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CRYNODEB GWEITHREDOL

MAPIO SENSITIFRWYDD CYNEFINOEDD BENTHIG O SAFBWYNT
PYSGOTA YN NYFROEDD CYMRU — DATBLYGU PROTOCOL

Nod yr astudiaeth hon oedd darparu methodoleglavgddonol gadarn iddi er mwyn asesu pa
mor sensitif yw cymunedau benthig o safowynt gwgatleddau sy’'n gysylltiedig & physgota.
Bydd y broses hon yn arwain at lunio mapiau o $éngydd cynefinoedd er mwyn hwyluso
cynllunio a rheolaeth ofodol, a gellir eu defnyddiofewn Ardaloedd Cadwraeth Arbennig
(ACA). Fe ddatblygwyd methodoleg wreiddiol yr adiaeth hon mewn gweithdy a gynhaliodd
Cyngor Cefn Gwlad Cymru ym Miwmares (Mawrth 2006)Rhoddwyd contract i Brifysgol

Lerpwl archwilio cyfiawnhad gwyddonol dull Biwmares

Roedd dull Biwmares yn anelu at asesu pa mor sewstdd cynefinoedd i bysgota trwy
gymharu dwyster y pysgota gyda chyfradd adfer yefywoedd, a hynny er mwyn cael sgoér
sensitifrwydd (uchel, canolig neu isel). Defnyalitl y dull ddau fatrics a oedd yn cynnwys tri
o brif gydrannau: arddwysedd yr aflonyddu, 0l trogdaflonyddu (a ddefnyddiwyd ynghyd i
asesu dwyster yr aflonyddu), a’r gyfradd adfer wigdaflonyddu ddigwydd (Ffigwr 1). Roedd
y dull hwn yn dibynnu ar nodi gwahanol lefelau sefmydd y cynefinoedd (h.y. nodi'r
gwahaniaethau rhwng sensitifrwydd uchel, canolig rel) wrth ystyried pysgota, gan asesu

cyfradd adfer y cynefinoedd er mwyn cael sgoér sdénsydd derfynol.

Cafodd sensitifrwydd y cynefinoedd eu hasesu ynafyar sail astudiaethau a adolygwyd gan
gydweithwyr yn ymwneud & gweithgareddau sy’'n efffieitar lawr y mor (e.e. pysgota ac
echdynnu cerrig man). Nodwyd gwahanol lefelawsg#rwydd y cynefinoedd trwy ddefnyddio
dirywiad y rhywogaethau yn sgil yr aflonyddu, magafodol yr aflonyddu, a chyfraddau adfer
dilynol y rhywogaethau.  Hefyd, cynhaliwyd adolgdi ysgrifenedig ar y ddadl wyddonol
gyfredol parthed adferiad cynefinoedd benthig ar §wbeth aflonyddu arnynt. Tynnodd yr
adolygiad sylw at yr anawsterau o ran diffinio pwso cyfeirio’r adferiad, yn ogystal & natur
gymhleth adferiad yr ecosystem a'r cyfyngiadau yrastudiaethau gwyddonol presennol sy’'n
ymwneud &'r testun hwn. Ar sail y dystiolaeth @yat gael, ni ddaethpwyd o hyd i berthynas
adfer gyffredinol ar gyfer y ddau newidyn a asesgw@yster yr aflonyddu a maint gofodol yr
aflonyddu). Awgryma hyn nad oes modd pennu mewddrgwyddonol lefelau sensitifrwydd
gwahanol echelinau’r matrics ym methodoleg arfagithBiwmares.

Ar y cyd &'r Cyngor Cefn Gwlad, cytunwyd ar ddulialh o fapio sensitifrwydd cynefinoedd.
Parhawyd i ddefnyddio dull matrics — gydag un eichgh ymwneud &'r gwahanol fathau o

iX
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bysgota a geir yng Nghymru, a’'u dwyster; a'r il ymwneud &'r cynefinoedd morol a geir yng
Nghymru. Cwblhawyd y matrics diwygiedig trwy ddgétidio cyfuniad o lenyddiaeth wyddonol
a barn arbenigwyr mewn gweithdai (gan gynnwys skiifysgol Lerpwl ar Cyngor Cefn

Gwlad), er mwyn nodi sensitifrwydd y cynefinoedd @nhy math o bysgota a geir a dwyster y

pysgota.

O gyfanswm o 1624 o gyfuniadau celloedd (y mathyoefjn x y math o bysgota x lefel y
dwyster), cafodd 14% eu dosbarthu’n goch (sensiidid uchel) a chafodd 14% eu dosbarthu’n
oren (sensitifrwydd canolig). Fe fydd angen ymitimwymhellach i'r cynefinoedd a gaiff eu
dosbarthu’n goch neu’n oren er mwyn pennu a oegragflwyno camau rheoli at ddibenion
gwarchod natur. O’r celloedd sy’n weddill, cafoiéd% eu dosbarthu'n wyrdd (sensitifrwydd
isel), a chafodd 53% eu dosbarthu’n wyn (offer sgginhebygol o gael eu defnyddio yn y math

hwn o gynefin).

O’r 29 cynefin rhynglanwol, rhynglanwol-islanwol @&lanwol a gafodd eu hasesu, cafodd pob
un ar wahan i bump eu hystyried fel bod yn sengitifn i'r mwyafrif o weithgareddau pysgota
(h.y. dosbarthwyd y pump dan sylw fel sero neu dwgtl un gell goch yn unig iddynt, sef
Cynefinoedd 4, 8, 10, 22 a 28). Ni wyddys a ywchynefin arall yn cynnal gweithgareddau
pysgota ai peidio (Cynefinoedd 1-3). Cafodd ycghefin sy’n weddill eu cofnodi fel bod yn
sensitif iawn i rai mathau o bysgota. Yn gyffmeali dengys y canlyniadau fod y rhan fwyaf o
gynefinoedd yn sensitif i ddefnyddio offer pysgatdreillir ar hyd gwely’r mér, llongau carthu a
rhai technegau ar gyfer casglu abwyd rhynglanwalpad yn llai sensitif i ddefnyddio rhwydi,
cewyll a thechnegau pysgota, sy'n effeithio llapgmunedau benthig.

Mae hi'n bwysig nodi bod y fethodoleg hon yn sallgg ar y mathau o gynefinoedd a'r
technegau pysgota y gwyddom amdanynt neu sydd ewedhoi ar waith yn ddiweddar yng
Nghymru adeg cynnal yr astudiaeth (lonawr 200Ni ellir rhoi ystyriaeth i dechnolegau sy'n
dod i'r amlwg. Hefyd, nid yw'r fethodoleg yn ysigd yr effaith a all ddod yn sgil symud y
rhywogaeth darged oddi yno, mynediad (e.e. sathrabpwriel mewn cynefinoedd cyfagos i'r
cynefinoedd a gaiff eu pysgota, effeithiau cronnusholl offer gwahanol a geir mewn
cynefinoedd unigol, cyfradd adfer cynefinoedd meyenthynas a chyfradd yr aflonyddu naturiol
a ddaw i'w rhan, yn ogystal ag amcanion cadwraethel amcanion eraill) sy'n berthnasol i
safleoedd penodol (e.e. amcanion rheoli pysgodfeyd&odd bynnag, fe fyddwn yn ymdrin &
rhai o’r pynciau hyn yn ddiweddarach yn natblygyaféthodoleg hon, gan eu hychwanegu at yr
asesiadau sensitifrwydd generig.
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Yn ystod gweithdy a gynhaliwyd gan y Cyngor Cefn l&dy cafodd y dull ymarferol o

weithredu’r protocol ei asesu, a chafodd ei rowarth ar safle ACA yng Nghymru. Roedd y
gweithdy’'n cynnwys cynrychiolwyr o asiantaethau weakthol (h.y. Cyngor Cefn Gwlad
Cymru, Natural Englanda Scottish Natural Heritageac amryw o gontractwyr sy’n ymwneud a
chadwraeth. Yn gyffredinol, roedd y rhai a gyndetaan yn y gweithdy yn cefnogi’r dull, a
daethpwyd i'r casgliad fod y mapiau sensitifrwydd gffer generig defnyddiol ar gyfer rheoli
safleoedd, ac y gellid ychwanegu amcanion yn ymwngo benodol &'r safle atynt (er
enghraifft, amcanion cadwraethol ar gyfer yr ACA)Y farn oedd y gellid defnyddio’r dull

mewn ardaloedd ehangach y tu hwnt i ffiniau'r ACAByddai hyn yn ein cynorthwyo i gael

rheolaeth a chynlluniau gofodol manwl gywir ar gyye amgylchedd morol ehangach.

Xi
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EXECUTIVE SUMMARY

This study aimed to provide a scientifically robusethodology to assess the sensitivity of
benthic habitats to fishing activities. This prssewill allow for the production of maps of
habitat sensitivity to facilitate spatial managetremd planning and which will have applications
for use within Special Areas of Conservation (SAC$he original methodology for this study
was developed at a Countryside Council for WaleS\G workshop held at Beaumaris (March
2006). The University of Liverpool were contractedexamine the scientific justification of the

Beaumaris approach.

The Beaumaris approach aimed to assess habitatiggnto fishing by comparing the severity
of a fishing event against the rate of habitat vecy to derive a habitat sensitivity score (high,
medium or low). The approach used two matriceckwiesbntained three main components; the
intensity of the disturbance and the spatial faatpf the disturbance (which were used together
to assess the severity of the disturbance event)tlaa rate of recovery from the disturbance
event (Figure 1). This approach relied on ideirdythe sensitivity breakpoints of habitats (i.e.
identifying the differences between high, mediumlar sensitivity) to a fishing event and

assessing the rate of habitat recovery to providdihal sensitivity score.

The sensitivity of habitats was assessed initiibyn peer-reviewed studies of human activities
that affect the sea floor (e.g. fishing and aggegatraction). The sensitivity breakpoints of
habitats were identified using the degree of spedexline from a disturbance event, the spatial
extent of a disturbance event and the species gubserecovery rates. A literature review on
the current scientific debate on the recovery ofthie habitats to disturbance events was also
conducted. The review highlighted the difficultiesdefining recovery reference points, as well
as the complexity of ecosystem recovery and linoitest in the existing scientific studies on this
topic. From the evidence available, no generabvery relationships were found for either of
the variables assessed (intensity of disturbandespatial extent of disturbance), indicating that
the sensitivity breakpoints of the matrix axesha proposed Beaumaris methodology could not

be determined scientifically.

An alternative approach to mapping habitat sengitiwas subsequently agreed upon between
the authors. A matrix approach was still usedhwibe axis composed of the types of fishing
activities employed in Wales and the other of madivabitat types found in Wales. For each
fishing activity the sensitivity was scored for foevels of activity, ranging between a single

fishing event and levels of activity commensuratéhva modern commercial fishing operation.

Xii
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The revised matrix was completed using a combinatid scientific literature and expert
judgement at workshops (with both University of é&igool and CCW staff), to identify the
sensitivity of habitats according to fishing typedahe level of fishing activity.

Out of a total of 1680 cell combinations (habitgbe x fishing typex fishing activity level),
habitats in 14% of combinations were categorisedaasng a high level of sensitivity. Habitats
in a further 14% of combinations were consideredh&ve a medium level of sensitivity.
Habitats classified as having a high or medium llesk sensitivity will require further
investigation to determine whether a managemenmorese is required for nature conservation
purposes. Of the remaining cells, habitats wategorised as having a low level of sensitivity
in 19% of combinations and combinations which wayesidered unlikely to occur formed 54%

of cells.

Of the 30 intertidal, intertidal-subtidal and sulali habitats assessed, only five habitats were not
considered highly sensitive (i.e. either zero olyane high sensitivity cell) to the majority of
types of fishing activity (Habitat Types 4, 8, 3 and 29) and a further three habitats were not
known to support any fishing activities (Habitatpeg 1-3). The remaining 22 habitat types
were identified as highly sensitive to some formfishing activity. Overall, the results show
that most habitats are sensitive to the use oflé@wottom gears, dredges and some intertidal
bait collection techniques and less sensitive ® ke of nets, pots and angling techniques,

which have a smaller benthic footprint.

It is important to note that this methodology is&@ on the habitat types and fishing techniques
known to occur, or to have recently been pursuediales at the time of the study (January
2007) and cannot account for emerging technologilso, the methodology does not account
for the impact of the removal of target speciesgas (e.g. trampling) and litter issues in habitats
adjacent to fished habitats, the combined impattaudtiple gears types in individual habitats,
the rate of recovery of a habitat in relation te ttate of natural disturbance to which it is
exposed, as well site specific conservation or rothigiectives (e.g. fisheries management
objectives). However some of these issues wilhtddressed at a later stage in the development
of this generic methodology and overlaid on tophef generic sensitivity assessments.

The practical application of the protocol was assdsat a series of internal and external CCW
organised workshops where the viability of the apph was examined for a couple of Welsh
SAC sites. The external workshops included reptas@es from conservation agencies (i.e.

Xiii
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CCW, Natural England, the Joint Nature Conservat@ommittee and Scottish Natural
Heritage), government departments and agencies KBBbaries Committees, Welsh Assembly
Government, the Department for Environment, Food &ural Affairs and the Centre for
Environment, Fisheries and Aquaculture Sciencegdamic scientists (University of Liverpool,
University of Bangor) and various environmental sltancy contractors (e.g. MarLIN). At the
first external workshop (Menai Bridge February 2D@apresentation was predominantly made
up of the country agencies while for the secondgédevy — June 2007) the attendees were
selected to essentially reconvene the ‘Beaumarikshop’ (March 2006) which had initiated
the process. Therefore not all of the organisatiwese represented at both external workshops.
Overall, the participants of the series of worksheppported the approach and concluded that
the base sensitivity maps were a useful generit fimo site management upon which the
development of more site specific objectives (sashthe conservation objectives for SACSs)
could be added. This report has developed from ntiaerial originally produced for the
workshops but includes additional work and revisi@uggested and agreed upon during the
workshops. It was thought that the approach cbaldpplied to wider areas outside of the SACs
which would facilitate accurate spatial planningdamanagement in the wider marine

environment.

K. Hall N.C. Eno

O.A.L. Paramor K.M. Dernie

L.A. Robinson R.A.M. Sharp

A. Winrow-Giffin G.C.Wyn

C.L.J. Frid K Ramsay

University of Liverpool Countryside Councilrfvales
June 2008
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1 INTRODUCTION

The overall aim of this contract was to providecestifically robust methodology for mapping
the sensitivity of benthic habitats to fishing &ityi, building on the work of the Beaumaris

workshop.

1.1 Project objectives

1.1.1 Background- CCW Beaumaris workshop

In March 2006, a workshop was undertaken in Beaisn{éllorth Wales), to assess a protocol
devised by CCW to assess the sensitivity of berthigitats to a variety of fishing activities.
The ultimate aim of this work was to map generibits sensitivity to fishing for use in marine
SAC management. The approach was based on expeitroand used two matrices to develop
a sensitivity score — one of which assessed therggwf the fishing activity in a habitat, while

the second considered the subsequent rate of ngcolvthe habitat from the fishing activity.

The idea is that by being able to quantify the igpaitent and intensity of a fishing activity in a
habitat (using the categories in the first matsee Figure 1) you arrive at a score of low,
medium or high for the severity of this activityLhis severity score then feeds into the second
matrix (see Figure 1) and gets considered agdmesinherent rate of recovery of that habitat to
the damage caused by the fishing activity to ghee final sensitivity score of low, medium or

high. This final score can then be mapped and tsadl management decision making.

At the workshop the matrix methodology was supmbtig the invited stakeholders, fisheries
regulators and scientists (academic and consullanejowever the overall conclusion of the
workshop was that a more robust scientific jusdifien was needed for both matrices before this
methodology could be applied. This was due tofdloe that the initial classifications of high,
medium and low scores for severity of impact anel thte of recovery were solely based on

expert opinion.
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First matrix gives a score for theséverity of the impact from a combination of the intensity
and spatial extent of the impact

Spatial Extent of impact by single day’s fishing ativity (on benthic habitat polygon.)
_ Very slight 5% of |15% of habita| 50% of Near total
Intensity of | footprint habitat covered habitat coverage of
Impact covered covered habitat
Low Low Low Low Low
Very slight
5% Low Low Low Medium Medium
destruction
15% Low Low Medium High High
destruction
50% Low Medium High High High
destruction
Near total |Low Medium High High High
destruction

Second matrixgives an assessment eéhsitivity’ of the habitat from combining the severity of
the impact with the rate of recovery of the habitat

Severity of impact
Rate of
recovery Low Medium High
Not relevant| Low Low Low
or immediate
<3 months Low Low Medium (->Low)
Up to a year | Medium (-> Low) Medium (-> Low)| High (-> Medium))
1-2 years High (-> Medium) High (-> Medium) High
2-5 years High High High
5-10 years High High High
10 —25 years| High High High
Over 25 years High High High
(if ever)

Figure 1. Beaumaris methodology from CCW workshop (March 3006lassification levels in
brackets in the second matrix indicate the revgausitivity scores after debate at the Beaumaris
workshop (March, 2006).
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1.1.2 Contract Specification

Subsequently the University of Liverpool were canted to consider the scientific basis of the

Beaumaris approach in collaborations with CCW. femens of reference for this contract were:

(i) Produce a review of the current scientificiétire concerning recovery of benthic
habitats found in Welsh waters in response to thmfishing activities identified in the
contractor’s report. The review to focus on timalss of recovery, factors influencing
recovery rate and the nature of the recovered systigh respect to the ‘natural’
condition and the meeting of conservation objestifice SAC habitats.

(i) Review the scientific literature and appropeigrey literature for information that allows
the impact-response surface for each fishing geduhabitat to be characterised. On the
basis of this relationship we will produce guidanoethe quantitative basis for the
categories used in the scoring tables.

(il)Produce a pro-forma/ methods protocol thatlddue used to map the sensitivity of
benthic habitats to fishing.

(iv)Report on the application of the protocol wwtSACs following expert focus group
meetings and offline work (organised out with ttasitract).

Chapter 2 of this report considers the conclusfoms the literature review on the recovery of
benthic systems from impacts arising from fishingl aother physical impacts (ToR i), and
Chapter 3 describes how the Beaumaris methodol@gytested and deemed to be scientifically
unjustifiable (ToR ii). Chapter 4 outlines the ismd matrix methodology for this contract (ToR
iii) and Chapter 5 discusses the Seabed Sensitwifyishing Activities Workshgpwhere the
protocol was applied to two Welsh SAC sites (ToR iv
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2 LITERATURE REVIEW - RECOVERY OF BENTHIC HABITATS.

2.1 Ecosystem recovery

The key objective of most conservation strategestol conserve ecosystem structure and
function, thereby preserving a sustainable systéman ideal world, an ecosystem would return
to its original, pre-disturbance state in termstled abundance, diversity and structure of its
biological communities and its functioning (Hiscoakd Tyler-Walter, 2006) after a disturbance
event. In reality however, the recovery of all gmments of a system to pre- impact conditions
is unrealistic and therefore most studies to dateHocused on the recovery of the key species
and the assemblages and components of the systguestion (Hall-Spencer and Moore, 2000;
Mazzolaet al, 2000; Lewiset al, 2002). Recognition of the point of recovery forpacted
habitats should be a fundamental component of stesybased management (Gilkinsziral.,
2005), however research into the recovery of systeparticularly with regard to aquatic
habitats, is in its infancy. Consequently thereusrently a scientific debate as to what actually
constitutes recovery and what endpoints best desdhe recovery of an ecosystem, making

management decisions difficult.

2.2 Determining the recovery of an ecosystem-the s  cientific debate

The most documented response parameter with régaaddisturbance event is the associated
decline in abundance of a population. Yet wherassh focus switches to actually defining

recovery from a disturbance event, problems arsséhare are no standard recovery reference
points for metrics of population or community s&fGilkinsonet al, 2005). Hence a large

variety of endpoints have been utilised in studitedate, including the recovery of a species to a
previous density, recovery to a species or genehnaess (e.g. at least 80% of original number of
taxa), recovery of total biomass, first appearasfce species after disturbance and also recovery
to a relatively stable population level as deteedifrom a seasonal population curve judged to

be similar to pre-stressor levels (Nieatial, 1990).

Other studies have suggested defining recoverelmg of a return to the original sediment
structure between harvested and control areas ¢8petal, 1998) or in cases such as biogenic
habitats, that a measure of the body size of slowigng vulnerable species provides a better
indication of when recovery is likely to have oamdat (Dupliseaet al, 2002). Equally other
research has suggested that an assessment ofeh&ragture of remaining populations may
provide a better indicator of when recovery hasuoad for more vulnerable species (Hoffman
and Dolmer, 2000; Bradshagt al., 2001) and the use of biomarkers to assess ty&qghbgical
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condition of a species to determine a full recoveag also been highlighted (Power, 1999).
More recent research into recovery rates has alsestigated whether determining the rate of
physical habitat recovery could facilitate in cd#ting the biological rate of recovery of species

assemblages to assist in fisheries managemeniateci{®ernieet al, 2003a; 2003b).

However studies regarding ecosystem recovery hés@ @bserved that while the study of
individual components of an ecosystem (e.g. spegiesidance) may be important in habitat
recovery, monitoring the recovery of a single comgrt of a system might be misleading in
determining the overall recovery process (Anand @asgrocher, 2004). For example, one study
showed that the biomass bfya arenariaremained depleted for at least two years after the
cessation of lugworm dredging, even though the nigjof the benthic community had
recovered within six months (Beukema, 1995). Famtiore, few studies have actually assessed
community responses to fishing disturbance, forngda in terms of biomass instead of
abundance, which could be a more important ecadbgndicator of community structure and
recovery (Kaiseret al, 2006). Other studies, however, have argued ¢batmunity level
indicators may not accurately describe the popaaivel recovery of the species that comprise
the community (Zajac and Whitlach, 2003), yet there few studies that monitor recovery both
at the population (single species) as well asatctmmunity level (all/ several species) over the
long term (Anand and Desrocher, 2004).

There is also an additional problem with regardtie majority of recent national and
international conservation objectives being defimeterms of maintaining ecosystem function,
as this research topic is only just being addresdeat example, Bremneat al, (2003, 2005)
and Tillinet al, (2006) assessed the impacts of fishing on etasy&inction through biological
trait analysis, while Hiddinlet al, (2006) utilised state and pressure indicatorsrder to assess
larger areas of habitat and of the energy flow uglothe benthic system to monitor fishing
impacts on ecosystem function. Therefore althotigh maintenance/ recovery of ecosystem
function is a major component of policy objectiviée science to aid in these decisions is still in
its infancy and there are questions on how to diyaetosystem function let alone assess its

recovery.

Research into recovery rates to aid policy dectsiare also confounded by the fact that most
studies only examine the short-term effects ofifighdisturbances and therefore there is a
limited temporal nature in our understanding oforemry (Thrush et al., 1998; Kaiset al,
2002; Kaiseret al, 2006), as well as an understanding primarilyatlrelatively small spatial
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scales (Collieet al, 2000). There is also considerable debate dketsuitability of ‘control’
sites utilised in studies of recovery as to whettinety are appropriate representatives of pre-
disturbed conditions (Kaiser, 1998; Johnson, 2@#/d et al, 2003; Guerra-Garciet al, 2003;
Kenchingtonet al, 2006). For example, the majority of the seabemlind the UK coast has
already been subjected to fishing activity at sguoat in time (MacDonaldcet al, 1996) and
subsequently current un-fished areas may not reptgsistine undisturbed habitats. Therefore
a disturbed system may not be able to recoveriso'¢bntrol’ state of apparent health and this

may hinder the accuracy of predicted recovery toakes (Johnson, 2002).

It is also noted that even if the recovery of a oamity is recorded, this does not necessarily
mean that the recovered system will be similaht gre-disturbance system (Power, 1999; van
Dalfsenet al, 2001). There is debate as to whether the éstabént of a community identical

to that which occurred prior to the disturbanceaigractical approach to the question of
‘recovery’ of biological resources (Seiderer andvdit, 1999). Trying to document and state
convincingly when recovery has occurred againstoatisuously changing ecosystem is
particularly difficult (Ellis, 2003) and due to tltynamic nature of ecosystems it seems logical
that recovery should perhaps not be based on sttibutes (Hobbs and Harris, 2001). An
alternative theory arising from studies on dredgmgacts relates to assessing recovery in terms
of the establishment of sufficient species divgrsibllowing a disturbance, to allow the
biological resources to progress towards the deveéejuilibrium’ of communities which
characterise stable deposits in coastal watersié8sai and Newell, 1999). Another approach
that has been suggested relates to the theorystaimable ecological succession’ (Ellis, 2003),
whereby the start and progression of the ecologigatession process can be monitored through
a small number of species and aid in measuringet@very of the biodiversity of a habitat. The
integration of these new theories into scientificdges are yet to be fully applied to see if they

can aid in determining recovery.

However scientists and managers also need to eeidlé in some cases recovery may not be
possible in the time scales undertaken for scientiésearch and needed for management
decisions, if recovery occurs at all. For exampigerl habitats have been known to show no
signs of recovery from scallop dredging four yeafter the fishing event (Hall-Spencer and
Moore, 2000), while fisheries management decisioesd to be made within this timeframe,
hence a precautionary management approach is eelquitltimately there is also the fact that in

some cases the impact and recovery of all halyipest and fishing gear combinations have not
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yet been quantified (Auster 1998; Colk¢ al, 2000), thereby making the wider application of
these studies for use in management decisioncpiantiy difficult.

2.3 Recovery of benthic habitats- current understan ding

The current aim in fisheries management towardscasystem approach requires recognition of
the point of recovery and timescales of recoveryifgpacted habitats (Gilkinsoet al, 2005).
However the majority of studies to date have ndtexl effects of fishing activities on benthic
habitats, while few have actually assessed andtijieanthe recovery of benthic systems from
these activities. Nonetheless, research into tgacts of fishing on environments is now
moving towards a more holistic approach and is ipiiag useful insights into the recovery of
benthic habitats.

The recovery of an ecosystem is a complex procedgteere are a variety of factors that affect
recovery rates. These include the physical antbdgical characteristics of the habitat prior to
the disturbance and the agent causing the actstalrdance (Herrando-Péerez and Frid, 2001), as
well as the scale and duration of the disturbaveat the hydrodynamics and topography of the
area and the degree of similarity of the habitahwhat which existed prior to the disturbance
(Boyd et al, 2003). In general, disturbance events can lwadhe formation of abiotic
conditions in habitats (e.g. aggregate dredgingcamticery spoil dumping), or more likely in the
case of fishing disturbances can lead to the faomadf a ‘relic community’ of individuals.
Therefore the composition of either the initialmuking fauna or of the remaining community
will subsequently influence the colonisation pracebthe disturbed area to varying degrees (e.g.
Chandrasekara and Frid, 1996a) and thereby affiectate of habitat recovery. However it is
not only the faunal composition of the remainingplations that can affect the rate of recovery,
but also the genetic diversity of these communitid®opulations that are under threat and
declining can be susceptible to inbreeding, ancetidogical consequences of the loss of genetic
diversity in small populations have been notedame marine mammal species and fish stocks
(e.g. Acevedo-Whitehousa al, 2003; Hauseet al, 2002).

Although the majority of these parameters are gdie fully quantified for fishing activities and
other types of disturbance events and describedl@ion to recovery processes, research into
the processes and timescales of habitat recovergaw being conducted for a variety of habitat
and fishing types. The most recent approach terstanding recovery appears in the form of
meta-analysis, and has concluded that recovery fislimg activities is generally more rapid in
less physically stable habitats inhabited by magppootunistic species, such as sand habitats
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(recovery in days to a few months) compared to rstable gravel, muddy and biogenic habitats
(recovery in months to greater than a year) (Cdtial, 2000; Kaiseet al, 2006). This was
also confirmed by a study that was not includethsn meta-analysis, but demonstrated similar
recovery results for a variety of habitat typesrfideet al, 2003a).

With regard to more specific fishing examples aewdriety of recovery responses have been
noted. For example scallop dredging in biogenicita#s appears to be one of the most severe
fishing practices, with no signs of recovery ofgbéhabitats demonstrated in various scientific
studies (e.g. Hall-Spencer and Moore, 2000; Kagsel., 2006). In comparison, static gears in
the majority of habitat types are thought to hawewry slight impact if at all on the benthos (Eno
et al, 2001; Blythet al, 2004), subsequently requiring little if any tifioe recovery.

Some studies have shown relatively rapid recovdy days) for areas subjected to hand
gathering techniques such as raking and jumboingdakles in the Dyfi estuary (Baukham,
1998), whilst Kaiseet al, (2001) found that recovery from hand rakingdockles had occurred
in 56 days for small plots (9m?), but the largetpl(B6m?2) were still in an altered state after 56
days. The larger plots had however recovered alggsx and the study concluded that while the
impact of this activity was significant within agme the effect was unlikely to persist beyond this
time scale. The impacts of the use of crab tiles imtertidal mudflats were followed
experimentally and complete recovery had not oecltwo months after the disturbance event
(Lockley, 2001).

Studies relating to more intensive fishing techegusuch as suction and tractor dredging for
cockles, have noted relatively rapid recovery @hreonths, Moore 1991; 56 days after the
fishing event, Hall and Harding, 1997). Howeverrensheltered environments have been shown

to require longer recovery periods than more waygwsed and dynamic sites (Moore 1991).

With regard to fish farming aquaculture, recoveates of benthic habitats have been noted to be
lengthy, with Pereirat al, (2004) noting the macrobenthic community tol $t@ in a highly
impacted state 15 months after the cessation of@aproduction. Mazzolat al, (2000) noted
only a 30% recovery of meiofaunal community stroettwo months after the cessation of fish
farming for sea bass, while Poldeal, (2001) found no recovery of macrofaunal commuait
year after salmon farming had ceased. Howevern&pet al., (1998) noted recovery had

occurred 12 months after mechanical harvestinglons had taken place.
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With regard to the recovery of benthic habitatsrfrother types of disturbance events a variety
of responses have been demonstrated. For exarwpbeyears after experimental gravel
extraction no recovery of macrofauna had been n{edny and Rees, 1996), while Desprez
(2000) noted no recovery from aggregate extrac28nmonths after the disturbance event.
Other studies have assessed the recovery of bdmbitats after the cessation of colliery spoll
dumping (Johnson and Frid, 1995) and found variaéselts, with recovery at one location not
occurring until 7.5 years after the dumping ceasedi/st another site had shown no sign of
recovery 12 years after the cessation of colliggildumping. Herrando-Perez and Frid, (1998)
also noted that complete recovery of benthic sitad not occurred nine months after the
cessation of fly-ash dumping along the Northumbetlaoastline, but further advances towards
recovery, in for example species diversity wereedddt this site two years after the cessation of
the activity (Herrando-Pérez and Frid, 2001). @Gured research into the timescales and

processes of ecosystem recovery will eventually iaidnforming conservation and policy
management decisions.
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2.4 Conclusions

There are no standard recovery reference pointsfdrics of population or community

status to aid in defining recovery (e.g. Nieghial, 1990; Gilkinsoret al, 2005).

It must be recognised that recovery may never qcespecially if a species that is
essential to the functioning of the ecosystem tirgated (e.g. Hall-Spencer and Moore,
2000).

The recovery process is complex and thereforegbevery of one species does not
signify that the associated biomass and functionirtpe full ecosystem has recovered
(Anand and Desrocher, 2004).

If recovery does occur the ecosystem will functidwt this functioning may be
significantly different to the functioning of thegadisturbed ecosystem (e.g. Power, 1999;

van Dalfseret al, 2001).

Recovery may initially occur rapidly (e.g. towai3% recovery), but may then have a

very slow approach towards the asymptote of 10086very.

Recovery may take a very long time, making manageecisions very difficult.

Scientific studies tend to have a limited tempa@hponent, meaning data on recovery
timescales and processes are curtailed (e.g. Tletush 1998, Kaiseet al, 2001, 2002).

10
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3 METHODOLOGY FOR MAPPING HABITAT SENSITIVITY (BASE D
ON THE BEAUMARIS APPROACH)

3.1 Rationale

In order to consider the scientific basis of tha®@®aris approach (Figure 1) it was necessary to
decompose the two matrices into their individuaistduent factors and examine the robustness
of each characteristic (i.e. intensity of impagiatsal extent of impact and rate of recovery). The
basis of the Beaumaris approach is the assumgtairatrelationship exists between the intensity
of an impact and the subsequent recovery dynartimg) and the spatial extent of an impact
and the subsequent recovery (i.e. the larger tlemsity / spatial extent of an impact, the longer
the recovery time). Therefore the key to providangcientific grounding to the approach is an
examination of the scientific evidence that carubed to characterise these relationships. Once
the nature of the relationships is known it shobkl possible to determine the sensitivity
breakpoints of habitats (i.e. setting the boundabietween high, medium or low sensitivity) to a
fishing event and assessing the rate of habitavesy to provide a final sensitivity score.

It however must be remembered that marine comnasniie classically described by ecologists
as ‘open’ systems, which is to say that there wnadly little link between the composition of
the community and the influx of new colonists (beyt recruiting larvae or mobile adults) (e.qg.
Roughgarderet al, 1985; Caleyet al, 1996). This could have a profound influencetoa
recovery process. For example it is generally gaczed that small patches created by impacts
in sediment assemblages are primarily closed byement of individuals from outside the
patch, this also holds for gaps in mussel bedsibuassemblages of attached flora / fauna (Hall,
1994; Paine and Levin, 1981). Patches in assemblafysessile organisms and large patches in
sedimentary systems require larval colonizatiom{@&a& Simon, 1980). There is considerable
variability in the supply of larvae to differentdations (Gainest al, 1985; Jenkins and
Hawkins, 2003). Therefore while it seems intuitibeat a larger impact will take longer to
recover this is not necessarily the case as a largact in an area with a good larval supply may

recover faster than a site at which the impactialker but the larval supply constrained.

Most of the experimental studies of recovery/reniation tend to use an abiotic (at least of
macro-biota) starting condition. In reality bothtural disturbances such as storms and human
impacts such as fishing rarely create completelyuded systems and the composition of this
‘relic fauna’ can influence subsequent recovery gi@trasekara and Frid, 1996a). So it is
possible to envisage a denuded patch recolonisindpe ‘natural’ assemblage quicker than a

11
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partially denuded area in which the relic faunastin the recovery process. For example the
decadal switch to macroalgal domination on Corrgkbres impacted by oil from the Torrey
Canyon excluded the limpet grazers that normallyntaan a more diverse system containing
limpets, barnacles and patches of algae (SoutharstdSouthward, 1978).

3.2 Determining the matrix breakpoints

In scientific studies data are collected in a ugrad ways to measure the impact of a disturbance
event, including count data (i.e. abundance), bssmand measures of species diversity.
However, not all of these variables are recordeac&eh individual study and in some cases even
if they are recorded, the required variable is alatays presented in a format which allows for
data extraction and analysis. In an ideal sitmadlh the parameters mentioned above would be
assessed in order to determine the Beaumaris niateixkpoints. However abundance is the
most commonly documented response parameter inst@&inthe effect of disturbance on
habitats, thereby allowing for a larger sample $iw:n would be available if biomass or species
diversity were assessed. Therefore the scierlitkcature was reviewed and data extracted
relating to the degree of species decline fromstuddance event. The data from the scientific
studies ranged from recording declines in abundantke level of individual species as well as
at the level of individual phyla, families and gemeall of which were used to determine the
intensity of impact axis of the Beaumaris matriXhe size of area damaged by a disturbance
event was used to determine the spatial extentaidise Beaumaris matrix. The extraction of
this data from studies of disturbance events altbae investigation as to whether there was a
general relationship between the initial declinalmndance of species from a disturbance event,
the size of area disturbed and the time takenitdodical recovery.

Recovery trends from a disturbance event will mtowgards a plateau, but this plateau can be
achieved in a number of ways and therefore theeeaanumber of potential points at which
breakpoints could occur. Figure 3b illustrateoteptial sigmoidal recovery relationship for the
spatial extent of a disturbance, whereby the breakp may be able to be placed at both points
of inflection and potentially at the mid point beten these two extremes. Figures 3a and 3c
however refer to linear or curved recovery relatitps, where it may be more arbitrary as to
where the breakpoints should occur. If a genedationship between the matrix components (in
any form) could be ascertained, then this wouldirmithe determination of the breakpoints (e.g.
20%/50% species decline/area disturbed) for thensity of impact/spatial extent of impact axis

in the Beaumaris matrix.

12
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In-house, expert knowledge and electronic seargmen (e.g. Web of Science, ASPA, Google
Scholar) were used to identify appropriate literatirom which to extract information focusing
on human activities, such as aggregate extracp@eline construction and fishing. Where
information was not found for habitat types in ti& which would relate to Welsh waters,

research on comparable habitat types was utilisgd European waters, North West Atlantic).

For data extracted from fishing impact studiespvecy was defined when there was less than
20% difference in abundance between the disturttecasd control site (i.e. 80% recovery). As
the raw data was not always provided with regardatia from other types of disturbance events,
recovery was defined as having been achieved whene was, either no statistically significant
difference between the control and disturbed sitehe disturbed site before and after the
disturbance event. This was to ensure the greatesber of data points for analysis but to keep
a conservative definition of recovery in both cas&ata extracted from fishing impact studies
were standardised to equate to the impact of desihgy’s fishing disturbance, as used in the

Beaumaris approach.

The concept of breakpoints is well recognised shdries management where a three-stage
model is employed for determining management comties (Figure 2). When the size of the
stock is large there is low likelihood of recovelity (recruitment) being impaired and stocks
can be harvested at a sustainable rate. When stmelsw, defined as being below a threshold
(Bim), there is a risk of “serious or irreversible harmhis terminology derives from the Rio
Declaration and the requirement for managemenetiuge impacts to as close to zero as is
possible (UNEP, 1992). Estimating the position tuk tbiological limit involves a degree of
uncertainty, there is also uncertainty about anestimates of the state of the stock, and inertia
and uncertainty about the ability of managementréduce exploitation as the limit is
approached. In modern fisheries management ‘a ptiecary reference point’ (E&kp is
identified for the critical size of the stock withe discrepancy between the limit and the
precautionary reference point that reflects eswsigor judgements) of the size of all of these
types of uncertainty. At stock levels between theel where stock size is robust (to the right of
point A in Fig 1) and the stock size agdB, exploitation can continue but the rate is, noftyal

set to try and rebuild the stock to the level ablsupport continued sustainable harvesting.

13
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Point A¢

Exploitatior

Biomass——>

Figure 2. The classic three stage model used in fisheriesmagement. Below the biomass limit
reference point (Bn) the stock is considered to be at a serious riskreversible harm from
exploitation. To the right of Point A the stockcisnsidered robust and exploitation is considered

sustainable over the long term (ICES, 2007).

Potential breakpoints

b) Ny O :

Time

To
Recovery
(Days)

/

eg.2 20 50
Size of area damaged (e.g’km

Figure 3. Examples of potential recovery curves accordinghto amount of habitat disturbed,
which would aid in the determination of the breaky® of the spatial extent of impact axis of

the Beaumaris matrix methodology.

3.3 Data Analysis

The initial % decline in species abundance from disgturbance event / spatial extent of the
disturbance (x) was plotted against the time talcenecover in days (y) using data from the
scientific literature. Correlation analysis wastially undertaken to assess if there was any
relationship between these variables. If a sigaift correlative relationship was determined
then regression analyses were performed on vatramsformations of the data to examine if

any general recovery patterns arose to aid in ohétérg the actual breakpoints for any of the
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matrix components. In the case of the data fostiaial extent of impact, all the area data were
converted into m2 and then log transformed to altbes data to be represented easily as spatial

scales ranged from cm? to kmz2.

3.4 Results

3.4.1 Intensity of Impact axis

When all the data were considered together (regssddf habitat and disturbance type) there was
no correlation linking the intensity of impact withe rate of recovery (Figure 4), meaning that

no overall relationship was apparent upon whichakpeints could be ascertained. The data
were subsequently separated according to the typbyda, disturbance type and habitat type to

see if any underlying patterns could be detected fgppendix 1, Figures 1, 2 and 3).
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Time to recovery in days
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7 © o <><><;@§2 Qo DO

Initial % decline from disturbance

Figure 4. Time to recovery against intensity of impact femperate coastal benthos as reported
in 44 published studies. The systems were not raut continuously and the distribution of
sampling intervals was determined by the needsaoh estudy. Different symbols indicate the
time period between the impact and the initial ssseent of the changes caused by the impact.
observed on day O or 1 following impact, observed on day 2 following impact,

observed on day 7 following impact, observed on day O or 1 following impact from a fon
fishing disturbance and observed on day 3 following impact from a non-fighdisturbance.
The non-fishing disturbance category relates ttudisince events other than fishing included in

the analysis such as aggregate extraction anego8poil dumping.
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Recovery was not monitored continuously but deteediby the sampling strategy of each
study, therefore different symbols represent thpdag time period at which recovery was
assessed (e.g. 1 day after the disturbance evéiig ‘other’ disturbance category relates to

disturbance events other than fishing includedhenanalysis, e.g. aggregate extraction.

However, from an analysis of a total of eight disance types and three phyla types only one of
the disturbance types (aggregate extraction (Figdjgand two phyla (annelids (Figure 7a) and
crustacea (Figure 7b)) showed significant trend&is meant that in the majority of cases no
relationships were apparent linking the intensifythee impact with the rate of recovery (i.e.
Figure 5a Otter trawling, 5¢ Suction dredging, &ddBait digging, Figure 6a Tractor dredging,
Figure 6b Beam trawling, Figure 6¢ Bait dredging &igure 7c¢ for Mollusca).

Regression analysis was undertaken for the foummeles where significant correlative
relationships were evident, to see if any recoveends could be determined. For scallop
dredging (Figure 5b) no significant trend was foundilst for aggregate extraction a significant
negative regression trend was determined (Figurep6e 0.031, ¥(adj) = 56.6%, n = 7)
suggesting that the larger the initial speciesideckhe quicker the rate of recovery! For both
annelids and crustacean positive regression treseds identified, (Figure 7a, p = 0.014(adj)

= 11.8%, n = 43 and Figure 7b, p = 0.0G0adj) = 55.1%, n = 17 respectively), indicatingttha
the larger the initial species decline, the lonther rate of recovery. However the amount of
variation in recovery explained by variation in tfedecline in abundance ranged from 11.8 -
55.1% meaning that not all of the variance in recgwcould be explained by the decline in
abundance alone. In the case of significant tréadaggregate extraction and crustacea, a few
data points appeared to be dominating the oveedditionships and if these points had been

removed a very weak, if any relationship at alluiohave been evident.

Overall there was no significant relationship besawé@ntensity of impact (measured as % decline
in abundance) and the rate of recovery of a varidtylisturbance types (different types of
fishing activity and other human impacts such agregate extraction). A significant positive
relationship was observed between the intensityngiact and the recovery rate for two of the
three phyla analysed. However, there were not gimaabvious trends seen to be able to

determine definitive breakpoints in the intensityropact axis.
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Figure 5. Time to recovery for temperate coastal benthdsviohg physical impacts of varying

intensity (degree of initial impact) foa) Otter trawling, b) Scallop dredgingc) Suction

dredging, andd) Bait digging. On each plot different habitat tgpare distinguished by the

symbols, mud, muddy sand, sand,

relationships are indicated.

gravel and biogenic. Only significant regression
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Figure 6. Time to recovery for temperate coastal benthdsviohg physical impacts of varying
intensity (degree of initial impact) fa) Tractor dredgingb) Beam trawlingc) Bait dredging,
andd) Aggregate extraction (p = 0.03%,(adj) = 56.6%, n = 7). On each plot different iteth
types are distinguished by the symbols, mud, @ muddy sand,
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biogenic. Only significant regression relationshéps indicated.
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Figure 7. Time to recovery following various intensities afphysical impact for various phyla
of temperate coastal benthad Annelida (p = 0.0142r(adj) = 11.8%, n = 43)) Crustacea (p =
0.000, f (adj) = 55.1%, n = 17) and) Mollusca. On each plot different habitats are

distinguished by the symbols, mud, muddy sand, sand, gravel. Only significant

regression relationships are indicated.
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3.4.2 Spatial Extent of Impact

When all the data were considered together (regssddf habitat and disturbance type) there was
no correlation between the spatial extent of impdth the rate of recovery (Figure 8), meaning

that no overall recovery relationship was appaogain which breakpoints could be ascertained.
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Figure 8. Time to recover following physical impacts of vargi spatial extent for temperate

coastal benthos based on recovery of abundanca@fauna. (One outlier omitted).

The data were re-drawn to visualise where eachdtaiype and disturbance type occurred in the
dataset (Appendix 2 - Figures 1 and 2), but werteanalysed with respect to these variables as
was the case with the intensity of impact axisisTdue to the fact that each individual type of
disturbance (e.g. each fishing gear) has its oamndstrd size of spatial footprint (and can only be
deployed in certain habitat types). Thereforethasvariable of interest in this instance was the
spatial extent of the impact, the size of this afale would not have varied enough within an

individual disturbance type to have analysed tha dathis manner.

The data were however separated according to tlwstnof initial damage that had occurred
(i.e. 20- 40% initial decline in species abundard#jng the disturbance event. In the majority
of cases no relationships were apparent linking gbatial extent of impact with the rate of
recovery. Only one significant correlative relasbip and regression trend was determined for a
40-60% percentge initial decline in species abunda@ppendix 2, Figure 3b, (p = 0.000, r2
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(adj) = 42.1%, n =24), illustrating that within shiange of initial species decline, the larger the

area impacted the longer the recovery time.
Overall there was no relationship between the apaktent of impact (measured as size of area
disturbed) and the rate of recovery; thereby nondiefe breakpoints in the spatial extent of

impact axis were able to be determined.

3.5 Discussion

The data were analysed using correlation and reigresnalysis and showed no relationships
between the recovery times of habitats with therisity of disturbance (measured as % decline
in abundance) of a variety of disturbance type$fdigint types of fishing activity and other

human impacts such as aggregate extraction) amdtiétsize of area disturbed.

This included when the data from all impact evemtse combined (Figure 4), or when analysed
separately according to disturbance type and pltpures 5a- d, Figure 6a- d and Figure 7a- ¢),
apart from in three cases. A negative and significrelationship was observed for habitat
recovery from aggregate extraction, (Figure 6e)gssting that the larger the initial species
decline, the quicker it takes to recover! Positiwvel significant relationships were observed for
habitat recovery for annelids and crustacea (Figl@eand 7b) illustrating that the larger the
initial species decline, the quicker it takes toower. However there was a large degree of
variation in these relationships not explained égowvery time, which hinders the determination

of definitive breakpoints.

No relationship between recovery and the spatiaréxof the impact were observed when all the
data were combined (Figure 8), with only one sigaiit relationship evident when assessed
separately according to the amount of initial daendigat had occurred (i.e. 40-60% initial
decline, Appendix 2 - Figure 3b).

These results vetoed the use of the Beaumaris agprehich relied upon relationships between
the intensity of a disturbance event, or the spaktent of the impact, with the biological rate of
recovery to identify the breakpoints in a habitad@nsitivity to disturbance. The lack of
relationship between these variables is due, ity pminadequacy of the available data, the open
nature of marine communities (please refer to se@il) and the fact that as marine ecosystems
are naturally dynamic and complex systems therermasiiple factors operating at any given
space-time location which could affect the recovergcess. Therefore while the Beaumaris
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methodology follows a logical progression, it isabte to account for diversity of responses seen
in the ‘real world’. The limited temporal and sié&tcales over which studies are conducted and
the problem of finding adequate control sites (&aiser, 1998) will add further limitations to
the scientific data currently available. It is aokwledged that only one variable was utilized in
this approach (i.e. abundance) to attempt to ehteidhese relationships as this allowed the
largest sample size, however other metrics sudpesies diversity could have been utilized and
will form the basis of further work. However it usmlikely, given the smaller number of studies

that report this metric, that the final conclusiovil be any different.

Given that the meta-analysis conducted here pravidebasis for the scientific determination of
breakpoints for the matrix axes in the proposeduBeais methodology, a revised approach was
used to develop a protocol to assess the sengitifitbenthic habitats to fishing activities
(Chapter 4).
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4 DEVELOPMENT OF A HABITAT BY FISHING METIER
SENSITIVITY MATRIX

4.1 Introduction

The extensive review and analysis of fisheries icitgp@nd benthic habitat recovery literature
(Chapters 2 and 3) showed that any attempt tdyusie ‘breakpoints’ inherent in the Beaumaris
approach was, at best, premature. Following ctetsoh with CCW staff it was decided to
adopt an alternative approach to the developmeiat pfactical tool for sensitivity assessment.
Rather than seek to define classes of impact baisdlde system’s response as in the Beaumaris
approach, it was decided to characterise the systessponse to categories of impact, with the
categories defined by fishermen’s behaviour. F@ngple, fishing intensity is not a continuum
and fishermen need to operate at a certain levelder to be able to gain sufficient return to
make a living. Therefore for each fishing type CCW consultation with its advisors,
developed a four point scale of fishing activitysed on the behaviour and levels of activity seen
in the Welsh fleet. The four activity levels wesmployed for all fishing activities (for impacts
associated with the access to and across intefig@hg grounds. Preliminary indications were
given at one level of activity for each of foot amehicle access). The lowest level of activity
considered was a ‘single pass’ which representedensitivity of the habitat to a single isolated
fishing event or the accidental passage of a geaia rough guide, the level of activity which
would generally be employed by a part-time, cafishermen represented ‘light fishing’, typical
levels of commercial fishing by full time fisherspresented the ‘moderate fishing’ category
while fishing activity at levels/intensities seenlypin the most heavily exploited fisheries is
represented as ‘heavy fishing'. For each type gtiifig activity these levels are quantified (see
Appendix 3).

The revised approach sought to determine habitagiteaty to fishing activities, utilising a
matrix approach. The matrix comprised one axitvigonsisted of 14 fishing (and aquaculture)
activities (see Appendix 3). The separate effeftaccess was highlighted at the workshops
reviewing this approach and it was agreed thatéonpleteness a I'category would be added
but in addition separate work would be commissiotee@onsider this issue in detail (Tyler-
Walters and Arnold, 2008). The fishing activitypgs were grouped by CCW according to their
potential similarity of impact on the benthic haljtwith respect to parameters such as the
amount of contact with the benthos and the deptbublfstrate penetration of each gear type.
Within the categories of fishing types, emerginght®logies were omitted as the impacts of
these technologies are unproven and could therefotebe accounted for in this approach.
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Pelagic trawls, drift nets and hook and line fighgears (Fishing Type 7) were included in the
framework, as although they effectively do not todbe seabed they were included for future

reference, eg for when mobile species will be aiergd.

As there are over 300 biotopes known to occur insWevaters, the habitats list was derived by
CCW by assembling similar biotope complexes intditad categories to allow a more

manageable number of habitats, whilst still allayvifor the separation of sensitive biotopes
complexes (See Appendix 4 for biotope list). Theand axis of the matrix therefore consisted

of a total of 30 habitat types (see Appendix 5).

Within each fishing activity type, the matrix haduf columns to represent the four activity
levels (see Appendix 3 for definitions of each Idee each activity type). The matrix produced
provides a generic assessment of the sensitivitiyelsh marine habitats to the actual levels of
fishing activity to which they might be exposed.owever there are limiting factors within the
matrix methodology that the user should be awaranof these are highlighted throughout the

following sections.

4.2 Methods

To make the approach more practical the habitatsyprovided by CCW were considered as
three matrices consisting of habitats that wereriittal, subtidal and those which occurred in
both the intertidal and subtidal. Each cell in thatrix was then completed according to the

following classification scheme and colour coded;
Pale purple— Low sensitivity
Purple — Medium sensitivity
Dark purple — High sensitivity

White - Gear type unlikely to occur in this habitat tygoed scientific studies are unlikely
to have been undertaken for this gear and haltabmation. However, if for instance
technology were to advance to allow this gear aanitat combination to occur then an
assessment / scientific study would be requiregisgess the impact and potential effects

to aid in conservation management.
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By reviewing the data available in published sdfentiterature and unpublished reports an
assessment was made as to the appropriate sapdeel (high, medium or low) for each cell
in the matrix (i.e. each habitat typefishing typex fishing activity level combination). In
circumstances where this information was not abéglaexpert scientific judgement was used to
extrapolate and assign the appropriate sensitleigl. Sensitivity was assessed in terms of
various factors including the likely degree of plgé disturbance to seabed structures and
sediment, the size of area damaged, the effectedment structure and faunal assemblages,
reduction in species diversity, effect on non tafgena and the loss of long-lived slow growing
species and biogenic habitat features. Therefoeerévised approach still relies on expert
opinion (as in the Beaumaris approach), but now abkgessment of sensitivity considers all
aspects cumulatively rather than trying to assash eomponent separately, as in the Beaumaris
matrices (Figure 1). The basis of the sensitisggessments are provided alongside the matrices,
allowing for a more robust and transparent methagiplin relation to the scoring of low,

medium and high sensitivity levels.

However, it is important to note that this methadpyl is solely based upon the classification of
habitat types and fishing techniques provided byYAC& the time of this contract (January 2007,
updated March 2008). This covers those that wemvk to occur, or to have recently been

pursued, in Wales. Therefore should any new s@rpegvide evidence for new habitats types /
locations or should new fishing techniques be ohiiced then additional sensitivity assessment
by CCW would be required. It is important to ndteat habitat sensitivity was assessed
according to generic fishing techniques known toebgployed in Welsh waters and did not

account for any particular local or site specifasiations or traditional variants of the techniques

that may occur in Wales. These would need to ladt déth on a specific site by site basis.

It is also acknowledged that any fishing activiiggardless of gear and habitat type, will remove
the target species which will have implications both populations of the target species as well
as components of the ecosystem with which theyante This effect is taken as an unavoidable
consequence of having a fishery and that it willnenaged in this context. Therefore it is not
considered in this methodology, but the removalnoh-target fish species which may be

considered integral to a habitat (e.g. wrasse afdetp beds) was taken into consideration. It is
acknowledged though that site specific requiremarayg mean that the removal of target species
may need to be taken into account when considefieggeneric assessments of more site

specific sea areas at a later stage.

25



CCW Policy Research Report 08/12
For the purposes of this study, the sensitivitintértidal habitats was assessed in relation to the
actual fishing activity and, in addition, the asated trampling or vehicular access within the
actual fished habitat. A preliminary assessmentmade here of access to and across the
intertidal, however, this is covered in more deitaih separate complementary study (Tyler-
Walters and Arnold 2008). In the present studystresitivity of each intertidal habitat was
assessed for accessing the fishery by vehicle do@nThe assessment was based on a single
access event. It is not possible within this mdthogy to account for and assess the impacts of
access in areas spatially adjacent to fished habitath regard to potential trampling impacts or
vehicle use Although trampling is recognised toéham impact in intertidal areas, attempts to
guantify the impact of trampling have proved indoso/e (Chandrasekara and Frid, 1996b;
Fletcher and Frid, 1996; Brown and Taylor, 1999;jt8rand Murray, 2005; Caset al.,2006).
Therefore although this is an important issue,ayralso need to be addressed at a more site

specific level.

With particular regard to assessing habitat sesitsitto angling (Gear Type 10 - Rod-and-line-
hand-fishing), the assessment only accounted ferinipact of the gear and anchors on the
benthos and associated fauna during deploymeriteofi¢ar, if the gear was lost in the fishing
habitat and the potential for damage from the smaggf gear and subsequently trying to free it.
It is acknowledged though that in the marine emnent, a certain amount of gear when lost
becomes mobile, especially during storm events, emald impact other marine habitats.
However this methodology cannot account for po&éndamage from lost gear occurring in

spatially adjacent, or further reaching, habitats.

There are also a number of further factors that thethodology cannot take into consideration,
which may hinder this approach to an extent and prayide the basis for future work in this

area. These factors include the following;

- Few scientific studies report the current stdt@abitats with regards to historic fishing
effects, therefore some of the experimental aremgaiready be in an altered state which

are not able to be accounted for in the matrix.

- The literature to aid in delimiting the breakpsifior Dark purple - Purple — Pale purple
in this methodology is limited, as studies use @eta of experimental fishing intensities
which will not exactly correlate with the fishingtévity level definitions utilised in this

approach. This is especially the case with regtodthe general effects of fishing in
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intertidal habitats, as the quantity of scientifiesearch available is highly limited
compared to that of subtidal habitats. Therefbie éxact transitions cannot be strictly

scientifically justified and is the reason expegsinion was agreed upon.

- The methodology assessed sensitivity on the lsissingle fishing event, which will
not account for the seasonal differences in fislaiatyities. However recovery rates for
habitats and fauna will also vary by season andldhge variation in this parameter

cannot be accounted for in this generic methodology

- The methodology does not currently allow for doenbined impacts of multiple fishing
activities being used in a habitat type to be anted for. However, the use of the matrix
framework and standardised activity levels could deanded to allow for the

assessment of such interactions.

- The methodology does also not address site $peocihservation or other objectives (e.g.
fisheries management objectives) which would needet overlaid on top of this generic

assessment approach as another stage of the process

4.3 Results

Out of a total of 1680 cell combinations (habitgiex fishing typex fishing activity level), 14%
were categorised as dark purple (high sensitivatgyl 14% as purple (medium sensitivity).
Habitats classified as dark purple or purple wébuire further investigation to determine
whether a management response is required foreaturservation purposes. Of the remaining
cells, 19% were categorised as pale purple (lowgigeity) and 54% categorised as white (gear

type unlikely to be deployed in this habitat type).

Of the 30 habitats assessed five habitats wereartidered highly sensitive (i.e. either zero or
only one dark purple cell) to the majority of typafsfishing activity excluding access by foot or
vehicle (i.e. Habitats 4 (Brown and red seaweedsmanssels on moderately exposedegftidal
lower shore) rock), 8 (Rockpools and overhangsamky shores), 10 (Intertidal muddy sands-
excluding biotopes supporting gaper clam), 24 (Dyica shallow water fine sands) and 29
(Unstable cobbles, pebbles, gravels and /or coameds supporting relatively robust
communities)). A further three habitats containety white cells as no known fishing practices
occurred there at the present time, with the exaemif access by vehicle and foot (i.e. Habitats

1 (Upper shore stable rock with lichens and alga$ts), 2 (Wave exposed intertidal stable rock)
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and 3 (Moderately wave exposed intertidal rock).tdtal 22 habitats were therefore considered

highly sensitive to some form of fishing activity.

Amongst the intertidal habitats assessed, onlyhalutats were considered as highly sensitive to
a single pass/accidental impact from towed bottmmirig gears (Habitat 6 (Honeycomb worm
reefs) and Habitat 7 (Sheltered intertidal bedroo&ulders and cobbles)). Nine intertidal
habitats were considered highly sensitive to astleme type of fishing gear (i.e. Habitats 4
(Brown and red seaweeds and mussels on moderajsbged ihtertidal cflower shore) rock), 5
(Mussels and boring bivalves (piddocks) on inteitidlay and peat), 6 (Honeycomb worm
reefs), 7 (Sheltered intertidal bedrock, bouldemsl @obbles), 9 (Intertidal brown seaweeds,
barnacles or ephemeral seaweeds on boulders, sodnidepebbles), 10 (Intertidal muddy sands -
excluding biotopes supporting gaper clam), 11 (tidal muddy sands supporting gaper clam),
12 (Intertidal muds) and 13 (Saltmarsh).

Most subtidal and subtidal-intertidal habitats werere sensitive to the use of trawled bottom
gears, dredges and intertidal bait collection teplnes and less sensitive to the use of nets, pots
and angling techniques (Table 2, 3a, 3b). Amongssd habitats, the majority of habitats were
considered highly sensitive to towed fishing ge@ishing types 1-6) with the exception of
Habitats 24 (Dynamic, shallow water fine sands) @8d(Unstable cobbles, pebbles, gravels
and/or coarse sands supporting relatively robustngonities) (Table 3)All of the intertidal and

subtidal-intertidal habitats were considered tdighly sensitive to some type of fishing gear.

4.3.1 Justification of the sensitivity matrices

As the scientific literature on fishing impacts da®t tend to provide the high level of detail
given in biotope descriptions, the habitat list wexgrouped according to the scientific literature
(e.g. all biogenic habitats grouped together) kmvwafor a more comprehensive justification of
the sensitivity scores. The approach used to assssitivity was broadly consistent with
MarLIN and SensMap, but rather than apply theicpsses directly, the assessment was based
on our own expert opinion which was more broadfgiimed by the peer-reviewed scientific
literature and our experience of developing halkitatice for OSPAR, ICES and the EC. This
wider approach allowed us to be both consistertt imtiernational approaches and ensured that

the information was used consistently across thiixna
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4.3.2 Intertidal matrix

The sensitivity to fishing activities of habitatdiwh occur in the intertidal is shown in Table 1a
and 1b.

Intertidal bedrock and boulder habitats:

- Habitat 1. Upper shore stable rock with lichens andilgal crusts
- Habitat 2. Wave exposed intertidal stable bedrock

- Habitat 3. Moderately wave exposed intertidal bedrok (excluding habitat types 1,
4,9 and 26).
No fishing activities were known to occur in thdsabitats, although it is acknowledged that
these habitats may be affected by trampling asefistaccess the lower shore. When the
sensitivity to impacts associated with a single sitcess in these habitats was examined it was
judged that sensitivity to trampling was at a lewvdl for Habitat 1-3 despite the higher potential
biodiversity in Habitat 1 that could be damagedcwmparison to the lower biodiversity

associated with Habitats 2 and 3.

Intertidal bivalve habitats:

- Habitat 4. Brown and red seaweeds and mussels on derately exposed ifitertidal
lower shore) rock

- Habitat 5. Mussels and boring bivalves (piddocks)mintertidal clay and peat

Fishing Types 1- 6 (mobile bottom gears) may bdale in Habitat 5 (Mussels and boring

bivalves (piddocks) on intertidal clay and peatg da the tidal regime and morphology of the
Welsh coastline. These gears are likely to damhbgeorganisms that occur in these habitats
through a single pass or accidental impact, as éineydesigned to operate in close contact with

the seabed and are likely to disturb or destroyrhesel matrix and its associated fauna.

Beam trawls and scallop dredges (Fishing Type tl)diedges used to prospect for mussel seed
and harvest mussels (Fishing Type 3) were congidére main fishing threats to Habitat 5,
along with the potential damage caused when actedbe site by vehicle or foot. Habitats
characterised by mussels are likely to be damagethéir removal or destruction as these
organisms increase the structural complexity ofs¢hareas (Dankerst al, 2001). Their
removal will affect how the area functions in termof the chemicals it processes and the

provision of habitat for other species. Their remlamay also affect the future colonisation of
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the habitat by mussels, as species sudydbus prefer to attach to conspecifics (Bayne, 1964;
Dobretsov and Wahl, 2001).

Beam trawls and scallop dredges are heavy gearwilh@enetrate deeply into the substrate and
mussel matrix and cause ecological damage to thesehibed and its associated non-target
fauna. Lighter gears, such as mussel dredgesptipemetrate the seabed but they will cause
ecological damage due to the dragging impact ofgbar directly along the seabed thereby
disturbing any biota in its path. Prospecting fiaussel seed when unaccompanied by remote
visual gears, such as cameras, was also of coircéiis habitat as there is the potential for the
gear to cause damage in non-target areas througdrajeexploration, with the associated risk of

crushing and damaging non-target species.

The effects of bottom long-lining and tangle nejt{rishing Type 8) and angling (Fishing Type
10) on benthic habitats are unknown (e.g. ICES2200hnson, 2002). However it is thought
that provided these fishing gears were deployetkctly, the main and most prevalent impact of
these gears (and anchors) on the benthos woulbebeeimoval of species of seaweed that the
gears or anchors would rip out of the sea bedctifig the habitats’ structural complexity. There
is nonetheless potential for damage to mussel atdbpk beds if anchors drag across them. At
light and moderate levels of fishing, in terms afmber of anchors in a specified area, their
impacts were deemed to be of a low sensitivity, énav at a heavy level of fishing, in terms of
number of anchors in a specified area, it was demed that the sensitivity of these habitats

would increase to a medium level.

Hand gathering, and its associated trampling impg&eshing Type 11 & 12) has been shown to
significantly reduce mussel cover, density, biomasd size, even at conservative disturbance
intensities (Smith and Murray, 2005). Individuabfessional hand gatherers (Fishing Type 12)
were considered to harvest a larger area than ithdiv casual gatherers, as they work
throughout the tidal cycle progressing over the hshore. They were also considered to
harvest the shore more intensively than casualegaty, having a faster rate of collection, and
their use of vehicles was considered to damagsubstrate. Overall, professional gathers were
therefore assumed to have a greater impact onatbiéahthan casual gatherers, which usually do
not collect over a whole tidal cycle and do notlextl such large quantities. For both fishing
techniques there was also the potential for an @npa non-target species such as seaweeds,

which could be ripped off the substrate, thereligaiing the structural complexity of the habitat.
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Overall, the sensitivity of these habitats to intpagssociated with single site access by foot
were considered to be of a low level despite themqtal for crushing the mussels and piddocks
and flattening their burrows at higher intensitrdsich would decrease the density and biomass
of these organisms and affecting the habitats tstralccomplexity. Site access by vehicles was
considered to have a greater impact on these ghitsulting in a medium sensitivity level for
both Habitats 4 and 5.

Honeycomb worm reefs:

- Habitat 6. Honeycomb worm reefs
Please refer to the biogenic habitat literatureiige 4.3.5).
Intertidal rock habitats
- Habitat 7. Sheltered intertidal bedrock, boulders ad cobbles

- Habitat 8. Rockpools and overhangs on rocky shores

A single pass or accidental impact from mobile twotigears (Fishing Types 1-6) was considered
damaging to the fucoid and faunal assemblages iassdowith the sheltered environment of
Habitat 7 as they would crush, remove and displlaeéiota. Sheltered habitats are not exposed
to high levels of natural disturbance and may tloeeebe considered highly sensitive to the
types of fishing activity which would penetrate thebstrate (Fishing Type 1 (beam trawls and
scallop dredges) and Fishing Type 4 (demersal $wlFishing Type 13 (aquaculture trestles,
ground lays and intertidal ‘traps’) was also coesédl likely to damage Habitat 7, as ground lays
could potentially smother the habitat and its asded fauna.

Angling (Fishing Type 10) was not considered toab@ajor impact to these habitats. Provided
the gear is deployed correctly there is limitedt@ot impact from the gear itself and limited

potential for severe damaging impacts through tiegging or loss of gear on the short algal
turfs and fucoid assemblages which characterisk thatse habitats leading to a designation of

low sensitivity for all the fishing activity levels

These habitat types were considered sensitive suataand professional hand gathering
techniques (Fishing Types 11 and 12) due to theurthance of boulders and rocks, in which
organisms could become crushed or desiccated ifdbles were not re-positioned with care.
They would also be affected by trampling (Fletched Frid, 1996; Brown and Taylor, 1999).
Habitat 8 was deemed to be more sensitive to thmaats of site access by foot due to an
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increased biodiversity that is at risk from crughirRockpools are a distinct microhabitat within
Habitat 8 that could be ruined by trampling frone treduction of structural complexity by
damage to resident flora and fauna. Habitat 7 vessnéd to have a low sensitivity to impacts

from site access by walkers due to a lower asstisibdiversity.

Barnacle, fucoid and ephemeral seaweed habitat:

- Habitat 9. Intertidal brown seaweeds, barnacles orephemeral seaweeds on

boulders, cobbles and pebbles

This habitat was considered to be of low sensititit a low level of casual hand collection
(Fishing type 11) but was deemed to have an inicrgadsvel of sensitivity as the level of
activity of casual and professional bait collectiotreased (Fishing Types 11 and 12) as
seaweeds could be torn from their substrate or dathduring harvesting which would reduce
the structural complexity of the habitat. Aquaatdt ground lays and trestles (Fishing Type 13)
were also considered potentially damaging in tlaikitat due to the potential for smothering the

habitat and the organisms they support.

This habitat was considered to have a low sensijtia set nets, pots and angling techniques
(Fishing Types 8, 9 and 10) as their correct depkayt should limit their potential for damage
through the loss or snagging of these fishing gearsrganisms.

Intertidal sandy / muddy habitats

- Habitat 10. Intertidal muddy sands - excluding biobpes supporting gaper clam
- Habitat 11. Intertidal muds and sands supporting gaer clam

- Habitat 12. Intertidal muds

Mobile bottom-fishing gears (Fishing Types 1-6) nieydeployed in these intertidal habitats in
some parts of Wales due to the tidal regime andphwogy of the Welsh coastline. Fishing
Types 1-6 are known to affect these habitat typektheir associated fauna (see Section 4.3.3)
(Cotteret al, 1997; Hall and Harding, 1997; Feretsal,, 2000). However Fishing Type 1 (beam
trawls and scallop dredges) and 3 (prospectingnigssel seed unaccompanied by remote visual
gears, e.g. cameras) were considered more desgubtn Fishing Types 4 (demersal trawls)
and 5 (light demersal trawls and seines). Geatsgodased in Fishing Type 1 penetrate the
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sediment more deeply than the other gears to capteep burrowing molluscs. With Fishing
Type 3 there is the impact of the dredge dragglogcathe seabed thereby disturbing any biota
in its path and the potential for the gear to cad@eage in non-target areas through general
exploration, with the associated risk of damagiog-target species. Both of these activities
would affect sensitive, long-lived bivalve specissch asvlya arenaria(Beukema, 1995) found
in Habitat 11 (Intertidal muds and sands supporgager clam). Bottom set nets (Fishing Type
8) and the weights and anchors used with both amtsangling techniques (Fishing Type 10)
were not considered to be of major concern in tfabitat provided the fishing gears were

deployed correctly as they have a limited bottorpauwt.

Marine communities have demonstrated some resdigncsmall scale disturbances such as
casual hand gathering techniques for bait collecf{lishing Type 11) which can affect faunal
communities and sediment structure (McLusgkyl, 1983; Wynberg and Branch, 1994; Brown
and Wilson, 1997; Baukham, 1998; Lockley, 2001; IKCeb al, 2002; Dernieet al, 2003).
These communities have also been shown to be effeby trampling activities (e.qg.
Chandrasekara and Frid, 1996b). Professional batiters (Fishing Type 12) were assumed to
have a greater individual impact on these habitats casual gatherers (Fishing Type 11) as they
were assumed to have a faster rate of collectiamblery them to cover more of the habitat and
take larger quantities of the target species. d3gibnal gathers were also more likely to employ

vehicles which would increase the potential forgb&l compaction of the sediment.

Some techniques for collecting peeler crabs (Fgshitype 13) were thought to have a
particularly strong impact on the benthic commu@asitof these soft sediments as the deployment
of car tyres, and the like, can change the bertbiomunities to one more typical of a rocky
shore due to increased hard surface area for ath(Sharp R., CCW, pers comm., Caak

al, 2002).

- Habitat 13. Saltmarsh

This habitat type was considered to have a higtsiseity to professional hand gathering

techniques (Fishing Type 12) as professionals wergsidered to harvest a larger area than
casual gatherers by working throughout the tidalleyrogressing over the whole saltmarsh
(CCW, 2005). They were also considered to harvestsaltmarsh more intensively than casual
gatherers, having a faster rate of collection. esscby vehicles for the site for all applicable
fishing methods (Fishing Types 8, 11 and 12) wasnua to have a medium impact on
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saltmarsh through the physical damage it wouldadthé plants and the subsequent decrease in
the structural complexity of the habitat. Saltrhavgas considered to have a low sensitivity to
static gear (Fishing Type 8), casual hand gathgkinghing Type 11) and site access by foot.
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Table 1la. Intertidal matrix.

RHabitat Type 1. Up. shore stable rock- [Z2. Wave exposed 3. Mod. wave exposed 4. Seaweeds+mussels 5. Mussels + Piddocks 0. Honeycomb worm
lichens + algal crusts intertidal stable rock intertidal rock on mod. exposed rock on intertidal clay + peat reefs
Gear Intensity H M L S H M L S H M L S H M L S H M L S H M L S
Gear Type

(1) Beam trawls and scallop dredges

(2) Rockhopper trawls

(3) Oyster/Mussel dredging and Prospecting

(4) Demersal trawls

(5) Light demersal trawls and seines

(6) Hydraulic suction dredges

(7) Pelagic trawls, nets and lines

(8) Static gear- nets and long lines

(9) Static gear -pots
(10) Rod and line hand-fishing

(11) Casual hand gathering

(12) Professional hand gathering - -

(13) Aquaculture- trestles, ground lays+ traps

(14) Aquaculture- cages + rope cultivation
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Gear Type

(1) Beam trawls and scallop dredges

(2) Rockhopper trawls

(3) Oyster/Mussel dredging and Prospecting

(4) Demersal trawls

Habitat Type 7. Sheltered bedrock 8. Rockpools and 9. Brown seaweeds, 10. Muddy sands- 11. Muds + sands- 12. Intertidal muds 13. salt marshes
boulders + cobbles overhangs barnacles +fucoids excl. gaper clams incl. gaper clams
Gear Intensity H M L S H M L S H M L S H M L S H M L S H M L H M L S

(5) Light demersal trawls and seines

(6) Hydraulic suction dredges

(7) Pelagic trawls, nets and lines

(8) Static gear- nets and long lines

(9) Static gear -pots

(10) Rod and line hand-fishing

(11) Casual hand gathering

(13) Aquaculture- trestles, ground lays+ traps

)
)
(12) Professional hand gathering
)
)

(14) Aquaculture- cages + rope cultivation
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4.3.3 Subtidal matrix

The sensitivity to fishing activities of habitatdieh occur in the subtidal is shown in Table 2.

Subtidal rock habitats:

- Habitat 14. Vertical subtidal rock with associatedcommunity
- Habitat 15. Erect and branching subtidal species tht are very slow growing

- Habitat 20. Predominantly subtidal rock with low-lying and fast growing faunal turf
(Subtidal-Intertidal - Table 3a)

- Habitat 21. Predominantly subtidal rock with erectand branching species that are
slow growing (Subtidal-Intertidal - Table 3a)

- Habitat 22. Shallow subtidal rock with kelp (Subtidal-Intertidal - Table 3a)

These habitats are all subtidal rock habitats wisgpport a range of epibenthic organisms,
ranging from robust turf forming organisms to séwei species such aPentapora and
Eunicella Although the majority of towed bottom gears (g Types 1-6) were considered
unlikely to be deployed in these habitat typesfaepia in general are known to be susceptible to
direct impacts from towed bottom-fishing gears (&grgman and Van Saintbrick, 2000) and a
single pass/accidental event would be consideredet@cologically damaging. In particular
rockhopper trawls (Fishing Type 2) would be ablexploit these rougher habitat types, which
would have a severe effect on any fragile epifa{fraeseect al, 1999). There is potential for
Fishing Type 3 (prospecting for mussel seed unapemmed by remote visual gears, e.g.
cameras) to cause damage in non-target areas thigareral exploration, with the associated

risk of damaging non-target fragile epifauna asgéar is dragged along the seabed.

Scientific evidence on the effects of end tacklenfrangling, bottom longlining and tangle
netting (Fishing Types 8 and 10) on benthic habitatsparse (ICES, 2002; Johnson, 2002).
Although there is a limited bottom impact from teegears, they are still considered to be of
concern, particularly at heavy levels of fishingiaty, in regard to the number of anchors
deployed in a specified area, as these habitatposufragile epifauna which are extremely
sensitive to these types of disturbance. Thesesgk#ost, dragged or entangled on sensitive
structures may severely damage the structures [f@Bbiee et al. 2005). There is also the
potential for damage from the anchors and weididsdre used in the deployment of these gears
and the dragging of anchors by recreational andioejs.
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The impact of potting activities (Fishing Type 9) some erect epifauna is mixed. For instance,
Eunicellahas been shown to flex as creel pots are hauled tbem (Encet al, 2001), whilst
large individuals oPentaporawere shown to be badly affected by potting wher(lBnoet al,
2001). This could impact the functioning of the iabas Pentaporahas a relatively slow
growth rate of 2cm/year (Patzoéd al, 1987) and is therefore likely to have a slowokery.
The effect of heavy levels of potting, regarding theployment of large numbers of pots in a
specific area, has also been observed on speahsasithe sea whiplalipteris willemosiwhich
was found entangled in set prawn pots, with 50%hefcolony observed to be damaged (Troffe
et al, 2005). The impact of weights and anchors Iyttine seabed, as well as the impact of
hauling the gear over the sea floor and the rubbiifigct of taught ropes between the pots will
damage epifaunal assemblages. Overall, theseaksmh#ve been classified as sensitive to heavy
levels of fishing activity, in terms of the numbef pots set in a specified area. This is
particularly relevant for Habitat 14 which is suysiiiele to accidental wipeouts, as for example
potting activities in Lundy were banned from veaticock faces due to the damage caused
during hauling activities (Lockwood, pers. comm.).

The benthic impacts of fish-farming aquaculture sfiiig Type 14) have been widely
documented (Browret al., 1987; Frid and Mercer, 1989; Follet al, 1994; Mazzoleet al,
2000; Black, 2001; Pereiret al, 2004), as well as the impacts of mussel aquaulfFishing
Type 14) (Chamberlaiat al, 2001; Christenseet al, 2003; Danovaret al, 2004; Gilest al,
2006). In some instances the suspended rope eufumussel cultivation has been shown to
have a limited benthic impact (Danovasbal, 2004) and in general this aquaculture method is
thought to be less damaging than fish farming (Goedvet al, 2003). Overall it is known that
the ecology of these habitats will be influencedloy influx of organic matter from the addition
of organic rich material and ‘mussel mud’ (pseudofs) originating from fish cages or
suspended rope culture. The impacts of aquacutimreenthic habitats in areas of high water
movement have even been recorded (Hall-Spestcalr, 2006).

Sandy habitats, including:

Coarse sands:

- Habitat 16. Coarse sands and gravels with communés characterised by large/ long
lived bivalves

- Habitat 29. Unstable cobbles, pebbles, gravels anat coarse sands supporting
relatively robust communities(Subtidal-Intertidal - Table 3b)
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Mixed sands:

- Habitat 23. Kelp and seaweed communities on sandaaed rock (Subtidal-Intertidal
— Table 3a)

- Habitat 26. Underboulder communities on lower shoreand shallow subtidal
boulders and cobblegSubtidal-Intertidal - Table 3b)

- Habitat 28. Stable, species rich mixed sedimen{Subtidal-Intertidal - Table 3b)

Fine sands:
- Habitat 18. Stable predominantly subtidal fine sand

- Habitat 24. Dynamic, shallow water fine sand¢Subtidal-Intertidal — Table 3a)

These habitats are all dominated by infaunal askegab but also support a range of epibenthic
organisms. The epifauna and near surface infatmauwsceptible to direct physical disturbance
from towed bottom fished gears and dredges aspbkagtrate and disturb the sediment (Fishing
Types 1- 6) (e.g. Eleftheriou and Robertson, 19G#seret al, 1998; Robinson and Richardson,
1998; Schwinghameet al 1998; Freeset al, 1999; Prenat al, 1999; Bergman and Van
Saintbrick, 2000; Tuckt al, 2000; Kenchingtoet al, 2001; Hautoret al, 2003a; Gilkinsoret

al., 2005). The system may also be perturbed byagibes in food web dynamics through the
additional of dead and moribund discards, net e@nd offal (Ramsast al, 1996, 1998,
2000, Prenat al, 1999).

Some sandy habitats can support long lived bivapecies which are known to be sensitive to
disturbance events and which are therefore likelyave long recovery periods from disturbance
(e.g. Subtidal Habitat 16) (Witbaard and Klein, 498eukema, 1995). The kelp and seaweed
communities characterising Habitat 23 would be spsble to disturbance events as their
damage or removal would alter the structural comipjeof the habitat. Other sandy habitats
however are characterised by more robust faunahwvbauld potentially recolonise habitats
relatively rapidly after a disturbance event (eSgibtidal Habitat 18, and Subtidal-Intertidal
Habitats 24 and 29), whereas the more stable nagddnent environment of Subtidal-Intertidal
Habitat 28 is likely to be relatively sensitive fishing activities ranging from light to heavy
activity levels. Subtidal-Intertidal Habitat 26likely to be particularly sensitive to even a $eng
pass/accidental impact, as although only a sma&h af the overall habitat area would be
impacted, the disturbance could move boulders aadel fauna susceptible to crushing impacts
or desiccation or exposed to predators, partioulerlthe case of rockhopper trawls (Fishing
Type 2) (Freeset al, 1999).
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Towed bottom-fishing gears are also known to adedimentary habitats by penetrating the
sediment, smoothing the habitat (Schwinghaeteal, 1996; Schwinghamest al, 1998) and
resuspending sediments into the water column, lyesenothering the habitat features (Jennings
and Kaiser, 1998). However, in some studies tjigdir towed gears (Fishing Type 5) have been
observed to have less of an impact than heavieinfisgears in these environments (Drabsth
al., 2001) and have even been observed to haveditiéet on more fragile epifauna such as sea
whips, presumably due to their flexibility (Trofie al, 2005). Therefore the mobile bottom
gears that penetrate the ground to a deeper exttenin the case of dredges are dragged along in
close contact with the seabed (Fishing Types 1-d @&nwere considered potentially more
damaging than lighter towed gears (Fishing Type 5).

Scientific evidence on the effects of pots, sesretd anglers (Fishing Types 8, 9 and 10) on
benthic habitats is sparse (ICES, 2002; Johnsd®2)20However there is the potential for an
impact on these sandy habitat types through thggtirg of anchors by recreational fishing
vessels if there is a lot of tidal movement. Thisralso the potential for the snagging of gear
and subsequent entanglement and damage to frauifiseiea, particularly as the level of fishing
activity and thereby density level of anchors aopes increases. However, it is thought that in
the majority of these habitats, provided theseiriiglgears are deployed correctly, their limited

bottom contact means that their impacts are nagidered to be a major concern.

The Subtidal-Intertidal habitats of 26, 27 and 28evconsidered sensitive to hand gathering
techniques (Fishing Type 11 and 12) due to theuiance of boulders and rocks, upon which
organisms could become crushed or desiccated ifdbles were not re-positioned with care.
They were also likely to be affected by tramplirggg( Fletcher and Frid, 1996; Brown and
Taylor, 1999). Professional hand gatherers (Fgsfiigpe 12) and casual hand gathers (Fishing
Type 11) were considered likely to pull seaweedsnfitheir substrate, thereby affecting the
structural complexity of the habitat, as well ay atructural damage that may be caused from
compaction through vehicle usage in Fishing Type 1Phe impacts from hand gathering
techniques were considered likely to be less sewmerthie more robust and unstable communities
of Habitat 29 that are subject to a relatively highel of natural disturbance. Access to fishing
sites by foot was judged possible for Subtidal+idal Habitats 26 and 29 and was considered
to have a low impact on these habitats as the conitiesi that would be potentially trampled are

sturdy and likely to survive. Species found undeulters would be difficult to be directly
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trampled upon unless the boulders were small endogktand on and crush the species

underneath, while the more robust fauna would bg ligely to be killed by trampling.

The benthic impacts of fish-farming aquaculture sfiilg Type 14) have been widely
documented over many years (e.g. Bratmal, 1987; Frid and Mercer, 1989; Folgeal, 1994;
Mazzolaet al, 2000; Black, 2001; Pereigt al, 2004) as well as more recently the impacts of
mussel aquaculture (Fishing Type 14) (Chamberktiral, 2001; Christenseet al, 2003;
Danovaroet al, 2004; Gileset al, 2006. In some instances the suspended ropereuf
mussel cultivation has been shown to have a lintiethic impact (Danovaret al, 2004) and
in general this aquaculture method is thought teebs damaging than fish farming (Crawfetd
al., 2003). Overall it is known that the ecologytisése habitats will be influenced by the influx
of organic matter from the addition of organic rigtaterial and ‘mussel mud’ (pseudofaeces)
originating from fish cages or suspended rope celtThe impacts of aquaculture on benthic
habitats in areas of high water movement have been recorded (Hall-Spencatral, 2006).
Maerl beds:

- Habitat 17. Maerl beds
Please refer to the biogenic habitat literaturei{ge 4.3.5).

Subtidal sands and muds:
- Habitat 19. Subtidal stable muddy sands, sandy mudsnd muds

As the habitat (biotope) types making up this ralgrouping generally occur in areas with low
wave energy, a high level of sediment depositioth &@here the habitat is generally not exposed
to high levels of natural disturbance, they canpsupa high density of infaunal assemblages and
a wide diversity of epibenthic organisms (e.g. Betllal, 2000; Fernset al, 2000). The
macrofauna and near-surface infauna are susceptilpleysical disturbance from bottom fishing
gears (Fishing Types 1- 6) (e.g. Kaiseral., 1996; Bergman and Van Saintbrick, 2000; Exll
al., 2000; Hanssoret al, 2000; Nilsson and Rosenberg, 2003). The systeay also be
perturbed by alterations in food web dynamics tgtoiwhe addition of dead and moribund
discards, net escapees and offal (Ranesa}, 1996; 1998; 2000; Demesteal, 2000). As the
level of fishing activity increases, decreasesoitaltabundance, species diversity and richness
can be observed, even at the level of meiofaurta &chratzberger and Jennings, 2002), and
alterations in the size structure of populations aso occur (e.g. the heart urchin,
Echinocardium australeThrushet al, 1998).
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In general, mobile bottom gears have been shovaftéo the sedimentary characteristics of these
habitats by penetrating the sediment (gear traaksremain visible for up to 18 months after the
fishing event (Ballet al, 2000)), as well as smoothing the habitat andokeng biogenic
structures (Nilsson and Rosenberg, 2003). Thezefoe fishing activities that penetrate the
ground to a deeper extent (Fishing Types 1 (beamldrand scallop dredges) and 4 (demersal
trawls)) are potentially more damaging to this katbcomplex than other lighter towed fishing
activities (e.g. Fishing Types 3 (prospecting faussel seed when unaccompanied by remote
visual gears, e.g. cameras) and Fishing Type &t(ligmersal trawls ands seines)), and could
cause damaging ecological effects even at the dghdt moderate fishing levels respectively, in
regard to the frequency of use of a specified area

Scientific evidence on the effects of pots, sesratd anglers (Fishing Types 8, 9 and 10) on
benthic habitats is sparse (ICES, 2002; JohnsddR2)20It is thought that provided these fishing
gears are deployed correctly, the limited bottompant of these gears suggests that their impacts
would not be a major concern in these habitatse Sdnsitivity of erect epifauna to these fishing
gears has been shown to be dependent on the speesEnt, with some erect epifauna able to

flex in response to pots, and re-establish theresafwprooted (Enet al, 2001).

The benthic impacts of fish-farming aquaculture sfiiig Type 14) have been widely
documented (Browret al, 1987; Frid and Mercer, 1989; Follet al, 1994; Mazzoleet al,
2000; Black, 2001; Pereirat al, 2004) as well as the impacts of mussel aquaeulitishing
Type 14) (Chamberlaiat al, 2001; Christenseet al, 2003; Danovaret al, 2004; Gilest al,
2006). In some instances the suspended rope euwfumussel cultivation has been shown to
have a limited benthic impact compared to fish fagrtechniques (Danovast al, 2004), and
in general this aquaculture method is thought teebs damaging than fish farming (Crawfetd
al., 2003). Overall it is known that the ecologytisése habitats will be influenced by the influx
of organic matter from the addition of organic rigtaterial and ‘mussel mud’ (pseudofaeces)
originating from fish cages or suspended rope celtThe impacts of aquaculture on benthic
habitats in areas of high water movement have been recorded (Hall-Spencatral, 2006).
Oyster beds:

- Habitat 25. Oyster beds
Please refer to the biogenic habitat literatureiige 4.3.5).




Table 2. Subtidal matrix.
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Habitat Type

14. Vertical rock
with associated spp.

15. Erect+branching spp
very slow growing

16. sand+gravel with
long lived bivalves

17. Maerl beds

18. stable subtidal
fine sands

19. Stable muddy sands
sandy muds + muds

Gear Intensity

Gear Type

(1) Beam trawls and scallop dredges

(2) Rockhopper trawls

(3) Oyster/Mussel dredging and Prospecting

(4) Demersal trawls

(5) Light demersal trawls and seines

(6) Hydraulic suction dredges

(7) Pelagic trawls, nets and lines

(8) Static gear- nets and long lines

(9) Static gear -pots

(10) Rod and line hand-fishing

(11) Casual hand gathering

(12) Professional hand gathering

(13) Aquaculture- trestles, ground lays+ traps

(14) Aquaculture- cages + rope cultivation
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4.3.4 Subtidal-Intertidal matrix

The sensitivity to fishing activities of habitathieh occur in both the intertidal and subtidal is
shown in Table 3a and 3b.

Subtidal-Intertidal sandy habitats:

- Habitat 26. Underboulder communities on lower shoreand shallow subtidal
boulders and cobbles

- Habitat 28. Stable, species rich mixed sediments

- Habitat 29. Unstable cobbles, pebbles, gravels anat coarse sands supporting
relatively robust communities

Please refer to the sandy habitat literature (8eeti3.3).

Biogenic reef on sediment:

- Habitat 27. Biogenic reef on sediment and mixed bgtrate

Please refer to the biogenic habitat literaturei{ge 4.3.5).

Seagrass beds:

- Habitat 30. Seagrass beds
Please refer to the biogenic habitat literaturei{ge 4.3.5).
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Habitat Type

20. Rock with low-lying

fast growing faunal turf

21. Rock with erect +
branching spp

22. Shallow subtidal
rock with kelp

23. Kelp+ seaweeds

on sand scoured rock

24. Dynamic, shallow

water fine sands

25. Oyster beds

Gear Intensity

Gear Type

(1) Beam trawls and scallop dredges

(2) Rockhopper trawls

(3) Oyster/Mussel dredging and Prospecting

(4) Demersal trawls

(5) Light demersal trawls and seines

(6) Hydraulic suction dredges

(7) Pelagic trawls, nets and lines

(8) Static gear- nets and long lines

(9) Static gear -pots

(10) Rod and line hand-fishing

(11) Casual hand gathering

(12) Professional hand gathering

(13) Aquaculture- trestles, ground lays+ traps

(14) Aquaculture- cages + rope cultivation
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Table 3b. Subtidal-Intertidal matrix

Habitat Type 26. Under-boulder+cobb. |27. Biogenic reef 28. Stable spp. rich 29. Unstable coarse 30. Seagrass beds
shallow subtidal comm. on sediment mixed sediments sediments - robust fauna

Gear Intensity
Gear Type

(1) Beam trawls and scallop dredges

(2) Rockhopper trawls

(3) Oyster/Mussel dredging and Prospecting

(4) Demersal trawls

(5) Light demersal trawls and seines

(6) Hydraulic suction dredges

(7) Pelagic trawls, nets and lines

(8) Static gear- nets and long lines

(9) Static gear -pots

(10) Rod and line hand-fishing
(11) Casual hand gathering

(12) Professional hand gathering

(13) Aquaculture- trestles, ground lays+ traps
(14) Aquaculture- cages + rope cultivation -
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4.3.5 Biogenic habitats
The biogenic habitats in the three matrices comdist

Habitat 6. Honeycomb worm reefgTable 1a)

Habitat 17. Maerl beds(Table 2)

Habitat 25. Oyster Beds(Table 3a)

Habitat 27. Biogenic reef on sediment and mixed bstrate (Table 3b)

Habitat 30. Seagrass bedglable 3b)

Generally, biogenic habitats are complex structdoesd in habitats that are exposed to low
levels of natural disturbance and which providdable environment that can support a higher
diversity of organisms than adjacent areas (e.gmProet al, 2001; Leeet al, 2001; Duboiset

al., 2002). These habitats are normally comprisectlaitively slow growing species (Bosence
and Wilson, 2003) meaning recovery times will begliy, and are considered to be of high
conservation importance. They are considered teasdy damaged by disturbance events and
to have a sparse distribution in some cases, eagrass beds are listed as scarce under the

Habitats Directive.

Most biogenic habitats are extremely sensitivéhiodffects of towed bottom-fishing gears. This
has been shown in studies assessing the impatishimfg on maerl beds (e.g. Hall-Spencer and
Moore, 2000; Hautort al, 2003b; Bordehoret al, 2003; Kamenost al, 2003), mussel and
oyster beds (e.g. Lenihan and Petersen, 1998; Magoand Service, 1998; Cranfiett al,
1999; Hoffman and Dolmer, 2000; Dolmefral,, 2001; Robertst al, 2004), seagrass beds (e.g.
Fonseceet al, 1984; Ardizzoneet al, 2000; Necklest al, 2005) andSabellariareefs (e.qg.
Volberg, 2000).

Recent meta analyses have confirmed that stablgebio habitats demonstrate limited if any
evidence of recovery from towed bottom-fishing ge@ollieet al, 2000; Kaiseet al., 2006).
Scallop dredging and intertidal dredging were coeed particularly destructive fishing
activities to biogenic habitats. Some biogenicitadb have been severely damaged even by the
single pass of a bottom-towed gear (e.g. Hall-Speand Moore, 2000) which suggests that
even an accidental pass of these gears types cewerely affect the habitat structure and

complexity. Other studies have observed that eveen fishing activities have ceased for many
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years, there was very limited recovery from thespadcts, if any at all (Cranfieldt al, 1999;
Robertset al, 2004).

Scientific evidence on the effects of set netss pangling, hand gathering, ground lays and any
form of aquaculture (i.e. Fishing Types 8 - 14)tbase benthic habitats is sparse (ICES, 2002,
Johnson, 2002). However, it is known that removaldamage to large structuring biota in
habitats reduces its complexity and ability to sappgommunities of high biological diversity
(ICES 2002, 2003, 2006). There are obvious cafssesoncern with regard to the potential for
nets and lines being entangled on sensitive strest{Fossa&t al, 2002; Chiapponet al 2005;
Reed and Hovel, 2006), collision impacts from melgkars and anchors (Fossaal, 2002,
Hall-Spenceeet al, 2002), the removal of spat from intertidal hatst(Bayne, 1964; Dobretsov
and Wabhl, 2001), the effects of trampling and rethdisturbance/destruction with regard to hand
gathering techniques (Eckrich and Holmqusit, 20B6gese, 2002; Smith and Murray, 2005;
Reed and Hovel, 2006; Skilletet al, 2006) as well as the potential smothering impdicm
aquaculture (Wilsort al, 2004; Hall-Spencest al, 2006; Pergent-Martirat al, 2006). Some
biogenic habitat forming species will be more sevisito disturbances events than others and
have been classified accordingly. For exampleghoomb wornreefs have been shown to be
resistant to trawling by light gears and were thdug be relatively robust to a single impact
event of trampling via casual and professional hgaithering techniques (Fishing types 11 and
12 respectively) (Volberg, 2000). Other biogenabitats such as maerl and mussel beds, when
subjected to trawling gears are not thought toseesilient as honeycomb worm reefs. Although
honeycomb reefs are not devastated by light trgwtims does not mean that they are not
damaged, Holet al (1997) reported that subtidal honeycomb reefsevioken into fist-sized
lumps by shrimp trawlers and Dippetral. (1989) observed such in the Wash.

The sensitivity of these habitats to site accesfby (with the exception of Habitats 17 and 25
which are entirely subtidal) is considered to beadbw level for Habitats 6, 27 and 30. Where
species such adytilus (Habitat 27) are found, there is an increased afs&rushing and killing
the organisms through trampling in comparison tsemobust fauna. Seagrass beds (Habitat 30)
and intertidal honeycomb wornmeefs (Habitat 6) harbour a high biodiversity afrfl and fauna,
where trampling can cause mortality and affectdtractural complexity of the habitat over a
long-term time period. Access by vehicle was com®d to be only possible for seagrass beds
(Habitat 30) and was deemed to have a moderateciropahe habitat due to physical damage to
the flora and fauna that affects the seagrass tsdistural complexity and would take years to

recover from.
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4.3.6 Conclusion

The protocol developed here provides a genericogubr to ascertain the sensitivity of marine
benthic habitats to fishing activities. The appiosstill relies on expert opinion (as in the

Beaumaris approach), but now the assessment atiggypsonsiders all aspects together rather
than trying to assess each component separately,the Beaumaris matrices (Figure 1). The
revised matrix approach is therefore more streasdliand provides a scientifically robust

methodology that is consistent with the scientifierature and which can be easily applied as a
practical tool. The protocol can be applied inadabor situations but has the potential to expand
and include more information as it becomes avaslatiiereby further securing the strength of

the judgements made.

The production of base sensitivity maps will ai@ fdentification of areas sensitive to fishing
activities at various activity levels. Of the 3@bitats assessed, five habitats were not considered
highly sensitive (i.e. either zero or only one dptkple cell) to fishing activities (Habitats 4, 8,
10, 24 and 29). A further three intertidal halsitebntained only white cells as no known fishing
practices occurred there at the present time (H&bit, 2 and 3), with the exception of their
sensitivity to impacts from site access by footvehicle. The remaining 22 habitats were
considered highly sensitive to some form of fishawivity. Most of these habitat types were
sensitive to the use of trawled bottom gears, dredond intertidal bait collection techniques and
less sensitive to the use of nets, pots and angéiolgniques. The approach identifies where
further investigation is needed to determine whethe@anagement response is required by CCW
to protect habitats and the functions they suppord will facilitate spatial planning and

management for use in fisheries management.
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5 SEABED SENSITIVITY TO FISHING ACTIVITIES WORKSHOP S

The development of a management tool based on axnegiproach to the assessment of
sensitivity to fishing of benthic habitats follows from a workshop commissioned by CCW and
held in Beaumaris in March 2006. As work on the elepment of the matrix approach
progressed it was reviewed at an internal CCW vwwgrlgroup (January 2007) and two CCW
convened workshops (Menai Bridge, February 2007 Bedanwy, June 2007) where a wider
range of individuals (particularly at the latterpi a variety of sectors/organisations with
scientific and/or regulatory expertise assessedgtaetical application of the protocol to sample
Welsh SAC sites. These workshops included reptaSees from conservation agencies (i.e.
CCW, Natural England, JNCC and Scottish Naturalitelge, government departments and
agencies (SFCs, WAG, DEFRA and CEFAS), academiensisis (University of Liverpool,
University of Bangor) and various environmental satancy contractors (e.g. MarLIN). The
objective of the workshops was to consider the @pgr used to assign habitat sensitivity and to

assess the appropriateness of the base sengitigjig produced for the SAC case study site.

This report was developed to incorporate the lessi@arnt and issues raised during the
workshops. In general, workshop participants sugggothe approach and concluded that the
base sensitivity maps would be a useful generid foo site management on which the

development of more site specific objectives (sashthe conservation objectives for the SAC)
could be added.
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APPENDIX 1: ASSESSING THE BEAUMARIS APPROACH- INTEN SITY
OF IMPACT DATA.

The following figures relate to attempting to ellatie the breakpoints for the intensity of impact
axis, separated according to type of phyla, distucke and habitat type. However no recovery
trends could be determined.
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Figure 1. Time to recovery against intensity of impact fdr data, separated by phylum.

Different phylum are indicated by different symhols Nematodes, Annelida, Mollusca,
Echinoderms, Sipuncula, Crustacea, Porifera, - Cnidaria, Nemertea, Chordata,
Kinorhyncha, Platyhelminthes and total species abundance for ‘other’ disturbance

studies.
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Figure 2. Time to recovery against intensity of impact fdr data, separated by gear type.
Different activities are indicated by different slyals, otter trawling, scallop dredging,
suction dredging, bait digging, tractor dredging, intertidal raking, beam trawling,

bait dredging, scallop dredging (rapido trawl), aggregate dredging and pipeline

construction.
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Figure 3. Time to recovery against intensity of impact fdlrdata, separated by habitat type.
Different habitat types are indicated by differegtmbols, Different habitat types are indicated

by different symbols, muds, muddy sands, sands, gravels and biogenic habitats.
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APPENDIX 2: ASSESSING THE BEAUMARIS APPROACH- SPATI AL
EXTENT OF IMPACT DATA.

The following figures relate to attempting to ellaie the breakpoints for the spatial extent of
impact axis, separated according to habitat anwiddiance and type and according to the initial
percentage decline in abundance. However noveegdrends could be determined.
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Figure 1. Time to recovery against spatial extent of impant &ll data, with area log
transformed and separated by habitat type. Diftehabitat types are indicated by different
symbols, muds, muddy sands, sands, gravels and biogenic habitats.
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Figure 2. Time to recovery against spatial extent of impactall data, with area log
transformed and separated by disturbance typeei@ift activities are indicated by different
symbols, otter trawling, scallop dredging, suction dredging, bait digging, tractor
dredging, intertidal raking, beam trawling, bait dredging, scallop dredging (rapido

trawl), aggregate dredging, hypoxia experiments and pipeline construction.
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Figure 3. Time to recovery against spatial extent of impiact all data, categorised by the
percentage initial decline in abundance form tletudbance everfor a) 20- 40% initial decline
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accompanying’rvalue.
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APPENDIX 3: FISHING ACTIVITY WITHIN A SPECIFIED ARE A
DEFINITIONS WHICH THE MATRICES ARE BASED UPON, AS
DEFINED BY CCW.

Type 1. Beam trawls and scallop dredges
Beam Trawl
Scallop dredges

Type 2. Rockhopper trawls
Rockhopper trawl

Type 3. Oyster/Mussel dredging and Prospecting (Sexal orders not covered here) (see
note a.)

Oyster dredging within a wild fishery

Prospecting for mussel seed (without remote samgjear, e.g. cameras)

Mussel dredging within a wild fishery (includinggudating orders)

Type 4. Demersal trawls
Otter trawl

Twin rig trawl

Demersal pair trawl

Type 5. Light demersal trawls and seines

Light otter trawl

Light beam trawl

Light twin rig trawl

Shrimp trawl

Twin shrimp trawl

Beach seine

Scottish fly seine netting (prohibited in North WaISFC area)
Danish seine netting (prohibited in North Wales Sf€a)

Gear Activity Level within a Specified Area Definitions for fishing gears 1-5; (For type 1
see note a. at end)

Heavy— Daily in 2.5nm x 2.5nm

Moderate — 1-2 times a week in 2.5nm x 2.5nm

Light — 1- 2 times a month during a season in 2.5nnbxrA.

Single- Single pass of fishing activity in a year overal

Type 6. Hydraulic suction dredges (This activity oty occurs in certain sediments and
activity intense.)
Hydraulic suction dredge — box type and continudts

Gear Activity Level within a Specified Area Definitions for hydraulic suction dredges (gear
type 6);
Heavy - Daily in 2.5nm x 2.5 nm for cockle dredging

- 1-2 times a month in 2.5nm x 2.5nmréxzor dredging (as more intensive activity)
Moderate - 1-2 times a week in 2.5nm x 2.5 nm for cockleddjing
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- 3times a year in 2.5nm x 2.5mmrazor dredging.
Light -1- 2 times a month during the season in 2.5nnbri for cockle dredging
- Once a year in 2.5nm x 2.5nm for razor dredging
Single- Single pass of fishing activity in a year overal

Type 7. Pelagic trawls, drift nets and hook and lie fishing (with no seabed contact)
Pelagic Trawling

Pelagic pair trawling

Drift nets

Jigging

Recreational angling, i.e. fly fishing, spinninduigging etc

Gear Activity Level within a Specified Area Definitions for gear type (Pelaqic trawls, drift
nets and hook and line fishingwith no seabed contact))

Heavy- Daily in area 2.5nm x 2.5nm

Moderate- 1- 2 times a week in area 2.5nm x 2.5nm

Light — 1- 2 times a season in area 2.5nm x 2.5nm

Single- Single pass of fishing activity in a year overall

Type 8. Static gear - nets and long-line@-ishing activities which anchor to seabed)
Gill nets (surface and bottom)

Trammel nets

Tangle nets

Long- lines

Trot line (beach set long lines)

Gill nets (beach set)

Gear Activity Level within a Specified Area Definitions for static gear, nets and long lines;
Heavy - >9 pairs of anchors/area 2.5nm by 2.5nm fishaly d

Moderate- 3- 8 pairs of anchors/area 2.5nm by 2.5nm fisdesty

Light - 2 pairs of anchors/area 2.5nm by 2.5nm fishely dai

Single- Single pass of fishing activity in a year overal

Type 9. Static gear- pots (see note b.)
Inkwell pots

Parlour pots (lobster)

Parlour pots (green crab)

Prawn pots

Whelk pots

Gear Activity Level within a Specified Area Definition for gear type (static gear — pots);
(see note c at the end)

Heavy- Lifted daily, more than 5 pots per hectare (L@Om by 100m)

Moderate- Lifted daily, 2- 4 pots per hectare

Light — Lifted daily, less than 2 pots per hectare

Single- Single accidental fishing event of a string
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Type 10. Rod-and-line-hand-fishing End gear in contact with the seabed)
Rod-and-line-fishing

Gear Activity Level within a Specified Area Definitions for (Rod and line handfishing); (1
person’s visit equals 4 hours)

Heavy ->20 people fishing per hectare per week

Moderate — 2-19 people fishing per hectare per week

Light — 1-5 people fishing per hectare per week

Single— single visit by individual per day

Type 11. Hand gathering, Casual (see note c.)

Winkles

Mussels First four hand collected off hardstrdtes
Limpet (bait)

Peeler crab (bait)

Ragworm (bait)

Ensis (bait)

Clams Next five collected by digging in sofbstrate
Cockles

Lugworm (bait)

Shrimp push net Collected by pushing net info Substrate
Hermit crabs Collected by baited drop net ®madt substrate

Gear Activity Level within a Specified Area Definitions for (hand gathering - casual; (see
note d at the end)

Heavy - > 10 people fishing per hectare often using MekicLarge numbers of individuals
mainly concentrated in one area, with the actieitgurring daily

Moderate- 3-9 people fishing per hectare per day

Light - 1-2 people fishing per hectare per day

Single visit Single visit by individual per day

Type 12. Hand gathering, Professional (see note c.)
Winkles

Mussels

Cockles

Lugworm (bait)

Ensis

Peeler-crab (bait)

Ragworm (bait)

Gear Activity Level within a Specified Area Definitions for hand gathering - professional;
(see note d at the end)

Heavy - > 10 people fishing per hectare often using MebicLarge numbers of individuals
mainly concentrated in one area, with the actieitgurring daily

Moderate- 3-9 people fishing per hectare per day

Light - 1-2 people fishing per hectare per day
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Single visit Single visit by individual per day

13. Aquaculture and intertidal ‘traps’
Aquaculture ground lays

Oysters (trestles)

Clams

Mussels

Peeler-crab ‘traps’

Gear Activity Level within_a Specified Area Definitions for aquaculture and intertidal
traps (area = 1 hectare)

Heavy - >30% of area used

Moderate ->10% of area used

Light - <10% of area used

14.Aquaculture cage and rope cultivation
Salmonids

Marine

Suspended rope aquaculture e.g. mussel rope lays

Gear Activity Level within a Specified Area Definitions for aguaculture cage and rope
cultivation (area = 1 hectare)

Heavy - >30% of a hectare covered

Moderate- >10% of a hectare covered

Light - <10% of a hectare covered

15. Access to and across the foreshore/intertidal

Vehicle access
Foot access

Note

a. Gear type 3 for oyster and mussel dredging- tha &sked will be much smaller and the
fishery will be seasonal and fished heavily over pleriod.

b. For Gear type 9, only applies to pots using nchars, where anchors are deployed then it
would need combining with gear type 8

c.For 11 and 12 only applies to fishing activity agtess
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APPENDIX 4: BIOTOPE LIST UPON WHICH THE HABITAT
CATEGORIES ARE BASED UPON (provided and categorised by CCW)

MARINE BIOTOPES FOUND IN WELSH WATERS

Biotope
No | BIOTOPE_CODE Levell | Level2 Level 3 Level 4 Léform version
1 LR.CvOv.AudCla LR CvOv AudCla Lichens & algae 79
1 LR.CvOv.BarCv LR CvOv BarCv Lichens & algae 97
1 LR.CvOv.Br LR CvOv Br Lichens & algae 97
1 LR.CvOv.GCv LR CvOv GCv Lichens & algae 97
1 LR.CvOv.VmucHil LR CvOv VmucHil Lichens & algae 97
1 LR.L.Chr LR L Chr Lichens & algae 97
1 LR.L.Pra LR L Pra Lichens & algae 97
1 LR.L.UloUro LR L UloUro Lichens & algae 97
1 LR.L.Ver.B LR L Ver B Lichens & algae 97
1 LR.L.Ver.Por LR L Ver Por Lichens & algae 97
1 LR.L.Ver.Ver LR L Ver Ver Lichens & algae 97
1 LR.LYG LR L YG Lichens & algae 97
1 LR.R LR R Lichens & algae 97
2 ELR.FR.Coff ELR FR Coff Fucoids 97
2 ELR.FR.Him ELR FR Him Fucoids 97
2 ELR.MB.BPat ELR MB BPat Mussels & Barnacles 97
2 ELR.MB.BPat.Cat ELR MB BPat Cat Mussels & Bareacl 97
2 ELR.MB.BPat.Cht ELR MB BPat Cht Mussels & Barrezcl 97
2 ELR.MB.BPat.Fvesl ELR MB BPat Fvesl Mussels & Baeles 97
2 ELR.MB.BPat.Lic ELR MB BPat Lic Mussels & Barnasl 97
2 ELR.MB.BPat.Sem ELR MB BPat Sem Mussels & Barescl 97
2 ELR.MB.MytB ELR MB MytB Mussels & Barnacles 97
3 MLR.BF.Fser.Fser MLR BF Fser Fser Fucoids 97
3 MLR.BF.Fser.Pid MLR BF Fser Pid Fucoids 97
3 MLR.BF.Fser.R MLR BF Fser R Fucoids 97
3 MLR.BF.FvesB MLR BF FvesB Fucoids 97
3 MLR.BF.PelB MLR BF PelB Fucoids 97
3 MLR.Eph.Ent MLR Eph Ent Algal turf 97
3 MLR.Eph.EntPor MLR Eph EntPor Algal turf 97
3 MLR.Eph.Rho MLR Eph Rho Algal turf 97
3 MLR.R.Mas MLR R Mas Algal turf 97
3 MLR.R.Osm MLR R Osm Algal turf 97
3 MLR.R.Pal MLR R Pal Algal turf 97
3 MLR.R.XR MLR R XR Algal turf 97
4 MLR.MF.MytFves MLR MF MytFves Mussels & Barnasl 97
4 MLR.MF.MytFR MLR MF MytFR Mussels & Barnacles 79
5 MLR.R.RPid MLR R RPid Algal turf 97
5 MLR.MF.MytPid MLR MF MytPid Mussels & Barnacles 97
6 MLR.Sab.Salv MLR Sab Salv Biogenic sand reefs 7 9
7 SLR.F.Asc.Asc SLR F Asc Asc Fucoids 97
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7 SLR.F.Asc.T SLR F Asc T Fucoids 97

7 SLR.F.Asc.VS SLR F Asc VS Fucoids 97

7 SLR.F.Fcer SLR F Fcer Fucoids 97

7 SLR.F.Fserr.VS SLR F Fserr VS Fucoids 97

7 SLR.F.Fspi SLR F Fspi Fucoids 97

7 SLR.F.Fves SLR F Fves Fucoids 97

7 SLR.F.Pel SLR F Pel Fucoids 97

8 LR.Rkp.Cor LR Rkp Cor Algal turf 97

8 LR.Rkp.Cor.Bif LR Rkp Cor Bif Algal turf 97

8 LR.Rkp.Cor.Cys LR Rkp Cor Cys Algal turf 97

8 LR.Rkp.FK LR Rkp FK Fucoids 97

8 LR.Rkp.FK.Sar LR Rkp FK Sar Fucoids 97

8 LR.Rkp.G LR Rkp G Algal turf 97

8 LR.Rkp.H LR Rkp H Algal turf 97

8 LR.Rkp.SwSed LR Rkp SwSed Fucoids 97
Short faunal turf; crusts

8 LR.CvOv.FaC LR CvOv FaC & cushions 97

8 LR.CvOv.RCv LR CvOv RCv Algal turf 97
Short faunal turf; crusts

8 LR.CvOv.SByAs.Cv LR CvOv SByAs Cv & cushions 97
Short faunal turf; crusts

8 LR.CvOv.SByAs.Ov LR CvOv SByAs Ov & cushions 97
Short faunal turf; crusts

8 LR.CvOv.ScrFa LR CvOv ScrFa & cushions 97
Short faunal turf; crusts

8 LR.CvOV.SR.Cv LR CvOv SR Cv & cushions 97
Short faunal turf; crusts

8 LR.CvOv.SR.Den.Cv LR CvOv SR Den & cushions 97
Short faunal turf; crusts

8 LR.CvOv.SR.Den.Ov LR CvOv SR Den & cushions 97
Short faunal turf; crusts

8 LR.CvOV.SR.Ov LR CvOv SR Ov & cushions 97

9 SLR.FX.AscX SLR FX AscX Fucoids 97

9 SLR.FX.BLIit SLR FX BLIit Fucoids 97

9 SLR.FX.EphX SLR FX EphX Algal turf 97

9 SLR.FX.FcerX SLR FX FcerX Fucoids 97

9 SLR.FX.FserX SLR FX FserX Fucoids 97

9 SLR.FX.FvesX SLR FX FvesX Fucoids 97

10 | LMS.MS.BatCor LMS MS BatCor Muddy sandy shore 97

10 | LMS.MS.MacAre LMS MS MacAre Muddy sandy shore 97

10 | LMS.MS.PCer LMS MS PCer Muddy sandy shore 97

10 | LGS.S.Lan LGS S Lan Sand 97

11 | LMS.MS.MacAre.Mare LMS MS MacAre Mare Muddy sgrehore 97

11 | LMU.SMu.HedMac.Mare LMU SMu HedMac Mare Mud 97
Shingle, coarse sand,

11 | LMX.Mare LMX Mare mixed sediments 97

12 | LMU LMU Mud 97

12 | LMU.MU.HedOl LMU MU HedOl Mud 97

12 | LMU.MU.HedScr LMU MU HedScr Mud 97

12 | LMU.Mu.HedStr LMU Mu HedStr Mud 97

12 | LMU.SMu.HedMac LMU SMu HedMac Mud 97

12 | LMU.SMu.HedMac.Are LMU SMu HedMac Are Mud 97

12 | LMU.SMu.HedMac.Pyg LMU SMu HedMac Pyg Mud 97
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13 LMU PSM Saltmarsh

13 | LMU.Sm LMU Sm Saltmarsh 97
13 | LMU.Sm.NVC SM8 LMU Sm NVC SM8 Saltmarsh 97
14 | CR.HCR.XFa.SpAnVt CR HCR XFa SpAnVt 04
14 | CR.MCR.EcCr.AdigVt CR MCR EcCr AdigVt 04
15 | CR.HCR.XFa.ByErSp.Eun CR HCR XFa ByErSp 04
16 | SS.SCS.CCS.MedLumVen SS SCS CCs MedLumVen 04
16 | SS.SCS.ICS.MoeVen SS SCS ICS MoeVen 04
17 | SS.SMp.Mrl SS SMp Mrl 04
17 | SS.SMp.Mrl.Pcal SS SMp Mrl Pcal 04
17 | SS.SMp.Mrl.Pcal.R SS SMp Mrl Pcal 04
18 | LS.LSA.FiSa.PoAng LS LSA FiSa PoAng 04
18 | LGS.S.AP.Pon LGS S AP Pon Sand 97
18 | SS.SSa.CFiSa SS SSa CFiSa 04
18 | SS.SCS.ICS.SLan SS SCS ICS SLan 04
19 | SS.SSA SS SSA 04
19 | SS.SSa.CMuSa SS SSa CMuSa 04
19 | SS.SSa.CMuSa.AalbNuc SS SSa CMuSa AalbNuc o4
19 | SS.SSa.CMuSa.AbraAirr SS SSa CMuSa AbraAirr 04
19 | SS.SSa.0Sa SS SSa OSa 04
19 | SS.SSa.OSa.MalEdef SS SSa OSa MalEdef 04
19 | SS.SSa.OSa.OfusAfil SS SSa OSa OfusAfil 04
19 | SS.SSa.IMuSa SS SSa IMuSa 04
19 | IMS.FaMS.EcorEns IMS FaMS EcorEns Muddy sastayre 97

19 | SS.SSA.IMuSa. EcorEns SS SSA IMuSa EcorEns 04
19 | SS.SSa.lMuSa.ArelSa SS SSa IMuSa ArelSa 04
19 | SS.SSa.lMuSa.FfabMag SS SSa IMuSa FfabMag 04
19 | SS.SSa.lMuSa.SsubNhom SS SSa IMuSa SsubNhom q
19 | SS.SMu SS SMu 04
19 | SS.SMu.CFiMu SS SMu CFiMu 04
19 | SS.SMu.CSaMu SS SMu CSaMu 04
19 | SS.SMu.CSaMu.AfilMysAnit SS SMu CSaMu AfilMysAni 04

19 | SS.SMU.CSaMu.AfilNten SS SMU CSaMu AfilNten 04
19 | SS.SMu.CSaMu.LkorPpel SS SMu CSaMu LkorPpel 04
19 | SS.SMu.IFiMu.PhiVir SS SMu IFiMu PhiVir 04
19 | SS.SMU.ISaMu SS SMU 1ISaMu 04
19 | SS.SMU.ISaMu.AmpPlon SS SMU 1ISaMu AmpPlon 04
19 | SS.SMu.ISaMu.MelMagThy SS SMu ISaMu MelMagThy 04

19 | SS.Smu.ISaMu.MysAbr SS Smu ISaMu MysAbr 04
19 | SS.SMu.OMu SS SMu OMu 04
19 | SS.SMU.Omu.AfalPova SS SMU Omu AfalPova 04
19 | SS.SMu.SMuVS SS SMu SMuVS 04
19 | SS.SMu.SMuVS.AphTubi SS SMu SMuVS AphTubi 04
19 | SS.SMu.SMuVS.NhomTubi SS SMu SMuVS NhomTubi 04
19 | SS.SMU.OMuLevHet SS SMU OMu LevHet 04
19 | SS.SMu.CFiMu.SpnMeg SS SMu CFiMu SpnMeg 04
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19 | SS.SMu.CfiMu.MegMax SS SMu CFiMu MegMax 04
Short faunal turf; crusts
20 | ECR.BS.BalHpan ECR BS BalHpan & cushions 97
Short faunal turf; crusts
20 | ECR.BS.BalTub ECR BS BalTub & cushions 97
Short faunal turf; crusts
20 | EIR.SG.CC EIR SG CcC & cushions 97
Short faunal turf; crusts
20 | EIR.SG.SC EIR SG SC & cushions 97
Short faunal turf; crusts
20 | EIR.SG.SCANn EIR SG SCAn & cushions 97
Short faunal turf; crusts
20 | EIR.SG.SCAN.Tub EIR SG SCAn Tub & cushions 97
Short faunal turf; crusts
20 | EIR.SG.SCAs EIR SG SCAs & cushions 97
Short faunal turf; crusts
20 | EIR.SG.SCAs.DenCla EIR SG SCAs DenCla & cushions 97
20 | EIR.SG.FoSwCC EIR SG FoSwCC Faunal and alghl t 97
20 | IR.FIR.SG IR FIR SG 04
20 | IR.FIR.SG.CC.BalPom IR FIR SG CcC 04
20 | IR.FIR.SG.CC.Mo IR FIR SG CcC 04
Short faunal turf; crusts
20 | EIR.SG.CC.Mob EIR SG CcC Mob & cushions 97
20 | IR.FIR.SG.CrSpAsAn IR FIR SG CrSpAsAn 04
20 | IR.FIR.SG.DenCcor IR FIR SG DenCcor 04
20 | IR.FIR.SG.FoSwCC IR FIR SG FoSwCC 04
20 | CR CR 04
20 | CR.FCR.Cv.SpCup CR FCR Cv SpCup 04
20 | CR.FCR.FouFa CR FCR FouFa 04
20 | CR.HCR.FaT.BalTub CR HCR FaT BalTub 04
20 | CR.HCR.FaT.CTub CR HCR FaT CTub 04
20 | CR.HCR.FaT.CTub.CuSp CR HCR FaT CTub 04
20 | CR.HCR.XFa CR HCR XFa 04
20 | CR.HCR.XFa.ByErSp CR HCR XFa ByErSp 04
20 | CR.HCR.XFa.ByErSp.Sag CR HCR XFa ByErSp 04
20 | CR.HCR.XFa.CvirCri CR HCR XFa CvirCri 04
20 | CR.HCR.XFa.FluCoAs CR HCR XFa FluCoAs 04
20 | CR.HCR.XFa.FluCoAs.SmAs CR HCR XFa FluCoAs 04
20 | CR.HCR.XFa.FluCoAs.X CR HCR XFa FluCoAs 04
20 | CR.HCR.XFa.FluHocu CR HCR XFa FluHocu 04
20 | CR.HCR.XFa.Mol CR HCR XFa Mol 04
20 | CR.HCR.XFa.SpNemAdia CR HCR XFa SpNemAdia 04
20 | CR.HCR.XFa.SubCriTf CR HCR XFa SubCriTf 04
20 | CR.MCR.CFaVvs CR MCR CFavs 04
20 | CR.MCR.CFaVS.CuSpH CR MCR CFavs CuSpH 04
20 | CR.MCR.CFaVS.CuSpH.As CR MCR CFavs CuSpH 04
20 | CR.MCR.CFaVS.CuSpH.VS CR MCR CFavs CuSpH 04
20 | CR.MCR.EcCr CR MCR EcCr 04
20 | CR.MCR.EcCr.CarSp CR MCR EcCr CarSp 04
20 | CR.MCR.EcCr.FaAlCr CR MCR EcCr FaAICr 04
20 | CR.MCR.EcCr.FaAlCr.Car CR MCR EcCr FaAICr 04
20 | CR.MCR.EcCr.FaAICr.Flu CR MCR EcCr FaAlCr 04
20 | CR.MCR.EcCr.FaAlCr.Sec CR MCR EcCr FaAICr 04
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20 | CR.MCR.EcCr.UrtScr CR MCR EcCr UrtScr 04
Short faunal turf; crusts
21 | IR.FaSwV.AlcByH IR FaSwv AlcByH & cushions 97
Short faunal turf; crusts
21 | IR.FaSwV.AlcByH.Hia IR FaSwv AlcByH Hia & cushions 97
21 | CR.HCR.FaT.CTub.Adig CR HCR FaT CTub 04
21 | CR.HCR.XFa.ByErSp.DysAct CR HCR XFa ByErSp 04
21 | CR.MCR.EcCr.CarSp.PenPco CR MCR EcCr CarSp 04
21 | CR.MCR.SfR.Hia CR MCR SfR Hia 04
21 | CR.MCR.SfR.Pid CR MCR SfR Pid 04
Short faunal turf; crusts
21 | MCR.SfR.Pol MCR SfR Pol & cushions 97
21 | CR.MCR.SfR.Pol CR MCR SfR Pol 04
22 | EIR.KFaR.Ala EIR KFaR Ala Kelp 97
22 | EIR.KFaR.Ala.Ldig EIR KFaR Ala Ldig Kelp 97
22 | EIR.KFaR.Ala.Myt EIR KFaR Ala Myt Kelp 97
22 | EIR.KFaR.LhypFa EIR KFaR LhypFa Kelp 97
22 | EIR.KFaR.LhypR EIR KFaR LhypR Kelp 97
22 | EIR.KFaR.LhypR.Ft EIR KFaR LhypR Ft Kelp 97
22 | EIR.KFaR.FoR.Dic IR EIR KFaR FoR 97
22 | MIR.KR.Ldig.Ldig MIR KR Ldig Ldig Kelp 97
22 | MIR.KR.Ldig.Pid MIR KR Ldig Pid Kelp 97
22 | MIR.KR.Lhyp MIR KR Lhyp Kelp 97
22 | MIR.KR.Lhyp.Ft MIR KR Lhyp Ft Kelp 97
22 | MIR.KR.Lhyp.Pk MIR KR Lhyp Pk Kelp 97
22 | MIR.KR.Lhyp.TFt MIR KR Lhyp TRt Kelp 97
22 | MIR.KR.Lhyp.TPk MIR KR Lhyp TPk Kelp 97
22 | SIR.K.Lsac.Ldig SIR K Lsac Ldig Kelp 97
22 | IR IR 04
22 | IR.HIR.KFaR IR HIR KFaR 04
22 | IR.HIR.KFaR.Ala IR HIR KFaR Ala 04
22 | IR.HIR.KFaR.Ala.Ldig IR HIR KFaR Ala 04
22 | IR.HIR.KFaR.Ala.Myt IR HIR KFaR Ala 04
22 | IR.HIR.KFaR.FoR IR HIR KFaR FoR 04
22 | IR.HIR.KFaR.FoR.Dic IR HIR KFaR FoR 04
22 | IR.HIR.KFaR.LhypFa IR HIR KFaR LhypFa 04
22 | IR.HIR.KFaR.LhypR IR HIR KFaR LhypR 04
22 | IR.HIR.KFaR.LhypR.Ft IR HIR KFaR LhypR 04
22 | IR.HIR.KFaR.LhypR.Pk IR HIR KFaR LhypR 04
22 | IR.HIR.KFaR.LhypRVt IR HIR KFaR LhypRVt 04
22 | IR.LIR.K.LhypLsac IR LIR K LhypLsac 04
22 | IR.LIR.K.LhypLsac.Ft IR LIR K LhypLsac 04
22 | IR.LIR.K.LhypLsac.Pk IR LIR K LhypLsac 04
22 | IR.LIR.K.Lsac IR LIR K Lsac 04
22 | IR.LIR.K.Lsac.Ft IR LIR K Lsac 04
22 | IR.LIR.K.Lsac.Ldig IR LIR K Lsac 04
22 | IR.LIR.K.Lsac.Pk IR LIR K Lsac 04
22 | IR.MIR IR MIR 04
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22 | IR.MIR.KR IR MIR KR 04
22 | IR.MIR.KR.Ldig IR MIR KR Ldig 04
22 | IR.MIR.KR.Ldig.Ldig IR MIR KR Ldig 04
22 | IR.MIR.KR.Lhyp IR MIR KR Lhyp 04
22 | IR.MIR.KR.Lhyp.Ft IR MIR KR Lhyp 04
22 | IR.MIR.KR.Lhyp.Pk IR MIR KR Lhyp 04
22 | IR.MIR.KR.LhypT IR MIR KR LhypT 04
22 | IR.MIR.KR.LhypT.Ft IR MIR KR LhypT 04
22 | IR.MIR.KR.LhypT.Pk IR MIR KR LhypT 04
22 | IR.MIR.KR.LhypTX IR MIR KR LhypTX 04
22 | IR.MIR.KR.LhypTX.Ft IR MIR KR LhypTX 04
22 | IR.MIR.KR.LhypTX.Pk IR MIR KR LhypTX 04
22 | IR.MIR.KR.XFoR IR MIR KR XFoR 04
23 | MIR.SedK.HalXK MIR SedK HalXK Kelp 97
23 | MIR.SedK.LsacChoR MIR SedK LsacChoR Kelp 97
23 | MIR.SedK.Sac MIR SedK Sac Kelp 97
23 | IR.HIR.KSed IR HIR KSed 04
23 | IR.HIR.KSed.DesFilR IR HIR KSed DesFilR 04
23 | IR.HIR.KSed.LsacChoR IR HIR KSed LsacChoR 04
23 | IR.HIR.KSed.LsacSac IR HIR KSed LsacSac 04
23 | IR.HIR.KSed.ProtAhn IR HIR KSed ProtAhn 04
23 | IR.HIR.KSed.Sac IR HIR KSed Sac 04
23 | IR.HIR.KSed.XKHal IR HIR KSed XKHal 04
23 | IR.HIR.KSed.XKScrR IR HIR KSed XKScrR 04
23 | MIR.SedK.XKScrR IR MIR SedK XKScrR 04
23 | SS.SMp.KSwsS SS SMp KSwSS 04
23 | SS.SMp.KSwSS.LsacGraVvVS SS SMp KSwSS LsacGraV| 04
23 | SS.SMp.KSwSS.LsacR SS SMp KSwWSS LsacR 04
23 | SS.SMp.KSwSS.LsacR.CbPb SS SMp KSwSS LsacR 0
24 | IGS.FaS.NcirBat IGS Fas NcirBat Sand 97
Shingle, coarse sand,
24 | IGS.Fas.ScupHyd IGS Fas ScupHyd mixed sediments 97
24 | SS.SSa.lFiSa SS SSa IFiSa 04
24 | SS.SSa.lFiSa.lMoSa SS SSa IFiSa IMoSa 04
24 | SS.SSa.lFiSa.NcirBat SS SSa IFiSa NcirBat 04
24 | SS.SSa.lFiSa.ScupHyd SS SSa IFiSa ScupHyd 0
24 | SS.SSA.IFiSa.TbAmPo SS SSA IFiSa ThAmPo 04
Shingle, coarse sand,
25 | IMX.Oy.Ost IMX Oy Ost mixed sediments 97
25 | SS.SMx.IMx.Ost SS SMx IMx Ost 04
26 | SLR.FX.FserX.T SLR FX FserX T Fucoids 97
26 | MIR.KR.Ldig.T MIR KR Ldig T Kelp 97
26 | SIR.K.Lsac.T SIR K Lsac T Kelp 97
26 | MIR.KR.Ldig.Ldig.Bo MIR KR Ldig Ldig Kelp 97
26 | MLR.BF.Fser.Fser.Bo MLR BF Fser Fser Fucoids 97
26 | IR.MIR.KR.Ldig.Bo IR MIR KR Ldig 04
26 | IR.MIR.KT.LdigT IR MIR KT LdigT 04
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26 | IR.MIR.KT.LsacT IR MIR KT LsacT 04
26 | IR.MIR.KT.XKT IR MIR KT XKT 04
26 | IR.MIR.KT.XKTX IR MIR KT XKTX 04
26 | IR.MIR.KT IR MIR KT 04
26 | IR.MIR.KT.FIIRVS IR MIR KT FilRVS 04
26 | SLR.F.Fserr.T SLR F Fserr T Fucoids 97
27 | SLR.MX.MytX SLR MX MytX Mussel beds 97
27 | IMX.EstMx.MytV IMX EstMx MytV Mussel beds 97
27 | SIR.EstFa.MytT SIR EstFa MytT Mussel beds 97
27 | CR.MCR.CSab CR MCR CSab 04
27 | CR.MCR.CSab.Sspi CR MCR CSab Sspi 04
27 | CR.MCR.CSab.Sspi.As CR MCR CSab Sspi 04
27 | CR.MCR.CSabh.Sspi.ByB CR MCR CSab Sspi 04
27 | CR.MCR.CMus.CMyt CR MCR CMus CMyt 04
27 | CR.MCR.CMus.Mdis CR MCR CMus Mdis 04
27 | IR.LIR.IFaVS.MytRS IR LIR IFaVvs MytRS 04
27 | SS.SBR.PoR.SspiMx SS SBR PoR SspiMx 04
27 | SS.SBR.SMus SS SBR SMus 04
27 | SS.SBR.SMus.ModCvar SS SBR SMus ModCvar 04
27 | SS.SBR.SMus.ModHAs SS SBR SMus ModHAs 04
27 | SS.SBR.SMus.ModMx SS SBR SMus ModMx 04
27 | SS.SBR.SMus.ModT SS SBR SMus ModT 04
27 | SS.SBR.SMus.MytSS SS SBR SMus MytSS 04
Shingle, coarse sand,
IMX.EstMx.CreAph IMX EstMx CreAph mixed sediments 97
Shingle, coarse sand,
IMX.FaMx.An IMX FaMx An mixed sediments 97
Shingle, coarse sand,
IMX.FaMx.VsenMtru IMX FaMx VsenMtru mixed sediments 97
IMX.KSwMx.LsacX IMX KSwMx LsacX Kelp 97
Shingle, coarse sand,
LMX LMX mixed sediments 97
Shingle, coarse sand,
LMX.novo.HedMacMx LMX novo HedMacMXx mixed sediments (97)
Shingle, coarse sand,
LMX.novo.HedOIMx LMX novo HedOIMx mixed sediments (97)
Shingle, coarse sand,
LMX.novo.HedScrMx LMX novo HedScrMx mixed sediments (97)
Shingle, coarse sand,
LMX.Psyllid LMX Psyllid mixed sediments (97)
Shingle, coarse sand,
28 | LMX.Psyllid.VS LMX Psyllid VS mixed sediments (97)
28 | SS.SMx SS SMx 04
28 | SS.SMx.CMx SS SMx CMx 04
28 | SS.SMx.CMx.ClloMx SS SMx CMx ClloMx 04
28 | SS.SMx.CMx.ClloMx.Nem SS SMx CMx ClloMx 04
28 | SS.SMx.CMx.MysThyMx SS SMx CMXx MysThyMx 04
28 | SS.SMx.CMx.OphMx SS SMx CMx OphMx 04
28 | SS.SMx.IMx SS SMx IMx 04
28 | SS.SMx.IMx.CreAsAn SS SMx IMx CreAsAn 04
28 | SS.SMx.IMx.VsenAsquAps SS SMx IMx VsenAsquAps 04
28 | SS.SMx.OMx SS SMx OMXx 04
28 | SS.SMX.Omx.PoVen SS SMX Omx PoVen 04
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28 | SS.SMx.SMxVS SS SMx SMxVS 04
28 | SS.SMx.SMxVS.AphPol SS SMx SMxVS AphPol 04
28 | SS.SMx.SMxVS.CreMed SS SMx SMxVS CreMed 04
Shingle, coarse sand,
29 | LGS.Est.Ol LGS Est Ol mixed sediments 97
29 | LGS.S.AEur LGS S AEur Sand 97
29 | LGS.S.AP.P LGS S AP P Sand 97
29 | LGS.S.BarSnd LGS S BarSnd Sand 97
29 | LGS.S.Tal LGS S Tal Sand 97
Shingle, coarse sand,
29 | LGS.Sh.BarSh LGS Sh BarSh mixed sediments 97
Shingle, coarse sand,
29 | LGS.Sh.Pec LGS Sh Pec mixed sediments 97
29 | SS.SCS.CCs SS SCS CCS 04
29 | SS.SMx.CMx.FluHyd SS SMx CMx FluHyd 04
29 | SS.SCS.CCS.Nmix SS SCs CCs Nmix 04
29 | SS.SCS.CCS.PomB SS SCS CCS PomB 04
29 | SS.SCs.ICs SS SCS ICS 04
29 | SS.SCS.ICS.CumCset SS SCS ICS CumCset 0
29 | SS.SCS.ICS.Glap SS SCS ICS Glap 04
29 | SS.SCS.ICS.HeloMsim SS SCS ICS HeloMsim 04
29 | SS.SCS.OCS SS SCS OCS 04
30 | IMS.Sgr.Rup IMS Sgr Rup Sea grass beds 97
30 | IMS.Sgr.Zmar IMS Sgr Zmar Sea grass beds 97
30 | LMS.Zos.Znol LMS Zos Znol Sea grass beds 97
30 | SS.SMp.SSgr.Zmar SS SMp SSgr Zmar 04
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APPENDIX 5: HABITAT TYPES UPON WHICH THE MATRICES A RE
BASED, AS DEFINED BY CCW.

Intertidal habitat types

Habitat 1. Upper shore stable rock with lichens ad algal crusts

Habitat 2. Wave exposed intertidal stable rock
Wave exposed areas supporting relatively robustnoonities typically consisting of barnacles,
mussels and some seaweeds.

Habitat 3. Moderately wave exposed intertidal rock
Moderately wave exposed areas supporting mixtufeseaweeds and barnacles. Tends to
support more diverse communities than more wavesegbrock.

Habitat 4. Brown and red seaweeds and mussels on derately exposed i(itertidal lower
shore)rock

Habitat 5. Mussels and boring bivalves (piddocks)mintertidal clay and peat
Piddocks occur in soft and friable substrates figat and clay.

They are rare, vulnerable and nationally importamhmunities, and a feature of intertidal SSSls
(Sites of Special Scientific Interest).

Habitat 6. Honeycomb worm reefs

These are dense aggregations of worms that carr ooceand-abraded intertidal and shallow
subtidal bedrock, boulders, cobbles and pebblesy Téorm reefs that provide a home for many
other species and so are particularly diverse.

Wales has particular responsibility for this nadithyp important habitat since it supports a
significant proportion of the UK resource. It iBAP habitat.

Habitat 7. Sheltered intertidal bedrock, boulders ad cobbles
Supports communities that are dominated by brovamweseds.

Habitat 8. Rockpools and overhangs on rocky shores
Rockpools and overhangs support particularly sgewod, specialized communities.

Habitat 9. Intertidal brown seaweeds, barnacles oephemeral seaweeds on boulders,
cobbles and pebbles

Habitat 10. Intertidal muddy sands - excluding biobpes supporting gaper clam

Shores of muddy sand, typically consisting of géet less than 4mm in diameters where the
mud fraction makes up between 10-30% of the sedin®pports communities predominantly
of worms and bivalves, including lugworm, cocklesi dellins.

These shores are typically important feeding afeadirds as they support large numbers of
invertebrates (worms etc) as well as providing tansh defence against coastal erosion.

Habitat 11. Intertidal muds and sands supporting gaer clam
Typically supporting lugworm, rag worms, tellinsdagaper clams.
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These shores are typically important feeding afeadirds as they support large numbers of
invertebrates (worms etc) as well as providing taims defence against coastal erosion
Habitat 12. Intertidal muds

Shores of soft mud, typically with over 80% sil#glfraction. Supports abundant communities
dominated by worms.

Muddy shores are typically important feeding arfasbirds as they support large numbers of
invertebrates (especially worms) as well as prowjdi natural defence against coastal erosion.

Habitat 13. Saltmarshes

Salt marshes are of nature conservation importéeoause they stabilize the sediment, are
highly productive and support a high biodiversityoods, invertebrates and fish.

Subtidal habitat types

Habitat 14. Vertical subtidal rock with associatedcommunity
A diverse array of communities can be associatdat wertical rock; typically assemblages of
sponges, hydroids, bryozoans and anemones.

Vertical rock is particularly vulnerable to accidainwvipeouts by fishing gear.

Habitat 15. Erect and branching subtidal species tt are very slow growing

The Pink Sea Fan is nationally scarce and is piedeloy law under the Countryside Rights of
Way Act (CROW). The pink sea fan is also a BAP ggea@and an important element of reef
features within European Marine Sites where it ogcu

It is highly sensitive to physical disturbance,itaka long time to recover following damage.

Habitat 16. Coarse sands and gravels with communés characterised by large/long lived
bivalves

Subtidal habitats known to support long-lived bixs such as Venerids. These bivalves are
particularly vulnerable to disturbance because #reylong-lived (oldest specimen found in the
Irish Sea was 140 years old) and take a long towedch reproductive maturity.

Habitat 17. Maerl beds
Maerl is a calcareous red algae that can form déresis that support particularly diverse
communities.

It is a BAP habitat, the algae is a Species of €oragion Concern, and it is nationally scarce.
Habitat 18. Stable predominantly subtidal fine sand

Clean fine sands with less than 5% silt/clay inpgenater, either on the open coast or in tide-
swept channels of marine inlets in depths of ovBf2@m. Includes biotopes with dense
aggregations of the polychadtanice concheliga

Habitat 19. Subtidal stable muddy sands, sandy mudsnd muds
A wide variety of stable sediment biotopes suppgrainimal dominated communities.

83



CCW Policy Research Report 08/12
Subtidal-Intertidal habitat types

Habitat 20. Predominantly subtidal rock with low-lying and fast growing faunal turf

Rock dominated by a variety of low-lying faunalfttorming organisms such as bryozoans and
hydroids. This habitat mainly occurs on extremedgased to moderately wave-exposed
circalittoral bedrock and boulders.

Often species rich, their low-lying form means tiia¢y may be less vulnerable to physical
disturbance than areas that support larger, epecies (i.e. habitat 15 & 21).

Habitat 21. Predominantly subtidal rock with erect and branching species that are slow
growing

Subtidal rock supporting a variety of fauna inchglierect and branching species, which are
characteristically slow growing and vulnerable tygical disturbance due to their growth form.
These communities also tend to be species richic@lygpecies include axinellid sponges and
ross coral. Soft rock biotopes are also includetthii; habitat.

Habitat 22. Shallow subtidal rock with kelp
Diverse range of generally species-rich communitiesurring on shallow subtidal rock. This
habitat is characterised by kelps but also includddoliose seaweeds and surge gullies.

Habitat 23. Kelp and seaweed communities on sandaaed rock

Habitat 24. Dynamic, shallow water fine sands

Clean sands that occur in shallow water, eithethenopen coast or in tide-swept channels of
marine inlets. The habitat typically lacks a sigraht seaweed component and is characterised
by robust fauna, particularly amphipods (Bathyp@my@ind robust polychaetes includiNgphtys
cirrosaandLanice conchilega

Habitat 25. Oyster beds

Habitat 26. Underboulder communities on lower shorend shallow subtidal boulders and
cobbles.

Very specialized, species rich habitats incluBesus serratussponges and ascidians on tide-
swept lower eulittoral rocklaminaria digitatg ascidians and bryozoans on tide-swept sublittoral
fringe rock.

Habitat 27. Biogenic reef on sediment and mixed sshrata

Certain marine species, such as mussels and sommesycan occur in very dense aggregations
on the seabed. Such biogenic reefs tend to staltiiz sediment and provide a physical structure
that can supports diverse assemblages of othenisrga. Key examples are Horse mussel reefs,
mussel beds, and the subtidal honeycomb worm.

Habitat 28. Stable, species rich mixed sediments

These habitats incorporate a range of sedimentsdimg heterogeneous muddy gravelly sands
and also mosaics of cobbles and pebbles embeddadymg upon sand, gravel or mud. These
habitats tend to be stable and species rich, stippa wide range of organisms both within, and
on the seabed including worms, bivalves, echinodeamemones, hydroids and bryozoa.
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Habitat 29. Unstable cobbles, pebbles, gravels amu/coarse sands supporting relatively
robust communities

Coarse sediments including coarse sand, gravehlggbshingle and cobbles which are often
unstable due to tidal currents and/or wave acfldrese habitats are generally found on the open
coast or in tide-swept channels of marine inletgeyltypically have a low silt content and lack a
significant seaweed component. They are charaetelig a robust fauna.

Habitat 30. Seagrass beds

Seagrass beds are considered of nature conserirapontance because they stabilize the
sediment, support diverse communities and actrassery area for young fish. They are also
highly productive. Seagrass is a BAP habitat.
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