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CRYNODEB GWEITHREDOL

Mae’r astudiaeth hon yn rhan o brosiect mwy y mae Cyngor Cefn Giylatu yn ei weithredu

ar hyn o bryd, i fapio sensitifrwydd cynefinoedd dyfnforol i thgareddau pysgota ar hyd
arfordir Cymru a dyfroedd y glannau. Mae yna bosibilrwydd y gathediad i bysgodfeydd
penodol ddifrodi cynefinoedd, hyd yn oed pe nad ystyrid ¢weeithgareddau’r bysgodfa
ynddynt eu hunain yn effeithio ar y cynefinoedd ble maent ywytid. Mae mynediad yn

cynnwys mynediad gan gerbydau neu ar droed, ac fe’i dosbarthwydeyaul ysgafn, cymedrol
a thrwm o ran dwysedd. Fe gynigiwyd diffiniadau mewn adroddraéfitca gynhyrchwyd gan

Brifysgol Lerpwl, ac a drafodwyd mewn gweithdy a gynhaliwyd Neganwy ar 21 - 22

Mehefin 2007. Fe gafodd y diffiniadau yma eu hystyried yn ydefewysedd.

Nod yr astudiaeth hon oedd archwilio gwaith/ymchwil blaehareffeithiau mynediad ar hyd y
blaendraethau er mwyn cynnal adolygiad llenyddiaeth, penderfynuesthieffi mynediad ar y
‘grwpiau 0 gynefinoedd’ a nodwyd, a defnyddio’r wybodaeth i gmatrics sensitifrwydd o
effeithiau'r gwahanol ffurfiau a lefelau mynediad.

Gwnaed adolygiad o dros 200 o gyfeiriadau at effeithiau troedio aaigeh gan gerbydau ar
gynefinoedd rhynglanwol, wedi ei helaethu gan wybodaeth ar ed@eglden cynefinoedd
arfordirol daearol a gwybodaeth gan sefydliadau perthnasol. Amtygwcanlynol yn yr

adolygiad.

e Astudiwyd effeithiau troedio ar y glannau rhynglanwol creigioggymharol dda, ond
astudiaeth gymharol wael a wnaed ar y glannau gwaddodol.

* Roedd yr astudiaethau ar y troedio a’u canlyniadau yn amryaai,iond yn dangos fod
yr effeithiau’n dibynnu ar natur y cynefinoedd sydd yno, a ggytnoedio. Mae mwy o
droedio’n golygu llai o fioamrywiaeth, llai o gyflenwad neu fionmsywogaethau yr
effeithir arnynt (yn enwedig macroalgau), a mwy o fannau llwm ac, meairadihosion,
liwybrau clir.

« Canlyniad i gyffyrddiad corfforol a thraul oedd effeithiau’r troedio, gdibynnu ar rym,
parhad, ac amlder y troedio, a hyd yn oed y math o esgidialgayds

* Roedd algau sy'n ffurfio’r Canopi Deiliog (e.e. gwymon codogayimennig o anoddefgar
a sensitif i effeithiau troedio;

* Roedd troedio’'n difetha tywyrch cwrel unionsyth, cregyn llong, aganlyniad cafwyd
cynnydd mewn mannau llwm; mewn rhai achosion roedd llwybrauaavsly traeth yn
weladwy;

e Ar y glannau lle roedd algédu brown amlycaf, gallai isdyfiant algaoddiéf oherwydd
cynnydd mewn dysychiant, ond fe allai niferoedd rhywogaethau tjwyalgau,
manteiswyr a phorwyrdastropod (e.e. llygaid meheryn) gynyddu’'n fawr o ganlyniad
anuniongyrchol i droedio.

* Dangoswyd fod troedio ar dywod lleidiog rhynglanwol a mwdllgihau niferoedd rhai
isfilod, tra cynyddai niferoedd meioffawna a mwydod gwrychododéidd manteisgar.
Yr un pryd, cafwyd effaith wael ar gregyn deuglawr.

e Ychydig iawn o astudiaethau sydd yna ar effeithiau cerbydau ynngkdryw; nid oedd yr
un ohonynt yn uniongyrchol berthnasol i fynediad i by$gpdd.

* Yn gyffredinol fe ystyrir fod cerbydau'n gwneud mwy o ddifrod narclided (tua 30 i 5)
oherwydd eu pwysau a'uiyer, ond mae lefel y difrod yn amrywio o gerbyd i gerbyd, sut
y cant eu gyrru a natur y cynefinoedd sydd dan sylw.

« Difrodwyd gwelyau o forwellt gan effeithiau troedio, ond yn fwyfgan gerbydau, gan y
gallent fod yn arbennig o sensitif iddynt.

Vi
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Aseswyd sensitifrwydd 16 o wahanol gynefinoedd rhynglanwdeitefau tebygol mynediad ar
droed a cherbydau i bysgodfeydd. Yn seiliedig ar waith ekadl. (2008), cynigwyd graddio'r
effeithiau mynediad ar droed a mynediad gan gerbydau, a'r ymatel@onsefydliadau

perthnasol. Er nad oedd sail y dystiolaeth yn caniatdu cymhariagtimngyrchol rhwng

graddfeydd mynediad a lefelau grym yr effeithiau a adroddwyd, niiatiaaadd llenyddiaeth yr
adolygiad i sensitifrwydd gael ei asesu ar sail barn arbenigol. @rgad) mae’r sensitifrwydd
yn yr adroddiad hwn o natur ragofalus. Fe argymhellir fod yr asesiadasitifrwydd a

gyflwynir yma yn amodol ar esboniad pellach yn seiliedig ar wgeth leol ac ymgynghoriad.
Yn ogystal & hyn, argymhellir rhagor o astudiaethau ar effeitti@@dio, ac yn arbennig
mynediad gan gerbydau ar gymunedau rhynglanwol.

vii
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EXECUTIVE SUMMARY

This study is part of a larger project that Countryside CédaciWales (CCW) are currently
undertaking to map the sensitivity of benthic habitats torfgshactivities around the Welsh coast
and coastal waters. There is the possibility that access to particheries may damage
habitats, even if the fishery activity itself is not deemed te@lavimpact on the habitat where it
occurs. Access included both vehicle and foot access, and was gnotgpkght, moderate and
heavy intensity. Intensity levels took into account the exgsdefinitions that were put forward
in the draft report produced by the University of Liverpool disd¢ussed during a workshop held
in Deganwy on 2% — 22'! June 2007.

This study aimed to examine previous research/work on the impéctscess across the
foreshore in order to conduct a literature review, determine the effactess on the identified
‘habitat groups’ and use the information to create a sensitivity »xmafrithe effects of the
different forms and levels of access.

A review of over 200 references on the impacts of trampling and vehaxdass on intertidal
habitats was undertaken, augmented by information on the recreatoiayy of terrestrial
coastal habitats and information from relevant organizations. @&wew highlighted the
following.

« Trampling has been relatively well studied on the intertidal yostkores but relatively
poorly studied on sedimentary shores.

» Trampling studies and their results were highly variable but detrade that the impacts
depend on the nature of the receiving habitat and the intensityamwipling, with
increasing trampling resulting in reduced biodiversity, reduced amaedor biomass of
affected species (especially macroalgae) and increased bare space and, in some cases,
clear paths.

» Trampling impacts resulted from physical contact and wear and degrendant on the
intensity, duration, and frequency of trampling, and even {be oy footwear used.

* Foliose canopy forming algae (e.g. fucoids) were particularly intdlexad sensitive to
trampling impacts;

» Trampling damaged erect coralline turfs, barnacles, and resulted imcr@ade in bare
space; in some cases paths across the shore were visible;

e On brown algae dominated shores, understorey algae could sligerto increased
desiccation but algal turf species, opportunists and gastropoerg@zg. limpets) could
increase in abundance as an indirect effect of trampling,

e Trampling of intertidal muddy sands and muds was shown toceethe abundance of
some infauna while increasing the abundance of presumably opptctunigunal
polychaetes and meiofauna, while bivalves were adversely affected.

» There are very few studies of the effects of vehicles in the intertidak of which were
directly relevant to access to fishing grounds.

* Vehicles are generally considered to do more damage than walkirlg @t fold) due
their greater weight and power but the level of damage varies withethicles used, how
they are driven and the nature of the receiving habitat.

Seagrass beds were damaged by trampling but more so by vehiculartacgbss they
may be particularly sensitive.

The sensitivities of 16 separate intertidal habitats were assest®al ltkely effects of foot and
vehicular access to fishing grounds. Foot access and vehicular aueessty scales were

viii
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suggested based on the work of Halhl. (2008) and the responses from relevant organizations.
Although, the evidence base did not allow direct comparisoneegtihe access scales and the
reported levels of impact intensities, the literature review did aflemsitivity to be assessed
based on expert judgement. As a result, the sensitivities givers report are precautionary in
nature. It is recommended that the sensitivity assessments pteben¢ are subject to further
interpretation based on local knowledge and consultation. Iri@udfurther studies on the
effects of trampling and, especially, vehicular access on intertidal ©aoities are
recommended.
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1 AIMS

There is the possibility that access to particular fisheries may @anadgtats, even if the fishery
activity itself is not deemed to have an impact on the habitat vitheceurs. An example of this
is intertidal hand gathering of cockles, where access may be ghnoedh mudflats oZostera
beds. These habitats may be damaged by vehicle access, althexeggmay be minimal or no
damage to the habitat where the cockle gathering is actually occurring.

Access included both vehicle and foot access, and was groupedyiriiarioderate and heavy
intensity. Intensity levels took into account the exgtiefinitions that were put forward by the
report produced by the University of Liverpool (Hat al, 2008) and discussed during a
workshop held in Deganwy on 2% 22 June 2007.

The contract aimed to study previous research/work on the impéaciscess across the
foreshore in order to conduct a literature review, determine the effactess on the identified
‘habitat groups’ and use the information to create a sensitivity xnafrithe effects of the
different forms and levels of access.

2 METHODOLOGY

This project was primarily a desk study and literature review. ifdrature review drew heavily
on the Biology and Sensitivity Key Information prograntraad database of MarLIN (Tyler-
Walterset al, 2001; Tyler-Walters and Hiscock, 2003) and a prior review of caoasge@ yler-
Walters, 2005a), with an additional literature review of recent patidins, especially on the
impacts of human and vehicular access in sedimentary habitats.

The literature review focused on the direct effects of access to fishingdgrawer intertidal
habitats. Therefore, the review focused on the physical impacengbling (walking or hiking)
by humans across the intertidal, and various modes of transpbdotld be used by humans to
access fishing grounds such as bicycles, motorcycles, off-roadasifORVs) (including all-
terrain vehicles (ATVs) and four-wheel drive ‘sports utility s (SUVs or 4x4’s) and
tractors.

The following definitions of access types are used in this report.

» Trampling — the effect of walking, hiking or trekking by humams the environment,
including soils, vegetation, seaweeds, epifauna and infaunampling by grazing
mammals (e.g. sheep, cows or horses) is not discussed save forasabese.

* Mountain or All terrain bicycles — bicycles designed for off roagl, @sg. on trails, tracks
etc.

« Motorcycles or trail-bikes — motorized bicycles designed foradid use.

» All-terrain vehicles (ATVs) — small motorized 3 or 4 wheeled vehicksighed for off —
road use; also defined as a vehicle that travels on low pressurentyhes,seat straddled
by the operator with handlebars for steering control, e.g. quad tureret al, 2007).

» Off-road vehicles (ORVs) — civilian off-road vehicles, including anoycles, motorized
dirt bikes, ATVs, snowmobiles, dune buggies, four wheel drelécles, and sports utility
vehicles (SUVs)(adapted from Stokowski and LaPointe, 2000; Gairaln 2007).

« Four by four’s (4x4s) — four-wheeled, four wheel drive vehicles, desuSUVs, Jeeps and
Land Rovers.

! seewww.marlin.ac.uk
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e Tractors — vehicles designed to deliver high traction effort at si@&ds, particularly for
the haulage of agricultural and/or contraction trailers or macHinesyally two or four
wheeled drive, with one or both pairs of wheels bearing large tyres.

Due to the nature of access to the intertidal in the UK, sndiesowere excluded from the
study. Horses were included in the discussion but are unliéddg used in the UK for access to
fishing grounds. The disturbance of wildlife (seals and deer) anid m particular by the
presence of humans and/or noise from vehicles is not considereid Biutly, as considerable
evidence of disturbance is readily available. Similarly, other irsgfacin access such as litter
(discarded fishing lines, fishing weights, food waste and cag)iror the water and air quality
impacts of vehicles are not addressed.

This report focuses on the major intertidal habitat types desdripétall et al. (2008) and listed
below.

» Upper shore stable rock with lichens and algal crusts (Habitat 1).

* Wave exposed intertidal stable rock (Habitat 2).

* Moderately exposed intertidal rock (Habitat 3).

* Brown and red seaweeds and mussels on moderately exposed loweoskd@Habitat 4).
* Mussels and boring bivalves (piddocks) on intertidal clay andhp@laitat 5).

e Honeycomb worm reef (Habitat 6).

* Sheltered intertidal bedrock, boulders and cobbles (Habitat 7).

* Rockpools and overhangs on rocky shores (Habitat 8).

» Intertidal brown seaweeds, barnacles or ephemeral seaweeds oprfouattbbles and
pebbles (Habitat 9).

 Intertidal muddy sands — excluding biotopes supporting gdper (Habitat 10).
* Intertidal muds and sands supporting gaper clam (Habitat 11).

* Intertidal muds (Habitat 12).

e Saltmarsh (Habitat 13)

* Underboulder communities on lower shore and shallow subtiddbdésuand cobbles
(Habitat 26).

» Biogenic reef on sediment (Habitat 27).
e Seagrass beds (Habitat 30).

Habitat 29 ‘Unstable cobbles, pebbles, gravels and/or coarse sgmistsg relatively robust
communities’ was not examined in this study, as the insrgdmponents of this habitat are
characterized by relatively dynamic and mobile sediments that expepégsial disturbance
naturally, and are dominated by relatively robust and/or mobile fadeace, their sensitivity is
likely to be low. Habitat 29 also includes sublittoral hatisitunlikely to be impacted by access.

2.1 Literature review

The following report was based on the best available scientdi@afitre. The literature review
was conducted using the resources of the National Marine Bioldghralry, Plymouth and the
University of Plymouth Library, together with relevant abstrarservices such as the Aquatic
and Fisheries Sciences Abstracts (ASFA), Science Direct, the Natidoah#tion Services

2 Definition adapted from Wikipedia (www.wikipediag)

2
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Corporation (NISC) Biblioline, and the British Library. Howeven)y abstracts were available
for some of the more obscure and low circulation reports. Web-basedcesssuch as Google
Scholar were also consulted. Additionally, scientific reportsyred by organizations such as
English Nature and Scottish Natural Heritage were consulted where telestinreferences
consulted are listed.

Representatives of relevant organizations and key individuals walsee contacted. The
organizations contacted included the Countryside Council for WE&IESV), Scottish Natural
Heritage (SNH), Natural England (NE), the Environment Agency (BAjuth Wales and North
Western and North Wales Sea Fisheries Committees (SWSFC & NWNW&RcCjhe Alfred

Wegener Institute for Polar and Marine Research (AWI) (regarding thel&desiea).

2.2 Sensitivity assessment

The sensitivity assessment follows the methodology develbpédall et al(2008), in that the
results of the literature review were interpreted using expert judgemeadsass the likely
sensitivity of each habitat type to damage against a serieseofsityt scales for each fishing
‘gear type’. The literature review and information gleaned from representativedevant
organizations was used to inform ‘intensity scales’ used to aseasgivity to access. While
information on recovery rates is included in the literature review, reabwigy was not taken
into account in the sensitivity assessment (sensudtall, 2008).

Sensitivity was assessed against the following scale (fromeall 2008).

. High sensitivity

Medium sensitivity

Low sensitivity

The gear type is unlikely to occur in this habitat type and scientific studies are unlikely
to have been undertaken for this gear and habitat combination. However, if for
(white)| instance technology were to advance to allow this gear and habitat combination to
occur than an assessment / scientific study would be required to assess the impact
and potential effects to aid in conservation and management.

It was assumed that many rocky shores would limit access for @ghi¢he nature of rocky out
crops and near vertical fissures, gullies, and mixture of slopes drasactof many rocky
shores will severely limit vehicular access to the surrounding neragher than the rocky shore
itself. Therefore, steep rocky shores are likely to be more vuleetalttampling due to access
by foot but less vulnerable to vehicular access. Where the shore hakésrmh of a rocky
platform or gentle incline then vehicular access is more possibhailaly, mixed sediment,
cobble, and small boulder fields may also be accessible to veldelesnding on the size and
agility of the vehicle in question, especially where musselgdiis between rocks and boulders.
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3 RESULTS OF THE LITERATURE REVIEW

The ecological impacts of outdoor recreation have been studied in det&t the theme of
‘recreational ecology’ (Liddle, 1997). The effects of trampling on teraéplant communities

and sand dunes communities are relatively well studied (Lid884,,11997). Recent reviews by
Davenport and Switalski (2006) and Davenport and Davenport (@d@®@)jned the impacts of
tourism and leisure based transportation on terrestrial and coastainenents. Nevertheless,
there are relatively few studies of the effects of trampling on inérédmmunities and even
fewer on the effects of vehicles in the intertidal.

The majority of intertidal studies of trampling were conducteergeas and the affected species
do not occur in UK waters. Study techniques also varied, fronpa@tive studies of sites with
visitors to those without, to careful experimental studies wiahying degrees of trampling
intensity (summarized in Table 3.1). The rocky shores examinedddndoe shores that were
subject to or threatened by recreational use, and therefore tendedhoré® that were easily
accessible. Sedimentary shores were poorly represented in the stwikesed and, with the
exception of a few studies of the impacts of trampling from diggers or collectors on the
shore, few studies were directly relevant to access to fishery grounds

The majority of studies of the impacts of vehicles on habitate weerestrial (Yorket al, 1997,
Stokowski and LaPointe, 2000; Yorks, 2000; Buckley, 2aDdvenport and Davenport, 2006;
Davenport and Switalski, 2006; Oureh al, 2007), although their effects on sand-dunes were
documented (Liddle, 1973, 1997; Kutiet al, 2001). None of the studies that addressed
vehicular access were directly relevant to this study i.e. the stdidigsot examine the use of
vehicles to access fishing grounds.

3.1 Results of contacting relevant organizations

Detrimental impacts on saltmarsh habitats as a result of vehiclesiagcedsrtidal fisheries
were widely reported by those contacted. Morecambe Bay and sevealsdes along the
North West coast suffered rutting of salt marshes, althoughatimage was superficial with the
habitat recovering relatively quickly over a period of 1-2 years. [@anfr@am vehicle access on
salt marshes in the Burry Inlet reportedly resulted in erosionaasubsequent ditch up to 8ft
deep in places. This created access problems and the route was therafoleneth, and
another established. The use of vehicles and quad bikes agaliad@sultting of salt marsh in
the Three Rivers Estuary. In North Lincolnshire, the use aflcuikes, tractors and 4x4’s in
accessing fishing grounds over salt marshes was reported. THisedeswsevere rutting of the
saltmarsh that was still visible several years later.

There were few examples of access to fishing sites over the habiest dgpsidered in this
report. Tracks created by vehicles withessed on the mudflats dé¢ Bay, Wales were still
visible 6 months later, with three vehicles being sited on hloeesat one time (pers comm.).
Horse wagons and tractors are reportedly used on the tidal flats \Ofathden Sea. However,
the aerial extent of the trampling relative to the size of seabgetisswas reported as <1% (pers
comm.).
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Summary of characteristics of studies cited. fiipe of habitat and degree of wave exposure areeegpd as described in the papers
cited ( * = wave exposure was not indicated anddess inferred from the communities present; fknown).

Study Location Habitat type |Shore type Community type  |Type of study Trampling intensity Trampling intensity

(wave exposure) |examined (period/duration) (weight/footwear)
Bally and Griffiths |Dalebrook, Gently Moderately Littorinid zone, Experimental; 0,10,100, and 500 Average weight 82kg,
(1989). Cape Town, sloping exposed to Barnacles 4x 31 m transects plus one single (times /month (3 wearing neoprene

South Africa  [sandstone exposed* (balanoid zone) trampling point experiment. months) thongs (flip flops).

Beauchamp and |[Santa Cruz, Rock Moderately Mussels beds Comparative: 0, 1 and 7 people/day |Not recorded.
Gowing (1982). California platforms exposed to Barnacles, 20x 0.1 m® quadrats at 3 sites of |depending on site

exposed* Brown algal mats |low, intermediate and high visitor |(autumn and spring).

use.
Boalch et al. Wembury, ‘Slatey’ Moderately Brown algal mats |Resurvey: Unknown None
(1974); Boalch Devon, UK undulating exposed Resurvey of Colman’s 1931
and Jephson rocky shore transects.
(1981).
Brosnan (1993); |Newport, Flat basaltic |Moderately Brown algal mats |Experimental: Blocks trampled Not noted.
Brosnan and Oregon, USA |benches exposed* Algal turf Trampling — 0.2x0.2 m (algae) or {250/month (12 months).
Crumrine (1994). Barnacles 0.2x0.3 m (mussels) blocks.
Mussel bed Human exclusion.

Brown and Taylor

Cape Rodney

Intertidal reef

Moderate to

Coralline algal turf

Experimental:

0, 2, 5, 30 footsteps/day

Not recorded.

(1999). to Okakari flat exposed* 4x0.09 m? quadrats. (5 days).

Point Marine

Reserve, New

Zealand
Chandrasekara Lindisfarne Soft mud tidal|? Intertidal mud* Comparative; Not recorded. Not recorded.
and Frid (1996). |National flat Transect with 5 quadrats,

Nature perpendicular to path through

Reserve, UK.

tidalflat. Sampled summer
(intense usage) and winter (low
usage).

Cook et al. (2002).

Moel y Don,
Anglesey,
Wales.

Shallow
sloping sand
flat

Intertidal muddy
sands (not
supporting gaper
clams).

Experimental;
Square of 15m sides, divided into
9 5mx5m plots, treatment applied
to central 9m®

Twice a week for
almost 5 months.

Not recorded.
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Study Location Habitat type |Shore type Community type  [Type of study Trampling intensity Trampling intensity
(wave exposure) |examined (period/duration) (weight/footwear)
Cunningham et al |Llwyngwril, Sabellaria Moderate to Honeycomb worm |Comparative; Single trampling event, |Not recorded.
(1984). mid-Wales, reef exposed*. reefs. Comparison of the effects of intensities; light
UK. different trampling intensities on  |(porches crushed),
colonies. medium (causes
indentations and
scuffing), and heavy
(jumping on or kicking
colony).
Denis and Murray |South ? Moderately Brown algal mats. |Experimental: 0, 150, or 300 foot Not noted.
(2001). California exposed* 15 0.5 x 0.7 m blocks. steps / month (16
months).
Eckrich and La Parguera, |Seagrass Seagrass bed Experimental; 20 and 50 passes (to  |57kg individual
Holmquist (2000). |Puerto Rico. |bed 3 experimental trampling lanes end of lane and back), |wearing rubber-soled
(5m x 2.5m) at 10 sites. applied once a month |shoes.
for 4 months.
Erickson et al. Olympic ? Moderately Brown algal mats, |Comparative: Not specified. Not recorded.
(2004). National Park, exposed* Mussel beds, Sites accessible to visitors vs.
Washington Barnacles. inaccessible sites.
Fletcher and Frid |Cullercoats Flat Moderately Brown algal mats. |Experimental: 0, 20, 80, 160, Not noted.
(1996a). Bay & St. sandstone exposed 2 sites, 4 x 1 m” blocks. footsteps/ m? per spring
Mary’s Island, |shore tide (9 months).
Newcastle
upon Tyne, UK
Fletcher and Frid |Cullercoats Flat Moderately Brown algal mats. |Experimental: 0, 20, 80, 160, Not noted.
(1996b). Bay & St. sandstone exposed 2 sites, 4 x 1 m” blocks. footsteps Im? per spring
Mary’s Island, |shore tide (16 months).
Newcastle

upon Tyne, UK

Ghazanshahi et al.
(1983).

Palos Verdes
Peninsula, S
California, USA

Gentle rocky
slopes and
low reef

Moderate to
exposed*

Barnacles,
Algal turf,
Coralline algae,

Sabellariid worms.

Comparative:
Survey of 20 m transects at 13
sites of different visitor intensity.

m/day

m/day

High = >1.7 persons/10

Low- <1.3 persons/100

Not recorded.

Jenkins et al.
(2002) (abstract

only).

San Juan
Country Park,
Washington,
USA

?

Sheltered to
moderately
exposed*

Brown algal mats.

Experimental:
6 x 3-bm transects.

times /week for 6
weeks.

250 steps/transect, 3

Not noted.




CCW Policy Research Report No. 08/13

Study Location Habitat type |Shore type Community type  [Type of study Trampling intensity Trampling intensity
(wave exposure) |examined (period/duration) (weight/footwear)
Johnson et al. Yealm Estuary, |Mudflat Intertidal mud Experimental; Trampled 6 times over |Not reported.
(2007). Devon, UK. meiofauna 2 grids (10m x 10m), divided into |a 2 week period.
16 x 1m? plots, randomly allocated
control or trampling treatment.
Keough and Quinn [Review article |N/A N/A N/A Review: See Povey and Keough |See Povey and
(1991). Discussed past and present work [(1991). Keough (1991).
by authors and others.
Keough and Quinn [Mornington Flat Moderate Brown algal mats, |Experimental: 0, 2 & 25 passes /day, |Average size person
(1998). Peninsula limestone exposed to Coralline algal 0.5 x 2m transects. (6-8 days /summer for 6 |wearing rubber soled
National Park, |platforms sheltered mats. years). athletic shoes.
SE Australia
Major et al. (2004).|Willapa Bay, |Site 1=deep |? Seagrass bed. Experimental; Placement of single Treatments applied
Washington, |soft muddy Single footprints applied at set footprints at the centre |by one individual, of
USA. substrate. points along a 10m transect. of sample points along |68kg, shoe size,
Site 2= hard 10m transects. men’s US 9, using 3
packed sand Transects established |types of footwear;
substrate. in June, July and rubber boots,
August. Mudders and
Mudlocks.
Murray et al. Orange & Los |? ? Macroalgae. Resurvey: Not identified. Not identified.
(2001). Angeles Comparison of recent survey
counties, results to surveys in the 1950s,
California 60s, 70s, and 80s.
Pinn and Rodgers |Kimmeridge Rocky ledge |Moderate* Macroalgae, Comparative; Not identified. Not identified.
(2005). Bay, Dorset, limpets, barnacles. |Sites accessible to visitors vs. less
UK accessible sites.
Povey and Mornington Flat Moderate Brown algal mats, |Experimental; Transects: 0, 2 & 25 Rubber soled shoes
Keough (1991). Peninsula limestone exposed to Coralline algal Single steps, gastropod passes/day. worn.
National Park, |platforms sheltered mats, dislodgement, kicking/stepping on |Small scale effects: 1,
SE Australia Bare rock, limpets, and 0.5 x 2 m transects |10 50 or 75 steps
Mussel beds. (every daytime low tide from July- |(single tide)
October)
Rossi et al (2007). [Paulina Polder, |Intertidal Intertidal muddy Comparative; Visited twice a month |5 people per visit,
Westerschelde, mudflat sands (not 3 sites 4m x 4m within an area for 5 months, for 3-5hrs |average weight of

The
Netherlands.

supporting gaper
clams).

that had been trampled during a
previous experiment.

per visit.

70kg.
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Study Location Habitat type |Shore type Community type  [Type of study Trampling intensity Trampling intensity
(wave exposure) |examined (period/duration) (weight/footwear)

Schiel and Taylor |Wairepo flats, |Gently Sheltered to Brown algal mats. |Experimental: 0, 10, 25, 50, 100, 150 |Not recorded.
(1999). South Island, [sloping moderately 7 x 0.3mx2 m transects. & 200 tramples

New Zealand |[siltstone exposed* Trampling initiated in spring and

platforms autumn.

Sheehan (2007). |Yealm, Erme |Mid-shore Intertidal muds and |Experimental; 3 times a week for 1 Not noted.

and Avon mudflats or sands. 3 sites per estuary. At each site, |month.

Estuaries, sandy 10m x 10m plot divided into 16

south-west mudflats plots. 4 replicates of trampling

England. treatment.
Smith and Murray |Monarch Bay, |Extensive, Exposed* Mussel beds. Experimental; 0, 150, 300 steps per |60 to 75kg individuals
(2005). California, flat rock 24 x0.35 m? plots arranged in 4  |month for 12 months  |wearing soft-soled

USA. platforms blocks. (equivalent to 0, 429 or |shoes.

857 steps m
respectively).
van de Werfhorst |Santa Cruz, Mudstone Moderately Mussels beds Resurvey: Not noted. Not noted.
and Pearse California platforms exposed to Barnacles, Resurvey of sites used in
(2007). exposed* Brown algal mats |Beauchamp and Gowing (1982).
NB. 2007 study applied stratified
sampling design.

Wynberg and Klein Intertidal ? Intertidal muddy Experimental; No of footsteps Not noted.
Branch (1997). Oesterwal, muddy sands not 3 areas of 3m x 4m. Trampled at |dependent on the

Langebaan sands. supporting gaper |different intensities. number taken in prawn

Lagoon, South
Africa.

clams.

collection treatment to
collect varying no’s of
prawns (25, 50, 100).




CCW Policy Research Report No. 08/13

3.2 Nature of the impact

The effects of trampling by humans and animals, different modaamdport (e.qg. trail-bikes,
cars, and four-wheel-drive vehicles), camping and boating are reviewaddig [(1997), Yorks
et al. (1997), Buckley (2004), Davenport and Davenport (2006) anceirort and Switalski
(2006).

3.2.1Trampling

In terrestrial and coastal environments, trampling has been slwoweause the decline in the
height, cover and biomass of plants with an increasing traghpltensity. Intensity is usually
expressed as the number of tramples, footsteps per square metre or aLipdsses along a
prescribed path or route. Some species are more resistant or tolemartilers, and the
disturbance may cause an initial increase in the cover of some speddis,(.991). However,

intensive trampling eventually results in bare space or bare pathsgaandause cumulative
erosion and soil compaction (Liddle, 1997).

Sand dune vegetation is particularly vulnerable due to the Idwesoetration resistance of sand
(Liddle 1975, cited in Davenport and Davenport, 2006). Dunesraded by tracks that deepen
and widen with use and are exaggerated by wind, while trampling desnglast and associated
insect population biodiversity. In Brittany, fixed dunes weraranresilient to damage from
trampling than mobile or semi-fixed dunes but much less resitieo¢ damage had occurred
(Davenport and Davenport, 2006).

In plants, small size, folded leaves, rosette habit (a growth foatrptotects the meristem from
damage), and small cell size have been identified as resistant featiddle, (1991, 1997).

Plants can also be grouped into susceptibility categories depeordém likelihood of damage
and their rates of recovery, in a similar manner to sensitiséggguHiscock and Tyler-Walters,
2006). Similarly, the degree of impact depends on the plant cortyrand habitat, with the
number of passes required to reduce biomass or cover by 50% rangind Zrpasses (for
Eucalyptus woodland ground flora, Brisbane) to 1412 passes (foropical grassland,

Brisbane) (Liddle, 1997).

The growth form of tropical corals was also found to influence the t#véamage inflicted by
visitors walking across coral reefs in the Great Barrier Reef. Dagiteédge or blade like,
encrusting and massive forms were tolerant of trampling, whaée pifoliaceous and open
arborescent forms were intolerant (Liddle, 1997). Again, the speoidd be categorized by
their resistance to damage and ability to recover. For example, refliers were defined as
species with a low resistance to damage but with high recoa®y (Liddle, 1997).

In the intertidal, trampling has been shown to be an addittypal of physical disturbance on
rocky shore habitats, and the pre-adaptation of macroalgae and segsilssms to wave action
does not necessarily provide protection or tolerance of the effettanopling. Brosnan and
Cumrine (1994) noted that storms and wave driven logs resuitddcalized and seasonal
(winter) disturbances often resulting in patches of bare space. Tramfsmgesulted in bare
space in some communities but was likely to be chronic in natarenane frequent in spring
and summer (less so in winter). They noted that many speciedagted to take advantage of
bare space left by winter storms, and peak recruitment for many speciesal¢@mg and
barnacles) occurs in spring and summer, which coincides with pealdgdar visitation of
shores, and hence trampling (Brosnan and Cumrine, 1994).aRthRodgers (2005) noted that
conservation areas encounter the worst damage as they attract thesitarst vFor example,
Pinn and Rodgers (2005) noted that trampling and visitoispresmpacted limpets and large
branched seaweeds at Purbeck Marine Wildlife Reserve. Similarly, Bd&léh)(and Boalch
and Jephson (1981) suggested that visitor pressure was réspdmsa reduction in the cover of
brown algal shrubs at Wembury VMCA, Devon. In addition, pling has been reported to
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leave visible paths (bare space) across the rocky shore (Fletcher anti9Bfd, 1996b) and
throughSabellaria alveolataeefs (Holtet al, 1998).

3.2.2Vehicles

The majority of observed and studied impacts of vehicles have fbeele in the terrestrial
environment, and are summarised below.

¢ Mountain bikes may have similar effects to those of walkers butcoaer much more
ground (5-10 times) in a given time when compared to walkers, edpedtainhill.
However, they cause more damage than walkers when skiddindhidloavrdue to wheel-
spin uphill and are probably a significant cause of damage when anounikers build
illicit tracks or ramps (Thurston and Reader, 2001; Cessford,, £@88 in Davenport and
Switalski, 2006).

e Horse riding was reported to cause more damage than hikers in foredparedhabitats,
create deeper paths than walkers and also cause other effects due to marawisigg
and the transmission of weeds (Liddle, 1997; Davenport antiSkij 2006).

« Off road vehicles were reported to have caused damage to heritage cpasig/lgliff-
tops, quarries, sand dunes and woodlands (Edwards, 1987).

e ATVs use results in significant soil compaction, collapsesos and can lead severe soil
erosion. ATVs cut paths and severe rutting can cause wideningtltd ps subsequent
drivers avoid ruts (Davenport and Switalski, 2006). Ruts tkbras cause canalization of
water, and pooling that can lead to increased erosion.

* Repeated ATV driving results in a reduction in vegetative coveh sfitub communities
generally replaced by forb and grass communities. In addition, tyrtes and
undercarriage of ATVs can also transport the seeds of non-nateeespnto wild land
habitats (Davenport and Switalski, 2006).

« ATVs and ORVs have been reported to damage dune and beach sysfEWsdamage
dune vegetation cover. ORV tracks in beaches were reported to berdmegh to stop
turtle hatchlings reaching the sea. ORVs were reported to decimatt grab
populations by collapsing their burrows, and by crushiegctiabs during night driving as
the crabs are disorientated by head-lights (Davenport and Daver{jig}, 2

» Gilbertson (1981, cited in Davenport and Davenport, 2006) reptiré¢®RVs and ATVs
increased soil erosion, destabilised dunes, damaged sand-bimdgsgsyand scrub, and
increased dune mobility. Gilbertson (1981) concluded that A$¥ kiad done more
damage to coastal barrier system near Adelaide, Australia in a fewtlgaarprevious
centuries of pastoralism.

* On the KwaZulu-Natal coast of South Africa, Celliegs al. (2004) noted that ORVs
caused physical damage to beaches in the form of changes in the déssitybulk and
erosion, where erosion could be substantial on beach slopes akwvdbrce the sand
downhill. Cellierset al. (2004) also noted that ORVs disturbed flora and fauna by
inhibiting new growth of plants, disturbing nesting andingsbirds, and crushing ghost
crabs. As a result South Africa had set up strategic plan to reéSR¥ls to certain
recreational use areas.

Buckley (2004) noted that damage by ORVs was highly variatité, the number of passes
required to reduce vegetation cover by 50% varying by 100 fetMtden ecosystems. Damage
was also dependant on how the vehicle was driven, so that morgel@oeurs on turns and
slopes than on straight level ground, and skilled driveres® damage than unskilled (Buckley,

2004).

10
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3.2.3Relative impacts of different access types

Liddle (1997) compared the relative impact of various recreationaitegiusing their different
ground pressures, i.e. the weight of the human, animal or vehitkediby its area in contact
with the ground and expressed as dicnror example, bare feet on hard ground produce a
ground pressure of 297 g/émvhile shoes produce 180 g/grand Vibram-soled boots (on hard
ground) produce a pressure of 416 dicnMechanical transport generally has a high ground
pressure (with the exception of snowmobiles and hovercraft) (Lidl887) (see Table 3.2). The
use of an animal or vehicle for transport increases the ground gréssyout 5-10 times that of

a walker (Liddle, 1997).

Table 3.2 Examples of calculated ground pressures of outdoor recreational veaitasals
and humans (from Liddle, 1997).

Calculated ground

Activity / access type pressure (g/cm 2)

Small, personal, three-wheeler, ATV 100
Four-wheel, ATV 100
Human (shoes) 180
Human (bare footed, hard ground) 297
Human (Vibram-soled boots, hard ground) 416
Horse with rider (whole foot) 1,282
Saloon car and driver, hard ground 1,500
Four wheel drive Toyota, empty, hard ground 1,550

Four wheel drive Toyota, loaded with four

people and gear, hard ground 1,686
Trail -bike 2,008
Jeep 2,240
Horse with rider (shoes only) 4,360

Nevertheless, several factors vary the ground force applied. Softdgroass and clumps of
vegetation spread the load reducing ground pressure. Different footveearchaenges the
ground pressure exerted by walkers (Table 3.2). In the intertigdiles above (Table 3.1),
footwear used in experimental trampling studies varied. For exangdeyRnd Keough (1991)
used rubber-soled athletic shoes or sandals; Brosnan and Crumridg (588 rubber-soled
shoes; and Schiel and Taylor (1999) used gumboots, whilesitithes did not specify.

Similarly, the foot and hoof exert different pressures at different patte step. In the case of
the foot, most pressure is exerted as the heal touches the grobadreBsure is increased by
changes in motion, such as accelerating, decelerating or tutogegher with travelling up or
down slopes.

Liddle (1997) notes that the tangential forces exerted by a vehicle a@te mgher than those
exerted by horses or persons, as even though the ground pressussklexgrtes may be lower
than exerted by horse’s foot, vehicles have the power to disrupatiegeiand presumably soil)
to a greater degree.

Yorks (2000) provided another method to compare the effects afulahimpact on vegetation,
using the following model.

Land impact = (weight + output acceleration) x swath

‘Output acceleration’ is vehicle horsepower (power/mass) and ‘swathe igroduct of width (of
the vehicles tyre, foot or track) and distance travelled. Yorks (28f@pared walkers, horses,
motorcycles, ATVs, and SUVs using this model, which hedu® demonstrate their relative
impact (Table 3.3).

11
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Table 3.3 Relative ‘land impact’ of different access types (walkers and vehicles)
summarised from Yorks (2000).

Mass |Power |Output Daily range |Daily Width |Net swath |Net land
(kg) (kw) acceleration |(km/day) range (m) (relative) impact
(relative) (relative) (relative)
Walker 75 0.1 1 8 1 1 1 1
Bicyclist 88 0.1 1 25 3 1 3 3
Horse 500 1 1 25 3 1 5 18
ATV 330 15 37 83 10 1 20 410
Pickup 11 800 110 |50 210 25 2 100 3,700
truck
Large SUV [2,700 |150 44 210 25 2 110 4,300
Semi- 36,000 [300 |7 670 80 2 390 97,000
Truck

Yorks’ calculations suggest that a SUV could create approximatelyn®@ the relative impact

of an ATV and 4000 times the relative impact of a walker. Whil& &% could create ca 400
times the relative impact of a walker and ca 20 times that of a hoese Agplication of Yorks
model to a utility tractdt produces a ‘relative land impact’ of ca ‘2033’, comparable to the
values provided for a Pick-up or SUV (Yorks, 2000).

However, Yorks’ model does not take into account the habipa, tyoil hardness, slope, or the
fact that horses and motorcycles widen tracks differently dependistppe (see below) nor the
ground pressures exerted by different types of footwear, tyres acid.tran addition, the
potential distance a vehicle could travel in a day may skew théamétimpact’ values so that
long range vehicles have the greatest impact. While distance traislléghly relevant in
wilderness habitats it may not be so relevant over the relativelst slistances involved in
access to fishing grounds.

Few studies examined the relative impacts of different access typesyd Leney (1974, cited

in Liddle, 1997) demonstrated that walkers in bare feet did lessagkarto beach grass
(Ammophila breviligutataon sand dunes, and took more passes the achieve the samd level o
reduction in bulk biomass that walkers in shoes. Curiouslauth Africa, Bally and Griffiths
(1989) found little difference in experimental trampling experimentghich ‘neoprene thongs’
(flip-flops) were worn. Bally and Griffiths (1999) noted that 86%uisitors in their study area
walked across the shore in bare feet, which forced the visitor to pradtedaution to prevent
personal injury, and hence minimized damage.

Weaver and Dale (1978) (cited in Liddle, 1997) compared the effects kénsahorses and
motorcycles on forest and grassland habitats, depending on skmdope of just 15% was
enough to increase the effect of trampling. On level ground) P@Bses were required to
reduce cover by 50%, while to only 700 passes caused the sameeféaping ground. Forest
floor vegetation, was six times more vulnerable on slopingmgtouHorses reduced grassland
cover twice a fast as walkers on level ground, three times as fatgppng ground. On forest
floor understorey vegetation, horses reduced cover three times astfsisbwed similar rates to
walkers on sloped ground. Walkers also created more damage gaingilithan uphill, with a
95% and 35% reduction in cover respectively after 1000 passes (WedJalan 1978; cited in
Liddle, 1997). Motorcycles (trail-bikes) reduced level grasskaower twice a fast as walkers
after only 500 passes but were about equivalent in damage after 4888sp However, on
sloped ground the motorcycles destroyed all cover withig 480 passes while 35% remained
on the horse trail and 65% on the walkers trail. In additto®,motorcycle trail was 1.5 times
the width of the horse trail and 1.75 times the width of ikerhtrail on sloping ground. This

% Massy Fergusson, utility tractor MF2435 (76hp, \Bglower, 3050 kg, width 2m) (data from Massey Fesgm
UK (2008) fttp://www.masseyferguson.com/agco/mf/uk/home)hassuming a potential range 100 km a day.

12
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demonstrated the potential damage that could be caused by powachihes, and the effect of
torque when applied as a lateral force to vegetation (Liddle, 1997).

In another comparative study, Liddle (1973; cited in Lidd@97) examined the relative impact
of a 760 kg light van and walkers on sand dune pasture over d pé20 weeks in summer and
winter. In summer, the van resulted in nine times the level oadarhaving reduced the cover
to 50% after 203 passes while walkers required 1828 passes to abkisaee impact.

In summary comparison of ground pressure or York’s ‘land impact’ providesidegio the
relative impact of walkers and different types of vehicles, while doestparative studies are
few. No comparative studies were found in the intertidal. Vehiclegearerally considered to
have a markedly greater potential impact than walkers due to their podid¢orgue effects.
Nevertheless, the level of impact is directly related to the intensitsampling or number of
passes. Liddle (1997) noted that the relationship between reductieegetation biomass and
cover is generally curvilinear, loss increasing with increasing injerthiat is, the number of
passes.

3.3 Intensity scales for access types

Hall et al. (2008) identified a series of intensity scales for a variety of fishutivities and gear
types, based on local expertise. These intensities were basaearolservation of the fishing
activities in practice within Wales.

No such information was available in this study and few of tindiess discussed in the literature
review provide information on levels of intensity relevant to acaeéisting grounds as, where
recorded intensities are given, the intensities cited refer t@wvgiessure. In addition, few of
the studies reviewed (see Table 3.1) are directly comparable. Evenrexafistudies vary in
their experimental design (quadrats vs. transects), intensities usedramples, no. passes,
footsteps per transect, footsteps per quadrat, or footstdpsiabitats examined and, where
habitats were similar, the species examined.

Therefore, the intensity scale for human access to fishing grounds auersidal habitats was
based on the existing scale for ‘hand gathering’ (Etadll, 2008). The suggested scale is shown
in Table 3.4.

Table 3.4 Gear intensity definitions for access to fishing grounds on (watking) (gear
type 15a). Adapted from Hadt al. (2008).

Intensity Definition

Heavy Access by >1Q people per hectare per day. Large numbers of individuals mainly
concentrated in one area

Moderate Access by 3-9 people per hectare per day

Light Access by 1-2 people per hectare per day

Single Access on a single occasion

If we presume that individuals use the same path or take the sarmeacooss the intertidal to
access the fishing area, then the intensity scale is directlyatabip to number of passes. For
example, two individuals accessing a fishing area will resuibun passes across the intertidal
(there and back) and 10 individuals will result in 20 passesveMer, this estimate does not take
into account differences in individuals’ weights or if they are ladspecially on the return trip.

Information on the comparative impact of different vehicle types wasdn Although Yorks’
(2000) model is imperfect, it still probably represents the best atipe study available.
However, it is likely that Yorks estimate that an SUV coudén 4000 times the impact of a
walker is an exaggeration, certainly in the relatively short distangeb/ed in access to fishing
grounds. Therefore, the general estimate that ORVs could cre&taifhes the damage of a
walker (Liddle, 1997; Buckley, 2004) seems more sensible. Ne&lesd) based on Yorks’

13



CCW Policy Research Report No. 08/13

comparison and other studies the potential relative impact of diffesdncles types can be
ranked as follows:

» Semi-truck

e >4x4 (SUV, Pick up) and tractors
* > ATV and/or trail-bike

* > Walker.

The ‘gear intensity’ scale suggested in Table 3.5 was baseck devtdds of activity reported by
organization representatives (pers. comm.) and the potential relative whpaticles discussed
above.

Table 3.5 Gear intensity definitions for access to fishing areas assigte@Hcle(s) (gear
type 15b).

Intensity Definition
Access by more than two 4x4s (or SUVs) or a mixture of SUV and ATVs per
Heavy :
hectare per day. Several vehicles access the area as a group.
Moderate Access by a single 4x4 (or SUV) or several ATVs per hectare per day
Light Access by one — two trail bikes or ATVs per hectare per day
Single Access on a single occasion

The gear intensity scale (Table 3.5) does not take into acddterences in weight of vehicles
caused by loading and/or the pulling of trailers.
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4 THE EFFECTS OF ACCESS ON INTERTIDAL COMMUNITIES AND
SENSITIVITY ASSESSMENT

While the species examined in many of the studies reviewed magcnoat in the UK, the

communities examined have counterparts on UK shores. The effeatsexs (trampling and
vehicle use) on the all the habitat types reviewed in thisystlid 3, 26, 27,30) were either
reported in the literature or were inferred from the effects on similaratslbr communities. In

each case, the sensitivity of each habitat type has been assessddeaghitd the intensities
given for ‘gear type’ 15a (walkers) and 15b (vehicles).

The available evidence is presented below, together with a summplgnation of the
suggested sensitivities given in Table 5.1 following.

4.1 Upper shore stable rock with lichens and algal crusts

The yellow and grey lichen zone may be patrticularly vulnerabteatopling. Fletcher (1980)
noted that large specimens of lichens, BRgmalina siliquosawere only found on vertical rocks
inaccessible to animals, including man. Trampling damage wasgtredten the thallus was
wet, causing it to peel from the surface, while when dry, soagafents were likely to remain to
propagate the lichen (Fletcher, 1980). Physical disturbance atliea lflora or substratum may
reduce species richness and favour more rapid growing, disturbance tapemns, e.g.
Lecanora dispersaCandelariella vitellinaand Rinodina gennerii(Fletcher, 1980). However,
growth rates are low (rarely more than 0.5-1 mm/year in crusfosaes while foliose species
may grow up to 2-5 mm/year) and, although ubiquitous,mepétion is slow. Crump and Moore
(1997) observed that lichens had not colonized experimentally dleardestrata within 12
months. Brown (1974) reported that recolonization of sulastwdathin Caerthillian Cove,
Cornwall, which was heavily affected by oil and dispersants aftef ¢tineey Canyonoil spill,
took 7 years to begin. Therefore, recoverability is likely éddw, and lichens may be highly
sensitive of physical disturbance at the top of the shore.

In summary lichens were considered to be intolerant of trampling (Tyler-Walt€d65&).
Physical disturbance (such as trampling) may reduce species richnasgkil@ngrowth rates are
variable between growth forms, colonization is slow. Vehicular acsessdikely.

4.2 Wave exposed intertidal stable rock
4.2.1Mussels

Large declines of musse[Btytilus californianus)rom mussel beds due to trampling have been
reported (Brosnan, 1993; Brosnan and Crumrine, 1994; Smith anchiyyl 2005). Brosnan and
Crumrine (1994) recorded the loss of 54% of mussels from a singkriesental plot on one
day. Mussels continued to be lost throughout the experimpetadd, forming empty patches
larger than the experimental plots. The empty patches continuegaaceafter trampling had
ceased, due to wave action. At another site, the mussel bed wasseongb two layers, so that
while mussels were lost, cover remained. Brosnan (1993) alsoa@é@r0% loss of mussels
from mussel beds after three months of trampling, and a 50% litiss & year. Van de
Werfhorst and Pearse (2007) examimédcalifornianusabundance at sites with differing levels
of trampling disturbance. The highest percentage of mussel casefownd at the undisturbed
site while the severely disturbed site showed low mussel covarith &nd Murray (2005)
reported that in experimental plots exposed to trampling, mlosselvas 20-40% greater than in
untreated plots. However, only 15% of mussel loss was ag& desult of trampling, with the
remaining loss occurring during intervals between treatment applisatio

Brosnan and Crumrine (1994) suggested that trampling des¢asbiiz mussel bed, making it
more susceptible to wave action, especially in winter. Smith amdalyl (2005) proposed that
an indirect effect of trampling was weakening of byssal threadschwimcreases mussel
susceptibility to wave disturbance (Denny, 1987). Brosnan amdhithe (1994) observed
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recruitment within experimental plots did not occur until after piamy had ceased, and no
recovery had occurred within 2 years

Brosnan and Crumrine (1994) noted that mussels that occupiedutestdasa but did not form
beds were adversely affected. Although only at low abundance (h%ét), all mussels were
removed by trampling within 4 months. Brosnan and Crumri®®4)l noted that in earlier
experiments mussels were not common and confined to crevices inyhtawipled sites.

Similarly, the mussel beds infauna (e.g. barnacles) was adversely @dff@stewere crushed or
lost with the mussels to which they were attached. Howewsau&amp and Gowing (1982)
did not observe any differences in mussel density between satadiffiered in visitor use.

In summary trampling is likely to destabilize mussel beds by looserbggsal attachment
resulting in loss of mussels due to wave action. Once ahgsybeen made in the bed, wave
action, especially in winter, can enlarge the gap further. Similar effiests been reported to
occur as a result of wave driven debris (e.g. logs) (see Seed and Sude®k, However,
trampling adds an additional physical disturbance. Recovemussel beds is unpredictable,
and may take several years and often longer in some environi8eptsdnd Suchanek, 1992).

4.2.2Barnacles

Jenkinset al. (2002) did not observe any effects on barnacle cover as a result glitigam
Similarly, Beauchmap and Gowing (1982) did not observe afigreince in barnacle density
between sites with different levels of visitor use. However, legélsisitor use (trampling

intensity) were low in comparison with other studies. Balhd Griffiths (1989) listed the
removal of dead barnacles as one of the immediate effects of trarbplirtid not observe any
longer term effects in any fauna. Their study was unique in tipectethat 85% of visitors in
their study area walked across the shore in bare feet, which forceditbe to proceed with

caution to prevent personal injury, and hence minimized damage.

Ghazanshahet al. (1983) reported thaBalanus glandulaexhibited reduced cover at all shore
heights with increasing public use, and suggested that tragngather than collecting was the
likely cause. However, cover in this species varied betweenléa &d 1.5%. Keough and
Quinn (1991) and Ghazanshatial. (1983) cited a study by Zedler (1978) which suggested that
barnacles and polychaetes decreased in abundance with increasedgaubRinn and Rodgers
(2005) also reported reduced abundance£lahamalus montaguat a heavily visited site.
Ericksonet al. (2004) found that visitor accessible areas of Olympic National Park kbadsa
greater percentage cover of bare space in five of seven sites examirey oliserved
significantly greater numbers d@alanus glandulabarnacle scars (remains of bases when a
barnacle is removed or dies) in accessible areas, and noted that barnaelengestently
smaller in more accessible areas. However, they did not detectigaifycant differences
between treatment and reference sites in their pilot study.

Brosnan and Crumrine (1994) reported that trampling significaetlpaged barnacle cover at
both of their study sites, falling from 66.6% to 7.2% iménths at one site and from 21.3 to
5.1% within 6 months at the other. Cover remained lowl wetruitment in the following
spring. Similarly, barnacle cover as epibionts on mussels edased significantly in the first
month following trampling. Overall, trampling crushed barnacikesocky or mussel substrata.
In single step experiment§€hthamalus antennatusere the most easily crushed species, and
about 15% of individuals were crushed by a single step, wésle than 5% of littorinids and
mussels were crushed (Povey and Keough, 1991). NeverthelessaBarsd Crumrine (1994)
noted that decreased algal cover due to trampling could increase haeefgp settlement by
barnacles.

In summary the effects of trampling on barnacles seem to be variable, with sodiesshot
detecting significant differences between trampled areas and conittolgever, in the case of
Beauchamp and Gowing (1982) trampling intensity was low|emBhazanshahet al. (1983)
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examined low abundance populations. The worst case incidence waedejpothe algal-
barnacle assemblage studied by Brosnan and Crumrine (1994), whigh benamore
representative of barnacle dominated shores. Overall, barnacles are pretathigly easily
damaged and crushed by trampling, and are regularly heard to ‘cuumady’ foot while walking
on the shore.

4.2.3Macroalgae

Erect coralline algae (e.G.orallina spp.) can form extensive turfs in wave exposed conditions,
or in shallow rocky pools, that harbour a diverse array of amphigod$neiofauna, and support

a variety of red algae. The effect of trampling on erect coralline alfahtNew Zealand was
studied by Brown and Taylor (1999). For example, moderateptiagn(50 steps per 0.093nor
more reduced turf height by up to 50%, and the weight of sanpetlapithin the turf to about
one third of controls. This resulted in declines in the dessdf the meiofaunal community of
gastropods, ostracods, and polychaetes within two days obltrem The community returned

to normal levels (except polychaetes) within 3 months of tram@uants (Brown and Taylor,
1999). However, their experiment only subjected the turf to fayes adf trampling.

Zedler (1976; 1978; cited in Ghazanshahial, 1983), reported a reduction in coralline algae
abundance in areas of Cabrillo National Monument, San Dieggcsub heavy visitor use, and
further noted that coralline algae decreased when visitor use increasedy dhwl Keough
(1991) noted that erect coralline turf was damaged by intensiugling and was reduced in
height by 50% compared to other treatments (low intensity antlotonin addition, while the
overall cover of coralline turf increased by 11% in other treatmentnly rose by 3% in
transects trampled at high intensity but no significant effect saramas seen at the end of the
trampling experiment (Povey and Keough, 1991).

Fletcher and Frid (1996b; 1996a) noted a decrease in the undgratged community of

encrusting coralline algae and red algae, which was probably an irefiexditdue to increased
desiccation after removal of the normally protective fucoid canopy (Hawdad Harkin, 1985)

by trampling. Similarly, Schiel and Taylor (1999) noted tihampling had a direct detrimental
effect on coralline turf species on the New Zealand rocky shore. Atienecaralline bases
were seen to peel from the rocks (Schiel and Taylor, 1999), althbigyiwas probably due to
increased desiccation caused by loss of the algal canopy. Keou@ueimd(1998) also noted a
slight (8%) decrease in erect coralline turf cover in their most iMensampling, at one site
only. However, again this may have been due to increased desiccat

Beauchamp and Gowing (1982) compared rocky shore communities besitesetihat varied in
visitor use on the California coast. They noted a general pattdrigher diversity and density

of species at the less trampled sites. Most noticeable was thecabsfethe brown alga
Pelvetiopsis limitataat the most trampled site. Van de Werfhorst and Pearse (2007) agpplied
stratified sampling technique (with respect to tidal height) to reguthre study area used by
Beauchamp and Gowing (1982). At the heavily trampled sitéidak height increased, bare
rock cover also increased. The results obtained by van de Wedhdr§tearse (2007) showed
that increased visitor numbers resulted in decreased intertidal vetsity and density. In
quadrats<2 m tidal height, species diversity in the untrampled area wasicignly greater than

in the severely trampled area. In a comparative survey of low ghdusie sites in southern
California, Ghazanshaldt al. (1983) noted that the overall algal abundance ‘rank’ was lower
where public use was higher. However, their abundance rank combiiuese fahd turf forming
algal species.

On the coast of Oregon, Brosnan (1993) reported a significant i@aductbrown foliose algae
(the fucoidsPelvetiopsis limitataandFucus distichusand foliose red algkidaea cornucopiag

as a result of trampling (250 tramples per plot for one day pethnfon 12 months). Their
abundance were reduced from 80% to 35% within a month of #re ot trampling, and
remained so for the rest of the experiment. In a visitor exclusioariexgnt, foliose algae
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increased from 62% to 94.5% cover in six months. When viaitoess was returned foliose
algae declined rapidly.

Brosnan and Crumrine (1994) noted that trampling significamttijuced algal cover within 1
month of trampling. Foliose algae were particularly affected ancedsed in cover from 75%
to 9.1% in trampled plotsMastocarpus papillats decreased in abundance from 9% to 1% in
trampled plots but increased in control plofucus distichuslecreased in the summer months
only to recover in winter but in trampled plots remainedoiw Abundance (between 1 and 3%
cover). Trampling resulted in a decrease in covdPalVetiopsis limitatafrom 16% to 1.5%
Iridaea cornucopiaalecreased from 38 to 14% cover within a month and continugelctme to
4-8% cover. However, after trampling ceased, recovery of algal cover imgliidaea
cornucopiaeand Mastocarpus papillats was rapid (ca 12 months) (Brosnan and Crumrine,
1994).

Fletcher and Frid (1996a) noted that the species compositidgheoflgal community was
changed by as litle as 20 steps pef per spring tide of continuous trampling since
recolonization could not occur. A trampling intensity of 28pstper mper spring tide could be
exceeded by only five visitors taking the same route out and baok @@ passes) across the
rocky shore in each spring tide. Both of the sites studiedive hundreds of visitors per year
and damage was generally visible as existing pathways, whighsustained by continuous use
(Fletcher and Frid, 1996a, 1996b). However, the impact was greathst site with the lower
original abundance of fucoids.

In summary erect coralline turf is probably of intolerant of trampling, denratisig a reduction
in turf height and reduced cover in the highest trampling iitteastudied. Brown and Taylor
(1999) noted that a reduction in turf height was due to tisss® | The resident meiofaunal
community is intolerant but recovers quickly. Foliose (Mgstocarpus papillais) and brown
algae on exposed shores are also probably intolerant of trampliogin algae characterized by
fucoids Eucusspp. in the UK) are particularly intolerant of trampling, depegdin intensity.
Associated infauna also responds deleteriously to tramplingyistoeduced diversity in more
heavily trampled areas.

Overall, the communities’ characteristic of this habitat (i.e. comllinfs, mixed mussels and
barnacles and barnacle dominated shores) are likely to be intoleraatgiing, depending on
intensity and time of year. Barnacles are likely to be mogtiteem in the spring settlement
period. High intensities of trampling (foot access) may resulaine space. Vehicular access is
unlikely.

4.3 Moderately wave exposed intertidal rock

In the UK, Boalchet al. (1974) and Boalch and Jephson (1981) noted a reductioe sotter of
fucoids at Wembury, south Devon, when compared to surveys ciadby Colman (1933).
The size ranges @&scophyllum nodosum, Fucus vesiculosndFucus serratusvere skewed to
smaller length, and the abundanceédohodosunin particular was reduced (Boalch and Jephson,
1981). It was suggested that visitor pressure, especially afteotis&ruction of a car park, was
responsible for the reduced cover of fucoids (Boalcal, 1974). They suggested that the raised
edges of the slatey rock severed fronds when the rocks were walked Biavever, no
guantitative data was provided.

Pinn and Rodgers (2005) compared a heavily visited ledge wiklsss visited ledge at
Kimmeridge Bay, Dorset. Although the mean species richnessiméar at both sites, the total
number of species was greater at the less utilized site. Compazatiecheavily utilized ledge
displayed a reduction in larger, branching algal species Feigus serratusand increased
abundances of ephemeral and crustose specieE(@eyomorpha linzand Lithothamniaspp.
respectively).
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Fletcher and Frid (1996a; 1996b) examined the effects of persisteptitrgron two sites on the
north east coast of England. The trampling treatments used w20e &0, and 160 steps pef m
per spring tide for 8 months between March and November. Usitiiyaniate analysis, they
noted that changes in the community dominated by fucéudsus vesiculosus, F. spiraésdF.
serratug could be detected within 1 to 4 months of trampling, dejpgnoin intensity. Intensive
trampling (160 steps/ffspring tide) resulted in a decrease in species richness at ond sée.
area of bare substratum also increased within the first two maofttrampling but declined
afterwards, although bare space was consistently most abunddotsirsybject to the greatest
trampling (Fletcher and Frid, 1996a, 1996b). The abundance atifua@s consistently lower
in trampled plots than in untrampled plots. Fletcher and A9®Ga) noted that the species
composition of the algal community was changed by as littl® asebs per fper spring tide of
continuous trampling since recolonization could not occurrafmpling intensity of 20 steps per
m? per spring tide could be exceeded by only five visitors takiegsame route out and back
again across the rocky shore in each spring tide. Both of thestitied receive hundreds of
visitors per year and damage is generally visible as existing pgshwvhich are sustained by
continuous use (Fletcher and Frid, 1996a, 1996b). Howéweinmpact was greatest at the site
with the lower original abundance of fucoids.

In Australia, the articulated brown algelermosira banksiwas reported to be severely affected
by trampling (Povey and Keough, 1991; Keough and Quif881Schiel and Taylor, 1999).
Povey and Keough (1991) observed a 50% reductidh imanksiicover within 12 days of high
intensity trampling (25 passes/tramples per day), and paths eedaible in the brown algal
mats within four days of trampling. After ca 6 weeks (inclutizglays of trampling), transects
were clear ofH. banksii. Low intensity trampling (two passes/tramples per day) redéted
banksiicover and paths were visible after ca 6 weeks trampling, althmarghderable cover of
H. banksiiremained. After 270 days, the low intensity treatments recovered by grérem
existing holdfasts, whilél. banksiicover was still <50% of controls in high intensity treatments.
After a further 150 days, the high intensity treatments reached 5086, @ehich was markedly
less than controls (Povey and Keough, 1991). The fronHs bé&nksiiare composed of rows of
articulated vesicles, which may make it particularly susceptii@topling damage. Povey and
Keough (1991) noted that a single step could remove up tooB48€ frond, as pieces are easily
broken off. Fletcher and Frid (1996a) noted that the low tramphtensity used above is
equivalent to as few as two visitors per day walking acrossaheect.

Keough and Quinn (1998) examined the effects of different trampibtegsities on rocky shore
communities over a six year period. The experiment involved 648 tdampling per transect at
0, 5, 10 or 25 passages per trampling, every summer for 6 yEaeseffects of trampling varied
with site. At one site, trampling resulted in a reductioicover, proportional to the trampling
intensity. Recovery occurred by the following summer but an guesiter decline was seen in
the next summer, with little subsequent recovery and the iatBate treatments remained at 60-
70% cover. High intensity trampling, however, caused a sevel@aelewith little recovery and
after four years cover remained <10%. At another two sites, trammswdted in an initial
decline and recovery (within 8-9 months) and subsequent greateredaslabove. But all plots
recovered completely and no trampling effects were observed over the yeats3 Keough and
Quinn (1998) suggested that there was greater variation in treyrgffects between sites than
within treatments but did not determine the cause of the variation.

Murray et al. (2001) resurveyed southern California shores previously surveyd ii950s,

60s, 70s, and 80s. They reported a decrease in fleshy maeramwer and diversity, with
increases in crustose and articulated (erect) coralline algae and small tunigfatgal species.
They suggested that the rocky shore community changes were dueitgrease in coastal
development and the resident human population, although digeyot distinguish between
recreational use and pollution effects.
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Brosnan (1993) noted that algal turf spectesdocladia muricataandGelidiumspp.) increased

by 38% in trampled plots as foliose algae declined, and algatitmminated trampled areas.
Exclusion of visitors, and hence reduced trampling, reduced elatgal turf abundance by
31%, while foliose algae increased in abundance. Brosnan and @euf©®94) noted that the
algal turf forming specieEndocladia muricatasshowed the least change in cover as a result of
trampling, from 5% to between 3 and 5%Endocladia muricatarecovered quickly after
trampling ceased and increased its cover to 5.6%, slightly hidgteer before trampling.
Similarly, Jenkinset al (2002) noted thaEndocladia muricatadid not decline significantly in
response to trampling.

Brosnan and Crumrine (1994) noted that trampling significareitiuced algal cover within 1
month of trampling. Foliose algae were particularly affected ancedsed in cover from 75%
to 9.1% in trampled plotsMastocarpus papillats decreased in abundance from 9% to 1% in
trampled plots but increased in control plofucus distichuslecreased in the summer months
only to recover in winter but in trampled plots remainedoww Bbundance (between 1 and 3%
cover). Trampling resulted in a decrease in covePalfetiopsis limitats€from 16% to 1.5%
Iridaea cornucopiaalecreased from 38 to 14% cover within a month and continugekctme to
4-8% cover. However, after trampling ceased, recovery of algal cover imgliidaea
cornucopiaeand Mastocarpus papillats was rapid (ca 12 months) (Brosnan and Crumrine,
1994).

Fletcher and Frid (1996a; 1996b) reported a decrease in the undeadtabgommunity of
encrusting coralline algae and red algae, which was probably an irefiexitdue to increased
desiccation after removal of the normally protective fucoid canopy (s@e&kiHs and Harkin,
1985) by trampling. They also noted that opportunisti@al¢e.g.Ulva sp.) increased in
abundance. Schiel and Taylor (1999) also observed a decreas#enstarey algae (erect and
encrusting corallines) after 25 or more tramples, probably due tadaednheffect of increased
desiccation as above. However, Schiel & Taylor (1999) did netctleiny variation in other
algal species due to trampling effects. Similarly, Keough & Qk998) did not detect any
effect of trampling on algal turf species.

In summary algal turfs seem to be relatively tolerant of the direct effects of traghfidased on
the available evidence) and some species may benefit from removal of canopygfalgae
(Tyler-Walters, 2005). Their tolerance may result from their growttm f@s has been shown for
vascular plants and corals (Liddle, 1997). Brosnan (1993)estigd that algal turf dominated
areas (on shores usually dominated by fucoids) were indicative oflingnop the rocky shores
of Oregon. However, tolerance is likely to vary with speciestaetd growth form and little
species specific data was found. Furthermore, algal turf may swdfmtive indirect effects
where they form an understorey below canopy forming species.

Conversely, fucoid algae are particularly intolerant of trampling, dépgron intensity. Fucoid
algae demonstrate a rapid (days to months) detrimental response dffettte of trampling,
depending on species, which has been attributed to either thadpeeafktheir fronds across rock
surfaces (Boalctet al, 1974) or their possession of small discoid holdfasts tffat Gttle
resistance to repeated impacts (Brosnan and Crumrine, 1992; Fletcheidaid®%6b). Foliose
species such Mastocarpus papillats, Pelvetiopsis limitataand Iridaea cornucopiaeare also
likely to be intolerant of trampling (Brosnan and Crumrine,4099Brosnan (1993) suggested
that the presence or absence of foliose algae (e.g. fucoids) could be usdidate the level of
trampling on the rocky shores of Oregon.

This habitat (no. 3) is characterized by fucokludqus vesiculosus, F. serrajusiominated
communities, foliose red algae (e.Mlastocarpus, Osmundeand Palmaria), Pelvetia and
barnacle, and ephemeral green algae (@) dominated communities. Ephemeral dominated
communities, by nature, are likely to be damaged by tramplingelbaver quickly enough to be
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of little concern. However, fucoid dominated shores and, to a legsemt, foliose red algae
dominated shores are likely to be adversely affected by trampling.

As little as five visitors per spring tide were shown to aftbet algal community and reduce
fucoid abundance (Fletcher & Frid, 1996a). Keogh & Quinn (19%8ed a decrease in
macroalgal cover with increasing trampling intensity, with higlensity trampling (25 passes
over six to eight days) resulting in severe declines, althtlugltommunities studied included
the particularly sensitive articulated brown algdermosira. Therefore, daily access by
individuals is likely to be of concern in areas dominated by bralgal mats and foliose algae.
Vehicular access is unlikely.

4.4 Brown and red seaweeds and mussels on moderate ly exposed lower shore
rock

The effects of trampling on brown and red algae and mussels are sumnraseetion 4.2 and
4.3. This habitat is characterized by the scattered mussels andisfwséth barnacles and red
seaweeds on bare rock and the mussel themselves. It is lilkedigitot similar sensitivity to that
of Habitat 3 (see section 4.3). This habitat occurs on rock surfagesan vary in height and
slope. Where the habitat occurs on gentle slopes, it coupmbteatially exposed to vehicular
access. Given the increased weight and torque exerted by vehicles (®ee3s2Y; vehicles are
likely to remove fucoids in particular. In the absence of evidenceg@ytionary sensitivity
assessment has been given.

4.5 Mussels and boring bivalves (piddocks) on inte  rtidal clay and peat

The effect of trampling on mussel beds on rocky shores in discabsed (see section 4.2). To
the authors’ knowledge, no studies have been conducted on thetsngb trampling on mussels
and piddocks on intertidal clay and peat habitats. Howewsrsuggested that the species in this
habitat may be susceptible to death from crushing or asphy&aesilt of burial, as has been
shown in bivalves in intertidal muds and sands (see sectiOi. 4.

Of higher concern, is the potential damage to the substraturh diselto trampling, where
trampling could crush and dislodge parts of the clay or ps@t Botentially, vehicles might be
expected to damage the peat or clay bed itself, causing rutting,abesakd increasing its
erosion, although no evidence of this impact was found. Brod&eaddfrey (1979) reported
that ORV traffic destroyed natural vegetation and the peat substratoming subsequent
recovery of low marsh. The fossilized peat and clay beds themsaigesnusual and rare
habitats, so that damage to the substratum itself is likddg tf concern.

4.6 Honey comb worm reefs

Sabellariid worms build tubes of concreted sand and large coloareform raised biogenic
reefs in the littoral zone (Hokt al, 1998). Ghazanshakt al(1983) cited a study by Zedler
(1978) that reported a decrease in abundance of the sabellariid Rioragmatophoma
californicain areas of heavy visitor use in California.

In the UK, littoral biogenic reefs are formed Bgbellaria alveolata.Cunninghamet al. (1984)
examined the effects of trampling &abellaria alveolataeefs. The reef recovered from the
effects of trampling, (i.e. treading, walking, kicking or jumporgthe reef structures) within 23
days. Recovery was achieved by repair of minor damage to thma wbe porches. Severe
damage from kicking and jumping on the reef structure, resultedrge Icracks between the
tubes, and removal of sections (ca 15x15x10 cm) of the structurbsedient wave action
enlarged the holes or cracks. However, after 23 days at onenstside of the hole had begun
to repair, and tubes had begun to extend into the eroded areaothAer site, a smaller section
(10x10x10 cm) was lost but after 23 days the space was alreadgrsioi@ to rapid growth.

Cunninghamet al. (1984) reported thaBabellaria alveolatareefs were more tolerant of
trampling than expected but noted that cracks could leave the reef galedeperosion and lead
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to large sections of the reef being washed away. But eroded seziossirvive and may lead
to colonization of previously unsettled areas. The strangetsdualp of colonies in some areas
is probably due to a combination of erosion and recovery (Cghamet al, 1984).

Continuous trampling may be more detrimental and Eiodl. (1998) reported that, in Brittany,
damage to reefs on popular beaches was limited to gaps created plngathrough the reef.
Once gaps are formed, they may be enlarged by wave action as seen above.

In summary Sabellaria alveolatareefs are probably of intermediate intolerance to trampling
(Tyler-Walters, 2005a) and although worms can repair and stattibzeeefs relatively quickly,
complete recovery will probably take several years once tramplingdesed. However, if a
gap is formed, continuous trampling through the gap would ginlgbremove any growing
‘crust’ of worms and the gap could not be repaired. No evidence oéftbets of different
trampling intensities o1$. alveolatareefs was found. However, the information from Brittany
suggests that continued, regular access across the reef isdikeButt in paths through the reef
structure.

No evidence on the effects of vehicles was found and the reefs d®elytdi encounter vehicles
on rocky shores. But where reefs form on rocky outcrops on bedehemay be impacted by
passing, parking or reversing vehicles. The increased weighbeqee exerted by vehicles is
probably at least equivalent to the experimental kicking and jugnpnpacts carried out by
Cunninghanet al (1984), which could potentially crack the colonies and remove seabiothe
reef. Regular impacts by vehicle might be expected to wear away ¢gles efithe reef over
time.

4.7 Sheltered intertidal bedrock, boulders and cobb les

This habitat is characterized by a mixture of fucoid (and espeddabpphyllum nodosum
dominated sheltered shores.

Fucus dominated communities have been discussed in above sectionsevetp sheltered
shores dominated by the fucoiiscophyllum nodosurmwere suggested to be particularly
sensitive to trampling due to its slow recruitment (Haltal. 1997). Knight & Parke (1950)
noted thatA. nodosumhad not recolonized a cleared area after 8 years, despite sporadic
development of short-lived juveniles. Boaleh al. (1974) proposed thaf. nodosumat
Wembury, Devon suffered from the effects of trampling, althouglguantitative comparative
data were available. However, Boalch & Jepson (1981) noted thaiziheange of fucoids,
including A. nodosunwere skewed to smaller length individuals, and that the abunddce
nodosumn particular was reduced.

The brown algaeH. banksiiis particularly susceptible to trampling damage due to its frond
composition of rows of articulated vesicles. Although quantgaéxamples of the effects of
trampling onA. nodosunare lacking, it was suggested that this species which also has fron
with multiple vesicles, is intolerant of trampling (Tyler-Walte2905a). Its length makes it
particularly vulnerable to being severed when trapped across the ddgek,owvhile its slow
growth and poor recruitment will slow recovery.

The above evidence suggests tAatnodosumdominated shores are at least as sensitive to
trampling damage as fucoid dominated shores. Their slow grawlests that they may be
more sensitive but no quantitative information was available itegan assessment. Vehicles
would be expected to damagenodosunbut it is unlikely that vehicles would attempt to access
fishing grounds across rocks coveredfdyodosum

4.8 Rockpools and overhangs on rocky shores

To the authors knowledge no studies have been conducted amphets of trampling in
rockpools. While Pinn & Rogers (2005) examined rockpools frdes swvith different visitor
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pressures at Kimmeridge Bay, no difference between rockpools dustts pressure at the two
sites were given.

Trampling may occur if individuals accessing the shore are equipteédwellingtons and
indifferent about rockpools. Deep rockpools probably act as a deterrenpedance to access
but shallow rockpools may be trampled on route. It is asduthat algal communities in
rockpools have similar trampling sensitivities to their expasett surface counterparts (Tyler-
Walters, 2005b). Therefore, rockpools dominated by fucoids dinddared algae are likely to
be sensitive, while coralline dominated communities may be mdstams

In hydroid dominated pools (LR.Rkp.H), the communitydigpendent on the influence of
physical disturbance such as sand scour and dominated by ephbydzoatls and seaweeds,
which thrive due to the disturbed nature of the habitat that pretesir competitive exclusion
by late successional species. Abrasion could potentially dgsarty of the biotope, depending
on the size of the pool and on the intensity of the impadte delicate filamentous fronds of
Ulva intestinaliswill easily be scraped off the surface of the rock. Parts of theateObelia
longissimacolonies are also likely to be removed. However, the surface cowdrygirorhizae
may remain largely intact, from which new uprights are likelgrmw. In addition, the resultant
fragments of colonies may be able to develop into new colorifethe shells of littorinids or
mussels are damaged, individuals may be lost. Overall, the goitynmay experience damage
but will recover quickly (Marshall, 2005).

Overhang and crevice biotopes are likely to be protected from the aeffdcasnpling due to the
nature of the habitat, i.e. near vertical or overhanging and hence adoidiegl access.

In areas subject to visitor pressure, rockpools are probably imphgtéchmpling by rock
poolers and their biodiversity is probably lower than in areasccessed by visitors. However,
access across the shore will probably have little impact on dedp pom@verhangs, while
shallow pools may be trampling through on route. Trampimgy damage shallow pools
dominated by coralline turfs, foliose red algae and fucoids buteiustiidy would be required to
ascertain the level of impact at different levels of trampling intendiherefore, a precautionary
sensitivity has been given. Vehicles are unlikely to drivesscereas of the rocky shore with
pot-marked with rock pools and overhangs are unlikely to be asketsakhicles.

4.9 Intertidal brown seaweeds, barnacles or epheme ral seaweeds on boulders,
cobbles and pebbles

This habitat is characterized by sheltered and very sheltered miksttata of pebbles and
cobbles lying on muddy sand and gravel (Coneioal, 1997). This gives rise to a variety of
biotopes depending on the stability of the hard substrataexaonple, in unstable cases the hard
substrata is colonized by barnacles with dense aggregatiditwwhids while in more stable
examples the hard substrata supports fucoids suck. aseranoides, F. serratusnd F.
vesiculosus The mixed substratum supports infauna such as the blovrkmcola marina
ragworms Hediste diversicolgr the sand masorianice conchilega occasional cockles
Cerastoderma eduland clumps of mussels.

No specific examples of the impacts of access on this habitat were folnstable examples of
this habitat are inherently dynamic and the community may beamisist physical disturbance
from trampling and vehicular access. However, where fucoids dontirat®mmunity is likely
to be sensitive. This habitat is general flat and potentialpsed to vehicular access. Given
the increased weight and torque exerted by vehicles (see sectiovéhiZJes are likely to
remove fucoids in particular, and potentially move or turn bouldershe absence of evidence a
precautionary sensitivity assessment has been given.
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4.10 Intertidal muddy sands — excluding biotopes su pporting gaper clams

Johnsonet al. (2007) examined the effects of trampling on the nematode compohéme o
meiofauna in mudflats. Trampling simulated movements made bwtopercollecting crabs
from under tiles (crab-tiling). Plots were trampled 6 times ovemwaek period. The effect of
trampling significantly reduced nematode abundance, although Joahsb (2007) suggested
that this might have been caused by meiofauna burrowing deep¢hensediment. However,
12-36 hours after crab-tiling activity ceased, species numbers hadeetto control levels.
Johnsoret al. (2007) attributed the fast recovery to the dynamic nature of intertiddflats,
which frequently experience natural disturbance.

Sheehan (2007) also investigated the effects of trampling associ#tecrab-tiling but looked
at the effect on macrofauna. Trampling was conducted 3 times la faed month. The
abundance and diversity of infauna was found to be lower as a resalinpling. Wynberg and
Branch (1997) simulated the trampling intensities associatedthéticollection of sand prawns
Callianassa krausdior bait. Six weeks after the single disturbance event, prawntiésrisi the
trampled sites were 80% lower than control densities. However,3#taveeks densities had
returned to control levels. Total meiofaunal numbers increased sagrtlfi in trampled plots.
However, total macrofaunal numbers were depressed in two of thredddaarpas. This was
attributed to the collapsing of burrows, compaction of sedimenteghattion of oxygen levels.
Similarly, Sheehan (2007) attributed the reduced abundance of anfaurthe physical
disturbance created by trampling, noting that trampling reduceidneetd penetrability and
sediment stability, creating a harsher environment. Sheeha) (20 proposed that after
trampling occurred, organisms avoided trampled sediment resuitiregluced immigration, or
increased emigration

Cook et al. (2002) examined the effects of trampling, using plots ttachpn a manner
comparable to the level of disturbance experienced in their tiled pldie plots were visited
twice a week for almost 5 months. Trampling had an effect on infalmaldance but this was
less than experienced under crab-tiles. This finding contrasts thes r@isSheehan (2007), who
reported that the ‘presence of tiles did not influence species asgesiblaCooket al. (2002)
noted that the number of taxa was not significantly affectetidmgpling. Also, trampling did
not affect species richness, species diversity nor the sediment chatiasteri§he authors
attribute this to an absence of fragile burrow systems in tloly site.

Cooket al.(2002) and Rossgt al.(2007) reported average trampling depths of up to 5 cm, while
Sheehan (2007) reported depths of 30-50cm. The variation in treng#pth may explain the
variation in findings. However, Wynberg and Branch (1997) ntitatithe effects of trampling
are variable due to sediment nature and the associated infauna.

Chandrasekara and Frid (1996) investigated the impacts of tramplitigedoenthic infauna of
Lindisfarne tidal flats. During the five months in summer, ald@y000 pilgrims typically walk
along a traditional path through the mudflat to access thesitelpf Lindisfarne (approximately
equivalent to ca 50 individual a day). A transect was post perpendicular to the footpath.
Five quadrats were sampled, the third being positioned on thecpatre. Chandrasekara and
Frid (1996) found that repeated trampling on the path during uhemer had a significant
impact on the benthic community. The abundance of several spedieed on the path, while
several of the dominant taxa significantly increased in abundancengDwinter the benthic
community of the path was not significantly different from otk@mples. The authors suggest
that the observed increases in abundance may have been due to sevensl fRctrapid
recruitment of adult stages, (2) trampling stimulating bacterial tywrow organic matter, thereby
providing food for deposit-feeding infauna, and (3) an additionatl fsource from animals
killed/injured by trampling.

Rossiet al. (2007) noted the effects of trampling on a mudflat. The experimneotved
trampling by an average of five people for 3-5 hours, twice a mbatveen March and
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September 2005. Rosst al. (2007) noted that mobile fauna were not affected by trampling,
with abundances in trampled treatments being within the rangeatofal variability of the
mudflat. However, trampling did alter the distribution of biealythe effect depending on their
size-class. Macoma balthicaexhibited increased recruitment in trampled plots but decreased
abundances of juveniles and one year old individuals. Size tlésl2 mm)Cerastoderma
edule showed no response to trampling. Conversely, size class illidadls (>12 mm)
decreased in response to trampling. Res$sl. (2007) suggested that because the study was
conducted during the reproductive periods for bbth balthica and C. edule there were
juveniles present in the water column to replace individualdatdieg by trampling.C. edule
inhabits the top 2-3 cm of sediment. Therefore, size class Midudils were probably killed
directly by crushing or asphyxia due to burial. The authorsgsexgbthaiM. balthicawere killed
because trampling severed their connection to the surface.

Limited information on the effect of vehicles on intertidal mudflatavailable. Lyndoret al.
(2004) reported evidence of quad bikes accessing mud-flats in Kentr&8atland. Lancaster
(2004) noted that tracks created by dry tractor dredging wouldgmsed over low water period,
impeding and delaying recovery. Davenport and Davenport (200€) tiwat ruts left by ORVs
on tropical beaches were deep enough to trap turtle hatching ortadbtesea, suggesting that
ORVs could leave cause rutting of muddy sands and sands.

In summary meiofauna appear to be relatively unaffected by trampling, which wasitdt to
the dynamic nature of intertidal mud (Johnstral, 2007), rapid recruitment and increased food
supplies (Chandrasekara and Frid, 1996). However, the remainirenegi@with the exception
of Cook, 2002) suggests that trampling has an adverse impaotorofauna. Recovery from
impact is relatively fast as shown by Chandrasekara and Frid (198é)e wo difference was
reported between samples in winter following summer tramplingnbétg and Branch (1997)
suggest that trampling effects are most severe in sediments dednimaianimals with stable
burrows, as these collapse and the sediment becomes compacted.ssiretRal. (2007)
experiments, trampling as low as passes by five individualsetvei monthreduced the
abundance of adull. balticaand size IIC. edule,although small (size I. eduleshowed no
effects and juvenil®. balticaincreased in abundance.

Sensitivity is likely to vary with the relative proportiofimud to sand (sediment porosity), the
dominant infauna (nematodes and polychaetes vs. bivalves) angrdeence of burrows.

However, daily access by walkers is likely to be of concern. Gikem increased weight,

ground pressure and torque, vehicles would be expected to affectdimeest to a greater

degree and greater depth than foot access alone.

4.11 Intertidal muds and sands supporting gaper cl am

Emersoret al. (1990) examined smothering and burrowindvyfa arenariaas indirect effects of
after clam harvesting. Significant mortality (2 - 60%) in smatl Emmge clams occurred only at
burial depths of 50 cm or more in sandy substrates. Howeverstiggested that gaper clams
buried under 25 cm of sediment would almost certainly dieampting is unlikely to disturb
enough of the sediment surface to smother individuals butith@ivburrows may be collapsed
along the access path used, potentially resulting in the dedteply buried individuals asl.
arenariacan burrow to depth of 50 cm.

Limited information on the effect of vehicles on intertidal mudflatel muddy sands was
available. Godfreyet al. (1978; cited in Liddle, 1997) reported the use of off-road vesicl
(ORV) on sediments suitable for the cldviya arenaria ORVs killed clams by compacting
sediments, crushing burrows and preventing siphon extensidhet surface or by directly
crushing individuals. Presumably, the smallest and hence leeglydburied individuals were
most likely crushed.
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In summary the evidence suggests that the effects of tramplinglym arenariaare dependent
upon size class. However, vehicle use appears to have a potesdgnadiye impact on gaper
clams. Large clams establish a permanent burrow (Tyler-Walters, 20@3pre therefore
susceptible to burrow collapse and sediment compaction throaghpling and especially
vehicle use. The sensitivity of the surrounding habitatadgbly similar to that of Habitat 10
(above) but the presenceMf arenariaprobably increases its sensitivity to vehicular access.

4.12 Intertidal muds

The studies of Johnsaat al. (2007), Rosset al. (2007), Cooket al. (2002), and Chandrasekara
and Frid (1996) examined the effects of trampling in intertidal mwdfl#&s above, trampling
was reported to affect the benthic infauna. Chandrasekara and Frid (i6d)that some
species reduced in abundance on the pilgrim’s pa#ipifella capitataand Scoloplos armiger
while others increased in abundance in the face of high levels gilingnprobably due to rapid
recruitment and growth of more opportunistic species, even thbeghpopulation experienced
mortality. Cooket al. (2002) found that trampling associated with bait digging Ilte effect

of infaunal species composition. While, Sheehan (2007) foundrdrapling associated with
bait digging reduced the infaunal abundance and diversity, arehsen the penetrability of the
sediment.

In summary the intertidal muds probably exhibit similar sensitivity chaeastics to the
intertidal muddy sands (see above)

4.13 Saltmarsh

Saltmarsh communities were the most impacted communities reportéde borganizations
contacted. In a study of Danish coastal habitats, Anderson )(I18&8&d that saltmarsh
vegetation was the most resistant to trampling, when comparednth dune and coastal
grassland habitats. Anderson (1995) noted that the commuexaesined received ca 1815-
3630 passes per year (ca 5-10 passes per day) which was light, what@&90 passes per year
was enough to cause complete loss of vegetation (Burdon and Ramd&®¥5; cited in
Andersen, 1995). Chandrasekara and Frid (1996) also noted thauebttampling on the ‘old
track’, Lindisfarne, reduced vegetation cover and increased the area ofilidreo that the ‘old
path’ is ‘clearly distinguishable on the vegetated marsh’ (Chandrasakafarid, 1996).

Vehicles have been reported to damage saltmarsh. Packham and WW8i$ (bted that the

longevity of ruts caused by vehicles result in abrupt changée imelgetation, so that ruts favour
damp tolerant plants such &alicornia and Puccinellia maritima Brodhead and Godfrey
(1979) noted that only a few passes of ORVs were sufficient terelgvdamage salt marsh
plants. In the low marsh ORV traffic destroyed natural vegetatiuh the peat substratum,
slowing subsequent recovery.

In summary, while saltmarsh communities are relatively resistant to tramgfom access)
they are likely to be more sensitive to vehicular access.

4.14 Underboulder communities on lower shore and sh allow subtidal boulders
and cobbles (Habitat 26)

No specific examples of the effect of access on this habitat were. f@anenport & Davenport
(2006) note that boulder turning during collecting and gatheaithgersely affects intertidal
boulder habitats. However, foot access is unlikely to invalekberate boulder turning and
pedestrians are likely to walk between boulders and over large thtrersmall boulders.
Where fucoids are present, they may suffer trampling impacts as alemt®r(s4.3). No
information on the effects of trampling on Laminarians was fouad. Laminaria digitata
Saccharina latissimasyn. L. saccharind. Laminarians are robust and tough species but
trampling on prostrate blades at low tide could potentially dgnthe blade or the growing
meristem.
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Boulder communities are noted for the diversity of species urdeboulders themselves.
Accidental movement of the boulder is likely to disturb theewsimbulder communities. Stable
boulders are fused together by algal growth (especially corallinesp@adking this matrix
would be very harmful (Foster-Smith, pers. comm. cited in Hisc@005). Furthermore, this
disturbance and habitat degradation could change a stable bouldeo Beldibstable field on a
long-term basis. Movement of the boulder surface against btmel surfaces (for instance,
other boulders) is likely to cause significant damage to encrufstinta that is characteristic of
the community (Foster-Smith, pers. comm.; cited in Hiscoc8520

Vehicular access could potentially disturb small and large boultteiscrush delicate species
within the underboulder community by driving over them or puglout of the way as they pass.

4.15 Biogenic reef on sediment and mixed substrata (Habitat 27)

In the intertidal, this habitat is characterized by mussel bAdsioted previously in section 4.2,
trampling has a deleterious effect on mussel beds resulting in iadriesses of mussels due to
destabilization of the bed due to damage to byssal threadbitishthe individuals within the
bed together. On sediment, there is the added possibaityvdight on the surface of the bed
(from walkers and especially from vehicles) may push the bottger laf mussels into the
sediment resulting in mortality of individuals. The use ofielehto cross mussel beds would
undoubtedly be far more damaging than foot access alone.

4.16 Seagrass beds (Habitat 30)

Seagrass beds are not physically robust. Their root systemsatediovithin the top 20 cm of
sediment and are therefore easily dislodged (Fonseca, 1992). Eckridhiobnduist (2000)
examined the effects of trampling on a bed TWfalassia testudinumn Puerto Rico.
Experimental trampling of three ‘lanes’ was conducted at 0, 20 and$s@f Treatments were
applied once a month for 4 months at 10 sites. Sand cover inclieaged heavily trampled
treatments. With exceptions at one site, heavy trampling (3@p@®r month for four months)
resulted in reduced rhizome biomass of up to 72% and loss dfrgjacrop up to 81%. Seagrass
recovery was incomplete seven months after trampling ceased and rexhwesdwas still
visually distinguishable at several study sites after 14 monBtkrich and Holmquist (2000)
reported that rhizome biomass loss was greatest at sites wih adfstrates.

Major et al. (2004) compared the impact of three types of footwear on eel(assera
japonica)beds at two sites in Washington State. One site had a ditepusily substrate, the
second a hard packed sand substrate. The treatments were a singia fpddped at the centre

of sampling points positioned at set locations along a insect. Transects were established
in June, July and August. A significant decrease in shesity was seen at only one mud site

in July. However, Majoet al. (2004) noted that eelgrass incurred more physical damage in the
soft muddy substrate than in the sand substrate.

Holt et al. (1997) cited the work of Thom (1993), who reported trampling dentagostera
marina beds during mitigation work performed in response to crab maggliti Washington
State. Cockle collectors accessing fishing grounds in Yaquiga @@gon, were reported to
wade through seagrass beds into 1 m of water at low tide, @dtectieating disturbance to a
depth of 2 m (Boese, 2002). Eckrich and Holmquist (2000)ligigted that trampling or wading
depth may influence trampling disturbance. Less force is exerteh bydividual at greater
depths due to the effects of buoyancy, while wading intensitiegreagest in shallowest areas.
Eckrich and Holmquist (2000) suggested that the effect of traghplay be more pronounced in
temperate areas, where seagrasses experience a shorter growing season.

Hodges and Howe (1997) documented the impact of vehicular acce&sstara angustifolia
beds in Angle Bay, Wales after the Sea Empress oil spill.ic\ebse, required for the initial
clean up, resulted in patchy beds, criss-crossed with wheel ruts Lipn deep. Unauthorized
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activities before the spill, including vehicles associated with Hajging and the use of
motorbikes, created ruts that were still visible over a year later.

In summary seagrass beds exhibit a detrimental response to the effects ofrigaanml vehicle
use. The effects of trampling are more pronounced in soft muthtsagiEckrich and Holmquist,
2000; Majoret al, 2004). Repeated heavy trampling results in large losses of sehiprasss
and standing crop, compounded by a slow recovery rate (EckridHamdjuist, 2000).

28



CCW Policy Research Report No. 08/13

5 SENSITIVITY MATRIX.

The likely sensitivity of habitats to access to fishing grouogldoot (‘gear type’ 15a) and by
vehicle (‘gear type’ 15b) are shown in Table 5.1. The likely sei®&s shown are based on the
evidence collated above and expert judgement. Where evidence is scaataatipnary
approach has been taken. Further investigation of the effects of acdessriaial habitats is
required to test the sensitivity assessments suggested.

In particular, little direct evidence is available to assess thetiséres of intertidal communities
to vehicular access. Therefore, in the absence of evidence, precautenstiyisy assessments
(to vehicular access) have been given, based on the premise that webrelepnsidered to do
5-30 times the level of damage as walkers in terrestrial and coastaltfiabi
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likely effects on marine intertidal habitat types.

Sensitivity matrix. Gear type and intensities are allotted scorendegm on the

Habitat Type

1. Upper shore
stable rock with
lichens & algal

crusts

2. Wave exposed
stable rock

3. Moderately wave
exposed rock

4. Brown & red
seaweeds &
mussels on
moderately exposed
lower shore rock

Gear Intensity

Gear Type

15a. Foot Access

15b. Vehicular Access

Habitat Type

5. Mussels & boring
bivalves (piddocks)
on clay and peat

6. Honey comb
worm reefs

7. Sheltered
bedrock, boulders +
cobbles

8. Rockpools &
overhangs on rocky
shores

Gear Intensity

Gear Type

15a. Foot Access

15b. Vehicular Access

9. Brown seaweeds,
barnacles or

10. Muddy sands,
excluding Mya

11. Muds & sands
supporting Mya

12. Intertidal muds

. ephemeral arenaria arenaria
Habitat Type sgaweeds on
boulders, cobbles &
pebbles
Gear Intensity H M L |S H M [L | H M L H M

Gear Type

15a. Foot Access

15b. Vehicular Access

Habitat Type

13. Saltmarsh

26. Underboulder
communities on
lower shore &
shallow sublittoral
boulders + cobbles

27. Biogenic reef on
sediment

30. Seagrass beds

Gear Intensity

Gear Type

15a. Foot Access

15b. Vehicular Access

Medium sensitivity

Low sensitivity

30

Gear unlikely to occur in this habitat
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6 CONCLUSIONS

The effects of trampling (walking and hiking) on terrestrial andesopastal habitats (e.g. sand
dunes) is well documented. The effects of vehicles on terrestriahtsahitd, to a lesser extent
coastal habitats, is also documented.

Trampling causes reduced cover and/or biomass of vegetation, ersdpddint communities and
their associated animal communities, depending on the interigitgmpling (usually expressed
as number of passes) and the nature of the receiving habitat, i.e. tanoes of plant
communities to trampling damage, slope and substratum typigh iHtensities of regular
trampling leads to the bare space and clear paths so typical aéritgquisited natural habitats.
Vehicles are generally considered to do more damage than walkirlg @t fold) due their
greater weight and power. However, the level of damage varieshaitrehicles used, how they
are driven and the nature of the receiving habitat.

Trampling has been relatively well studied on the intertidal ratgres but relatively poorly
studied on sedimentary shores. The studies and their resultigahg variable but again
demonstrate that the impacts depend on the nature of the receiviteg hall the intensity of
trampling, with increasing trampling resulting in reduced biexsity, reduced abundance or
biomass of affected species (especially macroalgae) and increased bare spacsoamel cases,
clear paths. However, there are very few studies of the effects of vahithesintertidal, none
of which were relevant directly to access to fishing grounds.

In this study, the scales of intensity used for foot accesar (type 15a) and vehicular access
(gear type 15b) to fishing grounds was based on expert judgemeloicahinowledge supplied

by representatives of relevant organizations. The ‘foot access’ scaldasad on expertise
collected by Halkt al. (2008). The ‘vehicular access’ scale was based on expert judgement and
the responses of contacted organizations. Although, grounduprgssddle, 1997) and ‘land
impact’ (Yorks, 2000) compared the relative potential impact of velyges, there are too
many variables influencing how vehicles actually affect the environtoedd more than rank
vehicle types in order of increasing potential damage. Direct catngaistudies are few and
none were found in the intertidal. However, the ‘vehicular aceesdé suggested in this report

is precautionary and requires further testing and adjustment thcoaghltation.

There was not enough evidence to compare directly the reported effettmnpling and
vehicular access to the access scales used, especially for vehiclestrampkng studies
reviewed were varied, and even experimental studies were not directly corapdrabddition,
few studies considered daily access as represented by the accessuggmeted but the studies
often reported the results of many more visitors (hundreds toahdsis than the number of
individuals likely to access fishing grounds via theitital.

There was enough evidence in the literature to support expert judgantemllow the likely
sensitivity of the habitat types to different intensities of faed vehicular access to be assessed.
Nevertheless, in many cases the sensitivity assessments given catiprary in nature and
would benefit from further local expertise and consultation, togetitar additional studies to
test the sensitivities suggested.

It is clear that further study is required to examine the effects ofelfféntensities of trampling
on different habitats within Wales and the rest of the Unitedy¢om. Evidence on the effects
of vehicular access on intertidal rock and sedimentary habitats isdeakd studies are required
urgently if vehicular access continues to be a concern. Alsoglear that un-managed access to
the intertidal can have detrimental effects on intertidal communities.
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7 RECOMMENDATIONS

The above report and conclusions give rise to the following reedations.

» Further studies are required to provide evidence on the effects of tmgraplil especially
vehicular access on intertidal habitats in Wales and the rest ohttexlUKingdom.

e Such experimental studies should ensure that their methodolagiesompatible with
other studies in the field of recreational ecology, so that differewliest in terrestrial,
coastal and marine habitats are directly comparable.

* Experimental studies should be augmented by direct observatitie efffects of access,
especially where vehicles are used.

» The provision of designated access points and tracks may be ohednet avoid or
mitigate impacts to sensitive habitats.

Although our knowledge is incomplete, un-managed access hastérgigl to damage intertidal
habitats. Management should be put in place to minimize ¢umgacts while further studies
continue to improve our understanding and help to adapt maeagemeasures in the future.
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