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Executive Summary

In the EU, th cetaceans are strictly protected under th&abitats Directive, andll seabird
speciesoccurring naturally in the wild state are protectathder the Birds Directiveln
addition, for species listed in Annex Il of the Habitats Directive and for birds listed in Annex |
of the Birds Directive (as wels for the regularly occurring migratory birds), Natura 2000 sites
(protected areas) need to be designated and effectively managed in order to etnalsie
species to reaclavourable consrvation statusOne of the main causes of-aéa mortality

for marine birds and mammals is entanglement in fishing gear, commonly referred to as
bycatch. The general aim of this contca is to advance th&nowledge on bycatch risk for
species protected under the EU Birds and Habitats Directives, focusing upon cetandans
seabirdsHere, we focus upon those speciagnerable to bycatch and occurring regularly

the North-Eastern Atlantic region between southern Scandinavia and the Iberian Peninsula.
The results should help identify the most appropriate areas andgiaigear to focubycatch
monitoring programmes and to implement conservation measures to eliminate or minimise
bycatch, as required by the directives and téBiodiversity strategyor 2030

Fishing vessels over 12 metm@geralllengthwithin the European Unioare legallyrequired

to carry a vessel monitoring system (VMS), a form of satellite tracking which transmits the
@S & aderitit®, Position, course and speed at leastery two hoursThere are reciprocal
agreements with nofEU ountries, such as Norway and Faroes as well as Regional Fisheries
Management Organisations8 KSy f Ay { S Rs ldgzbook, khé& prévia it tac
information not only on fishing effort but also the gear used and catddesng transmission,

the VMS information is encrypted so that confidentiality is maintained with data transfer
certified. Flag states aatrol and protect the data, decidinghen and with whom to share.it

Automatic Identification Systems (Al@nother form of vessel tracking, wagroduced by

the International Maritime Organisation (IMO) to improve maritime safety and avoid ship
collisiongan the 1990sAIS is a very high frequency (VHF) rdiieed tool which automatically
transfers information about the ship to other ships arahstal authorities. More recently, it

has been identified as a useful tool to contribute to fisheries research and enforcement
efforts since the data are publicly availabla 2014, all fishing vessels abovenidiresoverall
length within the European Union were required to carry AIS. In addition, an increasing
number of fishing vessels (including those of1Bin length) use AIS voluntarily as an aid to
navigation, and as an operational and safety tool.

AIS was inially designed to communicate with vessels in line of sight which therefore limited
coverage from landbased receivers. Since 2018, AIS receivers, however, have been placed on
low-earth orbit satellites. This has greatly increased coverage and meansifhaighals can

be detected from vessels operating beyond the 40nm range oflesdd AIS receivers.

Using AlSlata provided by Global Fishing Watétr;, this contract,maps were prepared of
fishing effort for ten gear type groupings (pelagic travgslagic seines, demersal trawls,
demersal seinegriftnets, staticgillnets,trammel nets,set longlines, drifting longlines, pots
& trapyg for the Atlantc area from southern Norwatp Portugalcovering the years 2015 to
2018 A comparison with VMS mapsroduced by ICES, was mafde the same period for



three different ecoregionsBay ofBiscay & Iberian Peninsula, Celtic Seas, and Greater North
Sea), and generally showed good correspondence in terms of relative levels of fishing effort.
Any notable discregncies were highlighted. Some adjustments were made to take account
of polyvalent fisherie§i.e. fisheries where vessels may switch from one gear to anethah
otherwise may not correspond to the gear type registereid consultation with regional
fisheries experts. AIS maps of fishing effort by gear type were then prepared by season, by
year (201518), and byEUmember state.

Twelve seabird species (MOK NR I § SR RAGSNE al yE &KSINBI G§SNE
fulmar, northern gannet, European shag, herring gull, lesser #idlacked gull, blaclegged

kittiwake, common guillemot, razorbill, and Atlantic puffin) and twelvéacean species

(harbour porpoise, bottlenose dolphin, common dolphstriped dolphin, whitebeaked

dolphin, Atlantic whitta A RS R R2f LIKAY S wA aa 2-finded RlativhdieA y = 1 A
sperm whale, minke whale and fin whalejere selected on thebasis of their regular
occurrence in a significant portion of the study ar&#aps of density distributions afach

species were prepared by season using a modelling apprdheh incorporated
environmental variables applying to two oceanographic domasesithern Scandinavia to

NW France (northern) and NW France to southern Portugal (southern). Thesehasye

upon 1.25 million kilometres of dedicated survey effdotr the northern domain, and 0.82

million klometresfor the southern domainprovided by 4 research groups, with surveys
undertaken acrosthe period 2005 to 2020.

To create maps of relative risk of bycatch for cetacean and seabird species, standardised AIS
effort rasters and animal density rasters meemultiplied to create new rasters otlative
bycatch risk. Values approaching 1 would indicate that the highest densities of animals
correspond with the highest density of fishing pressure, representing the greatest risk; those
approaching 0 would indicate that the lowest densities of aniroatsespond with the lowest
density of fishingressure, representing the last risk.Intermediate scores could represent
high densities but low effort or the converggverlap for every speciagear type combination

was mapped separately fanorthern andsouthern domainon a seasonal basiand with
overlays of protected area$elagic trawls and seines were combined, as were set gillnets,
trammel nets and drift nets; this was because of uncertainties revealed in the fishing effort
data as to whether thg had been correctly ascribed across the entire regde largely to

the polyvalent nature of fishing gear registered in some arBask maps were prepared for

all twenty-four species (seabirds andtaceans) along with map for Balearic shearwater, an
endangered species that enters the southern domain from the Mediterranean.

The susceptibility tdycatch for each species and gear type were scored, based upon a review
of a little overone hundred bycatch publications, assessments by the GBS project,
annual reports of bycatch to the ICES Wiog Group on Bycatch of Protected Species, and
expert elicitation. Those combinationisat scored highest (colour coded red) were included

in this report but all were mapped irrespective of the ass®ment of their susceptibility to
bycatch.



1. Introduction

The general aim of this contca is to advance the&knowledge on bycatchrisk for species
protected under theEU Bird$ and Habitatd Directives, focusing upon cetaceans and
seabirdslIn the EU, thcetaceans are strictly protected under thtabitats Directive, andll
seabird speciesccurring naturally in the wild state are protectedder the Birds Directive.

In addition, for specielisted in Annex Il of the Habitats Directive and for birds listed in Annex
| of the Birds Directive (as well as for the regularly occurring migratory birds), Natura 2000
sitest (protected areas) need to be designated and effectively managed in ordemable
reaching the favourable conservation status of these spediese, wefocus upon those
speciesvulnerable to bycatch and occurring regulantythe NorthEastern Atlantic region
between southerrScandinavia and the Iberian Peninsdlae results shald help identify the

most appropriate areas and times of year to fodygatchmonitoring programmes and to
implement conservation measures to eliminate or minimise bycatch, as required by the
directives and thé&eUBiodiversity strategyor 2030.

The specific objective is to provide quantitative and spatial information on bycatch risk for
cetaceans and seabirds in the shelf seashef North-Easten Atlantic between southern
Norway and PortugaBycatchrisk isassessed as the spatmporal overlap between fishing
effort using gear types known to cause bycatch astribution of seabird and cetacean
species. In order to achieve this, maps of seasonal fishing effort byygmaand country (flag
state) weae prepared using publicly available Atiaita as well amaps of density distributions

of speciesnodelled from dedicated surveys ftwelve regularly occurring seabird species and
twelve cetacearspecies, all knownot suffer bycatch. These aewveraged acrosfur years
(201518) for each seasoihe spatial overlap between fishing effort and species densgies
then mapped on a seasonbhsis to represent relative risk of bycatdrhe informationcan

be used by Member State authorities to improve their bytamonitoring programmes and

the implementation of the necessary measures to prevent bycatch as required by the Birds
and Habitats Directives. It can furthermore be used by the Commissithre context of the
implementation and enforcement of theEU Birds and Habitats Directives and the
implementation of tle Biodiversity strategy. It coullso be used to inform and plan future
risk assessments in other EU regional seas.

1 Accidental capture of species in fishing gear

2 Directive 2009/147/EC of the European Parliament and of the Council of 30 November 2009 on the
conservaion of wild birds OJ L 20, 26.1.2010, ix2b

3 Council Directive 92/43/EEC of 21 May 1992 on the conservation of natural habitats and of wild fauna and
flora, OJ L 206, 22.7.1992, x50

4Natura 2000 Environment European Commission (europa.eu)

S EURLex- 52020DC0380EN- EURLex (europa.eu)

8 Gautomatic identification systegr a system that allowships to view marine traffic in their areadmo be

seen by that traffic


https://ec.europa.eu/environment/nature/natura2000/index_en.htm
https://eur-lex.europa.eu/legal-content/EN/TXT/?qid=1590574123338&uri=CELEX:52020DC0380

2. Methodology
2.1. Mapping Fishing Activity

Publicly available ¥0degree resolution AlS fishing effort data from 2ai%including date,
gridded location (latitude: the southern edge of the grid cell, longitude: the westere etlg

the grid cell, both in tenth of a degree), vessel Maritime Mobile Service Identity (MMSI
numbers and fishing hours were downloaded from Global Fishing Watch (GFW). The
corresponding GFW vessels list including MMSI, callsigns, gear classification and flag state
were also downloaded from GFW (in 2018). Detailed information concerning gear type
(métier), gear mobility, vessel length, vessel tonnage, hull material and vessel country were
collected from the EU Vessel Registry and combined with the GFW fishing effort data using
International Radio Call Sign (IRCS) data linked to MMSI numbersieoBFW vessels list.

To preserve the spatial distribution of the fishing effort data and prevent distortion of spatial
patterns, initial data processing and ragtzation were completed ithe sameCoordinate
Reference System (CRS) of the raw data: W54 were isolated by year and season, and

the following mobile and static gear types, regarded as the most prevalent in cetacean and
seabird bycatch, were isolated for analyses: 1) Pelagic Trawl (OTM, PTM); 2) Demersal Trawl
(OTB, OTT, PTB); 3) Pursm&é€PS, LA); 4) Demersal Seine (SDN, SPR, SSC); 5) Set Gillnet
(GNS, GNC, GTN); 6) Trammel Net (GTR); 7) Set Longline (LLS); 8) Drifting Longline (LLD); 9)
Drift Net (GND); and 10) Pots (FPO). Resultant data frames of AIS effort data were rasterized
in WGS84 and cropped to the study region. Rasters were subsequently converted to UTM30N
and resampled using bilinear interpolation at a 10kni0km/100kn#% resolution. Fishing

effort was mapped for the entire study region (all EU and-&Bahcountries included)gp gear

type and the mean daily fishing effort calculated across the period, -2815o indicate
seasonal variation of effort per gear type, effort maps per quarter-ldan AprJun, JuSep,

and OctDeq were producedaveraged for 2014.8.

To indicaé how fishing effort has varied across years between 2015 and 2018, time series of
fishing effort were produced by extracting fishing hours per cell from effort rasters and
calculating mean fishing hours per kper day. Fishing effort data were also spitgear type

per year and the mean daily fishing effort per%oalculated for the entire study area per
year.

2.1.1. Comparisosbetween VMS and A

The Vessel Monitoring System (VM) form of satellite tracking using transmitters on board
fishing vessels. The system is a legal requirement for EU member states for all fishing vessels
over 12 metres overall length under EC Regulation No. 2244/2003sic VMS unit consists

of a GP$®eceiver which plots the position of the vessel coupled with a communications device
which reports the position at a minimum of every two hours. To gain a position fix, a GPS
receiver must havéour GPS satellites within lingf-sight. GPS satellites arevi. Earth
Orbiting satellites arranged in constellation with the orbits scheduled so that at $east
satellites are within linef-sight from almost anywhere on the Earth's surface. The VMS unit



Fdzi2YlFGAOlIft& aSyRa RI Gl oNBtS gedgraphyea poditrs @S a
date/time (UTC) of fixing of position, and course and speed on-a@ermined timescale.

Information must be transmitted once evetwo hours. There are reciprocal agreements with
non-EU countries, such as Norway and EEaras well as Regional Fisheries Management
Organisations (RFMOs) such as NEAFC, where the requirement to report position is once
every hourDuring transmission, the VMS information is encrypted so that confidentiality is
maintained with data transfer céfied. Flag states autrol and protect the data, deciding
when and with whom to share.it

VMS was developed in the 1990s for vessel monitoring, control and surveillance. The system
was to address key concerns facing both fishing vessels and the regudatborities, such

Fa yIFaGA2yLI € a2@0SNBAIAyGe AaadzSa gAGK o2l Ga
combating illegal fishing, and sustainably monitoring marine resouFegseries research in

the EU is heavily reliant on effort, catch and fleapacity data from the fleet register,
logbooks, sales notesind the Vessel Monitoring System (see Council Regulation (EC) No
1224/2009). Whereas VMS data provide detailed information on the vessel tracks at high
spatialandtemporal resolution, the logooks include essential information on the gear used,
speciesand volume othe catches.

Two main software libraries, VMStools and VMSbase, have been developed in the R statistical
language to process and analyse VMS and logbook dataliB@thes provide functionalities

for cleaning the data, interpolating between consecutive VMS messages, m&igifgand
logbook data, clustering the fleet into métier, discriminating between fishing and not fishing
activity, and producing high resolutianaps of fishing effort (Natalet al.,, 2015). Various
methods are developed to discriminate between fishing and -fisining (e.g. transiting)
activity, generally based upon an analysis of vessel tracks and speed profiles (speeds of
between 0.1 and 6 knotslepending upon the type of gear deployed, are usually interpreted

as fishing).

Automatic Identification Systems (AIS) were introduced by the International Maritime
Organisation (IMO) to improve maritime safety and avoid ship collis®is.is a verligh
frequency (VHF) radibased tool which automatically transfers information about the ship

to other ships and coastal authorities. More recently, it has been identified as a useful tool to
contribute to fisheries research and enforcement efforts (Na&t al., 2016; Vespet al.,

2016; Kroodsmat al.,2018; FAO 2019). In 2014, all fishing vessels above 15m overall length
within the European Union were required to carry AIS. In addition, an increasing number of
fishing vessels (including those of-18mlength) use AIS voluntarily as an aid to navigation,
and as an operational and safety tool.

AIS was initially designed to communicate with vessels in line of sight which therefore limited
coverage from landbased receivers. Since 2018, AIS receiversehier, have been placed on
low-earth orbit satellites. This has greatly increased coverage and means that AlS signals can
be detected from vessels operating beyond the 40nm range of-tesed AIS receivers.
There remain some technological limitations ttSAbut steps are continually being taken to
improve AIS performance, including the recent launch of more and improved satellites. All of

~

C



these factors have contributed to increasing the utility of AlS as a fisheries monitoring tool
(Nataleet al., 2015; Koodsmaet al., 2018; FAO, 2019; Fertal., 2020).

A summary of the characteristics, strengths and weaknesses of both VMS and AIS is given in
Table 1. VMS is recognised as the gold standard for collection of data on fishing effort. Its
strength is thait is compulsory for all vessels above 12 metres length; it can also be linked to
electronic logbooks for additional information on catches, etc. Its limitations are that the
information is unavailable except to national authorities or regional fishariasagement
organisations, and, generally, information on the position and speed of the vessel is
transmitted only every two hours, although algorithms can be used to assess whether the
vessel is likely to be engaged in active fishing. The strengths o&rédlgat data are
unencrypted and publicly available, and transmission is more or less continuous (every few
seconds, whilsevery three minutes L { RS@A0Sa oNRIFROIFad GKS @Sa
sign, name, IMO number, activity, and size). thésleast expensive vessel monitoring system
capable of both near shore and high seas monitoring, although there may remain areas where
signal reception is poor, and vessels edsoturn off their AIS transmitter. Vessels between
12-15m length are not oliged to carry Al¥ they operate within national waters or their
fishing trips last less than 24 houvshereas they must carryMS. @ the other hand, some

small vessels that do not need to use VMS do have AIS units on board.

Table 1.Measuring fishing féort using GFW AIS data VMS data

a) Characteristics ofl@al Fishing Watch & VMS

Feature

Global Fishing Watch

VMS (as used by ICES)

Spatial resolution

0.1 x 0.1 decimal degree

ICES rectangles
0.5 x 1.0 decimal degree

Temporal resolution Daily Quarterly
Temporal availability 20152018 20152018
Accompanying landings da] No Yes
No. of gear classes 8 >30

b) Comparison of AIS vs VMS

Automatic Identification

Vessel Monitoring System

Feature System (AIS) (VMS)
Cost per message € € €€
Message reception Not guaranteed Guaranteed
Signal reliability Variable Good
Fleet Vessels >15m Vessels >12m
Overall coverage +++ ++
Vessel Identity Can be falsified Strictly validated
Access restrictions Possible Frequent




Software and analytical capacity is required to translate raw AIS data into usable intelligence.
We have used Global Fishing Watch (GFW) data (Krooetssha2018; FAO, 2019). GFW uses
two core algorithms, one to identify vessels and a second modekttify fishing activity.

Every vessel is required to have a unique MMSI number and a corresponding unique callsign.
Using the MMSI and callsigns in the GFW vessels list, each MMSI in the fishing effort data can
be checked against the EU vessel regisiedéntify the gear type associated with that vessel.
However, some fleets are polyvalent carrying more than one gear type and yet assigned to
only one of these in the register. We have therefore sought advice from regional fisheries
experts as well as ceulting fisheries literature, to better establish which gear types are used
and when, and have attempted to address this wherever possible when assigning fishing
effort to a specific gear type. Nevertheless, there may be occasions when a vessel has
switched between bottom trawling to midwater trawling or the converse, which we have not
identified. GFW also uses a model to identify vessel characteristics, including vessel size and
gear type, based on vessel movements to identify those vessels not matchefficial
registries, although this is more relevant to vessels in some other parts of the world. For
those, the model uses a convolutional neural network trained to distinguish vessel type,
vessel size, tonnage and/or engine power from the movements ofvkneessels in the
matched database. For a vessel to be assigned a specific gear type, both a registry and the
neural network vessel classifier had to agree (Kroodstad, 2018, 2019). It shuld be noted

that vessels can bmisclassified to gear type even within the EU register (Krood=nad,

2019).

A second model using another convolutional neural network is applied to identify whether a

vessel is fishing or engaged in transiting or other-fishing activity. Datasstwere used to

train the model taking account of vessel speeds and tracks for different specific gear types.

For this classification, only times with likely gear in water or hauling gear were considered
FAAKAY I 2LISNI A2yad { SABRRKYADQsBSHBSOf b KB HZAKSE
fishing gears is sometimes included in measures of fishing hours (e.g. purse seines, trolling)
(Kroodsmeet al., 2019). To translate the placing or hauling of fishing gear, as measured by

the neural net, into hoursf fishing operations, each position is assigned half the time to the
previous and next AlS position. Time between positions is calculated up to 24 hours between
positions; after that, no time is assigned. If the position is classified as fishing, the all

GAYS 1aa20AFGSR gA0K GKI G LI Ztall 2029). It shauldO2 y a A |
be noted, however, that whereas by using fishing hours, fishing operations can be mapped in

high detail, comparing fishing hours across gear types can lidgonatic because vessels will

spend a different portion of the day with their gear in the water. A purse seine, for example,

will either be setting or hauling for a small fraction of their time at sea, while a drifting longline

will be setting or haulingolr the majority of a given day while fishing. Thus, the time period

over which a marine mammal or bird species may be vulnerable to bycatch varies between
gears. Similarly, the amount of gear will likely vary according to vessel size which is not
accountedfor in the measurement of fishing effort here.



Table 2.Gear type classifications used by GFW emdesponding Elgear codes

GFW1 GFW2 GFW3 EUcodes*

Drifting longlines LLD
Pole and line LHM, LHP
Trollers LTL
Fixed gear Pots &traps FPO

Set longlines LLS

Set gillnets GNS, GTN, GT&NC
Trawlers Pelagic trawls PTM, OTM

Demersal trawls PTB, OTBOTT

Dredge fishing DRB, DRHHRD
Seiners Purse seines PS LA

Other seines Demersal seines | SDN, SPR, SSC
Driftnets GND

*Where GFW does not differentiate a gear type, the gear codes assigned to the vessel in the EU Register were
used.

Gear types are classifidsy namein the GFW Al8atasets using only a small number of
general categories, and so in erdo identify these according to EU gear codes, tha&ssel
Register was consulted determinewhich primary gear code was allocated to a particular
vessel.Table 2 summariseshich EUgear codes have been allocated to which Gg&#r
name

To compare effort recorded using AIS (publicly availabled &fMS (restricted access),
variation ineffort per gear typdor the two systems wereisually compared with published
maps prodeed bythe ICESNorking Group on Spatial Fisheries Data (WGSB¥@BEaegion
for the same period 20322018

Under each fising gear group, the dataexe further split perEU member state (i.e. showing
fishing effort of vessels flying a flag of certain EU countoy)ttte fourfishing gears that pose

the greatest bycatch sk (Demersal Trawl, Pelagic Trawl, Set Gillnets and Trammel Nets),
fishing effort was mapped across 202818 seasonallyand annually. For the remaining six
fishing gears which pose a lower bycatch risk (Drifting Longlines, Set Longlines, Drift Nets,
Pelagic Seine, Demersal Seine and Pots), fishing effort was mapped acros8A&1L6nly.
Fishing effort per EU member state is presented as mean fishing hou/géyn

2.2. SpeciedDistribution Maps
2.2.1. Data Collation

Wherever possible, analysestime current projectfocused on survey data collated for the
NERC/DEFRA funded Marine Ecosystems Research Programme (MERP). These data are



described in Waggitet al. (2020) and, at the time of publication, amounted to 2.63 million

km surveyedrom 50 soures. New permissions were sought to include restricted access (i.e.
not openaccess and/or government funded) datasets used in Waggi#tl. (2020) in the
current project, and analyses associated with this new project only included those where
permissionwas granted. Additional survey data were also sought, including recent surveys
(20152020) from existing sources and new sources, particularly in the Portuguese and
southern Spanish EEZ where previous coverage was limited. Improved cleaning and
processingapproaches have also increased the amount of survey data from original data
suppliess suitable for analyses. As before, only survey data collected in less than Beaufort
Scale 4 was considered for analysis, as detectability would be compromised in rougher
weather. However, unlike before, only survey data collected since 2004 was included,
ensuring that density distribution maps were representative of recent decades. A summary
of survey data (sources and km travelled) for the new analyses within this paogeptovided

in Table 3. Please see Section 2.2.8 for an explanation of northern and southern domains. In
total, 1.25 million km was available for the northern domain, and 0.82 million km for the
southern domain.

10



Table 3.Sources oCetacean & Seabird Survey Data used in the Analysis

Source Taxa North (Km) South (Km)

Aarhus University Cetaceans 1760 0
Bottlenose Dolphin Research Institute Cetaceans 0 4939
Bundesamt fir Naturschutz Cetaceans 9707 0
BureauWaardenburg/Delta Project Management Seabirds and Cetaceans 70875 0
Crown Estate Seabirds and Cetaceans 135314 5222
Coordinadora para o Estudo dos Mamiferos Marifios Cetaceans 13814 21585
CETUS Project Cetaceans 949 371895
CGFS Surveys Seabirds an€etaceans 4461 3938
CODA Surveys Seabirds and Cetaceans 5451 3537
Cetacean Research and Rescue Unit Cetaceans 19050 0
DUNKRISK Surveys Seabirds and Cetaceans 8045 14
ECOCADIZ Surveys Seabirds and Cetaceans 0 4687
EVHOE Surveys Seabirds an€etaceans 7855 7855
FTZ, University of Kiel Seabirds and Cetaceans 30439 0
Hebridean Whale and Dolphin Trust Cetaceans 45487 0
IBERAS Surveys Seabirds and Cetaceans 0 927
IBTS Surveys Seabirds and Cetaceans 3856 1707
International Fund foAnimal Welfare/MCR Cetaceans 11109 6730
Institute for Marine Resources and Ecosystem Studies Cetaceans 33147 0
Research Institute for Nature and Forest Seabirds and Cetaceans 23825 112
Irish Whale and Dolphin Group Cetaceans 57492 24996
JointNature and Conservation Committee Seabirds and Cetaceans 46251 1540
KOSMOS Surveys Cetaceans 9331 3681
Marine Science Scotland Seabirds and Cetaceans 9143 0
Manx Whale and Dolphin Trust Cetaceans 6306 0
Natural England Seabirds and Cetaceans 5097 3727
Royal Netherlands Institute for Sea Research Seabirds and Cetaceans 2 0
National Parks and Wildlife Service Cetaceans 2634 892
OBSERVE Surveys Seabirds and Cetaceans 41103 18656
Ornis Consult Seabirds and Cetaceans 0 0
ORCA Cetaceans 90908 47321
PELACUS Surveys Seabirds and Cetaceans 7599 10601
PELGAS Surveys Seabirds and Cetaceans 38774 38774
PELTIC Surveys Seabirds and Cetaceans 2634 2634
Royal Belgium Institute of Natural Sciences Seabirds and Cetaceans 19637 0
Royal Society fahe Protection of Birds Seabirds 883 0
SAMM Surveys Seabirds and Cetaceans 50508 47696
PELAGIS/SCANS3 Surveys Seabirds and Cetaceans 9833 9833
SCANSL1 Surveys Cetaceans 0 0
SCANS2 Surveys Cetaceans 26686 9448
SIAR Surveys Cetaceans 0 0
NatureScot Cetaceans 2691 0
Sociedade Portuguesa para o Estudo das Aves Seabirds and Cetaceans 274 53672
Sea Watch Foundation Cetaceans 38664 26142
University of Veterinary Medicine Hannover, Foundation Cetaceans 84807 0
University College Cork Seabirds and Cetaceans 0 0
UK Oil and Gas Seabirds and Cetaceans 1809 0
University & Aberdeen Cetaceans 12192 0
Vogelwarte Helgoland Seabirds and Cetaceans 24256 0
Whale and Dolphin Conservation Cetaceans 6950 946
Wildfowl and Wetlands Trust Seabirds and Cetaceans 227807 86629
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2.2.2. Data Standardisation

The collation in Table 3 contained survey data collected using a wide range of methods
including aerial/vessel platforms, line/ESAS/strip transects, and visual/dadisarvations.
Surveydata arealso collected across different weather conditions, most notably differences
in sea state. The primary difference amongst methods and weather conditions is the area
covered, and quantifying variations in the area covered amongst survey data teelps
standardise measurements of distribution and densities. To estimate the area covered for a
particular survey, the effective strip width (esw) and g(0) were calculated across different
platforms and sea states using detection function mod@&scklandet al., 2001) Further
details on methods and rationale are provided in Waggitl (2020).For allof the 24species
included in Waggitet al. (2020), detection functions were sourced from those calculated in
these previous analyses. For additional species not included in Wagait{2020), (Balearic
AKSI NB I GSNE /,andNEdhioatadiger), M@ -détestiddh functions were either
sourced from comparable species in these previous analyses or produced from data where
permissions were obtained. Because of the similarities in appearance and behaviour, existing
detection functions in Waggitt al. (2020) for Manx shearwater and largelig (herring gull

and lesser blackacked gull) were applied to Balearic shearwaters and great {blacked

gulls, respectively. Fai2 NE Q& & K S| Ndhroaies Nidgers, lthg &opro&BhRs used to
produce new detection functions in this project wereemdical to those in Waggitét al.
(2020). Sightings of blatkroated diver, great northern diver and unidentified divers were
included in the production of detection functions for rélaroated diver, increasing sample
sizes and allowing better estimatiaf variations in detectability amongst platforms and sea
state. Unfortunately, in the datasets available fonadyses, suitable sightings oR GlE Q a
shearwaters (distances and behavipug. water orin flight) were completely absent in aerial
line-transect surveys and extremely scarce in vesseHiaasect surveys. This created issues
because comparable species were absent from previous analyses. It was decided to omit
aerial linetransect surveys from analyses because this species has a primarilgniberi
distribution and aerial lingransects occurred exclusively around the UK coasthimevever,
despite the extremely lovsample size, theesw estimated for flying and sittind2 NE Q a
shearwaters vessel lineansect surveys seemed reasonable (42G@hd 1@m, respectively)

and broadlyagreedwith the esw estimated for this species anslirveymethod recenly
(Astarloaet al. 2021). Therefore, it was decided to retain these estimations, but seek
additional data permissionis future analysesThe new detection functionfor red-throated
diverand@ NBE Qa aKSIF NI (0 STbléANE adzYYI NAASR Ay
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Table4. Summary of esw calculatis for red throated diver and2CNE Q& a KSF NB I 0 SNJ
size (n), response type (hr = hazard rate, hn = half normal: Res), slope estimate for platform
height (PL), slope estimate for sea state (SS), probability of detectiontie toaximum esw

(Pr), standard error in the probability of detection up to the maximum esw (Se) and coefficient

of variation in probability of detection up to the maximum esw (CV)

Species Survey Behaviour | n Res PL SS Pr Se Ccv
Redthroated Diver | AeriatLine (1000m) | Flight 38 Hr 0.00 0.00 0.49 0.05 0.09
Water 9760 Hr -0.03 0.00 0.27 0.00 0.01
VesselLine (1000m) | Flight 819 Hr -0.04 0.00 0.29 0.01 0.03
Water 22 Hr 0.00 0.00 0.14 0.05 0.37
ESAS (300m) Water 1503 Hr 0.00 0.00 1.00 0.00 0.00
Con@ Shearwater | Vesseline (1000m) | Flight 2 Hr 0.00 0.00 0.20 0.00 0.01
Water 2 Hn 0.00 0.00 0.16 0.12 0.77
ESAS (300m) Water 430 Hn -0.77 -2.48 0.94 0.03 0.03

2.2.3. Environmental Variables

To produce density distribution mapsragional and monthhscales, environmental variables
needed to discriminate among consistently different habitats (e.g. shallow versus deep, warm
versus cool) and seasons (e.g. coolest versus warmest months). Sea temperayresré
sourced from oceanagphic models available from the Marine Environmental Monitoring
SystemsHttp://marine.copernicus.eu)and provided at monthly and ~7km resolution values.
Values of seabed depth (m) wereusced from the EMODnearchive and provided at
approximately 1km resolutionhftp://www.emodnet-bathymetry.ey. To correspond with

the cells used in the analysis, values of environmental variables are resampled at 10km
resolution. A full description of the environmental variables and rationale for their inclusion
are provided in Waggitet al. (2020). Several additions were also made to this suite of
environmental variables. First, to improve predictions in skeHs, average stratification
intensity (absolute range in teperature between the 0 and 15@ depth) was included to
discriminate betveen mixed water columns in areas of stronger tidal currents and shallow
bathymetry, and more stratified water columns in areas of weaker tidal currents and/or
deeper depths. Average stratification intensity has been shown to strongly explain the
distribution of animals in shekeas(Scottet al., 2010). Second, front intensity was included

as an interaction with regional temperature rather than in isolation. Animals could increase
their use of frontalregions during warmest months, where the differencesaAmen adjacent
water-masses intensify due to reduced wind and sal@rming (Scalest al., 2014).

2.2.4. Data Processing

Waggitt et al. (2020) focused on the NorthEast Atlantic between northern Iberia and
southern Norway. The expansion of the studgioa into southern Iberia, including the entire
Spanish Atlantic and Portuguese EEZ, necessitated changes because no single oceanographic
model covered the entire area, and it was deemed inappropriate to combine environmental
variables from different oceagraphic models. To overcome this challenge, the study region

was divided into two model domains: a northern domain spanning from just north of Shetland

to Brittany in France, and a southern domain spanning from Brittany to the et African
coastline The model domains are illustrated by tlservey data maps provided in the
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Qupplementary Material. The northern domain used FOAM AMM?7 outputs whereas the
southern domain used IBI MFC outputs. Due to differences in oceanographic model outputs
processed atthe time of analyses, values of temperature from FOAM AMM?7 outputs
represented average values in the upper 150m of the water column, whereas those from IBI
MFC outputs represented values at the sea surface. Therefore, tidal fronts in the latter were
repreented by horizontal gradients in average sea surface temperature across months whilst
those from the former were identified by similar gradients in the average stratification
intensity across months. As only sea surface temperature was provided in IRIUtffe,
stratification was not included in the southern domain. However, variation irshoeif
stratification would be negligible in the southern domain due to the narrow shelf width. There
were also differences in the timeoverage of each model; IBI KFoutputs represented
averages between 1993 and 2020, whereas FOAM AMM7 represented averages between
1985 and 2018.

For each domain, spatial and temporal variations in species presence (0 = absent, 1 = present),
animal density (individuals per Kimthe surface area covered (K and environmental
characteristics were quantified in a 10km resolution orthogonal grid. On occasions where
transects span several cells, transects were split into several sections, with each section
occupying a single cellhese measurements are provided for each combination of platform,
day, and cell. Each model domain included survey and environmental data slightly beyond
their boundaries to improve detection of seasonal movements and distribution (see
Supplementary Mataal). Therefore, some data contributed to both northern and southern
domains. However, there was no overlap in prediction areas.

2.2.5 Model Setup

The model setupmirrored the generalized estimating equatigeneralized linear model
(GEEGLM) hurdle apprach described in Waggitt al (2020) which quantified ecological
associations between species presence/density and environmental variables, before using
these associations to predict animal densities. However, there were a few amendments to
these approahes in the current study. First, in Waggittal. (2020), the log of area covered
(km?) was included as a statistical offset to account for differences in the area covered
amongst samples in the presence model. This relationship assumed that the pitybaibil
encountering animals increased proportionally with increasing area before reaching a
threshold. However, presumably, this relationship cannot be assumed. In this study, the
relationship between probability of encounters and area covered was inséstichated
through the inclusion of the latter as an additional explanatory variable. In Wagfgét
(2020), using squareot transformed densities and omitting the statistical offset accounted
for variations in effort in the density model, whilst ovencimg issues with overdispersion.
However, like the use of the offset in the presence model, using densities assumes that the
overall relationship between number of animals and area covered is linear. The distribution
of animals is usually ephemeral, andne@asing the area covered could increase the likelihood
of encountering a large group, which then dramatically raises the recorded density.
Therefore, to better account for any complicated relationships between densities and area
covered, the latter was tluded as an additional explanatory variable in the density model.
For both the binomial and negative binomial models, both area covered and the log of area
covered were considered. Second, in Wageijital. (2020), the GEE component of GEEM

and detecton functions were assumed to account for most differences in encounter rates

14



and densities linked to variation in survey method. However, some differences in animal
behaviour and consequences on observations may not be completely accounted for. For
example detections of scavenging seabirds (great skua, northern gannet, northern fulmar,
Laridae) or small Delphinidae may be higher from vessels due to animal attraction. Those of
deepdiving cetaceans could also be higher in vessels because slower speedbeyesgrend

more time in an area. To better account for the differences, platftype (vessel, plane) was
included as a categorical explanatory variable in presence and density models.

2.2.6 Model Selection

Model selection generally followed approaches in Waggfithl. (2020. However, following

the inclusion of area covered and platform as an explanatory variable, forwaodel
selection was performed for the density model as well as the presahsence mdel.
Suitable restrictions were included with additional explanatory variables: because negative
associations with front intensity and distance travelled seem implausible, only positive
relationships were retained. Tables85ssummarises the updated forwdsmodel selection.

Table 5 Summary of the forwardsiodel selection used for the presence and density model for
seabirds in the southern domain. 2 = Quadratic Term; * = Interactive Term.

Presence Model

Stage 1

Platform

Area Covered

log(AreaCovered)

Platform + Area Covered

Platform + log(Area Covered)

Stage 2

Colony Index

Breeding Season

Colony Index + Breeding Season

Stage 3

Deptt?

Annual Temperature Variance

Depth? + Annual Temperature Variance

Stage 4

Annual Temperature

AnnualTemperaturé + Regional Temperature * Annual Temperature
Annual Temperature+ Regional Temperature * Depth

Annual Temperature+ Regional Temperature * Annual Temperature Variance
Density Model

Stage 1

Platform

Area Covered

log(Area Covered)

Stage 2

Seabed Roughness * Regional Temperature

Front Intensity * Regional Temperature

Seabed Roughness + Front Intensity *Regional Temperature
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Table 6 Summary of the forwardsodel selection used for the presence and density model
for cetaceans in the sobern domain. 2 = Quadratic Term; * = Interactive Term.

Presence Model

Stage 1

Platform

Area Covered

log(Area Covered)

Platform + Area Covered

Platform + log(Area Covered)

Stage 2

Depth?

Annual Temperature Variance

Depth? + Annual Temperature Variance

Stage 3

Annual Temperature

Annual Temperature+ Regional Temperature

Annual Temperature+ Regional Temperature * Annual Temperature
Annual Temperature+ Regional Temperature * Depth
Annual Temperature+ Regional Tempature * Annual Temperature Variance
Density Model

Stage 1

Platform

Area Covered

log(Area Covered)

Platform + Area Covered

Platform + log(Area Covered)

Stage 2

Seabed Roughness * Regional Temperature

Front Intensity * Regional Temperature

SeabedRoughness + Front Intensity *Regional Temperature
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Table 7 Summary of the forwardsodel selection used for the presence and density model for
seabirds in the northern domain. 2 = Quadratic Term; * = Interactive Term.

Presence Model

Stage 1

Platform

Area Covered

log(Area Covered)

Platform + Area Covered

Platiorm + log(Area Covered)

Stage 2

Colony Index

Breeding Season

Colony Index + Breeding Season

Stage 3

Depth?

Annual Stratification

Annual Temperature Variance

Annual Temperature Variance + Annual Stratification

Deptt? + Annual Temperature Variance

Depth? + Annual Stratification

Depth? + Annual Temperature Variance + Annual Stratification
Stage 4

Annual Temperature

Annual Temperature+ Regional Temperature

Annual Temperature+ Regional Temperature * Annual Temperat
Annual Temperature+ Regional Temperature * Depth

Annual Temperature+ Regional Temperature * Annual Temperature Variance
Annual Temperature+ Regional Temperature * Annual Stratification
Density Model

Stage 1

Platform

Area Covered

log(Area Covered)

Platform + Area Covered

Platform + log(Area Covered)

Stage 2

Seabed Roughness * Regional Temperature

Front Intensity * Regional Temperature

Seabed Roughness + Front Intensity *Regional Temperature
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Table 8.Summary of the forwardmodel selection used for the presence and density model for
cetaceans in the northern domain. 2 = Quadratic Term; * = Interactive Term.

Presence Model

Stage 1

Platform

Area Covered

log(Area Covered)

Platform + Area Covered

Platform + log(Are&overed)

Stage 2

Depth?

Annual Stratification

Annual Temperature Variance

Annual Temperature Variance + Annual Stratification

Deptt? + Annual Temperature Variance

Depth? + Annual Stratification

Depth? + Annual Temperature Variance + Annual Stratification
Stage 3

Annual Temperature

Annual Temperature+ Regional Temperature

Annual Temperature+ Regional Temperature * Annual Temperature
Annual Temperature+ Regional Temperature * Depth

Annual Temperature+ Regional Temperature * Annual Temperature Variance
Annual Temperature+ Regional Temperature * Annual Stratification
Density Model

Stage 1

Platform

Area Covered

log(Area Covered)

Platform + Are&overed

Platform + log(Area Covered)

Stage 2

Seabed Roughness * Regional Temperature

Front Intensity * Regional Temperature

Seabed Roughness + Front Intensity *Regional Temperature

2.2.7. Predictions

As in Waggitet al. (2020), densities (animals per Rhwere predicted at monthly and 10km

resolution using the appropriate model, before being averaged across months to provide
qguarterly densities for the current project. In most cases, distributions of species were
produced in both domains, the exceptions beingose with primarily northern osouthern
RAAUONROdzAAZ2Y AT . FfSIFENARO &aKSIFENBFISNE FyR / 2NE
domain whereas Atlantic whitsided dolphin, killer whale, and whi{seaked dolph were

only predicted in the northern domain. In predictions, platfeim® LIS 6l & RSTAY SR |
because this represented the commonest platform in both northern and southern domains.

If population estimates of species were being sought, then the teogdar animals to be
attracted/repelled from ships and be misrepresented by vessel surveys, or perform deep

dives and be missed by aerial surveys, would have been considered when selecting whether

G2 dzaS w@gSaasStQ 2N WL |y &use ploj¢ct dutbuts wediased Ol A 2
on relative densities alone, the choice of platform in model predictions is negligible.
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Model performance was evaluated qualitatively using current knowledge of species
distributions, and quantitatively using area undeetturve (AUC) and normalisexbt-mean
squarederror (NRMSE)AUC describes the ability of models to predict presences and
absences in the original observations. NRMSE is the mean difference between predicted and
observed values, which are standardiseddbyding this difference by the range in the latter.
Both produce indices with values between 0 and 1. AUC values approaching 1 and NRMSE
approaching 0 represent better performance. Model performance is summaristabie9

below. Model performance wasegerally high (AUC > 0.80, NRMSE <0.20) for both cetaceans
and seabirds in the northern domain, and seabirdghi@ southern domain. By contrgs
performance was sometimes low for cetacsam the southern domain (AUQ).80),
particularly for widespread atior scarce species. This may relatddaer sample sizes and
dynamic populations, with inconsistencies in seasonal distribution across the study period.
However, general distributions and seasonality appeared sensible in most cases.

Table 9 Quantitative evaluation of preseneabsence and density GEHEM predictions using
area under the curve (AUC) and normalised root mean squared error (NRMSE), respectively.

Taxa Species Northern Domain SouthernDomain
AUC NRMSE AUC NRMSE

Cetacean Bottlenose Dolphin 0.92 0.07 0.69 0.07
Common Dolphin 0.87 0.06 0.73 0.05
Fin Whale 0.97 0.10 0.92 0.11
Harbour Porpoise 0.81 0.03 0.90 0.08
Killer Whale 0.88 0.17 n/a n/a
Minke Whale 0.85 0.10 0.73 0.05
Pilot Whale 0.95 0.04 0.92 0.11
Rissos Dolphin 0.86 0.08 0.90 0.08
Sperm Whale 0.98 0.21 0.69 0.07
Striped Dolphin 0.98 0.09 0.73 0.05
White-Beaked Dolphin 0.84 0.06 n/a n/a
Atlantic WhiteSided Dolphin 0.95 0.13 n/a n/a

Seabird Atlantic Puffin 0.88 0.08 0.88 0.18
Balearic Shearwater n/a n‘a 0.90 0.09
Black Legged Kittiwake 0.82 0.04 0.89 0.05
Common Guillemot 0.81 0.04 0.88 0.08
Corys Shearwater n/a n/a 0.92 0.04
European Shag 0.96 0.17 0.94 0.19
European Storm Petrel 0.92 0.16 0.84 0.11
GreatBlack Backed Gull 0.81 0.04 0.85 0.06
Great Skua 0.86 0.11 0.81 0.10
Herring Gull 0.84 0.04 0.84 0.09
Lesser Black Backed Gull 0.85 0.05 0.80 0.07
Manx Shearwater 0.94 0.03 0.75 0.10
Northern Fulmar 0.81 0.04 0.83 0.08
Northern Gannet 0.76 0.05 0.79 0.06
Razorbill 0.87 0.02 0.89 0.12
Red hroated Diver 0.91 0.05 n/a n/a
Yellow Legged Gull n/a n/a 0.92 0.07
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2.2.8.List of Species
Seasonal and ovetalensity distribution maps werproduced for the following species:

Birds

Redthroated DiverGavia stellata
Manx ShearwatePuffinus puffinus

/ 2 NBE Q& { EGalbriedkis boie&lisJ
Northern FulmaiFulmarus glacialis
Northern GanneMorus bassanus
European Shaghalacrocorax aristotedi
Herring GulLarus argentatus

Lesser Blackacked GullLarus fuscus
Blacklegged KittiwakeRissa tridactyla
Common GuillemoUria aalge
RazorbillAlca torda

Atlantic PuffinFratercula arctica

Cetaceans

Harbour Porpois®hocoena phocoena

Bottlenose Dolpin Tursiops truncatus

Common Dolphielphius delphis

Striped DolphirStenella coeruleoalba
White-beaked Dolphin.agenorhynnchus albirostris
Atlantic Whitesided Dolphin.agenorhynchus acutus
WA aa 2z QaGrampus dgrisedsy

Killer WhaleOrcinus orca

Longfinned Pilot Whaléslobicephala melas
Sperm Whalé>hyseter macrocephalus

Minke WhaleBalaenoptera acutorostrata

Fin WhaleBalaenoptera physalus

All cetacean species are listed in Annerflthe Habitats Directivand two cetacean species
(harbour prpoise and bottlenose dolphin) alistedin Annex Il of the Habitats Directitteus
requiring designation of special areas of conservation (SAG)f the marine bird species
listed are onegequiring classificatiorof special protection areas (SPAS)nder the Birds
Directive

2.3. BycatchRisk Mapping

Bycatch risk assessment wamde for each of the species listed, based on the overlap of
distribution/abundance data and fishing activity, expressed as relative risk and presented in
maps.
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Prior to risk analyses, AIS effort rasters and cetaainsity rasters we standardised(-1)

by extracting raster values, dividing by the highest value and rasterizing. Due to the high
volume of NA values presemt AlS effort data, NA values have beemverted to O to allow

data to be displayed correctly.

To create maps of relative risk lojcatch for cetacean and seabird species, standardised AIS
effort rasters and animal density rasters veemultiplied to create new rasters of relative
bycatch risk. Values approaching 1 would indicate that the highest densities of animals
correspond withthe highest density of fishing pressure, representing the greatest risk; those
approaching 0 would indicate that the lowest densities of animals correspond with the lowest
density of fishingpressure, representing the laegt risk. Intermediate values couilddicate

either (1) higher values of animal densitiesedapping with lower values dfshing density

(2) lower values of animal densities olgping with higher values dishing density and (3)
moderate values of animal densities oaping with modeate values ofishing densityIn

all these instances, the level of risk should be assessed on a species by species basis. It nee
noting that values are relative within model domains. Therefore, a high or low value in the
northern domain may not neceasly represent a high or low value in the southern domain,
respectively. This approach is necessary as direct comparisons of densities between domains
are inappropriate due to different environmental values and model parameters.

Maps of relative risk bynonth were created for each cetacean and seabird species per gear
type (métier) for the whole study region, averaged over the period 208.5From these

maps, areas of high risk are identified to allow for interpretation of bycatch risk for specific
gear type and species combinations throughout northwest European shelf seas from
southern Norway to PortugaBycatch risk for each gear type per cetacean and seabird
species are assessed based upon a consideration of the overlap between the species and
fishingeffort as well as species known vulnerabilities to particular gears as established from
the bycatch literature as well as analyseslartaken by ICES WGBYC (2019).

All analysis of effort data, cetacean density datad risk mapping haseen performed irR
v.4.0.0 using the ftdwing packages: dplyr (Wickam aRdmncois, 2015), ggplot2 (Wickham
and Chang, 2015), raster (Hijmans, 2013), RColorBrewer (Neuwirth, 2014), rgdal @&ivand
al., 2015), sf (Pebesma, 2018) and sph@ma andivand, 2005). Those data are provided

for EU waters in the eastern North Atlantrorfin southern Norway to southerRortugal, i.e.
including marine waters of Portugal, Spain, France, Ireland, Belgium, the Netherlands,
Germany and Denmark, but excludinget UK. However, for the marine area of abeve
mentioned EU Member States, the fishing activity data are presented regardless of the flag
State.

2.4. BycatchRisk Mapping in marine Natura 2000 sites
Where cetacean or seabird specreguireprotectionin Natura 2000 siteghe risk of bycatch
needs to be assessed with reference to the boundaries of the protected areas (Natura 2000

sites). Two cetacean species (bottlenose dolphin and harbour porpisdisted in Annex Il
of the Habitats Directive whilst several marine bird species are listed in Annex | of the Birds
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Directive and together with regularly occurring migratory species not listed in Ajmegpulre
Special Protection Areas (SPAS).

Themapsthat indicatebycatch risk in terms of overlap between species densities and fishing
effort are overlain with the boundaries of relevant Natura 2000 sites designated for
protection of those species (excluding sites with significant presence of sp&s), using

the most recent Natura 2000 databdsas provided by the European Commission.

3. Results
3.1. Fishing Effort
3.1.1. VMS vs AIS Comparison

As detailed in section 2.1df the methods AIS has its limitations for usedascribing fishing

effort. It is therefore important to evaluate potential biases within the region of interest. We
have therefore mapped AIS fishing effort by gear type and compared these with maps using
VMSproducedby ICE$ its latest ecoregion review derived from analyssoy its Working

Group on Spatial FisheriestBacovering thesameyears 20152018 These are compared for
three ecoregions: Bay of Biscay & Iberian Peninsula; Celtic & Irish Seas; and Greater North Sea
(ICES, 2019a, 12020. Onlygear type categories plotted in those maps and for which
cetaceans and seabirds are at risk of bycatch, are considered. These include: Bottom Otter
Trawls OT,0TB, OTOTS, PRTBTB, TBN, TBS, TM3emersal SeineSBSDNSNDSPR,
SSCSV, SXPdagic Trawls & Seines (OTWS, PTM, TM), and Static Ge@&,FNCFPN,
FPOFYKGENGN,GNCGNDGNFGNSGTNGTRLA,LHM,LHPLL,LLDLLSLN,LNBLTL,

LX.

Figuresl-3 showthe comparisons for the threeceregions respectivelyn the Bay of Biscay

and Iberian Peninsul@igure 1)VMS bottom otter trawl fishing effort is concentrated in the
shelf waters of the Bay of Biscay, particularly in the northern sector near the French coast,
and around the coastfamorth-west Spain and Portugal. The sameas show up in the AIS
map, with highest effort in the nortleast of the Bay, a small area in the scethst, off Galicia

and along the coast of Portugal particularly on the south coast. It should be notedhiat t
areas of higher fishing effort are highlighted by being in yellow, orange and red in order to
meet the main objective of identifying areas of greatest fishing effort but effort is
nevertheless on a continuous sca¥MS and AIS demersal seine fishinfpreéfare both
concentrated in the coastal nortbast sector of the Bay of Biscay

Pelagic trawl and seine fishing effort occurs widely in the Bay of Biscay but concentrated
particularly around the coast and offshore along the shelf edge. Those same aeeas
highlighted in both VMS and AIS maps, although relatively high effort off mogtht Spain
shows up more strongly in the VMS map. Cod&hingeffort is high all along thevestcoast

of Galicia and on the west and particularly south coasts of Baitin the AIS map but is
absent from most of the coast of Portugal in the VMS map. In the AIS map this is attributed

7 database version March 2021, end 2020 data
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to seining effort. In both VMS and AIS maps, static gear is deployed particularly along the
French coast in the nortbast sector of theBay of Biscay as well as all around the coast of
the Iberian Peninsula, with highest effort in central west Portugal. Low level deployment of
static gear (attributed to drifting longlines) is indicated in the AIS map which is scarcely
present in the VMS nma

In the Celtic and Irish Seas (Figuréb®ih VMS and AIS show bottom otter trawl effort to be
concentrated in the western English Channel and Sewght Approachedo the Channel
around the southwestof Ireland, almg the shelf edge west of Irelarzohd the Hebridesand
north of Shetland. Hot spots of fishing effoxtcur also in the Minchnd Sea of Hebrides west
of Sotland, the Firth of Clyde, Dlib Bay east of the Isle of Marand off southwest Wales.
All of these are revealed by both VMS and Al@mersal seine fishing activity is greatest off
the south coast of Ireland, in the English Channel south of Devon, and around Shigjaimg.
the distribution of effort is very similar between VMS and. AIS

In bothVMS and AIS mapselagic trawl & seine fishing effort occurs mainly ofé thouth

coast of Ireland, along the shelf edgestof Irelandnorth to the west of the Outer Hebrides
andthe Northern Isles of Scotland. Theaiee also individual hotspot® the Minch west of
Scotland, in Dublin Bay and between eastern Ireland and the Isle of Man, and in the St
DS2NBSQA [/ KI y y-&abt IralaBdiandSeuyivesh \RadedThe Irish trawl fleet is
polyvalent with vessels registered as demersal trawlers buyiaaticular seasos (e.g. the
winter herring season) switching geao pelagic trawls (Gerritsen amgklly, 2019)For static

gear, fishing effort is greatest in the western English Channel, along the shelf edge of the
Celtic Sea from west of NW France northwards west of Ireland and Scotland towards the
Northern Isles of Scotlan@here are smaller hotspots off souttest Scotland and in the Sea

of HebridesThose same areas aal highlighted by both VMS and AIS

In the Greater North Sea (Figure B)e main areas of fishing effort are in the Skagerrak and
eastern sector of the Kattegat, offshore west of 8\fway, east of Shetland and Orkney, in
the Outer Moray Firth, Firth of Forth and off the Northumbrian coast, offshore in the central
North Sea, in the German Bight, atié eastern and western Engli§thannel. Most of these

are revealed by both VMS andSAlbut fishing effort offshore in the northerand central
North Sea show umore strongly in the VMS map compared with the AIS dnis.possible

that in those offshore areas, AIS signal reception is poorer (seeeVesp@l, 201§.
Nevertheless, the ovell pattern is rather similar. Most demersal seining occurs in the
eastern English Channel and off the coast of northern Denmark in the Skadeutakith
some fishing effort also in the northern North Sea between SW Norway and the Northern
Isles of Sctand, in the central North Sea west of Denmark and north of Germany and the
Netherlands, and around the Dogger Bank. These are revealed in both the VMS and AIS maps
but offshore tend to be stronger in the VMS data.

Pelagic trawl and seine activity is cemtrated in four main areas: the Skagerrakyorth-
westem North Sea betweerthe Northern Isles &north-east Scotland and soutlest
Norway;offshore in the central North Sea; and in the English Channel, particularly off the
north coast ofthe Netherlands andrrance Both VMS and AIS show the same distribution of
effort although AS shows relatively more effoltetween Belgium and soutbast Egland
whereas VMS shows higher effort offshore in the central North Sea where weak AIS signal
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reception may again be undeepresenting fishing effort therekinally, VMS and AIS show
similar patterns busage of static gear withighest effort in the westrn and eastern English
Channel, in the German Bight and off west Denmark, east of Shetland, and off the Yorkshire
coast in eastern Englan8ome vessels may have beengassigned to particular gear types
where AIS showgelagic trawl & seine activity@hg the coast of SW Norway, asthtic gear

usage in the Skagerrak off the sowtlkest coast of Swedewhereas these do not show in the
VMS maps

In conclusion,dr the most part, the distribution of fishing effort, and particularly hotspots
were similar between VMS and AIS maps. No attemps weade to ompare total fishing
effort between VMS and AIS as the main aim was to identify relative hotspots of effort within
each gear type.
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Figure 1 Bay of Bisca§ Iberian PeninsulAlS vs VMS Compsons

a) Bottom Otter Trawl
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(VMS map reproduced from ICE2819a)
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Figure 1 (cont.)Bay of Bisca§ Iberian PeninsulAIS vs VMS Comparisons
(VMS map reproduced from ICES, 2019a)
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Figure 2 Celtic & Irish SeaslS vs VMS Comparisons
(VMS map reproduced from ICES, 2019b)
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Figure 2 (cont.)Celtic & Irish SeaslS vs VMS Comparisons
(VMS map reproduced from ICES, 2019b)
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Figure 3 Greater North SeaAlS vs VMS Comparisons
(VMS map reproduced from ICES, 2020)
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Figure 3 (cont.)Greater North SeAlS vs VMS Comparisons
(VMS map reproduced from ICES, 2020)
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AIS

VMS

Mean Fishing Hours/km’/day
0.01

0.005

d) Static Gear

AIS

Mean Fishing Hours/km’/day
0.04

30



3.1.2. Fishing Effort byear

In order to establish whether there is much irtgear variation in fishing effort, plots were
produced for each gear type under consideration for each of the years 2015 to 2018. These
are presented in Figures¥3.There are some small variationsaffort between years but for

all gear types, the main areas fighing effort remain the saméhe following are the main
differences observed between years by gear type.

Pelagic trawlgFig. 4)

In thenorthern part of theGreater North Sea, fishing efteshifted slightly northwards from
east of the Moray Firtho east of the Northern Isles by 201Blsewhere in the North Sea and
Channel, and in the Celtic Seas, there was very little change. In the Bay of Bisoay,
variation in effort between years iadicated along the north coast of Spain

Pelagic seine@~ig. 5)

These includgurse seinesand effort is largely in the Bay of Biscay and around the Iberian
PeninsulaThere is also pelagic seining in the northern North, &&h someindication of an
increase in effortOtherwise, here is very little variation in effort between years.

Demersal trawlgFig. 6)

For all three ecoregionshe same main areas of demersal trawling effare highlighted
between yearswith no areas showingny marked change in effoitiowever, some changes
in fishingeffort have taken place over this period. For exampiawling deeper than 800 m

in the Celtic seas on the continental slope and offshore bdrds been bannedince
December 2016. Thideepwater trawl fishery mainly targeted roundnose grenadier, black
scabbardfish, and blue ling

Demersal seing§-ig. 7)

In the eastern sector of th€entral North Sea, fishing effort was higher in 2016 compared
with the other three yearsThe same may have been the case in the English Channel and off
the coast of soutkeast IrelandHowever, differences are small.

Driftnets(Fig. 8)

There is limitedlrift netting in the region, occurring mainly south and soutést of Ireland.
Fishing effort off southern Irelanidas beerreducedin 2017 and 2018 compared with 2015
and 2016.

Static GillnetgFig. 9)
There is very little change across yemdicated in any of the three ecoregions. There was
possibly more fishing effort north of Shetland in 2015.

Trammel NetgFig. 10)

The main areas identified as using trammel nets show very little variation between years.
However, se of trammel nets rathethan other set gillnets isdifficult to distinguish
particularly amongst Spanish and Portuguese polyvalent vessels where switching between
nets is linked to the species of priygeted.In Spainwhentargeting hakeg + 2 f | yisl ¢ 3 S|
used whereas whetargetinganglerfishd w I & O 2stused AthoNgh both are gillnets, the
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technical characteristics of them are quite different due to the target speBygsatch risks
likely to be greater witit + 2 £ | y (&g tiée toBIShigid of the net is 10 metres whereas in
wowl & 02 QQmeiré&sl(ENBugedizipersh comrg. The artisanal fleet tends to use more
trammel nets than other gillnets.

Set Longline@ig. 11)
The same main areas of fishing amdicated in each of the four years, with possibly greater
effort along the shelf edge west of Ireland in 2G@iBnpared with later years.

Drifting LonglinegFig. 12)

Most drifting longline effort is west of the Iberian Peninsula and imtbithern Bay of Biscay.
Effort appears to have increased in northern Bay of Biscay extending northwards to the
western Approaches to the English Channel. West of Portugal, it has also varied between
years, with greater effort indicated in 2016 and 2018.

Pots (Fig. 13)

Most fishing effort using pots and traps are small vessels under 15m length and the majority
probably do not carry Al§¥essels engaged in potting only showstonglyaround the British
Islesandnorth-west Francewith some also in th&emanWadden See and soutlest coast

of SwedenHEfort is greatest in west Scotland, WaleSputhwest Englandind off the coast

of Normandy and Brittanylhere is no indication of variation in effort between years.
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Figure 4 Annual Variation in Fishirgffort using Pelagic Trawls, 202618

(MFH = mean fishing hours/Kiday)
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Figure 5 Annual Variation in Fishing Effort using Pelagic Seines;201%
(MFH = mean fishing hours/Kiday)

- ’ .
. - ;
MFH/km?/day v ?’ 2015 MFH/km?/day Y '{ ( ; 2016
s ¥
’ A Ly }
0.044 - f‘ . ‘\"? b 0.05 v- " -g @ k)
LAY R b * 000 EI %
. VT TN « I ol N
. P . , , B ']
f A ! iy
» g 0.025 i, W

0.022 X Y TWNEE p 5.
Ward A B '{' - L

r
&3
- A,
- }'7..<y'

3 : ; “ AT
MFH/km?/day f "r 2017 MFH/km?/day "‘ ‘;, w e 2018
- Ll . Xt
0.048 4. R 0.036 3
S ©
v AR T
# g (] *
/ [ -
0.024 . o= o0 ¥, A 0.018
e s XY

g
0 L A 0
. A N .
fxp ) | KN

34



Figure 6 Annual Variatia in Fishing Effort usingemersallrawls, 20152018
(MFH = mean fishing hours/Kiday)
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Figure 7 Annual Variation in Fishing Effort using Demersal SeR@$52018
(MFH = mean fishing hours/Kiday)
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Figure 8 Annual Variation ifrishing Effort using Driftnet 20152018
(MFH = mean fishing hours/Kiday)
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Figure 9 Annual Variation in Fishing Effort using Static Gillnets, 2018
(MFH = mean fishing hours/Kiday)
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Figure 10 Annual Variation in Fishing Effarsing Trammel Nets, 2012018

(MFH = mean fishing hours/Kiday)
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Figure 11 Annual Variation in Fishing Effort using Set Longlines,-2018

(MFH = mean fishing hours/Kiday)
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Figure 12 Annual Variation in Fishing Effort using Driftimanglines, 2012018
(MFH = mean fishing hours/Kiday)
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(MFH = mean fishing hours/Kiday)

Figure 13 Annual Variation in Fishing Effort using Pots, 22058
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3.1.3. Fishing Effort by Season

Whereas there is very little variation fishing effortbetween the years 20:3018for most
gear typesone might expect larger differences on a seasonal lsasie® the more migratory
pelagic fish (and cephaloposgpecies are targeted at different times of year. The distribution
of fishing effat by gear type is illustrateoh Figures 143, and summarised below:

Pelagic trawlgFig.14)
In the Bay of Biscayelagic trawlers target sardine and dawy, mainly m summer and
autumn whereas in wintethake and sea bass are mainly caught.

In the Celtic Seagelagic trawling targeting blue whitineccursfar offshore beyond the shelf
edgearound the Porcupine Bamkest of Ireland maily between January and Marc@loser
to the shelf edge, there is pajic trawling foralbacore tuna in the Bay of Biscay and seuth
west of Irelandduring the summeas the fish move northwardsvhilst horse mackerel are
taken over the shelf west of Ireland spring Mackerelare taken along the shelf eddgeom
SW Irelando NW Scotland and also around Shetland and east of Orttaegg their spring
southward migrationHerring are caught mainly north of Scotland, in the CelticaBdasouth

of Ireland between October and Januaapdin the northern Irish Searound the Isle of Man
between July and Decemheprat fisheries occur in coastal waters of Ireland and in the south
Minch between October and MarcHBoarfish are taken sohtof Ireland between September
and March.

In the northern North Sea, herring, mackerel, horse mackerel and Norway pout are the main
target species, along with blue whiting in deeper areas north of the British Isles. Further south
in the central North Seasome herring, mackerel and horse mackerel are taken along with
sandeel in some areas, whilst sprat are taken primarily in the Skagerrak, southern North Sea
and Channel, mainly between August and February. There is an important herring fishery in
the Skageak, with catches highedietween September and February.

Pelagic sines(Fig. 15)

Off thelberian Peninsula, Portugueperse seiner®perating primarily between 20 and 100
metres depthdarget mainlysardine, chub mackerel, anchovy, horse mackerel, and blue jack
mackerel.Further north in the Bay of Biscgyrseseinerstarget mackerel, anchovy, horse
mackerel, and sardindollowing some of these northward along the shelf edgackerel ae
taken betveen February and Bfch; sardine and anchovy are taken between March and June.
In spring, horse mackerel are taken over the shelf west of Irelarglmmer, tbacore tinas

are caight near the sheliedge off SW Ireland whemackerelare also takerfurther north

west of Ireland. In the northern North Seaff northern Scotland,purse seiners target
mackerel between October and March.

Demersal trawlgFig. 16)

Most demersal fisheries involve otter trawls the Bay of Biscay and amud the Iberian
Peninsula, mch of this is coastal over the shét depths <500mand therefore undertaken

in a narrow strip around Atlantic Spain and Portugal, but where the shelf widens as in the
northern part of the Bay of Biscay, it extends farthdfsbore. Target species are hake
throughout the egion, seabass and other species such agsglerfishes, megrims, Norway
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lobster, horse mekerel, mackerepollack, and red mulletwith blue whiting taken in deeper
waters (200800m depth) beyond the shelfDemersal trawling occurs in ehregion
throughout the year althoughwvith different seasonal peaks in catches for different species.
Hake are taken in the north of the Bay of Bigtnainly in January to April, in the Celtic Sea in
June and Jujyand along the continental slopeff the southrwest andwest coass of Ireland
extending up to Scotlandetween August and Decembén these latter regions, demersal
otter trawlingoperates on most of the continental shelf and slop&r,geting anglerfish along
the shelf slopetakingNephropsn the Irish Sea, around the Aran Islands and offshore over
the Porcupine Bank west of Irelaadd in the Scottish Hebrideatfish and rays in the south
western Celtic Seand gadoidge.g. cod, haddock, whiting and pollagk}the southeastern
Celtic Seancluding western English Channel and Irish. $kase fisheries occur yeasund.

In the Greag¢r North Sea,otter trawls are used intensively in most parts of the region,
including the Skgerrak and the English Channedtching gadoids, other groundfish, plaice,
andNephropsin the northern North Sea and the Skagerrak, haddock, cod, whiting, &slgler
megrim, and plaicare targeted althoughNephropsand some flatfish speciese also taken

In the deeper waters of the northern North Seane vessels target saithdn the southern
North Sea and the eastern English Channel, the otter traw! fizehesa wide varietyof fish
(including cod, plaice, sole, haddock, and whitireg)d shellfish species (including
cephalopods) and, in muddy areddephropsThe demersal trawling fishing effom the
region occurs yearound.

Demersal seing$-ig. 17)
In the Bay of Biscay, demersal seines opeya@-round over the shelf close to the coast in
the north-eastern sector, catchingadoids such dsakeand pollack

In the Celtic Seas, most demersal seining occurs off southeamdkeh the Sea of Hebrides
and around the Northern Isles of Scotlartdrgeting gadoidgparticularlywhiting but also
haddoch, flatfish and other benthic speciesvith hake also taken off the soutlest of
Ireland Fishing effort occurs yeaound.

Bottom seine fisheries operate mainly in the Skagerrak, central North Sea, and in the eastern
English Channel, with limitedfeft in the northern North SeaCod,haddock, whiting and
plaice are mostly takern the Skgerrak and along the southegoastalmargin of the North

Sea, fishing effort is greatest between April and September, whereas in the eastern English
Channel it is more or less the same yeaund.

Driftnets(Fig. 18)

Largescale drift netting has been baed but somesmallscalegillnetting recorded as drift
netting shows around the coasts of Ireland, particularly in the south, with no seasonal pattern.
The possibility exists that these have been raissigned, and should be treated as gillnetting
(i.,e. BJ code GNS rather than GND). In the past, there has been widespread salmon drift
netting around the south and west coasts of Ireland.

Static GillnetgFig. 19)

Threefleets of gilinetters operate around the coast of the Iberian Peninsiilfleet called
Betauses a resh size of 60 mpwhile theVolantafleet uses a mesh size of 90 mboth
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targethake. TheRascdleet uses a mesh size of 280 mm for targetiegper waer anglerfish
and monkfishA large number of vesse(S$panish and Portuguesaje <15mlength, and
indeed many are<12m, so fishing effort using AIS (or even VMS) will be uredberded.
Vessels are polyvalent and may switichm one gear to another (sagxt section olrammel
Netg. These operate yeaound, and may also take cephalopods, shellfish and crustaceans.

In the Bay of Biscay, the main gillnet fishery involving Spanish and French vessels targets hake
along the continental slopat depths of 50-600 metresln shallower waters, target species
include sole and sea ba$3shing effort in this region is greatest between January and March.
Some lowlevel fishing effort assigned to gillnetting is indicated offshore in the Bay of Biscay
during July to September. It is not known whether this is correct or-assgned to tts gear

type.

Further north, the main gillnet fishertargets hake along the continental slopeest of
Ireland, particularly in June and Judthough this species is also taken widely over the shelf
south of Ireland In the shallower Celtic Setarget species include anglerfish, flatfish, and
gadoids.A large numbr of inshore gillnetters (<1R) are also acte in this ecoregion,
targeting a range of species. Between January and Maheh primary target of inshore
gillnetters operating south of Irelandnd in the southern Irish Ses cod. Fisheriesloser
inshorearound the Irish coast seasonally target anglerfish, flatfish, pollack, and ddgiste

is currently little gilinetting west of Scotland. Gillnetters from the UK, France, Germany and
Spainonceoperated in deep watersest of Ireland and Scotlanthrgeting hake, monkfish,

and deepwater sharks. This fishery stopped or seriously reduced from 2006, following EU
regulation of deepwater gillnetting at depths below 608.

In the Greater NorthSea gilinet fisheries primarily operate in the shallower areafsthe
southern North Seagagern English Channel, argkagerrak. Small and meditgized boats
target flatfish and demersal fish, depending on the gear used. Gillnet fisheries conducted in
deeper areas also target anglerfish. Gillnet fisheries with smaller meshusnally target

sole for example in the estern English ChanndDff the North Sea coast of Denmark, a variety

of benthicspeciesmay be taken. @, plaice and solare mainly taken, but other species
include turbot, hake, and lumpfisin the Skagerrak, cod and plaice are the prime species but
also taken are sole, pollack, hake and monkf@Sitinet fisheries operate yeaound, although

sole is taken mainly between April and September.

Trammel netgFig. 20)

Trammel nets differ frm other gill nets in having three layers of nettirggslackmiddle net

with a smaller mesh size, and two outer nets with larger mesh.si¥bsreas gill nets capture
mainly around the gill, trammel nets capture by entangling the whole or part of the body.
Without access to logbooks, it is difficult to determinerfréhe EU registervhethervessels

are using gillnets or trammel net&s with conventional gill nets, many vessels are less than
15 metres length, and so are not required to carry AlS, and of those a high proportion may be
less than 12 metres and so nobliged to carry VMS either. Around the Iberian Peninsula
there is the further complication @rtisanalvessels being polyvalent usigdj nets (GNS) and
trammel nets (GTR) when targeg angler fish, but may usgll nets when targeting hakelin

the Basgjue @untry, sole are caughby vesselsn coastal watersluring springand summer

but move further offshore inearly autumn About 406 of coastal netterén the Basque
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Countrywere estimated to use trammel netaking hakesole and horse mackerébtergiou

et al, 2006) Further west in the Cantabrian Sea, both gill nets and trammel nets are
important in the artisanainshore fleet numbering around 4,000 small veds. The larger
vesselsfor the most part use gillnets.

In the Celtic andGreater North Se&coregions the AIS maps have not recorded trammel
netting in several areastere it may beused For examplein the Skagerrak andlongthe

North Sea coast of Denmark, trammel nets operate between April and June catching sole,
between April and December catching plaice, and throughout the year catchinlylocoéfish

are caught betweerpril and Sptember, anchake between July and Decemb&he majority

of those vessels are less than 8m len(lavina2018)

Set LonglinefFig. 21)

Around the Iberian Peninsula and in the Bay of Biscay, set longliners operate along the
continental slope, targeting hak&imilarly, in the Celtic Sea amekst of Ireland, hake are
targeted although mwllack and saithe are also takerrurther north,a demersal longline
fishery mainlytargets ling plue lingand other deepwater species along the continental slope
west of the Outer Hebridedn the northern North Sea, along the shelf edge and around the
Northern Isles of Scotland, longlines target saithe, cod, haddock, ling, andrisisiag effort
appears to be greatest between July and September, althaaith andsouthwest of
Ireland it is gretest between April and June, probably reflecting the season migration of hake.

Drifting LonglinegFig. 22)
Drifting longlines are used well beyond the continental shelflepths of 801450 metres
targeting deep water species suchtdackscabbardish, mainly between October and March.

Pots(Fig. 23)

A very large number of inshore vessels operate pot fisheries. Most of these ards/e45m
length, and a high proportion will not be equipped with AIS, and so the maps presented will
not give a true miture of the extent of usage. Pot fisheries target crustaceans suclbsteifo

and crabs, operatingearround when weather permits.
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Figurel4. Seasonal Variation in Fishing Effort using Pelagic Trawls;Z208

(MFH = mean fishinigours/kn¢/day)
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Figure Bb. Seasonal Variatiom Fishing Effort using Pelagic Sein20152018
(MFH = mean fishing hours/Kiday)
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Figure B. Seasonal Variation in Risg Effort using Demersal Tran&)152018

(MFH = mean fishinigours/kn¢/day)
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Figure 17 Seasonal Variation in Fishing Effort using Demersal Seines22085
(MFH = mean fishing hours/Kiday)
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Figure 18 Seasonal Variation in Fishing Effort using Driftnets, 2B
(MFH = mean fishing hours/Kiday)
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Figure 19 Seasonal Variation in Fishing Effort using Static Gillnets ;2018

(MFH = mean fishing hours/Kiday)
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Figure 20 Seasonal Variation in Fishing Effort using Trammel Nets-2015
(MFH = mean fishing hours/Kiday)

53



