anchovy in 8 and 9a: The anchovy recruits into the fishery at age 0-1, and these ages comprise the bulk of the landings.  Therefore, there is little time for surveys to assess stock biomass before the fishery takes effect.
· WGHAWG: Herring across Europe. Many correlations between environmental conditions and stock productivity have been identified, but there is a lack of evidence for mechanistic, causative relationships that allow a real understanding of environmental drivers. One specific example is the decrease in mean weight-at-age for many herring stocks.


[bookmark: _Toc48048653]Challenge 3.1: Social and governance constraints on fishing opportunities - Box Partners Input
· Demersal trawling for Pandalus Borealis in Skagerrak and Norwegian Deep (3.a and 4.a East)
· The stock dynamics and fishery is influenced by over-capacity in the fleets of the two neighbouring countries (Sweden and Norway), which means that high-grading and discarding of shrimp have been an issue in these two countries. These issues have resulted in red light for Skagerrak shrimp from WWF in their seafood consumer guide, which has influenced the market demand and prices.
· Mixed demersal trawling fisheries for cod & flatfish in the West Baltic
· Technical interaction: competition from the inshore national fleet could become an issue if the fleet is forced to occupy a reduced spatial geographic footprint than was previously the case, for example, by spatial closures. 
· Pelagic trawling fisheries in the Central Baltic Sea
· Mixed fisheries. The Baltic herring fisheries often land also sprat and vice versa. This can lead to species misreporting
· Small scale fishery in Latvian coastal waters
· For the moment round goby fishery is a second most important small-scale fishery in Latvian zone. However, market possibilities are limited and in case of lost this market, round goby fishery could change from the opportunity for fishermen to threat to coastal ecosystem
· Purse seine (anchovy and others) fishery in the Gulf of Cadiz
· Fishing rights: Conflict when the SFPA EU-Morocco expires, as those vessels fishing in Morocco must come back to the Gulf of Cadiz
· More TACs: TACs are only given for Gulf of Cadiz anchovy, which is the most valuable small pelagic in the GoC. Fishers are demanding management of other species: sardine, horse mackerel, southern mackerel, through flexible plans (e.g., quota exchange).
· Striped Venus clam (Chamelea gallina) fishery in the Gulf of Cadiz
· Hydraulic dredge can reach shallower wedge clam banks in high tide, creating continuous conflict with artisanal fishers
· Mixed beam trawl fisheries for flatfish in the North Sea
· Competition for space with windmill parks, aquaculture activities and nature parks may cause loss of fishing grounds and an increased density of fishing vessels, which may compromise profitability (e.g., competition between Belgian beam and Dutch pulse trawl.
· Brexit: Uncertainty on the future of fishing grounds in UK waters.
· LO: LO legislation came into force, but compliance is low (due to limited enforcement? and limited communication with fishers themselves?). Discards not reported correctly in e-logbooks => effect on data collection and processing by scientific institutes.
· Crew: A lack of skilled crew members. Crew members may have foreign origin increasing communication difficulties and safety. Crew requires awareness on good practices (e.g. application of the LO).
· Mixed demersal trawling fisheries for whitefish and Nephrops in the Celtic Sea
· Landing Obligation still represents a challenge though anecdotal information suggests little compliance. In addition, the CFP relative stability is considered as highly restrictive by Irish fleet. 
· Economic aspects: Many fishing vessels may be fishing at a point where the economic return is minimal, possibly lower than rent return
· Mixed demersal trawling fisheries for cod & flatfish in the eastern Baltic (bottom trawl, spawning time)
· Fisheries management measures often include spatio-temporal closures during the spawning period of the fish with an overarching aim of improving the stock status. There is a need to assess how those spawning closures influence the stock condition—conflict of interests with other fisheries.
· Other fisheries management: Emergency measures introduced in 2019 limited commercial fishing for Baltic cod to small quotas available for bycatch only. This may negatively affect flatfish fisheries normally conducted by the same fleets. Need for monitoring and adaptive cod quota management in order to keep flatfish fisheries unaffected
· Fisheries with passive gears in 3a (creels, traps gillnets)
· Demersal species in Sweden are managed by annual transferable quota shares for vessels with active gears. This system also includes Nephrops creels and vessels >12 m using passive gears. The rest of the small-scale fisheries have a pool quota system. The quota volumes set aside for this passive gear fishery are central for the development of this fishery and a potential conflict area in national quota allocation.
· 0-catch quota: Eastern Baltic cod used to be the main target species for a large fleet of vessels but is now a by-catch species with a very limited quota. Alternative species such as flatfish and freshwater species are less profitable. In addition, a seasonal fishing ban is implemented, which further reduces profitability.
· beam trawl (TBB), North Sea, the shrimp fishery
· Use-conflicts with offshore wind energy (do not only affect shrimp fishery but trawls in general)
· German large pelagic freezers
· Access to British fishing grounds is being negotiated in the context of Brexit
· German Mixed plaice and sole fishery, Central and southern North Sea, or Demersal seine saithe fishery and cod, or Gillnet, Sole fishery, Southern North Sea
· Fisheries management/ regulation in MPAs in the EEZ and territorial seas
· German Cod fishery, Western and central Baltic sea
· Spawning closures for cod are beneficial for recruitment (not necessarily for the reduction of fishing mortality, but to improve spawning conditions, for example by avoiding disruption of spawning aggregations
· NLD Traditional tickler beam trawl fishery targeting sole and plaice, or Pulse trawl fishery targeting sole and plaice’, or Bottom trawl and seines fishery, or Passive fishery, or Pelagic freezer trawler fishery (Lot1 & 2 areas)
· Closed areas: Impact of closed areas (e.g., vulnerable marine ecosystems (VMEs), plaice box, windfarms on (i) different species (communities) that are harvested by the mixed demersal trawl fishery, and (ii) distribution of the fishery in time and space
· Spanish Mixed demersal trawling fisheries operating in ICES divisions VIII and VII
· Choked fleet: Because of having choke species in the system, a decrease in the effort of some fisheries could be choked: once the LO is implemented
· Selectivity: Improvements in selectivity promoted by the implementation of different regulations, including the landing obligation, might cause losses in the productivity of the system 
· LO: The implementation of the LO is causing economic loss on some fisheries. The potential effects of this economic loss should be further analyzed. 
· MPAs: Fishing reserves, Special Areas of Conservation (SACs) and Special Protection Areas (SPAs) are established (within the Natura2000 network).
· Spanish Gillnets and Trammel nets operating in the BoB & Iberian Waters ecoregion 
· Fishing reserves, Special Areas of Conservation (SACs) and Special Protection Areas (SPAs) are established (within the Natura2000 network).
· Spanish Longlines targeting demersal species
· Fishing reserves, Special Areas of Conservation (SACs) and Special Protection Areas (SPAs) are established (within the Natura2000 network).
· Portuguese Demersal bottom otter trawl fish fishery
· Important target/bycatch species for this métier have no assessment/advice and others are cat.3 stocks. Demersal stocks which lack an analytical assessment. Improvement of area-specific species knowledge and advice outside the current ICES "list" of species; 
· The effectiveness of LO policy is to be assessed
· The French fleet in the Bay of Biscay
· Maritime Spatial Planning: At this stage, two zones have been designated in the Bay of Biscay for the development of offshore wind farms. More zones are due to be designated in 2020. Currently, in development, these new installations may have some significant impacts on some coastal fleets, notably coastal demersal trawlers in the area between Yeu and Noirmoutier
· The French fleet in the Celtic Sea or the English Channel
· Maritime Spatial Planning: At this stage, four zones have been designated in the English Channel for the development of offshore wind farms. More zones are due to be designated in 2020. Currently, in development, these new installations may have some significant impacts on some coastal fleets, notably coastal demersal trawlers in the Bay of Saint Brieuc
· French Pots and traps targeting large crustaceans in the Celtic Sea
· None of the large crustaceans targeted by these vessels is quota-regulated
· French Netters fleets in the English Channel targeting fish
· High dependence to overfished stocks: Sole is one of the main target stock of netters below 12m in the ICES zone 7d, currently not at MSY.
· Maritime Spatial Planning constraining the fishing areas
· French Pelagic trawl targeting small pelagic species in the North Sea and North Western Waters
· International negotiations have been difficult for several small pelagic species (mackerel, herring notably), hindering the ability of managers to set total quotas in line with the scientific advice, thus lowering the fishing opportunities of this fleet.

Challenge 3.1: Social and governance constraints on fishing opportunities - Box ICES WGs reports
· WGBFAS: Plaice in 24-32. The landing obligation for plaice at the edge of its range means that there was a sharp increase in below minimum size landings that were previously discarded.
· WGBFAS: Sole in 20-24. Closed area to protect cod spawning grounds also excludes sole fishery.
· WGEEL: Eel in transitional waters (Europe wide). Multi-use of transitional waters including damning and power generation, restrict migration and increase mortality.
· WGEEL: Eel across Europe. The variation in fishing method, life stage targeted and local regulations on eel fishing mean that exploitation rates are not compatible across the species' range.
· WGEEL: Eel in Northern Europe: Juvenile glass eels are captured at sea in southern waters and are transported and re-released into northern waters to increase local recruitment.
· WGWIDE: North East Atlantic Mackerel. There are international agreements in place to set TAC by a regulatory body. However, all TACs have been set above advice.
· WGNSSK: Mixed demersal trawling fisheries in the North Sea. Due to the low societal and commercial value placed on some species (e.g., flounder and dab), the data on catch-rates and discards is less reliable or not reported.
· WKBALTIC: All Fishing. Inaccuracies in scaling (raising) discards across un-sampled fractions of the fishery.
· WGBIE: Nephrops 8a & b. Technical regulations (minimum landing sizes, effort restrictions, gear selectivity requirements) change the patterns of landings and discards introducing unaccounted variation in assessment models and therefore more uncertainty in advice on fishing opportunities.
· WGBIE: Nephrops 9, 10 & CECAF 34.1. "The five Nephrops FUs (assessed as 3 separate stocks) are managed jointly, with a single TAC set for the whole of Subareas 9, 10 and CECAF 34.1.1. This may lead to unbalanced exploitation of the individual stocks. The northernmost stocks (FUs 26-27) are at extremely low levels, whereas the southern ones (FUs 28-29 and FU 30) are in better condition."
· WGHANSA: Sardine 8c & 9a. In the absence of regular surveys (e.g., due to SARS CoV2 pandemic) assessments cannot be updated nor new advice developed.
· WGHAWG: Herring all areas. Coastal spawning and juvenile habitats mean herring are sensitive to anthropogenic impacts other than fishing.  The most serious of which comes from increased competition for space, particularly with sand and gravel extraction operations and increasingly wind farms.
· WGCSE: Cod in 6a. Misreported landings (attributed to different areas than the fished area) accounted for 60% of landings in 2018.
· WGSCE: Cod in 7a. Severely depleted stocks and fisheries closures result in fewer data and hence less visibility of stock development and development of other now-excluded species.
· WGSCE: Nephrops FU16. Seasonal closures are implemented but not evaluated as management tools for unwanted bycatch.  This leads to potential misuse as fishers prefer temporal closures to catch limits.
· WGSCE: Seabass 4b, c, & 7d-h. Quote: "first-sale value of the high-volume and lower quality catches of seabass caught by pelagic trawlers targeting offshore spawning fish during December to March has been up to three times lower per kg than for smaller volume sales of higher-quality fish for métiers fishing inshore". Citation Drogou et al. 2011.
· WGSCE: Whiting 6a, b, 7b, c, & e-k.  Whiting as a low-value species is often caught together with high-value species (such as Nephrops).  Historically this resulted in high discard rates, but as a TAC species, under the landing obligation, it will likely limit the catches of the high-value target species.

[bookmark: _Toc48048662]Challenge 3.2: Conflicting, inconsistent or ill-informed policy goals across industries and stakeholders - Box Partners Input
· Industrial fisheries in the North Sea for sandeel and sprat
· A major fraction of the Danish sandeel landings takes place in UK waters (just across the EEZ boundary transecting the Dogger bank). Another issue has to do with the border between the Norwegian EEZ and EU waters, which is not fully compatible with spatial biological stock divisions and structures.
· Pelagic fishery for Atlantic mackerel in the North Sea
· Mackerel distribution and biomass have changed considerably in recent time, creating some uncertainty about the proportion of the stock that resides in the North Sea. This has raised the question of how the quota is best allocated among areas and nations given the distribution and/or population structure has changed.
· A multi-fleet fishery for herring
· The fishery targeting the western Baltic Spring Spawning herring consists of multiple fleets fishing in areas from the Baltic to the North Sea. Since the quotas can be moved between fleets and areas, this poses a major problem when forecasting catch opportunities.  No major challenges were identified for North Sea herring, although unnoted bycatch of Western Baltic Spring Spawning herring has become a potential challenge as the Western Baltic Spring spawning herring stock has declined to below biomass limit reference points.
· Mixed demersal trawling fisheries for cod & flatfish in the West Baltic
· Mixed fisheries for eastern and western Baltic cod within the management area of the western Baltic cod. 
· Recreational catches are accounting for close to 1/3 of the total catch. Presently that is regulated by bag limits.
· Mixed demersal trawling fisheries for cod & flatfish in the Central Baltic
· Due to the critical status of Eastern Baltic cod stock, a specialized cod fishery is forbidden
· Purse seine (anchovy and others) fishery in the Gulf of Cadiz
· Land-based effects: A trade-off between the regulation of the freshwater discharge for rice agriculture purposes in the Guadalquivir estuary (a nursery area for anchovy) and the impact this may have on anchovy population 
· Mixed demersal trawling fisheries for whitefish and Nephrops in the Celtic Sea
· Social aspect: Identification of "fishing ports" is poorly developed in Ireland. Fishing ports are only registration ports, and these are few and not really fishing ports
· Demersal trawl fishery for Nephrops and fish (3a and 4)
· Spatial restrictions imposed for bottom trawling due to adherence to new or revised N2K-demands. In addition, national revision of trawling allowances in sensitive habitats on national waters is underway
· LO: Landing obligation puts focus on choke issues particularly in the mixed Nephrops/fish trawl fishery due to quota imbalances between Nephrops and demersal fish
· Swedish Pelagic fisheries with active gears 
· Pelagic species in Sweden are under ITQs whereas demersal species are managed by annual transferable quotas. Pelagic vessels have no track-record and are thus not allocated quotas for demersal species, which are sometimes caught as bycatch in their directed fisheries
· German Cod fishery, Western and central Baltic sea
· Competition with recreational fisheries; 161 000 recreational fishers, from all German shores and from boats (charter and private boats) mostly within 5 nautical miles (NM) of the coast. represents 27% of the total removals
· longlines, eel fishery, Western Baltic Sea
· There is no internationally coordinated eel management plan for the whole stock area, which extends beyond  the EU
· NLD Traditional tickler beam trawl fishery targeting sole and plaice, or Pulse trawl fishery targeting sole and plaice’, or Bottom trawl and seines fishery, or Passive fishery, or Pelagic freezer trawler fishery (Lot1 & 2 areas)
· Brexit has created uncertainty over access to fishing grounds and national allocations of EU Total Allowable Catches (TACs) by fish species. Dutch fisheries are highly dependent on the UK EEZ, where bottom trawlers (including the traditional beam trawl fishery) partly fish in the UK EEZ. Based on revenues, the bottom trawler fleet depends up to 30% on UK waters. Depending on the outcome of the Brexit, it may possibly lead to a change in fishing areas, fleet composition and/or catches
· LO: The EU obligation to land all catches of undersized fish quota species was phased in  these fisheries from 2016-2019. As this entails a mixed fishery, where discarding is inevitable, a fully implemented landing obligation would be challenging. The fisheries received an exemption for the landing obligation for a number of quota species. Exemptions are documented in discard plans that have been evaluated and approved by the STECF. The plans have a maximum duration of 3 years and eventually, the provisions of the landing obligation will eventually become incorporated into Multi Annual Plans.
· Pulse trawl: use of electricity in catching fish is illegal under EU law. In 2006, EU derogation to use the pulse trawls for a maximum of 5% of the vessels resulted in 22 licences. In 2011, an additional 20 licences were granted. In 2014, another 42 temporary licences were granted -> 84 licences to catch sole using pulse trawl.  The increase in the number of licenses, negotiated by the Dutch government with the EC was there to accommodate the interest of the fleet. There was a lot of campaigning against pulse fishing which in the end led to the EU decision to maintain the ban on pulse trawling in the Technical Management Regulations (CEC, 2019). This resulted in part of the Dutch pulse fleet switching back to the traditional beam trawl fishery
· Shifting spatial distribution: for pelagics, Species may shift their distribution in response to changes in the environment. Some species already have done so in response to climate change. When stocks cross country borders and enter new EEZs, this may cause conflicts between countries regarding the management of such stocks. Unresolved conflicts could lead to overexploitation. This challenge particularly applies to highly mobile pelagic species, and conflicts already have already occurred or are ongoing for Northeast Atlantic mackerel and Norwegian spring-spawning herring.
· Portuguese Longlines for black scabbardfish
· fishery management unit: The stock structure in the whole Northeast Atlantic is still uncertain. Nevertheless, all the available information supports the assumption of a single stock-based. However, the advice is separated by area; 
· The Parasite (Anisakis) infestation can be a risk for human consumption
· Portuguese Gill and trammel nets for demersal fish
· Stock knowledge and improvement of fisheries management applied to other data-poor species outside DCF
· Technical interactions among fishing net gears, and target species biological interactions are not known
· Purse seiners for SPF fishery (PS_SPF_16_0_0) 
· Connectivity and dynamic patterns of the Iberian sardine stock suggest a meta-population with three weakly connected populations and density-dependent source-sink movement within the northern Spanish and Portuguese waters population. While the weak connectivity does not invalidate the management boundary between the Bay of Biscay and the Iberian Peninsula, the Gulf of Cadiz may be treated as a separate stock.

Challenge 3.2: Conflicting, inconsistent or ill-informed policy goals across industries and stakeholders - Box ICES WGs reports
· WGBIE: Seabass in 8a & b. Recreational fisheries are an important part of the total removals, but these are not accurately quantified. 
· WGBFAS: Cod in the Western Baltic Sea. Recreational catches are substantial but not as well monitored or reported as the commercial catches.  This increases uncertainty in assessment and advice as well as increasing the risk of overexploitation.  Recreational catches are estimated from what data is available, but further improvement for part-time fishers and small vessels needs to be improved. 
· WGBFAS: Cod, herring and sprat in the Baltic Sea. The use of single-species assessment is less efficient than multispecies plans utilising the Nash Equilibrium.
· WGBFAS: Cod from Eastern and Western Baltic Stocks. There exist overlaps in stock ranges so that the management units do not entirely align with a single stock.  This means that catches of one stock may be supplemented/masked in any given management unit.
· WGEEL: The range of the eel extends outside of EU borders, and thus EU regulation only applies to EU fleet, thus imposing potentially more onerous regulation on EU vessels than neighbouring states.
· WGWIDE: Western horse mackerel.  The range of this stock extends outside of EU borders, and thus EU regulation only applies to the EU fleet, thus imposing potentially more onerous regulation on EU vessels than other states.
· WGMIXFISH: Mixed demersal trawl fisheries of the North Sea. Errors and uncertainties from single-species stock assessment models are propagated up through models of mixed fishery interactions.
· WGMIXFISH & WKNSSK: Mixed demersal trawl fisheries of the North and Celtic Seas. Within the management area, different habitats/areas are assessed independently but managed (TAC) together.  This results in over or under exploitation for an individual species (e.g. Norwegian lobster) risking extirpation in one area and suboptimal exploitation in another.
· WGMIXFISH: Mixed demersal trawl fisheries of the North and Celtic Seas. Due to the data volume and complexity required to run multispecies assessments, active participation of people familiar with each nation's data collection programme is necessary to ensure accuracy.
· WGNSSK: Plaice in 4. A significant reduction in fishing pressure for plaice in the North Sea over the last decade has seen a substantial increase in numbers/biomass.  This increase is likely to place increased pressure on benthic producers, the main prey of plaice.  There are already indications that plaice condition is being impacted by density dependence.
· WGNSSK: Mixed demersal trawl fisheries in the North Sea. Management focus on the most vulnerable species in a mixed fishery reduces fishing opportunity and yield for other species.
· WGNSSK: Witch and lemon sole in 4. Assessors were requested to combine two species of flatfish in one assessment.  The different biology and ecology of these species mean that a joint assessment likely masks potential issues with one or both species.
· WKBALTIC: Small pelagics in the Baltic Sea. Perceived inaccuracies in stock assessments and resulting TACs reduce fishers' trust in the science.  Fishers then misreport one species as another (sprat as herring) to allow them to land more fish.  This, in turn, misinforms the assessment making the advised TAC less appropriate and further reducing trust in the science.
· WKBALTIC: Western Baltic spring-spawning herring. Stock assessments based on catches in one area, where multiple stocks are fished together.  Not a reliable reflection of the stock as multiple stocks can't be disentangled from the data used to inform the assessment.
· WKBALTIC: Western Baltic mixed fishery. Management focus on the most vulnerable species in a mixed fishery (Cod) reduces fishing opportunity and yield for other species (plaice, sole, herring, sprat).
· WKBALTIC: All Fishing. Productivity differs in space and time, often with larger variation at smaller spatial resolution than surveys and stock definitions.
· WKBALTIC: All Fishing. Rapid changes in advised quota are detrimental to fisher/industry financial/strategic planning.
· WKBALTIC: All Fishing. Recreational catches are not as well documented as the commercial catches.
· WKDEM: Cod-West of Scotland. Three distinct stocks have data collected and are assessed as one.
· WKDEM - WGBIE: Whiting in 3.a; Megrim in 7b-k, 8a, b, & d; Sole 8c & 9a. The exploitation of new species, a species not previously exploited in a particular area (e.g. whiting3a), or a species recently separated out from a species complex (e.g. sole 8c, 9a) means that there may not be sources of catch or survey data available to undertake a data-informed assessment.
· WGBIE. Anglerfish 7, 8a-d & 9a. While the two species of anglerfish are assessed independently, they are managed together.
· WGBIE: Megrim in 7b-k, 8a-d & 9a. Not identified to the species level in landings.  (some areas are as of 2019).
· WGCSE: Anglerfish in 3a, 4 & 6.  The management of these species lacks a specific plan or set of harvest control rules.  After evaluating various stakeholder initiated alternative management options, there still lacks a clear plan.  Further work needs to be done to reach a viable and agreeable management strategy.
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Annexe 2. EAFM Review: Search Protocols
Overview
Objective: We should catalogue ecosystem challenges arising from/faced by the fishing. Therefore, we explore the links ‘fisheries’ -> ‘Ecosystem’, ‘Ecosystem’ -> ‘fishing opportunities’, and ‘Social and regulation framing’ -> ‘fisheries’. We are not examining the ‘fisheries’ -> ‘socioeconomics or regulation framing’ because the effect is expected quite limited, neither ‘Other activities (than fishing)’ -> ‘Ecosystem’ because too broad or unspecific.
Every search should be undertaken in all databases agreed upon. Every search should be added to this list and given a reference number. The full list of papers should be exported as .RIS file extension or similar and saved to the project online. The file name should reflect for which review it was taken and the general structure of the search.
All raw search results will be uploaded to the spreadsheet software for duplicate removal and screening.
Review 1. Fisheries Effects on Ecosystem Components
Objective 
Review fisheries impacts on ecosystem structure and functioning. This includes the effect of fisheries on ecosystem components such a non-commercially exploited ecosystem components, i.e. bycatch of sensitive or protected species (e.g. marine mammals), or the physical disturbance of biodiversity hotspots such as vulnerable habitats (VMEs). For example, the wording ‘viable habitat of fish stocks are being impacted by degrading fishing techniques’ defines an ecosystem challenge, where the targeted status is ‘viable’, the ecosystem component is ‘habitat of fish stocks’ and the impacting agent is ‘degrading fishing techniques’. The primary question framing the determinants of the literature search might be ‘how, at what scale, to what intensity is the habitat affected by the fishing?’. For example, a search query here might look like (“Fisheries” OR “Fishing” OR “physical abrasion” OR “trawl”, etc.) AND (“seafloor” OR “benthos” OR “habitat” OR “nurseries”, etc.) AND (“softbottom macrofauna” OR “abundance” OR “density”, etc.) combining pressures on the fisheries resources, ecosystem component states, and indicators.
Challenges
An ecosystem challenge here defines as a change in the pressure resulting from the fishing activities, that is significant enough to affect the ecosystem components severely or beyond a pre-defined threshold. The management measures should take up these challenges by implementing actions that would negate or minimise the impacts. 
General Structure
[Ecosystem component] AND [Activity] AND [Pressure] AND [Impact]
Explanation
“Ecosystem component” is a list of search terms linked by “OR” that changes for each new search. “Activity” and “Pressure” are lists of search terms linked by “OR” that are not changing across searches.
Scopus-specific query syntax
TITLE-ABS-KEY(
(
"benthic* habitat*" OR "benthos" OR "seafloor" OR "seabed" OR "macrofaunal"
)
AND NOT "freshwater*" AND NOT "aquaculture*" AND NOT "paleo*"
)
AND 
TITLE-ABS-KEY(
(effect* PRE/3 "benthic* habitat*") OR (impact* PRE/3 "benthic* habitat*") OR(challeng* PRE/3 "benthic* habitat*") OR(influenc* PRE/3 "benthic* habitat*") OR(affect* PRE/3 "benthic* habitat*") OR(chang* PRE/3 "benthic* habitat*") 
OR (effect* PRE/3 benthos) OR (impact* PRE/3 benthos) OR(challeng* PRE/3 benthos) OR(influenc* PRE/3 benthos) OR(affect* PRE/3 benthos) OR(chang* PRE/3 benthos) 
OR (effect* PRE/3 seafloor) OR (impact* PRE/3 seafloor) OR(challeng* PRE/3 seafloor) OR(influenc* PRE/3 seafloor) OR(affect* PRE/3 seafloor) OR(chang* PRE/3 seafloor) 
OR (effect* PRE/3 seabed) OR (impact* PRE/3 seabed) OR(challeng* PRE/3 seabed) OR(influenc* PRE/3 seabed) OR(affect* PRE/3 seabed) OR(chang* PRE/3 seafloor) 
OR (effect* PRE/3 macrofaunal) OR (impact* PRE/3 macrofaunal) OR(challeng* PRE/3 macrofaunal) OR(influenc* PRE/3 macrofaunal) OR(affect* PRE/3 seabed) OR(chang* PRE/3 macrofaunal) 
OR ("benthic* habitat*" PRE/3 "impacted by") OR ("benthic* habitat*" PRE/3 "challenged by") OR ("benthic* habitat*" PRE/3 "influenced by") OR ("benthic* habitat*" PRE/3 "affected by") OR ("benthic* habitat*" PRE/3 "changed by") 
OR ("benthos" PRE/3 "impacted by") OR ("benthos" PRE/3 "challenged by") OR ("benthos" PRE/3 "influenced by") OR ("benthos" PRE/3 "affected by") OR ("benthos" PRE/3 "changed by") 
OR ("seafloor" PRE/3 "impacted by") OR ("seafloor" PRE/3 "challenged by") OR ("seafloor" PRE/3 "influenced by") OR ("seafloor" PRE/3 "affected by") OR ("seafloor" PRE/3 "changed by") 
OR ("seabed" PRE/3 "impacted by") OR ("seabed" PRE/3 "challenged by") OR ("seabed" PRE/3 "influenced by") OR ("seabed" PRE/3 "affected by") OR ("seabed" PRE/3 "changed by") 
OR ("macrofaunal" PRE/3 "impacted by") OR ("macrofaunal" PRE/3 "challenged by") OR ("macrofaunal" PRE/3 "influenced by") OR ("macrofaunal" PRE/3 "affected by") OR ("macrofaunal" PRE/3 "changed by") 
)
AND 
TITLE-ABS-KEY(
(fishing PRE/3 effect*) OR (fishing PRE/3 impact*) OR(fishing PRE/3 challeng*) OR(fishing PRE/3 influenc*) OR(fishing PRE/3 affect*) OR(fishing PRE/3 chang*)
OR (fisher* PRE/3 effect*) OR (fisher* PRE/3 impact*) OR(fisher* PRE/3 challeng*) OR(fisher* PRE/3 influenc*) OR(fisher* PRE/3 affect*) OR(fisher* PRE/3 chang*)
OR ("impacted by" PRE/3 fishing) OR("challenged by" PRE/3 fishing) OR("influenced by" PRE/3 fishing) OR("affected by" PRE/3 fishing) OR("changed by" PRE/3 fishing)
OR ("impacted by" PRE/3 fisher*) OR("challenged by" PRE/3 fisher*) OR("influenced by" PRE/3 fisher*) OR("affected by" PRE/3 fisher*) OR("changed by" PRE/3 fisher*)
) 
AND
 TITLE-ABS-KEY ( 
"North Sea" OR "wadden sea" OR "Baltic" OR "Atlantic Ocean" OR "North-East Atlantic" OR "Kattegat" OR "Skagerrak" OR "European waters" OR "Celtic Sea" OR "Irish Sea" OR "Bay of Biscay" OR "English Channel"
)
AND PUBYEAR AFT 2000
TITLE-ABS-KEY(
(
foodweb* OR "food web*" OR "food chain" OR "trophic interaction" OR "functional group*" OR "trophic level" OR "communit*" OR "ecosystem*"
)
AND NOT "freshwater*" AND NOT "aquaculture*" AND NOT "paleo*"
)
AND 
TITLE-ABS-KEY(
(effect* PRE/3 exploit*) OR (impact* PRE/3 exploit*) OR(challeng* PRE/3 exploit*) OR(influenc* PRE/3 exploit*) OR(affect* PRE/3 exploit*) OR(chang* PRE/3 exploit*) 
OR (effect* PRE/3 harvest*) OR (impact* PRE/3 harvest*) OR(challeng* PRE/3 harvest*) OR(influenc* PRE/3 harvest*) OR(affect* PRE/3 harvest*) OR(chang* PRE/3 harvest*) 
OR (effect* PRE/3 living) OR (impact* PRE/3 living) OR(challeng* PRE/3 living) OR(influenc* PRE/3 living) OR(affect* PRE/3 living) OR(chang* PRE/3 living) 
OR (exploit* PRE/3 "impacted by") OR (exploit* PRE/3 "challenged by") OR (exploit* PRE/3 "influenced by") OR (exploit* PRE/3 "affected by") OR (exploit* PRE/3 "changed by") 
OR (harvest* PRE/3 "impacted by") OR (harvest* PRE/3 "challenged by") OR (harvest* PRE/3 "influenced by") OR (harvest* PRE/3 "affected by") OR (harvest* PRE/3 "changed by")
OR ("living" PRE/3 "impacted by") OR ("living" PRE/3 "challenged by") OR ("living" PRE/3 "influenced by") OR ("living" PRE/3 "affected by") OR ("living*" PRE/3 "changed by") 
)
AND 
TITLE-ABS-KEY(
(fishing PRE/3 effect*) OR (fishing PRE/3 impact*) OR(fishing PRE/3 challeng*) OR(fishing PRE/3 influenc*) OR(fishing PRE/3 affect*) OR(fishing PRE/3 chang*)
OR (fisher* PRE/3 effect*) OR (fisher* PRE/3 impact*) OR(fisher* PRE/3 challeng*) OR(fisher* PRE/3 influenc*) OR(fisher* PRE/3 affect*) OR(fisher* PRE/3 chang*)
OR ("impacted by" PRE/3 fishing) OR("challenged by" PRE/3 fishing) OR("influenced by" PRE/3 fishing) OR("affected by" PRE/3 fishing) OR("changed by" PRE/3 fishing)
OR ("impacted by" PRE/3 fisher*) OR("challenged by" PRE/3 fisher*) OR("influenced by" PRE/3 fisher*) OR("affected by" PRE/3 fisher*) OR("changed by" PRE/3 fisher*)
) 
AND
 TITLE-ABS-KEY ( 
"North Sea" OR "wadden sea" OR "Baltic" OR "Atlantic Ocean" OR "North-East Atlantic" OR "Kattegat" OR "Skagerrak" OR "European waters" OR "Celtic Sea" OR "Irish Sea" OR "Bay of Biscay" OR "English Channel"
)
AND PUBYEAR AFT 2000
 
TITLE-ABS-KEY(
(
fish OR exploit* OR harvest* OR "living"
)
AND NOT "freshwater*" AND NOT "aquaculture*" AND NOT "paleo*"
)
AND 
TITLE-ABS-KEY(
(effect* PRE/3 fish) OR (impact* PRE/3 fish) OR(challeng* PRE/3 fish) OR(influenc* PRE/3 fish) OR(affect* PRE/3 fish) OR(chang* PRE/3 fish) 
OR (effect* PRE/3 exploit*) OR (impact* PRE/3 exploit*) OR(challeng* PRE/3 exploit*) OR(influenc* PRE/3 exploit*) OR(affect* PRE/3 exploit*) OR(chang* PRE/3 exploit*) 
OR (effect* PRE/3 harvest*) OR (impact* PRE/3 harvest*) OR(challeng* PRE/3 harvest*) OR(influenc* PRE/3 harvest*) OR(affect* PRE/3 harvest*) OR(chang* PRE/3 harvest*) 
OR (effect* PRE/3 living) OR (impact* PRE/3 living) OR(challeng* PRE/3 living) OR(influenc* PRE/3 living) OR(affect* PRE/3 living) OR(chang* PRE/3 living) 
OR (exploit* PRE/3 "impacted by") OR (exploit* PRE/3 "challenged by") OR (exploit* PRE/3 "influenced by") OR (exploit* PRE/3 "affected by") OR (exploit* PRE/3 "changed by") 
OR (harvest* PRE/3 "impacted by") OR (harvest* PRE/3 "challenged by") OR (harvest* PRE/3 "influenced by") OR (harvest* PRE/3 "affected by") OR (harvest* PRE/3 "changed by")
OR ("living" PRE/3 "impacted by") OR ("living" PRE/3 "challenged by") OR ("living" PRE/3 "influenced by") OR ("living" PRE/3 "affected by") OR ("living*" PRE/3 "changed by") 
)
AND 
TITLE-ABS-KEY(
(fishing PRE/3 effect*) OR (fishing PRE/3 impact*) OR(fishing PRE/3 challeng*) OR(fishing PRE/3 influenc*) OR(fishing PRE/3 affect*) OR(fishing PRE/3 chang*)
OR (fisher* PRE/3 effect*) OR (fisher* PRE/3 impact*) OR(fisher* PRE/3 challeng*) OR(fisher* PRE/3 influenc*) OR(fisher* PRE/3 affect*) OR(fisher* PRE/3 chang*)
OR ("impacted by" PRE/3 fishing) OR("challenged by" PRE/3 fishing) OR("influenced by" PRE/3 fishing) OR("affected by" PRE/3 fishing) OR("changed by" PRE/3 fishing)
OR ("impacted by" PRE/3 fisher*) OR("challenged by" PRE/3 fisher*) OR("influenced by" PRE/3 fisher*) OR("affected by" PRE/3 fisher*) OR("changed by" PRE/3 fisher*)
) 
AND
 TITLE-ABS-KEY ( 
"North Sea" OR "wadden sea" OR "Baltic" OR "Atlantic Ocean" OR "North-East Atlantic" OR "Kattegat" OR "Skagerrak" OR "European waters" OR "Celtic Sea" OR "Irish Sea" OR "Bay of Biscay" OR "English Channel"
)
AND PUBYEAR AFT 2000
 
 
# Query 4:
 
TITLE-ABS-KEY(
(
bycatch* OR "non-target species" OR "marine mammal*" OR "seabird*" OR "sea bird*" OR "by-catch" OR "bycaught" OR "by-caught" OR "incidental catch*"
)
AND NOT "freshwater*" AND NOT "aquaculture*" AND NOT "paleo*"
)
AND 
TITLE-ABS-KEY(
(effect* PRE/3 by-catch*) OR (impact* PRE/3 by-catch*) OR(challeng* PRE/3 by-catch*) OR(influenc* PRE/3 by-catch*) OR(affect* PRE/3 by-catch*) OR(chang* PRE/3 by-catch*) 
OR (effect* PRE/3 bycaught) OR (impact* PRE/3 bycaught) OR(challeng* PRE/3 bycaught) OR(influenc* PRE/3 bycaught) OR(affect* PRE/3 bycaught) OR(chang* PRE/3 bycaught) 
OR (effect* PRE/3 by-caught) OR (impact* PRE/3 by-caught) OR(challeng* PRE/3 by-caught) OR(influenc* PRE/3 by-caught) OR(affect* PRE/3 by-caught) OR(chang* PRE/3 by-caught) 
OR (effect* PRE/3 bycatch*) OR (impact* PRE/3 bycatch*) OR(challeng* PRE/3 bycatch*) OR(influenc* PRE/3 bycatch*) OR(affect* PRE/3 bycatch*) OR(chang* PRE/3 bycatch*) 
OR (effect* PRE/3 "incidental catch*") OR (impact* PRE/3 "incidental catch*") OR(challeng* PRE/3 "incidental catch*") OR(influenc* PRE/3 "incidental catch*") OR(affect* PRE/3 "incidental catch*") OR(chang* PRE/3 "incidental catch*") 
OR (effect* PRE/3 "non-target species") OR (impact* PRE/3 "non-target species") OR(challeng* PRE/3 "non-target species") OR(influenc* PRE/3 "non-target species") OR(affect* PRE/3 "non-target species") OR(chang* PRE/3 "non-target species") 
OR (effect* PRE/3 "marine mammal*") OR (impact* PRE/3 "marine mammal*") OR(challeng* PRE/3 "marine mammal*") OR(influenc* PRE/3 "marine mammal*") OR(affect* PRE/3 "marine mammal*") OR(chang* PRE/3 "marine mammal*") 
OR (effect* PRE/3 "seabird*") OR (impact* PRE/3 "seabird*") OR(challeng* PRE/3 "seabird*") OR(influenc* PRE/3 "seabird*") OR(affect* PRE/3 "seabird*") OR(chang* PRE/3 "seabird*") 
OR (by-catch* PRE/3 "impacted by") OR (by-catch* PRE/3 "challenged by") OR (by-catch* PRE/3 "influenced by") OR (by-catch* PRE/3 "affected by") OR (by-catch* PRE/3 "changed by") 
OR ("incidental catch*" PRE/3 "impacted by") OR ("incidental catch*" PRE/3 "challenged by") OR ("incidental catch*" PRE/3 "influenced by") OR ("incidental catch*" PRE/3 "affected by") OR ("incidental catch*" PRE/3 "changed by")
OR ("marine mammal*" PRE/3 "impacted by") OR ("marine mammal*" PRE/3 "challenged by") OR ("marine mammal*" PRE/3 "influenced by") OR ("marine mammal*" PRE/3 "affected by") OR ("marine mammal*" PRE/3 "changed by") 
OR ("seabird*" PRE/3 "impacted by") OR ("seabird*" PRE/3 "challenged by") OR ("seabird*" PRE/3 "influenced by") OR ("seabird*" PRE/3 "affected by") OR ("seabird*" PRE/3 "changed by") 
)
AND 
TITLE-ABS-KEY(
(fishing PRE/3 effect*) OR (fishing PRE/3 impact*) OR(fishing PRE/3 challeng*) OR(fishing PRE/3 influenc*) OR(fishing PRE/3 affect*) OR(fishing PRE/3 chang*)
OR (fisher* PRE/3 effect*) OR (fisher* PRE/3 impact*) OR(fisher* PRE/3 challeng*) OR(fisher* PRE/3 influenc*) OR(fisher* PRE/3 affect*) OR(fisher* PRE/3 chang*)
OR ("impacted by" PRE/3 fishing) OR("challenged by" PRE/3 fishing) OR("influenced by" PRE/3 fishing) OR("affected by" PRE/3 fishing) OR("changed by" PRE/3 fishing)
OR ("impacted by" PRE/3 fisher*) OR("challenged by" PRE/3 fisher*) OR("influenced by" PRE/3 fisher*) OR("affected by" PRE/3 fisher*) OR("changed by" PRE/3 fisher*)
) 
AND
 TITLE-ABS-KEY ( 
"North Sea" OR "wadden sea" OR "Baltic" OR "Atlantic Ocean" OR "North-East Atlantic" OR "Kattegat" OR "Skagerrak" OR "European waters" OR "Celtic Sea" OR "Irish Sea" OR "Bay of Biscay" OR "English Channel"
)
AND PUBYEAR AFT 2000
 
 
Review 2. Ecosystem Effects on Fisheries
Objective
Review ecosystem effects on fisheries’ resources. This includes impacts resulting from environmental changes (e.g. driven by climate) on the target species and their catchability. In this case, the target is ‘sustainable’, the ecosystem component is ‘fish target species’, and the impacting agent is ‘the environmental change’. For this example, the ecosystem challenge defines as ‘sustainable harvest of fish being degraded by changing environmental conditions’, and the primary question framing the determinants of the literature search will be ‘how, at what scale, and to what extent is the fish affected by the changing conditions?’. In addition, the scale component searches for the spatial and time resolutions (e.g., individual, stage, population). For example, a search query here might look like (“marine habitat” OR “seafloor” OR “benthos” OR “foodwebs”, etc.) AND (“fish” OR “target fish” OR “fisheries´resources” OR “fishing opportunities”, etc.) AND (“productivity” OR “fishing mortality” OR “SSB”, etc.) combining pressures on the fisheries resources, ecosystem component states, and indicators.
Challenges
An ecosystem challenge here defines a change in the marine environment of the marine species (target fish) induced by the fishing or beyond (incidental (by)catch, other marine foodweb components, biogeochemical marine components, but excluding other human activities than fishing) that is significant enough to affect the current or future fishing opportunities severely. The management measures should take up these challenges by implementing actions that would negate or minimise the impacts. 
General Structure
[Species] AND [Environmental Driver] AND [Geographic Limitation]
Explanation
“Species” is a list of those species whose stocks were identified in Task 2.  For each species, their common and scientific name are included using “OR”. “Environmental Driver” is a select list of GOOS environmental factors. “Geographic Limitation” is a list of terms describing the common names of the areas relevant to the project(s).
Scopus-specific query syntax
TITLE-ABS-KEY(
"fisheries" OR "fishery" OR "fish* opportunit*" OR "fishing" OR ( "fisher*" AND "revenue*" ) OR ( "fisher*" AND "profit*" ) OR ( "fisher*" AND "income*" )
)
AND 
TITLE-ABS-KEY(
(polic* PRE/3 impact*) OR(polic* PRE/3 challeng*) OR(polic* PRE/3 influenc*) OR(polic* PRE/3 affect*) OR(polic* PRE/3 chang*)
OR (socio* PRE/3 impact*) OR(socio* PRE/3 challeng*) OR(socio* PRE/3 influenc*) OR(socio* PRE/3 affect*) OR(socio* PRE/3 chang*)
OR (institution* PRE/3 impact*) OR(institution* PRE/3 challeng*) OR(institution* PRE/3 influenc*) OR(institution* PRE/3 affect*) OR(institution* PRE/3 chang*)
OR (decisionmak* PRE/3 impact*) OR(decisionmak* PRE/3 challeng*) OR(decisionmak* PRE/3 influenc*) OR(decisionmak* PRE/3 affect*) OR(decisionmak* PRE/3 chang*)
OR (legislati* PRE/3 impact*) OR(legislati* PRE/3 challeng*) OR(legislati* PRE/3 influenc*) OR(legislati* PRE/3 affect*) OR(legislati* PRE/3 chang*)
OR (governance PRE/3 impact*) OR(governance PRE/3 challeng*) OR(governance PRE/3 influenc*) OR(governance PRE/3 affect*) OR(governance PRE/3 chang*)
OR (management PRE/3 impact*) OR(management PRE/3 challeng*) OR(management PRE/3 influenc*) OR(management PRE/3 affect*) OR(management PRE/3 chang*)
OR ("impacted by" PRE/3 polic*) OR("challenged by" PRE/3 polic*) OR("influenced by" PRE/3 polic*) OR("affected by" PRE/3 polic*) OR("changed by" PRE/3 polic*)
OR ("impacted by" PRE/3 socio*) OR("challenged by" PRE/3 socio*) OR("influenced by" PRE/3 socio*) OR("affected by" PRE/3 socio*) OR("changed by" PRE/3 socio*)
OR ("impacted by" PRE/3 institution*) OR("challenged by" PRE/3 institution*) OR("influenced by" PRE/3 institution*) OR("affected by" PRE/3 institution*) OR("changed by" PRE/3 institution*)
OR ("impacted by" PRE/3 decisionmak*) OR("challenged by" PRE/3 decisionmak*) OR("influenced by" PRE/3 decisionmak*) OR("affected by" PRE/3 decisionmak*) OR("changed by" PRE/3 decisionmak*)
OR ("impacted by" PRE/3 legislati*) OR("challenged by" PRE/3 legislati*) OR("influenced by" PRE/3 legislati*) OR("affected by" PRE/3 legislati*) OR("changed by" PRE/3 legislati*)
OR ("impacted by" PRE/3 governance) OR("challenged by" PRE/3 governance) OR("influenced by" PRE/3 governance) OR("affected by" PRE/3 governance) OR("changed by" PRE/3 governance)
OR ("impacted by" PRE/3 management) OR("challenged by" PRE/3 management) OR("influenced by" PRE/3 management) OR("affected by" PRE/3 management) OR("changed by" PRE/3 management)
) 
AND
 TITLE-ABS-KEY ( 
"North Sea" OR "Baltic" OR "North-East Atlantic" OR "Kattegat" OR "European waters" OR "Celtic Sea" OR "Irish Sea" OR "Bay of Biscay" OR "English Channel"
)
 
 
Review 3. Social System Effects on Fisheries
Objective
Review influence of social, economic and governance aspects on fisheries and fisheries management. This includes misfit or legislative (link to Task 1) and institutional challenges. For example, good ocean governance or fisheries management can be compromised by a mismatch in scale, e.g. when changing climate impacts in ocean operate on time horizons that are longer than those of specific institutional processes. Socio-economic ecosystem challenges could arise from fishing communities and their social fabrics related to specific fisheries impacted by a change in these fisheries’ resources or opportunities. The primary question framing the determinants of the literature search will be ‘how and to what intensity are the fisheries affected by socioeconomics?’.
Challenges
An ecosystem challenge here defines as a change in the framing of the fishing activity (social, economics, institutional settings, or fishing opportunities(?)) that impacts the socioeconomic viability of the fishing severely. 
General Structure
[Impacted component] AND [Impacting component] AND [Impact] AND [Geographic Limitation]
Explanation
“Impacted component” is the list of social and economic related fisheries aspects including “Fishing economics” “profitability” “Coastal social fabrics” etc.. “Impacting component” is the list of type of factors that has the potential power to coerce the fishing, including “Fisheries management”, “Ocean governance”, “External economic factors” etc. We limit the search to a specific geographic area because we expect institutional settings and economics to be rather region-specific. 
Scopus-specific query syntax
TITLE-ABS-KEY(
(
"fisheries" OR "fishery" OR "fish* opportunit*" OR "fishing" OR ( "fisher*" AND "revenue*" ) OR ( "fisher*" AND "profit*" ) OR ( "fisher*" AND "income*" )
)
AND NOT "freshwater*" AND NOT "aquaculture*" AND NOT "paleo*"
)
AND 
TITLE-ABS-KEY(
("ecosystem effect*" PRE/3 impact*) OR("ecosystem effect*" PRE/3 challeng*) OR("ecosystem effect*" PRE/3 influenc*) OR("ecosystem effect*" PRE/3 affect*) OR("ecosystem effect*" PRE/3 chang*)
OR (ecosystem PRE/3 impact*) OR(ecosystem PRE/3 challeng*) OR(ecosystem PRE/3 influenc*) OR(ecosystem PRE/3 affect*) OR(ecosystem PRE/3 chang*)
OR (environmental* PRE/3 impact*) OR(environmental* PRE/3 challeng*) OR(environmental* PRE/3 influenc*) OR(environmental* PRE/3 affect*) OR(environmental* PRE/3 chang*)
OR ("environmental driver*" PRE/3 impact*) OR("environmental driver*" PRE/3 challeng*) OR("environmental driver*" PRE/3 influenc*) OR("environmental driver*" PRE/3 affect*) OR("environmental driver*" PRE/3 chang*)
OR ("marine envir*" PRE/3 impact*) OR("marine envir*" PRE/3 challeng*) OR("marine envir*" PRE/3 influenc*) OR("marine envir*" PRE/3 affect*) OR("marine envir*" PRE/3 chang*)
OR ("impacted by" PRE/3 ecosystem) OR("challenged by" PRE/3 ecosystem) OR("influenced by" PRE/3 ecosystem) OR("affected by" PRE/3 ecosystem) OR("changed by" PRE/3 ecosystem)
OR ("impacted by" PRE/3 "ecosystem effect*") OR("challenged by" PRE/3 "ecosystem effect*") OR("influenced by" PRE/3 "ecosystem effect*") OR("affected by" PRE/3 "ecosystem effect*") OR("changed by" PRE/3 "ecosystem effect*")
OR ("impacted by" PRE/3 environmental*) OR("challenged by" PRE/3 environmental*) OR("influenced by" PRE/3 environmental*) OR("affected by" PRE/3 environmental*) OR("changed by" PRE/3 environmental*)
OR ("impacted by" PRE/3 "environmental driver*") OR("challenged by" PRE/3 "environmental driver*") OR("influenced by" PRE/3 "environmental driver*") OR("affected by" PRE/3 "environmental driver*") OR("changed by" PRE/3 "environmental driver*")
OR ("impacted by" PRE/3 "marine envir*") OR("challenged by" PRE/3 "marine envir*") OR("influenced by" PRE/3 "marine envir*") OR("affected by" PRE/3 legislati*) OR("changed by" PRE/3 "marine envir*")
) 
AND
 TITLE-ABS-KEY ( 
"North Sea" OR "Baltic" OR "North-East Atlantic" OR "Kattegat" OR "European waters" OR "Celtic Sea" OR "Irish Sea" OR "Bay of Biscay" OR "English Channel"
)
AND PUBYEAR AFT 2010
 
Data extraction from the papers and pseudocode
· Quality of the study (data coverage, representativeness, appropriateness etc.)
· Time and spatial scale (individual/stage/population/stock/coastal/offshore/ecoregion)
· Observation instruments (the type of data and data treatment)
· State and pressure Indicators measured
· The research question and a priori challenge
· Is any a priori impact threshold described
· Direction (negative/positive) and magnitude of the impact
· If a threshold does not exist, and the authors flagged the pressure as a possible issue, then we will be identifying an ecosystem effect posing a challenge
· If a threshold does not exist, and an impact is greater than a defined threshold then a quantified challenge is being identified 
· Fisheries addressed in the paper e.g. North Sea demersal fisheries 
· The challenge addressed in the paper could be encoded so that it will be common among reviewers and avoid inconsistency if run in parallel: The Review_ID, the impacted_component, the impacting_component, the geographical_limitation, the type_of_challenge (review 1, 2 or 3), the time_scale, the spatial_scale, the type_of_fishery. 
· Repeat previous steps if several impacts identified in the same paper
· When all papers have been screening the list of challenges is the list of unique codes of all the encoded challenges. The identified challenges are pooled by expert knowledge and categorized in a hierarchy of levels
· Assign challenge_IDs and tabulate papers per challenges IDs. One paper can be listed within several challenge IDs.
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