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Acronym Expanded name 

OWF Offshore Wind Farm  

RIAA   Report to Inform Appropriate Assessment   

RSPB Royal Society of the Protection of Birds  

SBWG Seabird Bycatch Working Group 

SNCB Statutory Nature Conservation Body 

SoS Secretary of State 

SPA Special Protection Area  

UV Ultraviolet 

 

Terminology 

Term Definition 

Array area   The area offshore within the PEIR Boundary within which the 
generating stations (including wind turbine generators (WTG) and 
inter array cables), offshore accommodation platforms, offshore 
transformer substations and associated cabling are positioned.  

Baseline    The status of the environment at the time of assessment without the 
development in place.   

Development 
Consent Order 
(DCO)   

An order made under the Planning Act 2008 granting development 
consent for a Nationally Significant Infrastructure Project (NSIP) from 
the Secretary of State (SoS) for Department for Energy Security and 
Net Zero (DESNZ).   

Effect   Term used to express the consequence of an impact. The significance 
of an effect is determined by correlating the magnitude of an impact 
with the sensitivity of a receptor, in accordance with defined 
significance criteria.   

Impact   An impact to the receiving environment is defined as any change to 
its baseline condition, either adverse or beneficial.    

Landfall   The location at the land-sea interface where the offshore export 
cable will come ashore.    

Mitigation   Mitigation measures, or commitments, are commitments made by 
the Project to reduce and/or eliminate the potential for significant 
effects to arise as a result of the Project. Mitigation measures can be 
embedded (part of the project design) or secondarily added to 
reduce impacts in the case of potentially significant effects.   

Outer Dowsing  
Offshore Wind  

The Project 

Onshore 
Infrastructure   

The combined name for all onshore infrastructure associated with 
the Project from landfall to grid connection.   

The Applicant   GT R4 Ltd. The Applicant making the application for a DCO.     
The Applicant is GT R4 Limited (a joint venture between Corio 
Generation, TotalEnergies and Gulf Energy Development (GULF)), 
trading as Outer Dowsing Offshore Wind. The project is being 
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Term Definition 

developed by Corio Generation (a wholly owned Green Investment 
Group portfolio company), TotalEnergies and GULF.  

The Project Outer Dowsing Offshore Wind including proposed onshore and 
offshore infrastructure. 

Wind turbine 
generator (WTG) 

All the components of a wind turbine, including the tower, nacelle, 
and rotor. 
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1 Summary 

1.1 Background 

1.1.1 This report provides a review of the evidence of the potential for bycatch mitigation 
measures to increase the annual recruitment of northern gannet, Morus bassanus 
(hereafter gannet), common guillemot, Uria aalge (hereafter ‘guillemot’), and razorbill, Alca 
torda, in addition to a variety of other species into the regional population of the southern 
North Sea. The report also lays out mitigation options and roadmap for the delivery of this 
'without prejudice' compensation measure for impacts to the Flamborough and Filey Coast 
(FFC) Special Protection Area (SPA), in relation to the potential impacts of Outer Dowsing 
Offshore Wind (the Project). 

1.1.2 The draft Report to Inform Appropriate Assessment (RIAA; Document 7.1) has concluded 
that there would be no Adverse Effect on Integrity (AEoI) to the FFC SPA for guillemot and 
razorbill. Without prejudice compensation has been developed for these species in response 
to stakeholder concerns. 

1.2 Key findings 

1.2.1 Potential bycatch mitigation measures relating to longline fisheries (considered relevant for 
gannet), and gillnet fisheries (considered relevant for guillemot and razorbill) are presented, 
alongside available ecological evidence on their potential effectiveness as a compensation 
measure. 

1.2.2 For longline fisheries, a shortlist was created which included Lumo Leads, Side setting with 
bird scaring lines, night setting, Scary bird and hook shielding. These measures are reported 
to be effective at reducing seabird bycatch, with no recorded negative impacts on fisheries. 

1.2.3 For gillnet fisheries, net illumination, visual net modifications (reflective nets and high 
visibility nets) and above water deterrents were shortlisted, also reported to be effective 
measures with no recorded negative impacts on fisheries. 
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2 Introduction 

2.1 Project background 

2.1.1 GT R4 Limited (trading as Outer Dowsing Offshore Wind) hereafter referred to as the 
'Applicant', is proposing to develop the Project. The Project will be located approximately 
54km from the Lincolnshire coastline in the southern North Sea. The Project will include 
both offshore and onshore infrastructure including an offshore generating station 
(windfarm), export cables to landfall, and connection to the electricity transmission network 
(see Volume 1, Chapter 3: Project Description for full details). 

2.2 Document purpose 

2.2.1 The draft RIAA undertaken for the Project has not identified any impacts on gannet, 
guillemot or razorbill, however this report aims to support the identification of potential 
‘without prejudice’ compensation measures for these species in the event the Secretary of 
State (SoS) disagrees with the assessment. This report should be read alongside the Project’s 
Ornithology Compensation Strategy (Part 7, Document 7.3).  

2.2.2 Reducing the unnecessary bycatch of seabirds increases the survival rate of individuals and 
can lead to a recovery of populations. Consequently, bycatch mitigation is being proposed 
by the Applicant as a 'without prejudice' compensation option and is the focus of this report.  

2.2.3 Seabirds are one of the most threatened groups of birds (Dias et al. 2019; BirdLife 
International, 2018), encountering a range of factors driving variation in survival and 
breeding success, such as prey availability, seabird bycatch, and predation. A recent review 
highlighted seabird bycatch as having the greatest average impact on seabirds across the 
world (Dias et al. 2019). Seabird bycatch can drive reduction in survival of seabird 
populations, and drive consequent population declines. Gannet, guillemot and razorbill are 
three seabird species that are vulnerable to this pressure in the UK (Northridge et al. 2020). 

2.2.4 This report firstly provides an overview of the ecological evidence that gannet, guillemot and 
razorbill can benefit from bycatch mitigation, followed by a roadmap for the delivery, 
including information on potential implementation, monitoring and biosecurity that may be 
required to ensure the measure is successful. Potential fisheries and their suitability for 
bycatch mitigation measures are identified throughout. 
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3 Methodology 

3.1 Literature review 

3.1.1 A literature review was undertaken to determine the key fishing gears causing gannet, 
guillemot and razorbill bycatch in the UK. This process also aimed to estimate bycatch 
numbers, and explore potential bycatch reduction techniques. Literature searches included, 
but were not limited to, scientific journals, government reports, relevant websites (e.g. 
RSPB), and grey literature. A large body of evidence has already been compiled by previous 
projects (Ørsted, 2021; Ørsted, 2022) and therefore where possible these reports have been 
referenced rather than providing duplicated material. 

3.2 Data review 

3.2.1 A database search was undertaken to identify relevant bycatch data, utilising sites such as 
the JNCC, MMO, ICES and Cefas, however no bycatch database was identified. 
Consequently, data was based of scientific literature, utilising papers on bycatch numbers 
and population impacts by Northridge et al. (2020) and Miles et al. (2020). 
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4 Knowledge of bycatch issue 

4.1 Introduction 

4.1.1 Bycatch refers to the incidental capture of non-target species by fisheries. This process can 
have significant impacts on seabird populations, representing one of the top threats to 
seabirds globally (Dias et al. 2019; Croxhall et al. 2012). This impact is predominantly driven 
by large-scale fisheries, especially longline and trawl fisheries (Dias et al. 2019).  

4.1.2  A review of seabird sensitivities to bycatch identified gannet, guillemot and razorbill as 
some of the most sensitive species to bycatch, with gannet being the most vulnerable 
species to surface gears, and guillemot and razorbill being the first and second most 
sensitive to pelagic gears respectively (Bradbury et al. 2017). 

4.2 Gannet 

Introduction 

4.2.1 The Northern gannet is the largest of the Sulidae family with a wingspan measuring greater 
than 1.5m. The UK currently holds an estimated 220,000 breeding gannet pairs, 
representing ~60-70% of the global population (RSPB, 2021, Wildlife Trust, 2021). The global 
northern gannet population is currently increasing, and in the UK, populations are increasing 
by ~2% per annum (BirdLife International, 2018; JNCC, 2021a). 

4.2.2 Gannet generally breed on coastal cliffs around the north of the UK. Currently 21 UK colonies 
are known, predominantly on offshore islands and stacks (JNCC, 2021a; RSPB 2021). 

4.2.3 Gannet predominantly feed on small fish, plunge diving from heights of 30m and diving to 
depths of up to 20m, though sometimes feeding from the surface (JNCC, 2021a; Wildlife 
Trust, 2021; Garthe et al. 2007). Gannet also feed on fishing vessel discards (JNCC, 2021a). 
During breeding seasons gannet may forage up to 709km, though the mean range is 
120.4km (mean maximum of 315.2km) (Woodward et al. 2019). 

Evidence of bycatch 

4.2.4 Gannet bycatch data is well documented across UK fisheries. The vulnerability of northern 
gannets was assessed through a risk assessment model by Bradbury et al. (2017) which 
placed gannet in the top ten (of 53) species for surface, pelagic and benthic fishing gear in 
terms of species sensitivity index score. For surface gear, gannet was the top ranked species, 
suggesting they are disproportionally affected by surface gears. Among UK fisheries, a 
median of 318 northern gannets are estimated to be bycaught each year, accounting for 
0.7% of annual gannet mortality (Miles et al. 2020). A large proportion of this is apportioned 
to the Celtic Sea region, where an estimated 73.9% of annual gannet bycatch is observed 
(Miles et al. 2020). Among fisheries, longline fishing has been identified as the greatest 
threat to gannet, with 220 recorded as bycaught in the UK in 2016 and 241 in 2017 
(Northridge et al. 2020). Secondary to this, high numbers were also observed in static 
gillnets, with 117 recorded bycaught in 2016 and 102 in 2017. Notably this estimate drops 
to 58 and 50 respectively when gannet bycatch was extrapolated separately for vessels sizes 
<10m and >10m as opposed to together. 
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4.2.5 Gannet bycatch is also well documented across Portuguese fisheries, with Araújo et al. 
(2022) finding longline and fixed gear fisheries presented the highest bycatch risk in 
Portuguese fisheries for northern gannet. Similarly, findings from Oliveira et al. (2021) show 
northern gannet was the main bycaught species among Portuguese fisheries, accounting for 
~76% of bycaught species; an estimated 14,764 individuals are bycaught annually in 
demersal longlines (<12m) alone, an order of magnitude more than the total predicted 
mortality across all OWFs in the UK. These fisheries overlap with the main wintering area of 
UK gannets, and so a large proportion of these mortalities will be individuals from UK SPA 
populations. Similarly, the Gran Sol fishery located in the west of the UK in the Atlantic 
Ocean and operated by Spanish fleets is an area of extremely high bycatch rates, with 48 to 
141 birds caught per fishing trip. Gannet were among the highest recorded bycatch of 
seabird species (Anderson et al. 2011). 

4.2.6 Similar high bycatch levels in longlines are reported from fisheries in the Atlantic Iberian 
coastal waters (Calado et al. 2020). Gannet bycatch was recorded year-round, with bycatch 
in the summer being largely immature gannets, likely owing to immature birds remaining in 
southern European waters while adults return to breeding colonies. Within the report, 
authors conclude that the scale of bycatch recorded could have significant impacts on the 
whole gannet population, providing considerable scope for bycatch reduction at a strategic 
scale. 

4.2.7 High levels of gannet bycatch, alongside international harvest of gannets, are also recorded 
in West African waters, reported by Gremillet et al. (2020). Though the scale of the issue is 
unclear, it is highly likely that gannets from the FFC SPA migrate to waters off the coast of 
north-west Africa in Winter, and consequently are bycaught in these fisheries (Furness et al. 
2018a; McGregor et al. 2022). 

4.3 Guillemot and Razorbill 

Introduction 

4.3.1 Common guillemot are widely distributed across the UK and Irish coasts, predominantly 
breeding on low-lying flat-topped islands and stacks, and on broad and narrow cliff ledges 
(Tuck, 1960; Parslow, 1966). The UK guillemot has fluctuated over the last 50 years, though 
positive trends have been evident since 2015 with the population reaching its highest value 
to date in 2019 (JNCC, 2021b). 

4.3.2 During feeding, guillemots dive from the sea surface to feed on small fish, using their wings 
to propel themselves to depths of at least 100m. In the North Sea, the diets of guillemots 
comprise of ~70% fish, with summer diets predominantly being sandeel and sprat, with a 
more varied diet over winter (Anderson et al. 2013). 

4.3.3 Razorbill show a similar distribution to guillemot, predominantly nesting on small ledges or 
in cracks of rocky cliffs and in associated scree and boulder fields around the UK coastline 
(JNCC, 2020). UK Razorbill populations have been undergoing an increase since 2013, though 
numbers have undergone a steep decline from 2017 onwards (JNCC, 2021c). 

4.3.4 Similar to guillemot, razorbill use their wings to propel themselves underwater, though dive 
to shallower depths. The North Sea populations predominantly feed on sandeel, with sprat 
and herring also part of their diet (ICES, 2011). 
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Evidence of bycatch 

4.3.5 Both guillemot and razorbill bycatch is well documented in UK fisheries. The vulnerability of 
both species to bycatch was assessed by Bradbury et al. (2017), finding both species to be 
in the top ten vulnerable species across surface, pelagic and benthic fishing gears. 
Additionally, guillemot and razorbill were the first and second most vulnerable species to 
pelagic gears respectively. Consequently, trawl and set net (gillnet) fisheries are considered 
within this document, owing to the greater risk of bycatch of auk species within these gears. 

4.3.6 Based on work undertaken by Northridge et al. (2020), 27 guillemots and 3 razorbills were 
recorded bycaught across 2,239 midwater trawls sampled between 1996-2018, while 267 
guillemots and 12 razorbills were recorded across 18,916 gillnets over the same time period. 
Data for this study was predominantly focussed on UK waters, and the sampling indicated 
that the majority of guillemot and razorbill bycatch occurred in southwest England and the 
English Channel. In addition, a bycatch hotspot was identified off east England near the FFC 
SPA but this fishery has since been shut down. 

4.3.7 Analysis undertaken by Miles et al. (2020), based on data from Northridge et al. (2020), 
estimated a median of 1,985 guillemots and 130 razorbills are bycaught in UK set net 
fisheries in the UK European Economic Zone (EEZ), representing 1.7% and 0.4% of annual 
guillemot and razorbill mortality respectively. Notably, analysis by Northridge et al. (2020) 
did not include sampling from non-UK vessels fishing in UK waters, meaning the presented 
results likely underestimate total bycatch levels. The potential population increases that 
could be achieved by implementing bycatch mitigation as a compensation option may 
therefore be higher than expected based on expectations from Northridge et al. (2020). 

4.3.8 Notably current UK bycatch is likely to be reduced relative to these presented values, with 
measures put into place following the sampling period (1996-2018) including: 

▪ Bycatch mitigation in Filey bay, reducing guillemot and razorbill bycatch in gillnet 
fisheries from ~200 guillemots and ~323 razorbills in 2008 to an average of 11 
guillemots and 43 razorbills per year between 2010-2014 (Quayle, 2015); and 

▪ A reduction in set net fishing effort owing to declines in salmon stocks to critically low 
levels. 

4.3.9 However, despite these measures, it is noted that bycatch imposed at Filey bay included 
limiting gillnet fishing to 0500 to 2100 in June (Quayle, 2015) may not be hugely effective, 
since peak foraging activity of guillemot and razorbill occurs around sunrise and sunset, with 
both species rarely foraging at night (Cleasby et al. 2020). Recorded reductions are instead 
likely attributable to high attendance of fishers at nets with the aim of releasing entangled 
birds, alongside the use of high visibility corline. Additionally, while salmon net use has 
reduced, set nets are still widely used for sea trout, with these likely to be a major 
contributor to guillemot and razorbill bycatch (Environment Agency, 2020). 

4.3.10 Bycatch of guillemot is also documented across foreign fleets. A study of bycatch in the Baltic 
Sea gillnet fishery estimated that 8,078 guillemots are trapped in salmon gillnets each year, 
with 3,029 birds killed on average each year with many of these likely having connectivity to 
British populations (Österblom et al. 2002).  
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5 Bycatch reduction technologies 

5.1 Introduction 

5.1.1 To mitigate the impacts of bycatch on seabird populations, a range of bycatch reduction 
measures are available. This section provides an overview of current available measures. 

5.1.2 Based on guidance by O’Keefe et al. (2012), a bycatch reduction technique should fill at 
minimum the following criteria in order to be successful:  

▪ Reduce identified bycatch or discards; 

▪ Does not negatively affect target catch rate; 

▪ Does not increase the bycatch of other vulnerable species; 

▪ Does not lead to spatial or temporal displacement of bycatch; 

▪ Does not negatively impact the ecosystem; and 

▪ Is economically viable for a fishery. 

5.1.3 Given the increased susceptibility of gannet to bycatch in longlines, mitigation measures 
specific to longlines will be considered for this species. Similarly, bycatch reduction methods 
specific to static nets, predominantly gillnets, will be considered for guillemot and razorbill. 

5.2 Reduction of gannet bycatch in longline fisheries 

5.2.1 Methods to reduce longline bycatch generally fall into five categories which aim to mitigate 
against incidental seabird mortality (Parker, 2017):  

▪ Reduction in the window of time seabirds can access baited hooks; 

▪ Scare birds away from risk areas when lines are set or hauled; 

▪ Reduce attraction for seabirds to the risk area; 

▪ Make baits ‘cryptic’ so seabirds cannot see the bait (and therefore not take it); 
and 

▪ Apply spatial or temporal restrictions to fishing areas 

5.2.2 Trials on similar species alongside information on gannet behaviour can be used as an 
indication of potential success of bycatch reduction technologies. For example, gannets are 
plunge diving species, and trials on other plunge diving species such as terns, boobies and 
petrels (American Bird Conservancy, 2016) may be used as a surrogate species to indicate 
potential success. Similarly, gannets are known to dive up to a depth of 20m, and so knowing 
whether a technique excludes bycatch up to this depth can be used as an indication for 
potential success for gannet bycatch reduction in the absence of species-specific trials. 

Longlist of bycatch reduction measures for gannet in longline fisheries 

5.2.3 A longlist of potential bycatch reduction measures in relation to criteria set by Parker (2017) 
is presented in Table 5.1. 
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Table 5.1: Longlist of potential longline bycatch reduction measures for gannet based on criteria by 

Parker (2017) 

 

5.2.4 The potential effectiveness of longlist measures was assessed through an evaluation, based 
on an assessment undertaken for Hornsea Project Four (Ørsted, 2021), and is presented in 
Table A 1 in the Appendix. Changes made to the longlist since its presentation for Hornsea 
Four include: 

▪ The addition of spatial or temporal restrictions (e.g. Night setting); and 

▪ Altering the table structure to group measures according to thematic measures based 
on Parker (2017). 

Shortlist of bycatch reduction measures for gannet in longline fisheries 

5.2.5 Based on the evaluation set out in Table A 1, a shortlist of potential methods has been 
produced. Selection for the shortlist was based on the measure having no recorded negative 
impacts on fisheries, while being effective at reducing bycatch. Shortlisted methods were: 

▪ Lumo Leads (weighted line); 

▪ Side setting with bird scaring lines; 

▪ Night setting; 

▪ Scary bird; and 

▪ Hook shielding. 

Thematic Measure (based on Parker, 2017) Potential Bycatch Reduction Techniques 

Reduce time birds can access baited hooks Weighted lines 

Sliding leads 

Side setting 

Hooking position 

Bait thaw status 

Branchline hauler 

Scare birds away from risk areas Bird scaring lines 

Scary bird 

Water cannons 

Reduce attraction to seabirds Discard ban 

Fish oil deterrents 

Make baits ‘cryptic’ Hook shielding 

Dyed bait 

Underwater bait setter 

Spatial or temporal restrictions  Night setting 

Fisheries closures and restrictions 
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Lumo Leads (weighted line), side setting/night setting and bird-scaring lines 

5.2.6 Weighted lines, side setting/night setting and bird-scaring lines are considered together in 
this section, owing to evidence presented by Melvin et al. (2014), and the Agreement on the 
Conservation of Albatrosses and Petrels (ACAP) (ACAP, 2019), that a combination of these 
measures is considered best practice and consequently the most effective. These measures 
are also evidenced as highly effective and suggested as mitigation measures within the EU 
Seabird Bycatch Action Plan1. 

5.2.7 Lumo leads, developed by FishTek Marine, work by adding weight to baited hooks, reducing 
the time available for gannets (and other birds) to access baited hooks (Parker, 2017). They 
offer benefits over general line weighting since they reduce the occurrence of flybacks 
(when a weight flies back toward the vessel because of line breakages, endangering crew 
members). 

5.2.8 Trials show that Lumo leads both increase the sink rate as well as reduce seabird bycatch 
(Pierre et al. 2015; Claudino dos Santos et al. 2016). While trials focused on albatross, petrels 
and shearwaters as opposed to gannet, the method is expected to be beneficial since it will 
move the baited hook beyond the maximum foraging depth for gannet (20m) faster, 
reducing the opportunity for gannet to come into contact with the hook. 

5.2.9 Side-setting involves deploying baited hooks from the side of the vessel instead of the stern, 
aiming to reduce seabird interactions with baited hooks since seabirds generally forage 
behind vessels. Consequently, by the time hooks reach the stern of the vessel due to drag, 
they will be below the reach of diving seabirds, reducing potential bycatch (Parker, 2017; 
CleanCatch UK, 2021). Similarly, night setting involves setting nets at night only, with the 
aim of avoiding times when birds are more likely to be foraging. 

5.2.10 Bird scaring lines act as a protective curtain, deterring birds from entering the area where 
baited hooks are sinking (Parker, 2017). Since birds are visual foragers, the brightly coloured 
streamers of bird scaring lines distract birds and reduce their interaction with hooks. 

5.2.11 As a standalone measure, night-setting has shown to have a consistently positive effect in 
reducing bycatch in a range of species and regions (Jimenez et al. 2020; Murray et al. 1993; 
Brothers et al. 1999; Jimenez et al. 2009, Jimenez et al. 2014; Petersen et al. 2009). The 
effectiveness is variable among species, with the measure being less effective for species 
showing higher nocturnal activity (e.g. fulmar; Anderson et al. 2022). However, considering 
the minimal levels of flight and diving activity shown by gannet during night and twilight 
hours (Furness et al. 2018b), night setting is considered likely to be an effective bycatch 
mitigation, and consequently compensation method for this species. 

5.2.12 The effectiveness of bird-scaring lines is also well evidenced. Across fishing trials in the North 
Atlantic, the use of bird-scaring lines ‘virtually eliminated’ seabird bycatch, reducing it by 98-
100% (Lokkeborg, 2003), while work in Portugal found bird-scaring lines reduce the 
presence of gulls at fishing vessels by 11% (Oliveira et al. 2020). It was also noted in this 
study that target catch rates were increased, likely as a result of reduced bait loss from 
seabirds. 

 
1 https://eur-lex.europa.eu/legal-content/EN/ALL/?uri=CELEX:52012DC0665 
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5.2.13 While evidenced as effective measures alone, these 3 measures are considered more 
effective when used in combination. The use of weighted lines combined with two bird-
scaring lines showed to reduce bird attacks by a factor of four and seabird mortality by a 
factor of seven compared with unweighted lines, and the addition of night setting resulted 
in zero bird mortalities (Melvin et al. 2014). Similarly, the use of bird-scaring lines in 
combination with line weights showed to reduce seabird bycatch (including Cape gannets) 
by 100% in Namibia (Paterson et al. 2019). 

5.2.14 Based on the evidence presented above, all three measures are considered be effective 
options for gannet when used alone, though based on available evidence the combination 
of either two or all three of the measures is considered the most effective option. Notably 
the above evidence is predominantly based on albatrosses and petrels and across southern 
African fisheries with less work on gannet specifically, though considering their similar 
ecology it is considered highly likely the measures will be as effective for gannet. And so 
further research may be needed to better evidence the expected benefits of these measures 
for gannet in UK waters. 

Hook shielding 

5.2.15 Hook shielding works by guarding the barb of the hook, making it inaccessible to seabirds so 
they cannot be bycaught. The shield automatically retracts at a set depth which is below the 
diving depth of the seabird (20m for gannet). Currently two highly developed technologies 
using hook shielding are available: (1) Smart Tuna Hook, and (2) Hookpod. 

5.2.16 The Hookpod is recommended by the ACAP Seabird Bycatch Working Group (SBWG) as a 
stand-alone best practice measure in surface longlines, indicating it has achieved the six 
ACAP Seabird Bycatch Mitigation Criteria (Parker, 2017). Evidence across 18 trials in South 
African, Brazilian and Australasian waters have shown that the measure can reduce bycatch 
from 0.8 birds/1000 hooks to 0.04 birds/1000 hooks with no impact on catch rate of target 
species (Sullivan et al. 2017). 

5.2.17 Trials have focused on albatross and petrels as opposed to gannet, though there is high 
potential for this measure to be beneficial to gannet, since the depth at which hooks are 
made accessible can be set to 20m, beyond the range of diving gannets.  

SCARYBIRD 

5.2.18  SCARYBIRD is a potential bycatch measure comprised of a predator silhouette with a harrier 
shape, presented by Oliveira et al. (2020). Though data on the measure is limited at this 
stage, it was noted that SCARYBIRD represents a low-cost (<5% income of a single day’s 
landings), and that is has the potential to reduce bycatch, with a reduction in interaction of 
birds (especially gulls) with the fishing vessel recorded.  
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5.3 Reduction of guillemot and razorbill bycatch in gillnet fisheries 

5.3.1 Despite widespread evidence of bycatch of seabirds in gillnet fisheries, there is a lack of 
widespread implementation of bycatch reduction techniques. Methods are predominantly 
based around increasing the visibility of fishing gear to seabirds 

5.3.2 Based on an evidence review undertaken for Hornsea Four, a longlist of gillnet bycatch 
reduction methods was created and is presented in Table 5.2. Changes made to the longlist 
since it’s presentation for Hornsea Four include: 

▪ The addition of ‘training fishers to safely remove tangled birds’; 

▪ The alteration of ‘raptor silhouettes’ to ‘predator silhouettes’ and addition of relevant 
research for the measure (notably Oliveira et al. 2020); and 

▪ The addition of a lack of confidence in ‘Acoustic deterrents’, owing to a lack of reliable 
data since the publication of Melvin et al. (1999), work by Martin and Crawford (2015) 
indicating a lack of confidence in the measure due to the inability of auks to accurately 
locate sounds underwater, and work by Manly (2007) indicating acoustic deterrents 
can result in higher levels of seabird bycatch. 

5.3.3 Worldwide, efforts to reduce bycatch in gillnet fisheries are limited in comparison to longline 
fisheries, with current successful research largely focused on increasing net visibility (Parker 
et al., 2019). Consequently, measures are not presented according to thematic measures as 
in Section 5.2, with measures instead grouped into appropriate themes presented in Table 
5.2. 

Table 5.2: Longlist of potential gillnet bycatch reduction measures for guillemot and razorbill 

Thematic Measure  Potential Bycatch Reduction Techniques 

Net illumination 
Light sticks on nets 

Lights of different colours (LEDs or UV) 

Visual net modifications 

Reflective nets/ materials in panels 

Mesh sizing 

Contrasting net panels/ rope in mesh 

Coloured/ high visibility nets/ materials 

Silhouettes or predator mimics placed in nets 

Moving/twisting elements or streamers 

Above water methods 

Net surface markers 

Kites or drones flown over net 

Raptor silhouettes 

Looming eye buoys 

Acoustic methods 
Multi-frequency pingers 

Audio recordings of predators 

Net type and setting 
Low profile nets 

Tie downs to reduce profile of net 
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Thematic Measure  Potential Bycatch Reduction Techniques 

Set depth 

Net height 

Headline drops 

Altered float lines 

Hanging Ratio 

Net weights 

Net operations 

Adjust setting and hauling times 

Soak times 

Nocturnal setting 

Net sensors (alarm, light) 

Net-checking frequency 

Training fishers to safely release birds 

Operational fishing measures 
Fisheries closures (area/seasonal) 

Gear-switching/restrictions 

5.3.4 The potential effectiveness of longlist measures was assessed through an evaluation, based 
on an assessment undertaken for Hornsea Project Four (Ørsted 2021), and is presented in 
Table A 2. 

Shortlist of bycatch reduction measures for guillemot in gillnet fisheries 

5.3.5 Based on the evaluation set out in Table A 2, a shortlist of potential methods has been 
produced, with shortlisted measures prioritised based on the measure being effective at 
reducing bycatch, while having no negative impacts on fisheries. Shortlisted measures which 
are given further consideration below include: 

▪ Net illumination; 

▪ Visual net modifications (reflective nets and high visibility nets); and 

▪ Above water deterrents. 

Net illumination and visual net modifications 

5.3.6 Both net illumination and visual net modifications aim to make nets more visible to seabirds, 
informing them of the location of nets and reducing the incidence of bycatch and so are 
considered together in this section. 

5.3.7 Since seabirds are generally visually guided foragers, they are likely to be highly receptive to 
visual alerts such as lights and highly visible netting while underwater (Martin and Crawford, 
2015). Work by Wang et al. (2013), has shown that the use of lighting on nets can not only 
reduce sea turtle bycatch, but that lights can also attract fish species, therefore having no 
adverse impacts on turtle species or the fisher’s catch.  
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5.3.8 Net illumination has also shown to be effective among seabird species, with Mangel et al. 
(2018) and Bieli et al. (2020) reporting ~80% declines in cormorant, petrel, penguin and 
shearwater bycatch in gillnets in Peru following the use of LEDs. Chemical light sticks have 
also shown to be effective in reducing seabird bycatch in gillnets (Wiedenfeld et al. 2015), 
though it is noted that light sticks would need to be changed regularly (every ~12 hours) and 
so would not be suitable for fisheries with longer soak times, and the measure also poses a 
plastic waste issue owing to the non-reusable nature of light sticks.   

5.3.9 Similar results may also be achieved with the use of more visible netting in gillnets. Quayle 
(2015) report a reduction in guillemot and razorbill bycatch in Filey Bay following the use of 
high visibility corline in the leader/tailpiece of the net. Notably, this measure was combined 
with other measures (LEBs and training of fishers to safely remove seabirds from nets) and 
so the reduction in bycatch cannot solely be attributed to this measure. 

5.3.10 An additional measure available is the use of warning panels, as opposed to lights. Martin 
and Crawford (2015) note that the effectiveness of lights may be limited by the effects of 
the adaptation of seabird retina to ambient light levels while diving; the exposure to a light 
source at low ambient light levels will result in visual impairment for a short time period, 
reducing the ability of birds to see non-illuminated sections of the net until the eye has 
adapted to ambient light. To alert diving birds to gillnets without disrupting the dark-
adapted state of the animal’s retinas, Martin and Crawford (2015) propose the use of 60 cm 
x 60 cm warning panels, decorated in a black and white checkerboard or grating pattern. 
Their proposed design is expected to be visible to species such as cormorants from up to 
20m away under clear conditions. Current trials show mixed results, with Field et al. (2019) 
reporting an increase in seabird bycatch, and Almieda et al. (2017) reporting a reduced, but 
non-significant, reduction in bycaught seabirds.  

Above water deterrents 

5.3.11 Deterrents above water can be used to reduce the number of individuals foraging in the area 
around the net. This may drastically reduce bycatch even in turbid conditions, since seabird 
eyesight is clearer above water. 

5.3.12 A range of above water deterrents are available for use, including (but not limited to):  net 
surface markers, kites, predator silhouettes, and looming eye buoys (LEBs). Implementation 
of above water deterrents has the potential to offer greater benefits compared with 
underwater deterrents, owing to the ability to continue using the measure effectively during 
periods (or areas) or low underwater visibility. 
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5.3.13 Looming eye buoys (LEBs) consists of a three-dimensional rotating panel that simulates large 
eye patterns. They are one measure that have already been utilised by Hornsea Four, and 
provide a simple, low-cost solution to adapt the buoys that support the hanging net. The 
measure aims to reduce seabird presence from a 50m radius, which is longer than the 
horizontal diving distance of guillemot and razorbill (Rory Crawford, RSPB pers. Comm.).  
This measure has previously shown to deter some species (e.g. long-tailed ducks) from 
approaching the net, with Rouxel et al. 2021 reporting a 30% reduction in long-tailed duck 
presence within 50m of the buoys. More recently, results presented by Ørsted (2022) over 
the 2021/22 nonbreeding season show that LEB’s may reduce auk bycatch in active fisheries, 
with a 25% reduction in guillemot bycatch shown. Based on the above evidence, LEBs are 
considered a feasible compensation measure for Outer Dowsing, though consideration will 
continue to be given to results originating from both RSPB and Hornsea Four’s current LEB 
trials. 

5.3.14 With trials undertaken in Portuguese waters, an additional promising measure is the use of 
‘SCARYBIRD’, a predator silhouette with a harrier shape (Oliveira et al., 2020). Though data 
on the measure is limited at this stage, it was noted that SCARYBIRD represents a low-cost 
(<5% income of a single day’s landings), that has the potential to reduce bycatch by reducing 
interactions between birds (especially gulls) and the fishing vessel.  
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6 Roadmap for delivery 

6.1 Design and implementation 

6.1.1 As per Section 5.2, the shortlisted measures (weighted lines, bird-scaring lines, side 
setting/night setting, hookpods and SCARYBIRD) will be considered further as potential 
compensation options for gannet. Based on the evidence presented throughout Section 5.2, 
these shortlisted measures are deemed likely to have a high chance of success in terms of 
delivering measurable benefits to gannets, while having minimal negative impacts on 
fisheries. For guillemot and razorbill, net illumination, visual net modifications, and above 
water deterrents will be further considered. 

6.1.2 Before implementation, a risk-mapping exercise will also be undertaken to highlight high-
risk fisheries and determine locations and fisheries where bycatch levels are highest and 
mitigation can be successfully implemented.  

6.1.3 Following identification of key fisheries and/or locations, a feasibility study will be 
undertaken on shortlisted measures. The feasibility study will incorporate either one or 
multiple of the measures outlined in Section 5.2, with the goal of filling identified knowledge 
gaps, with the most notable evidence need being a greater understanding of the expected 
quantifiable benefit of the bycatch reduction measure(s) to gannets in UK waters. Detailed 
delivery proposals outlining this process will be presented in the Gannet, Guillemot and 
Razorbill CIMP. 

6.1.4 It is noted that bycatch trials for LEBs for guillemot and razorbill are currently being 
undertaken by Hornsea Project Four, and the outcome of the examination process will 
inform the next steps.  

6.2 Timescales 

6.2.1 Based on available evidence of the shortlisted measures (e.g. Quayle, 2015), it is expected 
that the benefits of implemented measures will be effective immediately. Since measures 
are expected to reduce bycatch of adult gannets, guillemots and razorbills (alongside any 
other age classes present), the implemented measures will compensate one to one for 
losses to impacts from Outer Dowsing, with no delay. Measures will therefore be introduced 
as soon as required for compensation and, where possible, in advance of the need for 
compensation. Considering that bycatch mitigation can start to provide compensation 
immediately at a one-to-one ratio it is a valuable option to be used within a suite of 
measures to reduce the build-up of a mortality debt and provide effective compensation 
earlier in the project’s lifetime.  

6.3 Consultation 

6.3.1 Engagement with stakeholders will be required through all stages of the development of the 
bycatch reduction measure(s). 
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6.3.2 To assist in the delivery of site selection, implementation, reporting and other relevant 
matters as determined by the Applicant, a steering group named the Offshore Ornithology 
Engagement Group (OOEG) will be convened following consent award for Outer Dowsing 
OWF. Core members of the OOEG will be specified by the Secretary of State (SoS) but is 
likely to include the Marine Management Organisation (MMO), relevant Inshore Fisheries & 
Conservation Authorities (IFCA), The National Federation of Fishermen’s Organisations 
(NFFO) and/or other relevant fishing industry representation and relevant Statutory Nature 
Conservation Bodies (SNCBs). 

6.3.3 During implementation of the compensation measure, consultation with stakeholders via 
the OOEG process will be undertaken to ensure cooperation across the monitoring aspects 
of the compensation measure. To ensure the implemented bycatch reduction measure(s) 
are being applied in accordance with the CIMP, details of the monitoring phase will be 
discussed with the OOEG and set out within the CIMP for approval by secretary of state. 

6.3.4 Monitoring will also inform any adaptive management measures required to ensure that the 
compensation is successful. Any potential adaptive management measures will be discussed 
with the OOEG members before implementation.  

6.4 Monitoring and adaptive management 

6.4.1 A detailed monitoring and adaptive management plan will be provided in the CIMP. This will 
be produced in consultation with OOEG members and other relevant parties. 

Monitoring  

6.4.2 A monitoring package will be designed with the delivery partner and the OOEG. Monitoring 
will aim to quantify the reduction in bycatch numbers for guillemot, razorbill and gannet. 
This would be achieved by comparing bycatch rates across a series of control nets and those 
using bycatch mitigation technology. The monitoring of results will be dependent on the 
implementation method. However, this is a well-known methodology to quantify bycatch 
reduction. This would be developed with experienced stakeholders from both a 
conservation and fisheries background to ensure monitoring requirements are met. The 
method and frequency of monitoring the compensation measure will be detailed in the 
CIMP. 

Adaptive management 

6.4.3 If the bycatch reduction measure appears less successful than planned, then adaptive 
management measures will be explored, aiming to improve the effectiveness of the 
measure while also updating knowledge and improving future decisions. The CIMP will 
outline an adaptive management plan, listing a set of potential options to ensure the long -
term resilience of the measure. This process will be developed in consultation with the 
OOEG. 

6.4.4 In the event of the bycatch reduction measure being unsuccessful, adaptive management 
will aim to either improve the effectiveness of the measure, implement another technique, 
and/or implement in another fishery/fishery type. All adaptive management options will be 
developed with the OOEG and the agreed option implemented following this consultation 
process. 
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6.4.5 An alternative approach may be for the Applicant to contribute to a fund as an adaptive 
management measures, such as the Marine Recovery Fund (MRF). 

6.5 Strategic approach 

6.5.1 As highlighted in Section 6.1, options for the implementation of bycatch mitigation may be 
limited and consideration to the outcome of the Hornsea Four examination will need to be 
taken into account. Consequently, consideration will be given to the potential for a 
collaborative delivery model, delivering bycatch mitigation with one or more other OWF 
developers.  

6.6 Legal agreement(s) 

6.6.1 Legal agreements to facilitate bycatch reduction measures will be undertaken as necessary. 

6.7 Key consents  

6.7.1 Alongside securing relevant land rights, the Applicant will assess the need for any site-
specific consents. 

6.7.2 Further details on proposed locations and associated agreements will be presented as part 
of the DCO Application. 

6.8 Funding 

6.8.1 A funding statement will be submitted as part of the DCO Application, which will include 
consideration of the costs associated with any bycatch reduction measure(s). 
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Table A 1: Review of the effectiveness of longline bycatch mitigation measures for Gannet, updated and adapted from the assessment 

undertaken for Hornsea Project Four (Ørsted 2021) 

Bycatch reduction 
program 

Study species Bycatch reduced? No effect on target 
catch  

Is there no effect on 
non-target catch? 

Was there no 
impact on fishing 
effort? 

Reduce time birds can access baited hooks 

Weighted lines 

Melvin et al., 2011a White-chinned 
petrels, yellow-nosed 
and black-browed 
albatrosses, and cape 
gannet 

✓ ✓ 
(Gianuca et al., 2013; 
Parker, 2017) 

✓ 
(Parker, 2017) 

- 

Jniménez et al., 2013; 
Robertson et al., 2013 

Multiple (not 
specified) 

✓ ✓ 
(Gianuca et al., 2013; 
Parker, 2017) 

✓ 
(Parker, 2017) 

- 

Sliding Leads 

N.A. – studies testing 
safety but not 
effectiveness against 
bycatch 

- - - - - 

LumoLeads (FishTek 
Marine Ltd); Claudino 
dos Santos et al. 2016 

Black browed 
albatross, white 
chinned petrels, and 
great shearwaters 

✓ ✓ No difference in 
catch rates of target 
species among 
treatments 

✓ Studies to date 
show no increase in 
bycatch of other 
species (Parker, 
2017) 

- 

Bait Thaw Status 

Klaer and Polacheck, 
1998 

Multiple (not 
specified) 

✓ - - - 
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Bycatch reduction 
program 

Study species Bycatch reduced? No effect on target 
catch  

Is there no effect on 
non-target catch? 

Was there no 
impact on fishing 
effort? 

Brothers et al., 1995; 
Robertson et al., 2010 
(testing sink rate but 
not bycatch) 

- X (Conflicting results on 
sink rate) 

- - - 

Side-setting 

Gilman et al., 2007; 
Gilman et al., 2016 

Laysan and 
blackfooted albatross 

✓ (combined with bird 
curtain) 

- - - 

Branchline hauler 

- - - - - - 

Scare birds away from risk areas 

Bird scaring lines 

Melvin et al., 2014 Albatross and petrels ✓ May increase target 
catch rates as they 
reduce seabird 
attacks on baits 
(reducing bait loss 
during setting) 
(Lokkeborg 2011) 

Seabird mortality 
from entanglement 
with bird scaring lines 
has been recorded – 
rare event (Parker, 
2017) 

- 

Løkkeborg and 
Robertson, 2002; 

Northern fulmars ✓ - 

Domigo et al. 2011 Multiple (not 
specified) 

✓ - 

Water cannons 

Kiyota et al. 2001 Multiple (not 
specified)  

✓ (less effective in 

strong winds) 

- - - 

Reduce attraction to seabirds 

Discard ban 

Clark et al., 2019 Gannet ✓ - - - 

Fish oil deterrents 

Pierre and Norden, 
2006 

Flesh-footed 
shearwaters, Buller’s 

✓ - (No evidence was 
found in the small 

No evidence was 
found in the small 

- 
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Bycatch reduction 
program 

Study species Bycatch reduced? No effect on target 
catch  

Is there no effect on 
non-target catch? 

Was there no 
impact on fishing 
effort? 

shearwaters, and 
black petrels 

number of studies 
conducted indicating 
catch rates 
negatively affected 
(Parker, 2017) 

number of studies 
indicating an impact 
on other taxa. 
However, the use of 
shark oil could 
potentially 
encourage sharks to 
be targeted purely 
for oil extraction 
(Parker, 2017) 

Make baits ‘cryptic’ 

Hook shielding 

FishTek Marine Ltd); 
Barrington 2016a; 
Sullivan et al., 2017 

Albatross and petrels ✓ ✓ No reduction in 
catch rates 
identified (Parker, 
2017) 

✓ No evidence of 
effects on non-target 
species identified 
(Parker, 2017) 

- 

Smart Tuna Hook; 
Baker and Candy, 2014; 
Barrington et al., 2016b 

Multiple (not 
specified) 

✓ - 

Dyed bait 

Boggs, 2001 Black-footed and 
Laysan albatrosses 

✓ More research 
needed (Parker, 
2017) 

✓ (Parker, 2017) - 

Cocking et al. 2008 Multiple (majority 
wedge-tailed 
shearwaters (and 
other procellariform 
seabirds) 

✓ (Squid not fish) - 

Underwater bait setter 
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Bycatch reduction 
program 

Study species Bycatch reduced? No effect on target 
catch  

Is there no effect on 
non-target catch? 

Was there no 
impact on fishing 
effort? 

Robertson et al. 2015; 
Robertson pers. Comm. 
In Parker, 2017 

Albatrosses and 
petrels 

✓ ✓ (Parker, 2017) ✓ (Parker, 2017) - 

Spatial or temporal restrictions 

Night setting 

Jimenez et al. 2020 Multiple (including 
gannet spp) 

✓ - - - 
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Table A 2: Evaluation of the effectiveness of gillnet bycatch reduction measures for guillemot and razorbill, updated and adapted based from 

the assessment undertaken for Hornsea Project Four (Ørsted 2021), 

Bycatch reduction 
program 

Study species Bycatch reduced?  No effect on 
target catch  

Is there no effect 
on non-target 
catch? 

Was there no 
impact on fishing 
effort? 

Is the measure 
economically viable 
for fisheries? 

Net illumination  

Light sticks  

Wang et al., 2010 Turtles ✓ ✓  - - X 

LEDs or UV  

Mangel et al., 2018 Cormorants ✓ ✓ X - ✓ 
Bielli et al., 2020 Petrel, penguin, 

shearwater 
✓ - - - - 

Field et al., 2019 Sea ducks (green 
lights) 

X ✓ - - - 

Field et al., 2019 Sea ducks (white 
lights) 

X X - - - 

Visual net modifications  

Reflective nets  

Trippe et al. 2003 Shearwater ✓ (combined with 
bird curtain) 

- - - - 

Bordino et al.,  

2013  

Franciscana  X ✓  - - - 

Mesh size  

Bærum et al., 2019  Seabirds  X - - - - 

Dagys and Žydelis,  

2002  

Waterbirds  ✓ - - - ✓ 

Contrasting warning panels  

Field et al., 2019  Sea ducks   X ✓ - - - 
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Bycatch reduction 
program 

Study species Bycatch reduced?  No effect on 
target catch  

Is there no effect 
on non-target 
catch? 

Was there no 
impact on fishing 
effort? 

Is the measure 
economically viable 
for fisheries? 

Almeida et al.,  

2017  
Seabirds 
including auks  

- ✓ - X X 

High visibility netting  

Melvin et al., 1999  Guillemot   

Rhinoceros auklet  

✓ ✓ ✓ - - 

Quayle, 2015  Razorbill   

Guillemot  

✓ ✓ - - - 

Coloured netting  

Hanamseth et al. 
2017 

Penguin ✓ -  - - - 

Predator mimics  

Wang et al., 2010  Turtle   ✓ X - - - 

Moving/twisting elements or streamers  

Currently no studies quantifying this technique  

Above water methods  

Looming eyes buoy  

Rouxel et al., 2021  Long-tailed ducks  ✓ -  - - - 

Acoustic methods  

Pingers  

Melvin et al., 1999  Guillemot   

Rhinoceros auklet  

✓ ✓ X - - 

Manly 2007 Multiple 

(including auks) 
X - - - - 

Audio recordings of predators  

Currently no studies quantifying these techniques  
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Bycatch reduction 
program 

Study species Bycatch reduced?  No effect on 
target catch  

Is there no effect 
on non-target 
catch? 

Was there no 
impact on fishing 
effort? 

Is the measure 
economically viable 
for fisheries? 

Net type and setting  

Low profile  

Price and von 
Salisbury in Gilman 
et al., 2010  

Turtle   ✓ X - - - 

Armstrong et al.,  

2013; Wark et al.,  

2013  

Turtle, dolphin  X X - - - 

Set depths  

Hayase and Yatsu,  

1993  

Shearwater  ✓ X X - - 

Mangel et al.,  

2014  

Small cetaceans 

and sea turtles  
- X - - - 

Carretta and  

Chivers, 2004  

Guillemot  ✓ - - - - 

Netting height  

Mentjes and  

Gabriel., 1999  

Sea ducks  X X - - - 

Headline Drops  

Currently no studies quantifying these techniques  

Altered float lines  

Currently no studies quantifying these techniques  

Hanging ratio  

Mentjes and 

Gabriel., 1999 

Ducks X X - - - 
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Bycatch reduction 
program 

Study species Bycatch reduced?  No effect on 
target catch  

Is there no effect 
on non-target 
catch? 

Was there no 
impact on fishing 
effort? 

Is the measure 
economically viable 
for fisheries? 

Weights  

Erdmann et al.,  

2005  

Seabirds  ✓ X - - - 

Net operations  

Setting and hauling times  

Melvin et al., 1999  Guillemot   

Rhinoceros auklet  

✓ X - - - 

Mentjes and  

Gabriel., 1999  

Sea ducks  X X - - - 

Training fishers to remove tangled birds 

Quayle 2015 

Guillemot 

Razorbill 

✓ - - - - 

Net sensors (alarm, light)  

Currently no studies quantifying these techniques  

Operational fishing measures  

Fisheries closures  

Regular et al. 2013 

Guillemot ✓ - - - - 

Herring gull X - - - - 

Gear switching  

Mentjes and  

Gabriel., 1999 

(switching to 

longlines in 

Sea ducks  ✓ - - - - 
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Bycatch reduction 
program 

Study species Bycatch reduced?  No effect on 
target catch  

Is there no effect 
on non-target 
catch? 

Was there no 
impact on fishing 
effort? 

Is the measure 
economically viable 
for fisheries? 

German Baltic 

Sea)  

Vetemaa and  

Ložys, 2009 

(Switching to 

longlines in 

eastern Baltic Sea) 

Seal and seabirds  ✓ - - - - 

Vetemaa and  

Ložys, 2009 

(switching to 

herring trap nets 

in Lithuania) 

Seal and seabirds  ✓ - - - X 

Bellebaum et al.,  

2013 (switching to 

baited pots for 

cod in German 

Baltic Sea) 

Seabirds  ✓ - - - - 

Koschinski and  

Strempel, 2012 

(switching to 

baited pots)  

Seabirds and 

marine mammals  

✓ X - - - 
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