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Summary

It is increasingly recognised that recreational access to the countryside has a wide range of benefits,

such as positive effects on health and weting, economic benefits and an enhanced understanding

of and connection with the natural environmenThere are also negative effects of access, however,
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report reviews these potential impacts to the Welsh countryside, and we go on to discuss how such
impacts could be mapped across the entirety of Wales. Such a map (or series of maps) would

provide a tool for policy makers, planners and access managers, highlighting areas of the countryside
particularly sensitive to access and potentially guidinglttvation and provision of access

infrastructure, housing etc.

We structure the review according to four main types of impacts: contamination, damage, fire and
disturbance. Contamination includes impacts such as litter, nutrient enrichment and the sgread o
exotic species. Within the section on damage we consider harvesting and the impacts of footfall on
vegetation and erosion of substrates. The fire section addresses the impacts of fire (accidental or
arson) on animals, plant communities and the soiktubbance is typically the unintentional
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impacts on breeding success, survival etc. We review the effects of disturbance to mammals, birds,
herptiles and inverbrates and also consider direct mortality, for example trampling of nests or
deliberate killing of reptiles. Within each of these four sections we look across all types of access,
but rather than single out particular activities, we highlight generallmatsms such as footfall or

wear that result in the particular impact.

We include all terrestrial, freshwater and coastal habitats (but exclude coastal habitats that are
restricted to the sub tidal and intertidal). We use broad habitat types as ousf@nd for each
impact we summarise the review according to habitat type, producing a matrix of 24 habitats and
four seasons allowing direct comparison of different habitats throughout the year.

The final section of the report provides recommendationsoalsow the information in the literature
review could be captured within a GIS to show the seasonal vulnerability of different areas of Wales.
We recommend using a grid of 500m cells and a cumulative value calculated for each cell for each
season. Thiscore would be derived by summing individual scores (based largely on expert opinion)
that capture the following:

1 Soil types present with the grid cell (certain soil types are vulnerable to erosion)

i Habitats present within the cell (with comparative scof@seach habitat finalised through
expert opinion)

1 Species present within or near the cell (a list of key species, both plant and animal would be
finalised through expert opinion)

Further work is necessary to develop the actual maps and we identifstéps required for this to
be completed.
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Introduction

This report provides a review of the nature conservatiopacts of recreational access to the Welsh
Countryside. In the past access and nature conservation have typically been viewed as opposing
goals (Adams, 1996, Bathe, 2007), to the extent that nature reserves often restricted visitor numbers
and access (e.ghrough permits, fencing and restrictive routes). It is now increasingly recognised

that access to the countryside is crucial to the long term success of nature conservation projects and
KFd 6ARSNI 0SYySTAila &adzOK | & Hturaloudidd and hegltd behdit® LI S Qa
(Alessa et al., 2003, Bird, 2004, English Nature, 2002, Morris, 2003, Pretty et al., 2005).

There are however, circumstances where visitors can have a detrimental effect on the sites they
visit, for example through disturbae or from trampling. There is a large body of scientific and grey
literature addressing such impacts of access, and a number of general reviews on the effects of
access are available (for example see Hockin et al., 1992, Kirby et al., 2004, Woodfisidgstdn,

2004, Lowen et al., 2008, Nisbet, 2000, Penny Anderson Associates, 2001, Saunders et al., 2000,
Liddle, 1997, Buckley, 2004). However the impacts and issues are complex and researchers tend to
avoid making practical recommendations. It is #fere often difficult for conservation

practitioners or policy makers to fully understand the implications of the research, let alone see a
plan or project through appropriate assessment or understand when practical measures are
necessary to avoid damage the nature conservation interest of a site.

Human pressures on the natural environment are increasing, with an increasing population enjoying
a wider range of recreational pursuits in the outdoors. The majority of adults (94%) resident in
Wales had ited the outdoors at least once in the last 12 months, based on a very broad definition
of places and activitiglCCW and FC, 2009Tlimate change may also exacerbate some issues, for
example access patterns may change and the vulnerability of habitats to trampling and fire are both
be related to weather conditions. The need @bear guidance on vulnerability is therefore critical to
underpinning site management, policy and planning. The ability to compare between habitats and
to map sensitive habitats and seasonal vulnerability will become increasingly important.

This reportsets out such a review, presenting the evidence relating to the seasonal vulnerability of
Welsh habitats. The review forms the foundation for further work to map habitats across Wales
according to their vulnerability to impacts from recreational accé®'® consider all types of access
and activities, but limit the review to terrestrial and coastal habitats, therefore largely excluding
marine/inter-tidal habitats. In order to structure the review we consider four main types of impact,
namely:

1. Contaminatia (e.qg. litter, fouling, eutrophication). We include the spread of exotic species
within this section

2. Damage (direct damage to vegetation through harvesting and wear and impacts to soils such
as erosion)

3. Fire (both arson and accidental fire, resultinglirect mortality, habitat destruction, soil
damage)

4. Disturbance (which can result in energetic consequences, direct mortality, increased stress,
increased predation etc.).



Secondary impacts, for example where recreation creates complications for lamagerment (such
as implementation of grazing) with subsequent effects on the quality of sites, are beyond this
review.

These four types of impact form the main chapters for the review. Within each chapter we
summarise the impacts according to:

1 The broadypes of activities that have impacts, focusing on the particular mechanisms (such
as footfall, wheels etc)

1 The intensity of use at which impacts may occur

1 The types of species and particularly vulnerable species impacted

1 Any variation in seasonality at v the impacts might occur

There is already an extensive body of reviews that address nature conservation issa@esessl

(Bellan and Bellaantini, 2001, Carney and J., 1999, Hill et al., 1997, Hockin et &, L 18@n et

al., 2008, Nisbet, 2000a, Saunders et al., 2000, Sidaway and Ramblers' Association., 1990, Whitfield
et al., 2008, Woodfield and Langston, 2004, Penny Anderson Associates, 2001a, Penny Anderson
Associates, 2006, Underhibay, 2005, Liley et.al006b) Given the range of subject matter,

involving different issues (such as traingj, erosion, disturbance), a wide range of activities

(including access on foot, bicycle, boat etc) and the wide range of potential species and habitats, our
approach was to use these reviews to form a basis for this report, supplemented with new fnateria
as appropriate. An initial database (in Endnote) was established, based on other reviews produced
by Footprint EcologglL.owen et al., 2008, Underhillay, 2005, Liley et al., 2006dtach chapter was
authored by a subject specialist, drawing from the shared reference database. Additional material
was sourced, mainly using the following-lhme bibliographic sources:

1 Web of Science
1 Google Scholar
M Science Direct

Search terms were tailored to the species/taxa/habitat and issue, and were used iteratively. Habitat
or species terms were used alongside terms that included:

General access, recrdimn, people, bicycle, foot, wheel, dog, horse, climbing, walking.
Contamination contamination, alien plant, introduced, nerative, fouling, enrichment.

Damage erosion, footfall, trampling, trample, pressure, friction, wheel, foot, disturbance, ground
pressure.

Fire fire, burn, burnt, incineration, heat, temperature.

Disturbance stress, flight initiation, FID, flushing, flush, disturb, disturbance, crush, predation,
approach.



At the end of each of the four chapters we generate a summary tabldigiigimg the key issues, by
habitat and season. For these tables we use the seventeen broad habitat types (terrestrial and
freshwater) as defined by INCIackson, 2000and a further seven coastal habitaga(ine lagoons
Coastal Vegetated ShingiRocky shoredviaritime cliffs and slpes SaltmarshMudflats and sandy
beachesand @astal sand dungs For each chapter (e.g. contamination), the table therefore
consists of 24 habitats, with a column for each of 4 seasons. In these summary tables we also
highlight the extent and robusess of the evidence, using colours to allow the reader to quickly pick
out where there is a strong body of evidence, including a range of peer reviewed studies or where
the evidence lack peaeview or is anecdotal. The below diagram illustrates the aslosed. This
colour coding is intended to provide a simple visual interpretation of the evidence base, rather than
a rigorous systematic assessment of the quality of the literature. The tables were generated by each
respective author and break a contiows scale into four broad categories:

1 Dark green: strong body of evidence, for example there are at least fiverpeiewed
studies published in national or international journals, and the different issues are
comprehensively covered.

1 Light green: reasordy strong body of evidence, at least some peer reviewed studies.
Coverage possibly not comprehensive (perhaps not all species or aspects are well
documented¢ e.g. there may be studies of the impacts of disturbance for only a small
selection of key spees associated with a habitat).

9 Light grey: a reasonable body of evidence, but peer review and rigorous empirical studies
largely lacking. Evidence base largely composed of research reports, grey literature and non
peer-reviewed journals, but still a reanable body of material.

91 Dark grey: weak evidence, for example anecdotal reports and websites. Few references
found.

Where an impact or effect on a particular habitat is known, however the seasons under which the
habitat is vunerable is unknown anconfirmed, then a single box will be presented covering all of
the seasons. This is in comparison to those impacts or effects which a habitat is confirmed to be
vunerable in all seasons and will be presented as four separate boxes, one under each season.

After the review we explore how the key impacts we have identified could be used within a GIS in
order to derive sensitivity maps for the whole of Wales, highlighting areas potentially vulnerable (or
not) to impacts from recreational access. In thisdaection of the report we do not actually

produce such maps, but rather test whether such maps might be possible to produce and which
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datasets might work to generate the information required. The }@rgn aim would be to produce
a map for each impact pe (i.e. contamination, damage, fire and disturbance) for each season (i.e.
sixteen maps) as well as a single overall map which averages across all impacts and all seasons.
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Contamination

Introduction

Contamination of the natural environment as a rexflaccess can take place by a variety of means
through many different vectors. They can be loosely grouped into litter, nutrient enrichment, the
spread of alien species and the spread of disease. These impacts can be associated with nearly all
types of &cess, including by foot, vehicle, horse, boat, motorcycle or bicycle. Contamination of the
marine environment, for example the use of afduling paints on boats, is addressed by other

authors (see Saunders et 2000)for review) and is not addressed here.

Litter

Litter is a ubiquitous problem across any type of public space and can pose a large problem in the
natural environment. It can range from large volumes of roadside fly tipping to a small number of
discarded food wrappings. It can occur anywhere, regardiebabitat, although generally more
prevalent in areas with greater public access. Despite the unpleasant visual impact it may have,
there are other, potentially more damaging, effects that litter may pose in the natural environment.

Wildlife can becomé¢rapped inside, caught up in or injure themselves on discarded litter. While
injuries can be relatively minor, it can also result in death, especially in the cases of entanglement or
entrapment. This can include items such as bottles, small containetgmiglass or fishing

equipment. For example it has been noted that although accidentally or deliberately discarded nylon
line and netting have no impacts on the geomorphology of habitats, line and equipment discarded in
intertidal areas can adversely affagading birds by becoming tangled around their [€gaunders

et al., 200). One study in 1965 noted that ten different species of British mammals were found
trapped in discarded bottle@Morris and Hrper, 1965)while a more recent study in North America
found that 795, or 4%, of the discarded bottles found alongside roads contained either a small
mammal, lizard or salamandéBenedict and Billeter, 2004Alternatively, wildlife may ingest litter

which can cause internal injugy infection and may also result in death. For example, the ingestion

of discarded lead weights from fishing has also been shown to cause mortality in wildémké et

al., 1982)

Discarded food litter, be it deliberate or accidental, can pose a problem. In some cases animals can
learn thatpeople provide food and as a result may either endanger themselves by approaching

people or vehicles or become dependent on it as their source of food. The consequences of both
deliberate and accidental feeding of wildlife are well documented (see Gregiayginbottom

(2001)and Higginbotton(2004)for review). Although no known studies have been conducted in

Wales, there are many case studies of animals such as mice, raccoons, coatis, elephants, macaques,
baboons and bears that have learnt to associate food with humans and haseqently changed

their diet and behaviour according{Buckley, 2004) In other cases food can attract rats and other
scavengers, such as foxes and crows, which are in turn predators of other species. The association of
crows(Neatherlin and Marzluff, 2004nd foxeqHarris and Rayner, 198@jth people is well

12



documented. In other circumstances, when broken down, food may also enrich the soil which can
have local impacts to vegetation (see later section on fouling and enrichment).

Litter may also contain toxic substances which can pollute the soil, and may faiithéneir way to

and pollute a water course, kill or damage the immediate vegetation, or once assimilated into plants
have damaging effects on those animals which consume them. Litter can also-b&degradable
which can affect local vegetation by placing indefinite shading. There are no known studies on the
impacts of litter to the natural environment by this mechanism.

Despite such concerns, litter and dumping of rubbish are rangbyicitly identified as a nature
conservation issue, and thergcause for concern for few habitagbut see work on heathlands
(UnderhiltDay, 2005and saline lagoonBamber et al., 1993)

The occurrence of litter in the natural environment candaiberate, br example by people leaving
behind the remains of their picnic, or accidental, for example blown out of overflowing refuse bins.
The very sensitive issue of leaving memorials, such as plaques or mementos, to deceased family and
friends in thenatural environment can become a localised problem in a very small number of areas,
such as mountaktops or near significant landmarks. While they may be seen as beneficial to those
placing them in the short term, they can pose the same risks as ottezrtd the natural

environment and can be perceived as unsightly. This became the case at the summit of Ben Nevis
where they now encourage visitors to leave memorials at a collective memorial at the base of the
mountain(The Nevis Partnship, 2009) The environment agency also discourage the placing of
memorials at sea, in streams and rivers or on riverbgBkyironment Agency, Undated)

While the information or number of studies that show litter as being a problem for wildlife is limited,
there is a wealth of anecdotalidence of its potential impacts. Nevertheless there is no evidence

that any of the impacts of litter have any significant population consequences, and may only be of
conservation concern to the rarest species. Similarly, very few studies attribute gecisthat

litter can have to a particular habitat, however habitats that would be most vulnerable to the effects
of litter are likely to be those supporting small to medium vertebrates such as mice, shrews, badgers,
foxes, wading birds and wildfowl, anlddase that are susceptible to retaining broken down

compounds, such as heavy clay soils. The seasonality of the impacts of litter will vary according to
habitat and when the most vulnerable species are present or most active, however the persistence
of litter within the natural environment may result in some impacts being presentrgeard.

Nutrient Enrichment

The primary and most common route that access to the natural environment can result in nutrient
enrichment is through fouling is by domesticatedgdoHowever human fouling can become a
localised problem in remote areas or sites without toilet facilities, especially where camping takes
place. Other methods can include discarded food waste and the scattering of human remains as
ashes.

A number of res@ws have addressed the impacts of dog foulifigyloret al., 2005, Taylor et al.,
2006, Bull, 1998) Dogs will typically defecate within tiinutes of a walk starting, and as a
consequence most (but not all) deposition tends to occur within 400m of a site ent(@agéor et
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al., 2005) In addition most faeces are deposited close to the pailh a peak at approximately 1m

from the path edg€Shaw et al., 19955imilarly, dogs will typically urinate at the start of a walk, but
they will also urinate at frequent intervals during the walk too. The total volume deposited on sites
may be surprisingly large. At Burmh@eeches NNR over one year, Barr@@D3)estimated the

total amounts of urine as 30,000 litres and 60 tonnes of faeces from dogs. Limited information on
the chemical composition of dog faexindicates that they are particularly rich in nitrogen and that
modern dog food contain an excess of nutrients to improve flavour and any excess is excreted (see
work cited in Taylor et a{2006)and Taylor et al(2005).

Nutrient levels in soil (particularly nitrogen and ppbsrous) are important factors determining

plant species composition and on some habitats, for example heathland, the typical effect will be
equivalent to applying a high level of fertilizer, resulting in a reduction in species richness and the
presence obpecies typically associated with more improved habitats. Consequently a lush green
strip is often evident alongside paths as nutrient enrichment can also lead to more vigorous growth
and flowering(Taylor et al., 2006)The critical thresholds of the deposition of atmospheric nitrogen
which is likely to cause a change in the vegetation in sexiral grasslansirange from 15 to 30 kg

N ha' year?, indicating low levels of deposition can have a significant im@astior et al., 2005)
Similarly, semhatural grasslands generally have levels of available plwspk below 8 mg ky
(Gilbert, 2000)while studies have shown that in areas of high dog use these levels are ten times
higher(Bonner and Agnew, 1983)

One study on chalk grassland, a typically nutrient poor habitat, showed that in the first 50m
alongside the path the typical chalk grasslaél 2 NI &1 & NI LI |-t& &rid pede@nialO NB &
ryegrasqStreeter, 1971)It also showed thaalthough this change in flora did not correlate well with
available soil nitrogen, it did correlate with soil phosphate, hypothesised to come from dog faeces.
In another study on a heathland site frequently used by dog walkers, available soil nitrogen and
phosphate followed the spatial distribution as dog faeces which peaked at 1m from the path and
showed a conversion from a heathy to grassy sw&ittaw et al., 1995The same was also true for

sand dunes at a site receiving a large number of dogs, where nutrient enrichmenbsaved

alongside paths, a zone of rgeass was observed and the typical flora remaining tended to be more
luxuriant and flower more profuselffaylor et al., 2005, Milwain, 1984 nother example was found

on saline lagoons where the use of adjoining beaches resulting in litter and eutrophication from
faeces (Saunders et al. 200@)nust be notel however that trampling also has an impact on the
floristic composition near paths and is therefore highly correlated with the occurrence of dog faeces,
however it is thought that trampling exacerbates the problems that occur due to nutrient
enrichment(Shaw et al., 1995)

Vely little is known about the nutrient composition of dog urine and its impacts on habitats. It is
however known that dog urine can scald vegetation and does provide some enrichment of sail
nitrogen(Taylor etal., 2005) It is also known that urine does more damage on dry soils because the
salts cannot disperse as easily. One study has shown that dog urine around the base of trees
significantly alters the encrusting algal and lichen commun(tBitbert, 1989)

The persistence of dog faeces and nutrients in the soil will be subject to a number of factors, but
primarily the soil type, soil water, weather and temperature. Dog faeces can take up to two months
to break down, however if the weathés cold and dry this is likely to take longer, whereas if it is
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warm and wet it is likely to take less tinjBaylor et al., 2005)The persistence of these nutrients in

the soil is strongly influenced ltlge soil type. In one study it was calculated that phosphorous
derived from agricultural fertilisers persist between 15 and 20 years in sandy soils, while it was not
uncommon for them to persist for 30 years or more in heavy clay @dagh and Marrs, 1990l is
therefore reasonable to assume that enrichment from fouling is likely to persist longer in habitats
where the soil type is heavy and relatively imporous, compared to those which are light and free
draining. While the visual evidence of fouling only remains &hat time, the nutrients persist for

far longer in the soil and therefore it can be considered that there is little seasonality in the
vulnerability of a habitat to nutrient enrichment from fouling.

There is very little evidence to the extent of the pkatm of human fouling or the nutrient

persistence in the natural environment. Problems, however, are likely to be highly localised. It is
reasonable to assume that the visual and nutrient persistence of human faeces is similar to that of
dogs, however therés no evidence to confirm this assumption.

Localised issues relating to human faeces tend to be restricted to mountainous areas used by hill

walkers and mountain climbers, where day long or overnight trips are far away from toilet facilities.

Fragile labitats on mountain plateaus are therefore susceptible to the effects of nutrient

enrichment, and those who manage and care for some of our most famous and well climbed peaks

within the UK are finding the issue of human faeces an increasing concernmafpyears,

mountaineering codes of best practice have promoted the burial of human faeces. However, the

hole digging and burial can in itself cause damage to higher altitude flora, and the localised nutrient
enrichment effect remains, albeit lower indlsoil profile than if left on the surface. In recent years,

GKS /FANY3I2N¥Ya blraGAz2yrt tIFN)] !dziK2NRGE FE2y3a GAl
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mountain environment, and to promote the use of biodegradable carry bags that can be put into

specialist air tight pots until the bag can be properly disposed off once back down the mountain.

Similar projects have been running for a number of years in therigarewilderness areas, with the

Py / SYGSNI F2NJ hdziR22NJ 9iKAOa tSIFRAyYy3a (G4KS W[ SI @S
enjoying the American National Parks and wilderness areas to literally leave no trace of their visit,

including when toileting ithe wilderness. Both the Scottish Poo Project and the American Leave

No Trace Campaign cite harm to biodiversity as one of the key reasons for the campaign, but

research relating to the effects of human faeces on biodiversity are not quoted.

Bridle andKirkpatrick (2005) investigated the rate of breakdown for buried toilet tissue and tampons
in natural environments in Tasmania, Australia, and found that whilst buried toilet tissue had
significantly broken down, tampons remained after the two years oifftsieidy. They therefore

highlight the need to educate visitors to take sanitary items with them. The Bridle and Kirkpatrick
study did not go on to discuss the implications of their findings for plant communities. However,
assumptions can be made wheansidering the fact that cotton products generally contain a high
degree of insecticides and pesticides. It can be concluded therefore that tampons potentially pose a
risk to sensitive flora and soils. It is also worth noting that the chemical coanp®of toilet paper,
particularly bleached paper, are likely to have some impact on alpine floras, although again no
studies specifically on this topic are known.
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Another route by which enrichment through fouling can occur is from horses. There are wa kno
studies into this form of enrichment, however it likely that some impacts do occur as a result of soil
enrichment by horse faecgdlewsome et al., 2004)

The scattering of cremated human remains in the natural environment is a sensitive sulgjest an
unlikely to cause significant problems in the majority of habitats, however in popular locations, such
as mountairtops or beauty spots, or in very sensitive habitats, cumulatively it can have damaging
effects. These effects include phosphate enricintnehanges to soil pH and stimulation of plant
growth and as a result the Mountaineering Council of Scotland produce guidelines on the scattering
of ashes on mountainghe Mountaineering Council of Scaith Undated) The environment agency
also produces guidelines for scattering ashes in or near bodies of (#ateironment Agency,

Undated)

WIEASYQ LI yda

Globally, invasive nenative species are considered to be the most important threat to biodiversity
after habitat loss(Mooney and Hobbs, 2000 the UK a wide variety of introduced plants and

animals has caused serious environmental problé@#esnchester and Bullock, 2008)ien plants

compete withindigenous species for space, light, nutrients and water, and are often at an advantage
because their new habitat is devoid of natural predators and con{hésvsome et al 2002)

A study in North America has shown that paths provide a conduit for the movement of exotic
species into a habitgBenningefTruax et al., 192). This implies that users of paths transport seeds

or plant material, via shoes, feet, hooves or wheels, through direct contact. This is certainly the case
in one study which showed that plant seeds could be transported on the shoes of walkersifor ov

10 km(Wichmann et al., 2009 his could therefore also provide the mechanism by which diseases
and pathogens can be imduced and spread within a habitat.

Horse faeces can be a source of alien plant species as they are likely to be grazing on plants outside a
site, and then deposit the seed in a ready supply of nutrients, which aids germif&ti@maki et

al., 2006, Newsome et al., 2003)Ithough only documented in Australia, horses have also been

shown to introduce and transport fungal pathogdifdewsome, 2003, Stammel and Kiehl, 2004)

Dog faeces are a well publicised medium for the transfer of disease to humans, however there is no
evidence that these diseases pose a risk tdhfe. Since dog food is primarily domestic dog foods,

the likelihood of the introduction of alien species through dog faeces may be very small, however
this is still a potential route for the introduction of alien species and plant diseases and pathogens

Alien Animals

The impact of the introduction of alien or narative fauna upon native species is wide ranging and

can be catastrophic for our native species. The plight of the red squirrel against the introduced grey
squirrel, and of the water vole against the predat@merican Mink are two of the most well known
examples of serious population declines as a result of the introduced alien species. Within the
literature there are few examples of alien species being introduced as a consequence of recreation,
but ratherthere are some species whose spread is aided by recreation, and mostly in aquatic
environments. Edgar (2002) states that random fish introductions to ponds, i.e. those not
associated with the purposeful stocking of fish for recreational or commersiah§, dramatically
increases in locations with public access. He describes the common practice of transferring fish
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from garden ponds when they become too big or the pond is to be in filled, to ponds in publicly

accessible places, with the person tréddfiNA y3 (G KS FAaK 6StASOAy3a (KSe |
the fish. Alien species within the aquatic environment cause significant reductions in native aquatic
animals, and in some cases can irradiate native fauna completely.

Beebee (1997) found #t the introduction of goldfish to two ponds within his long term study of
ponds within the Sussex chalk downlands resulted in the extinction of the great crested newt
populations. Both frog and toad tadpoles can also be consumed by introduced fighr (#aD2)

notes that one of the most veracious predatory alien species is the terrapin, brought to ponds in
publicly accessible places and released. Terrapins will feed on juvenile and adult amphibians, and
can therefore quickly eradicate a pond offiiswts, frogs and toads.

The zebranusselDreissena polymorphariginates from the Caspian and Black Seas, but has spread
rapidly throughout the globe in freshwater habitats. It is commonly found in British waterways, and
will readily colonise pipelinesausing significant problems when colonies grow and block pipes.
Ecological implications for wildlife are most profound for our native uniloid mussels. Aldridge et al
(2004) explain thatebra mussels will encrust the shells of our native species of mussel, which has
the effect of starving our native species as they become unable to feed. This is of particular concern
for the conservation of the native depressed river mussdudanodontaomplanata recorded

along the Welsh borders and listed in the UK Biodiversity Action Plan. Aldridge et al (2004) advises
that waterways with significant boat use are more susceptible to invasions of zebra mussel due to
the transportation of boats encsied with the mussel between waterways.

A further instance of recreational boating aiding the spread of alien species and their disease is the
spread of the crayfish plague, carried by the aative signal crayfish. The spread of the disease is
positivdy assisted by boat traffic moving through water (Josefsson and Andersson 2001).

Disease

Pathogens may also leadvertently transported by people or dogs. A dramatic and worrying
example is the recent appearance of the plant pathoBagtophthora ramorumwhichcauses

sudden oak death (and also affects dwarf shrub communites). Studies in the U.S. have folhd that
ramorummore commonly occurred in soils on heavily used tracks compared to soil from adjacent
areas off trails. Humaimduced dispersal occued within already infected areas and into areas
lacking local sources of inoculuiidall Cushman and Meentemeyer, 20083vice from Defra

indicates thatPhytophthorapathogens can be spread on footwear within the UK.

Particular Habitat Issues and Seasonal Effects

The impacts are summarised by habitafablel. In many habitats it is difficult to specify seasonal
vulnerability. For example much litter will persist in the environment for a long period, and
therefore litter dropped wilkemain across seasons. Litter dropped in the winter (when there are
fewer small mammals and reptiles present) is therefore likely to still be present in the spring and
summer months. Similarly with nutrient enrichment, the issue from fouling is thelgtbaildup in
nutrient levels accrued over an extended time period. The time scale for such impacts is over
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multiple years rather than seasons. Nutrient enrichment is an issue that is particular to
habitats/communities/species associated with soils vl nutrient levels, for example vegetated
shingle(Randall, 2004)jowland heathland (Lile2006; Shaw 1995).
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Tablel: Summary of contamination by habitat. Colours reflect the evidence available for easilreigsee introduction).

Spring Summer Autumn Winter

1 Broadleaved. mixed and vew 1 Snall mammals may become trapped in littemlikely to be a serious issue in conservation terms (possibly for dormouse?
woodland ' y though no direct evidence. Impact all year as litter dropped in winter may persist all year round.

1 Encrusting lichens and algae may be damaged by dog urine

1 Red Squirrel may become trapped in or poisohgditter (no direct studies)
2 Coniferousvoodland 1 Small mammals may become trapped in littemlikely to be a serious issue in conservation terms, though no direct eviden

Impact all year as litter dropped in winteray persist all year round.
3 Boundarv and linear features I Snall mammals may become trapped in littemlikely to be a serious issue in conservation terms (possibly for dormouse?
i 1 though no direct evidence. Impact all year as litter dropped in winter may persist all year round.
4 Arable and horticulture 1 Snall mammals may become trapped in littemlikely to be a serious issue in conservation terms (possibly for harvest
mouse?), though no direct evidence.
5 Improved grassland I Snall mammals may become trapped in littemlikely to be a serious issue in conservation terms, though no directrexgéde
6 Neutral arassland 1 Snall mammals may become trapped in littemlikely to be a serious issue in conservation terms, though no direct eviden
g 1 Nutrient enrichmentan issue, slightly less of an effect than other habitats as more mesotrophic?

1 Snall mammals may become trapped in littemlikely to be a serious issue in conservation terms, though no direct eviden
7 Calcareous grassland : ) .

1 Nutrient enrichmentan issue

1 Snall mammals may become trapped in littemlikely to be a s@us issue in conservation terms, though no direct evidence
8 Acid grassland i i i

1 Nutrient enrichmentan issue
9 Bracken 1 Snall mammals may become trapped in littemlikely to be a serious issue in conservation terms, though no direct eviden
10 Dwarf shrub heath 1 Snallmammals may become trapped in littarnlikely to be a serious issue in conservation terms, though no direct eviden

9 Nutrient enrichmenta particular issue

1 Small mammals may become trapped in littemlikely to be a serioussue in conservation terms, though no direct evidence
11 Fen, marsh and swam Y bp y g

' P 1 Nutrient enrichmentan issue, slightly less of an effect as dogs less likely to defecate in wet habitats?
1 Small mammals may become trapped in littemlikely to be a serious issuedanservation terms, though no direct evidence.

12 Bogs
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13 Standing open water and
canals

A

Snall mammals may become trapped in littemlikely to be a serious issue in conservation terms (possibly for water vole~
though no direct evidence. Impact all yeari#tel dropped in winter may persist all year round.
Ingestion and entanglement of litter by wildfowl

14 Rivers and streams

Water vole may becom&nall mammals may become trapped in littemlikely to be a serious issue in conservation terms
(possibly for water vole?), though no direct evidence. Impact all year as litter dropped in winter may persist all year rou
Ingestion and entanglement of litter by wildfowl

15 Montane habitats

Snall mammalgprobably at very low densitieg)ay become trapped in litterunlikely to be a serious issue in conservation
terms, though no direct evidence.
Sensitive to nutrient enrichment

16 Inland rock

No literature foundrelevant issues

17 Builtup areas and gardens

Small mammals may become trapped in littemlikely to be a serious issue in conservation terms, though no direct eviden
Impact all year as litter dropped in winter may persist all year round.

Spring Summer Autumn Winter

1 Saline lagoons

9 Sensitive to nutrient enrichment

2 Coastal vegetated shingle

9 Sensitive to nutrient enrichment

3 Rocky shores

No literature found/relevant issues

4 Maritime cliffs and slopes

I Sensitive to nutrient enrichment

5 Saltmarsh

1 Ingestion and No literature found/relevant
entanglement of litter issues 1 Ingestion and entanglement of litter by waterfowl etc
by waterfowl etc

6 Mudflats and sandy
beaches

1 Ingestion and No literature found/relevant 1 Ingestion and entanglement of litter by waterfowl etc
entanglement of litter issues
by waterfowl etc

7 Coastal sand dunes

Sand lizards may become trapped in litter (no direct studies), an issue all year round as litter can persist
Sensitive to nutrient enrichment
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Damage

Introduction

Recreational activities can lead to changes in soil characteristics and ultimately lead to
erosion, the process by which sediment, rock, soil and other particles are removed.
Although erosion brought about by recreational activities is sowtipared to natural
factors it can none the less an important form of soil degradatiéolden et al., 2007)
Changes to substrates can in turn lead to changes in the ecological communities they
support.

This setion considers the way in which substrates can be damaged by recreational activities,
considers particular recreational activities which are most likely to contribute to damage and
explores the potential impact of substrate loss and damage on differdbitdtaypes. We

then look at the effects of substrate change on vegetation and invertebrates and the direct
impacts of recreational activities on vegetation communities (direct impacts on fauna are
addressed irthe Disturbance (sectiof).

Recreational activities most likely to cause damage to substeatds/egetatiorinclude

walking, running, climbing, potholing, scrambling, semna@ening, horseriding, cycling,
motorised vehicles, and tobogganing andiskj. Most recreation activity will resultin a
similar sequence of deterioration of unprotected soil and vegetatgmeFigurel) whether

as a consequence of footfall, hooves or whegldower levels of use, the main impact is on
vegetationand is largely mechanic@ayfield and Aitken, 1992, Liddle, 199/Rjile higher

levels of use will also affect substratdsght use may cause a slight decrease in vegetation
cover, anda decline in the incidence of flowerindBare ground may be colonised by
trampling esistant species such as rye grashiim perennand plantainPlantago major
(Speight, 1973)Heavier ground pressure (referréa from here on as trampling) will result

in greater loss of vegetatignvith plants surviving between stones or in areas where wear is
less. Significant erosion can be expected where the plant cover falls below(L4Geite,

1997) but erosion can commence before this leisakached(Kuss and Morgan, 1984)s

loss of vegetation takes place, there is disruption and progressivefi@ssl horizons by

direct physical abrasion or loosening and indirectly by water aind wrosion. Important
changes in soil structure and chemistry can result from compaction. Poor permeability to
water can increase surface rwoff, and reduced aeration can result in anaerobic conditions
and poor root growthThemechanisms for damage taulsstrates and vegetation are
discussed below in separate sections. We then consider habitats and species for which
trampling may be a particular issues. Information on indirect impacts to invertebrates is also
included inthis section.Change to substras from contamination and fire are considered in
Sectionsl and0. Note that in many cases these causes of change will work in combination,
for example, dogouling is most common around car parks, where trampling is also likely to
be greatest.
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Figurel Damage to soils and vegetation with increasing u8ayfield and Aitken, 1992)

Damage to substrate mechanisms

General effects of increased ground pressure on substrates

Penny Anderson AssociatgZ)01b)review the affects of recreational trampling, which are
summarised below. Itis important to note thdte relationship between trampling intensity
and impact on substratetends to becurvilinear, with the greatest damage occurring with
low use(Kuss et al., 199. For example, compaction and erosion impacts are greatest at the
early stages of us@ole, 1986, Cole, 1987Mhereafter, the negative impacts of additional

use slowconsiderablyStankey and Manning, 1986)

Trampling(used here to mean exertion of ground pressure through any recreation activity)
results insoil compaction Compactiorincreasesulk density- soil pore spacesecline,
reducing theamount of airand theinfiltration rate for water. Larger soil aggregatean be
destroyed Qays change their forrfrom a well structured, flocculated state when the
particles are in a random arrangement, to a situation where theiges lie parallel, and

have the highest bulk densit$urface pressure may be transmitted down through the soil
profile. Liddle and Grie§mith(1975)found the most compacted levak c.15cm under a
trampled zone on a sand dune.

The loss of soil pore space is greatest in the upper surface of th€hajppell et al(1971)
found a loss of 14% in the upp25cm of a trampled chalk soil, but only a 2% logke 2.5
5cm layer. A similar pattern has been found in sandy and sandy loanflaads1948)Air
porosities of 19% or more are required for good plant growth, but heavily trampled soils
frequently show levels below this. This daad tooxygen deficiencand buildup of carbon
dioxide.

Trampling also alters the amount of litter present. It is likely to initially increase the amount
of litter as a result of damage to plants. On heather moorl&ajjfield and Brooked979)
found increases in litter from 20% to 70% of the total biomass under heavy use as the
vegetation was damagediuba reduction to 40% under severe use. However, even light
trampling can cause a decline in litt®uffey(1975)found an 81% decrease in litter

22



resulting from 10 tramples a month on grasslafdampling can also cause litter to become
incorporated into the soil.

In general, soils are likely to become wetteredto compaction and subsequent reduction of
drainage. However, the effect of trampling eailwater contentand its availability depends

on the soil type. Clayey soils have greater potential to retain water by capillary forces due to
the smaller pore spaes. However, retained water may not be available to plants if the
suction pressure is too great.

Soil temperature may also change as a result of changes in air and water content, increases
in bulk density, and loss of vegetatidPath surfacesnay becomevarmer by dayandcolder

by night Liddle(1997)records a 9C increaséy dayand 10C decreadsy night. Theair

abovepath surfaces maglso affected; Liddle found air temperatures to &C cooler than

over adjacent vegetation by day antiCwarmer at ght. The extent of these differences

will depend on the water content of the soil.

Soil chemistry is also affected by tramplihgidle(1997)notes thatsoil pH appears to drift
towards a pH of 5.§ acidic soils tend to become more alkaline on heavily yssts,

whereas pH drops with trampling on alkaline sailthough no satisfactory mechanism to
explain this is providedNutrient leveldn soil caralsobe alteredby trampling but different
studies have shown opposing trends depending on soil typeeXample, on chalk

grassland, Chappaedt al. (1971)found no significant differences in soil nutrient levels
between trampled and notrampled areas wheread.eney, 1974found higher levels of
nitrogen and potassium on vegetation sand dunes and dune pasture compared with a bare
pathway.Streeter(1971)found enhanced total nitrogen and phosphorlevels in heavily
trampled areas of chalk grassland compared with areas of lower use, but very low levels in
the bare paths where erosion was occurri@hanges in nutriestare likely to depend on

the impact on soil micr@rganisms as well as soil typeiddle(1997)describes studies of

the impact of trampling omacteria: numbers ofnitrifying bacteria(which raise soil fertility)
were reducedby a factor of 10, whilst #n numbers ofdenitrifying bacteria increaselly the
same proportion Denitrification usually occurs in anaerobic conditions promoted by
trampling. Soilson or adjacent to pathalso become enriched through horse and dog dung

¢ seesectionO.

Differences between recreation activities

Different recreational activities can have a significantly different imp@able2 summaries

the impact of different activities. For example, walking is only likely to cause significant
damage at high level of usage, while horse riding and vehicles may cause significageda

at very low frequency. The extent of impacts also vary, with cyclingsalooking, vehicles,

and picnicking most likely to create localised rather than extensive damage, walking is more
likely to cause extensive damage. In general, walkingely ki be less damaging that horse
riding, cycling or motorised vehicles. For exampleaver and Dal€1978)showedthat

showed that horses were substantially more damaging, and motor cycles slightly more
damaging than hikers in grassland and woodlamthe US Pacific Northwesthurston and
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Reader(2001)suggest that mountain bikes cause the same amount of damage as hikers in
deciduous woodland, although Macintyf#991) and Ree$1990)show that mountain bikes
may cause slightly more damage than foot traffiepending on the type of habitat

Table2: Differing impacts ofsomerecreation activities (after Bayfield and Aitken, 1992)

Abrasion Impaction Rutting
Walking \% Vv \%
Cycling \% Vv \%
Horse riding \% Vv \%
Vehicles \Y Vv Vv
Rock climbing \%
Skiing \%

The impacts of skiing have bestudied in several coungs (Grabherr, 1985)The effects of
off-the-road vehicles havbeeninvestigated in a variety dfabitats, mainly in the USA.
Therehaveso far been few examinations of mountain bik{bgt seeWilson and Seney
(1994) Horse ridihg has also been little investigated. A few studies compare different types
of activity under the same site conditionge(Dale and Weaver, 1974, Weaver and Dale,
1978, Weaver et al., 1979, McQuaabok, 1978, Price, 1985, Summer, 1986)

Natural factors interacting wth trampling

Soils differ markedly in their trafficability (resistance to wear) depending on shear strength
and stoninesgLiddle, 1997) Soils with a high percentage of coarse particles such as sand
and stones are least affectéthore energy is required to move the paréis} while those

high in clay or peat are most prone to erosion and degraddtitoiden et al., 2007) For
example, on the Pennine Way, the widest areas of pathe found over peaty ground

where the peat had erded exposing the underlying mineral g@hyfield, 1987) Oncea

path cuts through the soil to a solid bedrock, erosion rates may be much reducedhbre

the parent material is, for example, unconsolidated glacial or alluvial sediments (consisting
of fine sands, silts or clays) then damage casiggificant root{Root, 1972)

Trafficability is also affected by wet conditions, as water acts as a lubricant, allowling soi
particles to rub together and soil compaction to occur (Fable3). Waterlogged ground is
much more susceptible to puddling and poachiingn coarsegrained soilgLiddle, 1997)
Work in the Cairngorm@Bayfield, 19873how thatirrespective of the level of use, path

width increased with the surface wetness and roughness and also with the angle of slope
along the pathsee below)
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Table3: Resistance to wear of soil types in relation to wetne&sdter Bayfield and Aitken, 1992)

Soll .

! Rock| Gravel Sand Loam Silt Clay Peat
Wetness
Wet high |  high high | moderate| moderate|  high low-

9 9 9 g moderate
low- very low
Dry high | moderate low low y verylow
moderate low

Soil type will also influence the changes in water retention, air porosity, pH and nutrients as
discussed above.

In general damage is generally likely to be greatest in wetter seasons. However, drought can
also exacerbate erosion. Extreme drought can result in desiccation of the soil surface. This
leads to cracking and disaggregation of the crust into small ped$wahécvulnerable to
mechanical breakdown by trampling, in addition to wind erosion.

It is generally assumed that climate change will lead to a temperature increase@2 @&
by 2050. This is likely to manifest itself in warmer and drier conditiotigifate summer

and early autumn coupled with more intensive summer and winter precipitation events
(Simmons, 2003)This intensification of extremes suggests that climate changeely to

lead to increased erosioiolden et al(2007)identify erosion impacts of increased storms
on organic substrate in the Welsh uplands, which could leave hillsides vulnerable to
secondary erosion processes. However, warming will result in an extension of the growing
season and a reduction of frost freency (Holden and Adamson, 2002, Holden, 20@&lihce
vegetated soil is less susceptible to erosion than unvegetated soil, an extended growing
seaon may allow vegetatioto develop for longer and the lack of frosts mean seedling
survival would be increased. The net effect could be progressive revegetdtaxisting

bare soil{Holden et al., 2007)

Angleof slope is another significant factor influencing loss of vegetation and erosion, as
shearing and compressive force resulting from trampling increase with slope angle. Bayfield
(1987)found a greater increase in path width steeper slopes up to 2@n Cairngorm.

Weaver and Dalg1978)found that the 1000 passes resulting a 50% loss of plant cover in
mountain pasture was reduced to 700 on a 15% slope whilst the 300 on a forest floor was
reduced to just 50 on a 25lope. A study in the Lake Distri@€oleman, 1981tested the
importance of a number of different variables relating to footpath erosianosion

(measured as patwidth, extent of bare ground or maximum depth) was found to increase
with the square root of the slope angle and the square of the recreation pressure. These two
variables also interacted with each other, while other factors, such as vegetation type, soi
type and topographic position, also influenced the rate of erosion. A slope angle bf°15

was suggested as a threshold to separate actively eroding from stable slopes.

It seems also that theffect of slope is complicated lipehaviour For example, Bdield
(1987)found that downhill walkers were found to take more steps and to have a greater
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impact with each step than uphill walkers. They also tended to deviate more from the centre
of the path than walkers going uphill, mkly because when walking uphill the field of view
(and choice) is relatively restricted. The differences increased with slope steejmess.
contract to walkingWeaver and Dal€1978)noted thatmotorcycles hadeastimpact on

downhill slopes, due toxerting lesser downward forces than walkers or hor&milarly
mountain bikes wiltauseless damage downhill, assuming that the wheels continue to turn
rather thanskidding whiclcan loosen track surfacesiove material downslopeand

promote the develpment ofruts which channel wateflow (Cessford, 1995)

Intensity

The threshold beyond which trampling has an effect is likely to vary between habitat types.
Cole(1987)showed that for montane forest communities in the US, the relatigmsh

between trampling effects and vegetation loss, species loss and decreased penetrability was
curvilinear. However, once mineral soil had been exposed, the relationship between
trampling and mineral soil exposure was linear. The effects of tramplingloerable

habitats is explored further iRarticular habitat issues below.

A curvilinear relationship between theidth of the bare part of a pathnd thenumber of
userswith an initially rapid expansion and subsequent more steady increase in widthois a
noted byLiddle(1997) He cites examples from the northern Rocky Mountains, where
Weaverand Dalg1978)found that adoubling of the traiwidth resulted from everyen-fold
increasein the number of walkers whil8atchell and Marrefi1976)found chalk grassland
path widths increased 4.4 timdsr everyten-fold increase in passagdsance, Baugh and
Love(1989)suggest, basedn work in the Cairngormghat once a path habegun to erode
this islikelyto continueeven if the traffic along it reduces.

In practice, trampling intensity depends on behaviour. For example, some substrate and
habitat types allow walkers to spread out, distributing the impact over a wider area,
whereas other focus the impact on a narrow path. Bayfi@¥3)found that the roughness

of adjacent ground affected path width in the Cairngorms, with paths beimgye they

passed through the roughest terrain (provided the path surface remained of the same
guality).Path quality itself can also determine gifath use, for &ample92% of walkers on

the Pennine Way stayed on a path witkvall-built new surfacgPearceHiggins and Yalden,
1997)whereas 68% stayed on the path where deep bare peat was exposed and trampled
(Yalden and Yalden, 1988h general, more people will remain on a path where the

adjacent substrate or vegetation provides adecomfortable option (see below ajs@enny
Anderson Associatd2001b)suggest that additionally offath usage depends on whether
desire lines coincide with paths and the attractiveness of the adjacent environikeinte

and Stepheng2004)found that the mgority of walkers in open countryside such as at Cwm
Idwal remain on footpaths. The location of those that stray from paths is likely to be site
ALISOATAO FyR RSLISYRSY( 2y &LISOATAO FSI (dNBas 7
such as streamsranmaintained trackways. Where access does result in high path densities
this can have particular impacts, for example causing fragmentation within a site.
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Damage to vegetation mechanisms

Impacts on individual plants

The susceptibility of plants tsampling caused by recreation activities is influenced by a
number of factors, which are reviewed Bysg1986) The genetic constitution of the plant,

its adaptive flexibility, and anatomical differences inherent to growth habit and morphology
determine its susceptibility. Conditions such as too much or too little moisture, nitrogen or
oxygen starvation, and frosts can cause physiological injury and thérefdr y ONB I &S |
sensitivity to impacts. Environmental factors that may increase or lessen plant sensitivities to
impacts are soil moisture levels, canopy density, elevation, aspect, microclimate, soil
drainage, texture, fertility and productivity. Ssan, frequency and extent and type of

activity wil also dfect impacts, which are further complicated by intand intraspecific
competition, antagonism, and commensalism may influence differences in the sensitivity of
plant communities to impacts.

GrimeQ @979)triangular model of three basic plant strategies to cope with different
degrees of stress and disturbance is a useful framework to consider the likely effects of
trampling on planspecies.Stress tolerant plas have an inherently low capacity for growth
and low competitive ability. They are often evergreen, Kimgd, and flower and set seed
irregularly. In contrast, competitive plants grow rapidly in productive soils in summer,
typically die back seasonallyyt are not tolerant of stress or disturbance. The third group,
ruderals, are often shotlived, but are opportunistic colonisers after disturbance, usually of
bare ground

The relationship between productivity and resistance to wear is exploreddae (1997),

who models the relationship between primary productivity and the number of passes
required to reduce different vegetation types by 50%. In general, lower productivity swards
(containing more stress tolerant plants with an inherently low capacitgfowth) are less

able to withstand trampling Similaty Kellomaki and Saastamoin€t975)correlated

fertility and resistance to wearHabitats such ashalk and acid grasslands, old hay

meadows, moor and heatrere on infertile soils where produwity is low, and are likely to

be vulnerable to trampling.However, individual species within these communities may be
ruderals which will tolerate, even prefer, a degree of trampling. For example species such as
slender centuanCicendia filiformigre often found along damp tracks across heathland
(Stewart et al., 1994)Such species may benefit from a reduction in competition from more
vigorous species, from the creation of regeneration nichedjke pale butterwort

Pinguicula lusitanicarom the exposure of buried seed barnkske, 2002)

In general terms, plants which are more tolerant of trampling are grasses or rosette plants
where the bud or apex arprotected from direct damage, and which can regenerate rapidly
after damageFor exampledaisyBellis perenniggreater plantairPlantago majoy bucks

horn plantainPlantago coraopus annual meadowgrassPoa annuaperennial ryegrass
Lolium perennendcrested dogsgail Cynosaurus cristatuere often found in strips in

trampled zones beside bare patti the soils are suitablé&Some plants, such asmual
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meadowqgrass andjreater plantaindevelopa diminutive genotype as a response to
trampling or tght mowing(Warwick and Briggs, 1978, Warwick and Briggs, 1979)

More sensitive species are liketybe low growing plants with woody stems and slow
recovery rates. Plants with tall herbaceous stems, particularly if they are over 30cm tall soft,
hollow, or brittle and solid, and without basal leaves, are likely to be suscepdlder,

taller, woody sems on plants like heather tend to be more susceptible than younger ones.
Other characteristics include thin leaves, a woody stem base, rigid leaves, and long leaf
petioles(Liddle, 1997)

Most damage to vegetation is a result of mechanical damage to above ground biomass
(Liddle, 1997)Trampling reduces leaf area, leaf thickness, width, length and number per
plant, although species are differentially affect&dowering and fruiting can be inhibited in
susceptible species, and bulk and other underground storage organ waigsgiscies gch

as bluebelHyacinthoides noscrigus can be reduce@Blackman and Rutter, 195@00d
reserves in the plants aresal reduced and matake some time to replacélthough

impacts on roots can be sevemompaction levels low enough to prevent root extension
completely have not been recorddtiddle, 1997)With a reduced leaf area, carbohydrates
are used to regenerate leaf structure rattthan being used for root growth, and plants may
become shallow rooted. This can be critical under drought conditions. Through reducing
water infiltration, @mpaction can also reduce the wetted depth of gdihe zone in which
most plant roots grow. lkompacted wet or waterlogged soils, an aerobic layer develops
andplants not adaptedo these conditions. The impact of reduced oxygen availability
through loss of soil pore space is not clear, and is likely to vary between species (some
species such as ttongrassEriophorunspp.can take oxygen efficientlydm the

atmosphere to the roots Similarly, the physiological effects of nutrient availability in
compacted soils has not been researched widely.

Changes to vegetation communities

The relationshifpetween tramplingntensity is and vegetation loss maybervilinear (e.g
(Bell and Bliss, 1973, Hylgaard and Liddle, 1981, Cole, 1987, Kuss and Hail, lirg€dr)
(Cole, 1995)with damaging only occurring once a certain threshold intensity has been
reached. Thedlationship between trampling intensity and species diversity may also be
curvilinear, reflectingn initial sharp decline in the numbers of m@ensitive plants,
followed by slower reductions in the more resilient species until bare ground develops.

Thethreshold at which point the response changes is likely to depend upon the site
characteristics (such as wetness, slope, climate) and season in addition to the resilience of
the plants species in the community and the relationship betwd®m. For exampl, plants

are generally less toleration of trampling when the ground is viRgeq1990)found
substantially havier damage in birch woodlarahdgrassland when the ground was wet. In
contrastBayfield et a(1981)found the opposite trend in lichen rich swards, with much
higher damage during dry groumdnditions, when lichens are brittlelhe high number of
variables means it is hard to predict the quantitative threshold for any particular site,
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although some generalisations can be made. For example, species diversity will generally be
higher in mestrophic environments where biomass is reduced regularly, and in more
nutrient poor environments where biomass is removed occasiotiBtkker, 1998)

In their review of a number of studies of tramplirRgnny Anderson Associaté01b)

point out that while these can be used provide an indication of the vulnerability of species
and habitats, they can only be applied to provide an assessment of likely impacts at other
sites. In addition, the cumulative effects of underlying loeigm trampling may be
significantg for exampk (de Gouverain, 1996pund that pastrampling impacts on soils

may have longerm effects on the successional development of the plant community in
subalpine woodland in US. However, many studies examaungnt or recenexperimental
trampling pressure do not consider this.

Different vegetation communities also exhibit different degrees of wear accotditige

extent to which the vegetation structure limits or modifies recreational moven(Bayfield

and Aitken, 1992)For example, short grassland generally has high resistance to wear, but
low impedance of movement, so trampling is likely to produce widespread scuffing. Bog and
fen have poor wearesistance but high impedance to movement, with the result that there
tend to be few but heavily worn paths, often meandering between tussocks of vegetation.
Habitat type also tends to define the type of activity that takes place. For example, given
the wet peaty nature of the substrate, bogs are potentially vulnerable to vehicular activity,

cycling and horseiding, but these activities are unlikely to occur.

Table4: Trafficability and impedence of recreation movement accorditigbroad habitat type.
(after Bayfield and Aitken, 1992)

Broad habitat

Impedance of

- Trafficability recreational Common patterns of wear

P movement

Short grassland high low Extensive scuffing, few bare paths
Tall grassland moderate low-moderate Extensive braiding

Woodland low - moderate high .
braiding
Bog and fen low high Few, heavily worn routes
. . Patchy hea ear on cliff top and
Cliff low high y neavy w top
bottom and on ledges
Fewheavily worn routes and some
Sand dune moderate moderate high y .
extensive narrow braiding
Heathland low - moderate moderate high Few, densely worn routes
Few, heavily worn trails and some
Mountain low - high low-high y

Few heavily worn routes, some loca|

extensive braiding and scuffing
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Liddle(1997)notes that vegetatioris generally more resilient to wear in the growing season
however, low productivity vegetation may take hundreds of years to recover from vtbar
time for full recovery is often underestimated.

Particular habitat issues

Broadleaved woodland

Plantsadapted to shade often have relatively large leaves and thin cell walls, making them

particularly vulnerable to trampling damageged f dzSo0 St f Yy R Sy @©#é, yi SNRa y
1987, Cole, 1978)nitial introduction of trampling effects are particularly significant with

50% ground flora cover being lost with #dd as 40 passes in one yg&tole, 1987) Rates

of damage to British woodland ground flora (homogeneous stands of bludpatinthoides

nonscripta brackenPteridium aquilinunand brambleRubus fruticosusivere most rapid at

the initial stages of tramplinfLittlemore and Barker, 200IJhe tolerance to trampling was

more a function of the ability to recover, rather than resist damage. In the example cited,

the susceptibility of bluebell was some 425 times more than for bracken or bramble.

A dense canopy favours more typical woodland ground flora with larger leaves, compared
with grasses in more open woodland, and this is more susceptible. Beasdd plants in
woodland tend to disappear first, even uerdow trampling damagé&ellomaki, 1973)

Wood pasture, with a higher proportion of grasses than typical woodland ground flora, is
thus likely to be more resilient. Grinf@979) found more stresfolerant species in the
woodland ground flora of ancient woodlandsompared with secondary woodland, and
stress tolerators with low productivity are more susceptible to tramplitigdle, 1997)

Ancient woodlands generally are more susceptible to damage from trampling than
secondary woods. Trampling later in the season is less damtgingarlier when leaf

growth and food storage are at maximum levels. Damage from trampling was more
significant than flower picking for bluebe(Beace and Gilmour, 1948Yer an 8year study;
and this was due to leaf damage and significant reduction in bulb wéjhatkman and

Rutter, 1950)Allaboved NR dzy R LJ- NIid 2 F LX | yriguiyMéctridli® of dzSo St ¢
perennis were lost in woodlandubject to heavy use for paintball gam@$omas, 1991)

Wet woadland communities are particularly sensitivettampling (Webster and Adams,
1989) with effects on marsh feriThelypteris palustripposie-leaved golden saxifrage
Chrysosplenium oppositifoliytmarsh marigoldCaltha palustrisnd sedge€arexspp. all
noted under heavy woodland activity.

Trampling can result in damage to tree root growth, possibly associated with an impact on
fungal mycehl (Dunn 1984) while Speigh{1973)consideredhat tree death could result
from root exposure and damage. This coaftect any trees near access routes but might be
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especially the case for veteran trees, often with associated lichen interest, in woodland or
wood pasture, that may be preferentially approach&ead, 2000)

A shift in species composition is also possillest of the species that grow well on heavily
compacted forest soil are neiorest speciestolerant of trampling(Godefroid and Koedam,
2004b) Trampling decreases piacover and changes the ground flora species composition,
altering it locally on paths and providing opportunities for new species to establish in
previously unbroken forest vegetation. Species such as grasses better adaptathiq

warm and dry conditinsreplaced more sensitive forest species such as dwarf shrubs and
mosses. The effect of pathampling on species composition and density extended for 8 m
off-path. Trampling may change the miecbhmate on the path, which may have a negative
effect on nosses away from the path and gfaith (Hamberg et al., 2008Yhe work in

Belgian forests produced similar results, with forest paths being demonstrated to have a
significant effect on the surrounding plant assembla@&sdefroid and Koedam, 20048he
presence of a path results in an increase in the numbeuaéral species, disturbance
indicators, nitrogerdemanding species and indicators of basic conditions. Eutrophication
and pH increases, as inferred from the plant composition, are perceptible up to at least 10 m
from the path.

Studies in Belgian foresf&odefroid et al., 2003how that ground flora takes a long time to
recover both terms of density and species compogrisabsequent to the cessation of
trampling. A single intensive event of orienteering caused damage to bryophyte and lichen
communities under Scots pine in New Forest that had not recovered within deamas

et al., 1994) BilberryVaccinium myrtills, cowberryV. vitaeidaeaand tufted hairgrass
Dechampsia caespitosegere rather more resilient under conditions of 50 passages/day for
10 days in &ussian pine foregRogova, 1976)Thesémpacts could apply to deciduous
woodland, or in the case of lower plants, other open habitats.

Seminatural gasslands

Grassland has been found more resistant to trampling than forest vegetation. For example,
10,000 visitors/year were required for the ground to become bare in chalk grassland and
20,000/year were required before tracks of 1.5 m wide became establi€Beldlsmith,

1983) Harrison(1981)found a 50% reduction in plant caven various grassland and
heathland plots after 400 passes, while 1,600 passes caused 90% reduction.

In general, semnatural grasslands of high nature conservation value are naturally low in
nutrients, favouring lowproductivity species of low compeiit ability- the species
generally most vulnerable to trampling damage. On the other hand, unlike woodland,
grasslands tend to have a high proportion of grasses and refmtteéing herbs that are
morphologically adapted to grazing and have more resiligaceampling, at least at light
levels. Most of the species that can spread into trampled zones are general grassland
components and not indicators of higher quality seratural habitat. On chalk grassland in
southern Englan@Streeter, 1971, Chappell et al., 19ptpgressive disappearance of more
sensitive species such as squinancywaperula cynanchicaough hawkbit_Leontodon
hispidus salad burneBanguisorba mincand wild thymeThymusdruceiwas noted under
moderate to high levels of trampling. Their replacement by the more trargierant
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species such as ryegrdssiumperenng | & Yy 20 SR> Ay goae\ekéhdiry N &
up to some 50m from the bare path and this was correlated with an increase in available
phosphorus in this zone, possibly from the effects of dog faeces and urine being particularly
associated with the path edges.

Traditionally, many grasshds of conservation value will be managed by grazing and/or
cutting and will already be to some extent adapted to conditions comparable with a degree
of trampling. The effects of trampling on unmanaged grassland can thus be expected to be
more noticeableghan on a short, grazed sward. In a study of tussocky feSeatica

grassland in USEole, 1987)it was shown that with 400 passes the vegetation cover was
reduced to 50%; and 50% ofetlspecies originally in the sward were lost after 600 passes,
with disproportionately most lost in the earlier impact. Neutral grassland in Russia showed
similar rapid decline in species co&ogova, 1976)with only moderate trampling

pressure; and the frequency of trampling also affected the ability of some more resistant
species to show signs of recovery between treatments.

A comparison of calcaoeis and mesotrophic grasslands on Salisbury Riist et al., 2005)
demonstrated that calcareous grasslandsrevless resilient following disturbance than the
mesotrophic grasslands, with slower colonization of bare ground and target species re
assembly. (This was historic military disturbance rather than trampling, but the relative
response and time for recovenyre of relevance). Mesotrophic grasslands typically toak 30
40 years to reestablish following damage, whereas calcareous grasslands took at least 50
years. Moreover, even after long time periods, there remained subtle but significant
differences betweenhe vegetation composition of the damaged and undamaged swards.
Perennial rosettéforming herbs persisted at higher frequencies in swards disturbed 50 years
ago than in undisturbed swardhlirst et al., 2005)

Research in Canada has confirmed that grassland species diversity changes with levels of
trampling disturbanc€Vujnovic et al., 2002).ower vascular plant, moss and lichen species
diversity was found in undisturbed and lightly grazed as well as in highly disturbed plots.
Intermediate levés of disturbance gave the highest species diversity. The species richness
and diversity of exotic plant species also showed a significant positive relationship with the
magnitude of the disturbanc@/ujnovic et al., 2002)T'rampling damage by horses was also
implicated in a study in Eastern Europe, with an increase in recreational horse riding causing
a shift from meadow communities bigh conservation value being changed to horse

pasture (Young et al., 2004)

The diversity and abundance of invertebrates also has skewn to be negatively affected
by treatment of grassland, including the effects of trampljAtkinson et al., 2004A study
was conducted by Duffe§l 975)on the effect of trampling on the invertebrate fauna of
grass litter in a Fear old grass ley under very low trampling intensities (50or 1
tramples/month). This showed that the invertebrate fauna of grassland litter is affected by
trampling pressures which were much lower than those needed to induce changes in the
structure and speciesequencies of the living plant$he species changesesned to have
been caused by changes in the structure of the litter hab{taaring in mind that the
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grassland was a young ley and not spedciels),in particular, the smaller volume, smaller air
spaces, fragmentation of leaves and stems, andctleation of a mueitter mixture.

Despite the general trend for invertebrates to be negatively affected by trampling damage,
there is a range of grassland species that are associated with bare ground and open
vegetation which the effects of access may nt@im These include a number of bees and
wasps associated with chalk downlaffdexander et al., 2005a&uch as nomad beldomada
signata scabious beAndrena hattorfianaand another mining be@Andrena tibialisThe

ground bugHeterogaster artemisiais associated with thym&hymus drucedn coastal

dunes, dff tops and chalk grassland. This ground bug seems to show a preference for areas
with broken or partly bare ground or scree, or the edges of tracks, where there are large
clumps of thyme over bare ground or ston@&srby, 1992)Thyme growing in closed turf
appears to be unsuitable, and light disturbance from public access and recreation may
maintain suitdle conditions for this species. There are similar habitat requirements for a
number of species of lowland acid grassland; indeed, there is much species crossover
between different grassland habitat typeSor some species such as certain mining bees and
solitary waspshe key factor appears to be light trampling, as from walkers, but not
excessive disturbance from activities such as horse riding and motorc{lalivwen et al.,

2008)

Lowland heathland

Heatherdominated vegetation is very susceptible to trampling damalgeugh there may

be some differences related to individual species response and soil conditions. In summer
and winter trials on undamaged lowland heathland in Englgdatrison, 1981)it was

shown that400 passe the first summer of the experiment, caused heather cover tadall
about 50%, and 800 passes it was less than 10%. The vegetation failed to recover in the
period following the experimental trampling, after winter only, summer only, or all season
trampling.

Seasonal and habitat response was tested in trials on heathland in BriGatigt and Roze,
2001)and though there were some differencés,all cases trampling led to a great decrease

in vegetation cover, with the vegetation cover varying between 0 and 50% under 750 passes.
Dry heathland was more resistant than mesophilousnfid) heath and significantly so with
winter trampling, but both heath types were equally vulnerable in wet conditions. Gorse was
more resilient than heathers; and younger dwarf shrubs were less vulnerable than older
plants.

Heather is also more susceptto trampling damage than purple megrassMolinia
caerulea(Lake et al., 2001)n Belgium, Roovers et §2004)found that dry heath with a
high proportion of grassespurple moorgrass and wavy hagrassDeschampsia flexuosa
as well as dwarf shrubs, was ¢esensitive to trampling.

Though trampling can damage the dwarf shrub community of heathland, there are some
aspects of the habitat that need the canopy to be broken, even to the extent of bare ground
being sustained. Bare ground and early successionéddtalare a very important
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component of the heathland ecosystem, important for a suite of plants, invertebrates and
reptiles(Byfield and Pearman, 1996, Lake and Undeldaly, 1999, Moulton and Corbett,
1999, Key, 2000, Kirby, 200Typicdly small, lowgrowing herbs with low competitive
capacity require these open conditions and lack of suppression by a taller canopy. Some may
be ruderals or annuals that can only survive in such conditions. Some kind of physical
disturbance is usually reqid to create these bare ground habitats, and hence a certain
level of physical disturbance, including erosion resulting from trampling, can be beneficial.
However, the level of disturbance required is difficult to define and is likely to vary between
sites(Lake et al., 2001 here are likely to be optimum levels of use that maintain the bare
ground habitats but do not continually disturb the substrate. Such levels of use have never
been quantified, nor is it known whether ggadic use is likely to be better at maintaining
bare ground habitats than low level, continuause. It has beenoted that marsh clubmoss
Lycopodida inundatatends to colonise heavily disturbed sites once the pressures are
reduced or relaxed. Heavycontinuous disturbance was thought to be resible for the
failure of the plant to survive on a footpath at a site in Suri@ther (often rare) ephemerals

of disturbed ground on heathlandsclude threelobed water crowfoolRanunculus

tripartitus, slencer centuaryCicendia filiformischaffweedAnagallis minimaand allseed
Radiola limides. All require trampling in the winter to create bare/poached ground but may
suffer from trampling duringpring and summeDwarf rushjuncus capitatua winter

annual germinating in the autumn (present only on Anglesey in Wales) may suffer from
trampling in winter, although it too requires bare open condition to germinate (possibily
maintained by standing water in winter and/or drought in summer).

Bare ground or sparse vegetation cover over suitable sandy soil are highlighted by Alexander
et al.(2005e)as the habitat for a large number of bees and waspduding some species

that occur in Wales, such &s nomad beeNomada signatand the solitary wasp

Methocha articulata Bare ground providesrange of functions, including nesting sites,

foraging habitat and also basking surfaces for thermophilic spéstabbs and Drake, 2001)

Heavy use of sandy tracks, particularly by horses or mountain bikes, causes the sand to be
loose and continually disturbed, rendering the habitat of low value to many invertebrates
(Symes and Day, 2003pecies that burrow into flat surfaces such as the centres of paths
are likely to be particularly vulnerable, as loose sand may not support their burrows and the
churning may make it impossible for them to relocate their burrows once dug. The friable
nature of heathland soils makes them particularly vulnerable to these tramptipgcts

whilst an additional potential impact from horse riding is nutrient enrichment of heavily
used tracks, which may lead to a change in plant species compdgitdatie and Chitty,

1981, Liley and Clarke, 2002, Liley et al., 2Q@®e the contamination section.

Horse riding has been implicated as a major factor in the severe decline of the heath tiger
beetle Cicindela sylvaticen Englandthe species iabsent from Wales) | 2 Hédvésa W
churn up sandy heathland tracks making the habitat unsuitable for the beetle. Excessive
disturbance from horse riding and motorcycle activity has also been identified as a threat to

! http://www. plantlife.org.uk/uk/assets/savingspecies/savingpecies
dosser/Lycopodiella_inundata_dossier.pdf
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anumber of aculeate Hymenoptera thatour in Walesincluding the UKBAP Priority
Speciesuch as theuckoo beeNomada ferruginatashrill carder be®ombus sylvarunand
a ruby tailed wasihrysis fulgidaUK Biodiversity Group, 1999b, UK Biodiversity Group,
1999a, Alexander et al., 2005e)

Heavily trampled ground can also present a barrier to some invertebrates (and possibly even
small mammals in some habitats). Carabid beetles have sleewn not to cross tracks or

habitat different from their chosen type ( Mader, Schell and Korna(k&90)and Lindsay
(2001)cited in Penny Anderson Associa{ge06). Similarlya species of snail was shown

not to cross a 3m wide track dividing its habitat, even though travelling that distance was
quite possiblgBaur and Bautl,990) This isolation of habitat fragmentsuld have

implications for small populations, for instance in maintaining genetic diverdftyere

access results in the increase in path widths or new desire lines further fragmentation can
occur within sites.

Lower plants; lichens and bryophytes can be a very important component of heathland
and these too can be adversely affected by trampling. Most of the studies relate to upland
moor and mire communities or dune systems but the studigggest that dy heathland
bryophytes and extensive carpets of terricolous lichen communities, especially those with
reindeer lichensCladonia arbuscula, C. portentost.) which occur on certain heaths, and
occasionally on dunes, could be irrevocably damaged by exedsampling. This effect in

dry conditions, when the lichens are at their most brittle, is most dama(iibey et al.,

2002, Liley and Clarke, 2002XTertain rare species, such as cliliate stidipenHeterodermia
leucomel&, and golden hailichenTeloschistes flavicanspecies recorded from maritime
cliffs, slopes and coastal heathland sites, are thought to be potentially vulnerable to
trampling e.g. when occurring adjacent to heavily used paths

Upland and Montane Habitats

As with the @idence for trampling damage to heathdominated vegetation on lowland
heaths, upland heather moorlarid also vulnerabléBayfield, 1979)Indeed the damage

may be more severe as recovery is slower under cooler conditions, with the possibility of
further damage to bruised stems from frqg®Watson et al., 1966)ncreasing altitude tends

to exacerbate this trend with recovery rates evaower in alpine or sualpine conditions
(Whinam and Chilcott, 2002)

The levels of trampling responsible for damage routinely reported in the literature are quite
low and could be exgcted on many mountain/moorland areas in a single season. The
vegetation growing over shallow peat soils seems in general more vulnerable than that on
mineral soils, with grasdominated cover on mineral soil more resilient than old heather

% Anecdotal evidence on Plantlife websitetp://www.plantlife.org.uk/uk/plantlife-savingspecies
under-our-carelich-heterodermialeucomela.htm

® http:/Avww.arkive.org/goldenthair-lichen/teloschistedflavicans/info. html
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Calluna vulgas, bilberry and crowberry on peat soilBeer gras3richophorum cespitosum
is characteristic of trampled swards. Surface consolidation (decreasing aeration) along paths
may favour this specigShaw et al., 1996, Rodwell, 1991)

Studlar(1980)noted that bryophyte cover, frequency and species richness was greater on
trailsin the Appalachians than in the adjacent vegetation, possibly due to the reduction in
litter and competition with taller vascular plants. The importance of the impact of trampling
will, therefore, relate to which species are involved, and whether the gegiss are those

that are more tolerant of trampling and can take advantage of the more open conditions.
Other studies have highlighted the more vulnerable speé@somitrium lanuginosungan
important moss component of high level montane heath in UKgk@mple, was found to

be very sensitive ttrampling in IcelandJonsdottir, 1991)

Bryophytes, therefore, vary in their tolerance to trampling. $n1980)suggests that

those with thick midribs, short, tough concave leaves, and protected meristems are more
likely to show resilience to trampling. Some pleurocarpowsses such adypnumspp

(with a weftlike growth form rather than upright shoots) are rather more resilient.
However, Hamberg et al2008)found (in forests in Finland) particularly vulnerable species
includedBrachytheciunspp.,Pleurozium schreberi, Hylocomium splendé¢al three typical
moorland pleurocarps) anDicranum polyseturwhile bryophytes that grow in low, thick
tufts, such asohlia nutansmay be more resistant to trampling than the longer, looser
shoots ofBrachytheciunspeciefHamberg et al., 2008)

A number of studies report negative effects of rock climbing on montane cliff vegetation
(e.g. Nuzzo, 1996, McMillan and Larson, 2002, Rusterholz et al., 20@48)illan and Larson
(2002)showed that the proportion of introduced plants was significantly greater on climbed
faces. Bryophyte diversity and richness was significantly lowered on climbed rock while
lichen frequency was the same, though the species richnassmuch less and community
composition was affected. Muller et 004)found in Switzerland that community

composition was affected on climbed slopes and specialised rock species of plants occurred
less frequently. However a Canadian stdyntz and Larson, 2008§)ggested that some of

the comparative difference between climbed and pristine rock faces was related to choice of
climb (with some selection of climbs favouring cleaner, less vegetated routes) and
microclimatc differences.

Bog

Lowland mires and upland blanket bog are important habitats in Wales and both habitats
depend on the peabuilding and watetolding properties of the principal components, bog
mossesSphagnum spprhese are especially vulnerablettampling damage and various
studies have shown that mostpes of Sphagnum dominated mires could be degraded by
persistent trampling and erosion. Bayfi€tB71)found only 80 tramples acro&phagnum

in Cairngorm destroyed the plants (with no signs of recovery after 23 months). In the
different climate of the Appalachian mountains in Virginia, Stud@80)found that130
passages reduceé8phagnum recurvuito a few isolated leaves and stem and root
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fragments. Bryophytes create the mienabitat suitable for other species such as grasses
and sedges, therefore their loss means tha the conditions for growth are cha©gjeer.
sensitive species include bog myrityrica galeand butterwortPinguiculasp?

Low levels of trampling may increase species diversity, with species such as fnodena
spp.colonising Studying trampled blanket bog in IrelanbicGowan (200pfound that

some of the invading species of the sites with minimum levels of trampling were typical of
heathland, and acid grassland habitats, or nutrient enrichedigltitats on intact blanket
bogs. Up to 20 species can invade trampled bogs, includisgesJuncusnd Luzulaspp.

and bent grasseagrostisspp. which can colonise bare, eroded peat although unable to
survive the severest levels of trampling. Bell heatBgca cinerega plant is more commonly
found on the drier, heathy habitats is an indtor of a change to drier conditions on the
damaged bog surface.

On the more damaged areas of medium trampling, McGowan found that the diversity of
species had decreased. There was considerable bare ground on paths, whereaspath edges
were often marked  black bog rusBchoenus nigricanbog myrtle and deer grass
Trichophorum caespitosuriviosses, liverworts and lichens were recorded with both low
frequency and cover, and were generally confined to the path edges where suitable
microhabitat was availablat grass and sedge tussock bases. These trampled paths act as
rudimentary drainage channels, with water running over the eroded areas of bare peat.

In the areas of most severe trampling damage the vegetation cover was sparse. Where there
was severe tramplg damage, vegetation structure was reduced and there were few if any
flowering stems produced. Tufted plants, such as deer grass and black bog rush, were better
able to survive in severely damaged areas, than were the heathers, whose erect branches
and gical growth tips were too sensitive to the trampling damage.

Some rare vascular plants can also occur within Sphagnum carpets, such as the globally rare
bog orchidHammarbya paludosandlike Sphagnum, this is vulnerable to tramplihgke et
al., 2001)

Fenand swamp

There is comparatively little research material on the effects of trampling on fen vegetation,
perhaps because the habitat is to some extent-petftecting due to its general wetness and
usually small, digete location. Unlike the far more extensive mire communities of upland
moors for instance, fen habitat can be avoided rather than traversed. The taller components
in wetter conditions, such as redthragmites communiand reed canargrass Ralaris
arundinaceaare likely to be more vulnerable to trampling than shorter turf on drier soils
(Rees and Tivy, 1977A fiveyear ontrolled trampling study (100 passages/yedlt,in

August) in four rich fens in central Norway showed severe dar(fagesen, 1999)
Vegetationcover was redced, woody species and herbs disappeared or were reduced in

* http:/Avww.ipcc.iefinfotrampling. html
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cover. However some sedges, marsh horsé&gilisetum palustrecommon cottongrass
Eriophorum angustifoliurand certain bryophytes appeared to be quite tolera®phagnum

was vulnerable howeveRecovery was monitored over 13 years and, even after this time,
there were fewer species and less vegetation on the tracks. The trampling also resulted in up
to c. 7cms reduction in the height of the ground surface, which consequently flooded more
regularly.

Some degree of light trampling may not be deleterious, and may open the closed tall cover
and providing niches for less competitive plants, or edge habitat for invertebrates and birds,
but the Norwegian study shows how even light effects can cause suiitstantial change

and for a long period. Stammel and Ki€004)explored the importance of hoof prints for
species recruitment in fens. Their results suggest that on wet peat soil the negative effect
of soil compaction and changed water and light availability probably prevail over positive
effects such as the promotion of subordinate species.

Standing water/rivers

Many of the component species and the general characteristics of the plants of waterside
habitats are in common with those of fens, but the feature of open watekes or rivers;
makes this a focal point and preferentially targeted. Trampling effectstreerefore be
localised and especially intense along the margins of the water feature.

Under heavy recreational pressure 31% of the re@dmps along the Havel River in West
Berlin disappeared over a five year period with riverside ac¢8s&opp, 1971)At first, the
disturbance allowed space for ruderal species, especially where meadows lay adijeitent
river, but the reed stands vanished with intensive use and iter margins then eroded. On
paths beside Scottish lodhores(Rees, 1978 ommonreed, reed canargrass and reed
sweetgrassGlyceriamaximawere replaced by bent grass@grostisspp meadowgrass
speciesPoaspp., amphibious bistoeriscaria amphibiand knotgras®olygonunsp., i.e.
species found elsewhere to be general tolerators of trampling. Heavily used paths were
reduced to bare mud.

Boat traffic can raglt in damage to aquatic plantgzor examplethe principle threab given
for the BAP priority floating water plantalturonium natanss there-opening of waterways,
with subsequent high levels of motorised recreational boat traffic. This can diregiyess
growth of the plant through increased turbidity of the water.

An indirect effect, from heavy recreational pressure on adjoining land, was noted in the
mountains of central Spain, where environmental conditions started to decline in the 1970s
as a rasult of increased visitor numbers, initiating severe soil erosion processes and
increasing nutrient load in Pefialara Lake. This combined effect altered the composition of
aquatic biological communitigd oro and Granados, 2002)

® http:/Awww.ukbap.org.uk/UKPlans.aspx?ID=427
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The risk of transfer of alien invasive species, on boots for instance, is noted though as yet
appears urresearched. The rapid spread of New Zealand pygesd Crassula helmsis

well known and may be due in part to the incidental effects of trampling in wetland habitats,
as well as transfer by wildlife.

Sand dunes

The trends in vegetation response to trampling on sand dune habitat are broadly similar to
those found in grassland; the more stressed the environment and unstable the substrate,
the greater the impact. Thus, fore dunes with marrammophila arenarianay ke very
susceptible to trampling, while rank grasses and dune heath are moderately susceptible and
short turf and scrub most resilieiBoorman and Fuller, 197.7n unmanaged dune

grassland, trampling results in a progressive decline in height of vegetation and less litter;
and also some increase in pH associated with compa¢8taiter, 1978)As with other
grasslands, the increase in available phosphorus n@thivain, 1984 could be diectly

linked to the use of paths for dog walking.

Coombegq2007)explores the relationship between the amount of passes (footfalls) and
reduction in vegetation cover in different soft coastal habitats. For most habitats (yellow
dunes, grey dunesmd saltmarsh) the relationship appears to be linear, suggesting that the
impact is proportional to the amount of access. The slope is steepest for yellow dunes and
shallowest for saltmarshes, suggesting that of these, yellow dunes are the more sensitive.
The relationship for foredunes appearsainiquely among the habitats assesset be curvi
linear, with a small amount of trampling resulting in a disproportionately high impact.

Again, as for other grasslands, some light trampling in otherwise unmanagedycassand

may benefit less competitive plants such as some annuals and invertebrates, but the habitat
is very prone to erosion and the creation of increasingly wide, bare pathways. It is generally
accepted that recreational pressure results in a decréaspecies diversity within dunes
(Bonte and Hoffman, 2005and that a threshold can be reached where irreversible damage
can occulCurr et al., 2000, Ritchie, 2001, Covey and Laffoley, 2a8@@pugh it is often

difficult to identify at what point this may threshold may occur.

Moderate trampling in the lichenich grey dune vegetation of a Danish dune system
(Christensen and Johnsen, 20043ulted in a reduction in species humber and vegetation
cover; a community of colonizers or early succession species now predominates. In the most
trampled parts, only a few (or even no) species remain, and the subssratern down to

bare sand. Frequent trampling means that later successional stages become an increasingly
rare element of the vegetation. Moreover, the invasion of exotics (including heathraias
Campylopus introflexiisnd atmospheric nutrient enrichmé also threaten native lichens

at the Danish site.

Some species may benefit, at least from light trampling that maintains more open
vegetation or some bare ground. The belted beauty moth, an endemic subspecies found
only in Britain, and confined now togtthree coastal sites, one on dunes in Wales, requires
light trampling to maintain more open, earguccessional herlich dune grassland and
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prevent it from becoming raniHowe et al., 2004)Similarly, a number of ground beetles
(Carabids) may benefit from controlled public asxen sand dune systems. The tiger
beetlesCicindela hybridand Cicindela maritimare often associated with sandy pathways
(Luff, 1998, Telfer and Eversham, 200@)is possible that the correct level of trampling can
create suitable conditions (ground which is neither too heavily compacted nor too loose and
churned up) for larval burrow@lexander et al., 2005b)

Itis clearly difficult to generalise between species, groups and sand dunelaesover,

for many sand dune invertebrate species it may be difficult to untangle the importance of
access levels in modifying habitats from the direct impacts of trampling and disturbance.
Work in Belgium on the digger waBgmbix rostratgBonte, 2005jound that trampling

from people and cattle impacted both directly by interfering with larval feeding and
destroying nest sites, and indirectly by causing the deterioration of nest site quality by
changes in the structure of the soil surface. Howevent®guggests that it is not possible
to make generalisations between species.

Shingle
Whereas for sand dune vegetation some degree of light trampling can be beneficial for some
plants and invertebrates, this appears virtually never to be the case foglehhabitatsThe
shingle survey of Great Britain covers a numbegitefs in England and Walé€Sneddon and
Randall, 1989)At many of these, trampling was noted as one activity causing damage to
fragile shingle vegetatioGneddon and Randall, 1993a, Sneddon and Randall, 1993b,
Sneddon and Randall, 1998€amage to ridge structures is also an issue. One of the main
causes of damage is the breaking up of the surfagerk of vegetation and the fine humic
layer that may take many years to be deposited. As a result, damage to vegetation may not
be possible to reverse. Spok@d®97)studied shingle vegetation and tranip and
compared data from 1991 with that collected in 1997 on a shingle habitat at Slapton in
Devon. The results indicated that untrampled areas were more diverse than the trampled
areas. Hewit{1973)came to the same conclusion on Chesil Beach in Dorset. Communities
with abundant lichens are susceptible to trampling, again particularly during dry weather. A
single pass may be sufficient to cause irreparable danfagedy and Randall, 2003)

Disturbance of habitat from trampling or vehicles also has a negative impact on the majority

of shingle invertebrategShardlow, 2001)an assessment supported by KifBp01)

@¢Llzof A0 | O0Saa G2 aAaKAy3ItS KFEoAGFdG A& LINRBOlOTf @
O2YYdzyAGAS& IINB SlIaiate RFEYF3ISR o6& GNI ¥LIXAYy3I o6S
road vehicle access has been itfiad as a threat to invertebrates on some si{@dexander

et al.,2005c¢)

Rocky shores

A number of studies, from various locations across the world have investigated the effects of
trampling on rocky shores. These generally have shown that trampling causes a reduction in
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cover of a range of algae species. The extémtamage increases with the intensity of
trampling. Increased intensity of trampling leads to increases in the amount of ephemeral
algal species and extends recovery times from months to y&descher and Frid, 1996,
Keough and Quinn, 1998, Schiel and Taylor, 1999, Beauchamp ainmG2003, Milazzo et
al., 2004, Irvine, 2005 he extent of dmage and removal does not seem to be affected by
the hydration state of the algal mat. Where the plant cover is not completely removed,
effects of trampling can cause loss of vesicles or air bladders and reproductive structures
(Keough and Quinn, 1991, Denis, 2003)

Trampling can also cause changes in species divéPsity and Rodgers, 2005, Van de
Werfhorst and Pearse, 200Wjjth a decrease in larger branching algae and an increase in
smaller emphemeral and crustose spediegn and Rodgers, 200%) least during the
summer(Fletcher and Fridl996) Similarly desiccation following the removal of the brown
alga Fucus canopy can lead to a reduction in coralline ém@ugh and Quinn, 1998, Schiel
and Taylor, 1999)Jenking2002)found no reduction in tudike algae, but experimental
trampling levels within the observed range of trampling by visitors caused losses-likeurf
algae in another stud¢gBrown and Taylor, 1999)

Reduction in algal cover and increase in bare rock can continue after trampling has stopped
(Jenkins etla, 2002) effects can be variable depending on the degree of summer
desiccationKeough and Quinn, 1998nd communities damaged in autumn can take

longer to recover than those damaged in spring as recovery is greatest doeisgring and
summer(Schiel and Taylor, 1999)

There seem to have been few studies on the effeétearvesting on rocky shores. The main
species are shellfiskbrustacean (such as peeler crabap sea urchins for bait or food, and
the general effect of oveharvesting is to reduce populations and remove old adltittsre

can be consequences for nepluctive succes@viurray et al., 1999and change in species
dominance/community compositio(Duran and Castilla, 1989%arvesting (as well as other
activities including educational trips) can involve turning over rocks. Thisecparticularly
damaging as organisms can be crushed when the rock is turned over or putdrastiant
GdNyAy3 2F GKS &1 YS NrpOl1a OFry NBadAZ G Ay &z
organisms around the edg@ddessi, 1994)There is a long tradition in the UK of rock
pooling by children, which serves as a way ofcadimg them about shore wildlife. There is
no evidence that the rocky shore flora and fauna around our coasts is being significantly
damaged by this recreational activitiResearclloessuggest that visitors to rocky shores
who had a greater knowledge ftertidal ecology were more likely to have a greater impact
than visitors with less knowledd@élessaet al., 2003)

Maritime cliffs

Hewitt (1973)descriptionof the vulnerability of cliffs includes climbers removing vegetation;
the erosion of soft rocks where visitors scramble down to the beach cagsitigs can

develop, and the loss of vegetation and erosion on cliff tops, especially at view points. He
gave examples at Penrhyn Wawr, Holyhead; Elegwg Stacks, Pembrokshire; Portland Bill,
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Dorset; and Beachy Head, Sussex where vegetation had been lissgreded and the
exposed rocks became polished and worn. Seepages, streams and gullies are often
important sites for invertebrates and planfSelfer, 2006, Whitehouse, 200a)d these may
be targeted as routes down the cliff, causing erosion and thus loss of interest.

CIiff climbing, like inland rock and mountain climbing, can result in damage to vegetation,
though choice bsite may initially select less vegetated routes. This may not apply to lichens
however, which could go unnoticed in a preliminary assessment of climbing suitability. In
cliff situations in Canada, Far(fl998)noted that larger foliose and fruticose species of

lichen were especially vulnerable to crushing and trampling.

Saltmarsh

Saltmarshes and particularly mudflats do not lend themselves to easy access and therefore
have a degree of seffrotection. Comparative studies of trampling impacts on different
coastal habitats indicate that saltmarsh is the most resilient habitat reddatvsand dunes,
coastal grasslands et@ndersen, 1995, Lawesson, 1998, Coombes, 26@x¥yever, where
trampling does occur it may still have significant effeatsLindisfarne, a study of the

impacts of trampling on the tidal flat infauna on a regularly used Pilgrim route
(Chandrasekara and Frid, 19@8ncluded that trampling caused changes to the infaunal
community. He also indicates that the vegetated saltmarsh has developed a permanently
distinguishable path along the route and the vegetation composition may have been altered.

Another recent study has linked the decrease in the area of saltmarsh ingigtsstralia to
accesgLaegdsgaard, 2006xven annual visits to fixed sample points can cause visible
changes to the vegetatiofBoorman, 2003)The marshes which are the most liable to
damage from trampling are those with poorly drained soils made up of fine sediments
(Boorman, 2003)Pioneer saltmarsh may also be particularly vulnerable; this habitat, at
Holkham, is mssed by people visiting the beach, who fan out after crossing the dunes near
a main access point. A clear network of bare paths is vidiiiy, 2008)

A study(Turner, 1987)conducted in cord gras$partinadominated saltmarsh in the US,
sought to simlate and compare grazing and trampling by cattle. The results suggested that
trampling may have a greater impadrampling by horse riders may have a similar effect.

Trampling damage can directly affect saltmarsh vegetation. Any damage to the vegetation
cover of the saltmarsh carries with it the risks of erosion damage over a much wider scale. It
will also have an impact on the soil fauna with possible consequences for the functioning of
the marsh ecosystem as a wh@®oorman, 208).

Lagoon snaiPaludinella littorinamay also occur in saltmarsh and is sensitive to physical
disturbanceof the habitatcaused by accegKilleen and Light, 20025ome mild trampling
however, exposing areas of bare mud may be of benefit to some flies associated with
saltmarsh; these include the craneflyjcranomyia complicatéRDB2JAlexander et al.,
2005a)
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Saline lagoons

Trampling in the usually sow water of saline lagoons can be an incidental effect from
other activities such as bait digging, shellfish collection and recreational activity such as
sailing and windsurfing. The impacts on marginal vegetation are likely to be similar for
shingle an saltmarsh; while impacts on invertebrates will be comparable to those on
mudflats. Activities can have also have indirect effects such as soil erosion from people,
horses and vehicles, which causes-aihwith subsequent turbidity in adjoining lagoon
water columns.

Mud & sand flats

Trampling of mudflats leads to changes in invertebrate community stru¢ihandrasekara
and Frid, 1996both directly @ddressed in Sectiod disturbancg and indirectly through
habitat change. Trampling alters the surface topography of the mudflats, which can
indirectly affect recruitment and spatial distribution of microald&éynberg and Branch,
1994)and macrofauna (seRossi et ali2007)and references therein). Furthermore,
compaction of the sediment might alter the exchange of nutrients and oxygen between the
sediment andhe overlying water, change sediment accumulation rate and, again, modify
population dynamics and distribution of animals in the mudfRwssi et al., 2007)

The reduction in invertebrates on tourist beaches is likely to be a result of direct mortality
from trampling and also through habitat modification, which on many heavily used beaches
may include beach cleaning. A syudf coastal systems in the Mediterranean and Baltic
(Gheskiere et al., 2005hows that upper beaches heavily used by tourists are characterised
by a lower proportion of total organic matter, loweedsities of invertebrates, lower
diversities (including absence of certain insects and nematodes) and higher community
stress compared to nearby ndourist locations. The proportion of total organic matter was
found to be the single most important factéor the observed differences in the faunal
assemblage structure at tourist versus Atmurist beaches.

In both sandand muddominated habitats, the intensity of the trampling is important
(Chandrasekara and Frid, 1996, Moffett et al., 1988 relatively little damage at low
trampling intensities.

Bait dgging can negatively impact upon benthic invertebrate communities both directly
through the collection of bait and also through the physical damage to the habitat.
Relatively immobile species, such as the co€ideastoderma edulean be easily dislodge

and buried by digging and may not survive due to asphyxia. Declines in the cockle
population in the 1950s and 60s on the North Norfolk coast were found to be due to digging
for bait worms(Jackson and James, 1979 studyby Farrel(1998) described a reduction

in numbers of cockles in experimentatlyg areas of Chichester Harbour. In the same study
the large sedentary wormAmphitrite johnstonand Harmothoe imbricatgwhich share the

same burrow) were completely lost from the experimental plots.
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We summarise impacts by habitat, according to seagoTableb.
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Table5: Summary of seasonal vulnerability to damage, by habitat

Spring Summer Autumn Winter

I Shade adapted broakkaved herbs and bulbs vulnerable I Cancause soil compactiogaffects soil fungi and thus tree
1 Broadleaved, mixed and yew| 1 Initial trampling most damaging. health
woodland 1 Trampling has greater effect than flower picking

I Can cause soil compactigraffects soil fungi and thus tree

health

1 On PAWGbroadleaved herbs more vulnerable than grass | I Bryophyte & lichens vulnerable

2 Coniferous woodland
shrubs

1 Bryophyte & lichens vulnerable
3 Boundary and linear featureg Noliterature found
4 Arable and horticulture No literature found
5 Improved grassland 1 Effect on invertebrates of litter integration (no discrimination made between seasons). Can occur before vegetation skaoigs

1 Unmanaged gragsot cut/ grazed) shows most effect I Unmanaged grass (not cut/ grazed) shows most éffec

1  Moderate levels of trampling may result in higher spp
6 Neutral grassland diversity I Moderate levels of trampling give higher spp diversity

I sesliEmes I|k.ely o3z greatest. in grovymg seasoh 9 Bare ground inverts can benefit from light trampling

9 Bare ground inverts can benefit from light trampling
7 Calcareous grassland See above
8 Acid grassland See above

® PAWS; plantations on ancient woodland sites
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9 Bracken Early stages of trampling likely to have biggest effect, § Trampling may increase frost damage to rhizomes
trampling more damaging when plant above ground

10 Dwarf shrub heath

i Tall sward more vulnerable
11 Fen, marsh and swamp 1 Decrease in vegetation cover, woody species and herbs
1 Some sedges, horsetail and cottongrass may be more tolerant
1 Sphagnums most vulnerable bryophytes
1 Sphagnumslways very vulnerable, heather, cottongrass and purple ngvass more resilient | 1 Erosion likely to be
12 Bogs 91 Light trampling may increase species diversity (e.g. Sundews). greatest in wirter
1 Rushes, bent grasses and bell heather may increase under moderate tramping
13 Standing open water and 91 Tall fen marginals most vulnerable
canals 9 Light trampling may increase species diversity, heavy trampling will result in loss of fringing reeds
14 Rivers and streams As above

15 Montane habitats

16 Inland rock

17 Builtup areas and gardens No literature found
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1 Saline lagoons 1 Impacts on marginal vegetation similar to salt marsh/shingle

2 Coastal vegetated shingle

3 Rocky shores

1 Gullies/flushes may be very vulnerable to erosiam
4 Maritime cliffs and slopes 1 Gullies/flushes may be very vulnerable to erosion seasonal differentiation in literature but erosion likely to be
91 Larger lichens very vulnerable waorse in autumniwvinter
1 Larger lichens very vulnerable
5 Saltmarsh 1 Less vulnerable than dune or shingle but can be affected. | § Less vulnerable than dune or shingle but can be affected
Faster recovery likely in growing season

6 Mudflats and Sandy beaches il Compaction oBubstrateg may affect fauna
1 Changes to microtopography affect mieatyae and fauna

7 Coastal sand dunes
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Fire

Introduction

A distinction needs to be made between a controlled fire and a wild fire. A controlled burn is a
deliberately started fire, with the intention of burning off excess or old vegetation in a controlled or
managed way in a defined ar¢a@imingham, 1992, Webb, 1997A wild fire is a fire which is not
controlled and can spread in an unpredictable way until it goes out or is guSach wild fires may

be caused by a controlled fire getting out of control, or they may be started accidentally or
deliberately by arson. Whereas controlled fires (and those accidentally derived from them), are
started during the winter months (in thedal burning season), wildfires are more likely to occur in
dry periods in spring, summer and autumn.

Wildfires can be caused accidentally from discarded cigarettes, by sparks from a campfire, BBQ or
from burning a dumped or stolen car, from fireworks gasult of a controlled fire getting out of
control, from discarded bottles in strong sunlight, from children playing with matches or similar, and
from deliberate arsorfAnderson, 1997Tucker 2003).

In Wales, in the lastear for which full figures are available (2006/7) there were 7238 grass (includes
heath and moor) and forest fires in Wales with 63% of these in South Wales, many close to the built
up areas in Rhondda Cynon Taff and Caerphilly. The South Wales Fiesane 8ervice believe

some 95% of these fires were started deliberafelfhe mid and West Wales and South Wales Fires

and Rescue Services, together with the Forestry Commission have begun a research project over two
years to explore the motivations of tese who start fires and to assess methods used to prevent

such behaviour. The project started in January 2009 and a scoping exercise has been cdnpleted

Based on 217 guestionnaires from a sample of lowland heaths in Dorset, Kirby and Tggitbgm

and Tantram, 1999pund that 61% of fires were caused by arson, 8% from management fires
getting out of control, 7% from bonfires and the remainder from camp fires, burning refuse, vehicle
fires, property fire and sparks from a railway. Theyowrdtural cause of fire was from lightning. The
same study noted that there was a widespread belief among the public and nature conservation
professionals that most fires were deliberate and that children were often believed to be
responsible (this woule most relevant on sites close to residential areas rather than remote
uplands).

A number of studies have linked the incidence of fires with areas used by the public, or with the
extent of urbanisation. In the Peak District National Park during-1988, 84% of 324 recorded

fires were next to roads, paths or within areas of open access, and many burnt areas on Exmoor are
close to public road@Mliller and Miles, 1984) Kirby and Tantram (29a) noted that of the 26

lowland heathland SSSis in Dorset with the highest number of fires; 11938 70% were located in

or adjacent to urban areas, including the top nine. The highest number of recorded fires was at
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Canford Heath SSSI (adjacent t@lepDorset), with a maximum of 12 fires in a day and 97 in a
month. They also found that more fires occurred on heathland SSSIs with more densely developed
urban areas within 500m of their boundaries, and considered that a possible threshold was
operating such that fires were more likely to occur on sites with more than 15% of the land
developed within 500m of their boundary than on sites where adjoining development was below
this level. A study or recreational fire rings used for cooking found that tteesked to be near

streams, away from forest roads and close to open spaces in the {btegetschweiler, 2008)

Kirby and TantranKirby and Tantram, 1999k)und that during the period1992998, wildfires

could occur at any time of year but were most common between April and August. Fires were more
likely to occurat weekends than weekdays (a finding also noted by AndgiE@86)in the Peak
District), during school holidays than term time, andidg the afternoon and early evening than at
other times of day. A possible explanation for this latter finding is that this is the period when
children come out of school and working parents have not yet come home. In another study on
urban heaths Murign (2007)found that 77% of wildfires occurred between April and September,
with the peak wildfire frequency in April with 23% of the fires. Fires on the higher moorlands away
from urban areas do not share this daily occurrence pattern due to the greater effort and time
needed to access them, and the predominance of daily visits by riemnaavisitors rather than

school children.

A further analysis of these data, and a further data set for lowland heathland for 2003 by Rose and
Clarke (2005) showed that the number of wildfire incidents varied widely between years. Fires were
more commonn the summer months than winter months and there was no evidence that fires

were more or less common in 20&2than in 19938. They also found that generally there were

fewer fires between Tuesday and Thursday than between Friday and Monday and tima: diien

start time for fires was between 16.00 and 17.00 hours whether or not it was term time.

Fires can result in medium or lotgrm damage to ecosystems. The effect of a fire depends on its
intensity, which is determined by the heat generated and the period of time the heat is applied. A
hot fire moving slowly over the ground can cause far ma@amadge than a superficial fire moving
quickly. Factors which influence the intensity of a fire are the pattern, quantity and combustibility of
the vegetation, the prevailing weather conditions particularly relative humidity, ambient
temperature and wind anthe topography of the sitéKirby and Tantram, 1989 Tantram et al.,

1999) Some of these factors particularly vegetation patterns, wind direction and speed and
topography can also determine the extent of a wildfire in the event that it is not put out by human
intervention.

An analysis of weather coiibns by Kirby and Tantram (1999b) found that temperatures, sunshine,
relative humidity and wind direction were important in predicting the likelihood of wildfires. They
suggested that the risk was high when, in a given 10/11 day period, the numbaerstfise hours
reaches 100, cumulative relative humidity is<600% and there has been <5mm of rainfall overall.
Anderson (1986) recorded that the number of fires in the Peak District National Park were nearly 80
times higher in the very dry year of 1976, [d@ing a drought which had begun in May 1975), than

in the wetter year of 1973. She also found that on the moorlands, compared with lowland
heathland, the incidence of fires increased substantially after a month of below average rainfall, and
with concomtant high temperatures.
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In the UK, most studies on fire have been carried out on lowland heath or moorland. This is because
fire has been a standard management technique on these habitats for centuries and is still practised
for commercial reasons, and muof the vegetation is therefore fire adapted. Many of the studies
concern managed winter fires. In practice, as vegetation is usually drier in summer than winter,
summer wildfires may consume more of the vegetation than would normally be burnt in eotiedt

fire. Summer wildfires can be hotter and more intensive than controlled winter fires, removing litter,
destroying vegetation and burning down into organic soils.

In Dorset, Webl§1997)estimated that in 1959, 8.1% of the heaths were burnt, while a series of
surveys in 1978, 1988 and 1998 found that 12% (945ha), 4.8% (382ha) and 1.2% (85ha) respectively
of the heaths had been burnpstrongly suggesting a reduction in total areas burnt over the previous
30 yeardWebb and Haskins, 1980, Webb, 1990, Rose et al0)208 reduction in the number of

fires (58) was also recorded on Yateley Common to Castle Bottom Common in Hampéhiey py

2004) compared to an earlier survey (76 fires) by itddlll, 1996) The median size of fire at Yateley

in 2004 was 0.0009ha with only five fires above 0.1ha, and two above 1ha and no obvious proximity
of fires to car parks. In studies in Dorg&pse and Clarke, 200®)ported that, of 203 fires in

2002/3, only six burnt more than 1ha, 83%fioés were smaller than 0.1ha, and one fire, of 60ha
represented 62.1% of the total burnt area, and Murigbturison, 2007Jound that average wildfire

size was 0.81 ha with 96% of burns covering less than 0.5 ha and only two of 103 fires exceeding
10hain size..

In the Peak District National Park Andergbd897)recorded the numbes of annual fires 1970995
between 1 and 79, ranging from less than 0.1 ha to 1210 ha in size. There was no apparent
reduction in average size or numbers of fires over the period despite considerable efforts to control
this. McMorrow in Glaves et al@@5), noted that there were more uncontrolled fires in the Peak
District in April (35) than September (9) during 120D0. A similar pattern has been reported for
Dartmoor (Kirkham in Glaves et al 2005). February to June are the drier months in tHeifigek

and combined with higher temperatures later in spring would account for this pattern.

The heat and variability of the temperature in a fire is partly a function of the age and structure of
the vegetation which can determine the fuel load (e.g: grasses, including reed, other herbaceous
plants, scrub, heatheCalluna vulgariand other woody plants). Following a fire, regeneration will
depend on the character of the pttaurnt vegetation.

As the structure and composition of the vegetation affeits flammability, previous management
that removes vegetation such as cutting or grazing, will affect fire temperature, intensity and spread.

A normal, controlled fire in upland heath will reach an average temperature of betweeBQWTC,
which willbe sustained for about two minutes as the fire passes through the vegetgilatik and
Gimingham, 1988n grassland, avage temperatures were higher, particularly in tussocks at
between 566805°C, and lasted about one minute except where tussocks were deloyel, 1968)
Recorded temperatures for different habitats are showable6. Apart from the lowland dry

heath measured byAllchin, 1997)where fire temperatures were lower, in most habitats a

maximum fire temperature of about-800°C was attained regardless of habitat. Temperatures were
particularly variable in the blanket bog. Fires can also backdnarchange direction with wind
eddies, or small scale changes in the flammability of the vegetation, thus providing significant
variation within a single event. Fires can, thereforebuen areas, and penetrate down into the
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peat, possibly burning herfer days or weeks. Where there is a considerable quantity of
inflammable material fires can be very intense with flames reaching 10m in height in gorse fires, and
5m in reed firegGeorge, 1992)

Temperatures at the gund surface can be as high or higher, than in the canopy of heather, but is
lower at the soil surface in grass fires {B&°C was recorded by Lloyd 1968 in fires on limestone
grassland). Normally, 1cm below the soil surface, the temperature will relneddnv 100°GHobbs
and Gimingham, 1984b)The effectiveness of the litter layer as an insulator will depend on its
thickness and moistureoaitent (Valette et al., 1994) Fires in standing reed can leave an unburned
stubble and an only slightly scorched litter laydawke and Jose, 1996)

Table6: Fire temperatures in vegetatiooanopy from different habitats

Habitat Mean °C Min ¢ Max °C Reference

Dry heath, NE Scotland <400 220-840 (Whittaker, 1961)

Dry heath 670 -940 Kenworthy in(Webb, 1986)
Dry heath, NE Scotland 340790 (Hobbs and Gimingham, 1984b)
Dry Heath, Dorset, Devon 316 173581 (Allchin, 1997)

Blanket bog NW Scotland 103886 (Hamilton, 2000)

Wet heath W Scotland 670800 (Currall, 1981)
Limestone grassland 560-805 (Lloyd, 1968)

On dwarf shrub heath, heather regenerates from stock or seed to form a low carpet of young plants,
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to collapse, opening up the canopy and with a mosaic of dead, dying and still healthy plants; this is
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The temperature of moorland fires in each stage from pioneer to degenerate heather generally
increases and becomes more variable, particularly in the degenerate pHabbs et al., 1983,

Hobbs and Gimingham, 1984dmd on blanket bogs and wet heat{Gurrall, 1981, Hamilton, 20Q0)

Fire intensity (heat releasedepunit area), will be determined primarily by the fuel load consumed,
and this will normally be greater in older stands. The temperature and rate of spread of a fire will be
affected by wind speed and fuel distributifHHobbs and Gimingham, 1984kjr temperature

(Brown and Davis 1973 in Allchin 1997) and relative humidity, which will influence moisture content
of vegetation, litter and sb{Trollope, 1984)

On lowland heathland, the main study on fire temperatwas carried out by Alchin (1997) on sites

in Dorset and Devon. She generally found that fire temperatures in experimental winter fires in the
vegetation were similar to those recorded in the uplands, but with lower temperatures at the litter
surface tharthose above ground, a reversal of the situation in the uplands. Allchin (1997) concluded
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that the fire intensities in her lowland heath fires were not high enough to remove all litter, so seed
bank and rootstocks were protected from high temperatures.

Themain seminatural habitats to be affected by wildfires are moorland (blanket bog and dwarf
shrub vegetation) and lowland heathland, due to the inflammable nature of the vegetation, the large
areas involved which are relatively inaccessible to the firgises, and the proximity of people.
Grassland, dunes, reedbeds, scrub, plantation and woodland areas can also be affected.

There is a considerable literature on the effects of controlled fires which are mostly conducted on
upland moors for summaries sé€ucker, 2003, Glaves et al., 2008) few recent studies have

been carried out on the effects of wildfireStudies on the effects of fires on moorland and blanket

bog vegetation have often concentrated on controlled fires, have generally been short term, and
have either been contradictory or there has been insufficient evidence to reach firm conclusions,
although some general recommendations can be suggel@ezivart et al., 2004a, Stewart et al.,

2004b) Most of the research into theffects of uncontrolled summer fires was carried out in the

North Yorkshire Moors, after severe fires during the hot, dry summer of 1976 and in the Peak District
(Legg et al., 1992, Anderson, 1986, Phillips et al., 1981, Maltby et al., Arg®rson, 1997,

Anderson et al., 1997)

By contrast, on lowland heathland, reviews of, and research into, controlled fires is sparse but see
(Alchin, 1997)There is, however, a substantial taure on wildfires on UK lowland heaths,

detailing the causes of fires, the size of areas burnt and the diurnal and seasonal frequency of fires
(Rose et al2000, Hearn and Gilbert, 1977, Webb, 1997, Tantram et al., 1999, Rose and Clarke,
2005) Other studies have examined the subsequent effects on vegetation communities,
invertebrates, reptiles andifds for a review se@JnderhillDay, 2005)No studies could be found on
the medium and long term effects of repeated fires (except at upland sites in Scotland), or the
differences between the effects of a controlled fire in winter and a wildfirgpiting or summer.

There is little information on the effects of fire on grassland habitats, and the few published studies
were reviewed by Tucker (2003).

Soils
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soil pores, reducing infiltration rates, and increasing water retention and phosphorus (®adlik

et al., 1984, Anderson, 198@)ater repellence on the surface of the soil may also increase in the

short term after hot fire{Mallik and Rahman, 1985)

Relatively cool fires can partially sterilise the soil surface, disrupt biochemicalgsexincrease pH
slightly, and lead to nutrient loss (mostly nitrogen) through smoke and subsequent ash dispersal
(Allen, 1964, Andersori986) At temperatures above 300°C, nutrient loss in smoke increases
rapidly(Evans and Allen, 1971)

In most cases, the main nutrients (potassium, calcium, magnesiumpobpihosphorus and
nitrogen, will be replaced on lowland heaths, through atmospheric inputs within a few years
(Chapman et al., 1989pn calcareous grassland, chemical composition had recote@eé-fire
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levels within three to four years despite initial high losses of potassium and phosphtoyd,

1971) Serial burning was associated with higheanganese, potassium, magnesium, sodium and pH
on moorland at Tayside, while unburned sites had higher levels of organic matter, moisture content,
nitrogen and available calciu(®tevenson et al., 1996)

Disturbance by fire can also subseqtly increase erosion rates through removal of vegetation and
the exposure of the peat surfa¢&allis, 1987, Phillips et al., 198It) these circumstances, the soil
surface is exposed to the direct effects of the sun, rain, frost and wind, and erosion will decline as
the vegetation reestablishegTucker, 2003)

Where a severe fire has removed all vegetation and litter, or burnt into the root mat, top humus or
peat layers of the soil, erosion is likely to be greater. Following severe wildfires blottie

Yorkshire Moors in 1976 there was very little effect on the mineral soils and on peat soils that
remained waterlogged, although the vegetation and surface litter were consumed on deeper, but
drier peats, the surface was severely charred and the gimgyipeat formed distinctive columnar
patterning, and a granular surface. This was subsequently fragmented in winter by ice crystals and
freezethaw activity. Charred peat surfaces also broke up and were susceptible to erosion by
wetting-drying, heatingcooling and freezinghawing, producing a surface which was unsuitable for
colonisation by plants. In the absence of vegetation, the authors believed these processes would
continue until the entire peat mass was IqMaltby et al., 199Q)

On blanket peats, where there are apparent sensitivities to changes in air and soil water quality, and
where knowledge of biochemical processes and sediment budgets is currently limited, fires of even
moderate temperature and sensitivity could presentgndiicant riskGlaves et al., 2005)

Where peat soils are relatively shallow, ignition can be complete and the soil reduced to a layer of
ash on top of the mineraubstrate. In the North Yorkshire Moor studies, nearly 30% of the ground
burnt in 1976 was still bare peat in 1984€gg et al., 1992)Another wildfire in August 1959 on
Howden Moor in the South Pennines destroyed all vegetation and burnt down 1m into the peat.
Ten years later, there were still extensive pastof bare peat (up to 80% of the ground in some
areas) and peat erosion had been extensive with a network of gullies on some slopes, and an
underground drainage system developed from cracks in the @eadtis, 1973)In parts of the Welsh
uplands, severe fires have led to extensive loss of peat ¢desr, 1997)

Whilst soil erosion may be less significant on shallow soils on basic rocks, in one instance a fire
destroyed the vegetation ahorganic, acid soil over limestone, and altered the community from acid
to limestone grasslanfGrime, 1963)

Vegetation

The recovery of vegetatiorftar a fire is a function of the composition of the plant community, the
age of the plants since the last fire, the composition of the seed rain onto burnt areas and the
characteristics of the fire itse{Hobbs and Gimingharhi984b, Hobbs and Gimingham, 1984c, Hobbs
et al., 1983, Marrs, 1986, Gloaguen, 199&suming that the charred surface provides a suitable
seed bed for plant restablishment, then plants have a variety of strategies for regenerating after
fire. Some produceew shoots from the base of the stem, others from buds on creeping tillers or
from low leaf rosettes, or from bulbs, corms or rhizomes underground. As heather ages, there are
fewer stems and flowers and the ability of the plants tesprout after a fire éclines after about 12
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years(Miller and J., 1970, Mohamed and Gimingham, 19Eyrdowski and Siepgl988)found
that 90% of stems sprouted from fiye=ar old Calluna, but this figure declined to 10% in stands that
were 20 years old.

Where fire kills the stablished plants, many species will persist through seed germination, although
this takes longer initially as germination can lag behindp®uting regeneration by-2 years.

Thus, burning of old stands of heather kills most of the established pladtkads to seedling
regeneration, which takes longer. Fire temperatures of 500°C or more, lasting over a minute will kill
the stem bases of heather, and a temperature of 200°C will kill heather seed, with short exposure to
40-60°C stimulating germinatioand higher temperatures and exposure times progressively

reducing it(Whittaker and Gimingham, 1962, Whittaker, 19649st of the seed bank in heathland

lies within the top 23 cm of soi(Legg et al., 1992)

Other moorland and heathland plants are also affected by fire temperatures, wipnauting

generally declining with higher temperatures. Juniper is particularly sensitive to higher

temperatures with little regrowth afterfire at 600°C and temperatures of 800°C causing death

(Mallik and Gimingham, 1985)he same authors found that seed gerntioa in crosseaved heath
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stimulated by heat.

A review of a rigorous sample of studies on burning on wet heath and bog found that although
results were migd; burning tended to promote the dominance of a few species; encouraged a move
from dominance of ericoids to graminoids; increased the proportion of bare ground and resulted in
a decreased abundance of key spedietewart et al., 2004a)n all cases the burnt areas were

within grazing blocks and the effects of grazing alfteming were not assessed. Generally there

were no consistent changes in species composition following burning but a trend towards an
increase in bryophytes and the promotion of dominance of Calluna vulgaris, Eriophorum spp and
Molinia caerulea, The reviefound that there had been only one study of rotational burning and

few studies examined vegetation structui@tewart et al., 2004a)

On blanket bog, cottongrass may only gradually be replaced by heather from about 15 years after a
burn (Rawes and Hobbs, 197%lowever, this will depend on the age and abundance of the heather
before the burn, and the heat of the fire. There are many areas where heather establishes
dominance more quickly after normal winter burning on blanket bog where heather was abundant
prior to burning. If heather does take time to-establish, repeat burning at less than 20 year

intervals is likely to lead to permanent dominance by cotton grasses.

A review of the effects of burning on the vegetation diversity of-suntane dry dwarf krub

vegetation by(Stewart et al., 2004)oncluded that there was only one study which had considered
rotational burning, and this suggested that the results of repeated burning depended on the stand
age at the time of burning and the time that had elapsed since théla®. The review also found

that there was no significant effect of burning on heathland plant diversity overall but that the

effects of a single burning cycle can reduce biodiversity in old stands. Stevenson et al (1996) found
that serially burned site on dry heath were generally more heterogeneous floristically than

unburned sites, which were generally dominated by ericaceous dwarf shrubs and bryophytes. Plant
species richness varied with the time elapsed since the last burn and was generallyrbbtiant

than in unburnt stands, except in mature stands where it was higher in the absence of burning. Too
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frequent burning may encourage fire resistant species such as purple-gnass and debilitate
heather because it is burnt off too frequently (séeant et al 1963; Miles 1987).

After a fire where temperature and intensity are more moderate, vegetation recovery will be largely
influenced by the vegetation composition before the fire, although subsequent management,
particularly grazing and tramplinvill modify regeneration pathways. The less palatable or better
adapted species may be favoured by grazing, so that, for example, cross-lessatbdand the more
unpalatable graminoids may benefit initially at the expense of heather. Burning of oldisstd

heather on a dry Scottish moorland resulted in initial colonisation by wavy hair grass (Deschampsia
flexuosa)Hobbs and Gimingham, 1984&pn wet heath, fire led to dominance by a range of
graminoids that were not supplanted by dwarf shrubs for about 15 yg2wsrall, 198)and on a

blanket bog in the Pennines, fire led to replacement of heather by common cotton grass
(Eriophorum angustifolium) for at least 15 yefRawes ad Hobbs, 1979)Where mat grass (Nardus
stricta) dominance resulted from burning after an uncontrolled fire, heather had resumed
dominance after nine years (King 1960). Stevenson @i98i6)found that two serially burnt stinds

of dry heath aged more than 19 years when burnt had lower species richness than unburnt controls.

In Dorset, comprehensive heathland surveys in 1978 and 1987 allowed an assessment to be made of
vegetation recovery rates and patterns following a sevigeein 1976(Bullock and Webb, 1995)

This found that the proportions of broad habitat types present before the fire were the same 11

years later after recovery. In scrub areas, however, there was evidence of some replacement of
gorse by birch, and some increase in bracken cover.

Following fires on dry heath, initial colonisation by sHoreéd bristle bent grass (Agrostis setacea)
peakea after four years and was replaced by heather, while on wetter areas, purple-gnass

initially increased but then gave way to heather. However, on dry, humid and wet heath, neither the
extent nor composition showed any effects of the fires by 1987.

Onsouthern heathlands in Brittany, following wildfires, the initial recovery and colonisation by
bryophytes and grasses can delay recovery of dwarf shrub vegetation and it may take up to 20 years
for heath to return, while on the better soils, and where thés no grazing, fire may encourage the
regeneration of birch woodland (Clement and Touffet 1990; Gloaguen 1990). However, occasional
burning may also remove litter and slow nutrient build up, and thus help to prevent the replacement
of nutrient-poor condtions dominated by ericaceous shrubs with richer, gid@sinated

communities (Aerts 1990; Berendse et al 1994). However, fires to achieve this aim would be less
damaging to other features if carried out intentionally and in a planned way in winter.

Thete is little information on rates of recovery following fire at different times of year, although
heather regenerated more successfully in autumn than in spring in experimental fires in Scotland
(Miller and J., 1970Where fires are severe, causing charring and damage to the peat surface, initial
re-colonisation where the soils or surfaces are stable may be by crusthsadicwhich can inhibit
regeneration to a heathland vegetatig¢hegg et al., 1992Dften colonisation is by bryophytes,

possibly with a succession from smaller cushion species to the larger Polytrichum species, and can
last for a decade or mor@Maltby et al., 1990, Anderson, 1997)

Where fire damage has been severegstablishment of plants on bare peat that provides
unstable, eroding surface may be scant or absent. Without substantial management input (lime,
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fertiliser - needed only on very acidic peat, grass nurse and heather seed), such surfaces, even with
no stock grazing pressure, will remainwegetated fordecades or longer, as demonstrated on many
sites in the Peak District blanket bo@sderson, 1997)The dominance of purple moor grass over
heather may be increased on upland wet heath by managed burning which is folloied by
stocking rates (0.66 ewes/h@Rross et al., 200Repeated or hot fires are also likely to encourage
bracken invasion, particularly in older stands of heatffercker, 2003)However, a stdy by(Nimes,
1995)found that in the Quantock Hills in Somerset, bracken was more likely to have replaced a
dwarf shrub community if the ground had remained-bomrnt during 19381987 than if it was burnt

at least once during that period. This contrasith (Anderson, 1986)ho recorded a significantly
higher rate of spread of bracken into heather moorland after a wildfire in the Peak District than in
unburnt control area.

On limestone grasslandloyd, 1968jound most grasses fgrew from ground level after burning,
althodza K (i dza & 2 OfpsiuerRsiucadoirbreXilad. No differences were observed in the
pattern of response of pennial plants, but fairy flakinum catharticunand some other short lived
species increased initially after fire but declined again as the vegetation aaestablished. This
suggested that burning may benefit species of open conditions and short turf. Lloyd also found
some evidence that fire increases seedling survival of these short lived species. Hardiaegus
monogynascrub was severely damaged fire but all the affected bushes-sprouted.

Burning has also been found to benefit grasslands on the Culm measures in Devon, where it is
generally compatible with the maintenance of speeiieh grasslands, particularly where the fire is
cool, takes mce in winter, and is followed by cattle grazing later in the y&éolton, 1991)

Several workers have found that fires encourage more prolific flowering in grdastuding,
meadow oat gassHelictotrichon pratensecrested hahgrassKoeleria cristataquaking grasBriza
mediaand reedPhragmites australigLloyd, 1968, Cowie et al., 1998)owie and his eaorkers
also found that fires improved species richness anédity in reedbeds (including increasing
notable species such as marsh pedhyrus palustriand milk parsleyPeucedanum palusti@hen
compared to areas which had been cut or left unmanaged, but that the differences were not
significant.

On peatlands, pints with growing points at or below ground can have a competitive advantage over
those, such as the heathers where growing points are above ground. This can encourage the former
including purple moor grass (whose shoots are above ground but protectelddathing leaf bases),

deer grass, cotton ges and purple smatked gras€alamagrostis canescens to spread after fires.
Bryophytes such a&olytrichumssp. Aulocomnium palustreandCampylopus introflexusan

increase after fire on peatlands, helped the release of nutrients by fire (Rowell 1988). Where tor
grassBrachypodium pinnaturis present in basic grasslands, burning can encourage this coarse,
aggressive grass to the detriment of other species (Crofts and Jefferson 1999).

Burning can also fawur cloudberryRubus chamaemorwsnd summer fires can el to a reduction in
crowberryEmpetrum nigrunfHobbs, 1984, Anderson, 1986he effects of burning on Sphagnum

spp. appear to be variable, may be less damaging where water tables are high and fires are cool, and
are not always detrimental, although both mosses and lichens arg likdle damaged when fires

are hot(Shaw et al., 1996, Macdonald, 2000, Tucker, 20R8)vell(1988)reports that a fire on

Glasson Moss in Cumbria virtually eliminagghagnum pulchrupand that on Borth Bog the
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number ofS. imbricatumhummocks was reduced from 169 to 39 after a single fire. Cowie et al
(1992)noted that bryophytes may suffer badly from burning in reedbeds.

Few studies of the effects of fire have been undertaken onmeathland habitats. No studies of
burning on sand dune communities could be found, although English N@&do8)note that fires

may damage seed banks and seedling recruitment. A study on the effects of wildfire on calcareous
grassland found that annual and biennial grass species increased after burning and that invading
woody species were seveyathecked but seldom killed outrigfitloyd, 1968)On acid grassland,

large scale burning, under low intensity grazing can lead to purpleg@ss @éminance and

substantial areas of uniform, eveaged and speciggoor habitat(Tucker, 2003)

Cowie et a[1992)noted that at one regularly burnt fen site in Broadland, burning did not appear to
have any detrimental effects on the vascular flora, and had prevented colonisation by vakdiwy (
and alderAlnus glutinosacrub.

Birds

There is a substantial literature on the effects of both controlled and wildfire in North America,

Australia and théviediterranean on individual species or groups, but few studies in the UK. In Wales
controlled burns have historically taken place on moorland in the spring to give an early bite to
AaKSSL) 2y GKS KSIFiGKa | yR 02YY2y ahemdmagemdnthofiedd | y R
grouselLagopus lagopuéreo, 1997)

Breedimg Birds

Any wildfire during the bird breeding season will normally destroy nests and eggs together with
unfledged young within the burnt area, and in a severe fire, possibly adult birds which can get
sucked into the fire by fierce air currents generatedioy heat.

On lowland heathland only one study has looked in depth at the effects of fire on a bird species in
the UK(Murison 2007) The study looked at the effect of heathland fires on Dartford warBidvia
undata, a small passerine, largely confined to heathlands and strongly territorial at all times of year
except in severe weather. Thus where a fire has impacted ddbdvarbler territory, the birds will
continue in occupation if enough habitat has survived within or adjoining the territory to allow
survival, even if breeding is not possible.

Murison found that generally Dartford warbler pairs affected by fire feader broods and raised

fewer young overall than unaffected pairs although clutch size and nesting success was unaffected.
This could partly be caused by a delay in the start of breeding as has been found for passerine
species on Australian heaths whereastlivas attributed to a lack of materials for nest building and
inadequate food for egg productigBrooker and Rowley, 1991urison als found that Dartford
warblers continued to make use of burnt territories provided some unburned patches remained. If
less than half a territory was burnt then 83% of such territories would be occupied by a territorial
male the next season dropping to 5@kcupancy if more than half were burnt, 25% occupancy with
90% burned and absence if the whole territory was burnt. Some 45% of birds enlarged their
territories to take in adjoining unburnt ground.
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Overall, there was drop of 41% in Dartford warbler bregdiensity in sites affected by wildfires in
the following year, similar to a figure recorded for Dartford warblers after fire in Mediterranean
scrubland(Pons et al., 2003)

Overall, in a study of Australian heathland birds 81% of the species previously breeding were still
able to nest despite the fire, mostly using only sprouting plant species as nest sites (as opposed to
plants regenerating from seed), and with one species using unusually high sites in trees for two years
after the fire(Brooker and Rowley, 1991Pne of these, the Splendid fawren Malurus splendens
suffered little direct mortality of adults due to fire, but although the wrens maintdittesir

territories even where these had been completely burnt, piast breeding productivity was

severely depressed due to increased predafioowley et al., 1991, Rowley and Brooker, 1987,

Brooker and Rowley, 1991)

In Mediterranean scrub, bird abundance and spedigess increased rapidly after the first year

for five years after a fire with the community continuing to support ofspace species as well as an
increasing abundance of scrub nesting spefiitesrando et al., 2002plthough it has also been

reported that openspace species which have colonised burnt areas can show a marked decrease in
density after onlywo yeargPors, 1998)

The effect of fire on a grassland bird was studied by B&5t9)who investigated a population of
field sparrowsSpizella pusillaShe found that after the cordtled burn in late April, the birds
continued to establish and maintain their territories and although nest cover was severely reduced,
females continued to nest in the burnt area. However birds spent more time foraging in the
adjoining unburnt area. A send study of burning in grasslands showed a significant decline in
numbers of breeding birds after a spring fire with 5.6 birds perlkof survey transect in burnt and
8.6 birds per kml in unburned fields, but no significant difference in nesting ssebetween burnt
and unburnt areagRobel et al., 1998)n a stug of a grassland/scrub gamebird, the grey partridge
Perdix perdix was found that the most critical effect of burning was the reduction of cover in the
ground (0.0%0.25m) and shrub (0.26.5m) layers. After a burn the nesting and foraging habitat for
chicks took 8 years to recover, buttbyears to provide suitable foraging for fledged young, and the
authors recommended that controlled burning should not be at intervals of less than 15 years
(Novoa et al., 1998)

A long term study of bird communities after a fire in Mediterranean oak forest found that bird
species composition changed steadily as the vegetation recoveredthédire, with an almost

complete replacement of the early successional species to late successional species over 28 years
but with evidence of stabilisation towards the end of the stiidigcquet and Prodon, 2009)here is
some evidence that the decline of obligate woodland species after a fire is affected by the severity of
the fire and its effects on the volundf the surviving canopy the decrease in tree seeds and the
reduction of nest site availabilifMoneglia et al., 2009)After a forest fire, a population of Alaskan
spruce grouse was reduced by some 60% the following spring, with most of the remaining birds
apparently reluctant to abandon former home randg&dlison, 1975)lt seems that species of open
habitats respond to small changes in the quality of the habits with greater changes in abundance
than forest speciefHerrando et al., 2003)

On moorland, burning is a common practice in the uplands primarily to provide suitable young
growth for sheep and @ grouse. Burning may also be undertaken to promote structural diversity in
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heather stands, to help recovery after attacks by heather bdaflehmaea suturalisr other
invertebrate or to reinvigorate old heather stands. Heather burning for grouse manayeitends
to be in small and scattered patches with a burning cycle of 10/15 yEargish Nature, 2001)
Larger fires set for sheep grazing can be larger and can be haphazard and unco(itidikecnd
Miles, 1984)with the largest burns often resulting from wildfires.

There seems to be a general agreement from a number of studies that controlled moor burning has
a positive effect on densities of redayise and golden plover and negative effects on the densities
of meadow pipit{Tharme et al., 2001, Smith et al., 2001, Peafaggins and Yalden, 2004, Haworth
and Thompson, 1990aJ he positive effects seem to be due to the provision of fresh young heather
and diversification of structure for invertebrates which benefit wader and grouse chicks and adult
grouse feeding on heather shoots, and the negative effects due to a decrelaabkiiat structure

and the diversity of invertebrates although relatively little research has been done on upland
invertebrates(Tucker, 2003)Moor burning may hae some benefits for black grouse skylark Alauda
arvensis and twite Carduelis flavirostris and be detrimental to hen harrier Circus cyaneus, merlin
Falco columbarius and shegtired owl Asio flammeus if fires destroy old stands of heather in which
these sgcies nes{Smith et al., 2001, Coulson et al., 1992, Tharme et al., 2001, Backsdiall et
2001) Where taller vegetation is burnt it will usually be some time before it is again suitable for
winter roostingby raptors such as hen harrier or shedred owl. Moorland wildfires in summer will
destroy the nests of ground nesting birds including passerines such as meadow pipits Anthus
pratensis and skylark red grouse, raptors and waders.

These results suggestahthat:

9 Fires that cause substantial damage to the vegetation can lead to a severe initial decline in
bird populations depending on habitat and species, but even small patches of surviving
vegetation can be enough for some species in heathland and gndssigersist and breed.

9 After afire a scrub grassland saic, open ground species such as larks and pipits can move
in and persist for some time with the recovering populations of scrub species

1 Where fire damage to the ground or shrub layer vegetatiqueitehy, strongly territorial
species will stay on their territories and can breed successfully

1 After a fire, many species will stay in their territories if resources permit and will make use of
remaining features for nesting where these would not normnblt used in unburnt habitat

1 Bird breeding in burnt areas produce fewer young than birds in unburnt areas due to later
breeding and fewer broods rather then lower clutch and fledged brood sizes or lower nest
success.

1 Severe damage to taller scrub anddrspecies is likely to have a greater affect on forest
species, depending on the extent of the damage and the nature and abundance of the
surviving trees

91 Declines in breeding bird populations could be greater in later successional stage vegetation
such asvoodland than in early or arrested successional stages such as heathland or
grassland.
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1 Recovery of prédire levels of abundance and richness in bird populations of scrub, heathland
and grassland species can be far more rapil yéars) than forest speciagich can take
20-30 years

1 Inuplands red grouse and golden plover have been shown to benefit from a controlled fire
regime and black grouse, skylark and twite may also benefit.

1 Frequent fire could have a negative effect on meadow pipit and could debetdyi affect
ground nesting raptors if old heather stands are seriously reduced in extent and distribution

Mammals

No studies on the effects of fire on mammals in the UK could be found but the general pattern of
response is apparent from studies carriaat elsewhere (for a review s¢€larke, 2008)Generally,

the effect of a fire on ground living small mammals will be to deprive them of cover and food and
makethem more susceptible to predatigiGreen and Sanecki, 2008&)s a result, small mammal
populatiors show a marked reduction following a fire, and for some species, a decline in numbers
can continue for a period of time after the fi(Bwolak and Foresman, 200The severity of the

decline can be mediated by the presence of surviving features such a patches of grass, piles of logs,
fallen timber from the fire and surviving standing live or dead wtgvens, 2007)

Generally, small mammals and ungulates are the first to repopulate burnt woodland, with animals
such as hares returning to mgliccessional woodland and bats, mustelids and squirrels returning
when older growth stands have become establisfieidher and Wilkinson, 203pn moorland, it has
been suggested that hares woulérefit from reasonably frequent burning as this will encourage
grasses for foraging, but with stands of older, denser heather for sh@ltexkker, 2003)eer will

move in after recovery of the ground vegetation in open woodland during the spring and summer
after the burn, for a year or two, but after this numbers decline to-pten levels. The same study
could detect no significant change in fawn survival ratesrdiite (Klinger et al., 1989)he

immediate effects of a fire on survival rates and abundance inlso@ént populations can be
mediated by the survival of patches of vegetation after a fire in scrub commu(iifi@simeau et al.,
2002) Depending on the severity and time of year of the fire and the type of habitat, small mammal
numbers are either unaffected or rapidly recover after a fire, although paijfmris can take longer

to recover from autumn burns than spring burfMcGee, 1982)Small mammal numbers in forest
are not significantly affected Hires unless these are sevefi@eck and Vogl, 197.2)n conifer forest,
small mammal populations have been recorded as recovering thimgr@opulations after twelve
months, while in grassland, the vegetation took six months to recover after which a higher
abundance and diversity of small mammal species was recorded in the burnt than in unburnt
habitat, although recovery could be delayed gzing (Zwolak and Foresman, 2007)

We could find no studies of post fire effects on mammal populatioriee UK, but studies
elsewhere suggest that:

1 Small mammal numbers recover quickly from a fire particularly where patches of ground
vegetation survive the conflagration
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9 Larger grazing animal such as deer take advantage of the lush growth in the yeavepll
the fire, but after this their numbers fall back to pfiee levels

9 Arboreal animals such as squirrels, bats and pine martins can take many years to re
populate severely burnt woodland depending on how much live and dead timber has
survived. Groupsuch as bats may be affected by péis¢ salvage of standing dead trees

Herptiles

There is no evidence to indicate that fire is an important factor in the survival of populations of
amphibians, although at times of year when animals are away from their breeding ponds, some fire
induced mortality must occur. The most specialised amphilli@ natterjack toadBufo calamitais
largely confined to sand dunes and heathland habitat, where occasional fires which reduce scrub
and create more open conditions may benefit populations in the long term.

There are numerous examples of the effects of fire on reptile populations, with direct mortalities as
a result of fire and subsequent predation of the survivors in the aftermath with an absence of cover
and food(Nature Conservancy Council, 1983jtle work has, however been carried out to estimate
mortality levels and recovery rates. After a large heathland fire on an area with an estinratéicep
population of 7081050 smooth snakeSoronella austriacéa species absent from Waleshly nine
adults and two broods of young (five and eight) were discovered during a search after the fire,
together with 30 sand lizardsacerta agilisvhose prefire population would been substantial
(Spellerberg, 1977t is suggested that the rate of recovery of reptile populations after fire will be
affected by the extent of open habitat after fire, the speed of recovery of important plant species
and the more gradual accumulation of leaf litter and dead w(odscol and Henderson, 2008jire

is seen as a threat to sand lizard population on heathland and dune habitats particularly in areas of
importance for gg laying adjacent to suitable foraging habifisttoulton and Corbett, 1999)

Most of a population of common lizardlscerta viviparan an area of about 1 ha of heathland at
Strensall Common in Yorkshisere killed when this was severely burnt. However, repeated surveys
found that the population had recovered its estimated nugnb after three breeding season, with
recolonisation largely by young first year individuals coming from an unburnt adjoining heath
(Simmes, 1969)This account suggests recolonisation after fire may be faster in common than in sand
lizard where it is suggested that the first lizards move in after abell years with first breeding

after 10-15 years and restoration of the breeding population to the-fire size after 25 years

(Nature Conservancy Council, 1983)

In summary

1 Reptiles are particularly susceptible to incineration by fire as they are slow moving and
largely live above ground

1 Where ground cover has been removegptiles are also vulnerable to predation as they are
largely active in daytime

1 Where patches of vegetation survive fire these can act as sanctuaries for reptiles
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1 Insmaller fires, burnt areas will be-celonised by reptiles from adjoining unburnt habita
within a few years, but large fires can suppress population for a considerable time or cause
local extinctions

Invertebrates

The main habitats associated with high invertebrate interest and affected by controlled or wild fires
are heathland, grasslan(éhcluding reedbeds) and moorland, with few studies of the effects of fire

on invertebrates on any of these and with those studies that have taken place often limited in scope,
based on specific collection and sampling methods and without cor{ffalsker, 2003)Generally

the consensus from research studies is that almost all above ground invertebrates are destroyed by
FANB 6KSGKSNI (KSa SlowewiSprowdes adjdinirg) Nabititadaniaged Fakithts & &
is present, then these can serve as refugia andalenisation can take plad®lerrett, 1976, Ghandi

et al., 2001, Harper et al., 2000, Tucker, 20@8)ring also reduces the populations of soil dwelling
invertebrates in dry habitatéBuffington, 1966, Rickard, 1970, James, 1988, Ahlgren, bavApt

those of wet habita{Ditlhogo et al., 1992)

Following a fire, as the vegetation develops, the mix of invertebrates changes from early
successional species of bare ground habitats to those species characteristic of the greater diversity
of structure of more mature vegetation with its associated litter lagderrett, 1976, MV et al.,

1976, Usher, 1992, Usher and Smart, 1988, Gardner and Usher, 1989, Andersen, 1991, V. et al.,
1976, Brian et al., 1976lHowever the greatest diversity of invertelbea can be on the pioneer and
degenerate phases of the heather communities on upland m@@singham, 1985, Barcldystrup,

1974)

Recovery of the full community of unburnt areas can take as little as two years in grassland to 20
years in heathland habitat®anzer, 2002, Bell et al., 20@gme species and commungiean

benefit from the open conditions following a fire or in regularly burned qiletinson, 1995, Joy,
1995, Delettre, 1995, Cadbury, 1992a, Cadbury, 19@8ii¢ others can be seriously depleted or
even eliminatedKirby, 2001)

Where fires are extasive, whole populations of invertebrates can be destroyed and large fires may
cause local extinctions in less mobile species. Invertebrate groups which are most vulnerable to fire
in open habitats are those present in the litter as eggs or larvae ingspuiiren many fires take place,
species with only one generation per annum and sedentary or flightless species or groups. These
include molluscs, leafhoppers, grasshoppers and some butterfly and moth sfeare=er, 2002,

Kerney, 1999)

In general, burning is seen as particularly harmful to invertedsrathere fires are severe or cover
large areagKirby, 2001, RSPB, 1995, Tucker, 2003, Aked,,188%pn particular habitats e.g.
grasslandKirby, 2001and perhaps blanket bag\nderson, 1986)

In summary:

1 Soil invertebrates are more vulnerable to fire in dry than in wet habitats but there have been
few recent studies
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In a number of habitats, egcially those adapted to fire management such as heathland and
moorland, invertebrate communities recover quickly from small fires

Some invertebrate species benefit from fire management, either immediately or in the
medium term

Following fire, invertebra communities follow a successional path related to the decline of
bare ground and recovery of the vegetation, and a mozaic of habitats of different ages
following fires provide a range of suitable conditions for these communities

Large fires can be venathaging, delaying reolonisation and threatening extinction to
more vulnerable species

Species with low vagility (dispersal abilities) or those with a life cycle vulnerable to a
disturbance effect such as a fire are most at risk

Invertebrate habitats whit can be damaged by fire include grassland and blanket bog
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Table7: Seasonal habitat vulnerability issues from fires. For definitions of colours see introduction.

Spring Summer Autumn Winter

1 Broadleavedmixed and yew

No literature foundrelevant issues
woodland

No literature found Unlikely to be a serious issue except in the uplands where slight risk of fires spreading from controlled burn

2 Coniferous woodland hand (and therefore not likely tbe linked to recreation).

3 Boundary and linear features No literature foundrelevant issues
4 Arable and horticulture No literature foundrelevant issues
5 Improved grassland No literature foundrelevant issues
91 Light fires camenefit 9 Light fires can benefit
6 Neutral grassland vegetation diversity if No literature foundrelevant issues vegetation diversity if
followed by grazing followed by grazing

7 Calcareous grassland

8 Acid grassland 1 Burning can lead to reductions in biodiversity and domination by purple moor grass

9 Bracken 1 Repeated fires encourage bracken invasion

10 Dwarf shrub heath
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9 Fire can increase floral
biodiversity and set
back scrub
encroachment, but cari
damage bryophyte
communities.

1 Invertebrate
communities recover
quickly if unburnt

habitat nearby

i Fire can increase flora
biodiversity and set
back scrub
encroachment, but cal
damage bryophyte
communities.

1 Invertebrate
communities recover
quickly if unburnt

habitat nearby

11 Fen, marsh and swamp

12 Bogs

iZnSaltlznding open water and No literature found/relevant issues
14 Rivers and streams No literature found/relevant issues
15 Montane habitats No literature found/relevant issues
16 Inland rock No literature found/relevant issues
17 Built-up areas and gardens No literature found/relevant issues
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Spring

Summer

Autumn

Winter

1 Saline lagoons

No literature found/relevant issues

2 Coastal vegetated shingle

No literature found/relevant issues

3 Rocky shores

No literaturefound/relevant issues

4 Maritime cliffs and slopes

No literature found/relevant issues

5 Saltmarsh

No literature found/relevant issues

6 Mudflats and sandy beaches

No literature found/relevant issues

7 Coastal sand dunes

I Fires may damage seedbanks aeedling recruitment
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Disturbance

Introduction and definitions of disturbance

Disturbance can be defined as any human activity that influeanesimaQd o SKI @A 2 dzZNJ 2 NJ &
By far the majority of the literature (and there are th@umsls of studies), focuses on birdier

general reviews see Brawn et al., 2001, M. and J., 1999, Hockin et al., 1992, Nisbet, 2000b, Hill et al.,
1997 , Sidaway and Rwlers' Association., 1990, Whitfield et al., 2008, Woodfield and Langston,

2004, Lowen et al., 2008Disturbance does also affect mammals, herptiles and inverteb(ttes

general reviews see Edgar, 2002, Lowen et al., 2008, Penny Anderson Associates, P0@tahge

of studies is potentially bewildering, demonstrating a range of different impacts, in different
circumstances, to different species. For exdéampicetolaet al. (2007) show strong differences in

the response of different species to the same source of disturbance. There is still contention about
the applicability of some methods of study and the actual impacts on populafi&iiis2007)

In this chapter we look across all taxa, but draw primarily on the avian literature as thisiie tay

far the most has been published. We address issues such as animals fleeing due to the presence of
humans in the landscape, but also impacts such as increased predation (for example because the
adults when flushed betray the presence of a nestjlioect trampling (of invertebrate burrows or

nests). Disturbance can also result in an increase in stress levels, reduced feeding time or the
avoidance of otherwise suitable habitat. Damage to habitat structure (for example compaction of
soils or reducedegetation cover) and the consequences of such damage for particular species are
addressed in Chapter 3. Direct mortality caused by fire is addressed in the fire chapter (Chapter 4).

Most disturbance events covered in this section are of course nehiitnal. It is important,

however, to highlight that deliberate disturbance of some species is ill&dmd.offence of

intentionally disturbing protected species occupying places used for shelter or protection was first
introduced in section 9 of the WiRf AFS YR / 2dzyGNBAARS | OG mMdbpym 0 W¥:
listed on Schedule 5 to the Act. A similar but slightly wider offence was introduced by the

| 2YaAaSNDFGAZ2Y 6bl GdzNI £ 1 FoAlGlrGa 30d0 wS3AdzA A2y a
deliberate disturbance of a European Protected Species wherever it occurred. Section 9 of the WCA

was later amended by the Countryside and Rights of Way Act 2000 to include both intentional and

reckless disturbance.

Population consequences

Most studies of &sturbance demonstrate behavioural effects, suctiraividualschanging their

feeding behavioufe.g. Burger, 1991, Fitzpatrick and Bouchez, 1998, Thomas et al., 2003, Verhulst et
al., 2001¥leeing(e.g. Burger, 1998, Stalmaster akdiser, 1997, Blumstein et al., 2003 , Fernandez
Juricic et al., 2001, Fernandéuaricic et al., 2005, Webb and Blumstein, 2005, Blumstein, 2003)
being more vigilan(Randler, 2006, Fernanddaricic and Schroeder, 2003pther studies have
focused on physiolgical impacts, such as demonstrating changes in the levels of stress hormones
(RemageHedey and Romero, 2000, Tempel and Gutierrez, 2003, Walker et al., Wingfield and
Sapolsky, 2003)r monitoring changes in hearate (Nimon et al., 1996, Weimerskirch et al., 2002)
While behavioural and physiological studies show an impact of disturbance, it is usually difficult to
understand whether the disturbance does actually have an impact on the population size of the
species in question. For example, the fact thataniméa fleeswhen a person approaches is to be
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expected andsuch behaviour is of couramlikely to have a major impact on the individual in
guestion, let alone the population as a whole.

Certain impacts of disturbance are perhaps more likely to have a population impact. Direct mortality
resulting from disturbance has been shown in a few circumstaf}¢asue and Dearde@006, Liley,
1999)and many (but not all) studies have shown a reductioreproductivesuccess where

disturbance is greateie.g. Arroyo and Razin, 2006, Ruhlen et al., 2003, Bolduc and Guillemette,
2003, Murison, 2002) There are also many examples of otherwise suitable habitat being unused as
a result of disturbanc€Gill, 1996, Kaiser et al., 2006, Liley et al., 2006a, Liley and Sutherland, 2007)
Very few studies have actually placedtdrbance impacts in a population context, showing the

actual impact of disturbance on population s{beit see Liley and Sutherland, 2007, Mallord et al.,
2007, Stillman et al., a7, West et al., 2002)

In Table8 we summarise the different impacts by which disturbance may affect a given taxa and give
some examples of the kinds of species most likely to be affected
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Table8: Impacts of disturbance and examples of species (that occuivales).

Impact of disturbance

Example of Species

Birds

Suitable habitat avoidedr lower densities during breeding seasq

Suitable foraging sites avoided
Reduced intake ratef feeding birds

Flushing, resulting in energetic costs and stress

Accidental dislodgement of eggs when adults flushed from nest

Direct trampling okeggs/chicks

Chicks dyingf hypothermia because adults kept away from nest

or less brooding time

Less food provided to chicks

Increased predationf eggs/chicks

Desertion of nest

Increagd time spent in flight

Increase in stress due to elevated metabolic rate
Mammals

Flushing, resulting in energetic costs and stress
Energetic costs of arousal during hibernation
Otherwise suitable habiteaavoided for breeding
Suitable éedingsites avoided

Reduced intake rate due to vigilance

Change in behaviour, e.g. nocturnal foraging
Reduced intake rate due to vigilanc

Increase iradrenaline production

Disturbance of dominant male allowing young bulls access to
harem

Abandonment of young

Predation by dogs
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Ringed plover, lapwing, blat&iled godwit, dunlin,
nightjar, woodlark

pink-footed goose
Oystercatcher, brent goose
waders

guillemot

ringed plover

herring gull, golden plover

oystercatcher, marsh harrier
nightjar, guillemot, eider
puffin

common tern

kittiwake

deer spp,

bat spp.

grey sealptter, badgers
deer spp,

red deer

otter

red deer

pine marten

grey seal

harbour seal

deer spp,




Impact of disturbance Example of Species

Herptiles

Direct mortality of eggs/young through trampling sand lizard

Deliberate destruction of adults adder

Collection natterjack

Predation (by dogs) Natterjack sand lizard

Invertebrates

Direct mortality, through trampling of adults and larvae tiger beetles, invertebrates associated with

intertidal habitats

A

Flushing of individuals, with associated energetic consequence{ tiger beetles and other bare ground invertebrates
and changes in distribution

Disturbance and removal Invertebrates associated with deadwood

Mechanisms: the types of activity that cacause disturbance

Studies have shown disturbance effects for a wide range of activities besides simplypéople
presence in the landscaptor example aircrafsee Drewitt, 1999)traffic (see Reijnen et al., 1997
for a review) boats andother watercraft(Buiger, 2003, Grubb et al., 2002, M. and J., 1999, Burger,
1998, Bright et al., 2003, Mikola et al., 199#)gs(Banks and Bryant, 200Zord et al., 2001and
chainsawgTempel and Gutirrez, 2003, Delaney et al., 1999)

Some types of disturbance are clearly likely to invoke different responses. In very general terms,
both distance from the source of disturbance and the scale of the disturbance (noisegeg

size) will both influence the respongBeale and Monaghan, 2004b, Delaney et al., 199\dies

that have compared different types of disturbance usually show a weaker behavioural response to

1 vehicles than people on fogPease et al., 2005, Rees et al., 2005, Taylor et al.,;2007)

1 people without dogs rather than people with do@iord et al., 2001, Taylor et al., 2007,
Banks and Bryant, 2007)

1 slower moving sources of disturban@i®onconiand St. Clair, 2002, Eason et al., 2009)

1 smaller groups of peoplBeale and Monaghan, 2005, Beale, 2007, Fernaddeeic et al.,
2002, Taylor and Knight, 2003, Townshend and O'Connor, 1993)

1 people following regular routes/traild=airbanks and Tullous, 2002, Pealtiggins et al.,
2007)
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There are conflicting results with studies that have compared the behavioural response when the
disturbance source approaches directly compatethngentially(Fernandezluricic et al., 2005,

Martin et al., 2004, Papouchis et al., 200There isalsoconflicting evidence on the disturbance
effects of horsesOne study(Lafferty, 2002jound that birds were more likely to take flight from
horseriders compared to people on footin contrast Burger (1986) suggests people on horseback
do not seem to threaten birds, even though horse riders frequently moved rapithree studies of
large mammals have compared people on foot to people on bicycles and again there is conflicting
evidence. In one experimental studyaifamois(Gander and Ingold, 199#)e disturbance

response of chamois to joggers and mountain bikers was slightiygetrahan their response to

hikers. The authors suggest the faster pace of the joggers and cyclists may have posed an increased
threat to the chamois By contrast, two observational studies have either found no significant
different in the distance and pe of response of mammals to cyclists compared to people on foot
(Taylor and Knig, 2003)or, in a study of big horn sheep in the US, sheep fled more frequently from
people on foot than people on bicycleS.he stronger reaction to hikers, particularly in the higle
area, was attributed to more ofrail hiking and direct apprazhes to the sheep.

There are also other factors which may also influence the behavioural response of animals to
potential disturbance. These include habitatg. Murison et al., 2007)veather(de Boer et al.,
2004, Stillman et al., 200and theflock/group size(Borkowski, 2001, Rees et al., 2005)

Much of the variation in how animals respond to different types of disturbance can be interpreted in
relation to perceived predation risk. Many authors view the behavioural response to distglzes

a tradeoff between perceived risk of predation and the consequences of fleeing (e.g. lost time
feeding)(Stillman and GosSustard, 2002a)People in the landscape are essially predationfree
predators(Beale and Monaghan, 2004biHence individuals that are better fed, or have a choice of
sites to go to when disturbed, are more likely to flee at a greater distance, as the cost of fleeing is
less. Strong behavioural responses (such amfideom potential disturbance at great distances)
will not necessarily highlight species particularly vulnerable or sensitive to disturfsee&ill et al.,
2001b for discussion)Where a species is a quarry species and hunted then, unsurprisingly,
individuals will behave differentliBechet et al., 2003, Bechet et al., 2084 )the perceived risk of
predation is higher.

Intensity of Disturbance

As described above, the reaction of an animal to a potential disturbance event is dependent upon
GKS FYAYIfaQ LISNOSLIIAZ2Y 2F Nrxal Ay (GKS O2yGSED
potentially influence how animals respondy fexample the condition of the animal, the weather,

food availability etc. The intensity of disturbance (by intensity we mean the frequency at which
disturbance events occur and their scale, such as the number of people) is a further consideration.
Thesefactors may influence the intensity at which disturbance may have an impact. A good
example of how such issues may interact comes fadftench estuargystem studied by Goss
Custardet al. (2006Wwhose modelshows that oystercatchers can be disturbed up tag1.6 times

per hour before their fithess is reduced in winters with good feeding conditions but only upgo 0.2
0.5 times per hour when feeding conditions are po®his suggests that a particular intéysof
disturbance may have impacts in one year but not necessarily in others.
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Using their individuabased model on the Wash estuary, Wesal. (2007)explored the over winter
survival of a range of species (bldaked godwit, bartailed godwitLimosa lapponic&Eurasian
curlewNumenius arquataEurasian oystercatcher, red kroalidris canutusredshank, dunlin
Calidris alband ringed plover) in relation to disturbance, habitat loss and changes in prey
abundanceand demonstrated how these factors interackle system as a whole was predicted to
be relatively insensitive to habitat loss. Blaaked godwits were the most sensitive species, but
their survival was not affected until 40% of the feeding grounds were removed. The survival of all
species in the modeemained high at fewer than 20 disturbances/houklthough actual
disturbance rates on the Wash were not measured during this study it is unlikely that pissent
rates of disturbance represent a threat to the survival of the bird species mod#lledt et al.,
2002)

Assessing the intensity with which disturbance may have an impact is further complicated by
habituation. Individuals will often respond differently to disturbance on busier sites (i.e. those with
lots of people) than quieter sites, essentially becoming habituated to particular levels of use or
activities. A number of studies have compared how animespond to potential disturbance

sources at sites with varying levels of access and have shown habituation to occur for a range of
speciegBright et al., 2003, Colam et al., 2001, EnggiBtublin and Ingold, 2003, Fitzpatrick and
Bouchez, 1998, Nisbet, 2000a§uch habituation may reduce the impacts of disturbance (e.g. the
amount of times adults are flushedbim the nest) but may not actually totally compensate for the
impacts of disturbancéBaudains and Lloyd, 2007Not all studies have found evidence for
habituation(e.g. Lord eal., 2001) and there is evidence that individuals may become habituated to
some activities but not otheréEnggistDublin and Ingold, 2008hd the issue of habituation has

been identified as an important area for further stu@yley, 2007, Sutherland, 2007)

Some examples of different levels of intensity at which disturbance can have an effect are given in
Table9.
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Table9: Selected examples of levels of disturbance and consequences

Species Disturbance intensity / level Effect Reference
eider Visits every 3 days to breeding A significant decrease in Bolduc &
colony, early and / or late in seaso  breeding success ablonies Guillemette
visited early in season (2003)
oystercatcher | 1 person walking across mussel be Average time of 18 minutes for Stillman & Goss
and flushing all birds during winter  an individual to return after Custard(2002b)
disturbance
f SI OKQ3 Weekly and daily handling Both reduced hatching succes: Blackmeret al.
by 50 & 56% compared to (2004)
control group
ringed plover 5 visitors per day (>3km from car Nest survival 48 58% 3km from Pienkowski
park) and ovef 00 visitors per day car park and &, 2% within 700m (1984b)
(within 700m of car park) of car park.
ringed plover | Mean count of 70 people per 120 Beach not occupied by nesting Liley(1999)
length of beachi{Febg August) birds over three year period
golden plover | Visitors present for more than 25% Significant decrease in Finney et al
of day probability of areas of moor (2005b)
being occupied by breeding
birds
woodlark 8 people / groups per hour througt Probability of area being Mallord (2005)
suitable habitat occupied less than 50%
nightjar Nests within 75m of heavily used 78% failure rate compared to 02 Murison(2002)
paths on lowland heaths failure rate for nests >225m
from path
Dartford An average of between 13 and 16 Breeding sufficiently delaye@dt  Murison(2007)
warbler people passing through a heather preventchance omultiple
territory each hour broods
chough Steady rate of increase in visitor  Extinction predicted within 49  Kerbiriou(2009)
numbersin line withcurrent trends years
at Isle of Ouessant, France

Particular Species or Species Groups

Different species will respond to disturbance in different wgsee Blumstein et al., 2005 for a

review of interspecific variation in behavioural responses to disturband&’hile such variation is of
AYGSNBaGr AG NBO@SFfa NBtIFGAGSE @ f AilesiviniBhareo 2 dzi 3
W@dzt YySNFr ot SQ (2 RA&AGAINDI YOS 42dzdZ R 6S (K2&aS F2NJ ¢
disturbance (i.e. where disturbance is likely to affect either survival or breeding success enough to

impact on population size). As we have dimxd above, there are relatively few studies that do

actually directly assess population consequences of disturbance. It is however possible to make
assumptions on species where disturbance is likely to have an impact and be an issue of concern to
consewationists:

1 Species where disturbance has been shown to have a clear effect on breeding success or
survival;

1 Species where disturbance has been shown to cause individuals to not use (or markedly
under-use) considerable areas of otherwise suitable habitat;
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1 Species with particular aspects to their ecology that might make them particularly
vulnerable, even where there is a lack of direct study on the species in question.

In general terms there is also likely to be concern with respect to vary rare spétig following
sections we highlight species that occur in Wales and which we consider potentially vulnerable to
disturbance.

Mammals

When compared with the wealth of research relating to human disturbance of birds, there are few

studies of mammals ithe UK and disturbance. A number of terrestrial mammals are protected

FNRBY AYydaSydAazylft 2NJ NBOlfSaa RAaGdAZNDIF yOS dzy RSNJ
ALSOASaAQ0 FYR k 2NJ GKS I FoAGrGa wS3Idmdlspacky & mpdn
of bats, common dormouse, otter, pine marten, red squirrel. A change to the Wildlife and

Countryside Act in April 2008 now makes it an offence to disturb water voles, whereas previous

protection only extended to protection when in their bows. Thidegal protection provides a guide

for some mammal species for whidisturbance may be important. We discuss these species (and

some additional ones for which there is evidence of disturbance impacts) below:

Seals

There is a wide range of sties addressing disturbance to pinnipeds, but relatively little from the UK

(see Lowen et al., 2008 for review)he studies show a range of behavioural responses, with most

studies focusing on hauleolt seals fleeing a soce of disturbance. For some species such as the
Mediterranean and Hawaiian monk seals, human disturbance is clearly a key factor in their

population decline. Brown and Pri{d998)studied Harbour Seals on Mousa SAC in the Shetlands,

looking at the frequency with which haulemlit seals were seen to flee when disturbed and enter

GKS 41 GSNW ¢CKS | dziK2NBEQ LINAYINE O2yOSNYy 41 a ¥F2N
interference caused mothers to abandon pups, or to abandon ideal nursery sites. Prolonged

disturbance caused sesato abandon hadbut sites. They suggest that some form of visitor control

is necessary to reduce disturbance.

Research on grey seals at Donna Nook in Lincoln@hdegard, 1996, in Saunders et al 20fa@jnd

that females preferred to give birth in areas of low disturbance and that pups born lnasaas

gained weight more quickly than pups born in areas with greater disturbance. During periods of high
human disturbance, females were more protective towards their pups and the pups were more
vigilant. While able to show an apparent impact of dibance, the study does not identify any
population consequences of human disturbance. The colony has dramatically increased in size since
1990 and the weaning and growth rate of pups was higher than those reported in other colonies.

Work on grey sealsiWales indicates that disturbance is s#jgecific, with seal behaviour varying
between sites in how seals respond to disturbaégestcott and Stringell, 2003Westcott and

Stringell also suggest that there is variation between individuals in how they respond to disturbance,
except when in groups, vene extreme reaction by one individual tends to be followed immediately

by the group. This has implications for how each site and any disturbance should be managed,
implying that sitespecific measures may be necessary to minimize disturbance. Westcbtt a
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Stringell also suggest that disturbance levels at the sites studied have probably varied over time and
that seals appear to have become habituated to levels of disturbance that, in the 1980s, they would
probably not have tolerated.

In Norfolk, monitorimg results highlight the recent increase in numbers of grey seals along the East

Anglian coastline and the scarcity of harbour sé8leate and Perrow, 2008 he authors suggest

that disease has precipitatiea decline from which harbour seals seem unable to recover; harbour
asSkrta y2¢ aSSYy dzyloftS (42 ONBSR 2y GKS YFIAYyflyRZ
YR GKSANI R23a¢® CKA& aLISOASa YIe GKSNBF2NB oS
whereas the grey seal, favouring rocky outcrops and offshore islands may be less vulnerable.

Harbour seals are rare in Wales but breeding has been reported in the vicinity of Prestatyn and of
breeding and Ynys Dulas had a regular group of 4 commaos Isaaled out during a survey in 2001

(records summarisenh Lerwill et al., 2003)

Bats

Excessive disturbance is likely to cause bats to abandon a site or possibly be a cause of mortality, but
there is little documented evidence or examples, probably due to the level of legal protection
afforded, which woulgrevent a large number of experimental studies. Disturbance to bats by
direct handling is relatively well documented (e.g. Steadman, Webb and Racey 1991). However
there is also increasing evidence that disturbance without contact can also have aveegftdict

upon bats and their reproductive success. Disturbance to bats during their hibernation period can
be particularly harmful, with light, temperature changes and noise all causing bats to be aroused
from their hibernation. This causes energy ldssng a time when conserving fat stores is critical.
Tomas (1995) found that human visits to a bat hibernacutaosed bats to become active afty,

even without any physical contact from the human visitors. Maternity roosts are also particularly
sersitive to disturbance, and with bats only raising one young per year, the consequences of
maternity roost disturbance on population levels can be significant (Mann, Steidl and Dalton 2002).

The Colorado Bat Conservation Plan (Colorado Bat Working Groudp @fhsiders the impacts of
disturbance to cave dwelling bats, citing torch light, talking and even people simply moving through
a cave as activities that can cause the bats to temporarily move or even permanently abandon a
cave, or cause females to abandtheir young.

Disturbance to bats can also occur when they are actively foraging. Lighting can cause disturbance
to bats and has been shown to disrupt flight patte(8tone et al., 2009)

Otters Lutrdutra

While otters have been shown to tend to avoid areas with high levels of human distur{famrecela
et al., 2001, Robitaille and Laurence, 2Q@R¢y are also present in many towns arities within the
UK and therefore it is thought that they are able to habituate to disturbg@tenin, 2003)
Features of breeding sites and dens are summarised by(Likes, 2003)who highlights that otter
holts tend to occur in areas with little or no disturbance, but that this is certainly not always the
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case. It therefore seems that there is little strong evidence that disturbance is a real issue for this
species.McCafferty (2005) describes disturbance to otters from anglers, walkers and dogs as a short
term influence on the behaviour of otters, however he acknowledges that the longer term effects of
these types of disturbance on breeding females and young iktesgn. Dogs are cited as a cause

of disturbance by Liles where natal dens are in abgnaaind cover such as scrub and reed beds.

Water voles Arvicola terrestris,

The water vole is a riparian species that favours rivers with well vegetated banks and emergent
vegetation(Harris and Yalden, 2008 he species was once widespread but has undergone rapid
decline in the UK over the last 90 years or so. The two factors largely responsible for this decline are
likely to be changes in habitat and predation due to the ferakeAcan minkMustela vision.There

are no studies known to the authors showing that recreational disturbance does have any impact on
this species.The recent changes to the legislation to make disturbance to water voles a criminal
offence, irrespective fowvhether in their burrows or not, primarily relates to the need to protect

water voles from development ahinappropriate maintenance of banks adjacent to rivers and other
water bodies utilised by water voles.

Deer

There are a number of different deerexges present in Wales, including the red d€ervus

elephus roe deerCapreolus capreoul#sd the introduced fallow dedbama damamuntjac deer
Munitacus reevesind Sika dee€ervus nipponDeer respond to disturbance and there is evidence
that their distribution, physiology, breeding success and survival can all be affected by disturbance
(e.g. Mitchell et al., 1977, Yalden, 199@omestic dogs can chase (and sometimes kill/main) deer
(see Taylor &al., 2005 for review) As deer are generally increasing in the UK and most species are
introduced, the nature conservation impacts are potentially limited.

Badgers Meles meles

Badgers tend to emerge later and change their behaviour when leavinggtth if disturbedNeal,
1977)and in a study in Italy, disturbance was the second most important factor affecting badger
sett-site selectionPrigioni and Deflorian, 2005Badgers are relatively widespread in Wales, occur
across a range of habitats and there isawidence that disturbance has any population
consequences.

Pine marten Martes martes

The pine marten had become extinct throughout much of Britain by the early part of the 20th
century. Small populations survived in Wales butgpecies remains excephally rare in the UK
outside of Scotland. In Wales the main strongholds are Snowdonia, the Cambrian Mountains and
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the uplands of central southern Wales. There is only one study of this species and disturbance.
Barja et al. (2007) recorded adrenal aityivn European pine marten, and found a physiological
stress response closely related to human disturbance. They also found that this response was
higher during the pine marten breeding season.

Red squirrel Sciurus vulgaris

The main sites for red squéls in Wales include the central region (Tywi/lrfon/Crychan forest
complex); Clocaenog in North Wales and Anglesey. These areas are all primarily commercial
woodland plantations partially or fully owned and managed by Forestry Commission’Wakhes

speges is declining rapidly and is a BAP priority species. There is guidance for forestry staff that
warns that recreational access or noisy activities may disturb this species, especially during the
breeding seasdfl, however experimental disturbance of ansiar species in the US has shown no
effect of disturbance on squirrel abundan@@utzwiller and Riffell, 2008)nd disturbance is not
OAGSR Fa I GKNBI G {&'2Although kot diect$ corefated witlyhurhah Q& | Y
disturbance, Randler (2006) found that red squirrels will respond to alarm calls by jays, noting that
the squirrels would spent less time in the area, expressed a higher vigilance, and also displayed more
rapid hread and body movements.

Birds

The enormous volume of literature on disturbance to birds means that there is evidence for
disturbance effects for a wide range of species yet few studies place the disturbance in any kind of
population context or identify wther disturbance is actually a conservation issue. In order to
highlight particular species or habitats we have reviewed all red list and amber species that occur in
Wales (see Appendix 1). We have also referred to guidance from Erfgganfippendix 1 and

Lowen et al., 2008) From this list we can highlight the following:

1 Winter raptor roosts (e.g. harriers)

91 Breeding raptorsd.g.hen harrier)

1 Geese and swans wintering on grassland/arable sites

1 Colonial nesting seabirds: gulls, terpsffin, cliffnesting species
1 Cliffnesting species in areas where climbing may occur

1 Black grouse leks

1 Upland breeding waders

° Wales Squirrel Foruntttp://www.snh.org.uk/ukredsquirrelgroup/WalesForum.asp
19 http://www. forestry.gov.uk/pdf/Guidancenote33Redsquirrel. pdf/$FILE/Guidancenote33Redsquirrel. pdf

! http://www.ukbap.org.uk/UKPlans.aspXPE56542
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1 Breeding waders on beaches

1 Breeding waders inwet grassland

1 Wintering waders and waterfowl on estuaries and sandflats

1 Heathland beeding species: nightjar, woodlark and Dartford warbler
1 Ground nesting passerines such as skylark

1 Chough, particularly feeding flocks post breeding

Herptiles

Edgan2002)dentifiesthe sand lizard as by far the UK herptitest vulnerable to the effects of

public access, due to its habitat requirements and biology. Sand lizards are clustered at particular
areas of suitable habitats, where bare sand occurs in a sunny location adjacent to vegetation. Edgar
considers that sutspecific habitat requirements, clustered populations, plus their behaviour (they
spend more time basking and are particularly site faithful) means that they are particularly
vulnerable to disturbance. In addition, the sand lizard is the only Britidilegep nest in bare

ground, laying between four and twelve eggs in burrows dug by the females in unshaded, bare sand
that, on many sites, may only be available along paths and tracks. The rd€tgm below ground

level are believed to withstand ligltampling by people, but are vulnerable to heavy trampling,

such as from vehicles, bicycles or horses.

Edgar ranks the adder as the second most vulnerable herptile (after the sand lizard) to impacts from
recreation. He draws on anecdotal evidence to ssgjtfeat adders can be surprisingly insensitive to

the presence of humans. Disturbance can result in adders being flushed from basking locations and

can force them to expend energy in cold weather. Edgar also documents evidence for direct
mortalityasa2 y 4 S1lj dzSy 0SS 2F LJS2LJX SQ&a FSIFENI 2F | LIAazy2dz

The only amphibian for which disturbance can have an impact is the natterjack, a species which is
limited to one site in Wales where it has been introduced. In his review, Edgar suggests that the
species is relatively unaffected by public access pressures and indeed may even benefit from some
otherwise undesirable impacts such as the heavy trampling of vegetation. Disturbance can however
occur as natterjacks prefer to spawn in temporary ponds and tdsh water means their spawn

is more easily damaged, especially by dogs running through the ponds, and the tadpoles more
readily collected.

Invertebrates

For many invertebrate species it is difficult to untangle the importance of access levels iningpdify
habitats (discussed in the damage section) from the direct impacts of trampling and disturbance.
Disturbance and direct mortality from trampling are however clearly issues for some species or
particular groups and we highlight these below:
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Belted Bauty Lycia zonaria

Access issues relating to this BAP priority species are discugt@avin et al., 2008) At Morfa

Conwy the moth faces imminent extinction primarily because of the loss offbeadi dune

grassland to successigHowe et al., 2004)While trampling can help to maintain the required

habitat, the core population is now found on an area open to high human pressure (from walkers,
dogs and minickers), where it appears that the larvae and adults are very vulnerable to trampling. In
this example, succession has caused a change in distribution of the species, and access has
increasingly become an issue for the species.

Deadwood invertebrates

On sites with public access, bark stripping and breaking up rotten wood can do considerable damage
to the invertebrate faungKirby, 2001) Removal of deadwood and dead and rotting trees is a major
threat to saproxylic (deadwood) invertebratéslexander et al., 2005f, Alexander et al., 2005g,
Alexander et al., 2005h, Alexander et al., 2005i, Kirby, 2008 micrehabitat is often removed for
health and safety reasons and also by the public for camp firesfetderson (1992) discusses the
consequences of the removal of deadwood for camp fioesvoodland invertebrates.

Species associated with trackways and paths

Access has been shown to impact on behaviour for tiger beetles in Ti&kagt et al., 2005)Arndt

et al.looked at three different dune areas with varying levels of human activity. The actiatutif

tiger beetles diverged during the tourist season, decreasing markedly with increased disturbance.
Larval activities showed similar trends, with first and second instar larvae practically absent from the
heavily disturbed section. For diurnal, suddeeding species that occur on bare ground(such as
paths and tracks) disturbance can clearly be an issue. Trampling may also result in direct mortality.
Observations o€. hybriddn France noted a high mortality of adults on a weded cycle track

aaoss dunes, due to crushing by bike tyréAlexander et al., 2005bliddle noted 10 times fewer
invertebrates and a much smaller number of species on trampled dunes (with only 50 tramples per
week) compared with adjacent untrampled areaderson (1992) discusses the implications of
trampling in woodland habitatapon soils, with a decrease in soil nitrifying bacteria and effects upon
soil dwelling invertebrates.

Bayfield (1979) undertook a specific study on the effects of tramplindaophilus ater a peatland
cranefly, finding significant effects upon the spescimainly due t@hysical crushing having the
potential to kill a high proportion of larvae within the peat. Lower numbers of larvae were found
Bayfieldalong pathways as a consequence.

Rocky shore invertebrates

Various studies have found tramplingmdage to rocky shore fauna, with both macrofauna (some
bivalves, anemones, barnacles, limpets, whelks, sea stars, amphipods, polychaetes, isopods,
oligochaetes and gammarids) and meiofauna (nemotodes, ostracods, acarids, tanaids, some
bivalves, polychaetaligocheate and annelid worms, sponges and caprellid amphipods) reduced in
number in trampled areagSilbernagel, 2008, Casu et al., 200@Yme species are immediately
affected by trampling and show rapid declines; these include some nematode worms, mites,
bivalves, gammarid shrimps, sea urchins, isopods and polychaete WGass et al., 2006a)
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Sabdaria alveolatapolychaete worms create biogenic reefs recognised as a UK BAP priority habitat.
The reefs occur subtidally in the Severn but on the west coast of Wales they can colonise hard
substrates such as boulders and outcrops on sandy beadhexethey can occur well within the
intertidal. At low tide the exposed reefs are highly susceptible to persistent trampling which, when
combined with damaging wave action, can result in significant erosion and paths forming through
the reef(Cunningham et al., 1984, Holt et al., 1998, FWi&lters and Arnold, 2008b)

Some studies have found that polychaete worms were particularly sensitive to trampling effects and
took longer to recover than other grougBrown am Taylor, 1999, Casu et al., 2006Byescott

(2006) found a reduction in the presence of anemones and the amount of barnacle cover in
intertidal habitats where human visitation was high.

Not all studies have demonstrated effects of disturbance omaeles, limpets and whelk3enkins
et al., 2002, Beauchangnd Gowing, 2003)ut heavy trampling reduced the density of mussels
(Van de Werfhorst and Pearse, 2007, Smith et al., 2008he longterm study, the density of all
species studied (except small gastropods) declined over {fddessi, 1994)

Damage to communities tends to be greatest closer to main access paddsssi, 1994)The
damage may be less where people are basgfand one study found 85% of those visiting the rocky
shore used no footwegBally and Griffiths, 1989)

There seem to have been few studies on the effects of harvesting on rocky shores. Trepecis
are shellfish, crustacea and sea urchins for bait or food, and the general effect dfavesting is

to reduce populations and remove old adults. As most of the collected species are broadcast
spawners, relying on the release of huge numbersgys or larvae, the population relies on a high
number of fertile individuals to optimise reproductive effort, and unwise harvesting can therefore
seriously compromise thiddurray et al., 1999)Harvesting can also change the relationships of
predator and preyleading to a decline in predator numbers, or to over predation of a reduced
population and a switch to dominance by other species. Where human harvesting of a muricid
gastropod predator of mussel beds was stopped, there was a switch to dominance bglbaraiad
an increase in species diversity as predation of the mussel beds incrgaseoh and Castill4,989)

Species associated with Mudflats

In a study of trampling effects on mudflats in the Netherlands, trampling had clear impacts on the
macroinvertebrate fauna (Rossi et al., 2007). Trampling resulted in reduced abundance of the adults
of a clam pecies, the Baltic macomdacoma balthicaand cockle€erastoderma eduldt was

believed that footsteps directly killed or buried the animals, provoking asphyxia. Conversely, for the
clam trampling indirectly enhanced the rate of recruitment, while srai@éd cockles did not react to

the trampling. The number of small animals showed little change because trampling occurred during
the growing season and there was a continuous supply of larvae and juveniles. In addition, trampling
might have weakened negag adultjuvenile interactions between adult cockles and juvenile clams,
thus facilitating the recruitment. This work suggests that during the growing season recovery can be
fast, but in the longerm it might lead towards a shift in community dynamicssgoly affecting
ecosystem functioning.
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Work on nematodes in mudflats has shown nematode abundance and species composition to be
reduced on trampled plots, but that recovery is rapid (36 hours), suggesting that the nematodes
respond to the trampling by browing more deeply and soon return (Johnson et al., 2007).

The effects of varying intensities of human trampling on sandy beach macrofauna were investigated
experimentally in South Africa (Moffett et al., 1998). Vigorous beach games (volleyball) résulted
damage to the four species (two mussels, a mysid shrimp and an isopod) studied. One of the mussel
species was particularly vulnerable to the trampling, with 18% of individuals damaged in the
treatment with the highest intensity of trampling. The resuibdicated that few members of the
macrofauna were damaged at low trampling intensities but substantial damage occurred under
intense trampling.

Sandhoppers on lower beaches have been a focus for a number of studies. Declines in densities of
sandhopper®n sandy beaches in Poland have been attributed to tourist pressure and the number
of people on the lower beaches (Weslawski J.M. et al., 2000), with similar results in Spain and Brazil
(Veloso et al., 2008). Veloso found higher densities sandhopper iegbed areas where access was
controlled, in both countries. Different species were involved in Spain and Brazil and the beaches
differed in the variation in access through the year, yet impacts of access were found at both
locations. Ugolini et al (2008)und a negative correlation between sandhopper abundance and the
number of people at given locations. The people were counted from very specific areas (within 150
m of the sandhopper sampling locations) across a range of different beaches. They atiexdiaciu
number of other variables, included substrate size and trace metals in their analysis and conducted
experimental trampling of sandhoppers. Their work shows a clear and very strong trampling effect
for this invertebrate group. Some evidence from Sghmonstrates differences in the morphology

of sandhoppers on busier beaches (BaBtavo et al., 2008), with greater asymmetry among
sandhoppers at the site with the most tourist and urban pressure.

Seasonality and temporal variation

Disturbance has didrent impacts at different times of year for all taxa. During the breeding season
individuals will usually be tied to specific locations and young may be particularly vulnerable to
trampling or predation. During the winter individuals will be free & tonstraints associated with
breeding but disturbance issues may interact with the weather, and the energetic costs of
disturbance may be more severe in cold weather, particularly for groups such as shorebirds or
reptiles.

The bird breeding season rarggigfom January for species such as crossbill through to August for

some species (such as nightjar or ringed plover). For mammals there can be similar variations, for
SEFYLX S I Nb2dzNJ aSHtaQ 0NBSRAY3 YR Y2geftsiAy3d &S|
give birth between mid December and April). It is species for which the breeding season coincides
GAOK (KS WLISI1Q G(2dNRAG FyR NBONBIGAR2YLE a8l azy
particular issue, especially those that occur in habituch as beaches that tend to be particularly

busy in the summer. .

During the norbreeding season, the main impacts of human disturbance on birds is interruption to
foraging and, to a lesser extent, roostifWyoodfield and Langston, 2004There is a body of
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research suggesting that responsiveness to disturbance is a sygpaesic trait(e.g. Yasué, 2005)
The extent to which disturbance affects the actual distribution of individuals within a site will vary

according to the species involved, the availability of other réebuS & ' YR G KS A Y RA @A Rdz

If under stress, for example during cold winter weather when food resources are scarce, birds may
be less easily disturbed than at other tim@rton, 2007, Stillman and GeSsistard, 2002a)hey
may simply not be able to afford to stop feeding.

¢CKSNE YlIeée faz2z 0SS aSt azyl fvendds oRistuibaree/ as mdividéalsy |

alter their threshold in response to shifts in the basic tradebetween increased perceived

predation risk (tolerating disturbance) and the increased starvation risk of not feeding, i.e. avoiding
disturbance(Stillman and Gos8ustard, 2002a) Towards the end of winter, migratory birds need to
increase feeding rates to provide energy for migration to breeding grounds. As winter progresses,
Eurasian oystercatcher energy requirements increase and their feeding conditions deteriorate. To
survive they spend longer feeding and so have less spare time in which to compensate for
disturbance. Later in winter, birds approach a disturbance sourae losely and return more

quickly after a disturbance. Their behavioural response to disturbance is less when they are having
more difficulty surviving and hence their starvation risk (avoiding disturbance) is g{&itenan

and Gos<Custard, 2002a) It is thus important to measure subtle behavioural changes in foraging
rates along with key ecological variables in order to assess the true impact of human disturbance on
migratary shorebirdgYasué, 2005)

Particular habitat issues
Seasonal impacts by habitat are summarise@idhlel0. There are some particular habitat issues
which we summarise below:

Coastal habitats seem particularly critical, with issues relating to impacts from acces<p

breeding seabirds, breeding waders, wintering waterfowl, herptiles and invertebrates. Access on the
coast is often concentrated in a narrow strip that is also important to wildlife, offering little physical
space for segregation of wildlife and gee (Woodfield and Langston, 2004)

Sand dunes are the only habitat in Wales that supports the potentially vulnerable herptiles (sand
lizard and natterjack). Both species have beentretuced to Wales and are very limited in their
distribution (for example natterjacks occur at just one site at Talacre, near the Dee Estuary).

There are a suite of breeding bird species associated with lowland heathlzsgttjar, woodlark

and Dartfod warbler¢ for which there is a strong body of evidence for disturbance effects.
Heathlands are also important for a number of invertebrates for which disturbance has an impact,
and in winter heathland sites may be used by roosting raptors.

Wintering wildfowl such as geese and swans may use a range of different habitats, for example
arable fields. Such feeding grounds tend to be relatively predictable and occur close to coastal sites
/ estuaries used for roosting.

A number of upland birdpecies may be found across a range of habitats and are therefore not
necessarily captured well in the summary tablalfle10). For example black grouse may occur in
coniferous woodland, grassland or heathland habitats.
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Tablel10: Summary of seasonal impacts from disturbance, by habitat. For definitions of colours see introduction.

Spring Summer Autumn Winter

1 Broadleaved, mixed and yew| 1 Maternity roosts of bats vulnerable to disturbance

woodland

9 Bat hibernation sites

Deadwood invertebrates

2 Coniferous woodland

No literature found/relevant issues

3 Boundary and linear features No literature found/relevant issues

4 Arable and horticulture

No literaturefound/relevant issues

5 Improved grassland ! Groun_dnestingpa_sserines such ?lS skylark No literature .

91 Breeding waders in coastal grazing marsh found/relevantissues
6 Neutral grassland 1 Groundnesting birds (e.g. skylark)l No literature found/relevant issues
7 Calcareous grassland f Groundnesting birds (e.g. skylark)! No literature found/relevant issues
8 Acid grassland T Groundnesting birds (e.g. nightjar, skylark) No literature found/relevant issues
9 Bracken T Groundnesting birds (e.g. nightjar, skylark) No literature found/relevant issues

10 Dwarf shrub heath
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11 Fen, marsh and swamp

Spring

i Otter holts / dens
possibly vulnerable

1 Breeding waders

i1 Bittern

Summer

i Breeding waders
i1 Bittern

Autumn

No literature found/relevant
issues

Winter

Winter raptorroosts
Wintering waterfowl
(geese, swans, duck)

12 Bogs

1 Breeding waders

1 Breeding waders

13 Standing open water and
canals

1 Breeding waterfowl

1 Breeding waterfowl

14 Rivers and streams

9 Otter holts / dens
possibly vulnerable

No particular issues

No literature found/relevant
issues

{ Pine Marten?

{ Pine Marten?

Winter raptor roosts
Wintering waterfowl

15 Montane habitats

I Pine marten?

1 Pine Marten?

No literature found/relevant issues

16 Inland rock

1 Breeding raptors (e.g.

peregrine)

91 Breeding raptors (e.g.

peregrine)

No literature found/relevant issues

17 Builtup areas and gardens

Maternity roosts of bats vulnerable to disturbance

Bat hibernatiorsites

Spring

Summer

Autumn

Winter

1 Saline lagoons

No literature found/relevant issues

1 Wintering waterfowl (geese, swans, duck and

waders)
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2 Coastal vegetated shingle

3 Rocky shores

4 Maritime cliffs and slopes

5 Saltmarsh

6 Mudflats and sandy beaches

7 Coastal sand dunes
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No literature found/relevant issues

1 Chough (though late
summer prolablykey
time)

No literaturefound/relevant issues




Summaries by habitat

In this section we summarise the review section by habitat, outlining the impacts from recreation for
each habitat.

Broadleaved, mixed and yew woodland

T

Pathogens spread by humans and dogs can affect a wide range of hat#tagsophthora
ramorumandkernoviaeare known to affect around 40 different species of trees and shrubs.
Small mammal entrapment in human litter occurs all year and individual paddigter can
persist for many years.

Lower plant damage can be caused by repeated dog urination.

Woodlands typically have a ground flora that is adapted to shade, and therefore plant
species that have large leaves with thin cell walls. This renderdlarmbplants less able to
withstand abrasion. Plant abrasion is particularly harmful in the late spring and early
summer when growth and food storage is most criticelampling of woodland flora

therefore a particular impacSpecific recreational acities such as paintballing in woodland
can lead to drastic loss of ground flora.

Wet woodland ground flora can be lost through continued trampling.

An increase in recreation in older woodlands with less robust veteran trees can lead to
increased tree death, particularly associated with increased trampling around the tree roots.
Compaction in Autumn months can affect soil fungi, and this in turrctffie health of

trees.

Woodland fires can have detrimental effects on arboreal woodland mammals, possibly due
to the reduction in standing deadwood in addition to direct mortality.

Loss of deadwood can occur on sites with high recreational use wher ithpressure to
ensure the safety of people. This reduces habitat for invertebrate deadwood specialists.
Disturbance such as noise and lighting around trees can adversely affect tree dwelling
mammals. Winter hibernation sites for mammals can be digdiby noise and lighting,

and an animal aroused from hibernation is at risk of predation, exposure to the elements or
starvation.

Coniferous woodland

T

Lower plant communities typically found in coniferous woodlands have been shown to
suffer long term damge and loss from trampling, even from single recreation events.
Nightjar and woodlark may nest on the ground in clearfell areas. Areas of high disturbance
likely to be avoided and breeding success also potentially affected by disturbance.
Disturbance mg be an issue for breeding raptors (goshawk).

Whilst there is little evidence to indicate that human disturbance has a detrimental effect
upon red squirrels, the wider vulnerability of this species suggests that risks should not be
taken with regard to Igh levels of human disturbance in sites where red squirrel
populations remain.
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Boundary and linear features
9 Linear features such as hedgerows are used by bats to navigate around the countryside and
forage on flying insects. Disturbanedated impacts pon boundary features, such as noise
and lighting can affect bat flight paths and prevent access to foraging sites. This is
particularly relevant during the active time of year for bats, from spring to autumn.

Arable and horticulture
1 Waterfowl such asepse and swans can gather on arable fields in some areas (typically close
to estuaries or the coast). Disturbance may result in areas being avoided and increased
energetic costs for the birds.

Improved grassland

9 Grasslands, and particularly improved ggkands, are significantly more resilient to
trampling than other more fragile habitats. Improved grasslands already support a range of
species that are sentolerant of trampling. However, heavily used sites will gradually go
through a change in spess composition towards greater densities of the most tolerant
species.

1 Invertebrate communities can be directly affected by trampling, irrespective of grassland
type or nutrient levels. Trampling can reduce the litter layer and cause a decline in the
numbers and species of litter fauna.

9 Little work has been undertaken on the effects of grassland fires, but clearly grasslands are
most vulnerable to fire at the driest times of the year during the summer.

Neutral grassland

1 Nutrient enrichment, particularly from dog fouling, is an issue and is generally concentrated
around cafparks and access points and often along path edges. This is an issue all year
round.

1 Unmanaged grass, i.e. grass which has not been the subjesquifar cutting or grazing,
tends to be the most susceptible to damage from trampling, not having built up a tolerance
to regular disturbance.

9 Little work has been undertaken on the effects of grassland fires. Grasslands are most
vulnerable to fire at the dest times of the year i.e. during the summer. Light fire damage
can be beneficial and followed by an increase in plant diversity.

Calcareous grassland
1 Nutrient enrichment, particularly from dog fouling, is an issue and is generally concentrated
around carparks and access points and often along path edges. This is an issue all year
round.
1 Heavy trampling can alter soil chemistry, by affecting soil structure, oxygen and water
content, and levels and types of bacteria. This can be damaging to tkaima habitats,
where soil pH is reduced to a more neutral level.
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