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Foreword

Natural England commission a range of reports from external contractors to provide
evidence and advice to assist us in delivering our duties. The views in this report
are those of the authors and do not necessarily represent those of Natural England.

Natural England has committed to improve its statutory conservation advice for Marine
Protected Areas (MPAs) to meet customer expectations, improve business certainty and
better support environmental outcomes. Part of our advice describes the possible effects
of activities (or operations) on protected habitats and species. Understanding the
sensitivity of protected habitats and species to pressures caused by such activities is a
central requirement in determining such effects.

This report was commissioned to assess the sensitivity of marine fish and shellfish species
to a range of predefined pressures. Having a robust, repeatable and transparent method in
place for determining species sensitivity facilitates consistency and transparency regarding
the application of the evidence base when providing advice on operations. This study, in
addition to other sensitivity work on marine habitats and an understanding of how
pressures are related to differing marine operations will allow marine stakeholders to
assess and manage the environmental impacts of proposed developments.

The report focusses on designing a method and then subsequently applying that method
to assessing the sensitivity of 29 marine species (6 elasmobranchs, 16 bony fish and 7
shellfish) to a range of anthropogenic pressures.

The report was written and finalised in 2019.
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Introduction

This report provides details of the evidence-led population sensitivity assessments of priority
marine fish and shellfish species to standardised marine anthropogenic pressures conducted
by APEM. Sensitivity, as defined by Holt et al. (1995), is: ‘the innate capacity of an organism to
suffer damage, or death, from an external factor beyond the range of environmental
parameters normally experienced’. Sensitivity is assessed by considering both the likelihood of
damage due to a pressure (resistance), and the rate of - or time taken for - recovery once the
pressure has abated or been removed (resilience) (Tyler-Walters et al., 2018). Sensitivity
assessments provide an evidence base to be used by Natural England as part of their statutory
role to provide advice to Government. These assessments are also planned to form part of a
larger body of evidence that informs the identification of areas which may be sensitive to
impacts arising from a displacement of fishing effort following changes to fishery regulations.

The approach taken to these assessments was founded upon the protocol developed by Tillin
et al. (2010) which has been superseded by the MarESA approach (Tyler-Walters et al., 2018)
for sessile species and adapted by Pérez-Dominguez et al. (2016) for Highly Mobile Species
(HMS). These protocols use a standardised list of anthropogenic pressures defined within
OSPAR (2018). The pressures are benchmarked, and the sensitivity of each species is
determined based on publicly available evidence.

The assessments for priority marine fish and shellfish conducted by APEM utilise these same
pressures with modified benchmarks to address disparities between Tyler-Walters et al. (2018)
and Pérez-Dominguez et al. (2016).The sessile and HMS pressure benchmarks have been
amended or combined to ensure the most appropriate pressure benchmarks are applied to
each of the priority marine fish and shellfish species, as documented in Appendix 1. This report
provides information on the methods used, the results and the key findings of the assessment.

Aims and objectives

The principal aim of the project was to conduct sensitivity assessments of priority marine fish
and shellfish species to pressures according to the defined protocols documented in Pérez-
Dominguez et al. (2016) and Tyler-Walters et al. (2018). The priority marine fish and shellfish
species that were assessed in this contract are provided in Table 1.

The principal aim of the project was achieved through the following objectives:

1. To carry out an assessment of the sensitivity of priority marine fish and shellfish species
to predetermined pressures at set benchmarks as defined in the guidance document
(Tyler-Walters et al. 2018), with the described modifications to the protocol for HMS
(Pérez-Dominguez et al. 2016), as well as the amendments made as part of this project
(Appendix 1);
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2. To populate all the required data fields in a Sensitivity Assessment Microsoft Excel
workbook, based on the sensitivity assessments of the priority marine fish and shellfish

species list (Table 1);

w

assessments.

Table 1. Priority fish and shellfish species list for which sensitivity assessments have

been conducted

Species name Common name

Elasmobranchs

To write a report detailing the objectives, methods, results and interpretation of the data;
4. To supply an Endnote library of the references cited during species sensitivity

Dipturus batis Blue skate
Lamna nasus Porbeagle
Prionace glauca Blue shark

Raja microocellata

Small-eyed ray

Raja undulata

Undulate ray

Squalus acanthias Spurdog
Bony Fish
Acipenser sturio Atlantic sturgeon

Ammodytes marinus

Lesser sandeel

Ammodytes tobianus

Small sandeel

Clupea harengus

Atlantic herring

Gadus morhua

Atlantic cod

Galeorhinus galeus

Tope shark

Labrus bergylta Ballan wrasse
Melanogrammus aeglefinus Haddock
Merlangius merlangus Whiting

Merluccius merluccius

European hake

Molva molva

Ling

Pleuronectes platessa

European plaice

Pollachius pollachius

Pollock

Scomber scombrus

Atlantic mackerel

Solea solea

Common sole

Trachurus trachurus

Atlantic horse mackerel
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Species name Common name

Shellfish'

Aequipecten opercularis Queen scallop
Cancer pagurus Edible crab
Cerastoderma edule Common cockle
Crangon crangon Shrimps and Prawns
Homarus gammarus European lobster
Pecten maximus Great scallop

Sepia officinalis Common cuttlefish

Methodology

Comparison of protocols for mobile and sessile species

Two protocols have been developed for assessing the sensitivity of marine species to pre-
defined pressures: Tyler-Walters et al. (2018) for habitats and sessile species and Pérez-
Dominguez et al. (2016) for HMS. Whilst both approaches were based on the approach
developed by Tillin et al. (2010) there are some differences in methodology used which are
described below. These differences are in the benchmark for pressures, definitions of
resistance and resilience and the overall sensitivity assessment matrix. The protocols (and any
associated adjustments to the protocols) used for each species is documented in Table 13.

Both protocols use the same defined list of anthropogenic pressures but the benchmarks for
these pressures are different in some cases to account for different interactions between the
pressure and the receptor. The differences between benchmarks for each of the 40
anthropogenic pressures and the approach adopted for this current assessment are set out in
Appendix 1. The anthropogenic pressures used remain the same as in Tyler-Walters et al.
(2018) and Pérez-Dominguez et al. (2016) but some have been split for the purposes of the
assessment to allow further resolution to be given to the sensitivity assessment as follows:

« H1 Temperature Change split into Temperature Increase and Temperature Decrease
« H2 Salinity Change split into Salinity Increase and Salinity Decrease
« DA4/D5 - Siltation split into Heavy Siltation and Light Siltation

T Whelk Buccinum undatum has not been assessed as this species was replaced within the project scope by
review and amendment of the benchmarks and addressing of comments on the wider methodology from the peer
review workshop.
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« L2 Marine habitat change split into Change in Seabed Type and Change in Sediment
Type

« O1 Litter given a sub-pressure of Microplastics to recognise latest evidence

+ 06 Collision with structures split into Collision Above Water and Collision Below Water

There are differences in the approach taken to assessing resistance between the two
methodologies. Pérez-Dominguez et al. (2016) assessed resistance at the functional group
level and then based individual species-specific resistance assessments on these functional
group level assessments to provide a consistent assessment across the functionally-related
species. The Tyler-Walters et al. (2018) approach did not include an initial assessment at the
functional group level. The definition for resistance was also different between the two methods
as set out in Table 2.
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Table 2. Comparison of definitions for resistance between the approaches taken by
Tyler-Walters et al. (2018; © Crown licensed under Creative Commons (CC-BY) v4.0) and
Pérez-Dominguez et al. (2016; © Crown licensed under Open Government Licence (OGL)
v3.0)

Tyler-Walters et al. (2018) Pérez-Dominguez et al. (2016)

None Key functional, structural, characterising A severe decline (>50%) in the
species severely decline and/or the physico- | estimated size of the local population
chemical parameters are also affected e.g. | within a designated site as a result of
removal of habitats causing change in increased mortality, reduced
habitats type. A severe decline/reduction reproductive success, displacement
relates to the loss of 75% of the extent, from the site or any other mechanism.
density or abundance of the selected
species or habitat component e.g. loss of
75% substratum (where this can be sensibly
applied).

Low Significant mortality of key and A significant decline (>10 and <50%)
characterising species with some effects on | in the estimated size of the local
physico-chemical character of habitat. A population within a designated site as
significant decline/reduction relates to the a result of increased mortality, reduced
loss of 25-75% of the extent, density, or reproductive success, displacement
abundance of the selected species or from the site or any other mechanism.
habitat component e.g. loss of 25-75% of
the substratum.

Medium Some mortality of species (can be A moderate decline (loss of up to
significant where these are not keystone 10%) in the estimated size of the local
structural/functional and characterising population within a designated site as
species) without change to habitats relates a result of increased mortality, reduced
to the loss <25% of the species or habitat reproductive success, displacement
component. from the site or any other mechanism.

High No significant effects to the physico- No population decline is expected
chemical character of habitat and no effect | within the site. Effects affecting key
on population viability of key/characterising | functional and physiological attributes
species but may affect feeding, respiration of the species (e.g. food intake rate,
and reproduction rates. energy expenditure rate) may occur

but are buffered from feeding through
to changed rates of reproduction or
mortality and hence population size by
virtue of species’ flexibility to respond
to the pressure e.g. by redistribution
within a designated site, dietary shifts,
increased foraging effort, etc.

The difference between the methods for resilience is that the Tyler-Walters et al. (2018)
method assumes that the pressure is removed or stopped, and that the habitat (biotope) or
species experience the conditions that existed prior to impact. ‘Full recovery’ is envisaged as a
return to the state of the habitat or species population that existed prior to impact. For Pérez-
Dominguez et al. (2016), resilience was assessed in two different ways depending on whether
the impact resulted in displacement or mortality. For displacement type impacts, resilience is
based on how long the species is likely to be excluded from the area before returning. Mortality
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type impacts are assessed as the time the population requires to return to pre-impact size
through increased survival or productivity (if density-dependent) or immigration. This is
assessed based on the age-at-maturity and spawning behaviours of the species. The definition
for resilience is different between the two methods as set out in Table 3.

Table 3. Comparison of definitions for resilience between the approaches taken by
Tyler-Walters et al. (2018; © Crown licensed under Creative Commons (CC-BY) v4.0) and
Pérez-Dominguez et al. (2016; © Crown licensed under Open Government Licence (OGL)
v3.0)

Tyler-Walters et al. (2018) Pérez-Dominguez et al. (2016)

Very Low Negligible or prolonged recovery possible; Prolonged recovery possible, but more
at least 25 years to recover structure and than 12 years required” for species
function. recovery ** Typically species with long

generation times and low fecundities.

Low Full recovery within 10-25 years Full recovery within 6 to <12 years*

Medium Full recovery within 2-10 years Full recovery within 3 to <6 years*

High Full recovery within 2 years Full recovery within 3 years*

* Following cessation of activities giving rise to the pressure, ** Full recovery indicates a return
to the state that existed prior to impact with respect to relevant structural and functional
attributes of the HMS under assessment.

The overall sensitivity matrix for each method is also different. Both are based on Tillin et al.
(2010) but for HMS, Pérez-Dominguez et al. (2016) adapted the matrix to give greater weight
to the resistance score. Resistance was considered to be more influential in defining sensitivity
for HMS due to the potential for such mobile species to display acute avoidance responses
resulting in severe population declines under any resilience score.

Table 4. Overall sensitivity assessment matrix using the Tyler-Walters et al. protocol
(2018; © Crown licensed under Creative Commons (CC-BY) v4.0)

Resistance
Resilience None Low Medium High
Very low Medium Low
Low Medium Low
Medium Medium Medium Medium Low
High Medium Low Low Not sensitive
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Table 5. Overall sensitivity assessment matrix using the Pérez-Dominguez et al.
protocol (2016; © Crown licensed under Open Government Licence (OGL) v3.0)

Resistance
Resilience Medium High
Very Low Medium
Low Medium Low
Medium Medium Low
High Medium Low Not sensitive

Whether a species should be assessed under the sessile or HMS protocol is not always
straightforward. For example, whilst lobsters are considered to be mobile, have fast escape
reactions and can travel long distances it is unlikely they are mobile enough to avoid activities
such as trawling or dredging. In addition, some species, whilst mobile for foraging or reproductive
migrations etc. show high site fidelity, nesting behaviours or use of permanent shelters and
therefore will interact with pressures differently to a mobile marine mammal for example.

Functional groups

Grouping species by their biological traits is particularly well suited to identifying effect
pathways (which will be similar for species of comparable physiology and species which use
habitat in a similar way). The use of functional groups to group species is currently
acknowledged as best practice in fish ecological assessments in the marine environment
(Elliott et al., 2007). Functional groups are also used as part of the Water Framework Directive
UK Technical Advisory Group (WFD-UKTAG) methodology for the classification of the status of
the fish quality element in Water Framework Directive (WFD) transitional water bodies (WFD-
UKTAG 2014). Finally, functional groups allow for the use of assessment by proxy for data-
poor species. The functional group approach has therefore been applied within the
assessment, to group species and assist with species for which less data is available.

Fish
The first stage in defining functional groups for the priority fish species was to refer to the

estuarine-use of the species as defined within WFD-UKTAG (2014). This was defined as the
highest level of grouping, as shown in Table 6.
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Table 6. Estuarine-use groups for marine fish species (WFD-UKTAG, 2014; © Crown
licensed under OGL v3.0; amending Elliott et al., 2007)

FW Freshwater taxa Complete life cycle in freshwaters.
CA Diadromous taxa Species that migrate between the sea and freshwaters for the
purpose of breeding.
ER Estuarine resident May breed in the estuary; highly euryhaline species, able to
taxa move throughout the full length of the estuary.
MM Marine migrant taxa Spawn at sea and regularly enter estuaries in large numbers

(either at adult or juvenile life stages); highly euryhaline
species, able to move throughout the full length of the
estuary. Following Franco et al. (2008), includes Marine
Juvenile (MJ) taxa where this estuarine migration is restricted
to the juvenile phase.

MA Marine adventitious Spawn at sea; usually associated with coastal marine waters,
taxa enter estuaries accidentally in low numbers; predominantly
stenohaline species, occur most frequently in the estuary
lower reaches.

Given that none of the species requiring assessment are classified as within the Freshwater or
Estuarine estuarine-use groups, these groups are not used or described further for this project.
They may, however, be relevant for any future species assessed. The water column
occupation of each species (benthic, bentho-pelagic or pelagic) was used to sub-divide the
estuarine-use groups further, as the water column position of species is likely to influence their
exposure and sensitivity to certain pressures. The reproductive strategy of species (benthic
eggs, pelagic eggs or vivi/ovoviviparous) was then used to further group the species. Finally,
their WFD feeding guild (zooplankton feeders (Z), benthic invertebrate feeders (Bl) and
piscivorous (P)) was applied. This resulted in the definition of 13 functional groups (Table 7).
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Table 7. Functional groups for the priority fish species to be used for high level
screening and assessment of sensitivity in data deficient species-pressure
combinations. Estuarine-use and feeding groups taken from WFD-UKTAG (2014; ©
Crown licensed under OGL v3.0)

Water

s . Estuarine-use Reproductive | Feeding | Functional
pecies Common name Column
group Occupation Strategy group Group
Acipenser sturio Atlantic CA Demersal Benthiceggs | P A
sturgeon
Pleuronectes European plaice | MM Demersal Pelagic eggs | Bl B
platessa
Solea solea Dover sole
Pollachius Pollack MM Demersal Pelagic eggs | P C
pollachius
Gadus morhua Atlantic cod
Merlangius Whiting
merlangus
Trachurus Atlantic horse MM Pelagic Pelagic eggs | Bl D
trachurus mackerel
Clupea harengus | Atlantic herring MM Pelagic Benthic eggs | Z E
Labrus bergylta Ballan wrasse MA Demersal Benthic eggs | Bl F
Ammodytes Raitt’s sandeel MA Demersal Benthic eggs | Z
marinus
Ammodytes Lesser sandeel
tobianus
Melanogrammus Haddock MA Demersal Pelagic eggs | Bl H
aeglefinus
Merluccius Hake MA Demersal Pelagic eggs | P I
merluccius
Molva molva Ling
Scomber Atlantic MA Pelagic Pelagiceggs | Z J
scombrus mackerel
Galeorhinus Tope shark MA - Bentho- Vivi / P/BI K
| galeus Elasmobranc | pelagic ovoviviparou
Squalus acanthias | Spurdog hii s
Prionace glauca Blue shark MA - Pelagic Vivi / P L
Lamna nasus Porbeagle E_I_asmobranc ovoviviparou
ii S
Dipturus batis Blue skate MA - Demersal Benthic eggs | P/BI M
Raja undulata Undulate ray Eiliasmobranc
Raja Small-eyed ray
microocellata
Shellfish

The functional group approach has not been used to the same extent for shellfish as for fish.
Applying the estuarine-use group descriptions to the shellfish species list was not deemed
appropriate as the species were all considered to be Marine Adventitious or both Marine
Adventitious and Estuarine Resident with considerable diversity of ecology and physiology
within those two groupings. An additional step was therefore, taken considering their biological
traits. Benthic communities are often analysed by their biological traits to determine the traits
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that define their habitats and response to impacts. We have used this approach as the basis
for creating groups for shellfish that are expected to respond to pressures in a similar manner.
For example, adult mobility was shown to be an important factor in the sensitivity to dredging
(Cooper et al., 2008); longevity and shelled body design were shown to be vulnerable to
trawling fishing pressure (Bremner 2003); and longevity, reproductive strategy and feeding
mechanism were affected by hand raking for cockle fishing (Bremner 2005).

The following traits have been chosen to create the high level screening functional groups:

+ Adult movement — The ability for adult individuals to move away from a pressure is
likely to affect their resistance to a pressure. Adults with greater mobility may be less
sensitive to pressures such as smothering. Juveniles, given their size, are unlikely to be
able to move away from a pressure;

+ Feeding mechanism — suspension feeders for example may be more sensitive to
sedimentation and smothering than other feeding mechanisms; and

+ Reproductive strategy — species laying benthic eggs may be more sensitive to
seabed disturbance, sedimentation and smother, in addition species with pelagic
eggs/larvae may have greater ability to recolonise an area once a pressure is removed.

The criteria in Table 8 were used to categorise species. Where two trait categories apply to a
species expert judgement was used to choose the category most likely to apply in the majority
of circumstances (Table 8). This resulted in five functional groups being defined, as shown in
Table 9. Further biological traits can be added if necessary, when assessing for data deficient
species-pressure combinations (such as longevity or body shape).
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Table 8. Biological traits used to create functional groups for priority shellfish species

Adult Movement

None

Adults are attached to underwater substrate and do not
move.

Low

Some limited adult movement, usually limited to escape
responses from predators, usually less than 100 m and
not reported to move more than 1,000 m.

Medium

Adult movement is used to forage for food and optimal
habitat but is of limited speed (for example crawling or
burrowing rather than swimming) and distances of less
than 10 km.

High

Adult movement can be substantial, including feeding and
spawning migrations, generally capable of faster
swimming movement and of distances > 10 km.

Suspension feeding

Adult feeding mechanism of suspensionffilter feeding.

Adult feeding mechanism of predation, scavenging of

Feeding Predator/scavenger ) .
Mechanism carrion and omnivores.
Deposit Adult feeding mechanism of ingesting particles of
P sedimentary deposits and detritus.
Pelagic Species has a pelagic egg/larval phase.
Reproductive
strategy Benthic eggs/direct Species lays/attaches eggs to the sea floor where they

development

develop and hatch without a pelagic period.

Table 9. Shellfish functional groups to be used for high level screening and sensitivity
assessment of data deficient species-pressure combinations

A Suspension feeding with low adult mobility, | Cerastoderma edule
planktotrophic larvae.
Aequipecten opercularis
Pecten maximus
B Predator/scavenger, medium adult mobility | Crangon crangon
with planktotrophic eggs/larvae.
C Predator/scavenger, high adult mobility with | Cancer pagurus
planktotrophic eggs/larvae.
Homarus gammarus
D Predator/scavenger, high adult mobility with | Sepia officinalis
benthic eggs.
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Benchmarks

As defined by Pérez-Dominguez et al. (2016), both the resistance and resilience to a pressure
depend upon the level or intensity of that pressure. Thus, to ascribe single scores to the
resistance and resilience of a species to a pressure and hence its sensitivity, it is necessary to
define a benchmark intensity or level of that pressure at which that assessment is made. The
benchmark levels act as reference points to assess whether, according to the life history and
ecology of the species, it is reasonable to expect deviations in demography/population
structure or (in the case of HMS) displacement from normal habitats.

The benchmarks provide a standard level for each pressure to be assessed against. The
benchmarks are essential to enable an assessment as the resistance and resilience and hence
sensitivity of a species to a pressure will be reliant on the intensity of the pressure. The
pressure definitions and associated benchmarks were originally developed in liaison with
Statutory Nature Conservation Bodies (SNCBs), Defra and Marine Scotland and the pressure
definitions are based on the Intercessional Correspondence Group on Cumulative Effects
(ICG-C) (OSPAR 2011). The benchmarks were then defined for sessile species and habitats
by the two projects MarLIN and MB0102 (Tillin et al. 2010; Tillin & Tyler-Walters 2014 a&b)
and for HMS by the NECR 213 project (Pérez-Dominguez et al. 2016).

Following discussion of the benchmarks at the expert workshop, the benchmarks were
reviewed to ensure they were set at an appropriate level for the activities that will be assessed
when using the sensitivity matrix for commercial fish and shellfish and were quantitative
enough for an assessment to take place. For example, the benchmark for ‘collision below
water’ was originally set at ‘a change of 0.1% of tidal volume on average tide, passing through
an artificial structure’. However, it was felt that this benchmark was difficult to interpret and
assess against. In discussion with NE as to the types of activities that would be linked to the
pressure and therefore the types of impacts that it would need to screen, it was decided that
the following benchmark would be easier to apply: ‘Presence of an object such as a boat or a
rig OR a water flow of 0.3 m/s near an intake pipe or turbine’.

In addition an assessment as to the appropriateness of the HMS or Sessile Species (SS)
benchmark was made. In some cases the benchmarks were amended into a single benchmark
or it was considered more appropriate to use the HMS benchmark for the sessile species in the
assessment of these fish and shellfish species. Some pressures were also split into two
categories as described above e.g. Litter was split into litter and microplastics as these are
likely to result in different impacts and a single benchmark was not appropriate for both. The
final assessment used a total of 40 pressures (Appendix 1).

Direct versus indirect pressures

Pérez-Dominguez et al. (2016) categorised a variety of pressures as indirect due to the fact
that the impact would be primarily through the supporting habitat. These pressures were
therefore not assessed in previous sensitivity assessments. The pressures classified as
indirect were primarily physical pressures such as substrate changes and damage. This
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approach has been taken with the majority of the fish species which are mobile enough that
the impacts are not deemed to directly impact the population. Some fish species and all the
mobile shellfish species however, show a greater reliance on the supporting habitat so that any
damage, abstraction or substrate changes would directly impact the population. For example,
the European lobster shows high site fidelity and remains in shelters within the rocky substrate
for much of the daylight hours. Such behaviour would lead to direct mortality or injury through
pressures such as dredging, abrasion, substrate changes etc. Table 10 shows the species
where habitat impacts have been considered as direct pressures and the justification for this
classification. The sessile shellfish species (scallops and cockles) were assessed using the
sessile protocol where such pressures are deemed direct.

Table 10. Species where habitat impacts have been considered as direct pressures

European lobster High site fidelity and use of shelters within the rocky substrate.

Brown crab Often found recessing into the sediment. Females bury into sediment
when gravid with very little movement.

Common cuttlefish Attaches eggs to seaweeds, seagrass and sessile animals such as
tubeworms or dead structures. Hatchlings and juveniles bury into the
sand and juveniles attach themselves to hard substrate.

Common prawn Spend a large proportion of their time in burrows in the sediment.

Herring Eggs are deposited directly onto the substrate and therefore pressure
will act directly on this lifestage. Furthermore, spawning occurs on
specific habitat types.

Wrasse Build nests which they remain in close proximity to.

Sandeels Spend a large proportion of their time in burrows and show a high degree
of site fidelity.

European plaice Utilises primarily sandy and muddy substrates during all lifestages for
camouflage.

Common sole Utilises primarily sandy and muddy substrates during all lifestages for
camouflage.

Assigning confidence in the sensitivity assessment

As discussed by Pérez-Dominguez et al. (2016), in the light of the highly variable nature of the
quality, quantity, relevance and concordance of the evidence base available on which to base
assessments of resistance, resilience and sensitivity it is necessary to attach confidence
scores to each species-pressure sensitivity assessment. These confidence assessments are
based on the quality, geographical relevance and concordance of evidence that was available
to support the resistance and resilience assessments.

The confidence ratings were calculated using Pérez-Dominguez et al. (2016). This scoring
process was carried out for each resistance and resilience assessment and combined using
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the MarESA protocol (Tyler-Walters et al. 2018) to assign a confidence score for the sensitivity
assessment. These confidence scoring protocols are shown in Table 11 and Table 12.

Table 11. Confidence assessment rules for resistance and resilience (Pérez-Dominguez
et al. 2016; © Crown licensed under Open Government Licence (OGL) v3.0))

The final rank was given based on the summed scores across the three components of the assessment
i.e. quality, applicability and concordance (Maximum combined score 15; Minimum score 3). High
confidence was assigned to total scores >12; Medium confidence to scores 6 — 12; and Low confidence
for scores <6.

Confidence | Quality of information Applicability of evidence Degree of
level sources concordance

High Based on peer reviewed Assessment based on the Evidence agrees on
papers (observational or same pressures arising from the direction and
experimental) or grey similar activities, acting on the | magnitude of impact.
literature reports by same type of species in
established agencies on comparable areas (i.e.
the species. Ireland, UK). s 5
Score =5 Score =5 core =

Medium Based on some peer Assessment based on similar | Evidence agrees on
reviewed papers but relies | pressures on the species in direction but not
heavily on grey literature or | other areas. magnitude of impact
expert judgement on
species or similar species. Score = 3 Score = 3
Score =3

Low Based on expert Assessment based on Evidence does not
judgement, which is not proxies for pressures e.g. agree on concordance
Score =1 Score = 1 Score =1

Table 12. Combined resistance and resilience scores for final sensitivity assessment

confidence score (Tyler-Walters et al. 2018; © Crown licensed under Creative Commons
(CC-BY) v4.0)

Resilience
confidence score

Resistance confidence score
low | Medium  |High
Low

Low Low

Medium
High

Low Medium

Low Medium
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Table 13. Protocol used to assess each fish and shellfish species

Designation for direct/indirect categorisation

Atlantic sturgeon HMS

Plaice HMS with habitat change pressures assessed as direct effects
Sole HMS with habitat change pressures assessed as direct effects
Pollack HMS

Cod HMS

Whiting HMS

Atlantic horse mackerel HMS

Herring HMS with habitat change pressures assessed as direct effects
Ballan wrasse HMS with habitat change pressures assessed as direct effects
Lesser sand eel HMS with habitat change pressures assessed as direct effects
Small sandeel HMS with habitat change pressures assessed as direct effects
Haddock HMS

Hake HMS

Ling HMS

Atlantic mackerel HMS

Tope shark HMS

Spurdog HMS

Blue Shark HMS

Porbeagle HMS

Blue Skate HMS

Undulate ray HMS

Small-eyed ray HMS

Common cockle Sessile

Queen scallop Sessile

Great scallop Sessile

Shrimps and Prawns HMS with habitat change pressures assessed as direct effects
Edible crab HMS with habitat change pressures assessed as direct effects
European lobster HMS with habitat change pressures assessed as direct effects
Common cuttlefish HMS with habitat change pressures assessed as direct effects

Baseline stock status

The sensitivity assessments carried out previously using Pérez-Dominguez et al. (2016) and
Tyler-Walters et al. (2018) use a representative population existing at their optimal niche and
not at the extremes geographic range. This principle is also applied to the baseline population
status. For example, if the majority of a fish population in UK waters are considered
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endangered then the sensitivity of the species to removal would be assessed assuming such a
status. However, if the majority of a population are considered not at risk then the assessment
would assume such a population status. This is an important concept when assessing
commercial species. The principle of Maximum Sustainable Yield (MSY), whereby exploitation
or harvesting is at a level such that the population maintains a constant size was utilised. If a
species is already being harvested at or above MSY then any additional extraction (e.g.
Pressures B5 and B6 — removal of 10% of target or non-target species) would push the
population to levels where population decline would be expected. However, if a population is
exploited well below MSY then additional extraction may not cause population decline. For this
assessment a literature review was carried out for each species to assess the exploitation
levels in UK waters in relation to MSY (or other reference points where MSY is not available)
and an assessment made as to the general status of the species as a whole across the UK.
This information is summarised in the justification for pressure B5 — removal of target species.
It is likely that the exploitation levels will vary from site to site and it will be important that site
specific baseline stock status assessments are made when applying this sensitivity matrix.

Quality assurance process

This project has assessed a range of commercial fish and shellfish species, many of which are
considered data deficient and proxy species (using the principle of functional groups described
above) have been used and expert judgement has been applied in many situations. In addition,
much of the evidence gathered applies to the general biology and ecology or responses to
proxy pressures rather than direct evidence on the response of a species to the exact pressure
at the benchmark, again requiring expert judgement to be applied. This introduces an element
of subjective assessment based on the knowledge and experience of the assessors. A robust
quality assurance (QA) procedure was therefore, applied to ensure the expert judgement
represented the collective views of multiple experts in the field of fisheries and conservation
science.

Internal review

The first draft of the sensitivity assessment was carried out by fisheries and shellfisheries
scientists with expertise in teleost fish and shellfish biology, ecology and fisheries. A subset of
these assessments was then reviewed internally by senior scientists to assess the collective
agreement with the sensitivity class assignment and to ensure conformity of the application of
the methods between the primary assessors.

External review

The external QA process consisted of an expert workshop and external review of a subset of

the sensitivity assessments. The expert workshop consisted of two scientists from APEM, two
external experts in the field of fisheries conservation and science and one representative from
Natural England. The workshop attendees are listed in Appendix 2. The key topics discussed

and actions are outlined in Table 14.
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Table 14. Outline of the key topics discussed and actions from the expert workshop

Functional groups There was discussion of using additional biological traits and a
larger list of species to define functional groups. This would
create functional groups consisting of species with very similar
biological traits and life strategies that should allow robust
assessment at the functional group level. It would also provide a
list of proxy species to help with data deficient species
assessment. Whilst this was considered the best approach for
the use of functional groups, the extra work involved was
considered outside the scope of the budget and timeframe
of the current project.

Benchmarks Some benchmarks were considered inappropriate for
assessment of the impacts, which could lead to screening out of
pressures as Not Sensitive. For example compliance with
environmental quality levels for pollution pressures would
potentially screen out all species as being Not Sensitive at this
benchmark. Review of benchmarks ensuring they are
appropriate to the likely impacts to be assessed.

Baseline population status A discussion around the need for the population status in terms
of current exploitation level to be understood to allow the
assessment of likely population decline in response to additional
extraction or mortality. Assessment to be made of the general
stock status of each species across the UK in terms of MSY
or other proxy reference points.

Direct versus indirect A discussion was held around the appropriateness of classifying
pressures supporting habitat changes as indirect for some species.
Supporting habitat impacts for species with site fidelity or
direct use of habitat for shelter, nesting etc. to be assessed
as a direct impact.

Once internal review had taken place on the sensitivity assessment, four species (three fish
and one shellfish) were sent for review to the external experts involved within the project.
These external experts were chosen based on their expertise in the biology and ecology of fish
and shellfish, expertise in impact assessment and the conservation status of fish and shellfish.
The percentage agreement of the external review with the sensitivity assessment was
analysed and any generic differences of opinion or lessons learnt were applied to the whole
dataset.

Overall, the external reviewers agreed with 83% of the 160 sensitivity assessments reviewed.
Of the 27 assessments where there was disagreement, six of these related to the ratings of
insufficient evidence (IE), where the external experts felt that expert judgement could be
applied to the general knowledge of the biology and ecology of the species. There were only
15 disagreements which resulted in a different sensitivity class assignment (Table 15). Where
changes in the sensitivity class assignment was required, none of the assessments resulted in
an increase in sensitivity of more than one class.
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Table 15. Results of the external review showing the number of assessments where the
external experts disagreed with the primary assessment and how many of these
resulted in a change in sensitivity class assignment. A total of 160 assessments were
sent for external review

Number Cl_1ang
. P of em
Original sensitivity class disagree sensiti
ments V1)
class
High 7 2
Low 7 6
Medium 2 2
Not sensitive S 3
Insufficient evidence (IE) 6 NA
Total 27 NA
Percentage of total sensitivity assessments reviewed that were disagreed | 17% NA
with
Total excluding ‘Insufficient Evidence’ 20 15
Percentage of total sensitivity assessments reviewed that were disagreed | 12.50% 9%
with excluding ‘Insufficient Evidence’

Table 16. Summary of sensitivity class changes following external expert review of 160
assessments

- Change in sensitivity class - Number of assessments

- No Change - 145*
- 1 class increase in sensitivity - 10
- 2 classes increase sensitivity -0

- 3 classes increase sensitivity -

1 class decrease in sensitivity -

- 2 classes decrease in sensitivity -

=N [N|O

- 3 classes decrease sensitivity -
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Results

Sensitivity assessment results

A total of 1,160 assessments of individual species-pressure combinations were made with 39%
resulting in the species being assessed as sensitive to the pressure as summarised in Table
17. There were a greater number of assessments for fish species compared to shellfish that
were not assessed due to the pressure being determined as not relevant or indirect (25% in
fish compared to 7% in shellfish). This was primarily driven by indirect pressures rather than
the pressure not being relevant. The proportion of species-pressure combinations not
assessed due to insufficient evidence was similar in fish and shellfish as were the numbers
that were assessed as not sensitive. The additional direct pressures assessed for shellfish
resulted in a greater percentage of sensitive assessments than for fish (50% compared to
35%) (Table 17).

Of the 448 sensitive assessments in total across both fish and shellfish species, 106 of these
were assessed as high sensitivity, 193 as medium sensitivity and 149 as low sensitivity (Table
18). Although a greater percentage of the shellfish species-pressure combinations were
assessed as sensitive compared to fish, out of these, only 14% were assessed as high
sensitivity compared to 28% for fish (Table 18).

Table 17. High level sensitivity assessment of priority fish and shellfish species to pre-
defined pressures

High level sensitivity Number of assessments Percentage*
assessment
Total | Fish | Shellfish | Total | Fish | Shellfish |

Insufficient Evidence 219 164 55 19 19 20
Not assessed (indirect 240 221 19 21 25 7
pressure or not relevant)

Not sensitive 253 186 67 22 21 24
Sensitive 448 309 139 39 35 50

* Percentage of total may add up to greater than 100% due to rounding to the nearest one percent.
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Table 18. Rankings of the sensitive priority fish and shellfish assessments

Percentage of sensitive
e Number of assessments ts*
Sensitivity assessment assessments

Total | Fisn | shelifsh | Total | Fisn | _sheisn
High 106 86 20 24 28 14
Medium 193 144 49 43 47 35

Low 149 79 70 33 26 50

Total no. of sensitive 448 309 139

assessments

* Percentage of total may add up to greater than 100% due to rounding to the nearest one percent.

Species and functional group trends

In general, the functional groups FishB (demersal, pelagic eggs, benthic invertebrate feeders),
FishE (pelagic, benthic eggs, zooplankton feeders), ShellfishA (suspension feeding, low
mobility, planktotrophic larvae), ShellfishB (predator/scavenger, medium mobility,
planktotrophic eggs/larvae) and ShellfishD (predator/scavenger, high mobility, benthic eggs)
showed the greatest number of sensitive pressure assessments, with over 50% of the
assessments resulting in at least a low sensitivity score (Figure 1). This overall sensitivity did
not, however, correlate with those functional groups showing the greatest proportion of high
sensitivities; FishA (demersal diadromous, benthic eggs, piscivorous feeder) had the most high
sensitivity assessments for fish and ShellfishC (predator/scavenger, high mobility,
planktotrophic eggs/larvae) had the most high sensitivity assessments for shellfish (Figure 1).
Atlantic sturgeon had the greatest number of high sensitivity scores, but overall Common sole
and Atlantic herring had the greatest number of sensitive assessments (low, medium and
high). For shellfish; the European lobster was the most sensitive species with five high
sensitivity scores and 22 overall sensitive assessments. Common cuttlefish had the same
number of sensitive assessments but only two were scored as high sensitivity. Atlantic horse
mackerel and haddock were the fish species with sensitivity to the least number of pressures,
with only seven and eight assessments scored as sensitive respectively. Common crab was
the shellfish species with sensitivity to the least number of pressures, with 13 sensitive scores.
The high number of sensitive assessments for the shellfish species probably reflects the higher
number of direct pressure pathways, through physical pressures affecting habitat attributes,
compared to the majority of fish species, and the more limited mobility of some of the shellfish
species.
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Figure 1. Proportion of sensitivities assigned by functional groupings

Pressures trends

The pressure, permanent physical loss (to land or freshwater habitat), resulted in all species
being assessed as high sensitivity due to the marine requirements of all the species assessed.
Introduction of invasive species, removal of target species, removal of non-target species and
physical change to another seabed type made up the five pressures with the greatest number
of high sensitivity scores (Figure 2). Four pressures scored as sensitive (low, medium or high)
for all species; physical loss (to land or freshwater habitat), removal of target species, removal
of non-target species and barrier to species movement. A further five pressures had sensitive
scores for over 75% of the species: Introduction or spread of invasive non-indigenous species;
microplastics; introduction of other substances (solid, liquid or gas); hydrocarbon and PAH
contamination and transition elements and organo-metal (e.g. TBT) contamination.

Above water collisions and above water noise were assessed as not relevant for all species.
Radionucleide contamination was not able to be assessed for any species due to insufficient
evidence. A further three pressures had insufficient evidence for greater than 75% of the
species: Organic enrichment, litter and vibration.
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Physical loss (to land or freshwater habitat)
Removal of target species

Removal of non-target species

Introduction or spread of INIS

Introduction of other substances
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Physical change (to another seabed type)
Introduction of microbial pathogens

Barrier to species movement

Underwater noise changes

Microplastics

Habitat structure changes - removal of substratum
Deoxygenation
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Smothering and siltation rate changes (Heavy)
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Temperature decrease
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Temperature increase
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Wave exposure changes
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Visual disturbance
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Introduction of light ]
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Figure 2. Number of sensitivity assessments in each assessment category by pressure.
Graph ordered by weighted sum of high, medium and low sensitivity assessments per

pressure.

Confidence assessments

Over 50% of the assessments had a low confidence score (Table 19). However, this was not
consistent between fish and shellfish species, with a greater percentage of assessments for
fish species scored as being of low confidence compared to shellfish (62% for fish compared to
33% for shellfish). Fish scored predominantly low confidence across all sensitivity rank scores,
whereas shellfish tended to score medium confidence. Whilst it may be expected that many
shellfish species would be data deficient compared to commercial fish species, this result may
be explained by the higher number of direct pressure pathways for physical pressures affecting
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habitat attributes for shellfish, compared to the majority of fish species. There is a large
evidence base on the impacts of dredging, fishing, extraction and sedimentation on benthic
habitats and species, giving greater confidence in these assessments for shellfish species over
fish species. There were few high confidence assessments for both fish and shellfish species,
which reflects the need for the use of expert judgement in many cases. In addition, proxy
species were used following the functional group approach which leads to lowered confidence.
Also, where peer reviewed evidence was not available on species there was often the need to
use proxy pressures which again decreased the confidence in the assessment.

Table 19. Confidence assessment scores per sensitivity category. Numbers in brackets
represent percentages of the number of assessments in each category

Sensitivity Rank
Confidence score Number of assessments (percentage of confidence score Total (Percentage of total)
High | Medium | Low | Not sensitive

High 0 (0) 0 (0) 0 (0) 12 (100) 12 (2)
Medium 30 (17) | 35(20) | 34 (19) 76 (43) 175 (35)
Low 56 (18) | 109 (35) | 45 (15) 98 (32) 308 (62)
Total 86 (17) | 144 (29) | 79 (16) 186 (38) 495 (100)
High 10 (50) 1(5) 1(5) 8 (40) 20 (10)
Medium 8(7) 39 (33) | 27 (23) 43 (37) 117 (58)
Low 2 (3) 30 45) | 21(32) 13 (20) 66 (33)
Total 20 (10) | 70 (34) | 49 (24) 64 (32) 203
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Discussion

The sensitivity assessment conducted has assessed a priority list of 29 marine fish and
shellfish species to 40 anthropogenic pressures following the protocols used previously by
Tyler-Walters et al. (2018) and Pérez-Dominguez et al. (2016) for assessing sessile species,
habitats and HMS. Approximately 40% of the species-pressure combinations could not be
assessed, either due to data deficiency, no direct effects or in a small number of cases the
pressure not being relevant to the species.

Where assessments could be made, approximately two-thirds of the species-pressure
combinations were assessed as being sensitive and one-third as not sensitive. Where
assessments could be made (i.e. excluding data deficiency, indirect effects or irrelevant
pressures), the proportion of sensitive to non-sensitive assessments is lower than Pérez-
Dominguez et al. (2016). In Pérez-Dominguez et al. (2016), the assessments resulted in 80%
of species-pressure combinations being assessed as sensitive. The higher proportion in Pérez-
Dominguez et al. (2016) could be a result of the smaller number of fish/crustaceans species
considered and the nature of the species chosen (for example they are all notified species of
existing or planned MPAs).

Furthermore, compared to the current study there were more species-pressure combinations in
Pérez-Dominguez et al. (2016) that had insufficient evidence to assess (~25% compared to
20%). This probably reflects the fact that many of these commercial species assessed by the
current project are well studied as part of their management (e.g. through statutory reporting
obligations, International Council for the Exploration of the Sea (ICES) reports and working
groups) and the large evidence base for the impact of physical pressure on benthic habitats.

As discussed in previous sensitivity reports, these assessments are simplifications of highly
complex ecosystem responses to anthropogenic pressures. They should be treated as a high
level screening of generic, hypothetical responses of average populations in central niche
conditions to the specific benchmarks and not an impact assessment. They do not take into
account local site specific conditions and therefore the activity specific pressure intensity, local
environmental conditions and local population status needs to be assessed and considered
when applying these assessments to specific sites and activities.

Some pressures have not been assessed but scored as indirect where the pressure could be
acting on the species through the supporting habitat or resources (e.g. food items). These high
level sensitivity assessments did not take indirect effects into account due to the complexity in
assessing indirect pressures; however, they could be an important source of displacement,
mortality or decreased fitness in a population and would need to be considered when applying
sensitivity assessments to specific sites. Another important process that could influence the
effect of a pressure on a species is cumulative or in-combination effects (Therivel and Ross,
2007). For example, tolerance to deoxygenation can vary with temperature, such that
deoxygenation in combination with a temperature increase could increase the sensitivity of a
species at a benchmark.
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While there are limitations to these sensitivity assessments, valid inferences and screening of
species which are likely to be sensitive to pressures have been made. The sensitivity
assessments for each species will provide a tool to help highlight species that will need careful
consideration when determining appropriate activity levels and management of marine
resources.

Future directions

Functional groups

The expert workshop undertaken as part of this study discussed the role that functional groups
could play in creating efficiencies in assessing high numbers of species. The species assessed
in this study are a short-list from a much larger list of species that may need to be assessed in
the future. Rather than creating functional groups out of the short-listed species it was
suggested that the initial task should be to take the long list of species and create functional
groups based on functional and ecological traits. These functional and ecological traits are
chosen based on the likelihood of that functional trait to inform resistance or resilience to
pressures. For example, reproductive strategies, longevity and fecundity were all considered
important in determining population recovery following population decline. By using a larger
number of species to formulate the functional groups a larger number of functional traits could
be used to define them, creating groups that have very similar ecological and biological
qualities without ending up with groups containing single species. Species for assessment
could then be chosen so that there is an even spread of assessments across the functional
groups with species within groups being able to act as efficient proxies for other species within
the tight functional groupings.

Literature review

The time allocated for literature review in the MarESA protocol (Tillin & Tyler-Walters,
2014a&b) was one day per species. Based on an average 7.5 hour day, there is less than 15
minutes that can be allocated to each pressure, which is not considered sufficient for a
thorough search of white and grey literature. For the shellfish species where 1) only two
pressures per species were considered not relevant and 2) there were no indirect pressures,
this study found that at least two days were needed to carry out the literature review for each
species. For some more mobile species where there are more indirect pressures, less than two
days per species may be sufficient, but one day is considered insufficient time for a thorough
literature search to be carried out. Future sensitivity assessment based on the MarESA
protocol should build in more time for the literature review stage, which is essential for high
quality assessments.
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Appendices

Appendix 1: Benchmark comparison table

Table 1A Comparison of benchmarks from the Tyler-Walters et al. (2018; © Crown licensed under Creative Commons (CC-BY) v4.0)
protocol (sessile species), those adapted for the Pérez-Dominguez et al. (2016; © Crown licensed under Open Government Licence (OGL)
v3.0) protocol (HMS) and the reviewed benchmark for the current study
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Pressure Pressure Pressure Description Benchmark - Benchmark - Reviewed Benchmark
Code Name P HMS Sessile for Current Study

Combined both
benchmarks as they
both had useful details
for assessment: The
presence of activity
within the visual range

This pressure relates to the disturbance of biota by
anthropogenic activities, e.g. increased vessel
movements, such as during construction phases for
new infrastructure (bridges, cranes, port buildings,

The presence of

Daily duration of
transient visual

Visual offshore platforms, offshore wind farms etc.), activity within the | cues exceeds )
B1 : . . , . . of the feature with a
disturbance | increased personnel movements, increased tourism, | visual range of 10% of the period . .
. . . . . . daily duration of
moving wind turbine blades, increased vehicular the feature. of site occupancy . .
. . . transient visual cues
movements onshore and offshore disturbing bird by the feature o
. , , exceeds 10% of the
roosting areas, rafting areas, feeding areas, seal haul . .
period of site
out areas etc.
occupancy by the
feature.
Genetic modification can be either deliberate (e.g.
introduction of farmed individuals to the wild, Translocation/dis . , Added hybridisation:
. - . Translocation/dis ) .
genetically modified (GM) food production) or a by- placement Translocation/displace
L . . ) placement .
. product of other activities (e.g. mutations associated | outside of a . ment outside of a
Genetic . . . - . . outside of a :
e with radionuclide contamination). The former is geographic area; . geographic area;
modification . ; . geographic area; | . :
related to escapees or deliberate releases e.g. introduction of . . introduction of
& . . introduction of
. cultivated species such as farmed ducks and geese, | farm/hatchery- farm/hatchery-reared
B2 translocatio . . farm/hatchery- o )
farmed salmon if GM practices are employed. reared e individuals outside of
n of . e reared individuals .
. Mutated organisms from the latter could be individuals . geographic area from
indigenous oy : . outside of .
. transferred with imports for aquaculture, aquaria, outside of . which adult stock
species geographic area

species traded as live food or 'natural' migration.
Movement of native species to new regions can also
introduce different genetic stock. Includes
hybridisation with native and non-native species.

geographic area
from which adult
stock derives.

from which adult
stock derives.

derives. Introduction of
species with which
hybridisation can occur.
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Pressure Pressure Pressure Descriotion Benchmark - Benchmark - Reviewed Benchmark
Code Name P HMS Sessile for Current Study

Introduction
or spread of

This pressure refers to the direct or indirect
introduction of non-indigenous species, e.g. Chinese
mitten crabs, slipper limpets, Pacific oyster and their
subsequent spreading and out-competing of native

A significant
pathway exists
for the
introduction or
spread of one or

A significant
pathway exists for
introduction of
one or more
invasive non-
indigenous
species (INIS)

. . species. Ballast water, hull fouling, stepping stone more non-
invasive . I, . (e.g. aquaculture
effects (e.g. offshore wind farms) may facilitate the indigenous -
B3 non- . ) . . .| of INIS, untreated | No revision
- spread of such species. This pressure could be invasive species;
indigenous . . . . ballast water
. associated with aquaculture, mussel or shellfishery OR there is a
species L . . exchange, local
activities due to imported seed stock or from potential for the .
(INIS) . ) . . port, terminal,
accidental releases. Introduction of predators such as | introduction of
. . . harbour or
mink, weasels, rats, hedgehogs and domestic cats highly N :
. | ; . . . marina); creation
can result in predation of nesting birds. invasive/impact of new
species. L
colonisation
space >1ha.
. . - . . The intr tion
This pressure relates to the untreated or insufficiently | The introduction € introductio
. . of relevant
treated effluent discharges and run-off from terrestrial | of relevant . .
. . microbial
and offshore sources and vessels. It may also be a microbial athogens or
Introduction | consequence of ballast water releases. In pathogens to an fnetazgoan
B4 of microbial ?quacult'ure where seed_stocks are |mpo.rted,. area where they disease vectors No revision
th n infected' seed could be introduced, or microbial are currently not
pathogens to an area where

pathogens could be introduced from accidental
releases of effluvia. Escapees, e.g. farmed salmon,
could be infected and spread pathogens to the
indigenous populations. Aquaculture may release

present (e.g.
avian influenza
virus, viral
haemorrhagic

they are currently
not present (e.g.
Martelia
refringens and
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Pressure Pressure Pressure Descriotion Benchmark - Benchmark - Reviewed Benchmark
Code Name P HMS Sessile for Current Study

contaminated faecal matter, from which pathogens
could enter the food chain.

septicaemia
virus, etc.).

Bonamia, Avian
influenza virus,
viral
Haemorrhagic
Septicaemia
virus).

This pressure relates to the direct removal /
harvesting of biota for the commercial exploitation of
fish and shellfish stocks, including smaller scale
harvesting, angling and scientific sampling.

The extraction of
features as a
target species

Removal of target
species that are
features of
conservation

The extraction of
features as a target

Removal of ) . removes 10% of | . species removes an
Ecological consequences include pressures on the o importance or
BS target . . . . the individuals extra 10% of the
. sustainability of stocks, reducing / depleting feeding sub-features of o
species . . from the . individuals from the
areas, impacting energy flows through food webs and . habitats of . .
. I g population of the . population of the site
the size and age composition within fish stocks. For : conservation . .
: . . . . . site under . under consideration.
birds, wildfowling and hunting has identical effects on . . importance at a
: consideration. .
targeted populations. commercial scale.
fang, Pnting o harvestng of marng resounces | T xiacton of | Removaof
includg?a direcg’i removal of ir?dividuals and physical features as a fea.tures > The extraction of
resourcgs (e.g. aggregates, cooling water Ztg ) non-target nodental non- features as a non-
Removal of | = "~ céi.seggen%es ir110Iu de f% od we’b i species removes | targeted catch target species removes
B6 non-target de engdencies c? ulation dynamics of fish, marine 10% of the (py-catoh) an extra 10% of the
species P  POP y ’ individuals from | through a individuals from the

mammals, turtles and sea birds (including survival
threats in extreme case). Includes entrapment in
static fishing gear and power plants as a form of by-
catch on aquatic fauna.

the population of
the site under
consideration.

targeted fishery,
shellfishery or
harvesting at a
commercial or

population of the site
under consideration.
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Pressure Pressure Pressure Descriotion Benchmark - Benchmark - Reviewed Benchmark
Code Name P HMS Sessile for Current Study

recreational
scale.
This pressure is likely to only act indirectly on mobile
speme_s. Unlike the ‘physical c_:hange pressure where The extraction of
there is a permanent change in seabed type (e.g. .
. . sediment to 30
sand to gravel, sediment to a hard artificial substrate)
s ) cm; OR removal .
the ‘habitat structure change’ pressure relates to a of >10% Extraction of
. temporary and/or reversible change. For example, a > substratum to 30
Habitat . : . . area/volume of
reversible change occurs with marine mineral . : cm (where
structure . . biologically .
changes - extraction where a proportion of seabed sands or relevant substratum No revision but use
D1 g gravels are removed but a residual layer of seabed is includes HMS benchmark for
removal of R structures . . .
left which is similar to the pre-dredge structure and as | . : sediments and sessile species
substratum : . . . (including water
. such biological communities could re-colonise. . soft rocks but
(extraction) - . o . column habitat
Navigation dredging to maintain channels is another . . excludes hard
. and biogenic
example where the silts or sands removed are . bedrock).
. . forming
replaced by non-anthropogenic mechanisms so the I
. . structures) within
sediment typology is not changed. Other examples of .
. . a site.
this type of pressure include removal of structures
required for spawning, shelter or roosting.
Penetration | This pressure is likely to only act indirectly on mobile | Structural
and/or species. This pressure refers to the disturbance of damage of >10% | Damage to Use HM_S benchmark
disturbance | sediments where there is limited or no loss of area/volume of | seabed surface for seSS|.Ie species due
D2 of the substrate from the system. This pressure is biologically and §ub-surface to abr.asllon dept.h in
substratum | associated with activities such as anchoring, taking of | relevant species _and description varying
below the sediment/geological cores, cone penetration tests, structures penetration from the sessile
surface of | cable burial (ploughing or jetting), propeller wash (including water | S25mm. benchmark.
the seabed, | from vessels, and certain fishing activities, e.g. column habitat
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Pressure Pressure Pressure Descriotion Benchmark - Benchmark - Reviewed Benchmark
Code Name P HMS Sessile for Current Study

including
abrasion

scallop dredging, beam trawling (physical effects of
fishing gear on seabed habitats). Agitation dredging,
where sediments are deliberately disturbed and move
by gravity and hydraulic dredging where sediments
are deliberately disturbed and moved by currents
could also be associated with this pressure type.
Compression of sediments, e.g. from the legs of a
jack-up barge could also fit into this pressure type.
Abrasion relates to the damage of the seabed surface
layers (typically up to 50 cm depth).

and biogenic
forming
structures) within
a site.

D3

Changes in
suspended
solids
(water
clarity)

This pressure relates to changes in water clarity from
changes in sediment and organic particulate matter
concentrations. It is related to activities disturbing
sediment and/or organic particulate matter thereby
mobilising it into the water column. Anthropogenic
activities such as all forms of dredging, disposal at
sea, cable and pipeline burial, secondary effects of
construction works, e.g. breakwaters all affect water
clarity. Particle size, hydrological energy (current
speed and direction) and tidal excursion are all
influencing factors on the spatial extent and temporal
duration. This pressure also relates to changes in
turbidity from suspended solids of organic origin (as
such it excludes sediments - see the ‘changes in
suspended sediment’ pressure). Salinity, turbulence,
pH and temperature may result in flocculation of
suspended organic matter. Anthropogenic sources
are mostly short lived and occur over relatively small

A change in one
Water
Framework
Directive (WFD)
ecological status
class for one
year within site.

A change in one
Water Framework
Directive (WFD)
ecological status
class for one year
within a site.

No revision
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Pressure Pressure Pressure Descriotion Benchmark - Benchmark - Reviewed Benchmark
Code Name P HMS Sessile for Current Study

spatial extents but could affect species that rely of
underwater vision for hunting.
“Heavy” smothering also relates to the deposition of
layers of sediment on the seabed but is associated
with activities such as sea disposal of dredged
materials where sediments are deliberately deposited | An increase of .
. . . . An increase of up
Smothering | on the seabed. This accumulation of sediments up to 30 cm of ,
- : . . to 30 cm of fine
and siltation | relates to the depth of vertical overburden where the | fine material )
. ” . . material added to -
D4 rate sediment type of the existing and deposited sediment | added to the . No revision
- . - . the seabed in a
changes has similar physical characteristics because, although | seabed in a .
. . . . single event
(Heavy) most species of marine biota are unable to adapt, single event - .
. : . s . within a site.
e.g. sessile organisms unable to make their way to within a site.
the surface, a similar biota could, with time, re-
establish. If the sediments were physically different
this would fall under L2.
When the natural rates of siltation are altered
(increased or decreased). Siltation (or sedimentation)
is the settling out of silt/sediments suspended in the An increase of
Smothering water column. Activities associated with this pressure up to 5 cm of Up to 5 cm of fine
and siltation | tyPe include mariculture, land claim, navigation fine material material added to
D5 rate dredging, disposal at sea, marine mineral extraction, | ;q4ed to the the seabed in a No revision
changes cable and pipeline laying and various construction seabed in a single event
(Light) activities. It can result in short lived sediment single event within a site.
concentration gradients and the accumulation of within site.
sediments on the sea floor. This accumulation of
sediments is synonymous with "light" smothering,
which relates to the depth of vertical overburden.
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Code Name P HMS Sessile for Current Study

“Light” smothering relates to the deposition of layers
of sediment on the seabed. It is associated with
activities such as sea disposal of dredged materials
where sediments are deliberately deposited on the
seabed. For “light” smothering most benthic biota
may be able to adapt, i.e. vertically migrate through
the deposited sediment.

This pressure is likely to only act indirectly on mobile
species. Damage to seabed surface features by
activities associated with abrasion can cover
relatively large spatial areas and include:

Structural
damage of >10%

power stations. This could also relate to temperature
changes in the vicinity of operational sub-sea power

species habitat
areas, or 2°C for

over species
habitat areas, or

Abrasion/di area/volume of Damage to
sturbance - fishing with towed demersal trawls (fish & shellfish); . . g
. . . . . biologically surface features
of the - bio-prospecting such as harvesting of biogenic .
. relevant (e.g. species and | Use HMS benchmark
D6 substrate features such as maerl beds where, after extraction, . : :
i . . . structures physical for sessile species
on the conditions for recolonisation remain suitable or : . s
) . . . (including structures within
surface of - relatively localised activities including: seaweed . . . .
. . . biogenic forming | the habitat).
the seabed | harvesting, recreation, potting, aquaculture. D
. - . structures) within
Abrasion and surficial damage to sediment structures .
. . a site.
may affect features if these structures are required for
spawning, shelter or roosting (e.g. herring spawning
grounds)
Events or activities decreasing local water A short-term 5°C R
o . . A short-term 5°C
T t temperature. This is most likely from thermal decrease in .
H1d eémperatur | "~ . decrease in temp | N revision
e decrease | discharges, e.g. the release of cooling waters from temp over
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cables. This pressure only applies within the thermal
plume generated by the pressure source. It excludes
temperature changes from global warming which will
be at a regional scale (and as such are addressed
under the climate change pressures).

one year or
more.

2°C for one year
or more.

Events or activities increasing local water
temperature. This is most likely from thermal
discharges, e.g. the release of cooling waters from
power stations. This could also relate to temperature

A short-term 5°C
increase in temp

A short-term 5°C
increase in temp

HA; Temperatur | changes in the vicinity of operational sub-sea power over species over species No revision
e increase cables. This pressure only applies within the thermal | habitat areas, or | habitat areas, or
plume generated by the pressure source. It excludes | 2°C for one year | 2°C for one year
temperature changes from global warming which will | or more. or more.
be at a regional scale (and as such are addressed
under the climate change pressures).
Events or activities decreasing local salinity. This
relates to anthropogenic sources/causes that have
the potential to be controlled, e.g. freshwater A decrease in .
di.schar_ges from pipelines that reduce sallinity, or salinity from 35 A d.e.crease In A decrease in salinity
Hod Salinity prme d|scha.rg.es from salt caverns washings that may | 5 38 units over ggllg:?:sfr;)\:r;r% to from 35 to 32 Units over
decrease increase salinity. This could also include species species essential

hydromorphological modification, e.g. capital
navigation dredging if this alters the halocline or
erection of barrages or weirs that alter
freshwater/seawater flow/exchange rates. The
pressure may be temporally and spatially delineated

essential habitat
areas.

species essential
habitat areas.

habitat areas.
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derived from the causal event/activity and local
environment.

Events or activities increasing local salinity. This
relates to anthropogenic sources/causes that have
the potential to be controlled, e.g. freshwater
discharges from pipelines that reduce salinity, or
brine discharges from salt caverns washings that may
increase salinity. This could also include

An increase in
salinity from 35

An increase in
salinity from 35 to

H2i iaclrlglatze hydromorphological modification, e.g. capital ::)ZZ;J:”S over 38 units over No revision
navigation dredging if this alters the halocline or essential habitat species essential
erection of barrages or weirs that alter areas habitat areas.
freshwater/seawater flow/exchange rates. The '
pressure may be temporally and spatially delineated
derived from the causal event/activity and local
environment.
The pressure relates to changes in water movement | change in
Water flow | @ssociated with tidal streams (the rise and fall of the peak mean
(tidal tide, riverine flows), prevailing winds and ocean spring tide bed .
current) currents. The pressure is therefore associated with flow velocity of A change. in peak
changes, activities that have the potential to modify between 0.1 m/s | Mean spring bed
H3 including hydrological energy flows. For example, tidal energy | +5 0.2 m/s over flow velocity of Use HM.S Benchmark
sediment generation devices remove (convert) energy and population areas between 0.1m/s | for sessile species
transport such pressures could be manifested leeward of the or 50% of width to 0.2m/s for

consideratio
ns

device, capital dredging may deepen and widen a
channel and therefore decrease the water flow,
canalisation and/or structures may alter flow speed
and direction; managed realignment, and tidal

of a water body
for more than
one year.

more than 1 year.
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barrages. The pressure will be spatially delineated.
The pressure extremes are a shift from a high to a
low energy environment (or vice versa). The biota
associated with these extremes will be markedly
different as will the substrate, sediment
supply/transport and associated seabed elevation
changes. The potential exists for profound changes
(e.g. coastal erosion/deposition) to occur at long
distances from the construction itself if an important
sediment transport pathway was disrupted. As such
this pressure could have multiple and complex
impacts associated with it.

H4

Emergence
regime
changes,
including
tidal level
change
consideratio
ns

The pressure relates to changes in water levels
reducing the intertidal zone (and the
associated/dependent habitats). The pressure relates
to changes in both the spatial area and duration that
intertidal species are immersed and exposed during
tidal cycles (the percentage of immersion is
dependent on the position or height on the shore
relative to the tide). This relates to anthropogenic
causes that may directly influence the temporal and
spatial extent of tidal immersion, e.g. upstream and
downstream of a tidal barrage the emergence would
be respectively reduced and increased, beach re-
profiling could change gradients and therefore
exposure times, capital dredging may change the
natural tidal range, managed realignment, saltmarsh
creation. Such alteration may be of importance in
estuaries because of their influence on tidal flushing

Intertidal species
(and habitats not
uniquely defined
by intertidal
zone): A one
hour change in
the time covered
or not covered
by the sea for a
period of one
year.

Intertidal species
and habitats
(and
landscapes)
defined by
intertidal zone:

Intertidal species
(and habitats not
uniquely defined
by intertidal
zone). A one hour
change in the
time covered or
not covered by
the sea for a
period of one
year. Habitats
and landscapes
defined by
intertidal zone: An
increase in
relative sea level
or decrease in

No revision
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and potential wave propagation. Changes in tidal
levels will only affect the emergence regime in areas
that are inundated for only part of the time. Foraging
time for wading birds and fish using intertidal mudflats
for example could produce direct effects on
populations. The effects that tidal level changes may
have on sediment transport are not restricted to these
areas, so a very large construction could significantly
affect the tidal level at a deep site without changing
the emergence regime. Such a change could still
have a serious impact. This excludes pressure from
sea level rise which will be at a regional scale and
cannot be managed at the local scale.

An increase in
relative sea level
or decrease in
high water level
of 1 mm for one
year over a
shoreline length
>1 km.

high water level
of 1 mm for one
year over a
shoreline length
>1km.

This pressure refers to local changes in wave length,
height and frequency. Exposure on an open shore is
dependent upon the distance of open ocean over
which wind may blow to generate waves (the fetch)

and the strength and incidence of winds. A change in A change |.n. near
Wave . . . nearshore shore significant
Anthropogenic sources of this pressure include o . -
H5 exposure e significant wave | wave height >3% | No revision
artificial reefs, breakwaters, barrages, and wrecks . o o
changes . . . L height of >3% but <5% for one
that can directly influence wave action or activities but <5% car
that may locally affect the incidence of winds, e.g. a o year.
dense network of wind turbines may have the
potential to influence wave exposure, depending
upon their location relative to the coastline.
L1 Physical This pressure relates to the permanent loss of marine | Permanent loss | Permanent loss No revision
loss (to land | habitats. Associated activities are: land claim; new of the existing of the existing
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freshwater
habitat)

coastal defences that encroach on and move the
Mean High Water Springs level seawards; the
footprint of a wind turbine on the seabed and the sea
surface it covers; and dredging if it alters the position
of the halocline. This pressure excludes changes
from one marine habitat type to another marine
habitat type.

saline habitat
within a site.

saline habitat
within a site.

L2sb

Physical
change (to
another
seabed

type)

The permanent change of one marine habitat type to
another marine habitat type, through the change in
substratum, including to artificial (e.g. concrete) or
water column habitat changes (i.e. a barrage
increasing the water column volume and effects on
pelagic food webs). This therefore involves the
permanent loss of one marine habitat type but has an
equal creation of a different marine habitat type.
Associated activities include the installation of
infrastructure (e.g. surface of platforms or wind farm
foundations, marinas, coastal defences, pipelines and
cables), the placement of scour protection where soft
sediment habitats are replaced by hard/coarse
substrate habitats, removal of coarse substrate
(marine mineral extraction) in those instances where
surficial finer sediments are lost, capital dredging
where the residual sedimentary habitat differs
structurally from the pre-dredge state, creation of
artificial reefs, mariculture i.e. mussel beds, and the
protection of pipes and cables using rock dumping
and mattressing techniques. The placement of
cuttings piles from oil and gas activities could fit this

Change from
sedimentary or
soft rock
substrata to hard
rock or artificial
substrata or
vice-versa.

Change from
sedimentary or
soft rock
substrata to hard
rock or artificial
substrata or vice-
versa.

No revision
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pressure type; however, there may be an additional
associated pressures, e.g. ‘pollution and other
chemical changes’. This pressure includes dredging
where the depth of sediment changes locally but the
sediment typology is not changed.

L2sed

Physical
change (to
another
sediment

type)

The permanent change of one marine habitat type to
another marine habitat type, through the change in
substratum, including to artificial (e.g. concrete) or
water column habitat changes (i.e. a barrage
increasing the water column volume and effects on
pelagic food webs). This therefore involves the
permanent loss of one marine habitat type but has an
equal creation of a different marine habitat type.
Associated activities include the installation of
infrastructure (e.g. surface of platforms or wind farm
foundations, marinas, coastal defences, pipelines and
cables), the placement of scour protection where soft
sediment habitats are replaced by hard/coarse
substrate habitats, removal of coarse substrate
(marine mineral extraction) in those instances where
surficial finer sediments are lost, capital dredging
where the residual sedimentary habitat differs
structurally from the pre-dredge state, creation of
artificial reefs, mariculture i.e. mussel beds, and the
protection of pipes and cables using rock dumping
and mattressing techniques. The placement of
cuttings piles from oil and gas activities could fit this
pressure type, however, there may be an additional
associated pressures, e.g. ‘pollution and other

Change in
sediment type by
one Folk class
(based on UK
SeaMap
simplified
classification).

Change in
sediment type by
one Folk class
(based on UK
SeaMap
simplified
classification).

No revision
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chemical changes’ theme. This pressure includes
dredging where the depth of sediment changes
locally but the sediment typology is not changed.

Marine litter is any manufactured or processed solid
material from anthropogenic activities that are
discarded, disposed of or abandoned once entering
the marine and coastal environment including:
plastics, metals, timber, rope, fishing gear etc.

Introduction of
man-made

objects able to
cause physical

Introduction of
man-made

objects able to
cause physical

sharks, rays, lampreys, etc.)

1 Li : . . N isi
© itter Ecological effects can be physical (smothering), harm (surface, harm (surface, o revision
biological (ingestion, including uptake of water column, water column,
microplastics; entangling; physical damage; sea floor and/or | sea floor and/or
accumulation of chemicals) and/or chemical strandline). strandline).
(leaching, contamination).
. .| Additional introduction of microplastic particles to a Increase in microplastic
Microplastic | . . . . .
O1a S site. For example washout from rivers during extreme concentration of 10% in
storm events, leaching from landfill sites etc. a one off incident
The previous
This pressure relates to the localised electric and . . benchmark was very
o : . . The introduction . .
magnetic fields associated with operational power .| The introduction low and was not
L . . of a local electric . , .
Electromag | cables and telecommunication cables (if equipped . of a local electric | appropriate for benthic
, i field of 1 V/m or . .
02 netic with power relays). Such cables may generate . field of 1V m-1 or | species. The effect of a
. L . a local magnetic . .
changes electric and magnetic fields that could alter behaviour | _ a local magnetic standard cable buried
o I . field of 10 uT .
and migration patterns of sensitive species (e.g. within a site field of 10uT. to a depth of 0.5m

giving off approximately
500uT at the surface.
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Code Name P HMS Sessile for Current Study

Increases over and above background noise levels
(consisting of environmental noise (ambient) and
incidental man-made/anthropogenic noise (apparent))
at a particular location. Species known to be affected
are marine mammals and fish but could potentially
include diving birds and crustaceans. The theoretical
zones of noise influence are temporary or permanent
hearing loss; discomfort and injury; response; and
masking. In extreme cases noise pressures may lead
to physical injury and death. The physical or
behavioural effects are dependent on a number of

Marine Strategy
Framework
Directive

MSFD indicator
levels (SEL or

Combine both
benchmarks:

Marine Strategy
Framework Directive

of light

lighting on structures during construction or operation
to allow 24 hour working; new tourist facilities, e.g.

irradiation at the

incident light via

Underwater | variables, including the sound pressure level and (MSFD) indicator | peak SPL) (MSFD) indicator levels
03 noise frequency of the noise. High amplitude low and mid- | levels (SEL or exceeded for (SEL or peak SPL)
changes frequency impulsive sounds and low frequency peak SPL) 20% of days in exceeded in areas
continuous sound are of greatest concern for effects | exceeded in calendar year used by features for
on marine organisms. Some species may be areas used by within site. 20% of days in
responsive to the associated particle motion rather features. calendar year within
than the usual concept of noise (i.e. pressure wave). site.
Noise propagation can be over large distances (tens
of kilometres) but transmission losses can be
attributed to factors such as water depth and seabed
topography. Noise levels associated with construction
activities, such as pile-driving, are typically
significantly greater than operational phases (i.e.
shipping, operation of a wind farm).
o4 Introduction | Direct inputs of light from anthropogenic activities, i.e. gr;eLcl:Jthir:]g;f?jse Change in Use HMS benchmark

for sessile species
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Code Name P HMS Sessile for Current Study

promenade or pier lighting; lighting on oil and gas
facilities etc. Ecological effects may include the
diversion of bird species from migration routes if they
become disorientated by or attracted to the lights.
Attraction to light sources can result in birds directly
colliding with structures, or interfering with fish
migration or spawning. It is also possible that
continuous lighting may lead to increased algal
growth resulting in other indirect effects.

water surface at
night during the
period of site
occupancy by
the feature.

anthropogenic
means.

This pressure relates to the physical obstruction of
species movements and including local movements
(within and between roosting, breeding, feeding
areas) and regional/global migrations (e.g. birds,
eels, salmon, and whales). Both include up-river
movements (where tidal barrages and devices or

Disruption to
>10% of local
population of a
migratory feature

Permanent or
temporary barrier
to species

Removed permanent or
temporary from HMS
benchmark. Difficult to
assess resilience to
both a temporary and

i ff rmanent change:
Barrl_er o dams could obstruct movements) or movements affected by movement 250% p(.e @ .e t change
05 species . . permanent or Disruption to >10% of
across open waters (offshore wind farm, wave or tidal of water body .
movement . . . ) temporary lack . local population of a
array devices, mariculture infrastructure or fixed o width or a 10% .
i : . of continuity of — migratory feature by
fishing gears). The species affected are mostly birds, change in tidal .
, . . parts of the . lack of continuity of
fish, and mammals. This pressure includes temporary . . excursion. . .
. . N . . migration parts of the migration
physical discontinuities to migratory (or commuting) . .
. : corridor. corridor. Use for both
corridors such as DO sags (low dissolved oxygen . .
. Mobile and Sessile.
concentration event).
Collision This pressure relates to the injury or mortality of biota | The introduction
O6a ABOVE from collisions with both static and/or moving of aerial NA Not relevant for fish
water with | structures. Examples include collisions with: structures or and shellfish
static or - rigs (e.g. birds) devices that
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Code Name P HMS Sessile for Current Study

onshore or offshore by construction, vehicles

moving - screens in intake pipes (e.g. fish at power stations) | introduce
objects not | - wind turbine blades (e.g. birds) collision risk in
naturally - tidal devices (e.g. fish and mammals) and areas used by
found in the | - shipping (e.g. fish and mammals). features.
marine Activities increasing number of vessels transiting
environmen | areas, e.g. new port development or construction
t(e.qg., works will influence the scale and intensity of this
boats, pressure. In the assessments the above and below
machinery, | collision risks were assessed separately as two
and independent pressure types.
structures)

This pressure relates to the injury or mortality of biota

. from collisions with both static and/or moving Altered benchmark
Collision . . . . . .
BELOW structures. Examples include collisions with: after discussion with

. - rigs (e.g. birds) Natural England to
water with . . ' . A change of

. - screens in intake pipes (e.g. fish at power stations) : . reflect the types of
static or . . ) 0.1% of tidal 0.1% of tidal o

. - wind turbine blades (e.g. birds) activities it will be used
moving . . . volume on volume on

. - tidal devices (e.g. fish and mammals) and . . to assess: Presence of
O6b objects not o , average tide, average tide, :
- shipping (e.g. fish and mammals). . . an object such as boat
naturally e . . passing through | passing through .
. Activities increasing number of vessels transiting e e or rig OR A water flow
found in the : an artificial artificial structure.

. areas, e.g. new port development or construction of 0.3 m/s near an
marine o . . . structure. . . .
environmen works will influence the scale and intensity of this intake pipe or turbine.
¢ pressure. In the assessments the above and below Use for both HMS and

collision risks were assessed separately as two sessile species.
independent pressure types.
o7 Above This pressure relates to any loud noise made The introduction | A Not relevant for fish
water noise of airborne noise and shellfish
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(including aircraft), vessels, tourism, mining, blasting
etc. that may disturb birds and reduce time spent in
feeding or breeding area.

above
background
levels during
periods of site
occupancy by
the feature.

Aquatic animals are sensitive to particle motion
therefore vibration alone will present a significant
direct disturbance to some species. In addition to
direct vibration sources (e.g. drilling, trawling, piling,

Particle motion
equivalent for
MSFD indicator
levels (SEL or

08 Vibration etc.) energy from substrate vibrations can enter the peak SPL) No revision
water column as sound waves which are likely to exceeded in
produce pressure components of sound and cause areas used by
similar effects as those discussed in ‘underwater
noise’. features.
This pressure relates to the increase in transition The introduction At a benchmark of
element levels compared with background of non-synthetic | compliance with | CoMPpliance with EQS it
Transition concentrations, resulting from their input from substances and | 4| Apnual would be expected that
elements & | land/riverine sources, by air or directly to sea. For compounds (e.9. | Average no effects would occur
organo- marine sediments the main elements of concern are | heavy metals Environmental and it was a concern
P1 metal (e.g. | arsenic, cadmium, chromium, copper, mercury, resulting, for Quality Standards | that this benchmark
TBT) nickel, lead and zinc. Organo-metallic compounds example, from (AA-EQS), could therefore screen
contaminati | such as the butyl tins (tri butyl tin and its derivatives) | Pollution by conformance with | Ut species that would
on can be highly persistent and chronic exposure to low | Ships and oil, PELs, EACs, ER- | otherwise be sensitive
levels has adverse biological effects, e.g. imposex in | 9as and mineral | ¢ to pollution events.
molluscs. exploration, Therefore benchmark
atmospheric changed: Non-
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deposition,
riverine inputs).

Compliance with all AA
EQS, conformance with
PELs, EACs, ER-Ls
affecting 10% of the
site (for sessile
features) or 10% of the
population

P2

Hydrocarbo
n & PAH
contaminati
on

This pressure relates to increases in the levels of
these compounds compared with background
concentrations. Ecological consequences include
tainting and some hydrocarbons are acutely toxic
resulting in carcinomas and growth defects. This
pressure includes oil spills. Hydrocarbons are
naturally occurring compounds, which are a complex
mixture of two basic molecular structures:

- straight chained aliphatic hydrocarbons (relatively
low toxicity and susceptible to degradation)

- multiple ringed aromatic hydrocarbons (higher
toxicity and more resistant to degradation).

These fall into three categories based on source
(includes both aliphatics and polyaromatic
hydrocarbons):

- petroleum hydrocarbons (from natural seeps, oil
spills and surface water run-off)
- pyrogenic hydrocarbons (from combustion of coal,

Compliance with
all AA EQS,
conformance
with PELs,
EACs/ER-Ls

Compliance with
all AA EQS,
conformance with
PELs, EACs/ER-
Ls

Change as for P1: Non-
Compliance with all AA
EQS, conformance with
PELs, EACs, ER-Ls
affecting 10% of the
site (for sessile
features) or 10% of the
population
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woods and petroleum)
- biogenic hydrocarbons (from plants & animals).

P3

Synthetic
compound
contaminati
on (incl.
pesticides,

pharmaceut
icals)

antifoulants,

This pressure relates to increases in the levels of
synthetic compounds compared with background
concentrations. Ecological consequences include
physiological changes (e.g. growth defects,
carcinomas). These compounds are synthesised from
a variety of industrial processes and commercial
applications. Chlorinated compounds include
polychlorinated biphenols (PCBs), dichlor-diphenyl-
trichloroethane (DDT) and 2,3,7,8
tetrachlorodibenzo(p)dioxin (2,3,7,8-TCDD) which are
persistent and often very toxic. Pesticides vary
greatly in structure, composition, environmental
persistence and toxicity to non-target organisms.
They include: insecticides, herbicides, rodenticides
and fungicides. Pharmaceuticals and Personal Care
Products originate from veterinary and human
applications which compose a variety of products
including over-the-counter medications, fungicides,
chemotherapy drugs and animal therapeutics, such
as growth hormones. Due to their biologically active
nature, high levels of consumption, known combined
effects, and their detection in most aquatic
environments they have become an emerging
concern.

Compliance with
all AA EQS,
conformance
with PELSs,
EACs, ER-Ls
within site.

Compliance with
all AA EQS,
conformance with
PELs, EACs, ER-
Ls within site.

Change as for P1: Non-
Compliance with all AA
EQS, conformance with
PELs, EACs, ER-Ls
affecting 10% of the
site (for sessile
features) or 10% of the
population
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The 'systematic or intentional release of liquids,

The presence of

Change as for P1: Non-
Compliance with all AA

Introduction | gases' (from the Marine Strategy Framework exogenous Compliance with .
o . , : EQS, conformance with
of other Directive Annex Ill Table 2) is being considered e.g. substances all AA EQS,
. . o : : : . PELs, EACs, ER-Ls
P4 substances | in relation to produced water from the oil industry. It (including oil conformance with affecting 10% of the
(solid, liquid | should therefore be considered in parallel with films and slicks) | PELs, EACs/ER- site (forgsess;)le
or gas) contamination transition elements and organo-metals, | in areas used by | Ls
. features) or 10% of the
hydrocarbons and PAH, and synthetic compounds. features. .
population
This pressure relates to the introduction of
radionuclide material, raising levels above
background concentrations. Such materials can come
from nuclear installation discharges, and from land or
sea-based operations (e.g. oil platforms, medical
sources). The disposal of radioactive material at sea
is prohibited unless it fulfils exemption criteria _ _ . .
. | developed by the International Atomic Energy Agency An Increase in An ihcrease In
Radionuclid (IAEA), namely that both the following radiological radionuclides of | radionuclides of
P5 e | criteria are satisfied: (i) the effective dose expected to | 10 Gy/h above |10 uGy/habove | = ..
contaminati | phe incurred by any member of the public or ships background background
on levels within a levels within a

crew is 10 pSv or less in a year; (ii) the collective
effective dose to the public or ships crew is not more
than 1 man Sv per annum, then the material is
deemed to contain de minimise levels of radioactivity
and may be disposed at sea pursuant to it fulfilling all
the other provisions under the Convention. The
individual dose criteria are placed in perspective (i.e.
very low), given that the average background dose to
the UK population is ~2,700 uSv/a. Ports and coastal

site.

site.
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sediments can be affected by the authorised
discharge of both current and historical low-level
radioactive wastes from coastal nuclear
establishments.

P6

Nutrient

enrichment

This pressure relates to the increased levels of the
elements nitrogen, phosphorus, silicon (and iron) in
the marine environment compared to background
concentrations. Nutrients can enter marine waters by
natural processes (e.g. decomposition of detritus,
riverine, direct and atmospheric inputs) or
anthropogenic sources (e.g. waste water runoff,
terrestrial/agricultural runoff, sewage discharges,
aquaculture, and atmospheric deposition). Nutrients
can also enter marine regions from ‘upstream’
locations, e.g. via tidal currents to induce enrichment
in the receiving area. Nutrient enrichment may lead to
eutrophication. Adverse environmental effects include
deoxygenation, algal blooms, changes in community
structure of benthos and macrophytes.

Non-compliance
with WFD
criteria for good
status within
site.

Compliance with
WEFD criteria for
good status

Use HMS benchmark
for sessile species.

P7

Organic

enrichment

This pressure relates to organic enrichment resulting
from the degraded remains of dead biota and
microbiota (from land and sea); faecal matter from
marine animals; flocculated colloidal organic matter
and the degraded remains of sewage material,
domestic wastes, industrial wastes etc. Organic
matter can enter marine waters from sewage
discharges, aquaculture or terrestrial/agricultural

A deposit of 100
gC/m2/yr.

A deposit of
100gC/m2/yr.

No revision
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runoff. Black carbon comes from the products of
incomplete combustion (PIC) of fossil fuels and
vegetation. Organic enrichment may lead to
eutrophication. Adverse environmental effects include
deoxygenation, algal blooms, changes in community
structure of benthos and macrophytes.

This pressure relates to any deoxygenation that is not
directly associated with nutrient or organic
enrichment. This pressure refers to the lowering,
temporarily or more permanently, of oxygen levels in
the water or substrate due to anthropogenic causes
(some areas may naturally be deoxygenated due to

Exposure to
dissolved oxygen
Non-compliance | concentration of

Deoxygenat | stagnation of water masses, e.g. inner basins of Wl.th \.NFD less than or equal Use HMS benchmark
P8 . : . . . . . criteria for good | to 2mg/I for 1 . .
ion fiords). This is typically associated with nutrient and _ for sessile species
. . . . status within week (a change
organic enrichment, but it can also derive from the )
site. from WFD poor
release of ballast water or other stagnant waters
. . . status to bad
(where organic or nutrient enrichment may be
status).

absent). Ballast waters may be deliberately
deoxygenated via treatment with inert gases to Kill
non-indigenous species.
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Appendix 2: Expert workshop attendees

The external workshop was held on the 14" November 2018 and was attended by:

Dr Natalie Hold — APEM project manager and shellfish lead;

Alex Scorey — APEM finfish lead;

Dr Hilmar Hinz — Mediterranean Institute for Advanced Studies, Department of
Ecology and Marine Resources. External expert in fish and shellfish biology,
ecology, interactions between fish and benthic habitats and fisheries;

Steve Colclough — Chair of the Transitional and Marine specialist section of the
Institute of Fisheries Management. External expert on fish ecology and fisheries
management with extensive experience in sustainable development in tidal
waters across the UK; and

Phillip Haupt — Natural England Project Manager
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