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1 Introduction

Bycatch, the incidental capture of non-target organisms in fisheries, has been estimated to account for
up to 40% of global fisheries catch (Davies et al., 2009). Bycatch has the potential for direct and indirect
negative impacts at the level of individuals (mortality and welfare), populations and ecosystems
(Lewison et al., 2004). Populations of some species are more sensitive to the effects of bycatch
mortality, due to particular life history traits typical of k-selected species, including: long-life, slow-
growth, late maturity, extended reproductive periods and low fecundity (Hall et al., 2000; Stevens et
al., 2000). Sensitive vertebrate species exhibiting these traits include elasmobranchs, seabirds, turtles
and marine mammals, with bycatch having been implicated in the decline of multiple species and even
posing an extinction risk to some (Lewison et al., 2004; Read, 2008; Komoroske and Lewison, 2015).
Acknowledging that sensitivity lies on a spectrum and is somewhat subjective, it is defined for the
purposes of this review in ‘Section 3’.

Bycatch, especially of sensitive species, also has social and economic costs to fishers, including:
damaged gear, bait loss, fuel loss, reduced target catch, time lost processing and discarding bycatch,
increased regulation, fishery closure and negative public relations (Gandini and Frere, 2012; Patrick
and Benaka, 2013). Though these have received relatively little attention and are poorly quantified
(Pott and Wiedenfeld, 2017). Additionally, though rarely discussed, there can be psychological impacts
on fishers associated with the harm bycatch can inflict on charismatic marine mega-fauna (Piovano et
al., 2012).

Recognition of bycatch as a significant issue, along with the more general trend towards ecosystem-
based fishery management, has seen a rapid growth in bycatch research in recent decades (Soykan et
al., 2008). This includes efforts to identify sensitive species ‘bycatch hotspots’ (e.g. Lewison et al., 2014;
Queiroz et al., 2019; Bi et al., 2021), a term that is widely used, though in many cases poorly defined
(addressed in ‘Section 3’). The intention is that identifying bycatch hotspots will address gaps in our
knowledge about patterns of bycatch in time and space, helping prioritise management measures and
research efforts, where resources are limited. In the UK, the ‘ecosystem objective’ of the Fisheries Act
2020 (UK Government, 2020) and Joint Fisheries Statement (Defra, 2022a) sets out the government’s
ambition that “incidental catches of sensitive species are minimised and, where possible, eliminated”.
(Where, the ecosystem objective is one of eight objectives within the overarching ‘fisheries objective’.)
The UK Bycatch Mitigation Initiative (BMI) outlines how the fisheries policy authorities will achieve this
ambition, including the specific policy objective to “identify ‘hotspot’ or high-risk areas” (Defra, 20223a;
Defra, 2022b).

The objectives of this literature review are to:

e Consider how the term ‘bycatch hotspots’ has been employed in the literature and will be used
in this review (‘Section 3’);

e Provide an overview of methodological approaches to identifying sensitive species bycatch
hotspots (‘Section 4’);

e Conduct a systematic review of bycatch hotspots within the UK’s exclusive economic zone
(EEZ) (‘Section 5%);

e Provide illustrative case studies of ‘coldspots’, where mitigation has been successfully
implemented to address sensitive species bycatch hotspots (‘Section 6’);

e Highlight priorities and recommendations for bycatch monitoring, mitigation and further
research, including those that could be delivered as part of the BMI, based on the hotspots
and knowledge gaps identified through the review. (‘Section 6.1’).



The findings and recommendation within in this report could be considered by Defra, Devolved
Authorities and other actors when determining how best to implement and prioritise bycatch
mitigation and monitoring in UK waters.

2 Methodology
2.1 Study area

The scope of the systematic review of sensitive species bycatch hotspots (‘Section 5') is limited to
fisheries operating in the UK EEZ, including both UK and foreign vessels (Figure 1). Conversely, the
overview of the methodological approaches that may be employed (‘Section 4’) draws on wider
literature beyond this geographic scope. In reviewing the literature, we sought to highlight case study
examples of where bycatch hotspots had been effectively addressed through successful
implementation of mitigation (‘Section 6’), although this is not intended to be an exhaustive or
systematic account of sensitive species bycatch mitigation in the UK.
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Figure 1: Map of: a) the UK EEZ in relation to ICES Divisions (green polygons) and Ecoregions (only those
Ecoregions overlapping with the UK EEZ are shown); and b) total days of fishing effort, 2012-2023 inclusive per
km?2. The 200m depth contour is indicated (dashed line), along with the location of major fishing ports (largest
20 by landed weight in 2023, black ‘x’s). For graphical clarity fishing effort data is log10-transformed, for ease of
interpretation back-transformed values are presented on the legend. Data: fishing effort, Cefas (see description
in ‘Appendix IV’); ports, Cefas; depth contour, EmodNet, ICES Divisions and ecoregions, ICES; maritime
boundaries, UKHO; countries, ESRI.

The UK’s EEZ spans over 700,000 km?, the majority of which is Scottish waters (Table 1). The study area
supports a diverse fleet in terms of vessel size, gear and target species. The Seafish 2023 annual survey
reports that whilst the English fleet is larger (number of vessels, Table 1), the Scottish fleet has double
the capacity (vessel tonnage), lands more seafood and generates more income (Seafish, 2025). In total,
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the UK fleet landed 680 thousand tonnes of fish and shellfish in 2023, the majority into UK ports,
mainly Peterhead, Lerwick and Newlyn. By weight, in 2023, the top species landed in the UK by
domestic and foreign vessels were: mackerel (106,533 tonnes); herring (46,833 tonnes); haddock
(38,397 tonnes); nephrops (27,402 tonnes); blue whiting (26,877 tonnes). Whilst by value, this was:
mackerel (£132 million); nephrops (£111 million); king scallop (£60 million); cod (£45.2 million); and
monkfish (£44.9 million) (Seafish, 2025). The total size of the fleet is reducing, mainly due to the loss
of <10m vessels, a trend that began in the 1990s (Pascoe and Tingley, 2010), in part related to the
concentration of quota among larger vessels (Stewart et al., 2022). Nevertheless, the <10m vessels are
the largest segment of the fleet (1,607 vessels), compared with 10-24 m (951 vessels) and over 24m
(79 vessels) (Seafish, 2025). Noting that these values exclude 1,148 low activity vessels (any vessel that
recorded a total value of landings under £10,000 in the year considered) (Seafish, 2020).

Table 1: Breakdown of UK maritime zones. Data: maritime area, Lennan et al. (2022); vessel numbers, Seafish
(2025).

Maritime area Area (km?) Approx % of UK EEZ Vessels
Scottish 462,315 63% 1,575
English 230,190 32% 1,833
Welsh 30,778 4% 223
Northern Irish 6,819 1% 193
UK EEZ 730,102 100% 3,824

UK vessels employ a diversity of gears, the most common main gear is pots and traps followed by
demersal trawl/seines (Figure 2). Kingston et al. (2023b) report that demersal trawls/seines and pot
fisheries typically account for 75% of total UK fishing effort (days at sea). There is considerable
heterogeneity in the spatial distribution of fishing effort. The greatest levels of effort are in the Celtic
Sea, Western Approaches and Northern North Sea, see Figure 1 and Witt and Godley (2007) who
present vessel monitoring system (VMS) from >15m vessels. Astarloa et al. (2023) present VMS fishing
effort data (2009-2021, vessels >12m) disaggregated by gear type with effort shown to be
concentrated as follows: beam trawling in southern North Sea and English Channel; static nets in Celtic
Sea; trawling (demersal and pelagic) is more evenly distributed around the UK than other gears;
longlines along shelf edge north of Scotland and Celtic Sea; pot and traps predominantly in inshore
waters; purse seines around Cornish coast; seines along the south coast and to a lesser extent
northeast Scotland. Fishing effort by gear type is also presented in ‘Appendix IV’, showing trawling of
effort is the most widely distributed.
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Figure 2: Main gear type used by active vessels (n=2,637) in the UK fleet, excludes low activity vessels. Data:
Seafish (2025)



2.2 Systematic literature review

The systematic review of sensitive species bycatch hotspots employed the ROSES (RepOrting standards
for Systematic Evidence Syntheses) protocol, which was specifically designed for systematic reviews in
the field of conservation and management (Haddaway et al., 2018). The review consisted of three
stages: search, screening and synthesis.

A systematic search was conducted using ISI Web of Science, Scopus and Google Scholar. This was
complemented by an unstructured search, including: i) references found within literature identified by
the systematic search, known as snowballing; and ii) submissions by subject matter experts within the
authors’ network.

Search terms used in the systematic search are detailed in Table 1. A wildcard character ‘*’ was used
to account for plural, prefixes and suffixes for some search terms (e.g. “*map*’ to identify records
employing any of the terms heatmap, maps, mapping etc). Recognising the shifting nature of both
fisheries, species distribution and species abundance, a date range was used to restrict records to
those published since 2000, on the basis that older information was less likely to be relevant. In Web
of Science and Scopus searches were restricted to the abstract as this yielded a greater number of
relevant results than searching on titles alone, whilst searching for terms anywhere within the body of
text yielded a much higher proportion of irrelevant results. This is not an option in Google Scholar and
so the query was applied to full texts. The exact query used for each search engine is detailed in
Appendix I.

Table 2: Search terms and parameters by category used to query ISI Web of Science, Scopus and Google Scholar.

Category Search terms/parameters

Bycatch bycatch OR discard* OR incidental OR non-target

Spatial/temporal AND (hotspot* OR distribution OR *map* OR rate* OR frequency OR pattern* OR
trend* OR monitoring)

Geographic AND (UK OR "United Kingdom" OR "Northeast Atlantic" OR Europe OR "North Sea" OR
"Celtic Sea" OR Channel OR "Irish Sea" OR England OR "Northern Ireland" OR Scotland
OR English OR Scottish OR "Northern Irish" OR Wales OR Welsh)

Taxa AND (mammal* OR pinniped* OR phocid* OR cetacean* OR bird* OR seabird* OR
elasmobranch* OR shark* OR skate* OR ray*)

Date AND (2000-01-01 to 2024-04-09)

The number of results from the systematic search were: Web of Science, 277; Scopus, 151; Google
Scholar, 8,410. Only the top 2% (168 results) of results from Google Scholar were retained, beyond this
threshold results were invariably not of relevance. Thus, the combined results of the systematic search
totalled 598 records, yielding 444 records after the removal of 154 duplicates. Screening for relevance
was on the basis of the title and abstract, the full text was reviewed where there was uncertainty. This
produced 31 relevant records. A further 26 records were outside of the geographic scope but
contained relevant information about the methodology by which hotspots can be identified and were
retained to inform that section of this review (Section 4). An additional 40 records were identified by
the unstructured search, after screening submissions. No records were excluded due to the full text
being unavailable. The resulting database is included here, Appendix II.

The full text of each document in the literature database was uploaded to Nvivo (QSR International,
2024), a qualitative data analysis software package. Each document was reviewed in Nvivo and sections
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of text given specific codes where pertinent. Codes were developed ad hoc during the review as topics
emerged, e.g. regional, taxa-specific and methodological codes. This facilitated synthesis by allowing
text from all sources relating to a specific topic to be viewed collectively. This approach to synthesis
formed the basis of the following sections. Additional references (not subject to this review process)
are cited in the text (and included in ‘References’) where they provided supporting information.

3 Defining ‘bycatch hotspots’ for sensitive species

The term bycatch is used widely but does not have a standardised definition. In its broadest sense it
can be used to refer to: discarded catch; retained non-target catch; slipped species (released without
being brought on-board, e.g. in a purse seine); mortalities due to abandoned, lost or otherwise
discarded fishing gear (ALDFG); offal; and even broader ecosystem/habitat impacts (Pérez Roda et al.,
2019). According to Gray and Kennelly (2018) bycatch is most commonly defined as being “the
unintended, non-targeted organisms caught while fishing for particular species (or sizes of species)”.
This is then subdivided into non-target organisms that are retained (because they have economic value
and/or that is a regulatory requirement) and ‘discards’, those returned (dead or alive) to the sea.

It is the discarded portion of bycatch that is typically most controversial. Discards are perceived as
waste or collateral damage and includes species sensitive to bycatch, with impacts at the individual
level (animal welfare, injury and mortality) and/or the population level (with population and wider
ecological impacts), that may be of conservation concern. ‘Sensitivity’ is somewhat subjective, the
term sensitive species overlaps with endangered, threatened and protected species (ETP, sometimes
PETs). For the purposes of inclusion in this review, a definitive list of those species of marine mammal,
seabird and elasmobranch considered sensitive is included in Appendix Ill. The ICES Working Group on
Bycatch of Protected Species (WGBYC) maintains a list of ETP species at risk of bycatch within each
ICES ecoregion (ICES, 2022a). For marine mammals and seabirds this review adopts the WGBYC list for
the Celtic Sea and Greater North Sea ecoregions. The WGBYC list of elasmobranchs excludes any
species for which quantitative or qualitative stock assessments are available. Here we adopt a more
precautionary, inclusive, approach with respect to elasmobranchs. Our approach recognises that there
may be a wider range of elasmobranch species that are unintentionally caught (i.e. are bycatch), whose
life history and/or population status renders them sensitive, although they may be legally landed
within the UK. Thus, for elasmobranchs, the WGBYC list for the Celtic Sea and Greater North Sea
ecoregions is adopted, with the addition of those species that are i) assessed by the ICES Working
Group for Elasmobranch Fishes; and/or ii) are known to occur in British waters and the North East
Atlantic (Shark Trust, 2020).

3.1 Whatis a bycatch hotspot?

Conceptually, identifying bycatch hotspots is an attractive proposition because it, in theory, provides a
clear steer for the prioritisation of research and mitigation efforts (voluntary, regulatory etc.). A
challenge is that there is no consensus on what is meant by a bycatch hotspot.

Accepting that ‘bycatch’ can be broadly interpreted, it is worth recognising that ambiguity lies in both
the ‘hot’ and ‘spot’ components of ‘bycatch hotspot’. Intuitively, spot implies a fixed geographic point
or area. In reality, fisheries, their targets and those species caught as bycatch, are subject to fluctuation
in time and space, thus spots are inevitably transient (driven for example by oceanographic conditions,
reproductive cycles etc) and thus require a dynamic approach to their identification (Zydelis et al.,
2011). It may also be that specific gears or fishing practices are the ‘spot’ that should be prioritised for
attention, rather than focus being tied to a time and locality. ‘Hot’ is perhaps more problematic
because it begs the question: hot relative to what? Bastardie et al. (2021) observe that “there are
typically no guidelines defining bycatch limits for elasmobranchs, marine mammals, or marine seabirds
for mortality levels that could be deemed as sustainable”. At present, there is no recognised consensus



or adopted approach for determining sustainable bycatch thresholds in the Northeast Atlantic (Moyes
et al., 2025). Although this is subject to ongoing work in Europe and is more well-established in some
other regions (A. Kingston, pers. comm.). Depending on the audience or purpose the rate and/or
guantity of bycatch may be considered hot where: it exceeds some ecological reference point (e.g.
Maximum Sustainable Yield, Potential Biological Removal); is a significant proportion of the total catch,
which is of potential interest to consumers and certifiers (wanting to support ‘cleaner’ fisheries) and
fisheries (wanting efficient operations and to minimise their environmental impacts); affects species
of societal concern/interest (often ‘charismatic mega-fauna’); is elevated relative to other periods of
time (typically season hotspots); or, is high relative to other fisheries within a specific region (e.g.
jurisdictional or ecological). Thus, within this range of what is meant by ‘hot’ the term bycatch hotspot
may be used to indicate situations where: the quantity of bycatch is high (potentially but not
necessarily with population impacts); the bycatch per unit effort (BPUE) is high (again, potentially but
not necessarily with population impacts); or, the quantity and/or BPUE is low but there are sufficient
mortalities to have consequences of conservation concern to a small or declining population.
Alternatively, it may be ‘hot’ simply because the bycaught species are of particular societal concern,
sometimes irrespective of the rate, quantity or impacts at the population or ecosystem level. All of
these situations warrant further research and/or interventions and whilst being clearly different,
identifying them as ‘hotspots’ is of value to direct and prioritise limited resources.

It can be helpful to consider an example of where bycatch hotspots is used in different but legitimate
manners. Bradbury et al. (2017) produced maps identifying areas where there was elevated predicted
risk to seabird populations; the product of seabird density distribution data, expert assessment of
sensitivity and fishing effort data. However, Northridge et al. (2023) highlight that this output is not
very helpful when attempting to determine the best area/fishery to test the efficacy of bycatch
mitigation measures. For that purpose, it is key to identify where there is “the highest probability of a
bycatch event occurring during a fishing operation as these will provide most power to quantify the
effectiveness of any trialled mitigation measure”. Thus, Northridge et al. (2023) sought to identify
bycatch hotspots where the bycatch per unit effort (BPUE) was high, the level of fishing effort and
population impact were less relevant. This subtlety in usage, seen by comparing these two examples,
could easily be missed in the pursuit of identifying bycatch hotspots.

The fluid nature of the term poses a challenge to a systematic review. One option is to adopt a specific
definition and only to include research that conforms to that. However, that results in a less
comprehensive albeit more precise account. Instead, here we adopt an inclusive approach, drawing
on all literature within the geographic scope that identifies a bycatch hotspot, noting where
appropriate the sense in which the term is employed, the intention(s) of the study and the
methodology employed.

4  Methodological approaches for identifying hotspots

The literature identified in the search employed a diversity of methodological approaches for
identifying bycatch hotspots. The following account provides an overview of the approaches used
(though is not intended to be exhaustive) and includes examples from beyond the geographic scope
of this review. The approaches detailed can be grouped into four categories, summarised in Table 3,
with illustrative examples.



Table 3: Examples of methodological approaches to identifying sensitive species bycatch hotspots, in four categories.

Category
Approaches/Examples

Required inputs

Advantages

Limitations/Challenges

Ref.(s)

Fishery dependent
Observer Programmes,
e.g. Bycatch
Monitoring
Programme (BMP)
Remote Electronic
Monitoring (REM)

Voluntary/self-
reporting

At-sea observers.
Total fishing effort to
extrapolate to scale of fishery

REM system. Effective data
pipeline.  Total effort to
extrapolate to scale of fishery
(unless 100% coverage)
Participating fishers

Data collection protocol or
system

Often regarded as the most reliable source of
validated bycatch data. Direct insight into
fishery sensitive species interactions. Can yield
in-depth and nuanced insights.

Potential to achieve wider coverage (duration
and proportion of fleet) per unit cost compared
with observer programmes

Fishers have sense of ownership. Potentially
low-cost. Real-time applications.

Potentially relatively costly. Coverage is usually limited
and may not be representative, may miss rare events.
Risk of observer bias (though this can be mitigated).
May not be practical for small vessels.

Fishers have reservations about surveillance. Costs of
ongoing maintenance and installation. Issues with
ensuring efficient and reliable data processing.

Hard to establish self-sustaining programmes at scale.
Fishers are disincentivised especially where there are
social sensitivities associated with bycatch species.

(Kingston et al., 2021)

(Glemarec et al., 2020)

(Hetherington et al,,
2016)

Fishery independent
Tagging telemetry data

Inference from
strandings
Local ecological
knowledge

Social science

Telemetry data from species
of interest

Fishing effort

Database of standings, can
be complemented by
necropsies

Fisher participation in
interviews, focus groups etc

Can provide fine-scale insights into sensitive
species movement ecology.

Can be employed at large spatial scales
spanning jurisdictions.

Draws on knowledge from those with direct
lived experience. Can provide insights into
patterns over the long-term.

Fishing effort data is rarely available at the resolution
of movement data. Costly. Usually only a small
proportion of the population can be tagged.
Can be hard to determine bycatch as cause of death, or
attribute bycatch strandings to specific gears. Stranding
process introduces considerable uncertainty.
Labour intensive. Requires voluntary participation.
Fishers may be disincentivized to participate.

(Queiroz et al., 2016;
Cleasby et al., 2022)

(Peltier et al., 2021)
(Lucchetti et al., 2017;

Leaper et al., 2022; Lin
et al., 2023)

Predictive/model based

Modelled species Fishing effort Can generate predictions from limited species Resolution constrained by input data (fishing, (Evans et al., 2021;
distribution and Species distribution data. data. Can make future predictions under environmental, species). Ideally outputs should be Régnieretal., 2024)
overlap with fishery Environmental covariates climate scenarios. Replicable methodology. validated.
Spatially explicit Distribution data Can be applied to data-poor species (though It is subjective, sensitive to decision about attributes (Astarloa et al., 2023)
Productivity and Fishing effort data still requires adequate distribution and fishing used, weighting and scores. Theoretical and statistical
susceptibility analysis Productivity and sensitivity effort data to be spatially explicit. Can adopt a  basis has been questioned, may perform badly for
(PSA) trait data (or expert precautionary approach where data are those species at intermediate risk.
knowledge) missing.
Literature review
Literature review or Sufficient body of scientific May identify research gaps. Low cost. Makes Cannot fill research gaps. Grey literature can be hardto (Carpentieri et al.,

systematic review

and grey literature

existing knowledge more accessible.

find. Time consuming.

2021)
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4.1 Fishery dependent

Bycatch data can be obtained directly from fisheries through: monitoring, including remote electronic
monitoring (REM); statutory or mandatory reporting; voluntary self-reporting; and observer data.
These data are sometimes used in conjunction with fishing effort (e.g. VMS data or logbook) to
extrapolate to the scale of a fishery. Data collected by independent observers at-sea is often regarded
as the most reliable source of bycatch data (Lewison et al., 2004; Gray and Kennelly, 2018). Observer
data can be directly used to estimate bycatch rates and/or identify hotspots but it is also useful for
validating or ground-truthing other approaches. However, two key limitations are commonly
recognised. Firstly, observer effects may introduce bias, an extended discussion is provided by Babcock
et al. (2003). Three principal issues have been identified: i) fishing practices/behaviours may change
under observation, resulting in different rates of bycatch; ii) observation is typically voluntary, bycatch
rates may differ between volunteers and non-participants; iii) logistical constraints mean sampling is
rarely random, or appropriately stratified, for example challenges associated with accommodating an
observer on smaller vessels. Secondly, the scale of fisheries and the costs associated with direct
observation (either state-funded observer programmes, or independent scientific research) mean that
achieving representative coverage can be extremely difficult and therefore resolution (in time and
space) is usually limited (Lewison et al., 2004; Gray and Kennelly, 2018). The UK Bycatch Monitoring
Programme (BMP) is a long-running, at-sea fishery dependent observer programme focused on
sensitive species bycatch. This established programme has established significant trust with the
industry, which is thought to mitigate the risk of observer bias (A. Kingston, pers. comm.). Limited
resources necessitate a sampling strategy that is guided by policy drivers and adopts a risk-based
approach. In 2019 sampling was carried out by observers during 215 days at sea (typically 400 days
per annum, A Kingston, pers. comm.), this considerable undertaking only represents a tiny fraction of
total UK fishing effort (Kingston et al., 2021). A recent review of the BMP and Commercial Catch
Sampling Programme (CSP) found that although observer coverage of UK vessels was low, it was
representative, as monitoring effort broadly reflected the distribution of fishing effort,
notwithstanding some specific gaps identified (Kober et al., 2024). The ICES Working Group on Bycatch
of Protected Species (WGBYC) collates and assesses information on bycatch monitoring and
assessment for protected species. They report that average monitoring coverage (percentage of days-
at-sea observed from total fishing effort) for the Greater North Sea ecoregion was 1.15% (due to
missing data an equivalent figure was not reported for the Celtic Seas ecoregion) (ICES, 2023a).
Similarly, Moore et al. (2023) employed ‘widespread’ and ‘substantial’ sampling within the Welsh pot
fishery but their coverage was <1% of total fishing effort. Nevertheless, with appropriate design and
statistical methods, robust bycatch estimates (with confidence intervals) can be produced from limited
coverage, especially for more frequently encountered species. For further detail see ICES (2024b), for
a detailed examination of the relationship between sampling design, the underlying bycatch rates and
the precision and accuracy of resulting estimates.

As detailed above, there are clearly practical limits to what can be achieved by direct observation,
whilst there are challenges associated with mandatory reporting (Calderan and Leaper, 2019).
Mandatory reporting of marine mammal bycatch to the Marine Management Organisation (MMO)
was introduced in 2021 as a vessel licence condition, allegedly only resulting in the reporting of “one
bycaught individual in 2021, two in 2022 and six in 2023"” (EIA, 2025). Consequently, there is growing
interest in the potential for remote electronic monitoring and self-reporting as potentially cost-
efficient approaches to improving coverage of fishery dependent bycatch data.

An example of electronic monitoring is provided by a nine-year study of seabird bycatch in Danish
gillnetters, which found 40% of bycatch events were observed in just 0.2% of the hauls (Glemarec et
al., 2020). This demonstrates the value of electronic monitoring programmes with extensive coverage,
which may capture rare but significant events, likely to be missed with low observer coverage.
However, there are numerous challenges associated with remote electronic monitoring, which include:
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costs associated with installation and maintenance; finding efficient means of storing and processing
large volumes of data; overcoming fishers’ concerns about surveillance; reliably identifying species
from imagery; and resolving technical issues (Mangi et al., 2015). Consequently, remote electronic
monitoring has not yet been applied at scale in European fisheries (Calderan and Leaper, 2019).

In the UK, the Spurdog By-catch Avoidance Programme was a science-industry partnership, which
compiled and shared self-reported spurdog (Squalus acanthias) bycatch data in near real-time, to allow
fishers to avoid areas associated with elevated bycatch (Hetherington et al., 2016; Mangi et al., 2018).
More recently, funded as part of the UK’s BMI, there have been efforts to develop a smartphone-based
self-reporting tool (Clean Catch App) and a low-cost remote electronic monitoring system (Insight360).
These remain at the trial stage and are yet to have been used at scale to determine bycatch patterns
in time and space or identify hotspots. Examples such as this are evidence of a paradigm shift away
from scientists asking fishers to provide data, to genuine partnership or industry-led approaches where
fishers are fully engaged in the process from design through to analysis (Dorner et al., 2015; Mangi et
al., 2018). However, given the sensitivities associated with public perceptions of marine mammal
bycatch (and perhaps to a lesser extent seabirds), fishers may justifiably be cautious about voluntary
participation and the potential for adverse publicity in the bycatch space (Pierce et al., 2002).
Partnership approaches to gathering fishery dependent data must therefore be the product of carefully
considered co-design (for both bycatch monitoring and mitigation initiatives), to overcome barriers to
participation and ensure equitable outcomes, rather than risk being tokenistic in their approach to
engagement (Siddiqi, 2025; Siddiqi, in review).

4.2 Fishery independent

There is a considerable diversity in fishery independent approaches for identifying hotspots, examples
include: inference from cetacean strandings and necropsies (Leeney et al., 2008); bycatch rates
observed in stock-assessment or other scientific surveys (Piet et al., 2009); tagging to determine spatial
behaviour of sensitive species in relation to fisheries (pelagic sharks, Queiroz et al., 2016; grey seals
(Halichoerus grypus), Murray et al., 2021); citizen science, typically to obtain observations of sensitive
species whose distribution is then considered in relation to fishing effort (Nielsen et al., 2021); shore
and at-sea surveys to observe cetacean-fishery interactions (de Boer et al.,, 2012); social-science
approaches, typically interviewing fishers (turtles in Italy, Lucchetti et al., 2017; whales in Scottish creel
fishery, Leaper et al., 2022; marine mammals in the South China Sea, Lin et al., 2023).

Of these approaches, strandings data have been used repeatedly in the UK and adjacent waters to gain
insights into sensitive species bycatch. In the UK, strandings of cetaceans (and some other marine
megafauna) have been recorded by the Cetacean Strandings Investigation Programme (CSIP) and the
Scottish Marine Animal Stranding Scheme (SMASS) since the early 1990s, see ‘Section 5.1.1.5".
Although there has been some level of systematic recording since 1913 (Coombs et al., 2019b). There
are also equivalent efforts in continental Europe. Depending on the condition of the carcass,
necropsies allow the cause of death to be determined, which is commonly found to be bycatch. For
example, bycatch was identified as the cause of death in 40% of stranding necropsies in the southwest
from 1990-2019 inclusive (n=1,293 necropsies) (Long et al., 2022). However, there are biological,
physical and social processes that make the interpretation of strandings data challenging, limiting the
temporal and especially spatial precision with which inferences can be made (Coombs et al., 2019b).
In the first instance it can be difficult to determine if bycatch is the cause of death (see discussion in
ljsseldijk et al., 2021). The ease of determining whether bycatch is the cause of death varies between
taxa, for example, the external pathology of bycatch in seals is generally more subtle than in cetaceans
(CWT, 2025). The overlapping nature of fisheries, means that it is extremely difficult to attribute
bycatch strandings to specific fisheries to inform management (Peltier et al., 2021). Additionally, the
likelihood of a bycaught carcass stranding varies according to several factors (e.g., currents, weather,
distance to land), thus some hotspots may never be picked up, where carcasses are more likely to drift
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out to sea and/or sink. Nevertheless, the aggregation of these data has been used to identify temporal
and regional hotspots (Leeney et al., 2008; Peltier et al., 2016; Long et al., 2022). The large spatial scale
of strandings data, which can cut across administrative boundaries is a significant advantage (Peltier
et al.,, 2016). Indeed this approach has been used to highlight potential shortcomings in bycatch
estimates derived from observer programmes. Peltier et al. (2016) used strandings data to identify
hotspots and estimate annual common dolphin (Delphinus delphis) bycatch mortality in the Celtic Sea,
Western Channel and Bay of Biscay to be 3,650 to 4,700 dolphins year?, significantly more than an
estimate of 550 dolphins year™ based on their extrapolation from observer data. More recently, using
French strandings data, bycatch mortality in the Bay of Biscay and along the Western Channel was
estimated to be 9,040 common dolphins year? (95% Cl, 6,640 - 13,300) between 2019 and 2021 (ICES,
2023b). These estimates highlight the uncertainty that persists around sensitive species bycatch and
the value of employing multiple methods to gain understanding of patterns in time and space.

4.3 Predictive/model-based

Acknowledging the inevitable gaps in fishery dependent and independent data, a diversity of
predictive or model-based approaches have been employed, typically to map predicted risk. The
development and selection of these is often governed by data availability but also computational
power and requisite expertise. This review of methods is not intended to be exhaustive and focusses
on the most commonly employed approaches, which tend to have modest input data requirements
and employ well-established, accessible techniques. Less common are spatio-temporal Bayesian
models, which are powerful approaches able to handle ecological complexity and multiple source of
uncertainty, though high computational costs and required expertise are barriers to implementation
(for examples see Cosandey-Godin et al., 2015; Bi et al., 2021 and the citations therein).

4.3.1 Overlap between species distribution and fishing effort

One widely used approach is to map bycatch risk by combining modelled density distribution of
sensitive species or habitat suitability, with fishing effort data from the fishery(-ies) of interest. The
resulting output maps co-occurrence, as a proxy for bycatch risk and allows risk hotspots to be
identified (e.g. seabird and cetacean species in the NE Atlantic, Evans et al., 2021; shark bycatch in
Scottish waters, Régnier et al., 2024).

Fishing effort is usually sourced from: Automatic Identification System (AIS) data (vessels >15m),
including publicly available Global Fishing Watch (GFW) data; VMS data and/or logbook data. Witt and
Godley (2007) note in their analysis of UK VMS data that creating “generalised, yet spatially and
temporally explicit, understanding of fisheries effort...is far from trivial”. Access to and availability of
fishing effort data, especially at finer resolution can be a challenge, particularly for smaller vessels in
the inshore fleet, accordingly effort data is often biased towards larger vessels and offshore fisheries
(Witt and Godley, 2007; Cleasby et al., 2022). For example, the vast majority of the UK static net fleet
(>95% registered vessels) consists of smaller vessels (<12m) (Almeida et al., 2017), which are not
mandated to carry AIS and only subject to the rollout of I-VMS from 2024. Glarou et al. (2022)
circumvented this challenge, in a pilot study, by equipping small-scale fishery vessels with inexpensive
off-the-shelf GPS loggers to predict overlap with marine mammals in the Mediterranean Sea.

Species data for input into distribution modelling is typically from: databases of presence records, e.g.
the Ocean Biodiversity Information System (OBIS, 2021); dedicated fishery independent surveys, e.g.:
Small Cetaceans in the European Atlantic and North Sea (SCANS), ship and aerial cetacean transects
(SMRU, 2025); fishery stock assessment surveys (Régnier et al., 2024); tagging and telemetry data
(Zydelis et al., 2011); and/or fishery dependent surveys, such as observer programmes (Elliott et al.,
2020; Kingston et al., 2021) and discard data (Enever et al., 2007).
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Species distribution models (SDMs) are widely used to predict the density distribution of marine (and
terrestrial) species (Elith and Leathwick, 2009). Bioclimatic variables (e.g. depth, sea surface
temperature, salinity) are combined with occurrence data, to model the bioclimatic envelope of a
species and can be used to predict habitat suitability beyond the existing occurrence data (Guisan and
Thuiller, 2005). This approach has been shown to work even with limited occurrence data (Elith et al.,
2006), although some applications have been criticised, and it is argued that SDMs do not fully
represent the underlying mechanism driving the distribution of species (Hakkinen et al., 2021). Density
Surface Models (DSMs) build upon SDMs with a two-step approach. The first step accounts for
detectability bias in the data, for example accounting for the fact that the detectability of cetaceans
decreases with distance from a line transect (e.g. in SCANS surveys), before then modelling the effect
of explanatory environmental covariates on distribution.

Both SDMs, DSMs and a multitude of other approaches can be sensitive to choices in the model
selection and fitting process (Guisan and Thuiller, 2005). It can therefore be helpful to represent
uncertainty in the prediction surface. It is also recommended that when considering model outputs,
reference is made to the distribution of the underlying data: predictions will be less reliable in data
poor areas. A further approach is to combine multiple distribution models, sometimes termed
ensemble modelling. This recognises that each individual model will have weaknesses and that the
‘average’ prediction is more accurate and robust (Aratdjo and New, 2007), such multi-model
approaches can also help quantify the variability in predictions (Jones et al., 2013). Whatever the
approach, it is important to carefully consider the limitations and ensure that outputs are not over-
interpreted. See Paxton et al. (2016) who discuss a cetacean DSM at 10 km resolution, advising that
inferences are unlikely to be reliable at spatial scales less than 500-1,000 km?2. In general, all these
approaches should be seen as useful tools at the regional level, rather than at local scales.

The marine environment is dynamic, the distribution of sensitive mobile mega-fauna, target species
and associated fisheries respond to fluctuation in bio-physical conditions responding to meso-scale
oceanographic features. Some have hypothesised that dynamic models, relating animal and fishery
distribution to oceanographic characteristics may more accurately predict interaction between
fisheries and bycaught species, than static modelling approaches described above (Zydelis et al., 2011).
Zydelis et al. (2011) produced dynamic habitat models using telemetry data and concurrent remote
sensing oceanographic data and found predicted overlap with fishing vessels correlated with actual
bycatch recorded by observers in the Hawaiian long-line fishery. Such approaches could underpin
adaptive management and may have increasing value in a context where anthropogenic climate
change is resulting in greater environmental variability driving dynamic shifts in distributions.

The above modelling approaches can also be employed to predict future bycatch risk under different
climate scenarios, given it is already recognised that the ranges of species and fisheries are shifting
(Bastardie et al., 2021). In the absence of future fishing effort data, Jones et al. (2013) compare the
predicted future distribution of threatened species vulnerable to bycatch with those of commercially
targeted species. The latter serving as a proxy for fishing effort under the assumption that fishing effort
is greatest where target species are most abundant.

4.3.2 Productivity and susceptibility analysis (PSA)

Productivity and susceptibility analysis (PSA) was originally developed as a semi-quantitative approach
to assess the likely impacts of fisheries on data-poor bycatch species (Milton, 2001; Stobutzki et al.,
2001). For potential bycatch species in a fishery, Stobutzki et al. (2001) assessed vulnerability on two
axes: i) productivity, the “capacity of a species to recover after the population is depleted” defined by
life-history characteristics; and ii) susceptibility, the propensity “of a species to capture and mortality”,
a product of how the fishing practices and gear interact with that species. Multiple criteria (or
attributes) are then selected to determine the productivity (e.g. age at maturity, reproductive strategy)
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and susceptibility (e.g. spatial overlap with fishery, mortality rate when captured). A risk score is
assigned to each criterion, from 1 (low), to 3 (high), based on the available information. For example,
for ‘Age at maturity’ (an attribute of productivity), a species is scored: 1 (low risk, high productivity)
where age at maturity is <5 years; 3 (high risk, low productivity) where it is >15 years; and scored 2
(medium risk, medium productivity) where age at maturity is from 5-15 years) (Hobday et al., 2011).
In some instances, a weighting is also applied to each criterion, according to their perceived
importance (e.g. Patrick et al., 2009; Astarloa et al., 2023). Where data are lacking, scores can either
be based on similar taxa; or scored as higher risk adopting a precautionary approach (Patrick et al.,
2009).

Those species with low productivity and high susceptibility are the most vulnerable to bycatch impacts
and vice-versa. Whilst, PSA does not yield quantitative outputs to underpin management advice, it is
seen as a practical first step, or triage approach, especially in data-poor situations (Cortés et al., 2015),
informing or directing subsequent quantitative steps in a risk framework (see, Ecological Risk
Assessment for the Effects of Fishing framework in: Hobday et al., 2011).

A PSA does not necessarily support the identification of geographic bycatch hotspots, though would
identify specific (‘hot’) gears/fisheries posing greatest risk to species, or those species most at risk with
a fishery. However, the incorporation of spatial (and temporal) information, relating to the distribution
of the fishery and species of interest (see approaches in the previous section), supports a spatially
explicit PSA, mapping vulnerability and identifying risk hotspots (Brown et al., 2013). Brown et al.
(2015) scored a new susceptibility attribute (‘Exposure’) for each cell in a grid covering the study area,
produced for each quarter to show seasonal variation. Exposure in a given cell is the product of the
modelled abundance (density surface derived from survey data) and fishing effort (processed VMS
data). A score is determined by logarithmic transformation of, the exposure in a given cell, divided by
the mean exposure across the study area. This yields an exposure score for each cell which is treated
as any other attribute in the PSA (i.e. assigned a score on a scale of 1-3). The resulting output maps
relative risk in three categories (low, medium high) on a quarterly basis. Astarloa et al. (2023) provide
a multi-taxa example of implementing a spatially explicit PSA partially in UK waters following the
method of Brown et al. (2013). The Bycatch Risk Assessment (ByRA), a GIS toolbox, which implements
a spatially explicit PSA, was developed using marine mammal bycatch by small scale fisheries in
Vietnam and Malaysia as a test case (Hines et al., 2020; Verutes et al., 2020). It has subsequently been
applied to map bycatch risk for 20 seabirds in time and space within the North East Atlantic Fisheries
Commission (NEAFC) regulatory area, identifying hotspots (ICES, 2023c).

PSA has now been widely employed and adapted. The PSA structure and its simplicity make it
accessible to scientists and other stakeholders in a wide range of contexts (Grewelle et al., 2021).
Hordyk and Carruthers (2018) reported that in 23 separate studies it had been applied to over 1,000
bycaught species, including fish, elasmobranch, turtles, seabirds and marine mammals. This
demonstrates a considerable strength of PSA: it has been used to evaluate the relative risk of bycatch
across multiple species, fisheries and contexts. However, there are recognised limitations and
criticisms. Clearly, there is an unavoidable degree of subjectivity in some elements (Tuck et al., 2011).
Specifically, the selection of attributes and how they are weighted and scored. Consider the cut-offs
for scoring of the ‘Age at maturity’ attribute (as detailed above) used by Hobday et al. (2011) developed
for Australian fisheries. They specifically advise that “values for the cutoffs between risk categories
may need to be tuned for other regions” as demographic rates and thus productivity will vary. Yet these
cutoffs are often adopted in other studies without tuning or rational for their adoption (e.g. PSA in
European waters, Astarloa et al., 2023). Despite the extensive application of PSA, only two studies have
conducted an in-depth critical examination of the theoretical and statistical basis (Hordyk and
Carruthers, 2018; Grewelle et al., 2021). Both studies, are critical of the standard approach to PSA,
finding it performs poorly, especially for those species of intermediate risk from bycatch. Grewelle et
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al. (2021), propose a revised PSA addressing limitations of the standard approaches (i.e. Patrick et al.,
2009; Hobday et al., 2011).

4.4 Literature review

A further approach to identifying hotspots is the review and synthesis of existing literature. To avoid
biases, systematic reviews employ established protocols, such as ROSES (Haddaway et al., 2018), for
searching, screening, reviewing and synthesising data, to ensure inclusion of all relevant information
often from scientific and grey literature. Examples include reviews of: vulnerable species bycatch in
Mediterranean and Black Sea Fisheries (Carpentieri, 2019; Carpentieri et al., 2021): seabirds in the
Baltic Sea (Marchowski, 2021); and cetacean bycatch in the North Atlantic (including with reference to
the Celtic Sea and North Sea) (Spencer et al., 2000). Two key challenges are apparent in such reviews.
Firstly, depending on the volume of literature they can be time-consuming to undertake. Secondly, it
can be difficult to synthesize different forms of evidence in a standardised manner (Zydelis et al., 2013),
which would offer new insights into spatial (or temporal) patterns, and so such reviews often resort to
providing a narrative account of findings.

4.5 Combining approaches

Many of the approaches described in the previous sections combine methods and data sources: using
fishery dependent and fishery independent data as inputs to predictive modelling. For example,
Cleasby et al. (2022) combine biologging data from three species of seabird and gillnet fishing effort
to data predict UK bycatch risk hotspots in time and space. Elsewhere, this combination of telemetry
tag data and fishing effort has been widely used to map bycatch risk, with applications including:
leatherback turtles and Pacific longline fisheries (Roe et al., 2014); grey seals within the New England
gillnet fishery (Murray et al., 2021); seabirds with longline and trawl fisheries in the Southern Ocean
(Clay et al., 2019).

Others used independent approaches to validate (or reject) findings. Consider, the analysis of
strandings data by Peltier et al. (2016), to assess the validity of common dolphin observer-based
bycatch estimates, which highlighted the potential for significant underestimation. Runnebaum et al.
(2020) used habitat suitability models for the target (American lobster, Homarus americanus) and
bycatch species (cusk, Brosme brosme) to identify overlap and predict bycatch hotspots, which were
then validated by graphically comparing to fishery dependent bycatch data. Similarly, Jubinville et al.
(2021) modelled the distribution of three at-risk skate species and ten commercial targets, mapping
co-occurrence to predict bycatch risk. The predicted bycatch risk was then included as an explanatory
spatio-temporal covariate when modelling bycatch records from observer data. They report this
approach to validating observer data as a proof-of-concept, noting concerns about spatial confounding
effects, which prevented them from determining whether the explanatory power was significant.

4.6 Methodological challenges

A number of challenges were highlighted in the literature, that are of relevance to more than one of
the methodological approaches detailed above. Many of these relate to the nature and availability of
data. Obtaining reliable data on the bycatch of sensitive species faces two inherent challenges: i)
events are often rare and patchily distributed in time and space, sometimes a product of the species
involved often being endangered and/or existing at low density; and ii) bycatch of sensitive species is
controversial and thus fishers are disincentivised from reporting bycatch, either voluntarily or in
compliance with statutory obligations (Spencer et al., 2000; Gray and Kennelly, 2018). Bycatch issues
within a fishery may also be cryptic and not readily apparent even to those directly involved. In a small
cetacean population, the loss of a few individuals may have significant conservation consequences,
however, if those bycatch mortalities happen across a large fleet then individual fishers may go years
without a bycatch event and thus have no awareness that their fishery poses a threat (Pierce et al.,
2002; Calderan and Leaper, 2019; EIA, 2025). This is seen in the Scottish creel fishery, where individual
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fishers experience entanglement events at a rate of <1 per decade, but the cumulative impacts are
thought to have population-level consequences for minke (Balaenoptera acutorostrata) and
potentially humpback whales (Megaptera novaeangliae) (MacLennan, 2021). Where bycatch data are
available, in common with fisheries data more generally, these often exhibit zero-inflation,
nonlinearity, nonconstant variance and spatio-temporal autocorrelation, which complicates the
selection and implementation of statistical approaches (Ciannelli et al., 2008). Many studies
highlighted the particular challenges of data availability in the coastal, inshore sector, where there can
be large number of smaller vessels in diverse fleets, which are inherently difficult to monitor (Witt and
Godley, 2007; Zydelis et al., 2009; Cleasby et al., 2022). Referring to observer data, though it applies
more broadly, Spencer et al. (2000) observe the inherent challenges described above mean it is often
difficult to collect sufficient data to test the relationship between bycatch rates and putative
explanatory factors. For example, Moyes et al. (2025) relied on long-term BMP observer data (20,000
hauls from 1996-2023) to explore the relationship between marine mammal bycatch (harbour
porpoise, common dolphins and seals) and potential explanatory variables in the UK static net fishery.
A further issue is the lack of standard metrics across jurisdictions and fisheries for reporting bycatch,
which reduces the potential for direct comparisons and integrated analyses (Zydelis et al., 2013;
Lewison et al., 2014; Carpentieri et al., 2021). To combat this the ICES Working Group on Bycatch of
Protected Species (WGBYC) have developed the Bycatch Evaluation and Assessment Matrix (BEAM), a
methodology that systematically combines standardised fishing effort data, monitoring and bycatch
data, provided by different jurisdictions in response to ICES data calls (ICES, 2024c). Using a traffic light
system, data are evaluated across eight criteria. The application of the BEAM methodology allows
estimation of bycatch for each species, providing a comparative approach to identifying hotpots across
spatial units, noting it is currently applied at the ecoregion level (and more recently at the division level
for selected species). The BEAM approach also assesses whether data are sufficient to implement a
population impact assessment (PIA). Although at this stage in the development of BEAM, PIAs have
not yet been made, largely due to a lack of quantitative reference points (A. Kingston, pers. comm.).

There are also issues specific to different groups of taxa. Identification challenges and amalgamation
can impact data quality and taxonomic resolution, particularly among data relating to skate and ray
bycatch data (Gray and Kennelly, 2018). Taxa whose movement spans both marine and terrestrial
realms (principally seabirds but also seals) are often not adequately modelled by conventional
approaches to species distribution modelling (Hakkinen et al., 2021).

A challenge downstream of identifying sensitive species bycatch hotspots is using them to inform
mitigation measures, for example the design of spatial management measures. Bjgrge et al. (2023) use
a minimum convex polygon to encompass whale bycatch observations in identified hotspots in a
Norwegian purse seine fishery, applying a 5 km buffer. This offers one practical approach that could be
used to translate findings into evidenced-based management. Although, beyond the scope of this
review, it is helpful to consider how findings relating to bycatch hotspots can be applied.

5 Systematic review of sensitive species bycatch hotspots

The 31 records from the systematic search were principally from the scientific literature, whilst the 39
records from the non-systematic search were largely drawn from the grey literature, including reports
commissioned by government and produced by conservation NGOs. A higher proportion of these
studies focussed on seabirds and cetaceans. Elasmobranchs were typically addressed in studies on
discards, which often included, or focussed on, other fish species. Dedicated studies directed solely at
elasmobranch bycatch, were comparatively rare. One exception, was the account of elasmobranch
bycatch in the Welsh pot fishery by Moore et al. (2023), see ‘Section 5.1.6". Of those records reviewed,
a minority had the explicit aim of identifying bycatch hotpots (or an equivalent term), for example,
Northridge et al. (2023)’s analysis of seabird bycatch hotspots based on BMP observer data.
Conversely, many of the studies presented data that offered some relevant insights (e.g. bycatch rates
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in a particular fishery) but without the specific aim of identifying hotspots. These provided less
definitive evidence of bycatch hotspots, often lacking the comparison (with other areas, or reference
points) to determine whether the issue was ‘hot’. Such studies were nevertheless informative,
especially in combination with other literature.

5.1 Hotspots by region

Six key multi-taxa datasets and analyses, with a geographic scope spanning the UK (or a wider area),
that identify sensitive species bycatch hotspots were encountered through the literature search. These
are detailed below along with the hotspots they identify. Further evidence of hotspots from other
studies with narrower scope is presented subsequently, organised into five broad regions.

5.1.1 UK wide datasets and analyses
5.1.1.1  Bycatch Monitoring Programme (BMP)

Collecting data since 1996 (Northridge et al., 2023), the UK Bycatch Monitoring Programme (BMP) is
an at-sea fishery dependent observer programme focused on sensitive species bycatch, with annual
reports available online from 2011-2020, inclusive (more recent reports are anticipated shortly). Since
2005, seals, seabirds, marine reptiles and fish species of conservation interest have been formally
included in the programme’s remit. Observer sampling effort has been guided by perceived bycatch
risk of specific gear and legislative drivers; it has been expanded from static net and pelagic trawl gears
to include longline and ring-net fisheries. The BMP provides bycatch mortality estimates for harbour
porpoise (Phocoena phocoena), common dolphin (D. delphis) and seals using a multi-annual ratio-
based approach (estimation of bycatch per unit effort and extrapolation according to total effort, for
each area/gear combination). Generic limitations of observer programmes (e.g. observer bias) are
discussed above (see, ‘Section 4.1’), with specific limitations noted here. Sampling is not wholly
representative of the whole UK fleet. For example, there is very limited of coverage trap fisheries
(Kober et al., 2024). Sampling was initially concentrated in static net and midwater trawl fisheries, as
they were considered to pose the highest risk to marine mammals (the original focus of the BMP)
(Northridge et al., 2023). Further, sampling and extrapolation is restricted to the UK fleet, so bycatch
levels in UK waters may be substantially higher, especially in fisheries with a high proportion of non-
UK vessels (e.g. demersal longline) (Anderson et al., 2022). Extrapolation relies on estimated bycatch
per haul and days at-sea fishing effort data (logbook and sales notes from the IFISH database).
However, effort data may be incomplete and contain inaccuracies and does not incorporate important
variables (e.g. length of net fleet in static net fisheries, which would inform comparisons between
metiers) (Kingston et al., 2021). Nevertheless, the BMP data are invaluable for identifying spatial
patterns (including regional bycatch hotpots) and monitoring trends over time, particular in those
fisheries thought to be of greatest bycatch concern. More detailed taxa-specific analyses and reports
drawing on BMP data have sought to estimate bycatch mortality and identify hotspots for seabirds
(Kingston et al., 2023a; Northridge et al., 2023) and marine mammals (Northridge, 2020; SCOS, 2022;
Moyes et al., 2025). These and associated studies have sought to inform further research and/or
management with respect hotspots, whilst considering the population scale response (seabirds, Miles
et al., 2020; marine mammals, Northridge, 2020) and potential mitigation options (marine mammals,
Northridge, 2020; seabirds, Anderson et al., 2022; seabirds, Kingston et al., 2023a).

The most recent available BMP derived UK bycatch estimates are for 2019 (excluding 2020, for which
BMP bycatch estimates are available but both fishing and sampling was disrupted by Covid-19
pandemic) (Kingston et al., 2021; Kingston et al., 2023b). The estimated bycatch in the UK fleet was:
833 harbour porpoise (95% Cl, 502 - 1,560); 278 common dolphin (95% Cl, 165 - 662); and 488 grey
(H. grypus) and harbour seals (Phoca vitulina) combined (95% Cl, 375 - 872) (Kingston et al., 2021).
Spatially, these as concentrated as follows: harbour porpoise in ICES Divisions VIld-g (English Channel
& Celtic Sea) and IVc (Southern North Sea); common dolphin, in ICES Divisions Vlle-g (Western English
Channel and Celtic Sea); and seal bycatch in ICES Divisions VIld-g (English Channel and Celtic Sea) with
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lower levels in ICES Subarea IV (North Sea) (Kingston et al., 2021; Kingston et al., 2023b). This pattern
is driven by the distribution of static net fishing effort, as static nets are considered to pose the greatest
threat to marine mammals (Northridge, 2020), with effort concentrated in ICES Subarea VII (Channel
and Celtic Sea), with smaller amounts in the North Sea. Further analysis by Northridge (2020) indicates
that within these areas bycatch rates for harbour porpoise (events per haul) are higher in offshore than
inshore (<12nm) waters. The SCOS report that seal bycatch is also principally from static nets (gillnets,
tangle nets and trammel nets), especially those with larger meshes (SCOS, 2022). Annual estimated
combined harbour and grey seal bycatch in static nets is typically 400-600 seals per year, the majority
being from the southwest: 74% of static net seal bycatch in 2020 was from ICES Subarea VII (SCOS,
2022). Northridge (2020) report that seal bycatch rates in the UK are generally highest in the Celtic Sea
between 50° N and 52° N, and that bycaught seals are predominantly juvenile grey seals.

Using BMP data from 20,000 observed static net hauls (seven net metiers) between 1996-2023
spanning the UK, Moyes et al. (2025), sought to identify associations between bycatch per haul and
explanatory variables (spatio-temporal, environmental and operational). They also used a subset of
the data to assess the efficacy of acoustic deterrent devices (ADDs) at mitigating bycatch of harbour
porpoise, seals and common dolphins (see, ‘Section 6.2°). They found that harbour porpoise and
common dolphin bycatch per haul were stable until 2014. Subsequently, harbour porpoise bycatch per
haul has been decreasing, whilst it has been increasing for common dolphins. A trend which has been
noted in an analysis of UK strandings necropsy data (Chadwick et al., in prep.). Seal bycatch per haul
has been gradually increasing though the period covered by the study. Association between the
observed bycatch per haul and those explanatory variables of relevance to this review are summarised
in Table 4.

Table 4: Association of explanatory variables and observed bycatch per haul in the UK static net fishery. Based
on BMP data from 20,000 observed static net hauls (seven net metiers) from 1996 to 2023. Summary of findings
presented in: Moyes et al. (2025).

Association of variable with bycatch per haul

Taxa Season Depth ICES Division Metier
Harbour  Highest in autumn Decreases with depth  Highest in Via, VlIg Vulnerable across the
porpoise  (August to October) across the range in and VIIf. Although range of metiers.
and to a lesser extent  which most observed  these differences
early spring (February  hauls occur (10- were not statistically
to March) 150m) significant in the
predictive model.
Common Highest through the No clear pattern. Highest in Vllg and Highest in: i) Hake
dolphin winter, with the Vlilh. Although these gillnets (offshore
highest rates between differences were not fishery, using nets
November and March statistically significant  ~6 m high, with a
in the predictive typical mesh size of
model. 125 mm); and ii)
Tangle/Trammel nets
(<1 m high operated
in both inshore and
offshore waters).
Seals Highest from late Decreases with depth  Highest in Vla and Highest in

autumn to early
spring (October to
April).

across the range in
which most observed
hauls occur (10-
150m)

VIlj. Although these
differences were not
statistically significant
in the predictive
model.

Tangle/Trammel nets
(<1 m high operated
in both inshore and
offshore waters)
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Northridge (2020) determined that the estimated bycatch rates from UK vessels for harbour porpoise,
common dolphin and seals are unlikely to represent a conservation threat, but that a fuller assessment
would reflect bycatch from UK and non-UK vessels, see such assessment in ‘Section 5.1.1.6".

Using data from 21,000 BMP observed hauls, Northridge et al. (2020) made preliminary estimates of
seabird bycatch by UK vessels in: i) the offshore longline fishery for hake (predominantly shelf edge
north of Scotland but also in the Celtic Sea); ii) static net fisheries around the UK; iii) and the midwater
trawl fishery in the English Channel. Northern fulmar (Fulmarus glacialis) bycatch in the offshore
longline fishery was estimated to be 4,500 (95% Cl, 2,200 - 9,100) per annum. Common guillemot (Uria
aalge) bycatch was estimated to be 1,800 and 3,300 per annum, mainly from coastal static net
fisheries, though they are also recorded offshore. Other seabird species caught in the fisheries covered
by BMP observer effort are likely taken in the dozens per year, except for cormorant (Phalacrocorax
carbo) and northern gannet (Morus bassanus), which may number in the hundreds.

There is considerable uncertainty in the estimated northern fulmar bycatch in the longline fishery,
evident in the wide confidence interval (estimate 4,500; 95% Cl, 2,200 - 9,100), which arises from a
small sample size (Northridge et al., 2020). Kingston et al. (2023a) subsequently provided revised
estimates for the offshore longline fishery, using additional data (from subsequent BMP sampling) and
an alternative methodology. They estimated annual bycatch in the fishery of: 1,000 to 2,000 northern
fulmars; 50 to 150 northern gannets; 10 to 20 great shearwaters (Puffinus gravis); and 10 to 20 great
skua (Stercorarius skua). They also note that effort and associated bycatch, has been increasing in the
fishery over the past two decades. This is part of the wider ‘Gran Sol area’ (ICES Subareas VI, VIl and
VIII) offshore longline hake fishery, which has an estimated total bycatch of 36,000 birds per year,
making it one of the key priority fisheries for addressing bycatch in European waters (Ramirez et al.,
2024). Although there is uncertainty around the accuracy of this estimate, which the authors note is
based on limited available data.

Northridge et al. (2023) combined BMP data with at-sea commercial catch sampling programme (CSP)
data from England and Wales collected by Cefas, to identify regional seabird bycatch hotspots. They
highlight the bycatch of northern fulmars (and other seabirds) in the offshore longline fishery along
the shelf edge north of Scotland. The highest gillnet bycatch rates, principally composed of guillemots,
cormorants and razorbills (Alca torda), were off the Northeast of England, off southeast Ireland, along
parts of the South coast of England and off Shetland. Guillemot and cormorant bycatch was most
frequent in gillnets set in shallow water (<20 m), in winter months, particular in those areas identified.
Among observed midwater trawling operations, most bycatches were of guillemots in the Western
Channel. The CSP data provides some additional insights, including in fisheries not covered by BMP
sampling (e.g. demersal trawling). However, the CSP’s primary focus is on commercial species discard
rates, consequently the dedicated BMP observation yields much higher bycatch rates. For example,
CSP data indicates there is some seabird bycatch in demersal trawls, mostly of northern gannets.
Northridge et al. (2023) caution that this observation “should be viewed in the context of data
collection protocols within the CSPs potentially leading to underestimates”.

Miles et al. (2020) assessed the potential population-scale response of ten seabirds to bycatch and the
implementation of effective mitigation in the UK by combining population estimates with BMP derived
estimates of bycatch mortality (Northridge et al., 2020). This does not identify any new hotspots,
beyond those already highlighted by Northridge et al. (2020) but does provide insight into the ‘hotness’
(i.e. magnitude) of the potential population impacts. Miles et al. (2020) assessed population-level
consequences at two spatial scales: UK-wide; and at the Marine Strategy Framework Directive (MSFD)
region-level for Celtic Seas and the Greater North Sea. The median estimated bycatch mortality was
greater than 1% of annual mortality for seven of the ten species in one or more of the regions. Miles
et al. (2020) explain that the 1% threshold, has been applied in other contexts (e.g. windfarm impact
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assessment), and derives from European Union (EU) guidance on the concept of “small numbers” that
may be hunted or taken judiciously under Article 9 of the Birds Directive. Those seven species being
common guillemot (U. aalge), European shag (Phalacrocorax aristotelis), great black-backed gull (Larus
marinus), great cormorant (P. carbo), great northern diver (Gavia immer), northern fulmar (F. glacialis),
and northern gannet (M. bassanus). Modelling indicates that removal of bycatch mortality over a 25-
year projection period would lead to at least a 1% population increase for three species (great
cormorant, great northern diver and northern fulmar). The modelled impacts of removing bycatch
mortality were greatest for cormorant and fulmar, with potential median estimated UK population
increase of 2.0% and 6.9% over 25 years, respectively. Regionally there is the potential for greater
population size impacts from bycatch removal, notably for fulmar in the Celtic Seas with an estimated
increase of 19.8% (95% Cl, 6.6 - 52.1%) over 25 years. Miles et al. (2020) note that these significant
modelled population increases over a 25-year period are primarily a product of removing the observed
bycatch mortality associated with inshore static nets (for great-northern diver, cormorant) and
offshore longlines (for fulmar).

5.1.1.2 UK seabird bycatch risk assessment

Bradbury et al. (2017) sought to map the relative risk of seabird bycatch across the UK, in summer
(April to September) and winter (October to March), by combining species distribution models with
fishing effort. Risk, or vulnerability, was a product of sensitivity (a score based on expert assessment
of conservation status, life history, behavioural traits etc.) and exposure to those gears to which species
were deemed sensitive. Though the term was not used in this study, the approach is similar to the
spatial PSA approach (see, ‘Section 4.3.2’). To determine vulnerability to different gears, Bradbury et
al. (2017) reviewed the information provided by an ICES workshop to review and advise on seabird
bycatch (ICES, 2013), which summarised the available evidence for marine bird bycatch from different
fishing gears.

Table 5: Seabirds likely or known to be at risk of bycatch from specific gears. Reproduced from: Bradbury et al.
(2017) based on ICES (2013).

Gear Species at risk

Static nets Auks, shearwaters, Northern gannets, Great cormorants, European shags, common
scooters (Melanitta nigra) and other diving ducks and divers;

Longlines Northern fulmars, Balearic shearwaters (Puffinus mauretanicus), northern gannets,
gulls, Cory’s shearwaters (Calonectris borealis), great cormorants, auks, terns,
European shags and great skuas

Purse seines Balearic shearwaters, Cory’s shearwaters, northern gannets, gulls and auks
Beach and boat seines  Common scooters and black-headed gulls (Chroicocephalus ridibundus)

Demersal trawls Northern gannets, cormorants, European shags, shearwaters and gulls
Pelagic trawls Northern gannets
Pots and traps European shags

Fishing gear types were then allocated to one or more of three depth categories (‘surface, ‘pelagic,
‘benthic’), according to where the gear posed a risk to seabirds. For example, pelagic trawls were
allocated to both the pelagic category and surface category, as this gear was deemed to pose a risk
both when fishing at midwater depths and at the surface during shooting and hauling. The sensitivity
scores assigned allowed identification of the most at-risk species in each of the three depth categories
(Table 6), often largely driven by factors such as entrapment risk at that depth, and high proportion of
the population existing within the UK.
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Table 6: Most sensitive species to bycatch in three depth ranges. From: Bradbury et al. (2017)

Depth Most sensitive species (top 10% of sensitivity scores)

Surface Northern gannets, northern fulmars, shags, guillemots, razorbills, black guillemots
(Cepphus grylle) and Atlantic puffins (Fratercula arctica)

Pelagic All the auks (except little auk for which the UK has only a small percentage of the
biogeographic population), together with shags, great northern diver and northern
gannets

Benthic Shags, Greater scaup (Aythya marila), common eider (Somateria mollissima), scooters,

guillemots, great northern divers and cormorants

Bradbury et al. (2017) produced six vulnerability/risk maps, one for each combination of season
(summer and winter) and depth (surface, pelagic and benthic), highlighting risk hotspots summarised
in Table 7. The authors note that comparison of their results with the literature, shows that there are
a number of instances where previously reported bycatch hotspots can be predicted from the study’s

outputs.

Table 7: Summary of UK seabird bycatch risk hotspots, at three depths (surface, pelagic and benthic), in summer
and winter as identified by Bradbury et al. (2017).

DEPTH

SEASON

Summer

Winter

Surface

Highest risk areas: south of Farne Deeps in
the North Sea; and the Scottish coast,
including Outer Firth of Forth, Moray Firth,
The Minch, The Sea of Hebrides, Firth of
Clyde and North Channel of the Irish Sea.

Other relatively high-risk areas are: Fladen
Ground in the northern North Sea, NE
Scotland; Rockall Bank, NW Scotland;
Scottish shelf break; Dogger Bank, North Sea;
and the Western English Channel and Celtic
Sea (Lyme Bay around the Devon and Cornish
coasts to Lundy and Pembrokeshire).

Smaller, scattered hotspots of higher risk are
in: the Wash and Outer Thames Estuary in
the North Sea; Eastern English Channel; and
off Cumbria.

The pattern is similar to summer though with
less fishing effort over Dogger Bank reducing
risk here and risk increasing along England’s
south coasts due to increase in fishing effort and
the seasonal movement of vulnerable seabird
species such as gannets, guillemots and
razorbills.

Pelagic

Highest risk areas: the Scottish shelf break;
around Shetland, NE Scotland; North
Channel of the Irish Sea; and to a lesser
extent the Celtic Sea.

Scattered hotspots such as off Flamborough
head in the summer

Similar pattern to summer, with decreasing risk
in Scottish waters and increases in Celtic Sea
and Eastern Channel.

Benthic

Same pattern as surface partly a reflection that benthic gears were also scored as posing a risk

at the surface when hauled

However, others have noted these maps are “quite difficult to interpret” (Northridge et al., 2023). The
allocation of gears to depth classes is somewhat counterintuitive, as all gears were included in the
surface class, as they pose a risk during shooting and hauling, irrespective of the depth at which they
are fished. Further, Kober et al. (2024) observed that "the bird communities identified by Bradbury et
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al. (2017) to be potentially at risk from different gears did not always accurately reflect current
knowledge about marine bird species bycatch in UK fisheries". Whilst distribution and sensitivity were
considered at the species level, risk was aggregated for all species to produce the six risk maps. These
factors mean that it is hard to identify hotspots arising from the interaction between specific fisheries
and species, on which to focus future efforts from the outputs. It is also important to recognise that
fishing effort was determined from VMS data, which at that time was only available from UK vessels
>15 m. The lack of representation of inshore fishing effort by small vessels means that significant
bycatch hotspots may not be highlighted as a high-risk areas. For example, the authors note that Filey
Bay was in relatively low risk grids cells, despite there being well-documented significant bycatch of
razorbills and guillemots by small inshore gillnetters, at that time, see ‘6.1 Case study 1: Filey Bay’ and
Bradbury et al. (2017).

5.1.1.3  North-Eastern Atlantic cetacean and seabird bycatch risk assessment

Evans et al. (2021) produced maps of relative risk of bycatch for 12 cetacean and 12 seabird species in
the North-Eastern Atlantic region between southern Scandinavia and the Iberian Peninsula. In this
analysis risk is mapped “almost entirely as a function of spatiotemporal overlap” between fisheries
and species, rather than incorporating life history information relating to sensitivity. This was achieved
by multiplying AIS fishing effort data (representing different gears) and modelled species density to
create quarterly rasters of relative bycatch risk. The susceptibility of each study species to each gear
was scored (from 1=high risk interaction; to 3=low risk interaction) based on a literature review and
expert opinion. Risk maps for all species-gear combinations were produced but only those deemed
most susceptible (score of 1) were presented in the report and visually assessed to identify hotspots.
These are summarised here for cetaceans (Table 8) and seabirds (Table 9). The use of AlS fishing effort
data from GFW was validated by comparison with VMS data and was found to be broadly similar.
However, AIS data is not available from vessels <15m. Thus, effort from smaller vessels, largely
operating inshore is not represented. In the UK context, this results in underestimation particularly of
the risk posed by the large inshore static net fleet. Evans et al. (2021) did not attempt validation of
their findings. However, they did note that some areas and times with predicted high bycatch
correspond with known high rates of bycatch. Examples in UK waters were: harbour porpoise in the
eastern English Channel, as previously identified elsewhere (e.g. Calderan and Leaper, 2019); northern
fulmars from long-lining on the shelf edge north of Scotland; northern gannet bycatch from a variety
of gears and areas (Northridge et al., 2020).
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Table 8: Areas identified as of relatively high bycatch risk for species and their interaction with specific gear types,

for 12 cetacean species assessed by Evans et al. (2021).

Species Gear Area (and season) of relative high bycatch risk

Harbour porpoise Gillnets Eastern part of the English Channel (year-round)

(P. Phocoena) Western English Channel (between July and
September)

Bottlenose dolphin Gillnets Celtic Sea to the south of Ireland

(Tursiops truncatus)

Common dolphin
(D. delphis)

Demersal trawls

Demersal seines

Gillnets

Gillnets

Celtic Sea and western English Channel (year-round)
Celtic Deep, in the Celtic Sea (July to September)
Central English Channel (October to March)

Gillnets in the Celtic Sea (year-round but particularly
April to December)

Western English Channel (July to December)

White-beaked

Pelagic trawls and seines

North-western North Sea (July to December)

dolphin Various locations north and west of Scotland (January
(Lagenorhynchus to June), extending to North Channel and west of Isle
albirostris) of Mann in the Irish Sea

Gillnets North of the Shetland Isles (April to June)
Atlantic white-sided Pelagic trawls and seines Northwest of Scotland (April to June)
dolphin Gillnets Shelf edge north of the Shetland Isles (April-June)

(Leucopleurus acutus)

Risso’s dolphin
(Grampus griseus)

Demersal trawls
Gillnets

Set longlines

Drifting longlines

Celtic Sea and western English Channel (year-round)
Western English Channel (year-round)
Celtic Sea (April to September)

Shelf edge west of Scotland (mainly between October
and June)

Celtic Sea (July to September)

Sperm whale
(Physeter
macrocephalus)

Set longlines

West of the Scottish Hebrides (January to June)
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Table 9: Areas identified as of relatively high bycatch risk for species and their interaction with specific gear types,
for 12 seabird species assessed by Evans et al. (2021).

Species Gear Area (and season) of relative high bycatch risk
Red-throated diver Gillnets Eastern English Channel/Strait of Dover (between
(Gavia stellata) January and June)
Manx shearwater Set longlines Shelf edge north and west of Scotland (April and
(Puffinus puffinus) September)
Drifting longlines Offshore in Celtic Sea (July to September)
Northern fulmar Gillnets North and west of Shetland (January to June)
(F. glacialis)
Set longlines Shelf edge west and north of Scotland (year-round)
Northern gannet Pelagic trawls and seines North-western Irish Sea (year-round, but particularly
(M. bassanus) between July to September)
Hebrides (year-round, but particularly April-
September)
North-east Scotland (year-round, but particularly July-
September)
Gillnets Eastern English Channel (year-round)

Celtic Sea (July to September)

Common guillemot Gillnets Eastern English Channel (year-round)

(U. aalge) Celtic Sea (January to June)

Razorbill Gillnets Celtic Sea, south of Cornish peninsula (January to
(A. torda) March)

Eastern English Channel (year-round)

5.1.1.4 SEAwise risk assessment for selected species and areas

The SEAwise project conducted a spatially explicit PSA (see, ‘Section 4.3.2’) covering all gears in the
North Sea, Bay of Biscay and Celtic Seas for: common skate complex (Dipturus spp.), spurdog (S.
acanthias), tope (Galeorhinus galeus), spotted ray (Raja montagui), undulate ray (Raja undulata) and
starry ray (Amblyraja radiata) (Astarloa et al., 2023).

The analysis identified extensive areas of high risk to common skate from otter trawling, static nets
and beam trawling in the Celtic Sea and Western Channel, with moderate risk from otter trawling in
northeast Scotland. The highest spurdog bycatch risk was from beam trawls, otter trawls and static
nets in the Celtic Sea and from otter trawling in the North Sea east of Scotland. Tope were identified
as being at high risk from beam trawls, otter trawls, static nets throughout the Celtic Sea, Channel and
southern North Sea. Spotted ray were at the highest risk in the Celtic Sea, Channel and southern North
Sea from beam and otter trawls. Undulate ray were at high risk from: beam trawling in the eastern
English Channel and southern North, static nets in isolated patches in the Channel; and otter trawling
throughout the Channel and eastern Celtic Sea. Starry ray were at highest risk from beam trawling in
the southern North Sea and otter trawling in the central and northern North Sea. Additionally, a
spatially explicit PSA was produced for blonde ray (Raja brachyura) beam trawl bycatch in the Greater
North Sea ecoregion. The highest risk was in the central and southern North Sea, where beam trawl|
effort is concentrated, particularly off the southeast coast of England.

General criticisms of the PSA approach are briefly discussed above (see, ‘Section 4.3.2') and
acknowledged by Astarloa et al. (2023). A particular limitation in this application is the reliance on VMS
data. The areas of higher bycatch risk identified are clearly a product of the underlying distribution of
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fishing effort. Given the under representation of small vessels, which represent a significant
component of the UK fleet, this may underestimate areas of risk, for example inshore waters targeted
by static nets, typically from smaller vessels. The study also only examines a handful of species within
the study area of this review (other taxa and regions outside of the scope of this study are addressed),
which does not provide as holistic a picture as other studies detailed in this section (‘Section 5.1.1’).

Astarloa et al. (2023) also discuss bycatch thresholds (the level of bycatch mortality that a population
can sustain), specifically: MSY; fixed percentages of abundance; Potential Biological Removal (PBR) and
modified PBR (mPBR); and the Catch Limit Algorithm (CLA) and the analogous Removal Limit Algorithm
(RLA). For ten species in multiple regions, they determined the most appropriate threshold and
estimate of bycatch mortality to assess whether current bycatch rates were sustainable. Those
assessments within the scope of this review are shown in Table 10, noting that the bycatch of common
dolphin in the Northeast Atlantic and harbour porpoise in the North Sea were assessed as
unsustainable.

Table 10: Bycatch impact on populations based on the thresholds and total mortality estimates. From: Astarloa
et al. (2023).

Species Region Threshold Threshold Flshmi Unit Impact
procedure mortality
Mammals
Common dolphin NE Atlantic 985 mPBR 6,404 Individuals Unsustainable
4,927 PBR
Harbour porpoise  North Sea 1,622 RLA 1,627-5,929 Individuals Unsustainable
Grey seal North Sea 7,617 PBR 229 Individuals Acceptable
Elasmobranchs
Spurdog NE Atlantic 17,353 MSY 2023 1,178 (639) tonnes Acceptable
17,855 MSY 2024
Undulate ray Channel 4,836 MSY 2023 2,959 (2,754) tonnes Acceptable

4,675 MSY 2024

*sum of landings and discards for elasmobranchs. Discard quantity is indicated in brackets ‘()".

5.1.1.5 Strandings investigation programmes

Strandings of cetaceans (and some other marine megafauna) have been recorded by the Cetacean
Strandings Investigation Programme (CSIP) and the Scottish Marine Animal Stranding Scheme (SMASS)
since the early 1990s. The programmes carry out necropsies on a subset of stranded cetaceans (and
more recently seals) according to standard necropsy protocols (e.g. lJsseldijk et al., 2019). Necropsies
are conducted in pathology laboratories, or in-situ where retrieval is not feasible due to size or location
(Deaville et al., 2018). Each necropsied animal has a responsible veterinarian who contemporaneously
determines the cause of death by gross examination, with ancillary testing (e.g. bacteriology, virology,
histology) as required. There are two causes of death identified by the CSIP and SMASS programmes
of relevance to bycatch.

1. Bycatch: “Death due to incidental capture in fishing gear. Pathology usually characterised by
healthy animals in good condition, evidence of recent feeding with lung pathology consistent
with anoxic drowning (stable foam in bronchi and trachea) and congestion of several organs.
Sometimes net marks visible on fins, flukes or flank occasionally trauma to beak, removal of
tail flukes and rarely fractures to vertebrae.”
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2. Entanglement: “Usually only applies to large whales (particularly minke and other
mysticetes)... Animals are often seen with gear still wrapped around their bodies, usually flukes
and fins but occasionally through baleen plates in the mouth. Acute cases similar to bycatch,
sub-acute cases result in exhaustion and impaired feeding. Chronic cases often very thin and
debilitated and show chronic wounds caused by abrasion and pressure from entangled
equipment.”

From: Brownlow et al. (2018)

Entanglement may include entanglement in other marine debris, as well as active or discarded fishing
gear (Deaville et al., 2018), although fishing is the underlying cause in the vast majority of
entanglement cases. Typically, entanglement is associated with static gears, principally strings of
pots/traps (known as creels in Scotland).

As detailed in ‘Section 4.2 biological, physical and social processes make the interpretation of
strandings data challenging, limiting the temporal and spatial precision of inferences (Coombs et al.,
2019a). It is worth reiterating that, bycatch and entanglement can be difficult to diagnose, as injuries
(e.g lesions) are not always straightforward to distinguish from other causes, particularly when
decomposition is advanced. Further, attribution to specific gear types or fisheries is rarely possible
without recovered gear. Therefore, bycatch and entanglement may be underdiagnosed. It is also
important to note that selection of carcasses for necropsy by CSIP, SMASS and partners is not random.
The decision is based on carcass condition, species, logistics and available resources. This can lead to
spatial biases towards more accessible or densely populated coastlines, where carcasses are more
likely to be reported or easier to recover. Additionally, discovery and reporting effort vary temporally.
Further considerations are that no data is presented here from continental strandings, which may be
downstream (in terms of prevailing wind and currents) of UK fisheries. Similarly, strandings caused by
bycatch or entanglement may originate from interaction with fisheries outside of the UK. Indeed, there
has been at least one instance where the gear recovered from the stranded cetacean has been
determined to have originated from a fishery outside the UK EEZ. Specifically, a stranded humpback
whale (M. novaeangliae) recovered from Scrabster, northern Scotland, was found entangled in a rope
and buoy whose marking indicated it originated from a fishing vessel operating in Nova Scotia, eastern
Canada (Davison et al., 2019). Nevertheless, the broad spatial and temporal patterns in UK strandings
necropsy data, can serve to corroborate hotspots (both spatial and temporal) identified through other
methods.

A comprehensive analysis of 30 years (1991 to 2020) of UK cetacean stranding necropsy data is
underway (Chadwick et al., in prep.). In this review we present stranding necropsy records provided by
CSIP and SMASS for the period 2015 to 2024, inclusive. Older records were deemed not necessarily
representative of current cetacean distribution and/or fishery operation. For example, it is thought
that there have been significant shifts in the distribution of some cetacean species within UK waters
in recent decades, as discussed in (Moyes et al., 2025), with associated changes in spatial distribution
of strandings (R. Deaville, pers. comm.). From 2015 to 2024, there were 1,350 cetacean strandings
subject to necropsy, for which cause of death was determined in 1,279 cases (Table 11). For the
purpose of this review, these cases were assigned to one of three categories of cause of death:
‘Bycatch; ‘Entanglement’ (including both acute and chronic cases); and ‘Other’. The latter
encompassing all other determined causes of death (infectious disease, starvation, attack by other
animal etc).
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Table 11: Summary of cause of death determined by necropsy, for stranded cetaceans from 2015 to 2024,
inclusive (n=1,279). Those necropsies where cause of death could not be determined are not included (n=71).
The number of records for each cause of death are presented followed by the percentage in parentheses ‘()"
Data: England, Wales and Northern Ireland, CSIP; Scotland, SMASS.

Cause of death as determined by necropsy

Species Bycatch Entang. Other All
Harbour porpoise (Phocoena phocoena) 48 (9%) 0 481 (86%) 529
Common dolphin (Delphinus delphis) 97 (22%) 0 320 (73%) 417
Long-finned pilot whale (Globicephala melas) 0 0 90 (100%) 90
Striped dolphin (Stenella coeruleoalba) 1(3%) 0 33 (97%) 34
Common bottlenose dolphin (Tursiops truncatus) 3 (9%) 0 29 (83%) 32
White-beaked dolphin (Lagenorhynchus albirostris) 0 0 31 (97%) 31
Sowerby's beaked whale (Mesoplodon bidens) 0 1(3%) 30 (94%) 31
Minke whale (Balaenoptera acutorostrata) 1(3%) 7 (23%) 21 (70%) 29
Risso's dolphin (Grampus griseus) 2 (8%) 1 (4%) 22 (85%) 25
Sperm whale (Physeter macrocephalus) 0 0 13 (81%) 13
Fin whale (Balaenoptera physalus) 0 0 9 (75%) 9
Northern bottlenose whale (Hyperoodon ampullatus) 0 1(11%) 7 (78%) 8
Atlantic white-sided dolphin (Lagenorhynchus acutus) 0 0 7 (100%) 7
Humpback whale (Megaptera novaeangliae) 0 5 (83%) 1(17%) 6
Pygmy sperm whale (Kogia breviceps) 0 0 5 (100%) 5
Orca (Orcinus orca) 0 2 (33%) 3 (50%) 5
Sei whale (Balaenoptera borealis) 0 0 3 (100%) 3
Cuvier's beaked whale (Ziphius cavirostris) 0 0 3 (75%) 3
True's beaked whale (Mesoplodon mirus) 0 0 2 (100%) 2

All species 152 (12%) 17 (1%) 1,110 (87%) 1,279

Necropsies (where cause of death was determined) were conducted on 19 different species. Bycatch
was found to be the cause of death in 12% of necropsies, affecting six species. Entanglement was found
to be the cause of death in 1% of necropsies, affecting 6 species. The majority of necropsies were of
two species: harbour porpoise (P. phocoena), common dolphin (D. delphis), which within UK waters
are the two most abundant species of cetacean and are widely distributed (Waggitt et al., 2020; Gilles
et al., 2023). The spatial distribution of these records is presented separately with the remaining
species aggregated (Figure 3). In general, necropsied strandings where the cause of death is ‘Other’
are distributed more broadly, whilst bycatch and entanglement cases are clustered in specific areas.

Harbour porpoise bycatch strandings are predominantly in the Channel, Western Approaches and
Celtic Sea coasts. Whilst common dolphin bycatch strandings are more concentrated in the Celtic Sea
coasts, particularly the southwest coast of Cornwall. With one exception, entanglements (n=17) were
confined to Scotland, involving five species, predominantly minke (n=7) and humpback (n=5) whales.
Note, the single entanglement outside of Scotland was a minke whale stranded at Spurn Head, where
cause of death was chronic entanglement in material that was “consistent with marine debris rather
than active set [fishing] gear” (Deaville et al., 2020).
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a) Harbour porpoise (n=529) b) Common dolphin (n=417) c) All other cetacean species (n=333)
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Figure 3: Spatial distribution of necropsied strandings (n=1,279), stranded from 2015 to 2024, inclusive. For: a) harbour porpoise (P. phocoena); b) common dolphin (D.
delphis); and c) all other cetaceans. The two causes of death relevant to this review are highlighted: bycatch (orange); and entanglement (blue). Whilst, for reference all
determined other causes of death are shown (green, smaller dots). Those necropsies where the cause of death could not be determined are not included (n=71). Data:

England, Wales and Northern Ireland, CSIP; Scotland, SMASS.
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Bycatch accounts for a greater proportion of necropsies from August through to February for harbour
porpoise and September through to May for common dolphin (Figure 4). This partially aligns with
patterns observed in static net observer data, see ‘Section 5.1.1.1‘ and the summary of results from
Moyes et al. (2025) in Table 4. The cause of death is not established in a higher proportion of harbour
porpoise necropsies than common dolphin. The proportion of harbour porpoise necropsies for which
a cause of death cannot be established also tends to be higher in those months associated with a
higher proportion of bycatch. This suggests there may be underdiagnosis of bycatch as the cause of
death in harbour porpoise due to the challenges inherent in the necropsy of that species.

b) Harbour porpoise (n=561) b) Common dolphin (n=440)
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Figure 4: Cause of death determined by necropsy of strandings in the UK from 2015 to 2024, inclusive, for a)
harbour porpoise and b) common dolphin. Where causes of death were grouped into: ‘Bycatch’; ‘Other’ (all other
determined causes of death); and ‘Not established’ (cause of death not determined). Note, there were no records
of harbour porpoise or common dolphin necropsies where entanglement was found to be the cause of death.
Data: England, Wales and Northern Ireland, CSIP; Scotland, SMASS.

5.1.1.6  OSPAR Maritime Area marine mammal bycatch assessment

Recognising that “the primary human-induced cause of mortality of marine mammals in the OSPAR
Maritime Area is incidental capture and entanglement in fishing gear”, Taylor et al. (2022) compares
bycatch rates with thresholds for three species of marine mammal, harbour porpoise, common
dolphin and grey seal. A detailed account of the methodology and analysis is provided by ICES (2022b).
In brief, bycatch rates were modelled for selected metiers based on observer data. Rates were then
multiplied by days at sea for each area (assessment unit) and metier combination to estimate annual
bycatch. Thresholds were set using state-of-the-art methods, informed by a series of workshops
(Palialexis, 2021; Wade et al., 2021; Taylor et al., 2022) and applied to the best estimates of abundance
(Hammond et al., 2021). It is worth reiterating that currently, there is no officially adopted or widely
held consensus with respect thresholding approach in use in the Northeast Atlantic (Moyes et al.,
2025). The selected bycatch thresholds were exceeded for harbour porpoise and common dolphin in
assessment units overlapping the UK EEZ, whist bycatch was below thresholds for grey seals (Table 12).
Treating hotspots as areas where bycatch exceeds set thresholds, this assessment identifies four broad
geographic bycatch hotspots within the UK EEZ for: harbour porpoise (Greater North Sea; Irish and
Celtic Seas; and West Scotland and Ireland) and common dolphin (Northeast Atlantic).
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Table 12: Threshold values and estimated bycatch per Assessment Unit for three species of marine mammal in
the OSPAR maritime area. An asterisk “*’ indicates where estimated bycatch exceeds the threshold. Threshold
methodology is indicated where: RLA is Removals Limit Algorithm; PBR is Potential Biological Removal; and mPBR
is modified Potential Biological Removal. Note, only those assessment units overlapping the UK EEZ are shown
here. From: Taylor et al. (2022)

Assessment Unit Threshold Abundance estimate = Threshold  Bycatch
method (95% confidence interval) value estimate

Harbour porpoise

Greater North Sea RLA 345,000 (239,000 - 483,000) 1,622 5,974 *

Irish and Celtic Seas mPBR 47,000 (35,300 - 60,800) 82 751 *

West Scotland and Ireland  mPBR 44,300 (33,400 - 57,700) 78 305 *
Common dolphin

North-East Atlantic mPBR 634,000 (336,000 - 1,092,000) 985 6,406 *
Grey seal

North Sea PBR Min. pop. est. 119,519 7,171 704

Celtic Seas PBR Min. pop. est. 60,780 3,647 1,632

5.1.2 Scotland

The Scottish pot fishery (locally known as creels, which are deployed in strings or fleets along a
groundline connected to a surface buoy), is of local and national economic importance, operating
throughout Scottish coastal and shelf waters (MacLennan, 2021; Rayner et al., 2024). The principal
targets are: nephrops (Nephrops norvegicus), concentrated on the west coast; lobster (Homarus
gammarus); and crab (Cancer pagurus and Necora puber) (Northridge et al., 2010; Leaper et al., 2022).
Northridge et al. (2010) conservatively estimated that in Scotland there are 7,500 km of creel lines in
the water at any one time and note that ghost fishing from lost creels (7-8% of those fished per boat
per year) further increases the risk of entanglement.

Almost half of interviewed creel fishers (n=159), experienced at least one entanglement in a ten year
period, reporting a total of 146 entanglements involving 12 species of cetacean, shark and turtle
(MacLennan, 2021). Data from the Scottish Marine Animal Stranding Scheme (SMASS) and media
reports suggest that the frequency and diversity of megafauna species becoming entangled in pots is
increasing (Rya et al., 2016; MacLennan, 2021; Leaper et al., 2022). This may be linked to increasing
effort (number of creel fleets) (MacLennan, 2021). Minke whales, grey seals and basking sharks
(Cetorhinus maximus) are the most commonly reported species entangled in pots (MacLennan, 2021).
Entanglement in pot fishing gear is the largest identified cause of mortality in baleen whales
(principally minke and humpback whales) that have stranded around Scotland and been subject to
necropsy (Northridge et al., 2010; MacLennan et al., 2019; SEA, 2021).

Using effort data (at-sea survey of creel deployments), strandings data and fisher interviews, it was
estimated that six humpback whales and 30 minke whales are entangled annually in the Scottish creel
fishery (Leaper et al., 2022). Strandings data shows some seasonality, with minke whale entanglements
clustered in summer months and humpback whales in late spring (MacLennan, 2021). Entanglements
have been reported from throughout Scottish coastal waters (Northridge et al., 2010; SEA, 2021).
Leaper et al. (2022) stratified their estimated entanglements over a ten-year period by region (East,
North and West). The majority (189) of total minke whale entanglements (302) were from the West,
whilst the 64 humpback whale entanglements were from the North (35) and West (29). With respect
to minke whale, this broadly aligns with the previous findings that risk was greatest in the Hebridean
region (Skye, North Uist and South Uist), and to a lesser extent the Angus/Fife region and Orkney
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(Northridge et al., 2010). Similarly, using modelled distributions of minke whales and pot strings, based
on line transect survey observations, Rayner et al. (2024) were able to identify three areas of consistent
high entanglement risk in western Scotland: the Inner Sound and Sound of Raasay; east of North and
South Uist; and north of The Small Isles. Leaper et al. (2022) determined that there is risk of localised
depletion of minke whales in the west coast of Scotland as estimated annual fatalities (15.9 individuals
per annum, based on 84% or entanglements being fatal) is more than triple the PBR (4.6 individuals
per annum). Examination of photo-identification records of minke whales on the west coast of
Scotland taken between 1990 and 2017 showed 22.3% (n = 57) of individuals had scars attributed to
entanglement (MaclLennan, 2021). Rya et al. (2016) used limited humpback whale sighting records,
including those with reported entanglement, to make a crude estimate of entanglement risk,
concluding Scottish waters may be a high mortality area for humpback whales in the NE Atlantic.

Régnier et al. (2024) used fishery independent survey data to model the distribution of nine
elasmobranch species in Scottish waters, by combining two SDMs to produce an ensemble model. Risk
hotspots were then identified by mapping the overlap of species distributions with fishing effort in the
scallop dredge and nephrops otter trawl fisheries, as these were considered to pose significant bycatch
risk to demersal elasmobranchs. The Sound of Jura emerged as the most significant potential bycatch
hotspot, owing to overlap across all nine species and both fisheries (nephrops and scallop). Within the
scallop fishery, further hotspots were predicted in the Minch, between Mull and Coll and south of the
Kintyre peninsula on the west of Scotland; and around Rattray head and offshore in the Forth and Tay
region to the east of Scotland. In the nephrops fishery predicted bycatch hotspots were around the
Small Isles and Inner Hebrides to the west, and in the Firth of Forth to the east of Scotland. Bycatch of
squaliform species (e.g spurdog) was estimated to be most likely within the Sound of Jura, Small Isles
and off Lewis, with skate and ray bycatch hotspots predicted within the Sound of Jura, Minch, Firth of
Forth and Small Isles. The report identifies seven priority areas of conservation importance based on
modelled elasmobranch species richness and diversity these were: Rattray Head and East of Montrose
on the east coast; and northeast Arran, Kintyre, South of Jura, South of Barra and Skye to Red Point,
on the west coast. All of these (except East of Montrose) were noted for the presence of critically
endangered flapper skate (Dipturus intermedius). The authors stressed these priority areas partially
overlapped with the existing marine protected area (MPA) network but that threats from mobile
demersal gear could be better addressed by the introduction of additional measures to mitigate
bycatch.

Pierce et al. (2002) present observer data from 67 days at-sea, predominantly on pelagic trawlers (but
also purse seine vessels) targeting small pelagics (mackerel, herring and argentines) in Scottish waters.
There was no observed marine mammal bycatch. Elasmobranch bycatch was low (5 sharks per 100h
of fishing), with the following species reported: Greenland shark (Somniosus microcephalus), spurdog,
velvet belly shark (Etmopterus spinax) and frilled shark (Chlamydoselachus anguineus). However, of
note was gannet bycatch: 33 gannets per 100 h fished in herring fisheries and 19 per 100 h fished in
the argentine fishery. This included 21 gannets being caught in two hauls in the herring fishery near
Shetland. Scaling up using effort figures for 2000, the study estimated annual bycatch of around 620
and 160 gannets respectively in the herring and argentine fisheries, with only 10% survival. Note that
gannet bycatch in this fishery is not included in the preliminary estimates of annual UK gannet bycatch
presented by Northridge et al. (2020) and Miles et al. (2020) of 25 to 764 individuals, as that estimate
only covers the static net, Channel midwater trawl and longline fisheries (other metiers were excluded
due to low observation rates). Gannets are thought to be the most frequently bycaught species in
northern hemisphere trawl fisheries (Phillips et al., 2024). Although, Phillips et al. (2024) determined
that the scale is likely underestimated as mortalities maybe cryptic (unobserved), especially those
associated with warp strikes. It has been estimated that gannets are the third most frequently
bycaught seabird in the European waters of the NE Atlantic, with annual bycatch of 18,525 (Ramirez
et al., 2024). More recent quantitative data specifically from this region or elsewhere in the UK are not
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available (Phillips et al., 2024). Estimates of seabird trawl bycatch would benefit from improved
monitoring coverage especially in Scottish waters (Kober et al., 2024).

5.1.2.1 Northwest Scotland

A study of discarding by Irish vessels, reported that otter trawlers operating in the Stanton Banks
fishing grounds (ICES Division VIa) discarded 34% of annual catch, of which 18% were dogfish species
(Scyliorhinus spp.), no other elasmobranch exceeded a 10% threshold and so were aggregated in the
‘other’ category (Borges et al., 2005). This broadly aligns with the predicted distribution of lesser-
spotted dogfish (Scyliorhinus canicula) and it’s overlap with the nephrops fishery, as subsequently
identified by Régnier et al. (2024).

5.1.2.2  Northeast Scotland (central and northern North Sea and Northern Isles)

To identify species and gear combinations of bycatch concern, Northridge et al. (2012), reviewed the
literature, collated existing bycatch data and overlaid species density with fishing effort for the whole
North Sea. There were multiple caveats associated with these preliminary conclusions stemming from
the limited and biased data on which they were based. (See also reference to this study in ‘Section
5.1.3’). They found static net bycatch of cormorants, seals and harbour porpoises may be at levels of
conservation concern (exceeding PBR). Noting, a concentration of static net fishing effort around the
Northern Isles (though to a lesser extent than the English North Sea coast). Calderan and Leaper (2019)
compared the distribution of static net fishing effort (from multiple sources), with those areas
identified by Heindnen and Skov (2015) as having persistent high densities of harbour porpoise. The
waters immediately northwest of the Shetland Isles were identified as being an area of significant
overlap and therefore a potential bycatch hotspot, with fishing effort being principally from a deep
water (100-200m) bottom-set gillnet fishery for monkfish. Reportedly, data from this fishery are sparse
and it has been subject to very little monitoring (Calderan and Leaper, 2019). Noting that, there has
been intermittent sampling under the BMP and that vessels in this fishery are required to use pingers
when working in ICES Division IVa (A. Kingston, pers. comm).

Of relevance to this and the subsequent section (‘Section 5.1.3’), Piet et al. (2009) developed a spatially
explicit model. The model combined abundance data for the main North Sea demersal fish species
with international effort data and estimates of catch efficiency, to determine the mortality of non-
target bycaught fish species (including elasmobranchs) by bottom trawling (otter and beam). For each
elasmobranch species, they estimated the percentage of standing-stock biomass removed annually
(Table 13) and concluded that about half the standing-stock biomass of larger-bodied elasmobranchs
was removed annually by North Sea trawl fisheries. Spatially, within the UK’s North Sea waters
elasmobranch mortality is concentrated in the southern North Sea and to a lesser extent in Northeast
Scotland, around the Shetland Islands. Within some North Sea ICES statistical rectangles mortality
exceeded 100% of the estimated biomass suggesting catches in some areas are only maintained by
immigration of elasmobranchs.
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Table 13: Estimated percentage (%) of elasmobranch species biomass removed annually as bycatch by demersal
trawling in the North Sea. For 10 elasmobranch species, where each contributes to >0.01% of total North Sea
demersal fish biomass. The proportion of total North Sea demersal fish biomass contributed by each species is
provided together with predicted estimates of the percentage of each species’ standing-stock biomass removed
annually by trawl fishing. Reproduced from: Piet et al. (2009).

Prop. of North Mortality
Species Sea biomass (% of standing stock biomass)
(%) Beam Otter Total

Rays

Starry ray (Amblyraja radiata) 3.8 20 17 38

Sandy ray (Leucoraja circularis) 0 0 36 36

Cuckoo ray (Leucoraja naevus) 0.8 2 27 29

Blonde ray (Raja brachyura) 0 97 1 98

Thornback ray (Raja clavata) 0.2 60 11 71
Sharks

Tope (Galeorhinus galeus) 0.1 9 7 16

Black-mouthed dogfish (Galeus melastomus) 0 0 57 57

Smooth hound (Mustelus mustelus) 0.3 10 23 23

Lesser-spotted dogfish (Scyliorhinus canicula) 1.7 4 38 42

Spurdog (Squalus acanthias) 0.2 4 34 39

5.1.3 Central and southern North Sea

Cleasby et al. (2022) combined biologging and fishing effort data to assess the overlap of three diving
bird species (common guillemot, razorbill and European shag) with UK gillnet fisheries. As no single
comprehensive source of fishing effort data was identified, the authors combined data from multiple
sources, spanning 2007 to 2017. They reported hotspots of elevated risk for all three species along
England’s northeast coast (and European shag in Cornwall). BMP data suggests that among observed
gillnet hauls, the highest bycatch rates are off the coast of NE England (Northridge et al., 2023), see
also ‘Section 5.1.1.1". However, gillnet fishing effort in this region has been declining in recent years
(due to reduction in target stocks and issues with seal depredation) and so there may be decrease in
the associated bycatch risk.

Harbour porpoise bycatch in North Sea static net fisheries has been of concern since at least the 1990s,
see review by Spencer et al. (2000). A study by Northridge et al. (2012) (introduced above, see ‘Section
5.1.2.2’) concluded that static net bycatch of cormorants, seals and porpoises may be at levels of
conservation concern (exceeding PBR) in the North Sea. Noting that the static fishing effort data
presented showed this was concentrated in England’s southeast and northeast coast (and also around
the Northern Isles of Scotland). Calderan and Leaper (2019)’s review of static net fishing effort
distribution in relation to areas identified by Heindnen and Skov (2015), highlighted the east coast of
Norfolk and outer Thames estuary as an area of significant overlap. The BMP data suggest bycatch
rates for harbour porpoise are higher in the central North Sea and that there are also higher rates of
seal bycatch in northeast England’s coastal waters (Northridge, 2020). It has previously been
determined that harbour porpoise bycatch in the North Sea is at unsustainable levels, exceeding a 1%
threshold proposed by the International Whaling Commission (IWC) for harbour porpoise (Spencer et
al., 2000). As described above (‘Section 5.1.1.6’), the recent OSPAR assessment for the Greater North
Sea assessment unit suggests annual bycatch significantly exceeds the RLA threshold (Taylor et al.,
2022). However, the majority of this bycatch mortality is likely from outside the UK EEZ, as there is now
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very limited static net fishing in the UK’s North Sea waters (A. Kingston, pers. comm), see also Appendix
V.

As detailed above (see, ‘Section 5.1.2.2' and Table 13), Piet et al. (2009) identified areas of high
elasmobranch relative annual mortality (absolute biomass removed from the North Sea, expressed as
a percentage of standing stock biomass) from demersal trawl bycatch. The areas with highest mortality
were in southern North Sea, in the waters off England’s east coast and south of Dogger Bank. A finding
that aligns with a spatially explicit PSA produced for blonde ray (R. brachyura), where the highest
bycatch risk was in the southern and central North Sea (ICES Divisions IVb, IVc, and Vlid), in shallow
waters targeted by beam trawlers (Astarloa et al., 2023). Walker et al. (2019) applied a data-limited
approach to determine the exploitation status of demersal fish species impacted by towed demersal
gears in the North Sea. This employed spawning potential ratio (SPR); a metric of exploitation that can
be calculated from a minimal life history data, where SPR is the spawners per recruit produced at a
given fishing mortality (F)/spawners per recruit at zero mortality, F =0 (Le Quesne and Jennings, 2012;
Walker et al., 2019). Four of the seven elasmobranch species assessed had an estimated SPR value
below the critical threshold of 20%: the level of reproductive output linked to a high risk of population
collapse. These were starry smooth hound (Mustelus asterias), spotted ray (R. montagui), common
smooth hound (Mustelus mustelus) and thornback ray (Raja clavata). Collectively, these studies
suggest that the North Sea is an elasmobranch bycatch hotspot, in the sense that bycatch rates may
be having unsustainable population impacts.

5.1.4 English Channel

Enever et al. (2007) analysed data from Cefas’s catch sampling programme (CSP) in ICES Subarea VII
(English Channel, Western Approaches, Celtic and Irish sea) from 2002 to 2005. Data from 3,643
observed hauls were used to determine catch per unit effort and total annual fish discards (including
elasmobranchs) by gear type, highlighting spatial patterns. They found beam and otter trawlers were
responsible for more than 90% of all discards. Ranked by number discarded, the top 20 species
included the following elasmobranchs for: a) beam trawl, 5" 6,400,000 lesser-spotted dogfish (S.
canicula)/year, 13t 800,000 cuckoo ray (Raja naevus) and 15 300,000 spotted ray (R. montagui); and
b) otter trawl, 4" 3.5m lesser-spotted dogfish (S. canicula)/year, 14" 300,000 thornback ray (R.
clavata). Spatially, the greatest numbers of discards (all taxa) were in the Irish Sea and English Channel
(south of Start Point), with the highest discard catch per unit effort in Irish Sea, English Channel (south
of Start Point) and Dover Strait. Note that discard behaviour has significantly changed since the
introduction of landing obligations, although elasmobranch species with high survivability are exempt.
Nevertheless, these data provide insights into hotspots for elasmobranch bycatch in terms of gear and
areas. More recently, Elliott et al. (2020) used French observer data (from multiple metiers) to model
the distribution of three overlapping skate species (undulate ray, thornback ray, spotted ray) in the
southern North Sea, the English Channel, the Bay of Biscay and the Celtic Sea. Their analyses highlight
that the narrower and more coastal distribution of undulate ray (at the time IUCN status ‘Endangered’
- now classified ‘Near Threatened’) makes it more vulnerable to bycatch impacts. They report that
1,452 undulate ray were observed in in 7,870 hauls but this was concentrated in the English Channel
where they were present in 22% and 43% of hauls in ICES Divisions Vlle and Vlid respectively.
Temporally, undulate ray bycatch rates were higher in springtime.

The Western Channel has also been identified as among the highest areas of common dolphin bycatch
within the NE Atlantic (along with the Celtic Sea, Bay of Biscay and Spain and Portugal’s Atlantic shelf
edge) (Murphy et al., 2021). It is known to be an area of high common dolphin abundance and is
thought to be an important winter habitat (de Boer et al., 2008). There were formerly high levels of
common dolphin bycatch in the pelagic pair trawl fishery for bass in winter months, with estimated
annual totals in the hundreds in the mid-2000s (de Boer et al., 2012). Northridge et al. (2011)
estimated that bycatch peaked in this fishery in the 2003-2004 winter season at 439 common dolphins
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(95% Cl, 379-512). This level of bycatch was thought to be sufficient to drive localised depletion (de
Boer et al., 2008). This hotspot was addressed through a ban on pair trawling by British vessels within
12nm (The South-West Territorial Waters (Prohibition of Pair Trawling) Order 2004) and the voluntary
adoption of acoustic deterrent devices (Northridge et al., 2011). These measures reduced bycatch
mortality to single figures per year, prior to the closure of the fishery for bass stock management
purposes (Northridge, 2020). Calderan and Leaper (2019) reviewed static net fishing effort distribution,
in relation to areas identified by Heindnen and Skov (2015) as having persistently high densities of
harbour porpoise. This approach identified the Western Channel south of Start Point as an area of
significant overlap. Whilst strandings necropsy data show a cluster of harbour porpoise strandings
along the south coast (Sussex and Kent) where bycatch was determined to be the cause of death
(Figure 3).

5.1.5 Celtic Sea

The southwest fisheries are of considerable economic importance, these rich fishing grounds
accounted for 12% (£232 million) of the value of UK fisheries in 2018-2019 (Bendall, 2021). The Celtic
Sea is subject to significant fishing effort from mixed fisheries with a high proportion of polyvalent
vessels (deploying more than one gear type) (ICES, 2020a). The region is also noted for the abundance
and diversity of sensitive species of mega-fauna, including marine mammals, seabirds and
elasmobranchs (Temple and Terry, 2009; Bendall, 2021). Consequently, the risk of sensitive species
bycatch is of is of significant management and conservation concern in this region (Bendall, 2021).

Bendall (2021) conducted a desk-based study to determine the conservation threat to sensitive species
present in the southwest. Those combinations of species and gear deemed to be of “highest
conservation threat” in the region are summarised in Table 14, though many of these are by virtue of
being data deficient. They observed that highest grossing gears (trawl and gillnets) are also thought to
pose the greatest threats to sensitive species in this region (Bendall, 2021), however this limited review
does not identify any spatially explicit hotspots.
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Table 14: Combinations of species and gear in southwest fisheries of the 'highest conservation concern’, defined as being species that have either: experienced significant
population declines due to bycatch; and/or, been commonly recorded as bycatch or discards in southwest fisheries; and/or are data deficient. Adapted from: Bendall (2021).

Species Trawl Static nets Hooks and line Dredge Seine nets
Marine mammals

Bottlenose dolphin (Tursiops truncatus) v 4 vk

Common dolphin (Delphinus delphis) v v v'*

Harbour porpoise (Phocoena phocoena) v’ Demersal 4 V¥
Elasmobranchs

Angel shark (Squatina squatina) v v v v

Porbeagle (Lamna nasus) v’ Pelagic v v

Basking shark (Cetorhinus maximus) v v v

Birdbeak dogfish (Deania calcea) v’ Deepwater v’ Deepwater v Deepwater

Spurdog (Squalus acanthias) v v v

Kitefin shark (Dalatias licha) % v V¥ v

Common thresher shark (Alopias vulpinus) 4 v v

Leafscale gulper shark (Centrophorus squamosus)
Little gulper shark (Centrophorus uyato)
Sailfin rough shark (Oxynotus paradoxu)
Knifetooth Dogfish (Scymnodon ringens)

v'* Deep demersal
v'* Deep demersal
v'* Deep demersal
v'* Deep demersal

v'*Deep demersal
v'*Deep demersal
v'*Deep demersal
v'*Deep demersal

v'* Deep demersal
v'* Deep demersal
v'* Deep demersal
v'* Deep demersal

v'* Deep demersal
v'* Deep demersal
v'* Deep demersal
v'* Deep demersal

Blue skate (Dipturus batis) v v’ Trammel nets
Flapper skate (Dipturus intermedius) 4 v Trammel nets
Sandy skate (Leucoraja circularis) v'* % v'* v'*
Undulate ray (Raja undulata) % % % v'*
White skate (Rostroraja alba) v v % V¥
Common stingray (Dasyatis pastinaca) v'* % v'* v'*
Longnosed skate (Dipturus oxyrinchus) % % % v'*
Norwegian skate (Dipturus nidarosiensis) v'* Deepwater v'* Deepwater
Marbled electric ray (Torpedo marmorata)

Seabirds
Balearic shearwater (Puffinus mauretanicus) v Pelagic v 4 4
Northern fulmar (Fulmarus glacialis) 4 4 v
Atlantic puffin (Fratercula arctica) 4 4 v v

* Indicates identified due to data deficiency
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There have been concerns about harbour porpoise bycatch in the Celtic Sea for several decades.
Tregenza et al. (1997) produced the first estimate of annual porpoise bycatch from the Irish and UK
Celtic static net fishery of 2,200 porpoises (95% Cl, 900 - 3,500). Presently, harbour porpoise bycatch
levels are thought to exceed sustainable thresholds for the Irish and Celtic Seas assessment unit, see
Table 12 and Taylor et al. (2022). Using the methodology described in ‘Section 5.1.1.6’, the estimated
bycatch of harbour porpoises in 2020 in the Celtic Seas assessment unit (includes waters beyond the
UK EEZ) was 739 (95% Cl, 284 - 2,240). The majority of which was from static nets (631 individuals)
with the remainder from demersal trawls (108 individuals). Whilst, using BMP observer data, the
estimated 2019 static net bycatch was 518 harbour porpoise (95% Cl, 367 - 808) (UK vessels only, in
ICES Divisions Vlle-j and VIII, assuming full acoustic deterrent device compliance) (Kingston et al.,
2021). The Cornwall Wildlife Trust (CWT) Marine Strandings Annual Reports include a cetacean
bycatch report (available online 2015-2023, inclusive) (CWT, 2025). Where possible, strandings and
cause of death are assessed by post-mortem (ex situ), and/or the Bycatch Evidence Evaluation Protocol
(BEEP) an external examination conducted in situ. From 2005 to 2022, inclusive, bycatch or probable
bycatch, was identified as the cause of death for between 14% and 46% of common dolphin and
harbour porpoise strandings (the two most common cetacean species stranding in Cornwall) (CWT,
2025). Leeney et al. (2008) report bycatch was found to be the cause of death in 61% (n=415) of
necropsied marine mammal strandings between 1990 and 2006. These data indicate bycatch is a
significant and variable contributor to strandings in this region, aligning with data from the BMP (see,
‘Section 5.1.1.1’) and literature from the 1990s onwards, including a review in Spencer et al. (2000).

The winter months (generally November to April) are consistently identified as having the greatest
number of cetacean strandings where bycatch is identified as the cause of death (post-mortem or
BEEP) (CWT, 2025). This temporal pattern aligns with the analysis of limited participatory common
dolphin bycatch reporting in the region (Long et al., 2022); previous analyses of strandings data
(Leeney et al., 2008; Pikesley et al., 2012; Chadwick et al., in prep.); and analysis of BMP observer data,
see Moyes et al. (2025) summarised in Table 4. Additionally, a summer peak was highlighted in 2020
(August and September) and 2016 (August)(CWT, 2025). The majority of bycatch strandings were on
the south coast of Cornwall (Leeney et al., 2008; CWT, 2025). This spatial pattern may be directly
related to fisheries, marine mammal distribution and/or a product of prevailing winds and currents.
Peltier et al. (2016) used strandings data and drift modelling to produce spatially explicit estimates of
common dolphin bycatch mortality, in the Celtic Sea, Western Channel and Bay of Biscay (see
discussion of methodology in ‘4.2 Fishery independent’). Their modelling suggested that there was
recurrently high bycatch mortality south and southwest of Cornwall, though greater levels of mortality
were associated with hotspots in the Bay of Biscay. The temporal and spatial findings concur with a
separate analysis of 5,886 records of strandings in the southwest UK from the CSIP database, of which
1,293 were necropsied with bycatch found to be the cause of death in 40% of necropsied individuals,
the vast majority of which were common dolphin and harbour porpoise (Long et al., 2022). Calderan
and Leaper (2019) reviewed static net fishing effort distribution in relation to areas identified by
Heindnen and Skov (2015) as having persistently high densities of harbour porpoise. This review
highlighted the Bristol Channel, southwest Wales (Pembrokeshire and Carmarthen Bay) and the shelf
edge off southwest Cornwall as areas of significant overlap. Calderan and Leaper (2019) suggest that
a “large proportion of the Celtic Sea [harbour porpoise] bycatch would be expected from UK fisheries
[as opposed foreign vessels] in ICES area 7”. BMP observer data presented by (Moyes et al., 2025)
showed bycatch per haul was generally higher for common dolphins and porpoise in the southwest. In
particular, ICES Divisions Vllg and f for harbour porpoise and Vllg and h for common dolphin.

Data from the BMP suggests the majority of UK seal bycatch is from the Celtic Sea (see, ‘Section
5.1.1.1°) (SCOS, 2022; Kingston et al., 2023b). The Cornwall Wildlife Trust Marine Strandings Annual
Reports present seal strandings data, with seal strandings assessed using the Seal Evidence Evaluation
Protocol (SEEP), however this protocol is still in assessment and the nature of the skin and pelt makes
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definitive conclusions difficult (CWT, 2025). In 2023, 4% of assessed seal strandings (n=147), had
“definite or probable bycatch entanglement features”, though no seal bycatch hotspots within the
region are identified by these data. Whilst species identification is uncertain, seal bycatch in the
southwest is thought to be predominantly grey seals, as harbour seals are rare in this region (SCOS,
2022). Bendall (2021) only identified bycatch as being a ‘moderate conservation threat’ to harbour and
grey seals in southwest fisheries. SCOS (2021) report that “estimated bycatch levels in the Western
Channel and Celtic Sea exceed the PBR [Potential Biological Removal] for the combined grey seal
populations of SW England, Wales, and Ireland...[but the regional populations] are probably stable,
suggesting that bycaught seals include animals that may have originated from the large, adjacent
breeding populations in western Scotland”. The analysis of Moyes et al. (2025), summarised in Table 4,
found static net seal bycatch per unit effort (hauls) had statistically significant relationships with season
(highest October to April); depth (decreases across the range of observed hauls, 10-150m), and metier
(highest in tangle/trammel nets). The highest observed bycatch per unit effort was in ICES Division VIIj,
although ICES Division was not found to be statistically significant in the predictive model.

The Celtic Sea is noted for its diversity and abundance of elasmobranchs including a surviving
population of critically endangered common skate complex (D. intermedia and D. flossada) (Shephard
et al., 2012). Reviewing MMO logbook discard data (2018 and 2019), Bendall (2021), identified 20
species of IUCN Red Listed elasmobranch, discarded from southwest fisheries, including 12 they
classified of “highest conservation concern”. The majority of UK discards for nine of these 20 species
were from “western waters” (though this area was not clearly defined). Nevertheless, the data
presented by Bendall (2021) highlight the Celtic Sea as an elasmobranch bycatch hotspot relative to
the rest of the UK in terms of the diversity of species impacted and their conservation status. Further,
Silva and Ellis (2019) analysed data from English and Welsh fisheries (beam trawl, nephrops trawl, otter
trawl and static nets) operating on the continental shelf of the North Sea and Celtic Seas from 2002 to
2016, from the Cefas catch sampling programme (CSP). The combinations of gears and areas
encountering sharks most frequently were beam trawlers in ICES Divisions Vlle, VIIf and Vllg—k (97%—
100% of observer trips encountered sharks), otter trawlers in Vlle and VIIf (> 97%) and netters in Vlig—
k (97%). In contrast, observers on nephrops trawlers in IVa-b and beam trawlers in IVb-c only observed
sharks in 23.6% and 32.9% of trips, respectively. Starry smoothound (M. asterias), greater-spotted
dogfish (S. stellaris), porbeagle (Lamna nasus) and a number of less frequently encountered sharks
were all more commonly observed in the Celtic Seas than in the North Sea ecoregion. Using demersal
fish species in the Celtic Sea as a case study, (Le Quesne and Jennings, 2012) presented a method for
assessing sensitivity and conservation management reference points using widely available life-history
data. This rapid assessment assessed 29 elasmobranch species including six from the OSPAR list of
threatened or declining species in OSPAR Area Il (Celtic Seas). They reported that fishing mortality for
all elasmobranchs assessed was below conservation reference points. These data highlight the Celtic
Sea as a shark bycatch hotspot relative to the rest of the UK, with potentially unsustainable population
impacts.

In this region, the five species with the greatest quantity of discards (by weight) were common skate,
spurdog, Norwegian skate (Dipturus nidarosiensis), porbeagle and undulate ray (Bendall, 2021). In the
Celtic Sea critically endangered common skate, a species complex consisting of blue skate (D. batis)
and flapper skate (D. intermedius), are often recorded in large numbers of the same size and/or sex in
demersal trawls and trammel net fisheries (Bendall et al., 2012; Ellis et al., 2016). Norwegian skate are
commonly observed bycatch within deep-water demersal trawl and longline fisheries (Bendall, 2021).
Porbeagle, are particularly vulnerable due to their large body-size, aggregative behaviour and high
local abundance (Bendall, 2021). The most significant threats to porbeagle being from trawl, static nets
(up to 80% observed mortality), and longline (20-40% observed mortality) (Bendall et al., 2012; Ellis et
al., 2016). Analysis of data from the Cefas catch sampling programme (CSP), which collects data on
catch, retention and discards, showed most records (72%) of porbeagle caught in static nets in the
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Celtic Sea were from July to October, inclusive (Silva and Ellis, 2019). Undulate ray have a coastal
distribution, are thought to be more vulnerable to bycatch, compared to thornback ray (Raja clavata)
and spotted ray (Raja montagui), with bycatch rates in the core of its range (western English Channel)
having been identified as of concern (Elliott et al., 2020).

A global analysis of longline fishing effort AIS data and satellite tracks of tagged pelagic sharks,
including of relevance here porbeagle and blue sharks (Prionace glauca), highlighted moderate
intensity overlap in the Celtic Sea (Queiroz et al., 2016). Noting, longline effort has shifted northward
over the last decade (A. Kingston, pers. comm). There is considerable spatial bias originating from the
locations at which sharks were tagged in this study, with only one from within the UK EEZ, so this likely
underrepresents overlap and the intensity of hotspots within the Celtic Sea (and perhaps wider UK
EEZ).

Among the Irish fleet targeting cod and whiting in ICES Division Vllg, Shephard et al. (2015) assessed
bycatch (discarded and retained) of 14 demersal fish species, including four elasmobranchs: lesser-
spotted dogfish (S. canicula); spotted ray (R. montagui); thornback (R. clavate) and cuckoo ray (L.
naevus). Data from Irish Groundfish Survey (IGFS) were used to produce biomass estimates for each
species. Data from the Irish observer programme (covering approximately 1% of total effort) was used
to estimate annual removal of biomass by the fishery. They found that in one or multiple years (2008-
2011, inclusive) the harvesting rate exceeded precautionary reference levels for all four elasmobranch
species. Shephard et al. (2012), note the spatial heterogeneity of fishing effort identifying a de facto
refuge in the northeast Celtic Sea, where low fishing effort is associated with higher elasmobranch
diversity and biomass. This finding poses the question of whether levels of bycatch in heavily fished
areas are impacting Celtic Sea elasmobranch populations.

Spurdog (S. acanthias) bycatch in the Celtic Sea has been subject to research (and management
initiatives), which have developed our understanding of patterns in time and space. Analysis of
participatory spurdog bycatch reporting, showed bycatch was concentrated in the winter months
(October to January, inclusive) and was higher in offshore netters than inshore otter trawlers (Long et
al., 2022). Further, it was found that the vast majority of spurdog bycatch was accounted for by large
hauls events, with bycatch of 2100 kg accounting for ~90% of all spurdog bycatch reported by offshore
netters. Within the dataset there were instances of up to 8,900 kg being reported from a single haul.
Whilst elsewhere individual hauls of up to 10 tonnes have been previously reported, which have the
capacity to damage gear and even endanger vessels (Hetherington et al., 2016). Seasonal aggregations
of spurdog associated with reproductive events (spawning and/or parturition), including in the eastern
Celtic Sea (Pawson and Ellis, 2005; Carlson et al., 2014), are thought to explain these large spurdog
bycatch events. A pilot project explored the potential of using participatory spurdog bycatch reporting
to identify hotspots in near real-time, allowing skippers to be notified and avoid areas of high-risk
(Hetherington et al., 2016; Hetherington et al., 2022). Long et al. (2022) modelled the distribution of
large spurdog bycatch events (2100 kg) reported by fishers, using explanatory environmental variables,
the resulting predictions broadly aligned with hotspots previously identified using fishery-dependent
data in the NEPTUNE project (Ellis et al., 2016; Hetherington et al., 2016) and were partially validated
by tagging data. Combining this model with GFW fishing effort data for set gillnets (AIS equipped
vessels) showed a spurdog bycatch risk hotspot from October to January inclusive, to the northwest
of the Scilly Isles (Long et al., 2022), as previously reported elsewhere (Hetherington et al., 2016;
Hetherington et al., 2022).

In addition to those seabirds hotspots detailed in ‘Section 5.1.1’, further studies indicate there are
seabird bycatch hotspots in the Celtic Sea. Cleasby et al. (2022)’s analysis of the overlap between gillnet
fishing effort and three diving bird species (common guillemot, razorbill and European shag). They
concluded that there was a hotspot of elevated risk to European shag along the Cornish coast. Lewison
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et al. (2014) assembled a global database of air-breathing megafauna (mammals, seabirds and turtles)
bycatch records in longlines, trawls and static nets. Each record was assessed by an expert panel and
assigned a bycatch intensity score from low (one) to high (five) to identify taxon/gear combination
hotspots and cumulative hotspots across taxa and gear. The study identified two high intensity records
(score of five) for seabird bycatch in static nets from the Celtic Sea (further spatial detail could not be
obtained from the data presented). Whilst the coarse resolution of this study limits the insight, it does
indicate that seabird bycatch in the Celtic Sea is considered ‘hot’ at the global scale. There are also
reports of a significant seabird bycatch event, involving the capture of 150-200 birds (mostly guillemots
and razorbills) in static nets deployed in St Ives Bay in January 2012, though this does not appear to
have recurred, at least in that location (Zydelis et al., 2013; Anderson et al., 2022).

5.1.6 lIrish Sea

Data presented by Enever et al. (2007), see discussion in ‘Section 5.1.4’, indicates that within ICES
Subarea VII, the Irish Sea is a hotspot for fish bycatch, principally by beam and otter trawlers, whose
elasmobranch bycatch includes the commercial species lesser-spotted dogfish, thornback ray, cuckoo
ray and spotted ray. Enever et al. (2007) determined that 42% of beam trawl catch (fish and
cephalopods) by weight was discarded but the highest bycatch rates were observed in nephrops
trawlers, which predominantly fish in ICES Division Vlla (Irish Sea). These findings are comparable to
previously reported fish discards in ICES Division Vlla by Irish beam trawlers (67% of total catch weight)
and nephrops otter trawlers (25% of total catch weight) (Borges et al., 2005). Of those fish discarded
by the Irish beam trawl fleet, 20% by weight were dogfish (Scyliorhinus spp.) (no other elasmobranch
exceeded a 10% threshold and so were aggregated in the ‘other’ category) (Borges et al., 2005).

A study of the Welsh pot fishery (crab and lobster) spanning parts of the Irish Sea, Celtic Sea and Bristol
Channel provides detailed insights into bycatch (Moore et al., 2023). In >10,000 pot hauls over four
years (<1% of total fishing effort) bycatch of two species of elasmobranch was observed: 510 greater-
spotted dogfish (S. stellaris); and 281 lesser-spotted dogfish (S. canicula). These elasmobranchs were
the most abundant fish collectively accounting for 52% of all observed fish bycatch. On hauling
elasmobranch were generally in good condition and vigorous, of those retained (13% of bycaught
greater-spotted dogfish and 44% of bycaught lesser-spotted dogfish) all were intended for use as bait.
Bycaught elasmobranchs (and other fish) retained for bait are not reported in landings data and so this
may be a cryptic source of fisheries mortality. Greater-spotted dogfish are classified as Vulnerable on
the IUCN Red List, principally due to a decline of 30-48% in the past 3 generations (48 years) (Finucci,
2021). Welsh waters are thought to be a greater-spotted dogfish stronghold, with the highest
abundance in Britain and Ireland being found in Welsh coastal waters and increasing catch per unit
effort in Irish Sea and Bristol Channel (Finucci, 2021; Moore et al., 2023). Whilst the population impact
of the fishery is not considered, given the conservation status of greater-spotted dogfish, its
importance within in coastal ecosystems and the significant volume caught as bycatch (and retained),
Moore et al. (2023) suggest a precautionary approach to addressing greater-spotted dogfish bycatch
retention in this fishery.

6 ‘Coldspots’: effective bycatch mitigation case studies

6.1 Case study 1: Filey Bay

Fishery: Static net salmon and seatrout fishery

Where: Filey Bay, east coast of Yorkshire

Bycatch species: Seabirds, specifically razorbill (Alca torda) and guillemot (Uria aalge)
Mitigation measure (type): Multiple

Filey Bay, on Yorkshire’s east coast, has been home to a salmon and seatrout fishery for over 100 years.
In this fishery, small boats historically deploy J- and T-shaped static nets close to shore, extending from
the surface to the seabed. The fishery overlaps with the Flamborough and Filey Coast Special
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Protection Area (SPA)?, designated to protect seabird colonies, some of which forage in the adjacent
waters. In the mid to late 2000s it became apparent that the fishery was experiencing high levels of
fatal seabird bycatch in summer months, predominantly razorbills and guillemots. For example, an
estimated 323 razorbills and 200 guillemots were bycaught in 2008 (Quayle, 2015). Collectively the
Environment Agency, Natural England (NE), the Royal Society for the Protection of Birds and the Filey
Bay netsmen introduced mitigation measures (EA, 2020). These were designed to both reduce the
incidence of bycatch and ensure post-capture survival.

Initially, a voluntary Code of Conduct required netsmen to: i) undergo training in the safe handling and
release of seabirds; ii) prioritise releasing bycaught birds before attending to target catch; iii) support
bycatch monitoring efforts; iv) attend nets the majority of the time, with 100% attendance mid-June
to mid-July and when there were significant numbers of birds present in the vicinity; and v) remove or
relocate nets in response to bycatch. The code was introduced in 2009 and updated in 2010. Although,
the voluntary code was considered to have slightly reduced bycatch rates, it was limited by a lack of
sign-up. Consequently, a new byelaw introduced in 2010, required that throughout June netsmen: i)
attended nets at all times; ii) did not deploy nets overnight (from 9:30 pm to 5am); iii) used high
visibility multifilament nylon in the net leader; iv) and ensured monofilament headpiece did not exceed
70m in length. The contribution of local fishers to the development of the code, byelaw and identifying
solution was key. For example, netsman Rex Harrison trialled alternatives to monofilament mesh and
found that black pigeon netting was a low-cost alternative that was more visible to seabirds without
impacting catch (FITF, 2025).

Monitoring data was collected by an ecological consultancy, working with fishers. Data from 2009-
2015 showed overall seabird bycatch reduced by 85% from 2009 and, of those birds that were caught
in fishing nets, 60% were released alive in 2015 (EA, 2020). Subsequently, the fishery is now only for
sea trout (since December 2018 all salmon must be released). Following consultation, the renewal of
the North East Coast (Limitation of Net Licences) Order in 2022, seeks to continue to phase the fishery
out, restricting licences to existing holders. Licences and effort in the fishery have declined, only 32
licences remain in the North East Coast fishery (Cefas, 2025), with around 4 or 5 remaining in the
district in which Filey Bay lies (Anderson et al., 2022). The combination of reducing effort and effective
mitigation means levels of seabird bycatch are currently considered negligible (EA, 2020).

6.2 Case study 2: Acoustic deterrents devices (ADDs) for static nets
Fishery: Static net, >12m vessels

Where: Celtic Sea, Channel and North Sea

Bycatch species: Harbour porpoise

Mitigation measure (type): Acoustic deterrent device (gear modification)

Static nets (gill, entangling, and trammel nets) are used around the UK, both in- and offshore, with
effort concentrated in ICES Area VII (Celtic Sea). In the UK, static net fisheries are considered to pose
the greatest threat to marine mammals, in particular bycatch per unit effort is highest in tangle and
trammel nets (Calderan and Leaper, 2019; Northridge, 2020). Since 1996, ten marine mammal species
have been recorded in static nets by BMP observers in UK waters, most frequently harbour porpoises
followed by common dolphins and seals (Northridge, 2020). OSPAR assessments, suggest that total
annual bycatch of harbour porpoise significantly exceeds thresholds for sustainable populations
impacts in the three assessment units spanning UK waters (Greater North Sea, Irish and Celtic Seas,
West Scotland and Ireland) (Taylor et al., 2022).

! Formerly Flamborough Head and Bempton Cliffs SPA.
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Acoustic deterrent devices (ADDs), sometimes referred to as ‘pingers’, are attached at regular intervals
along nets. Each unit emits sounds in the auditory range of echolocating cetaceans, intended to make
animals, aware of, and avoid entangling in nets. EU and subsequently post-Brexit UK legislation, has
required ADDs on vessel over 12m deploying static nets in certain areas since 2005, which has been
fully enacted since 2013. In the UK, ADDs are mandatory for all vessels over 12m fishing in: ICES Area
VIl (Celtic Sea and Channel); and, those vessel in ICES Area IV (North Sea), where the mesh size is larger
than 220mm, or the total net length is less than 400m.

Data from the BMP were used to determine the impact of ADDs on harbour porpoise, common dolphin
and seals (harbour and grey seals) (Moyes et al., 2025). The dataset contained 4,244 hauls between
2008 and 2023, of which 2,221 were equipped with ADDs. Modelling was used to estimate the impacts
of ADDs on bycatch per haul. For harbour porpoise, ADDs were associated with a statistically significant
reduction of 77%. However, for seals, ADDs were associated with a statistically significant increase of
143%. Whilst for common dolphins, ADDs were associated with an estimated 31% reduction but this
was not statistically significant.

This new research shows that ADDs are effective at mitigating harbour porpoise bycatch in the UK, as
has been repeatedly found elsewhere (see review in, Lucas and Berggren, 2023). However, there are
significant challenges/issues associated with the wider roll-out of this measure, comprehensively
reviewed by MMO (2025) and summarised here:

Ecological

1. Behavioural disturbance to harbour porpoise. Harbour porpoise have a high metabolic rate
supported by a high rate of foraging, disturbance may be energetically costly (avoidance and
reduction in foraging).

2. Exclusion/displacement. ADDs may result in individuals and populations being excluded from
key habitats, impacting activities such as foraging or reproduction.

3. Increased bycatch of other marine mammals. ADDs have been found in some instances to have
a ‘dinner bell’ effect on seals, attracting them to forage on fish caught in the net, resulting in
increased rates of seal bycatch.

4. Potential for habituation. There is evidence from some studies that harbour porpoises may
habituate to the sound emitted by ADDs, with the avoidance response decreasing over time.
Although, newer ADDs incorporate random variation in the emitted sounds (volume,
frequency, duration etc.) to reduce the chance of habituation.

Economic
1. Costs associated with purchase, operation and maintenance of ADDs. These may be significant
and prohibitive, especially for smaller vessels.
2. Costs associated with regulating and enforcing the use of ADDs.
3. Practical considerations. Vessels require space/capacity to store spare units and charge
batteries, which may not be feasible on smaller vessels.

Whilst the impact of ADDs on harbour porpoise bycatch in the UK is encouraging, these challenges
mean that this mitigation measure may not be suitable for a wider, or blanket rollout, at this stage. It
is worth noting that ADDs continue to be the subject of ongoing development and trials throughout
Europe and elsewhere.
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7 Summary and recommendations
7.1 Defining and identifying sensitive species bycatch hotspots

There is no consensus on what is meant by the term ‘bycatch hotspot’, which is broadly applied and
interpreted. Consider just the word bycatch, which can simultaneously refer to marketable non-target
species, contributing to fisher incomes and the mortality of critically endangered marine species.
Whilst what constitutes ‘hot’ is perhaps even more variable. Nevertheless, ‘bycatch hotspot’ has an
intuitive sense and is conceptually helpful for prioritising research, support and management.

Recommendation 1: Clearly define what is meant by the term bycatch hotspot in the context in which
itis being used, tailored to the purpose and audience. Be explicit about what constitutes ‘hot’.

It is well established in the literature, that understanding patterns of bycatch in time and space is
inherently challenging. Globally and within the UK, a diversity of approaches have been employed to
identify sensitive species bycatch hotspots. This diversity of approaches reflects the differing
availability of data, resources and practical constraints, as well as recent advances in statistical
approaches and computing power. Inevitably each approach has its limitations. Often data-limited
scenarios can be addressed by combining methods and data sources (e.g. whale entanglement, Leaper
etal., 2022; elasmobranch bycatch, Régnier et al., 2024).

Recommendation 2: Employ a diversity of methodological approaches to determine trends in bycatch
in time and space (and identify hotspots). Combining one or more methodologies allows hotspots to
be triangulated, where multiple independent approaches converge, it forms a better evidence-base to
inform policy or direct further research, rather than identifying a best, or preferred approach.

Fishery dependent data is a critically input for most approaches to identifying bycatch hotspots.
Observer data is widely regarded as the most robust source of bycatch data and are typically used to
produce annual bycatch estimates. However, in the UK and wider European context, coverage and
representation are limited due to the associated costs. This is evidenced in the typically wide
confidence intervals associated with sensitive species bycatch estimates (ICES, 2020b). Further, data
from fishers themselves can be scarce, as fishers are understandably reticent about sensitive species
interactions, while bycatch issues may not be apparent at the level of the individual. Therefore, an
absence of evidence should not be taken as evidence of absence. In UK waters there may be un- or
under-documented bycatch hotspots, especially in those sections of the fleet not routinely covered by
the BMP observer programme. The fishing industry can play a central role in addressing data gaps,
with an ever-growing list of successful science-industry partnerships (Northridge et al., 2011; Mangi et
al., 2018).

Recommendation 3: Explore remote electronic monitoring and participatory data-collection ‘self-
reporting’ (e.g. Clean Catch App), as potentially cost-effective approaches to gather bycatch data and
complement observer programmes, particularly in the underrepresented inshore fleet of smaller
vessels. For wider context, see the remote electronic monitoring consultation and Government
response (Defra, 2024). Also noting the opportunity to learn lessons from the recent implementation
of remote electronic monitoring in Scottish scallop dredge and pelagic fisheries (Scottish Government,
2024).

Recommendation 4: Fully incorporate the collection of bycatch data into existing systems and
processes (e.g. the MMOQ’s Record Your Catch app, logbooks), not through separate initiatives, which
increase complexity and workload for fishers. Noting there would need to be a strategy to ensure
compliance.
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Long-term monitoring (e.g. BMP observer and marine strandings programmes), applying a consistent
methodology in time and space, provide invaluable insights that cannot be replicated by standalone
studies. Such programmes allow monitoring of trends, comparison (i.e. how hot is this bycatch issue)
and inform quantitative assessment of population impacts.

Recommendation: 5: Prioritise supporting and maintaining long-term bycatch monitoring and
programmes of research rather than discrete research initiatives. Fully incorporate consistent
recording of sensitive species bycatch in fisheries observer programmes (other than the BMP). For
example, this includes the catch sampling programme (CSP) and the Scottish Pelagic Industry-Science
Data Collection Programme (a partnership between the Marine Directorate’s Science, Evidence, Data
and Digital (SEDD) portfolio and the Scottish Fishermen’s Federation (SFF). This is currently in progress
for the CSP (J., Murray, pers. comm).

Given the paucity of data and associated costs, modelling approaches to predict bycatch risk can be a
valuable tool. However, predicted risk may not always equate to actual risk because as Evans et al.
(2021) observe: “we are far from understanding the precise factors leading to capture, which may vary
with age and experience, gender, physiological constraints, foraging behaviour, preferred prey, and so
on”. Despite this predictive approaches tend not to incorporate any formal validation, instead they just
note instances where predictions align with known hotspots (e.g. Bradbury et al., 2017; Evans et al.,
2021).

Recommendation 6: Ground truth fisheries/areas identified by predictive modelling as having high
bycatch risk. This could be achieved with dedicated monitoring and/or validation using existing
independent datasets.

7.2 Wider perspectives on bycatch patterns in time and space

Global analyses tended not to highlight the UK EEZ, or European continental shelf more generally, as a
bycatch hotspot (e.g. review of birds and gillnet bycatch, Zydelis et al., 2013; review of airbreathing
mega-fauna bycatch hotspots, Lewison et al., 2014). Although, Karpouzi et al. (2007) produced a coarse
resolution global map of the foraging distribution of seabirds and fisheries, highlighting hotspots
throughout shelf areas of Europe, including the UK EEZ. In the most recent ICES advice on sensitive
species bycatch in North Atlantic ecoregions, bycatch estimates in those regions overlapping the UK
EEZ (Celtic Sea and Greater North Sea) are not among the highest (ICES, 2024a).

Comparatively low bycatch and/or the absence of hotspots, is not necessarily good news, as it may be
a product of the historic loss of mega-fauna. The waters of the UK EEZ and wider European continental
shelf, have a long history of exploitation spanning multiple centuries, which has accelerated with the
industrialisation of fishing and increases in fishing power over the last 100 years (Thurstan et al., 2010).
For example, increases in the power and extent of towed demersal gears has been linked to the
extirpation of common skate complex from the Irish Sea and southern North Sea by the 1970s, with
no evidence of recolonisation (Brander, 1981; Sguotti et al., 2016; McGeady et al., 2022). Whilst, whale
populations are thought to remain below pre-industrial levels (Ryan et al., 2022). Thus, recovery of
sensitive species populations, as threats are addressed, might be evidenced by increasing bycatch or
BPUE.

Recommendation 7: Recognise shifting ecological baselines and consider the impact of bycatch (and
hotspots) not just in relation to current (depleted) populations but also historic levels and recovery to

those.

Bycatch hotspots are not static and do not necessarily persist. On the basis of their analysis, Bradbury
et al. (2017) found “risk shows seasonal variation imposed on enormous spatial variation”. Northridge
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et al. (2023) reviewed available data (literature and observer data) to identify seabird hotspots in the
UK. A number of the existing studies identified bycatch in fisheries which have subsequently been
closed (e.g. Scottish static net salmon fisheries, targeted bass gillnet fishery in Cornwall). Similarly,
observer data indicated notable levels of seabird bycatch in the now closed gillnet fishery for deep-
water sharks off the Northwest of Scotland and the inshore cod gillnet fishery in northeast England in
which effort has greatly reduced since the 1990s. Further, future change can be expected as the
distribution of target and sensitive species respond to climate change. Ensemble modelling of marine
species distribution in the North Sea under climate change scenarios predicts northward shifts and
changes in the overlap between commercially exploited and threatened species (Jones et al., 2013).
Whilst in the Celtic Sea, fishing opportunities may be changing, as Boreal species at the southern limit
of their distribution give way to Lusitanian species, driven by climate-induced temperature shifts
(Lynam et al.,, 2010; Mérillet et al., 2020; Bastardie et al., 2021). Similarly, the distribution and
magnitude of fishing effort is not static, socio-economic drivers can result in significant changes (e.g.
effects of covid-19 pandemic and Brexit), as can new regulation (e.g. recent prohibition of towed
demersal gear in some MPAs). These examples highlight the transient nature of species distribution,
fisheries and bycatch hotspots, which are not fixed in time and/or space. This necessitates the timely
collection and dissemination of data in order to identify bycatch hotspots.

The threat of bycatch does not occur in isolation. However, in the studies identified by the review the
cumulative impacts of bycatch and other anthropogenic threats were rarely considered collectively.

Recommendation 8: Map bycatch (and hotspots) in relation to the distribution and impacts of other
anthropogenic threats. For example, this would be of particular importance in areas where bycatch
impacts were below but close to reference thresholds.

It was apparent in the literature reviewed that age and sex are rarely included in bycatch assessments,
likely a product of data deficiency. However, a global analysis of seabird bycatch found it is highly biased
by sex and age, which is suggested to arise from differences in the foraging distribution by sex and life-
stage (Gianuca et al., 2017). In general, seabirds are long-lived, producing few offspring with low
survivorship, and thus the bycatch of adult birds will have greater population impacts (Furness et al.,
2012). Consequently, bycatch of adult birds foraging within range of colonies could pose a greater
population risk than bycatch in areas used by non-breeding immature birds (Bradbury et al., 2017).
Similar, considerations may apply for other sensitive species.

Recommendation 9: Where possible, bycatch hotspots research should consider movement ecology
(seasonal migration, foraging distribution, breeding sites etc) by age and sex, in relation to fishing effort
and observed bycatch to understand the risk that specific hotspots pose to populations.

Relative to marine mammals and seabirds, elasmobranch bycatch has been subject to less targeted
research, for example there is no UK-wide analysis of elasmobranch bycatch rates, quantity,
distribution or population impacts. In contrast to other sensitive species (seabirds and marine
mammals) whose retention is prohibited, elasmobranchs bycatch retention ranges from prohibited, to
managed (quota, landing size), through to not subject to management. Thus, a less clear overall picture
of elasmobranch bycatch hotspots emerges from this review. Elasmobranch bycatch data gaps have
also been identified elsewhere, including: the spatial and temporal distribution of bycatch; post-
discard mortality; and mitigation (Silva and Ellis, 2019).

Recommendation 10: Conduct UK-wide research on elasmobranch bycatch, building a more
comprehensive picture of distribution, quantity and impacts, as has previously been undertaken for
seabirds (Miles et al., 2020; Northridge et al., 2020; Northridge et al., 2023) and marine mammals
(Northridge, 2020). Noting work of this nature is in progress (A. Kingston, pers. comm).
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7.3 Bycatch hotspots within the UK

Broadscale patterns of bycatch in the UK (or anywhere else) might reasonably be expected to align
with the distribution of fishing effort. In their analysis of VMS data, Witt and Godley (2007), found
fishing pressure is concentrated in the Western Channel, Celtic Sea, Northern North Sea and Goban
Spur (the latter being outside of the UK EEZ). They note these are regions where topography and
currents result in upwelling, mixing, aggregation of biological matter, and development of frontal
systems, which support primary and secondary productivity within regional food webs. Thus, these
physical features support an abundance of prey targeted by both marine mega-vertebrate (including
sensitive species) and fisheries. Thus, it is in these regions where bycatch risk is likely to be
concentrated at the mesoscale. Noting this analysis of VMS data does not adequately represent the
under-reported small vessel, inshore fleet (see, Enever et al., 2017), which may be also responsible for
bycatch hotspots. This broad pattern in fishing effort, described by Witt and Godley (2007) and evident
in Figure 1, is supported by landings data (Seafish, 2017), where the greatest volume is in those ports
proximal to the areas identified above. These areas of greater fishing effort (Western Channel, Celtic
Sea, northern North Sea) are also generally the regions in which the review identified the greatest
volume of evidence for bycatch hotspots (see ‘Section 5.1°).

The most compelling bycatch hotspots (to be prioritized for further research, support and/or
mitigation) are those which:

1. Have been identified by multiple independent studies, spanning the categories of
methodological approaches detailed above;

2. Aresizeable, in terms of the scale of the fishery, volume of bycatch and impacts;

3. Are thought to have population impacts on sensitive species of particular conservation
concern;

4. Are current and have persisted for multiple years (a number of hotspots identified are no
longer ‘hot’ due to changes in stocks, fishing effort, regulation etc.).

The review identified two particular hotspots, that meet the criteria above and relate to specific
fisheries, each operating in a discrete area. These are:

1. Longline fishery targeting hake on the continental shelf edge North of Scotland and in the
Celtic Sea. This hotspot has been identified by observer data (Northridge et al., 2020) and
predictive risk modelling (Evans et al., 2021). The estimated annual bycatch by the UK fleet is
1,000 to 2,000 fulmar; 50 to 150 gannets; 10 to 20 great shearwaters; and 10 to 20 great skua
(Kingston et al., 2023a). Of particular concern is the bycatch of northern fulmar (European Red
List status: ‘Vulnerable’). Employing BMP data, Miles et al. (2020) modelled the impact of
removing northern fulmar bycatch mortality (which is principally from this fishery), and
projected this would result in a population increase of 6.9% over a 25-year period. Regionally,
this was higher in some instances, notable with a median projected increase of 19.8% over 25
years in the Celtic Seas.

2. Scottish pot (creel) fishery, especially west of Scotland. Evidence of a hotspot is provided by
predictive risk modelling, interviews with fishers and strandings necropsies (Northridge et al.,
2010; MacLennan, 2021; Leaper et al., 2022). It is estimated that 6 humpback whales and 30
minke whales are entangled annually in the Scottish creel fishery (Leaper et al., 2022). With
respect minke whales, the risk is greatest in the Hebridean region (Skye, North Uist and South
Uist), and to a lesser extent the Angus/Fife region and Orkney (Northridge et al., 2010; Leaper
et al., 2022; Rayner et al., 2024). Leaper et al. (2022) determined that there is risk of localised
depletion of minke whales in the west of Scotland as estimated annual fatalities is more than
triple a threshold for sustainable mortality. Whilst, Rya et al. (2016) conclude Scottish waters
may be a high mortality sink for humpback whales in the NE Atlantic.
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Additionally, the following gears which are widely deployed, meet the criteria above, with multiple
spatial hotspots.

3.

UK-wide static net fisheries. The static fishery has seabird, harbour porpoise and
elasmobranch bycatch (Northridge et al., 2011; Bradbury et al., 2017; Silva and Ellis, 2019;
Evans et al., 2021; Northridge et al., 2023). Hotspots have been identified by observer data
(Northridge et al., 2020; Moyes et al., 2025), predictive risk modelling (Bradbury et al., 2017;
Evans et al., 2021; Cleasby et al., 2022) and literature review (Calderan and Leaper, 2019). In
the UK, static net fisheries are considered to pose the greatest threat to marine mammals, in
particular bycatch per unit effort is highest in tangle and trammel nets (Calderan and Leaper,
2019; Northridge, 2020). Harbour porpoise are thought to be particularly vulnerable to static
nets (Dolman et al., 2016). In the wider NE Atlantic, static nets are responsible for the majority
of harbour porpoise bycatch (NAMMCO and IMR, 2019; ICES, 2024c). Since 1996, ten marine
mammal species have been recorded in static nets by BMP observers in UK waters, most
frequently harbour porpoises followed by common dolphins and seals (Northridge, 2020). The
most impacted seabird species are thought to be guillemots, cormorants, shags, great
northern diver and razorbills (Bradbury et al., 2017; Cleasby et al., 2020; Evans et al., 2021;
Northridge et al., 2023). Spatially, the following hotspots have been identified for: i) seabirds,
principally in the coastal waters of the Celtic Sea, Northeast England and the English Channel
(Bradbury et al., 2017; Evans et al., 2021; Cleasby et al., 2022; Northridge et al., 2023); ii)
harbour porpoise, NW of Shetland, in the English Channel and Celtic Sea (Calderan and Leaper,
2019; Evans et al., 2021); and iii) seals (predominantly grey seals) in the Celtic Sea (ICES
Subarea VII) (Northridge, 2020; SCOS, 2022; Kingston et al., 2023b). Temporally, BMP data
shows bycatch per haul is highest for: in Autumn and Spring for harbour porpoise; winter for
common dolphin; and late autumn to early spring for seals (Moyes et al., 2025). These patterns
broadly align with stranding necropsy data for harbour porpoise and common dolphin (Figure
4) (Long et al., 2022). There is evidence that for some species the population impacts of
bycatch in this fishery are significant. Miles et al. (2020) predicted the removal of bycatch
mortality (principally from the static net fishery) would result in an increase in population size
of greater than 1% over 25 years for both cormorant, great northern diver. Whilst OSPAR
assessments, suggest that total annual bycatch of harbour porpoise significantly exceeds
thresholds for sustainable populations impacts in the three assessment units spanning UK
waters (Greater North Sea, Irish and Celtic Seas, West Scotland and Ireland) (Taylor et al.,
2022).

UK-wide trawl fisheries. Depending on the gear and context, this broad category (including
pelagic and demersal otter trawls, seines and beam trawls) impacts marine mammals, seabirds
and elasmobranchs) (Northridge et al., 2011), with evidence of multiple hotspots in this
review. Of gear used in the UK, trawling has the largest spatial footprint (Appendix 1V) and
accounts for a significant proportion of total fishing effort (Kingston et al., 2023b). Seabirds,
may be entangled in the wings, cod-end or subject to warp-strike, species thought to be
impacted include gannets, cormorants, shags, shearwaters, guillemots and gulls (Bradbury et
al., 2017; Northridge et al., 2020). There is some evidence that gannets may be most
frequently bycaught and/or particularly susceptible (Pierce et al., 2002), aligning with
observations elsewhere in Europe and the North Atlantic, where gannets are among the most
commonly bycaught seabird in trawls (Phillips et al., 2024; Ramirez et al., 2024). Whilst,
predictive modelling has identified a number of potential hotpots (Bradbury et al., 2017; Evans
et al., 2021), there is historically limited BMP observer data. Thus there is considerably
uncertainty around the rate, quantity and distribution of seabird bycatch from trawling, with
a need for increased monitoring (Northridge et al.,, 2023; Kober et al., 2024). Increased
monitoring, particularly in Scottish waters, would improve bycatch estimates for several
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seabird species (Kober et al., 2024). Towed demersal gears generally account for higher
elasmobranch bycatch rates and quantities than other any other gear (e.g. Enever et al., 2007;
Condie, 2013). Elasmobranch bycatch formed a significant component of towed gear catch in
the Irish Sea (Borges et al., 2005), English Channel (Enever et al., 2007), Celtic Sea (Shephard
et al., 2015), North Sea (Piet et al., 2009), whilst Régnier et al. (2024) predicted a number of
hotspots in Scottish inshore waters. Size-selectivity varies among gears, for example, beam
trawls catch (and discard) a higher proportion of juvenile sharks than otter trawls (Silva and
Ellis, 2019). Impact assessments are not always available but in some instances elasmobranch
trawl bycatch has been shown to exceed precautionary thresholds (Celtic Sea, Shephard et al.,
2015; North Sea, Walker et al., 2019). Marine mammal bycatch in UK trawl fisheries is generally
rare, with the exception of common dolphin in the Channel pelagic pair trawl fishery for bass
(Northridge et al., 2011), which has subsequently been addressed (Northridge, 2020). Thus,
whilst trawls pose a risk to cetaceans, it is considerably less than static nets (Calderan and
Leaper, 2019). Nevertheless, bycatch risk hotspots for common dolphin were identified in the
Celtic Sea and Western Approaches to the English Channel (Evans et al., 2021). Seals have also
been reported as trawl bycatch (Northridge et al., 2012).

7.4 Addressing bycatch hotspots

It should be acknowledged that all four of the hotspots highlighted above are subject to recent and
ongoing efforts to address bycatch, through improved monitoring and mitigation. This includes but is
not limited to:

1. Improving bycatch estimates and exploring mitigations in the longline fishery, see Kingston et
al. (2023a) and the EU’s Coordinated Development and Implementation of Best Practice in
Bycatch Reduction in the North Atlantic, Baltic and Mediterranean Regions (CIBBRiNA) project;

2. Ongoing work by the Scottish Entanglement Alliance (SEA) in the Scottish creel fishery;

3. Trials of acoustic deterrents for cetaceans in the Celtic Sea static net fisheries (Clean Catch);
and

4. Co-design of seabird bycatch monitoring and mitigation in a trawl fishery in Scottish waters
(Clean Catch, in partnership with English and Scottish vessels). Increased sampling effort and
revised protocols for BMP observation of demersal trawls to improve sensitive species bycatch
estimates (A. Kingston, pers. comm).

See also ICES (2024c) for a recent account of ongoing mitigation trials in the UK and elsewhere in
Europe.

Recommendation 11: Given the extent and distribution of trawl effort (which exceeds all other gears),
further work should be directed at monitoring and mitigation of trawl bycatch. In particular with
respect to elasmobranchs in towed demersal gears and seabirds in trawls (demersal and pelagic).

In seeking effective bycatch mitgation case studies, we were only able to identify two examples in the
UK where sensitive species bycatch mitigation had been implemented at scale (i.e. across a fishery or
segment of fleet) and adequate data had been collected to document a positive impact. Both case
studies, demonstrate that mitigation measures are not universal. Whilst, successful in their respective
contexts they were not necessarily suitable for immediate wider adoption.

Case study 1 (Filey Bay), underlines the values of working in partnership with the fishing community,
which was critical in establishing monitoring and identifying solutions. A similar ethos underpins the
work of the Scottish Entanglement Alliance (SEA), which has worked with fishers to trial sinking
groundlines in the static pot (creel) fishery to mitigate cetacean bycatch. An initiative which has been
successful in demonstrating a promising, practical gear modification (Calderan et al., 2024). Although
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the scale of trials to date means its efficacy with respect bycatch mitigation, is yet to be determined.
Hence, it was not included here as a case study. Case study 2 (ADDs in static nets), highlights the value
of long-term bycatch monitoring. Mitigation efficacy trials are inherently challenging, often in part
because the relative rarity of bycatch events means that it can be hard to achieve the requisite
statistical power. In spite of its relatively low coverage (<1% of static net fleet effort), the long-term
BMP dataset, was invaluable in quantifying positive (and negative) effects of a bycatch mitigation
measure (Calderan et al., 2024).

Conclusion

Some 25 years ago, Spencer et al. (2000) reviewed the available literature on cetacean bycatch in the
NE Atlantic, characterising it as follows:

“In reviewing the literature...a recurrent theme becomes apparent. Most papers open with a
statement about the problem of by-catch, followed by an account of anecdotal evidence that
lends weight to the urgency of the problem. They conclude with an account of the difficulties
inherent in trying to estimate the magnitude...A common outcome is that there are insufficient
data available for extrapolation to an annual by-catch rate [or to determine spatial patterns].”

To some extent these comments still apply, quantifying bycatch and elucidating patterns in time and
space remains inherently difficult. However, significant progress is being made, evidenced by the
volume of literature the search identified. Whilst gaps remain, the available data is growing at an
increasing rate, consider for example, the availability of AlS and VMS fishing effort data. Nevertheless,
there is still considerable uncertainty, as evidenced by the wide confidence intervals in most bycatch
estimates.

There is now good evidence for a number of specific sensitive species bycatch hotspots and gears of
particular concern in the UK. That evidence is sufficient to prioritise efforts, and in some instances that
has already established and informed ongoing trials and interventions. Inevitably, a systematic
literature review can only identify those bycatch issues that are already known. There is the potential
that there are bycatch hotspots, which are un- or under-documented. Such instances will become
increasingly rare as new methodological approaches are being applied to data limited scenarios, whilst
simultaneously the availability of data is increasing. The continuation of existing long-term monitoring
programmes (e.g. BMP, strandings programmes) could soon be complemented by the implementation
of cost-effective participatory and remote electronic monitoring approaches at scale. This is increasing
technologically feasible. Combining these data, and ensuring they are adequately accessible to
relevant parties, will develop a more comprehensive picture of sensitive species bycatch in time and
space, directing future mitigation efforts.
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Appendix |

The search engine queries used in the systematic search are detailed below:
Web of Science query:

(((((((AB=(bycatch OR discard* OR (incidental AND catch) OR non-target)) AND AB=(hotspot*
OR distribution OR heatmap* OR map* OR rate* OR frequency OR pattern* OR trend* OR
monitoring))) AND AB=(UK OR "United Kingdom" OR "Northeast Atlantic" OR Europe OR
"North Sea" OR "Celtic Sea" OR Channel OR "lIrish Sea" OR England OR "Northern Ireland" OR
Scotland OR English OR Scottish OR "Northern Irish" OR Wales OR Welsh)) AND AB=(mammal*
OR pinniped* OR phocid* OR cetacean* OR bird* OR seabird* OR elasmobranch* OR shark*
OR skate* OR ray*))))

Date range: 2000-01-01 to 2024-04-09
Scopus query:

ABS ( bycatch OR discard* OR ( incidental AND catch ) OR non-target ) AND ABS ( hotspot* OR
distribution OR heatmap® OR map* OR rate* OR frequency OR pattern* OR trend* ) AND ABS (
uk OR "United Kingdom" OR "Northeast Atlantic" OR europe OR "North Sea" OR "Celtic Sea" OR
channel OR "Irish Sea" OR england OR "Northern Ireland" OR scotland OR english OR scottish
OR "Northern Irish" OR Wales OR Welsh) AND ABS ( mammal* OR pinniped* OR phocid* OR
cetacean* OR bird* OR seabird* OR elasmobranch* OR shark* OR skate* OR ray* ) AND
PUBYEAR > 1999

Google Scholar query:

(bycatch OR discard* OR (incidental AND catch) OR non-target) AND (hotspot* OR distribution OR
heatmap* OR map* OR rate* OR frequency OR pattern* OR trend* OR monitoring) AND (UK OR
"United Kingdom" OR "Northeast Atlantic" OR Europe OR "North Sea" OR "Celtic Sea" OR Channel
OR "Irish Sea" OR England OR "Northern Ireland" OR Scotland OR English OR Scottish OR
"Northern Irish" OR Wales OR Welsh) AND (mammal* OR pinniped* OR phocid* OR cetacean*
OR bird* OR seabird* OR elasmobranch* OR shark* OR skate* OR ray*)

Date range: 2000-01-01 to 2024-04-09
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Appendix Il

Literature identified in the search and reviewed. Full bibliographic details for those cited in the text are provided in ‘References’.

Title Author(s) Year Publisher Link
Systematic search
A data-limited approach for estimating fishing mortality rates and exploitation status of diverse target and non-target fish Walker et al. 2019 ICESJ. Mar. Sci Link
species impacted by mixed multispecies fisheries
A Review Characterizing 25 Ecosystem Challenges to Be Addressed by an Ecosystem Approach to Fisheries Management Bastardie et al. 2021 Front. Mar Sci. Link
in Europe
A Step Towards Seascape Scale Conservation: Using Vessel Monitoring Systems (VMS) to Map Fishing Activity Witt and Godley 2007 PLOS ONE Link
Assessing bycatch risk from gillnet fisheries for three species of diving seabird in the UK Cleasby, et al. 2022 Mar. Eco. Link
Assessing the Effects of Banana Pingers as a Bycatch Mitigation Device for Harbour Porpoises (Phocoena phocoena) Omeyer et al. 2020 Front. Mar. Sci Link
Bycatch in gillnet fisheries - An overlooked threat to waterbird populations Zydelis et al. 2009 Biol. Conserv. Link
Bycatch in northeast Atlantic lobster and crab pot fisheries (Irish Sea, Celtic Sea and Bristol Channel) Moore et al. 2023 Fish. Res. Link
Bycatches of endangered, threatened and protected species in marine fisheries Gray et al. 2018 Rev. Fish Biol. Fisher. Link
Citizen science in the marine environment: estimating common dolphin densities in the north-east Atlantic Robbins et al. 2020 PEERIJ Link
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Appendix Il

Lists of marine mammal, seabird and elasmobranch species considered as sensitive for the purpose of
this review.

IUCN Red List status
(Europe)

Scientific Name Common Name

Seabirds

Aythya marila
Bucephala clangula
Calonectris borealis
Cepphus grylle

Larus ridibundus
Clangula hyemalis
Fratercula arctica
Fulmarus glacialis
Gavia arctica

Gavia immer

Gavia stellata
Hydrobates pelagicus
Hydrocoloeus minutus
Larus argentatus

Larus canus

Larus fuscus

Larus glaucoides

Larus hyperboreus
Larus marinus
Ichthyaetus melanocephalus
Melanitta fusca
Melanitta nigra
Mergus serrator
Morus bassanus
Hydrobates leucorhous
Phalacrocorax aristotelis
Phalacrocorax carbo
Podiceps auritus
Podiceps cristatus
Podiceps nigricollis
Puffinus gravis
Puffinus griseus
Puffinus mauretanicus
Puffinus puffinus

Rissa tridactyla
Somateria mollissima
Stercorarius parasiticus
Stercorarius skua
Sterna dougallii

Sterna hirundo

Sterna paradisaea
Thalasseus sandvicensis
Sternula albifrons

Uria aalge

Greater scaup
Common goldeneye
Cory's shearwater
Black guillemot
Black-headed gull
Long-tailed duck
Atlantic puffin
Northern fulmar
Black-throated diver
Great northern diver
Red-throated diver
European storm-petrel
Little gull

Herring gull

Common gull

Lesser black-backed gull
Iceland gull

Glaucous gull

Great black-backed gull
Mediterranean gull
Velvet scoter
Common scoter
Red-breasted merganser
Northern gannet
Leaches Storm-petrel
European shag

Great cormorant
Horned grebe

Great crested grebe
Black-necked grebe
Great shearwater
Sooty shearwater
Balearic shearwater
Manx shearwater
Black-legged kittiwake
Common eider

Arctic skua

Great skua

Roseate tern

common tern

Arctic tern

Sandwich tern

Little tern

Common guillemot

Least concern
Least concern
Least concern
Least concern
Least concern
Vulnerable

Vulnerable

Vulnerable

Least concern
Least concern
Least concern
Least concern
Least concern
Least concern
Least concern
Least concern
Least concern
Least concern
Least concern
Least concern
Vulnerable

Least concern
Least concern
Least concern

Near threatened

Least concern
Least concern
Vulnerable
Least concern
Least concern
Least concern*

Near threatened
Critically endangered

Least concern
Vulnerable

Near threatened

Least concern
Least concern
Least concern
Least concern
Least concern
Least concern
Least concern
Least concern
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Scientific Name

Common Name

IUCN Red List status

(Europe)
Alle alle Little auk Least concern
Alca torda Razorbill Near threatened
Elasmobranchs
Alopias vulpinus Thresher shark Endangered
Amblyraja hyperborea Arctic skate Least concern

Amblyraja radiata
Apristurus laurussonii
Apristurus manis
Apristurus spp.
Centrophorus squamosus
Centroscyllium fabricii
Centroscymnus coelolepis
Centroscymnus crepidater
Cetorhinus maximus

Chlamydoselachus anguineus

Dalatias licha
Dasyatis pastinaca
Deania calcea
Dipturus batis
Dipturus intermedius
Dipturus nidarosiensis
Dipturus oxyrinchus
Echinorhinus brucus
Etmopterus princeps
Etmopterus spinax
Galeorhinus galeus
Galeus melastomus
Galeus murinus
Heptranchias perlo
Hexanchus griseus
Isurus oxyrinchus
Lamna nasus
Leucoraja circularis
Leucoraja fullonica
Leucoraja naevus
Mobula mobular
Mustelus asterias
Mustelus mustelus
Myliobatis aquila
Oxynotus centrina
Oxynotus paradoxus
Prionace glauca
Pteroplatytrygon violacea
Raja brachyura

Raja clavata

Raja microocellata
Raja montagui

Raja undulata
Rajella bathyphila
Rajella fyllae

Starry ray/ Starry skate
Iceland catshark

Ghost catshark
Deep-water catshark
Leafscale gulper shark
Black dogfish
Portuguese dogfish
Longnose velvet dogfish
Basking shark

Frilled shark

Kitefin shark

Common stingray
Birdbeak dogfish
Common blue skate
Flapper skate
Norwegian skate
Long-nosed skate
Bramble shark

Great lanternshark
Velvet belly lanternshark
Tope

Blackmouth catshark
Mouse catshark
Sharpnose sevengill shark
Bluntnose sixgill shark
Shortfin mako
Porbeagle shark

Sandy ray

Shagreen ray

Cuckoo ray

Giant devil ray

Starry smoothhound
Common smoothhound
Common eagle ray
Angula roughshark
Sailfin roughshark

Blue shark

Pelagic stingray

Blonde ray

Thornback ray
Small-eyed ray
Spotted ray

Undulate ray
Deep-water ray

Round skate

Least concern
Least concern
Least concern
n/a

Endangered
Least concern
Endangered
Least concern
Endangered
Least concern
Endangered
Vulnerable
Endangered
Critically endangered*
Critically endangered*
Near threatened
Near threatened
Endangered
Least concern
Near threatened
Vulnerable

Least concern
Least concern
Data deficient
Data deficient
Data deficient
Critically endangered
Endangered
Vulnerable

Least concern
Endangered
Near threatened
Vulnerable
Vulnerable
Vulnerable

Data deficient
Near threatened
Least concern
Near threatened
Near threatened
Near threatened
Least concern
Near threatened
Least concern
Least concern
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Scientific Name

Common Name

IUCN Red List status

(Europe)

Rajella lintea
Rostroraja alba
Scyliorhinus canicula
Scyliorhinus stellaris
Scymnodon ringens
Somniosus microcephalus
Sphyrna zygaena
Sphyrnidae
Squatina squatina
Squalus acanthias
Tetronarce nobiliana
Torpedo marmorata

Marine Mammals

Balaenoptera acutorostrata
Balaenoptera borealis
Balaenoptera musculus
Balaenoptera physalus
Delphinus delphis
Globicephala melas
Grampus griseus
Halichoerus grypus
Hyperoodon ampullatus
Lagenorhynchus albirostris
Leucopleurus acutus
Megaptera novaeangliae
Mesoplodon bidens
Orcinus orca

Phoca vitulina

Phocoena phocoena
Physeter macrocephalus
Stenella coeruleoalba
Tursiops truncatus

Ziphius cavirostris

Sailray

White skate

Small spotted catshark
Nursehound/Greater-spotted dogfish
Knifetooth dogfish
Greenland shark
Smooth hammerhead
Hammerhead sharks
Angelshark

Spurdog

Atlantic torpedo ray
Marbled electric ray

Common minke whale

Sei whale

Blue whale

Fin whale

Common dolphin
Long-finned pilot whale
Risso's dolphin

Grey seal

Northern bottlenose whale
White-beaked dolphin
Atlantic white-sided dolphin
Humpback whale
Sowerby's beaked whale
Killer whale
Harbour/common seal
Harbour porpoise

Sperm whale

Striped dolphin

Common bottlenose dolphin
Cuvier's beaked whale

Least concern

Critically endangered

Least concern

Near threatened

Least concern

Near threatened

Data deficient
n/a

Critically endangered

Endangered
Least concern
Least concern

Least concern
Least concern

Near threatened

Least concern
Least concern
Least concern
Data deficient
Least concern
Least concern
Least concern
Least concern
Least concern
Least concern
Least concern
Least concern
Least concern
Vulnerable

Least concern
Least concern
Least concern

* Global Red List status (no European Red List status available)
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Appendix IV

Overview of the distribution of fishing effort in the UK EEZ by gear type.
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Data: fishing effort, Cefas; depth contour, EmodNet; maritime boundaries, UKHO; countries, ESRI.
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Effort data are available from the European Commission’s Scientific, Technical and Economic
Committee for Fisheries (STECF) as part of the Fisheries Dependent Information (FDI dataset)
(European Commission, 2024). The published data (STECF-FDI) provide spatial effort by c-squares (0.5°
x 0.5° resolution) for: 28 European Union (EU) countries from 2012 to 2020, inclusive; and 27 EU
countries from 2012 to 2023, inclusive. The latter excludes data from the UK, following its withdrawal
from the EU (Brexit), though the UK continues to collect an equivalent dataset (UK-FDI). For the
purposes of this review, a fishing effort dataset (2012-2023, inclusive) was compiled by Cefas consisting
of:

i. STECF-FDI effort by vessels from 28 EU countries, from 2012 to 2020, inclusive;
ii. UK-FDI, effort by vessels from UK vessels from 2021 to 2023, inclusive; and
iii. STECF-FDI effort by vessel from 27 EU countries from 2021 to 2023, inclusive.

This was considered the most comprehensive available data representing fishing effort within the UK
EEZ, including UK and foreign flagged vessels of all sizes. (Noting that higher resolution effort data may
be derived from VMS or AIS data but only from larger vessels). Whilst the STECF-FDI data is available
at c-square resolution, data were aggregated to ICES Statistical Rectangles (1° longitude x 0.5° latitude),
which better represents the resolution at which the data are collected (T. Catchpole, pers. comm.).
Effort is expressed as fishing days. Metiers were aggregated to modified metier Level 3 categories.
These modified categories are intended to group gears posing similar risk in terms of their mechanism
of bycatch. The metier Level 3 categories are detailed in the table below, detailing the modification (if
any) to the existing schema (Appendix IV of Commission Decision 2010/93/EU). These complied effort
data are intended to be used as an input in ongoing efforts to model bycatch risk (in time and space),
within the UK EEZ, as part of the Bycatch Risk Prioritisation Framework project.

L3 Metier Modified? L4 code L4 description
Demersal trawls Yes. Combines demersal trawls OTB Bottom otter trawl
and seines and demersal seines and excludes OTT Multi-rig otter trawl
beam trawling PTB Bottom pair trawl
SSC Fly shooting seine
SV Boat seine
SPR Pair seine
SX Seine nets (not specified)
SDN Anchored seine
SB Beach seine
Beam trawl Yes. Separated from other towed TBB Beam trawl
demersal gears
Dredges No DRB Boat dredge

DRH Hand dredge

HMD Mechanised/ suction dredge
Nets No GNC Gillnets (circling)

GND Drift net

GNS Set gillnet

GTN Combined gillnets and trammel nets
GTR Trammel net
Traps No FPN Stationary uncovered pound nets
FPO Pots and traps
FYK Fyke nets
Hooks and lines Yes. Adopts Level 2 grouping LLD Drifting longlines
LLS Set longlines
LTL Trolling lines
LHP Handlines and pole lines (hand operated)
LHM Handlines and pole lines (mechanised)
Pelagic trawls No OoT™M Midwater otter trawl
PTM Midwater pair trawl
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Surrounding nets  No PS Purse seine
Miscellaneous No NK Not known
LA Lampara nets
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