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Abstract

Conservation depends heavily on protected areas, and many of these must be intensively managed
in order to maintain important habitats and species.However, few conservation actia can be
properly described as evidencbased, and knowledge of the effects of different types of
management is necessary to improve conservation successThe New Forest National Park,
Hampshire, UK, has been subject to intensive management which has nao¢en scientifically
investigated. In this thesis | assess management and monitoring effectiveness within two important
open habitats: valley mires and heathlandsResearch aims are to determine the impact that long
term management (including differenceshbetween cutting and burning) has had on heathland
communities in the New Forest, uncover the effects of restoration programmes on both biotic and
abiotic components of valley mires, and to identify whether the current monitoring practice through
Common Stadards Monitoring (CSM) can detect changes in both habitats and serve as a basis for
adaptive management. Data were collected in the field for both heathland and mire habitats using
spacefortime substitutions, where sites of different ages since manageent intervention were
compared. The plant community and soil chemical properties were assessed using randomly
distributed quadrats within plots set up at each site locationA total of 30 heathland plots and 60

mire plots were established.

Results showel that different heathland management resulted in great differences in the vegetation
community, but with few changes as sites aged following managementhe block nature of both
management activities resulted in relatively uniform ericaceous agéructures within individual
sites, and particularly low species diversity was recorded for burnt site€SM in heathland habitats

is was poor at detecting changes in the habitats, but attribute stdrores did demonstrate some
differences. Analyses of mire re®rations showed mixed results with abiotic conditions showing
almost no changes between degraded and restored areag&ome minor differences emerged in the
vegetation community, such as a decrease iBarex parcea following restoration and an increase in
some Sphagnumspecies, such asS. papillosum This work suggests that restoration has largely
failed to achieve its goals. Techniques from the established monitoring program failed to show any
changes following restoration and lacked the precision that thled quantitative surveys showed.lt
was highly ineffective as a tool to monitor restoration work, calling into question its widespread use
for such tasks in the New Forest.Current monitoring must be improved substantially if a move to

effective and adaptive management is to be achieved.
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Chapter 1. Conservation Management and the New
Forest National Park

1.1 Introduction and Context

1.1.1 Protected Area Conservation in England arttle United Kingdom

Globally, declines in biodiversity continue to take place resulting from humeaused
changes the environment lewbold et al., 2016; Newbold et al., 2015; Cardinale et al.,
2012). Protected areas are one of the most important methodsuently utilised to
attempt to stem the loss of biodiversity (Hobbst al., 2010; Lovejoy, 2006), and in many
areas they have been effective at conserving biodiversity in wider landscapes (Gragl.,
2016). However, there are still many concerns abotle effectiveness of protected area
networks (Geldmanret al., 2013; Presseyet al., 2015), including those in the UK (Gaston
et al., 2006) and Europe (Pullinet al., 2009), and also how to best maximise the
conservation value of these areas (Watsoat al., 2 014 ) . I n 2010, a

protected areas (Lawtoret al., 2010) found that, despite decades of conservation efforts,

r

ev

biodiversity losses have continued in the country. Lawtoet a. descr i bed Engl

protected ar eas aascohérenhamdjrasilientonetaark| and sugyestt that
they are likely to respond poorly to future challenges such as climate change. Lawebral.
advised that biodiversity, together witlecosystemfunctioning and resilience should be re

established in a néwork capable of surviving continued environmental change. This work

was quickly given policy backing in a subsequent Government White Paper (DEFRA, 2011).

Understanding the effectiveness of conservation measures within protected areas is critical
if they are to succeed. There are a multitude of different actions that have been taken with
the aim of conserving biodiversity inside protected areas. However, evidence of the
effectiveness of management activity in protected areas is extremely limited (Geldmaet

al., 2013), with monitoring of management outcomes an especially weak area (Leverington
et al., 2010). Because of continuous declines in biodiversity and species abundance, these
problems have been recognised, and are now an area of fervent reseamttivity (Watson

et al., 2014). In many sites of conservation interest, it is necessary for management to
actively intervene in local ecosystem$® either to emulate natural disturbance regimes
(Mori, 2011; Sibleyet al., 2012), or to maintain traditional human influences in rare
modified ecosystems (Joffreet al., 1999; Blondel, 2006). Where traditional land use
practices have ceased, conservation management may aim to emulate this type of human
disturbance as well (Goldammer & Bruce, 2004; Lovén & Aamiaa, 2004). Within

heathland habitats (particularly in the UK), disturbance is considered necessary to prevent

1



succession to woodlands, which would result in the loss of endemic and nationally rare
species @ritton et al., 2000). In other situations, inérventions are required to recover
habitats from degraded states; the process of ecological restoration (Perrow & Davy, 2002).
Wetland habitats that have previously been subject to humaraused drainage are one

example where habitat restoration is often@gplied (e.g. Labadzt al., 2002).

1.1.2 Developments in Conservation Management: Evidenbased Conservation

There have been several recent developments in conservation bioldbgt have aimed to

improve management effectiveness. One of these is evidncebased conservation. This

development wasinspired by a revolution in medicine, where researchers observed that a

great deal of medical practice was influenced by professional and commercial concerns

rather than objective assessmentsmedical interventons (Sutherland et al., 2004). In

medicine, observations from systematic reviews suggested that relying on traditional

reviews, where expert judgement was involved, lead to serious errors in practice (Antran

al., 1992) because the original sources ofnat expert knowledge were not always known

and may be wunreliable. Subsequent | ypasetiet hods wer
practicebo, and it is now part of me ¢kt at,a | trainin
2004). Traditional reviews in onservation have the same problems (Roberet al., 2006)

and in the UK many decisions in conservation management have been based on anecdotal

sources rather than reliable evidence (Pulliat al., 2004; Sutherland et al., 2004). At one

UK SSSI, Sutherlandet al. (2004) showed that only 2% of the sources used for

conservation decisions were based on verifiable scientific evidence, and such patterns are

also found outside the UK (Pullin & Knight, 2005; Coo&t al., 2009). Conservation

guidelines can easilybe wrong if they have not been objectively analysed (Sutherlagidal.,

2004), highlighting the importance of monitoring and evaluation in developing a sufficient

evidence base for conservation.Qutcomes of managementhave beenrarely evaluated,

with few results reviewed systematically or disseminated to other practitioners (Pullin &

Knight, 2001; Sutherland et al., 2004). Calls for knowledge sharing to address

dissemination issues have resulted in a degree of development (Pullin & Knight, 2001;
Sutherlard et al.,, 2004), some managers are alreadttegesiopti ng mor
(Macgegor & van Dijk, 2014) and systematic reviews in the scientific literature have

enhanced knowledge about several conservation practices (Pullin, 2012). However,

despite the recognition that a fundamental shift in conservation practice towards

monitoring and evaluation is necessary, recent evidence still suggests that management

activity is still based largely on anecdotal evidence in many areas (Legge, 201%).some

situations, such as in heathland management (Newtoet al., 2009), there is remarkably



little robust evidence about management effectiveness, so further research is required to

build an effective basis for conservation management.

1.1.3 Developments in Conseration Management:Adaptive Management

Another approach to addressing uncertainties about the effectiveness of conservation
managers is Adaptive Management (AM). Thigproach to managing natural resources
was developed by C.S. Holling and Carl Walterseginning in the late 1970s. As with
evidencebased conservation, AMvas developedas a result of increasingawareness of the
extent of uncertainties around management decisions and practices (Rattal.,2012). AM
was developed in order to produce ananagement approach that purposely increases
knowledge and addresses these areas of uncertainty (Redtal., 2012), and its central idea

is that management can be applied as experimental treatments (Walters, 1997)The
application of AMhas specific requirenents (Ristet al., 2012), but it has been the subject

of much confusion in both scientific literature and management practice.

Adaptive management should not be considered equivalent to trathde r r o r or o061 e
bydoi ngd, whi c h edwith (Wikherep 2002 nForcerampld, thet experimental
side of AM requires that practices that are not in widespread use should also be evaluated
if there are reasons to think that conservation could be improved by using them.
Approaches to AM can be sive or active (Walters & Hilborn, 1978). Passive adaptive
management involves identifying conditions and threats at the habitat site, forming
objectives and activities to address these, and developing a monitoring plan that tests
assumptions (Salafskyet al., 2002). This process is then adjusted as monitoring data
becomes available. Active adaptive management involves undertaking management as a
deliberate experiment, with alternative policies considered treatments, and applied through
statistically rgorous experimental design (Wilhere, 2002). Monitoring is necessary as the
data-collecting stage of the experiment. Active adaptive management, although more
expensive and complex than the passive form, has become the focus of research in more
recent yeas (Wilhere, 2002). The advantages of using AM mean that management
activities themselves can quickly become part of a future evidence base for conservation
effectiveness, and targeting management at specific questions enables this process to
continually develop, improving evidence, over future management cycles. AM has gained
wide recognition in the scientific literature and with managers (Walters, 2007), but its use
in practice has been fraught with problems, particularly with insufficient monitoring
(Walters, 2007). Building a suitable basis for its use in protected areas will require
improved knowledge about the effectiveness of current management techniques, especially

those used to monitor ecological responses to management.



1.1.4 Monitoring and Evaluation in Conservation

Monitoring is essential for evaluating management effectiveness and is central to the
application of both adaptive management and evidendeased conservation. However, only
veryfew assessmentsof management includeecological atcome monitoring (Leverington
et al.,, 2010; Lindenmayeret al., 2012a), and this is often inqualitative form (Hockings,
2003; Gastonet al., 2006; Hockingset al., 2009). Such monitoringis vulnerable to error
(Cook et al., 2009) and poor at addressing dect questions about management
effectiveness(Pullin & Knight, 2005; Margoluiset al., 2009; Lindenmayer & Likens, 209).

A lack of outcomefocused monitoring is also likely to result in expenditure being targeted
poorly (Legge, 2015). In order to benost useful for conservation, monitoring should be
targeted at the desired outcomes and objectives, and test managementientated
hypothesis (Nichols & Williams, 2011; Lindenmayet al., 2012b). Targeted monitoring is
more cost effective than blanket maitoring, especially for conservation and ecology
(Nicholls & Williams, 2011). Measurement variables should be go@tative and carefully
selected, emphasising important indicators or functions, and underpinned by good
scientific practice (Lovettet al., 2007). An ideal monitoring programme will also have the
capacity to adapt in response to new information or improve techniques as they become
available (Legge, 2015; Lindenmayeet al., 2012a), with the caveat that this does not
affect the integrity of logterm data sets (Lindenmayeet al., 2012a). A close connection
with management is essential, ideally with continual feedback so that errors or trends can
be acted upon as quickly as possible (Lovett al., 2007; Legge, 2015). Integrating
monitoring nto wider scientific research helps to disseminate any findings and ensures that
monitoring data has wider applications than the immediate management impacts (Lovett
al., 2007). Monitoring programmes that meet these goals will be able to contribute
effectively to scientific knowledge, the evidence base for conservation and to adaptive and
effective management. Because monitoring of management is an area where many
protected areas are weak, examinations of management effectiveness also should be

accompanied by evaluations of the monitoring strategies used to support them.



1.2 Knowledge Gaps

There are significant knowledge gaps in our understanding of protected area effectiveness
(Gaston et al., 2006; Southworth et al., 2006; Timko & Innes, 2009; Geldmann et al.,
2013; Presseyet al., 2015). These could be improved with more information about the
conservation efforts and the methods by which these are monitored within protected areas
(Hockingset al., 2006). Information is, however, also lacking abouhe effectiveness of
many ecological techniques that are in widespread use by conservation managers
(Sutherland et al., 2004 ; Pullin & Knight, 2005; Cook et al., 2009 Newtonet al., 2009;
Geldmann et al., 2013), and an additional area of uncertainty ishe effectiveness of
current monitoring techniques $atersonet al., 2004 ; Brookset al., 2004; Leverington et

al., 2010). Their effectiveness for detecting changes and evaluating management are
unknown in many areas (Geldmanet al., 2013), although thereare indications that there
are widespread deficiencies in practice (Leveringtaet al., 2010).

This thesis describes an investigation into these knowledge gaps, which are addressed by
undertaking a case study in the New Forest National Park. As in sevesther protected
areas, biodiversity in the New Forest is feared to be in decline despite extensive
management activity (Tubbs 2001; Newton, 2010). However, it is currently very difficult to
evaluate such trends (Newton, 2010). Undertaking a study ineghiNew Forest allows the
wider knowledge gaps about conservation effectiveness to be addressed, as there is
considerable uncertainty about the current management techniques for heathland habitat
(Newton et al., 2009) and longterm responses to mire restordbns (Haapalehtoet al.,
2010). Improved knowledge about these management techniques would be useful for the
widespread uptake or continued useof these techniques, as well as contributing to an
evaluation of management effectiveness in the New Forest éi§. In addition to the
interventions themselves, there are questions around the monitoring and evaluation
techniques used. The current principal monitoring technique in thelK is Common
Standards Monitoring (CSM), and this iextensivelyused across theUK protected areas
(Jackson & Gaston, 2008). CSM has been subject to remarkably little evaluation, and it has
never previously been examined in relation to managemerats it was primarily designed to
quickly report on the status of SSSls beginning in tHate 1990s. There are suggestions
CSM may be poor at relating to individual species and more quantitative techniques
(Newton, 2010; Davieset al., 2007), which have prompted this investigation. Linking an
investigation of management effectiveness with omitoring effectiveness will also allow
inferences about the effectiveness of the whole protected area to be made, which will

contribute to global research on this subject.



Examination of managementmonitoring, and restoration activitywill take place usng
successional chronosequences In this case, areas that have undergone management
interventions in the past (including those subject to restoration) and are presently
undergoing succession. In this way, a space for time substitution (Fukami & Warae)5;
Wardle & Zackrisson, 2005; Wardlet al., 1997) can be made. Thisallows interpretation

of the dynamics of the ecosystem following management, and also allows longiene
periods to be investigated than traditional shoerm studies. There is nowa growing
recogni tion that observational approaches and
addressing ecological questions over greater spatial and temporal scales than conventional
experiments (Wardleet al., 2012; Sagarin & Pauchard 2010; Fukami & Wdle, 2005). A
larger scale is also relevant to interpret management actions, as there is increasing
concern that present landscape management practices may affeetosystem function in
unknown ways (BESS, 2011). The New Forest provides a unique opporjufait this type of
study because of the large number of separate locations available, both for heathland and
mire habitat, that can be used as replicates in a larger dataset. This distinguishes this work
from previous studies examining heathlands, whicsuffered from a lack of replication and
short timescales(Newton et al., 2009) and mires, which are typically intensive studies of
single sites (e.gLargeet al., 2007; Vasanderet al., 2003; Kl6tzli & Grootjans, 2001)



1.3 Study Site:The New Forst National Park

1.3.1 Overview

The New Forest, situated in the South of England, is the largest semi natural landscape in
lowland Britain (Tubbs, 2001)Coveringa total of 57100ha, it contains extensive areas of
ancient woodland, heathland and mire wetlands (ibbs, 2001). The Forest has arguably
been a protected area for over 900 years, since its establishment as a hunting ground by
the King of England in 1079. Because of its history as a 'Royal Forest', and the
continuation of common rights of pasture withiit, the New Forest has largely escaped the
agricultural intensification that has transformed the wider landscape in Britain and Europe.
As a medieval relict, the forest is one of the few remaining pastoral landscapes in Europe,
and due to its size, biodigrsity andthe presence of traditional practicesit is one of the
most important. Many of the habitats within the forest were formerlyvidespread in
Western Europe, but are now rare andighly fragmented (Wright & Westerhoff, 2001
Chatters (2010) nota that the importance of the Forestvas not because the area hd any
unique qualities, but because its system of land use has survived largely intdicim the
Middle Ages to the present, unlike much of the rest of the countryThe New Forest's
importance for conservation and the environment is reflected in the designations it has
received. Made a National Parkin 2005, the Forest contains (at least partially) 20 SSSis,
six Natura 2000 sites, including the New Forest SAC and the New Forest SPA, and two
Ramsar convention sites (Chatters, 2006). The National Park itself surrounds a greater
extent of land than the SAC area (although some elements of the SAC lie outside the Park
boundaries). The Forest is also subject to a widespread management regime, withiaiety

of interventions taking place in different habitats. As a result, a number of sites are
available that allow a unique opportunity to examinghe impact and dynamics of
management and restoration technigues Owing to this management regime, unceriaties
about the effectiveness of conservation techniques, and its large area, the New Forest is an
excellent location to examine protected area effectiveness and its management and
monitoring approaches. Further detail of the history, habitats and biodersity, and socie

economic system of the New Forest is available in Appendix .



1.3.2 New Forest Moorlands

The New Forest features several different habitat types, but this research focuses on the
open areas of the forest, which are subject to intensive magement. These open habitats
feature diverse species that are increasingly rare in other lowland locations (Rand &
Chatters, 2010). The New Forest contains the largest contiguous areas of lowland heath in
Britain (Webb, 1986), featuring diverse communés of both dry and wet heaths. Valley
mires are also numerous in waterlogged areas (Tubbs, 2001) and the largest series of
surviving lowland valley mires are also found within forest boundaries (Atkinson, 1984;
Clarke, 1988). Mires and heathlands are obkely associated in the New Forest and are
important because of their international rarity and the unique species that they support
(Clarke, 1988).

Dry heaths in the New Forest feature communities dominated I8alluna vulgaris,dwarf
gorse Ulex minor and bristle bent Agrostis curtisii (Webb, 1986). Common gorsdJlex
europaeusi s al so common in many areas. W&t and O6hum
vulgaris, crossleaved heath Erica tetralix and Sphagnum compactum Beneath the
heathlands, soils are hmus-ron podzols, but are considered to be less nutrient deficient
than equivalent heaths in Dorset (Webb, 1986). In the absence of grazing, burning, or
other interventions, heaths are colonised by a wide range of woody species, including oak
Quercusspp., holly llex aquifolium, hawthorn Crataegus monogynaand birch Betula spp.
and pine Pinus sylvestris(Webb, 1986) New Forest heathlands are considered to be
particularly important for reptiles, including smooth snak€oronella austriacaand sand
lizard Lacerta agilis (Webb, 1986; Noble, 2010). They are also important habitats for
breeding birds, includingDartford warbler Sylvia undata Nightjar Caprimulgus europaeus
and WoodlarkLullula arborea (Conwayet al., 2010). Plants subject to decline in lowlan
communities, such as wild gladiolusGladiolus illyricus heath lobeliaLobelia urens, dodder
Cuscuta epithymum petty whin Genista anglica,heath rush Juncus squarrosusand mat
grassNardus strictg are also found (Rand & Chatters, 2010). Although heddéimd contains
relatively few invertebrate species that exclusively use the habitat, physical, chemical and

community characteristics result in a rich diversity of species (Webb, 1986).

Valley mires feature a variety of communities, often dominated I8phaghum sp. moss
(Atkinson, 1984; Rand & Chatters, 2010). Abundant plants include bog myriiyrica gale,
black bog rushSchoenus nigricans,purple moor grassMolina caerulea,sundew Drosera
spp., bog asphodelNarthecium ossifragum cotton grass Eriophorum agustifolium and
white-beak sedge Rhynchospora alba(Webb, 1986). Rare and declining taxa found in

valley mires include bog orchitHammarbya paludosa,great sundew Drosera anglica,
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galingale Cyperus longusslender cotton grassEriophorum gracile bog pinpernel Anagallis
tenella, Carexspp. (including C. echinata, C. hostiana, C. lasiocarpand C. rostratg,
common butterwortPinguicula vulgarisand lesser bladderwortUtricularia minor (Rand &
Chatters, 2010). The mires are particularly important for somare dragonflies, including
the endangered southern damselflyCoenagrion mercurial(Thompson & Watts, 2010).
Breeding lapwingsVanellus vanellus snipe Gallinago gallinage curlewsNumenius arquata
and redshanks Tringa totanusalso utilise mire habitat & nesting areas(Conwayet al.,
2010). Although a series of early studies olowland mire vegetation and specifically in the
New Forest,took place in the 1950s60s (Rose, 1953; Newbould & Gorham, 1956;
Newbould, 1960), there has been comparatively ligtl research since then (although see
Clark (1988) and Atkinson (1984) for more recent studies). A number of palynological
studies exploring past environments have used pollen from mire locations in the Forest
(e.g. Barber & Clarke, 1987; Clarke & Barber987). The majority of valley mires are at
least partially minerotrophic, with ruroff from the surrounding habitat often draining into
them (Tubbs, 2001). Surrounding catchments are predominantly heathland (Atkinson,
1984). Valley mires often show strongzonation of vegetation along chemical and
hydrological lines, with Sphagnum sp. rich vegetation in baseoor areas, flushed
vegetation where there is movement of water with intermediate base status, and alder carr
in highly flushed areas (Rose, 1953; Nevduld, 1960). Flushed communities can be highly
variable, in some areas featuringvlyrica gale, Molina caeruleand Schoenusand in others
Menyanthes trifoliata, Phragmites australisand Equisetum fluviatile (Newbould, 1960).
Areas of Sphagnum cover are notas acid as the normal ombrogenous bog peats of
northern Britain (Newbould & Gorham, 1956), and peat depths are typically quite shallow
(around 2m) although this has not been systematically studied (Tubbs, 2001).



1.3.3 Management of the New Forest

To maintain the persistence of heathland habitat, a programme of burning and cutting is
carried out by Forest managers. Burns take place in late winter on areas of gorse and
heath, and are closely controlled (Smith & Burke, 2010). Heaths are burnt by theréstry
Commission on rotation, typically on periods of six to 12 years but sometimes longer
(Tubbs, 2001). Cutting (by swipes hauled by tractors) and subsequent heather baling
typically takes places where winter burning is not practical. Management hyriing in the
New Forest began around the 1870s (Clarke, 1988) and the practice was probably not
widespread before then (Webb, 1986). These interventions are aimed at maintaining the
habitat as heathland, by preventing succession and encouraging secondasgrowth
(Webb, 1986; Smith & Burke, 2010). There is also a perceived contribution to grazing for
livestock (Smith & Burke, 2010), but there is actually little evidence to suggest this is
valuable (Tubbs, 2001). The process of burning is considered bymagers to encourage
new growth and form mosaics of different vegetation structure, in addition to preventing
more severe wildfires at other times of the yedrecause of the removal of fuel in the form
of dead heather(Smith & Burke, 2010). However, in t scientific literature, evidence is
lacking for the effectiveness of burning (as well as cutting), and very few robust studies
have been reported (Newtoret al., 2009). Very little monitoring of these activites has
taken place, further reducing availablénformation, and garticular weaknesses are a lack of

longterm and fully replicated studies (Newtoet al., 2009).

Management activities that affect valley mires include the clearance of shrubs and
regulation of water through ditching (Atkinson, 1984). Traditional mire management
involved smaliscale removal of peat, which may have added to mire diversity by providing
open pools (Atkinson, 1984). However, this practice has now completely died out (Tubbs,
2001). Removal of Sphagnumand rushes also took face (Clarke, 1988). Prior to more
modern techniques that give better control, heathland burns likely affected the edges of
mire habitat as well (Clarke, 1988). Drainage was undertaken throughtout the Forest to
improve land for forestry and as a grazingesource. Three significant phases of drainage
have taken place: the 19 Century, the 1920s30s and the postwar period running well into
the 1980s (Clarke, 1988). Drainage ditches were actively maintained until relatively
recently, and deep ditches havecaused deleterious effects on valley mires (Atkinson,
1984). The effects of more recent drainage operations have been thought to have been
more severe, because of the advent of mechanical digging (Clarke, 1988). Following work
by Atkinson (1984) and Clde (1988) highlighting these threats, and owing to a growing
recognition of the importance of these habitats, efforts have been made to undo the

damage in recent years. Beginning in the miB90s, a series of projects have taken place
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aimed at restoring nires to their former status by blocking ditches and enhancing water
retention on mire sites. Initial progress on these restorations was slow (Holzer & Elliot,
2010), with few initial interventions,because of concerns about the impact on livestock
grazing. However, since then many mire locations have been subject to dréilocking
interventions, among them the use of clay plugs and heather bales (Cooch & Morris, 2001;
Holzer & Elliot, 2010). Ecological restoration of mires and other wetland habitats conis
today under the Higher Level Stewardship scheme for the New Fordsatiral England,
2010). Although these techniques have been reported as successful elsewhere (Caebll
al., 2011), outcomes from these restorations have not previously been scididally
assessed, and in the wider scientific literature restorations of lowland valley mires have not
received much attention. However, there has been some criticism of the heather bale
method used in other mire habitats (Greeast al., 2009; Grand-Clemert et al., 2015).

A notable characteristic of almost alNew Forest habitats is that theyare and have been for
some time subject to a very heavy grazing regime. This has been the subject of some
research (Prattet al., 1986; Putman et al., 1987; Langben & Putman 1999). Recent
estimates suggest approximately 2500 deer range across the Forest, which include red
Cervus elaphus sika Cervus nippon fallow Dama dama roe Capreolus capreolusand
muntjac Muntiacus reevesi (Putman, 2010). Fallow deer are bfar the most humerous
(Putman, 2010). Domestic animals, which are principally ponies and cattle, but also
include donkeys, domestic pigs and occasionally sheep, are allowed to roam freely over the
Forest. Their existence is a continuation of the rightsf common, and all livestock are
owned by individual commoners. The high biomass and diversity of herbivores over a long
period is thought to have held significant contributions to the ecology of the Forest
(Putman, 2010). New Forest heathlands featureeduced structural diversity in comparison

to Dorset heaths, whichhas been attributed to grazing, particularly oMolinia caerulea
(Putman, 2010). Mire communities are also subject to extensive grazing pressure in some
locations (Atkinson, 1984), and thegraminoid community from these habitats may be an
important source of food for livestock (Clarke, 1988).
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1.4 Research Aim & Objectives

Protected Areas such as the New Forest remain the most important method for dting
global biodiversity loss, and anservation strategies are particudrly dependent upon these
areas. The aim of this project is tonivestigate the effectiveness of one protected area, the
New Forest National Park, by examining the capabilities of its management approaches and
the suitability of its monitoring system Theimplications of this studywill have widespread
significance, as many of the management, restoration and monitoring techniques

investigated here are usedaround the UK ancelsewhere.

Chapter 2contains an investigationof the impact that long term managemenbf heathland
ecosystems has on the vegetation community and abiotic conditions. Burning and cutting
measures in the New Forest are investigatedvith the emphasis on community ecology.

The objectives of this reseach wereto answer the following questions:

i. What are the differencesin impact between management types (cutting and
burning) on a) the plant community and b) abiotic conditions?
i.  What are the dynamics of the heathland community following management?
iii. To whd extent do the management interventions account for the variation in the

plant communities observed?

The purpose ofChapter 3is to examine whether Common Standards Monitoring (CSM) in
heathland environmentsis a sufficient approach to record managemergffectiveness, and
whether the current practices are suitable for an adaptive management approach.

Specifically, the research airad to answer the following questions:

i. Do habitat condition scores show measurable differences following
management activity

ii. How well do habitat condition scores and their constituent attributes reflect
community and structural changes observed in the habitat community?

iii. How do CSM scores compare to Habitat Suitabilitpdices when there are

changes in heathland habitat?
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Chapter 4 documents an examination of restoration efforts in lowland valley miraghich in
particular investigated how the plant community changed following restoration work and
how abiotic conditions may have changedThe objectives of this researchvere to answer

the following questions:

I.  How has the plant community changed following restoration work?
i.  How have abiotic anglant structural conditions changed as a result of restorati¢h
iii.  To what extent do the restoration interventions account for the variatiamthe plant
communities observed?
iv.  What are the pathways where restoration success could be improved, and what are

the potential barriers to successful restoration?

The final data chapter, Chapter 5aims to identify if CSM techniques wersufficient to
detect whether restoration work has been successfuh mire habitats, and if it is a suitable
tool to monitor the recovery ofmire sites. This research wasdesigned to answer the

following questions:

i.  Havemire restoration projects resulted in changes to hhitat condition, based on
CSM techniques?
ii. Isthe CSM approach sufficient to identify whether restoration work has been
successful, and is it a suitable tool to monitor the recovery of sites?
iii. How do Habitat Suitability Indices compare with CSM Scorasnire habitats?

The outcomes of these studies are then explored in Chapter 6, examining the implications
of management in the New Forest and for wider knowledge about the conservation
techniques used and protected area effectiveness. uggeded changesand future work
that could enhance both knowledge and effectiveness of future conservation effoidse

also described
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Chapter 2: Management of a Heathland Ecosystem in
the New Forest: Effects of cutting and burngn

2.1 Introduction

Lowland heathland ecosystems, owing to their unique flora and fauna and cultural value,
have considerable conservation value (Alonset al. 2001). The \egetation community in
these ecosystems aralominated by heathers Callung Ericaand other Ericacea@ together
with leguminous shrubs such as gorselUlex sp.), grasses and other plants (Loidét al.,
2010). Heathlands are often considered to have significant cultural value because of their
long history of traditional use, including grazgy and fuel collection (Bullock & Webb, 1995;
Mallik, 1995; Calvoet al., 2005; Yallopet al., 2006). Lowland heathland ecosystems are
distributed across Western Europe in Atlantic coastal territories, including the UK,
Denmark, western France, Norttwest Germany and the NW of Iberia (Loiét al. 2010),
with approximately 20% of lowland heathland located in the UK (Webb, 1986Fhey are
protected under EU(Habitats Directive, 92/43/EEC)and UK law(SSSI sites under the
Wildlife and Countryside Act, 198) and are important for many high conservation value
species including Dartford warbler,Sylvia undata woodlark Lullula arborea nightjar
Caprimulgus europaeus smooth snake Coronella austriaca and many specialist
invertebrates (Dolman & Land, 1992).

Lowland heaths have been subjected t@onsiderable declines in the past two centuries
(Aerts & Heil, 1993 Roseet al., 2000; Fagundez, 2012; Ramil Reget al., 2013, Pedleyet

al., 2013; Vogelset al., 2013) which has led to increasing conservation concernMuch of
this decling in both the UK and mainland Européhas been the result of changes of land
use, particularly agricultural intensification, afforestation and urban expansion, in addition
to succession to other habitats (Marrs & Britton, 2000Fagurdez, 2012; Ramil Regoet al.,
2013). As well as losses of heathland extent, changes in the quality of heathland habitats
(community composition and vegetation structure) have also occurred in recent years
across Europe (Cordinglegt al., 2015; Diaz et al., 2013; Mohamed et al., 2006; Milligan et

al., 2004; Roseet al.,2000). These have also been associated with a decline in traditional
use, including grazing by livestock, cutting of vegetation for fuel and animal fodder, burning
and cutting of turf ard peat (Webb, 1986). Vegetation dynamics have been altered as a
result of elevated soil nutrient concentrations in an ecosystem that is normally very low in
nutrients (Alonsoet al.,, 2001), with evidence that atmospheric nutrient deposition has
been contibuting to invasion of heathland by grasses (Dia al., 2013; Mohamed et al.,

2006) and a loss of species itJK heathland communities (Southoet al., 2013).
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Heathlands are anthropogenic in nature (Diemorst al., 2013; Mucher et al., 2000) and
must be continuously managed in order to prevent loss of the community and species
through succession (Brittoret al., 2000a; Marrs & Britton, 2000). Management of lowland
heathlands is therefore aimed at preventing succession to other habitats and maintaining
the structure and community of heath communities (Newtoet al., 2009), and in recent
years an increasing emphasis has been given to reducing nutrient levels on heathlands to
ensure their longterm survival (Poweret al., 2001). Intensive management is ofte seen

as being necessary owing to the fragmented and small nature of most heathlands (Webb,
1998a). These practices include cutting, burning, the application of herbicides and grazing
(Dolman & Land, 1992). With the exception of herbicide applicatiometse practices were

a widespread element of traditional heathland use (Webb, 1998a), and are now an
established part of heathland management, with grazing becoming more prominent in
recent times (Newtoret al., 2009). Vegetation cutting and grazing are sl to maintain the
growth of Callunaand supress competing grasses, and to reduce populations of colonising
shrubs and trees (Giminghanet al., 1992; Le Ducet al., 2007). Burning is also seen as an
effective way of preventing succession and reducing nignt concentrations (Ascoliet al.,
2013; Webb, 1998a), although if it is used ovefarge areas it could potentiallycreate large
expanses of even aged stands (Webb, 19984a/elleet al., 2014) and it could negatively
impact heathland fauna if too frequent(Pereoglouet al., 2016). There may also be
significant geographic variation in its effects (Velle & Vandvik, 2014%utting is perceived
by managers to be less effective in controlling nutrient concentratiomempared to burning
(Webb, 1998a)

Whilst management practices are well established, evidence regarding their effectiveness
is lacking. There have been a number of studies on heathland cutting and burning, but a
systematic review by Newtoret al. (2009) found that few studies have been undertake
previously with robust experimental designs, with only three addressing heathland burns
(Brian et al., 1976; Bullock & Webb, 1995; Lippeet al., 1985), three heathland cutting
(Britton et al., 2000a; 2000b; Hallam & Hallam, 1981), and a further three exaining
burning or cutting with other management techniques (Barket al., 2004; Froment, 1981;
Vandvik et al., 2005). Many previous studies suffered from a lack of replication, short
timescales or lack of control or comparators (Newtagt al., 2009). Evidence supports the
position that burning removes most of the nutrients from standing plants and leaf litter
(Webb, 1998) butrelatively little is known about the impact on nutrient availability in soil
and in the structure of plant communities Nlarcos et al., 2015; Mohamed et al., 2007,

Adams, 2003). Evidence from short term studies suggests that burning lacks effectiveness
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in terms of reducing N availability (Niemeyest al., 2009). Many heathland plants are
vulnerable to increases in N (Damgaardt al., 2014; MeyerGrunefeldt et al., 2016), so
changes in this feature are important. Very few studies have examined management
dynamics both above and below ground (although see de la Pepa al.,, 2012). One
example is provided by Hardtleet al. (2009) who investigated above and belowground
nutrient dynamics in heathlands in Germany, but only over the medium term (10 years).
Regeneration of heathland following fire has been documented (Veb¢ al., 2012), but
there are gaps in understanding the dynamics akgetation following fire, as high variability
is often observed, highlighting the need for management to be monitored and evaluated
(Davies et al.,, 2010). There is some evidence that fire temporarily increases nitrogen
availability in soil, and there a& indications that different initial communities can respond
differently to burning independently of other conditions(Hobbs & Gimingham 1987;
Vandvik et al., 2005), which may limit its effectiveness as a management intervention
(Mohamedet al., 2007). Langer term dynamics of heathland following cutting and burning
have not been investigated, and effects on plant diversity, habitat structure and

macroinvertebrate communities of heathland are largely unknown.

This research aims to investigate the impacthat long term management (cutting and
burning) has had on both the biotic andbiotic components of a heathland ecosystem in

the New Forest. The objectives of this research are to answer the following questions:

i. What are the differences betweerimpacts of management types (cutting and
burning) on a) the plant community and b) abiotic conditions?

ii. What are the dynamics of the heathland community following management?

iii. To what extent do the management interventions account for the variation in

the plant communities observed?

In order to assess the impact of heathland burning and cutting on the vegetation
community, soil properties and grazing resource, a chronosequence of heathland habitat
was surveyed. The chronosequence allows interpretation of the etfeof management on
both biodiversity and ecosystem properties to be investigated in a spdoetime
substitution (Fukami & Wardle, 2005; Harmoet al. 1999).
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2.2 Method

2.2.1 Study Site

New Forest National Park

3

0 40 80 160 240
Kilometers

Figure2.1 The location and boundary of the New Forest NatiarParkwithin the United Kingdom

Research was undertaken in the New Forest National Park (Hampshire, UK). The New

Forest contains the UKGO6s | argest area of | owland
designations (see Chapter 1). New Forest heddinds are frequently characterised as

6humid heat ho, containing species associated wit
objective of heathland management is to keep the heathland in good condition, based on

Common Standards Monitoring (CSM) requirementand also to fulfil the requirement to

keep open areas of the forest free from scrub under the New Forest Act 1949 (Forestry

Commission, 2008). Burning takes place in the winter months (November to March) using

a low temperature fire, whereas cutting isnanaged by tractormounted swipe year round

(Smith & Burke, 2010). The size of the burn and cut areas is limited to a relatively smaH (
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5 ha) area, and rotated approximately every 20 years, leading to a patchwork mosaic of
heathland ages across the Fors.

2.2.2 Sampling Design

The effects of cutting and burning on the heaths were measured in a factorial design. Sites
were selected from a database from the Game and Wildlife Conservation Trust (GWCT)
based on Forestry Commission data (Smitt al., 2013). Within three contiguous areas of
heathland (O0Omanagement bl ockso), management
basis on a mosaic of heathland patches. Sites within each block were burnt or cut at
different times, providing a chronosequence since lastisturbance in each block (0, 1, 6,
10, 20 years), which were used to select sites for study. Replication was achieved by
selecting one site of each age from each management block, reducing the impact of local
conditions on the study. A total of five bued and five cut sites were selected randomly
from each management block, resulting in a total of 15 burnt sites and 15 cut sites. Within
each site, a survey plot of 50 x 50 m (0.25 ha) was established. As in Bakeial. (2004) no
unmanaged (control) ges were used, as noamanagement is not an option that is currently
pursued for maintaining lowland heathland in the New Forest. Management practices were
therefore compared to each other rather than with unmanaged plots. A stratified random
sampling apppoach was taken, whereby sites of each age were selected randomly from
each block (where more than one site was availablepites were between 25 ha in size. To
generate the location of the survey plots, points were randomly generated within the
boundary of each site using within ArcGIS (ESRI, Redlands, California) using @heate
Random Points function in Arc ToolboxEach generated point was then used as the SW
corner of a survey plot within which data was collected. The corners of the plot were
measured out using tape from the generated point, with the geographic location recorded
with a handheld GPS device (Garmin GPSMap 62, Garmin, Kansas, USA).
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Figure2.2 Location ofheathland survey sites(black stars)within the New Forest National Park.

2.2.3 Sampling Method

In each50x50m plot, a total of 10 sample points were established, using random number
generation to locate samples within the plot. 2 x 2 m quadrats were used to assess
vegetation (Bullock, 2006). At each quadrat point, themaximum height of the grass sward
(at the centre of plot) was recorded, together with three measurements of vegetation height
using drop disks, which were randomly placed inside the quadrat. The age structure of
ericaceous shrubs was recorded (JNCC, 2004) wherbey were present, using the
categories Opioneer 0, Obuil ding/ matur ed,
percentagecover of each of these categories. All vascular plant species were identified
species leveland the respective percentage aver of each species within the quadrat was

visually estimated, as in Diazt al. (2011), with the addition of recording lichen and moss
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cover. Unidentified plants were recorded and photographethese were subsequently

identified outside of the field Taxonomy of recorded species followe8&tace (2010) with
identifications using keys fromRose & O8 Reilly (2006) and R
seedlings of tree species was also recorded, together with the amount of ground bare or
covered by leaf litter. ®servation bias was minimised by using the same researcher (the

author) for all vegetation surveys that were undertaken.

Soil and quadrat samples were taken from the same location, recorded by GPS. The
location of each sample within the plot was determed by using a random number
sequence and using the plot edge as a gridl0 soil coresof 5cm diameter (Rowell, 1994)
were taken to 15 cm depth, comprising a composite of horizons, and were subsequently
bulked to provide a peiplot value (Rowell, 1994; @idts et al., 2009). Soil samples were
analysed for extractable soil ammonium (N#) and extractable soil nitrate (N&) in addition

to total N, C, P and K. Soil samples were bulked after collection to provide a value that
would represent the whole plotand were placed through a 2 mm sieve prior to analysis
(Rowell, 1994). All samples were duplicated to ensure that representative values had been
obtained alongside blank and standard samples to assess laboratory contaminationTo
measure plant available N, fresh soil was mixed with 50mL of 2M KCI, shaken on an orbital
shaker, and then passed through medium grade filter papeNH:+ was measured from this
solution using an loASensitive Electrode (ISE, Vernier, Oregon, USA) as described by
Molins-Legua et al. (2006). Extraction by vanadium(lll) reduction (Rowell, 1994 was
carried outto detect NG&-. Vanadium(lll) in dilute acid solutiowauses reduction of nitrate

to nitrite and/or nitric oxide, both of which are captured by Griess reagents (sulfanilia®
and N(1-naphthyl}ethylenediamine) to produce ared dye. The reagent solution (200ml
HCL, 0.5g Vanadium IlI0.2 g sulfanilamide and 0.01 g N1-naphthyl}ethylenediamine
dihydrochloridg, was first prepared and then mixed with sample directly in cuets.
Samples were left for 24 hours to allow colour to develofpllowed bycolorimetric analysis
using a UV spectrophotometer (Varian Vista Pro, Yarnton, UK).

For other elements, sil was dried at 60C for 48 hours (until there was no measurable
decrease in mass) prior to further analysisP, K, Na, Ca and Mg/ere measuredas follows:

0.1 g soil subsamples were weighed into microwave vessels, with 4.5ml HCI| and 1.5ml
HNQ subsequently added to each vessel. Microwave digestion was undertaken with a
multiwave digester (Anton Paar GmbH, Graz, Austria). Samples were subsequently filtered
into volumetric flasks before concentrations were determined by an Inductively Coupled
Plasma Optical Emission Spectrometer (ICFES, Varian Vista Pro, Yarnton, UK). Aidaal

soil analyses were conducted by the analytical laboratory at Forest Research, Alice Holt,
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Hampshire, UK. Soil pH was measured by spension of 5 grams of soil with 25 ml of
water, shaken on an orbital shaker for 15 min and rested for 45 min befol®ing analysed

by a Sentek pH electrode. Total Nitrogen, Carbon, Organic Carbon and Inorganic Carbon
(TN, TC, TOC, TIC) were measured with Reference method ISO 10694 & 13878. This is a
combustion method using a Carlo Erba CN analyser (Flash1112 serieSamples were ball
milled before analysis, with 30 mg of milled soil weighed in tin capsules before being
analysed simultaneously for total carbon and total nitrogein the Flash analyser For
organic carbon, the same process was used with the exceptioratithe capsule was silver

and placed in a furnace at 500C for 2 hours to remove the organic carbon.The
subsequent differencein measurementwith total carbonallows the organic fraction to be

calculated

To evaluate plant nutrient compositionyvegetaton samples were taken fromMolinia
caerulea within each plot. Terminal shoots (<5 mm) were collected, with 6 shoots taken
from each quadrat in order to sample multiple plants and multiple areas of each pld@nly
leaf content was measured as this has thenost relevance to forage quality for grazing
animals. Samples were measured in duplicate to reduce experimental errorAfter
collecting samples were dried at 6@C for 48 hours (until a constant mass was achieved)
and subsequently milled. Plant nutriest (P, K, Na, Ca and Mg), were measured using acid
digestion and ICFOES following Moody & Green (2010). Samples of plant material
(approximately 0.25g) were digested in 10ml of 70% nitric acid, subsequently evaporated
to dryness and resuspended in 25ml d 5% nitric acid prior to analysign ICROES

2.2.4 Statistical Analyses

Data were analysed in IBM SPSS Statistics 19.0 (IBM Corporation, New York USA), Primer
6.1.16 (Plymouth Marine Laboratory, Plymouth, UK), ECOM II (Pisces Conservation,
Lymington, UK), and R 3.2.3(R Core Team, 2016) As heathland features specialist
species that are not found in other habitats, analysis examined both the impact on total
species richness and also some of the key species found at the site. Data were initially
examined in a correlation matrix in order to examine the relationships between the
variables and their potential impact on the analyses performed. Spearmeank correlation

was carried out on untransformed data for this exploratory step. The high number of
variables included necessitates a number of multiple comparisons within the correlation.
Testing using confidence intervals was applied, using the bootstrapping technique in SPSS,
to reduce the risk of type | error (Cumming, 2012). This was preferred tonBzrroni

correction as the latter method was considered to risk a very high chance of type Il error.
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Confidence intervalsf or S p e a r waxencalaulatd’l Ho095%, and determined to be

significant if the interval did not cross zero.

To detect differenes between management types and to identify dynamics following
restoration, 2 x 5 factorial ANOVA tests were performed to determine whether the
measured variables differed between management types, between the age of the plots, or
whether there was a sigricant interaction between the two factors. As running a number

of ANOVA tests on different variables increases the risk of Type | error, some caution in
interpreting the results is required. Due to the number of comparisons, it was felt that
applying Borfierroni correction would increase the risk of type Il error too substantially to be

of use (Field, 2013). Thereforeetas qu ar e d e f2jamadcdcautiond considerat{orisof

the actual differences between groupswere used to guide interpretation of ginificant test

r e s u Rrepsesents ti& proportion of theotal variability inthe dependent variable that is
accounted for by variation in the independentariable (Levine & Hullett, 2002) @ is scaled

from 0-1 and can be considered analogous te? in correlation analyses (Levine & Hullett,

2002). Treat ment means were examined i nhocombir
analysis to determine significance. Where an interaction was present, simple effects
analysis was performed in SPSS instead of pdstc tests. The assumptions for ANOVA
were tested using Leveneds test (homogeneity
of residuals using graphs, and examining boxplots for potential outlierdlormality tests

were not used because the number of fdors prohibited effective test sizesThe design is

robust to samples showing unequal variances owing to the equal sample sizes for each
factorial group, and ANOVA is relatively robust to violations of normality, but results should

be considered with greatr caution if these conditions are breached.

Additionally, Nor-metric multidimensional scaling (MDS) was used to determine ecological
distance in the habitat community. This was performed so that changes in the vegetation
community as a whole could beexamined, without having to test every variable with
ANOVA.This was carried out on a Bra@urtis similarity matrix, a popular matrix for
abundances and suitable for habitat community data (Clarke & Gorley, 2006). An Analysis
of Similarities (ANOSIM) was epformed to statistically test whethera priori factors
influenced the patterns detected in the MDS output. Similarity Percentages (SIMPER),
based on the BrayCurtis similarity, were used to followp the ordination to examine where

plots shared similarites and where they differed.
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To determine how much the variation in the vegetation community resulted from
management, firther analyses were undertaken. Canonical Correspondence Analysis was
undertaken using habitat and environmental data in order toxamine the potential
relationship between the habitat community and possible explanatory variables, including
management and soil conditions. CCA is considered the best constrained ordination
method (McGarigal et al., 2000) and is robust to skewed data aata where there is
considerable noise (Palmer, 1993). The collected data meets the assumptions that they
are independent observations and are randomly selected owing to the sampling design.
The dummy variables of site age (1= coded for 0 and 1 year gitbts and O = all older
plots) and management type (1= burn, 0 = cut) were added as explanatory variables, to
determine whether dynamics following management or the type of disturbance has as great
an effect on the vegetation community as local environmgi conditions. Environmental
data included was log10 (y + 1) transformed before analysés because a Xunit difference

in nutrient concentration is probably much more important at low concentrations than it is
at high concentrations(Palmer, 1993) Data were tested for multicollinearity with some
variables were removed so as to not bias the result. Variables that were removed from the
analysis in order to prevent situations of multicollinearity included soil Na, K, C/N ratio,
nitrate and ammonium andthe slope and aspect of terrain. In particular, C/N ratio
correlated with management activity, and soil ammonium with soil NMulticollinear
variables were removed based on assumptions how important the variable was likely to
be for the plant community Monte-Carlo Permutations (1000 replications) were used to
test the statistical significance of CCA outpuas well as examination of the aforementioned
correlation for explanatoryfactors (CN ratio, total C, total N, total P, soil pH, total K, total

Na, total Ca, total Mg, in addition to elevation, site age and management type).
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2.3 Results

2.3.1 Exploratory Analysis

Spearman correlation showed that that many variables showed strong correlations with
each other, although confidence intervals were geraly very large, reflecting variability in
the data. Of particular note are the strong negative correlations between ericaceous plants
and some of the soil nutrients (principally N and P), and negative correlations between
ericaceous species and overalplant species diversity measures. There is also a trend
towards higher grass cover being associated with higher concentrations of nutrients.
Further supporting the link between below ground nutrients and the vegetation community,
high C/N ratios were aseciated with higher moss, lichen and ericaceous cover, as would
be expected for more typical heathland soils of this type. A full correlation matrix can be
seen in AppendiXl, Figure 11.1

2.3.2 Effects of different Management Types (cutting and burnip@n the plant community
and abiotic conditions

A statistically significant main effect of management on the amount of bare earth was
found (d.f. = 1,F=9.24, p = 0.006, G = 0.16), with burnt plots having higher cover of bare
ground (mean £ SE of 7.6 % 1.2) compared to cut plots (2.6 % + 1.2). The age of the plot
following management work also showed differences in cover (d.f. =FH5 3.97, p = 0.016,

@ = 0.28), with posthoc analysis indicating that plots of 0 and 1 year of age were different
from those of 620 years f <0.05 in both examples). There was a significant interaction
between the type of intervention and the age of the plot following management on the
cover of bare ground (d.f. = 4F = 2.97, p = 0.044, @ = 0.21), and simple effects anafsis
was indicated that the cover of bare ground differed between management types at the
ages of 0 and 1 yearsf = 0.001 and p = 0.026 respectively) but not at older ages.
Specifically, cover of bare ground was initially high in burnt plots (18.4% + 603 plots of O
years, 10.5% * 4.7 for plots of 1 year) before falling (2.9% * 0.3, 3.8% * 2.1% and 2.6 £
0.3 for burnt plots of 6, 10 and 20 years), while cut plots maintained a low cover
throughout (sites of 0, 1, 6, 10 and 20 years were 3.9% + 0.7, 1.6% 0.7, 1.8% * 0.7,
2.8% % 1.0 and 2.7% + 0.2 respectively).Although some of the assumptions of ANOVA
were violated(normality), the test isreasonably robust against violations of normalitso the

differences over age and management type are well supped.
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The percentage cover of all Ericaceous species also showed differences between plots of
different management activity (d.f. = 1F =17.67, p = 0.001, @ = 0.30) and differences
across plot age after intervention (d.f. = 4F =4.43, p = 0.01, @ = 0.30). The effects of
interaction were not significant (d.f. = 4, F = 0.80p = 0.538), indicating that ericaceous
cover responded in the same way, regardle®f the intervention type. Burnt plots featured
ericaceous cover in greater abundance (mean of 48.9% + 5.6 S.E) than cut plots, (24.0 % +
4.5). Posthoc tests for site age revealed significant differences only between sites of 10
years following managemenand early sites (0 yearsp = 0.043, and 1 year marginal withp

= 0.059). The composite nature of ©6ericaceous cCcoOV
Mean cover for plots of 0, 1, 6, 10 and 20 years were 21.1% + 6.6, 22.4% + 6.6, 41.1% +
6.6, 51.2% * 6.6 and 46.6% + 6.6 respectively). This pattern seems to indicate an
increase in cover over time, followed by a potential decrease in ericaceous cover in the
oldest plots, as sites of 20 years are not statistically distinguished from sites of60years
However, the wide confidence intervals and low statistical significance medhese
differences aredifficult to state with confidence. The change in ericaceous cover over age
and management type is shown in figure 2.3. All ANOVA assumptions were roettis
test.

For the individual dwarf shrub speciesCalluna vulgarisshowed significant differences
across intervention type (d.f. = 1, F = 5.4(Q = 0.031, @ = 0.11) and also across plot age
(d.f.=4. F=5.19,p=0.005, @ = 0.41). There was no iteractive effect (d.f. = 4, F = 1.19,

p = 0.345), indicating that Calluna cover showed a similar shaped response to
management whether it was cut or burntdespite diffences in the relative cover between
management Post hoc tests revealed significant dérences between plots of 0 and 1
years with those of 10 years of age (p <0.05 in both cases). This shows a strong
association with the ericaceous cover and building heath age class, as would be expected.
Generally,Calluna vulgariswas present in greate percentage cover on burnt sites (mean
cover of 28.4% + 5.0 SE) than on cut sites (17.1 + 3.7, fig 2.3). Following management,
Calluna appeared to increase in abundance until declining between the oldest plots,
although only differences between the eadst plots and those with greatest abundance at
10 years could be statistically separated (fig 2.3). All ANOVA assumptions were met for this
test. Tests onErica tetralix showed highly significant differences between management
type (d.f. 1, F = 29.33,p = 0.001, @ = 0.52), but no differences over the age of the plots
(d.f. =4, F =0.54,p=0.707) and no interactive effect (d.f. =4, F = 1.31p = 0.301). Erica
tetralix showed considerably higher abundance on burnt plots (16.6% + 2.7) than on cut
plots (1.5% + 0.6). All ANOVAassumptions were met, and thelarge effect sizeinspires

confidence in the result. Erica cinereadid not register any significant differences in cover
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relative to the factors in the study (see Appendlkfor ANOVA tables), posdipas a result of

its overall low abundance.
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Figure 2.3.Graph illustrating dfferences in key variables and species across management types and
age after ANOVA analysisAll error bars represent standard error. Bars that share the same letter

are not significantly different from each othem Tukey HSD post hoc testp(< 0.05).

Tests of the total cover of grasses or Graminoids showed a significant difference between
plots of different interventions (d.f. =1F =8.36, p = 0.009, @ = 0.26), but nodifferences
over plot age (d.f. = 4F = 0.52, p = 0.72) or any interactive effect (d.f. = 4F =0.42, p =
0.795). Some caution is required in interpreting these results as plotting the residuals
revealed a slightly nomormal distribution, and there wee some outliers in the burnt sites.
The outliers are likely to be a result of high variability in grass cover on the burnt sites.
Generally, it does appear that grassower was lower in burnt sites (Figurg.3), and this is

likely connected to the greate cover of Ericaceous species in these areas. An initial spike
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in grass cover was not detected. Percentage cover values (mean + S.E.) were 28.1% + 2.8
and 43.6% = 4.1 for burnt and cut sites respectively. Of the constituent species of grass
cover, Molinia caerulea showed significant changes between plots undergoing different
management (d.f. = 1,F= 12.83, p = 0.002, @ = 0.27), but no differences between the
age of the plots (d.f. = 4F =0.87, p = 0.499). The was also a significant interaction
between the two factors (d.f. = 4F =3.01, p=0.043, 2=@.25), indicating that there were
potentially some differencesin how Molinia changed over time depending on the
management used. However, the relatively high value at only 30 samples,and low
precision of mean percentage covemakes the interaction difficult to interpret, and it may

be a false positive. Separ@d by management, cut plots featured less cover dflolinia
(12.2% =+ 2.3) than burnt plots (21.7% + 1.9), but in general there is high cover of this
species across the study (figure 2.4). All ANOVA assumptions were met for these tests.
Tests run onAgrodis curtisii, the second most abundant graminoidalso differed over
management (d.f. = 1, F = 19.79p = 0.001, @ = 0.39), but not over age (d.f. =4, F = 1.32,

p = 0.295) or interaction (d.f. = 4, F = 1.30,p = 0.305). Cover was much greater in cut
plots (6.85 %+ 1.6) compared to burnt plots (0.09% 0.05), with a large effect size.

Examination of the ericaceous age structure revealed several differences between plots.
Pioneer heath showed differences in cover between management intervention (d.fL,# =
5.99, p=0.024, @ = 0.09) and the age of the plot since intervention (d.f. =4, F = 4.0p,=
0.014, @ = 0.25). Posthoc tests indicate that significant differences are only found here
between the sites of 0 years and those of 10 and 20 yearp K 0.05 in both cases). A
significant interaction between management type and plot age (d.f. = 4, F = 604d,=
0.002, @ = 0.36) was also found. It appears that pioneer cover responds differently to the
management activity used, with an initially high proportion of cover in btisites (mean *
SE of 22.2% + 1.9 for O years and 12.7% + 4.9 for 1 year) subsequently declining (9.9% =+
4.3, 2.5% £ 0.3 and 2.83% + 0.6 for sites of 6, 10 and 20 years). In cut sites a low initial
cover remains relatively constant throughout (sites of,@, 6, 10 and 20 years are 5.8% +*
1.0, 4.7% £ 15, 4.7% £ 2.9, 6.7% + 0.9 and 8.1% + 2.9 respectively). This pattern

becomes quite apparent irFigure 2.4. Thetest met all ANOVAssumptions.

Building and mature heath made up the majority of ericaceous wer recorded, but no
significant differences were detected between plots subject to different management (d.f. =
1, F=2.89,p=0.105). Plots did significantly differ over age, however (d.f. = 4, F = 3.0,

= 0.021, @ = 0.34). No interactive effectswere detected (d.f. = 4, F = 1.27p =0.314).
Posthoc analysis found differences in cover between plots of 10 years and sites of 0 years
after intervention (mean = SE of 36.5% + 10.0 and 6.4% + 1.9 respectively<0.05). This
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indicates that building ard mature heath must increase in cover after management, but
also that low precision in determining the mean makes it difficult to distinguish until it
reaches its maximum cover. The pattern here strongly resembles that for total ericaceous
cover, of whichit is a large constituent part. Theoldest 20 year plots could not be
separated statistically from the youngest, which may indicate a decline in cover between
the 10 and 20 year plots. All ANOVA assumptions were met for this analysis, although
there wer some outliers in the 20 year sites showing very high and very low cover. Both of
these outliers were in cut plots, and were considered to be reflective of high habitat

variability in these areas.

Degenerate heath cover showed highly significant differees between plots of different
management (d.f. = 1, F = 17.29p = 0.001, G = 0.17) and over plot age (d.f. =4, F =
7.58, p = 0.001, @ = 0.29).). Post hoc tests showed significant differences between sites
of 20 and sites of 0, 1 and 6 years since marmgement (p = 0.001 for 0 and 1 yearsp =
0.01 for 6 years). A highly significant interaction was also present (d.f. = 4, F = 9.06;
0.001, @ = 0.35), indicating that the cover of degenerate heath showed different
responses after management, dependingn the intervention carried out. Simple effects
analysis found that the differences in degenerate cover between burnt and cut plots
occurred in those of 10 and 20 yearspg = 0.04 and p = 0.001), figure 2.4. Mean cover in
early burnt plots of 0 (1.0 %+ B S.E.) and 1 years (0.5% + 0.5) was very similar to that in
cut sites of the same age (0 years = 0.5% + 0.3, 1 year = 0.6% + 0.5), showed little
difference after 6 years (burnt plots = 2.9 % + 1.9, cut plots = 6.2% + 5.7) but then
0.5 £ 0.5, 20 years = 0.7 £ 0.6) but
dramatically increasing in burnt plots (10 years = 20.0% * 11.3, 20 years = 40% % 4.0). No

diverged, remaining lowin cut plots (10 years

outliers were present with these dataand there was some minor derivation from normal
distribution in a plot of the residuals. As previously stated, the test should be relatively

robust to these violations, but results should be interpreted with some caution.

The percentage cover of dead heath showed highly significant differences between
management intewentions (d.f. = 1, F = 14.46,p = 0.001, @ = 0.23) and significant
differences between age since management (d.f. = 4, F = 4.0p,= 0.015, @ = 0.25).
Posthoc tests showed that the differences occurred between 20 year plots and plots of 0,
1 and 6 yeas since intervention (p <05). An interaction effect was also detected (d.f. =
4, F = 3.22, p = 0.034, @ = 0.20), with simple effects analysis indicating that the
difference between managements occurred in plots of 20 years age £ 0.001). Plots of
both management types of early age show a low, variable amount of dead heath cover,

before this appears to rise in burnt sites of 20 years (fig 2.4). No rise in the cover of dead
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heath occurs in cut plots.All ANOVA assumptions were met.The cover of ded heath
remains very low throughout all plots, so caution should be applied in interpreting this

result as these small changes would be difficult to detect by visual observation.
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Figure 2.4 Differences over age and management type for different heathldngrowth stages
following ANOVA analysisAll error bars represent standard error. Bars that share the same letter
are not significantly different from each othebased on Tukey HSDp(> 0.05). Building heathdid not
show an interactive effect, but di#rered in both management andage, and therefore 5 shown

across all plots.

Species richness showed highly significant differences between different management
types (d.f. =1, F = 38.43p =0.001, @ = 0.63), but no differences across the age of plots
(d.f. =4, F = 0.55,p = 0.701) or any interaction between factors (d.f. = 4, F = 0.09 =
0.994). The difference between the interventions is readily apparent with species richness
much lower on bunt plots (mean of 12.9 £ 1.1 SE) than on cut plots (31.9 + 2.5).

However, detailed investigation is needed to examine why this is the case, and whether the
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species changes are a result of neheathland or even undesirable species being present in

the cut plots. The ShannoWWi ener H3& diversity index showed
significant differences between management (d.f = 1, F = 43.19,=0.001, @ = 0.63) but

not age (d.f.. = 4, F = 0.881,p = 0.857) or interaction (d.f. = 4, F = 0.88,p = 0.493).

ANOVA assumptions were met, although there was one outlier showing exceptionally high
diversity in the cut interventions. Reflecting the species riohss changes, mean diversity

(SW Hd6) was also | ower for burnt plots (1. 48
these differences suggesting a different vegetation community present on burnt versus cut

plots, a more detailed breakdown of the maigomponents of the respective communities

was examined through the use of ordination analysis.

The pH values of soilvere lower on burnt plotdd.f. = 1,F =4.73, p = 0.042, G = 0.15),
but showed no difference overage (d.f. = 4,F =0.99, p = 0.435) or interactive effects
between factors (d.f. = 4F =0.69, p = 0.607). The normality of residual assumptions were
not met in this test. All plots featured acidic soils typicalf heathland communities, with
very similar mean pH (mean = S.E.) of 4.3 £ 0.05 and 4.4 + 0.07 for burnt and cut plots
respectively (figire 2.5). The total concentration of N in soil showed significant differences
across management types (d.f. = IF =8.33, p = 0.009), but not for age (d.f. = 4F =1.01,

p = 0.425) or interactive effects (d.f. = 4F =0.76, p = 0.566). All ANOVA assumptions
were met for this test. In general, the mean concentrations of N were exceptionally low in
both burnt (0.36% = Q03 SE) and cut plots (0.47% + 0.02 SE, fige 2.5). Plant available
nitrogen, in the form of ammonium/ammoniashowed significant differences between the
management (d.f. = 1F =17.20, p= 0 . 026 D.40), with an average inburnt plots of
1250 mg kg?! = 100 and 770 + 50 for cut plots. Differences over age (d.f. = & =0.17, p

= 0.952) and interaction (d.f. = 4F =1.26, p = 0.317) were not significant. Plant available
nitrates in the soil did not show any significant changes across managemerpey(d.f. = 1,

F =0.73, p = 0.404) or plot age (d.f. =4F =1.06, p = 0.402), but did show an interaction
effect (d.f. = 4,F =3.47, p = 0.026, 2 £0.36). However, assumptions of ANOVA were
violated, making it difficult to confidently state that the difference was not merely a result of
error, and Tukey HSD positoc failed to detect differences Differences for the measures of
plant availableN are shownin Figure 2.6. Soil C showed no significant changes (Appendix
I), although it was important to note that essentially all detected carbon in the soil was in
organic form. C/N ratios in the soil did show significant differences between managem
types (d.f. = 1,F =13.00, p =0.002, @ = 0.36), but again, as with other soil attributes, not
for plot age (d.f. = 4F =0.29, p = 0.883) or interaction between factors (d.f. = 4F =0.46,

p = 0.767). All ANOVA assumptions were met. Mean C/N ratios were (25.4 + 1.4 SE) for
burnt plots and (18.9 + 0.9 SE) for cut plots (fig 2.5). As carbon ratios were correlated with
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many other vegetation attributes, the significant difference found here could be one of the

pathways in which the different management causes changes in the vegetation communit

For other soil nutrients, ANOVA testing showed differences in management type with Ca
(d.f. = 1,F =4.40, p = 0.049, @ = 0.14), although with a value should be treated with
considerable caution. Differences over age were not significant (d.f. = B,= 0.77, p
=0.557); nor were interactive effects (d.f. = 4F =1.03, p =0.413). Mean concentrations of
Ca in soil were 41.9 mg kg1 + 124.3 SE for burnt plots and 797.5 mg kgl + 97.3 for cut
plots (fig 2.5). Soil Mg also showed significant differences across management type (d.f. =
1, F=5.97, p=0.024, @ = 0.17), but again not for plot age (d.f. = 4 =0.85, p = 0.509)

or the interaction between factors (d.f. = 4F =1.19, p = 0.348). All ANOVA assumptions
were met for these tests. Concentrations of Mg were higher in cut plots (754.6 mgXke
134.5 SE) than in burnt plots (392.0 mg k¢l £ 63.6), despite the reldively high amount of
variability shown within them (fig 2.5). Soil P showed the same pattern, with highly
significant differences across management type (d.f. = £, =16.03, p = 0.001, G = 0.39),

but again none over plot age (d.f. = 4 =1.16, p = 356) or the interaction between factors
(d.f.=4,F=0.11, p=0.979). All ANOVA assumptions were met. The mean concentrations
of sail P were higher in cut plots (278.6 mg kiy + 13.4 SE) than in burnt plots (177.6 mg
kg-1 + 17.4), as illustrated by figure 2.5. Other soil variables, including K and Na in soil, did

not show any significant differences across the plots when tested (Appenidjxable 11.4).
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Figure 2.5 Differences in measured soil chemical properties between sites subject to different
management types. Soils were sampled to 20cm depth and bulkedNo significant differences were

detected for soil carbon, but all other variables shown here were significantly differetgia with
ANOVA analysis (P < 0.05).rrar bars represent standard error.
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Figure 2.6 Differences in plant available N between study plotafter ANOVA analysis Nitrate
showed differences based on ANOVA tests, but Tukey HSD +{host failed to identify these.
Ammonium is a much greater constituent of available Nand showed differences between
management types All error bars represent standard erroiBars that share the same letter are not
significantly different from each othebased on Tukey HSD

Nutrients in Molinia leaf tissue were also examined. Leaf P showed highly significant
differences across plots of different management for type of intervention (d.f. 4740.93,

p = 0.001, @ = 0.61) but only slight differences across plot age (d.f. s4F = 0.98, p =
0.44). No interactive effects were detected (d.f. = 4 =0.50, p = 0.737). Differences
between management types are readily apparent with P showing much higher
concentrations on cut plots (mean concentration of 5690mg kj + 208 S.E.) than on burnt
sites (3577mg kgl + 240), shown in figure 2.7 The pattern shown herereflects
differences observed in soil concentrations ANOVA assumptions were met for this test.
Molinia K content showed significant differences in leaf tissue in plotsf adifferent
management type (d.f. = 1F =4.51, p = 0.046, @ = 0.13), but not for plot age (d.f. = 4F
=0.92, p =0.473) or any interactive effects (d.f. = 4F =1.33, p =0.293). The differences
here should be interpreted with caution, as the valueshown for cut sites could potentially
be anomalousbecause of their exceptionally high valueshere were a number of extreme
outliers, and in addition there was a significant departure from normal distribution of the
residuals. A Kruskaiwallis test shoved highly significant differences between management

type ( = 0.001), but caution is still necessary in determining the actual changes as a result
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of the data. Mean K concentration was 5034 mg ki) £ 774 SE within Molinia in burnt
plots, and 12881 mg kgl + 3677 in cut plots. Mg content inMolinia tissue showed a
statistically significant difference across plots of different management type (d.f. = g,=
9.38, p = 0.006, @ = 0.27), but not over plot age (d.f. = 4F =0.84, p = 0.517) or any
interactive effect (d.f. = 4,F=0.39, p =0.811), and all assumptions were met.Higher Mg
concentrationswerein cut plots (5258mg kgl * 159) relative to burnt plots (4393mg kgl
+ 213 SE). No statistically significant differences were found for Na or Ca withitolinia
leaf tissue @ppendixll, table 11.5. Overall, these tests showed that nutrients withillolinia

leaf tissue showed similar patterns tahose for nutrients within the soil.
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Figure 2.7 Significant dfferences in P content inMolinia caerulealeaf tissue between cut and burnt
plots, detected with ANOVA analysisThe higher amount in cut plots suggests that nutrients are
more readily available in this environmentError bars show standard error.
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2.3.3 Differences in the Community througi®rdination Analyses

Non metric MultiDimensional scaling (MDS) showed striking differences between
management types, with plots generally positioned in groups based on management
activity (figure 2.8). This indicates the habitat community was very diffarce based on
what management type had been used on the plots. There is some overlap in the middle of
the diagram, and plots positioned here are likely to share features characteristic of both
management types. The age of the plots did not appear to rdisim any obvious changes to
the habitat community, with little discernible pattern in similarity between plots of similar
ages. However, the oldest plots did generally appear to cluster with others of the same age
and management type more closely than voger plots, which showed greater differences
and a wider scatter across the ordination diagram. This suggests that younger plots have a
greater variability in their habitat community than older plots. The MDS representation was
considered an accurate dpiction of the similarity of plots, as there was a relatively low
stress value (0.1), the Shepard diagrams showed a low scatter (Appenidliigure 112), and
superimposed groups from a Hierarchical cluster analysis (at the similarity level of 40%)
roughly matched the position and number of groups in the ordination graph Fig82.see
Appendixll, Figures 1.3 and Il.4or cluster analysis output). Bubble plots of some of the
species recorded (Appendixil, Figures 11.9) allowed the differences in vegetabin
community to be examined in detail. It can be seen that many species are almost exclusive
to plots of particular management types for example Erica tetralix on burnt sites, and
Agrostis capillarison cut sites, whereas others are present on most plbbut show changes

in their abundance, such asCallunaand Molina. Not all of these changes, patrticularly in
Molinia, appear to be directly relatable to management, indicating that there are other

important causes of variation within the plots.
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Twoway crossed ANOSIM was undertaken on the Bf@yrtis similarity matrix that
underpinned the MDS. ANOSIM detected statistically significant differences in the habitat
community across management intervention (R = 0.563,=0.001) but none acros age
groups within the management interventions (R = 0.01% = 0.42), supporting the general
observations made from the MDS ordination that there were large differences between
management types, but no detectable differences over the age of the plotsIMPER
analysis was performed to examine the role of individual plant species in contributing to the
differences between management types and to identify where the community structure
differed. The average dissimilarity between burnt and cut plots was 639 based on the
Bray-Curtis measure. A large number of species with relatively small individual abundances
contributed to this pattern, withErica tetralix(Bray-Curtis score and % contribution of 2.59,
4.06%), Agrostis capillaris(2.58, 4.04%),Rubus fruicosus (2.26, 3.78%),Ulex europaeus
(2.35, 3.68%),Potentilla erecta(2.05, 1.78%),Agrostis curtisii(1.93, 3.01%),Danthonia
decumbens(1.92, 3.01%),Carex demissg1.92, 3.01%) andPteridium aquilinum(1.92,
3.0%) providing about 31% of the dissimildy. Other species contributed less than 3%
each, but there were still many contributing species, and can be seen in Appertikable
I1.6. Additionally, all of these species were more abundant in cut plots, with the exception of
Erica tetralix,which was more abundant on burnt plots. The average similarity score
between burnt plots was 51.9%, witiCalluna vulgarig12.99, 25%), Molinia caerulea

(12.6, 24.3%) andErica tetralix(11.1, 21.4%) the typical species found in burnt plots. Cut
plots featured alarger number of species with comparatively small contributions; the Bray
Curtis similarity score was 52.4%, with the species typical of cut sites includi@glluna
vulgaris(4.98, 9.5%),Molinia caerulea(4.53, 8.64%),Ulex europeaudq3.79, 7.23%),
Rubusfruticosus (3.71, 7.08%),Agrostis capillaris(3.37, 6.43%),Agrostis curtisii(3.26,
6.21%), Danthonia decumbeng(3.25, 6.20%) andPotentilla erecta(3.16, 6.02%). Itis
interesting to note that the two key species dfallunaand Molinia are abundant n both
plots, while elsewhere there were considerable differences. The mean abundance of the
most frequently occurring species in each group is shown in fig2highlighting these
differences. Manyspecies were present in the cut plots that were absentdm the burnt
plots, with Pteridium, Agrostis(multiple species), andJlexfeaturing in the cut community to
a large extent. In burnt plotskrica tetralixwas also an important component of the flora,
while it was relatively uncommon in the cut plotsMany species associated with grassland
communities were found in the cut plots,

as Rubus fruticosus
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2.3.4 To what extent do the management interventions account for the variation in the
plant communities dserved?

Outcomes fromConstrained Correspondence Analysis (CGhpwed that te first two axes

of the had eigenvalues of 0.46 (axis 1) and 0.26 (axis 2) explaining 28% of the species
variation, and the overall solution was found to be statistically sidicant with Monte Carlo
permutations (p = 0.005, n = 1000). Management activity was closely associated with axis
1, with plots clearly distributed based on the type of management (figl®). Total N, P and
Ca also showed an association with axis 1, suggieg, as ANOVA tests on abiotic
conditions did, that management is associated with different concentrations of nutrients.
Plots were also clearly separated, based on management type, within the ordination.
Despite this separation, plots did show a greatedl of variation in their position along the
axis, which could potentially be attributable to unmeasured variables. Plots subject to cut
management also showed greater variation along axis 2 than burnt plots. As axis 2
appeared to be related to both pH ad vegetation height, some of the cut plots were
associated with higher pH scores and low vegetation height, but others lacked these
characteristics. The distribution of species isnmediately noticeable(Fgure 2.11), with the
majority of the species clstered at the right hand side of the plot. A great deal of the
position of the species appears to be related to axis 1, indicating that the majority of plant
species were associated with higher soil concentrations of N, P and Ca and were also
associated wth cutting rather than burning. A number of species, however, clustered in
association with burning and low concentrations of these nutrients Examining where
individual species plot allows some additional characteristics of the plots to be inferred,
based on the accepted life strategies of those species. There appear to be many species
characteristic of mire or wet heath in the far left, typical heath centteft, speciesrich
heath centreright, and essentially acid grassland species on the far righigf2.11, see
Appendix Il table 11.9 for abbreviations of species names). Such a vegetation gradient
would be expected examining plots across the Forest, but it is interesting that cut and burnt
sites appeared to be separated, both in the MDS and the comained ordination shown
here. As explanatory variables, plot age, elevation (in meters above sea level) and total soil

carbon appeared to have little influence over the position of either species or plots.
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2.4 Discussion

Because many aspects of heathland management are still unknown (Newten al., 2009),
the aim of this research was tajuantify the impacts that longterm management through
both cutting and burning, havehad on heathland ecosystems Unlike previous studies,
replication is provided by separate heaths undergoing the same management
interventions. Results have shown that there are large differences between management
types for both the plant community and abiotic conditions, but that dynamics following
management irterventions were poorly resolvedother than for ericaceous structure
Management appeared to be responsible for a large proportion of habitat variation, but
there are also several other influences that magliso influence the heathland community

2.4.1 What are the differences between management types (cutting and burning) on a) the
plant community, b) abiotic conditions and c) suitability for grazing?

Some striking differences in the vegetation community were observed between
management types, both with NOVA and MDS ordination analyses. In particular,
ericaceous cover was substantially higher in burnt plots as opposed to cut plots, suggesting
that burning is more effective in maintaining a high cover of these species than cutting.
Both Calluna vulgarisand Erica tetralix key plants of t he New
showed this pattern individually. Several studies examining management burns have
reported effective regeneration of heather, as with the results here (Mallik & Girmingham,
1983; Marrs, 1988; Bakkeret al., 2004; von Plettenburget al., 2004; Nilsen et al., 2005).

In contrast to the ericaceous species, grasses showed greater abundance in cut plots.
Similar results of lowCallunaand high grass cover have been reported after attempts at
Pteridium control, including cutting (Marrs & De Luc, 2000), with high spikes in grass cover
following cutting compared to burning in central European heaths (Sedlakova & Chytry,
1999), and poor regeneration ofCallunain exclusively cut sites (Brittoret al., 2000c).
Growth of C. vulgariscan be inhibited under highntensity mowing (Bakkeret al., 2004),
whereas grasses can compete effectively after cutting has removed the wood or shrubby
canopy (Brittonet al., 2000a; Calvo et al., 2007). Collectively theresults in this study
suggest that burning may provide a habitat where ericaceous species have a competitive
advantage over grasses, when compared to cutting, as supported by prior research (Alonso
et al., 2001; Mohamed et al., 2007). An exception is thecover of Molina caeruleg which
was less abundant in cut plots. Several other studies suggest that cutting inhibits the
spread of this species, which the evidence here would appear to support (Grattal.,
1996; Jacquemynet al., 2005; Critchleyet al., 2008; Hejcmanet al., 2010).
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Potentially negative influences of burning were also detected by this study, as species
richnessandSW HO6 di versity showed higher values
previously been reported for grasdominated habitats in comparison toCallunadominated
habitats elsewhere (Bartoloméet al., 2005). There arealso suggestons that there is a risk
that burning may lead to speciepoor communities with the loss of rare heathland plants

as found in some studied(i.e. Velleet al., 2014). In this study, some of these rare plants,
including Nardus stricta Pedicularis sylvatica, Cuscuta epithymumand Euphrasiasp., were

all more frequent in cut plots. However, some others, among theifrichophorum
cespitosum, Ul minor, and Juncus squarrosus were much more likely to be found in
burnt plots. Much of the increased diversity in cut plots is attributable to ndweathland
species (including some scrub species), and restoration of areas with high densities of
these species could be problematic (Mitchekt al., 1998; Calvoet al., 2007). Increases of
these species have previously been observed following cutting of heaths elsewhere (Calvo
et al., 2007). Overall, the evidence here and in other studies (Vek al., 2014) suggests
that important heathland specialistsare probablymaintained by burning despite reductions

in diversity indices. However, some caution should remain about this conclusion, because
of the lack of some species in the burnt plots, and a generabmmunity similarity across
the burnt areas, which is not ideal for fauna that require diverse heathland environments
(Webb, 1986).

As with the vegetation community, there werelear contrasts between management types
when examining abiotic features. SbpH scores showed a significant but small difference
between the burnt and cut sites. These were both slightly less acidic than managed heaths
in Dorset (Mitchellet al., 1997; Mitchell et al., 1999) but are similar to some mainland
European heaths (Jansn et al., 1996; Marcos et al., 2009). Extractable nitrogen, both in
the form of ammonium and nitrate, appeared to be much greater than in Dorset heaths
(Mitchell et al., 1999), and was mostly ammonium, as would be expected in heathland soil
(Troelstra et al., 1995). Al plots featured elevated nutrients compared to Dorset
heathlands, supports observations by Tubbs (2001) suggesting that New Forest heaths
were not nutrient deficient. The important nutrients Nincluding plantavailable N)and P
(and alsoCa and Mg) showed higher concentrations in soil beneath cut plots, compared to
burnt plots, and this was also reflected with soil C/N ratios, which were considerably
greater on burnt plots. However, even C/N ratios on cut plots were greater than some
mainland European heaths where nutrient enrichment has occurred (Jansenal., 1996).
Although burning does remove nutrients from the ecosystem (Hardtet al., 2007;

Mohamed et al., 2007), such changes are often relatively small or absent in lawtensity
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burns (Marcoset al., 2009; Greenet al., 2013), so the stark differences here are relatively
unusual. Results here also differ from evidence by Hardtkt al. (2009) that mowing
resulted in a higher loss of P than prescribed burning. Such a contrast beem the two
management types could be a result of repeated management over many cycles, as most
prior studies such as the one previously mentionedhave only examined one cycle on short
timescales. Because high N concentrations are associated witholinia encroachment on
some heathland communities (Fallet al., 2010; Aerts & Berendse, 1989, and higher P
concentrations may also allow encroachment of grass (Fadkal., 2010), the findings would
appear to give support for assertions that burning maintaintgpical abiotic conditions more

effectively than cutting.

Because of the measured differences in grasses between management types, cut plots
were likely to be more suitabldor grazing than burnt plots. Grasses are favoured by horses
(Menard et al., 2002), and studies in the New Forest have supported these observations
(Putman et al., 1987). Interestingly, the main food source for ponies is believed to be
Molinia caerulea(Putman, 2010), so the greater cover dflolinia within burnt plots actually
complicates conclusions about the provision of grazing. One explanation is that, because
grazing reduces the cover oMolinia (Milligan et al., 2004), it may be replaced by other
species if grazing pressure is particularly intenssuch asAgrostis capillaris Molinia was
still very abundant in cut plots, and additionally, the concentrations of nutrients within
Molinia tissue were greater in cut plots for P, Mg and K. These differences closely followed
those observed in the soil, and suggest that grass in thmit sites was a richer resource for
grazing animals. Concentrations were, however, within the range reported by Aerts (1989)
for other heathlands. Clarke (1988) has suggested that management for grazing puts an
unnecessary focus on seasonal productivitwyhich, together with focus onMolinia, may
create the impression that burning is better among managers, despite the observations
made here.

2.4.2 What are the dynamics of the heathland community following management?

Following management, relativelyeiv of the variables measured showed consistent
relationship with tie age of the plots Differences in the ericaceous age structure, however,
were particularly noticeable, and this showed a complex, interactive pattern between
management and age followig the interventions. Pioneer cover of heath was especially
abundant in the earliest burnt plots, whereas it featured with a low but consistent cover in

cut plots. The consistent cover of pioneer heath is similar to some other cutting studies,
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where C. vugaris was kept in an immature state (Le Duet al., 2007). Building heath
showed an increase in cover as plots aged, and a decline in the oldest plots. This closely
follows the model of Calluna regeneration described by Watt (1955), which was also
reported by Bullock and Webb (1995) following a destructive fire. Although building heath
cover was, overall, greater in burnt plots, the pattern is similar for both interventions.
Degenerate heath showedn increase as burnt sites reactolder stages (1020 years), but

is negligible in other plots. Degenerate heath is thought to recover poorly when it is burned
(Allchin et al., 1996; Velle et al., 2012), so the increase in the very oldest plots would
suggest that burning intervals ardimed to maximise ericaceus recovery. However, the
low cover of degenerate heath, except in the very oldest plots, indicates poor conditions for
several reptiles and invertebrates, which utilise this habitatructure (Spellerberg & Phelps,
1977; Edgaret al., 2010). Dead heathcover was very low in all plots, with a slight increase
in the very oldest burnt plots onlyso interventions appear to prevent the appearance of
this structural component

The cover of bare ground, in addition to its use by a number of heathland smsc{\Webb,
1986), may also help the establishment ofCalluna following disturbance to the habitat
(Britton et al., 2000b). In this study, cover showed a dynamic effect, with eastage burnt
plots featuring the highest amounts of bare ground. In cut plgtsover was consistently
low, and a similar pattern can be observed in the older burnt plots. This suggests that only
the active intervention of burning is effective at creating this cover type, which supports
findings by Brittonet al (2000b) that cutting is poor in providing this habitat feature. A
potential mechanism proposed for this result is the destruction of mosses and litter cover
by burning (Velleet al., 2012). However, both mosses and litter cover did not vary between
sites or age in this stugt, and bare ground decreases very quickly in burnt plots towards
similar cover levels as that found in cut plots. Such a short lived response may not actually
be beneficial for the wildlife that utilise bare ground in heathland environments, and it may
be that the isolated conditions found in later plots, with low but persistent presence of this
feature, are more suitable.

Within the rest of the plant community, including diversity measures, very little variation
was observed over plot age, both from AN@Vests of variables and ordination analyses of

the community structure. This suggests that plots remained similar to their initial
communities throughout the recovery from disturbance. Although the initial community
structure is often considered the prme driver in determining the dynamics of succession

(Vandviket al., 2005), especially for heaths (Mohamectt al., 2007), this result was very

different to other studies which showed strong successional trends in vegetation following
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fire (Mallik & Girmindnam, 1983; Vandviket al., 2005; Britton & Fisher, 2007; Borghesio,
2009). These studies looked at shorter timescales, however, which may be a reason for
the difference in observations. The age of the ericaceous structure prior to intervention can
also have an influence on the outcome (Vellet al., 2012), which could affect how the
species responded. Vandvilet al. (2005) found that trends in succession following fire
were not affected by grazing, but it may be the case that with very high pressurehia New
Forest (Putman, 2010) such interactions are different. Support for this view is provided by
the lack of change in vegetation height over site age, in contrast to other studies examining
regeneration on heathlands (e.g. Nilseat al., 2005; Vandviket al., 2005). If high grazing
pressure reduced vegetation height at enough of the older plots to make statistical
comparisons difficult, and this appears to be the case, it is also likely to impact on many of
the other measures. Potentially, the rapidrgwth of grasses on some of the younger plots
likely also added variability to this measure, as plots were not examined immediately
following winter burning but several months later. Soil chemistry is also affected by the
pretreatment species compositio (Hardtleet al., 2009), and repeated management over
many years may have reduced the likelihood of obvious trends being observed over the 20
year timescale investigated here.Unfortunately, the lack of site history records makes this
potential connectia difficult to prove.

2.4.3 To what extent do the management interventions account for the variation in the
plant communities observed?

About 30% of vegetation variance was explained through CCA, and the results suggested
that the differences in intervetions and their associated soil conditions were the most
important influences on the vegetation community (approximately 20% of variance), despite
the lack of successional trends observed. The majority of recorded species were
associated with cutting andhigh nutrient concentrations, includingigrostis capillarisand A.
curtisii, but many other contributing species were typical ofgrassland or scrub
communities. ~ Some typical heathland species were not associated with either
management type, includingerica cinerea and Ulex europaeus which are found in other
locations in the New Forest. Associated with burning wereCalluna vulgarisand Molinia
caerulea, with wet heath species most strongly associated with this management type.
Other important influences a the vegetation community included vegetation height and
pH. Vegetation height may be an indicator of the grazing pressure that plots have been
subjected to, although it did not appear to be as significant as the management activity
itself. High pH vales were associated with some species typical of flushed, wet conditions

(Hydrocotyle vulgarisand Ranunculus repensamong them). The observed trends would
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provide support for assertions thathe managementinterventions here arethe principal
cause of stuctural changes and that grazing has different effects to burning and cutting
However, direct measures of grazing intensitfand probably further investigation of the
impacts)would be required to confirm these observationsSeveral characteristic wt heath
species(most notablyEricatetralix) were associated with burniry. This probably a result of
wet heath areas being avoided for cutting management, as they cannot easily be mown.
Other thansome change in species between management areadserved fere, there do
not seem to be any other effects of this potential bias, but results should be considered
cautiously. Better understanding of the landse history of each plot location would help to
address these concerns.

2.4.4 Management Recommendations

This work was initiated by concerns about the effectiveness of heathland management,
particularly burning. The substantial differences in community between cut and burnt sites
suggest that the practices are not interchangeable, and considerable variatiom the
resulting community is to be expected depending on the type of management applied.
While difficult to ascertain whether these differences were a direct result of management or
whether they are influenced by site selection or other variables, it@demonstrate that
the techniques cannot be substituted for each other. Some important heathland species
appeared to be exclusive to either burnt or cut sites, so perhaps, as concludeddeyeral
other heathland researchers (Marrs & Britton, 2000YVandvk et al. 2005; Newtonet al.,
2009), a general management proscription is the wrong approach for conservation in a
complex habitat. In this case, a mixture of the two techniques may be necessary for
conserving the full diversity of heathland habitat in # Forest, utilising sitespecific
characteristics as suggested by Brittoet al. (2000b) and Velle and Vandvik (2014)and
carefully preserving important landscape features as suggested by Pereogéial. (2016).

A good way of determining precisely how adjust management would be to adopt an
adaptive strategy, examining combinations of the two interventions as well as other
alternatives. If structured together with scientists and managers, any problemsth local
site conditions or their spatial locatn could be addressed. While designing an
experimental approach would be incredibly valuable, there would be serious barriers to its
implementation, likely at the level of the regulatory authority. This is particularly the case
where there is an obligatn to protect habitat, and the perception of failure if experimental
treatments do not succeed. Such concerns have been highlighted elsewhere (Lindenmayer
et al., 2012), demonstrating the important role that policy has in determining conservation

efforts and the methods used to achieve them. The lack of knowledge about the
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effectiveness of heathland management, addressed in part by this research, underlines the
need for monitoring to verify positive and negative impacts of management. Effective
monitoring could contribute to the evidence base available to heathland managers and
improve future conservation efforts, but the effectiveness of Common Standards

Monitoring (CSM) in determining management impacts has not previously been assessed.

2.4.5 Conclusion

This study compared the effectiveness of different heathland management activities which
have taken place in a protected area for decadesn an effort to address the lack of long
term, fully replicated studies In a novel approach, a 2§/ear spacefortime substitution
has shown management replications over several different heathlandsResults have
shown that the current practices in the New Forest have significantly different outcomes
but both have advantages and disadvantagesControlled burning apears to maintain the
superficial structure and species for the heath, but concerns remain about its potential
impact on rare species and its ability to contrdMolinia. Cutting, although successfully
delaying succession, suffered from high cover of grses and an influx of norheathland
species. Below ground comparisons also indicated differences in soil chemistry, although
whether this was attributable to the management cycle examined hecg multiple cycles
was difficult to say. Grazing provision wasomplex, but it appears that cutting provided
more extensive browsing compared to burningFinally, this work also provides a basis to
assess the monitoring approach to heathland management, and examine whether the

changes detected here are replicated bhe monitoring approach.
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Chapter 3: Monitoring of Heathland sites in the New
Forest andthe suitability of habitat for key taxa

3.1 Introduction

3.1.1 Protected Area Monitoring in the UK

Protected areas are an important cornerstone of global efforts to conserve biodiversity, but
must be appropriately managed in aer to meet their goals (Chapet al., 2005). In recent
years, concerns over the effectiveness of protected area management have spurred greater
efforts to monitor and evaluate conservation success (Jackson and Gaston, 2008).
Questions around how to immve conservation efforts, and how to most effectively
measure progress towards conservation goals, have only recently become the focus of
scientific research (Salafskt al., 2002). One way in which conservation practices are now
being refined and impreoed is that of adaptive management, where testing the
effectiveness of management activities helps to shape the management strategies
themselves (Sutherlandet al., 2004). However, in order for this method to be successful,
detailed monitoring and evaluabn of interventions are necessary (Salafsky and Margoluis,
2003; Sutherland et al., 2004; Stem et al., 2005). Monitoring must also take a
quantitative, not qualitative, approach if it is to be useful for evidendzased management
(Legge, 2015).

In order to assess the effectiveness of conservation in h e  ptdfedted areas, the Joint
Nature Conservation Committee (JNCC) implementdte practice of Common Standard
Monitoring (CSML. This technique was pilotedin 1998 and fully implemented across the
UK in 1999 (JNCC, 2006). CSM was designed in response textensive criticism of the
state of the UKOs pr Siteseot $pecihl Saienifia mterestp(S&SSH i ¢ u |
which appeared to be suffering continuous damageand in some casesdesignated
features had been completely destroyear lost (Alexander and Rowell, 1999)Much of this
damage had been attributed to a lack of knowledge, and €06SM was intendedo serveas
a rapid and robust method for assessing thegeneral condition of internationally and
nationally designated sites (Williams, 2006). An additional purpose waspoint out where
future action or more detailed monitoring may be needed (Williams, 2006 CSMnow also
serves as a reporting tool foprogress on international commitmentssuch asthe European

Directives.
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CSM requires objectives for conservation at the site level together with management plans
(Rowell, 1991), which are important as they determine what is specifically monitoredSM
examines conservation features for whit sites were designated but not necessarily all
features present on the site. Conservation features include species, habitats and other
environmental variables and these are assessed at least once within a 6 year period. In
England this wok is undertaken by Natural England, with each SSSI divided into units and
assessed against a set of targets. Each site is also required to have a management plan
that determines the targets to be assessed, a key feature of CSM and its link to evidence
based management After the assessment is carried out, sites are categorised as being in
6f avour abl ed or unfavourabl ed condition
intended to helpdetermine the general direction of progress (or degradatiooh the site
and identify where future management or monitoring may be needed. In practice, an
assessment by a surveyor is carried out by a visual assessment (Cantarello & Newton,
2008). The assessor conducts a structured walk across the habitat feature and completes
a quedionnaire by recording scores based on criteria specific to the NVC community
represented at the site (JNCC, 2004). Williams (2006) compares this to giving a
guantifiable 6 e x per t . Hdoweéver, be rcdtegorisation of sites into favourable or
unfavourable status has been considered subjective (Gastaat al., 2006), and in particular

, wi t h

the subcategoryb unf avour abl e recoveringé is highly conte

sites in poor condition solely because they have been subject to management, withany
reference to the outcome of that managementWilliams, 2006).

While the role of CSM is understandably important, there has beetry little critical
evaluation of the method, especially in the scientific literatureRoss & Bealey(2005)
performed vdidation studies examining the CSM approach with more quantitative
techniques, but did not have any component of management activity in their study.
Cantarello and Newton (2008) provide one critical study, demonstrating that the visual
assessment compare poorly in comparison to more quantitative approaches in forested
habitats. Another byDavieset al. (2007) suggested that CSM lacked enough sensitivity to
identify more complex habitat conditions that important species may need, and questioned
its effectiveness in these areas.While CSM may be useful for an overview of habitat status
and reporting on policy commitmentsits sufficiency for evidencebased conservation is
unknown, despite its link to management beingdescribed asi t s 6great
(Akexander and Rowell, 1999).In many areas such as the New Forest, is the only method
used for monitoring management effectiveness. In these situations, the CSM approach is

largely untested.
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3.1.2 New Forest management goals

The New Forest is protectdas a SSSI(Site of Special Scientific Interestynder the Wildlife

and Countryside Act 1981land Countryside and Rjhts of Way Act 2000) EuropeaBpecial

Protection Area (SPA) and Special Area of Conservation (SA€yignated under theBirds

Directive 79/409/EEC and Habitats Directive 92/43/EEC in addition to its designation as

a Ramsar Site(under The Convention of Wetlands of Internationéinportance, Ramsar,

Iran, 1971. Despite extensive management activities, @cent study of the New Forest by
Cantarello et al. (2010) demonstrated that a low percentage of habitats were in favourable
condition according to CSM scores However, some descriptions ofhe New Foresthave
emphasisedgai ns in 6favourabled area when aaompar
England, 2012)

The New Forest has several plans and agreements in place to determine management
goals, interventions, and monitoring. The New Forest SAC Management Plan (Wright and
Westerhoff, 2001), provides as an overview of management goals foAS habitats setting

the goals of CSM All conservation designations are included as part of the SAC plan
forming a unified approach to management and monitoring. The conservation objective for
New Forest heathlands is tobeoOoOmandi aiod had
habitats in unfavourable condition. The condition assessment criteria are identified as the
national guidelines (i.e. those by the JNCC), with extra reference to breeding bird
populations, for vhich the SPA designation is given.These management objectives are

also reflected in the HLS Stewardship Agreement for the New Forest (2010), which repeats

the goal of maintaining and restoring habitat to favourable condition, and refers to the SAC
management plan. Managementofthe Foset s habi tats is therefor
CSMand condition assessment, and management strategies ateased on the results of

CSM. Monitoring is undertaken on a udity-unit basis by Natural England, including for the

larger designations which werlap the SSSI. There are a total of 582 units (Cantareibal.

2010. Additional monitoringfor breeding birds consists of population surveys, but not
measures of the extent or condition of available habitdHHLS Agreement, 2010 Goateret

al., 2004). Because management planning is directly related to the monitoring technique
through the use of favourable or unfavourable designations, the effectiveness of CSM is of

even greater importance than it would otherwise be.
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Figure 3.1 The locations of Heathland SSSI sulunits in the New Forest, showinghose in
OFavour ablIGeéd), sdbntiavéur abl e and alldnfavourableg &edit the | | ow) |,
2013 assessment. The black outline indicates the National Park boundary. The two noticeable red

lines are small patches of heathland alongside major roads through the forest.
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3.1.3 Species Monitoring and Habitat Suitability Indices

Although a potential weakness of CSM is its exclusive focus on plant communities (Davies
et al., 2007), one of theadvantages of this approach is this focus can potentially provide an
insight into the provision of habitat for species of other taxonomic groups. However, its
effectiveness in this regard is largely untested. Habitat Suitability Indices (HSIs) offer a
possible way to test whether CSM records important habitat characteristics that are useful
for fauna. Specifically developed to determine the effects of management on wildlife
habitat (Roloff & Kernohan, 1999), HSIs quantify an organisms life requirementsing the
composition, structure and spatial components of its habitat (lited States Fishand
Wildlife Service 1981). HSIs usually take the shape of simple mathematical equations for
calculating habitat quality based on habitat components that reflect dif requirements,
which are combined to form a rating of habitat suitability (Browet al., 2000; Brooks
1997). Component variables typically include feeding, water and shelter requirements
(Brooks, 1997). HSIs originated in the United States for use byetkish and Wildlife service
(United States Fishand Wildlife Service 1981), but similar approaches have gained
acceptance in Europe (Dettket al., 2003; Glenzet al., 2001). Such models are supported
by ecological theory based on habitat selection, niehpartitioning and limiting factors
(Verneret al., 1986; Morrison et al., 1992), but require detailed information to produce
reliable results (Roloff and Kernohan, 1999).

Many heathland species are appropriate candidates for HSIs, and data collecteohfra HSI
approach may give information about how management modifies the provision of habitat
suitable for these taxa. To test CSM effectively, it is important to include a range of
taxonomic groups, as important habitat characteristics can differ considbly.
Additionally, a frequent criticism of environmental monitoring is that it focusses on few
taxonomic groups, particularly plants (Perringt al., 2015). In this study, three species of
diverse taxonomic affiliation were examined: smooth snak€ororella austriaca, silver-
studded blue butterflyPlebejus argus and Dartford warblerSylvia undata Smooth snake
and Dartford warbler are exclusive to heathland in the UK and nationally important
populations are present in the New Forest (Tubbs, 2001). Dard warblers are
categorised as near threatened by the IUCN and are declining globalBirdLife
International, 2012). Silver studded blues have experienced a great decline iange
across the UK (Ravenscroft & Warren, 1996), but can be locally abundant These
techniques could also help to address potential ecological concerns with burning, such as
the loss of reptile communities or structural diversity that current CSM monitoring may not

detect.
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3.1.4 Research Aim and Objectives

Understanding moniteing effectiveness is critically important to ensure success in meeting
conservation goals. It is therefore important to determine whether past management work
has influenced condition, whethesuch changes are desirable, anchow CSM assessment
compares b more robust measures of habitat composition and structure. Answering these
guestions will uncoverwhether improvements in favourable statuswhich have recently
been described for the New Forest (Natural England, 2012gally mean that management
has been effective. In particular, heathland habitats are of great importance for several
reasons: a highly restricted distribution, the presence of endemic species, and thatvias
found to be in the worst conditionof all UK habitats after the initial 6 yeas of CSM
(Williams, 2006).

The overall aim of this research is to determine whether CSM monitoriofgheathland is an
effective approach for monitoring the impact of management interventions.Specifically,
the research aims to answer the following queisins:

i. Do habitat condition scores show measurable differences following
management activity

ii. How well do habitat condition scores and their constituent attributes reflect
community and structural changes observed in the habitat community?

iii. How do CSM score compare to Habitat Suitabilitylndices when there are

changes in the habitat?
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3.2 Method

3.2.1 Study Design

The research design from Chapter 2 was used as a basis for examining CSM in heathland
habitats. Condition scores were calculated for each siteased on the Common Standards
Monitoring Guidance for lowland heathland habitats (JNCC, 2004). The priatipVC
habitat types studied here are HZCalluna vulgarisd Ulex minorheath and H3Ulex minor-
Agrostis curtisii heath, which are identified by Wght and Westerhoff (2001) as the
important heathland communitiesto be protected by management H2 is found on drier
habitats; M16 Ericetum tetraliciswet heath community may also be present in waterlogged
areas but is more characteristic of mire locatios. H3 is intermediate between theH2 and
M16 communities (Rodwell, 1991). A detailed description of these habitat types is
available in Appendix IlThe JNCC outline a scoring systen
6dryd heath for NGOOWA0@hodtlinedonrtables:8.ii and &2 Gefedally
the heath habitats examined here were typical of dry conditions, although some wet heath
species were present in several of the plots. The dry heath test was therefore used as the
main assessment of ondition, but wet heath tests were also carried out for comparative
purposes and are shown in Appendix Ill.

There were some differences between how CSM would be conducted in practice and how it
was assessed here. This wasbecause of the need to recordjuantitatively so that scores
could be assessed statistically, and the changes here represent a reduction in subjectivity
so that differences could be clearly shown anthe methods examined without bias. In CSM,
several stops would be made along a structuredialk where the requirements would be
visually assessed, but in this study observation pointgere randomly distributed, andiisual
assessment was aided with2x2 m quadrats. Scores of 1 (conditions met) and O
(conditions not met)were calculated for eachquadrat based on theattributes provided by

the JNCC advice. Some of these attributes had multiple conditions to be nretorder to
give a positive scorecauses of failure in these attributes were examined further. Scores
werethens ummed t o adi wveonai @t @tn scored indicatint
were met. These totalkcores are representative of the final output from CSM, where a
category would be assigned based on meeting all attributebut differ as they are
numerical and less subjectie than the assessment in practice One attribute, changes in
habitat extent, was not calculated for this study as a result of a lack of baseline data. It will
be possible to measure future changes, however, as suitable aerial photography of the sites
is now available. Differences between the approach used here and in practice are

investigated by comparing final condition scores with the categories for sites from the 2013
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assessment and explored further. Unfortunately, data on individual attribute scorems

not available from Natural England, so specific comparisons with these could not be made.

Habitat suitability scores were calculated based on a literature search for the selected
species. Several important habitat characteristics were identified, andn appropriate
threshold identified to score these attributes. Information about the habitat requirements,
scoring system and sources is available in Appendix IV, together with a detailed view of the
attributes and the sources of data HSIs were subsegently compared to CSM condition
scores to examine how the two related to each other. A number of habitat characteristics,
measured in the second chapter were also compared with condition scores. These
included vegetation height, the total cover of erceous species, graminoids and
bryophytes, and species diversity and richness. Measures were recorded for each plot and
correlated against condition and HSI scores. These characteristics were also examined
through further correlation analysis tall of the other measured variables to examine how

informative they were as ecological descripto the sites.

3.2.2 Statistical Analysis

Data were analysed with R 3.2.3R Core Team, 2016)using the following packages:
multcomp (Hothornet al., 2008), plyr (Wckham, 2011), reshape2 (Wickham, 2007), and
agricolae (de Mendiburu, 2016). Additionally, ggplot2 (Wickham, 2009), gridExtra (Auguie,
2016) and ggrepel Slowikowskj 2016) were used to construct graphical output.2 x 5
factorial ANOVAvas usedto determine whether condition differed between management
types, between the age of the plots, or whether there was a significant interaction between
the two factors. Age (0 years, 1 year, 6 years, 10 years and 20 years since intervention)
and management type (buming or cutting of the plots) were used as factorg hese ests
were performedon overall condition score and for individual attributes which contributed to
this score. Assumptions of normality were tested withQQ plotting of residuals and
homogereity o vari ance wi tootlerf eeree exanined usirgisoxplots.
Tukey06s S was pesfanmed where ANOVA results were considered worthy of
further investigation p = ~ <0.05). These were followed up with pos$ioc tests. Eta-
squared effect szes for ANOVA tests were calculated using the Isr package (Navarro,
2015). Where <correlations were used, Kendal |l

robust compared to other measures (Croux & Dehon, 2010).
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Table 3.1JNCCScoring system for Dry heathabitats (JNCC, 2004)

Category Attribute Scoring
Habitat
Extent
Bare
Ground 1-10% Cover
% Cover of
Vegetation dwarf Cover 2590%
Structure shrubs
Species include:Arctostaphylos uvaursi, Calluna vulgaris, Empetrum nigrum,
Erica ciliaris,E. cinerea, E. tetralix, E. vagans, Genista anglica, G. pilosa, Ule
gallii, U. minor, Vaccinium myrtillus, V. vitidaea (and hybrids).
Cover of
Ulexsp. Total cover ofUlexand/or Genistaspp. <50%.
Ulex europaeus<25%
Gr:OWth Pioneer phase (including pseudpioneer): 1040%
gor?wspeostion Building/mature phase: 2080%;
of Degenerate phase: <30%
ericaceous
cover
Dead: less than 10% of ericaceous cover
Vegetation Dwarf
Composition  ghrup At least two species present
Species Frequent abundance
Graminoids At least one species frequent
2 species occasional
Deschampsia flexuosaand Nardus stricta<25% cover, no more than
occasional
Species include:Agrostisspp., Ammophila arenaria, Carex spp., Danthonia
decumbens, Deschampsia flexuosa, Festucspp., Molinia caerulea, Nardus
stricta, Trichophorum cespitosum
Desirable
forb species At least 2 species occasional
Species includeArmeria maritima, Galium saxatile, Genista anglica,
Hypochaeris radicata, Ltus corniculatus, Plantago lanceolata, Plantago
maritima, Polygala
serpyllifolia, Potentilla erecta, Rumex acetosella, Scilla verna, Serratula
tinctoria, Thymus praecox, Viola riviniana
Bryophytes
and Lichens % cover maintained or increased
Negative Signs of
Indicators disturbance <1% of habitat heavily eroded.
Negative
indicator
species <1% exotic species

exotics include:Rhododendron ponticum, Gaultheria shallon, Fallopia
japonica.

<1 % ragwort, nettle, thistles and other herbaceous pp

other herbaceous spp includeCirsium arvense, Digitalis purpurea, Epilobium
spp. (excludingE. palustre), Chamerion angustifolium, Juncus effusus, J.
squarrosus, Ranunculusspp., Seneciospp., Rumex obtusifolius, Urtica dioica
6coarse grassesbd.

< 15% trees & scrub
Tree and scrub spp includeBetula spp., Prunus spinosa, Pinuspp., Rubus
spp., Sarothamnus scoparius, Quercuspp., Hippophae rhamnoides

<10% bracken (dense canopy)
Acrocarpous mosses less than occasional
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Tale 3.2 JNCC Scoring system for Wet heath habitttNCC, 2004)

Category Attribute Scoring
Habitat
Extent
Bare Ground  1-10% Cover
Vegetation % Cover of
Str?Jcture dwarf shrubs Cover 2590%
Dwarfshrubs include:Calluna vulgaris, Erica ciliasi, E. cinerea, E. tetralix,
E. vagans, Ulex gallii, U. minor, Vacciniuspp.
Growth phase
composition
of ericaceous
cover All stages of growth present, no one stage dominant
Vegetation Dwarf Shrub
Composition  Species At least two species present
Frequent abundance
Graminoids At least one species frequent
2 species occasional
Graminoids includeCarex panicea, Carex pulicaris, Eleochasgp.,
Eriophorum angustifolium, Juncus acutiflorus, Juncus articulatus, Molinia
caerulea, Rhynchospra alba, Schoenus nigricans, Trichophorum
cespitosum
Molinia no more than occasional
Desirable forb
species At least 2 species occasional
Desirable forbs includeAnagallis tenella, Droserapp., Galium saxatile,
Genista anglica, Myrica galgNarthecium ossifragum, Pinguiculapp.,
Polygala serpyllifolia,
Potentilla erecta, Serratula tinctoria, Succisa pratensis.
serpyllifolia, Potentilla erecta, Rumex acetosella, Scilla verna, Serratula
tinctoria, Thymus praecox, Viola riviniana,
Bryophyes
and Lichens >10% cover of Sphagna (if naturally present)
>5% cover of lichens (if naturally present)
Negative Signs of
Indicators disturbance No artificial functioning drains

<1% of habitat showing signs of trampling/paths
No silt or leachate

Negative
indicator
species

<1% exotic species

exotics include:Rhododendron ponticum, Gaultheria shallon, Fallopia
japonica

< 1 % ragwort, nettle, thistles and other herbaceous spp

other herbaceous species includeApium nodiflorum,Cirsium arvense,
Digitalis purpurea, Epilobiunmspp. (excl E. palustre), Glyceria fluitans,
Juncus effusus, J. squarrosus, Oenanthe crocata, Phragmitgsp.,
Ranunculus repens, Fallopia japonica, Senecio jacobaea, Rumex
obtusifolius, Typhaspp., Urticaspp.

< 15% trees & scrub
Tree and scrub species includéAlnus glutinosa, Betulaspp., Pinusspp.,
Prunus spinosa, Quercuspp., Rubusspp., Salixspp..

<5% bracken
<10% Ulex europaeus
Acrocarpous mosses <occasional
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3.3 Results

3.3.1 Do habitat condition scores show measurable differences following management
activity?

Overall the total condition scores, shown in Figure 3.2, varied little between plots of
different age and management type. No statistical differences were detectéat age (df =

4, F=1.58, p = 0.22), management type (df = 1F = 0.09, p = 0.77) or interactive effects
(df =4, F=1.34, p = 0.29). Condition scores were also generally high, with a mean score
of 12.7 + 0.22 standard error, but consistently did not met the maximum favourable score
of 16. One of the most frequent causes of failure was low cover of pioneer heath across
all sites, followed by building or mature heath covefhe attributes of tree and shrub cover,
and the presence of dead heath and deznerate heath failed onlyinfrequently (Figure 3.3),
the relatively low cover of these latter characteristics may be responsible for the failure to
distinguish between sites

Several differences were detected for attribute scores between different managent
types with ANOVA analysis, illustrated in Figure 3.4. Those that differed by management
type included dwarf shrub cover (df = 1F = 16.22, p = 0.001), dwarf shrub species
composition (df = 1,F = 21.63, p = 0.001), graminoids (df = 1,F = 6.37, p = 0.02),
desirable forbs (df = 1,F= 26.72, p = 0.001), and tree and shrub cover (df = 1 = 10.05,

p = 0.005); these showed no statistically significant differences over the age of the plots or
for interactive effects (Appendix Ill). The dwarf shrub covand species attributes were
much higher for burnt plots (0.79 £ 0.06 and 0.91 + 0.03; mean + standard error) than for
cut plots (0.39 + 0.08 and 0.59 + 0.06), showing that burnt plots better matched ideal
condition for these characteristics. The effectize of @ = 0.38 indicates a large effect of
this factor. In contrast, graminoid scores were higher in cut plots (0.91 + 0.03) compared
to burnt plots (0.69 £ 0.07, @ = 0.22), although the scores were more closely matched in
this example. Desirable forb showed a huge difference, with a score of 0.06 + 0.03 for
burnt plots against 0.5 + 0.09 for cut plots & = 0.45). Both management types have poor
results here, but notably burnt plots almost never meet the requirement for favourable
condition. In thecase of the tree and shrub cover attribute, burnt plots had higher scores
(0.99 £ 0.01) than cut plots (0.80 + 0.05, @ = 0.29) but both scores were high. It is likely
that in practice, without quadrats being used to score the results, both managemenp&g
would be recorded as being in overafiavourable condition as a result of larger areas being

considered.
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Relatively few attributes showed ageelated changes, and these are also shown in Figure
3.4. The building heath attribute differed over thege of the plots (df = 4,F= 3.80, p =
0.02,@=0.36) , wi t h Tu khecytdsts indit&ily thataiferences between sites
of 10 years (mean score + standard error of 0.66 + 0.16) and O years (0.13 + 0.07) were
responsible f = 0.03). Other agegroups did not show statistically distinguishde
differences, but plots of 6 years and O years were close to significangeX 0.07). Non
significant test results are shown in Appendix Il1.

Total Condition Score - Dry

Management Type |:| Bumn . Cut

16 7
—_——

127
2
g 8
(7]

4_

0

0 1 5] 10 20
Plot Age

Figure 3.2Total condition scores for the study plots, based on dry heath condition requirements. No
significant differences were detectedwith ANOVA analysi(<0.05). Error bars indicate standard

error.
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Causes of Condition Failure
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Figure 3.3The poportion of samples not meeting condition scores by attribute. Failure rate refers
to the proportion ofrecordedquadrats that faled the CSM assessment
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Figure 3.4 Attributes that showed differences between different plots with ANOVA tests (based on dry
heath condition scores). Means grouped by the same letter are not significantly differgmi(0.05,
Tukey testand p <0.05 ANO/A where management type is assessgderor bars indicate standard

error.
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The degenerate heath (df = 4F =4.981, p = 0.006, @ = 0.31) and invasive species

attributes (df = 4,F =3.33, p = 0.03, @ = 0.31) showed interactive effects between age

and management. Significant differences in invasive species were not detected with post

hoc Tukeyds HSD, i nd iretatvelyi mirgr, grobably ascahresultgpe s  ar e
considerable noise in the data andnfrequent detection of these species, despite a large

effect size. For degenerate heath, postoc tests pointed to differences between the oldest

(20 year) burnt plots and almosall others  =0.004 in these cases), with the exception of

10 year old burnt plots p = 0.22). In fact, the majority of the plots, with the exceptions of

10 and 20 year burnt plots (0.73 £ 0.27 SE and 0.37 = 0.09 respectively) and 6 year cut

plots (0.9 £ 0.1), met perfect condition scores here.

3.3.2 Condition Compared to the Vegetation Community

Generally, some similar changes were picked up with the condition attributes compared to
the Chapter 2 Some differences were also evident as there was ailtae to detect some
observed changes using condition attributes. Based on habitat data, the cover of bare
ground showed significant differences between management types and age, including an
interactive effect(d.f. = 4,F= 2.97, p = 0.044) but attribute scores showed no differences
when examined in the same way (d.f. =4 =1.21, p = 0.34). Correlation tests using
Kendal |l s tau show that scores were met | inearly
0.70), probably because the score must meet bota minimum and maximum cover value.

In other instances, attribute scores appeared at first to match cover scores relatively well,
such as with ericaceous cover and species composition (Figure 3.5), but changes detected
as the plots aged on the original oger data could not be detected with the attribute scores.
The age structure of ericaceous plants (Figure 3.6) was a closer match, with detected
changes matching with both methods. In the case of dead heath, changes in cover were
not shown by the attribug¢, but this is likely because such changes were very small in
percentage cover terms (i.e. B%). Attributes examining graminoids and desirable forbs
closely matched the total cover of these species groups (Figures 3.7, 3.9) but a great deal
of information about the constituent species was lost through this method. This is
demonstrated when examining correlations of individual species and graminoid scores
(Figure 3.8). WhileDanthonia decumbens( DZ = p& 0.869 Carex demissa DZ = p0. 4 3,
= 0.004), Agrostis curtisii( DZ = p& 0.@03),and Agrostis capillaris( DZ = p@& 0.@6Y ,
were correlated with the attributeMolinia caerulea ( DAD.E3, p = 0.36), Nardus stricta( DZ =
0.24, p = 0.12), Trichophorum cespitosum( DZ 0:86, p = 0.71), Agrostis stolonifera( DZ =
0.10, p = 0.53) and Carex panicea( DZ = pG 0.248 were not. Of particular interest is
that Molinia caeruleais of greater abundance on burnt plots compared to cut plots, whic

runs contrary to the graminoid attribute and is not detected by condition scorinilolinia is
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also the most frequent and most abundant grass, highlighting its importance. Forb species
were generally correlated with the forb attribute, witalium saxatle ( DZ = p& 0.@%),
Lotus corniculatus( DZ = p@& 0.34% Plantago lanceolata( DZ = p& 0.@3} Potentilla
erecta( DZ = p& 0.9M®), Rumex acetosellal DZ = p& 0.90L),and Viola riviniana( DZ
= 0.61, p = 0.001) all highly correlated. Hypochaeris radicata( DZ = p0=.028 and
Polygala serpyllifolid DZ = p& 0.@7% the latter a characteristic heathland species, were
not correlated with the attribute. It can be clearly seen that a great deal of information
about the relative abundance of these species is lost by using the attribute measure (Figure
3.10). Several forb specieghat are also part of the attribute(Armeria maritima, Genista
anglica, Plantago maritima, Scilla verna, Serratula tinctoriand Thymus praecox were not
not recorded and are likely absent from the study area
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Figure 3.5 Results of ANOVA tests ornrieaceous variables recorded by the vegetation survey
compared to attributes recorded by CSM. Error bars indicate standard error, and means grouped by
the same letter are not significantly differentff < 0.05, Tukey test). Attribute scores only differed

by management, not age (see Fig 3.4).
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Figure 3.6 Age structure based on habitat data (above) and condition attributes (belof@)lowing ANOVA analysisA close match can be observed, witl
degenerate heath a ne@ative indicator at high cover and dead heath cover below enff values for the attribute. Error bars indicate standard error, ant

means grouped by the same letter are not significantly differerg € 0.05, Tukey test).
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Figure 3.7 Significant differences f < 0.05, ANOVAIn the cover of important graminoid species and
the attribute score given by condition assessment. Error bars indicate standard errcFhe attribute

score shows a similar difference to the raw cover values.

Molinia caerulea Danthonia decumbens Nardus stricta
1001 @ @ [, 1] L 8¢ 100{ 0@ @ L X X 1 ] [ 100{C8 & @&
oe [} ° o o0 °®
. 0.75 Y .. ['é . 0.759 300 .. . 0.75 b
5 5 5
5050 8050 & 0.50
025 0.257 025
0 10 20 30 ) 2 4 5] 8 0 3 5] 9
% Cover % Cover % Cover
T. cespitosum Agrostis capillaris Agrostis curtisii
1001 @ 1.004 [ [ 4 ¢ @ 1.00 o0 D ee L J ¢ @
b4 ° ¢ o e 0o
. 0.75 . 0.759 'Y Y ® . 0.75 o o
5 5 5
5050 8050 & 0.50
025 0.257 025
0.0 25 50 745 10.0 12 ) 5 10 15 20 0 10 20 30
% Cover % Cover % Cover
Agrostis stolonifera Carex panicea Carex demissa
1.00 @ e o 1.00{ @ ® L J 1.00 [ C e e [ X ]
® . ® ® o ® ® . ® ®
. 0.75 . 0.759 . 0.75 > &
£ £ £
$050 & 0.501 $050
0.25 0.254 0.25
1] 5 10 15 20 ) 5 10 15 0 2 4 5]
% Cover % Cover % Cover

Management Type Burn * Cut

Figure 3.8Scatterplots showinghe attribute score for graminoid species plotted against the ger of
individual speciesmaking up the attribute Considerable variation in scores and cover values can be
observed with some species showing a high variation in cover with no apparent association in cover

score. Darker circles indicate cut plots.
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Figure 3.9 Significant differences < 0.05, ANOVAIn the cover ofimportant herbaceousspecies

and the attribute score given by condition assessment. Error bars indicate standard err@x.close

match can be observed between the two measurements.
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Figure 3.10 Scatterplots showingthe attribute score for herbaceous species plotted against the

cover of individual speciesnaking up the attribute Considerable variation irthe attribute scoreis

present,and large variation incover values can be obsefed with some species with little association

with the attribute score Cut plots are distinguished by the darker circles.
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Habitat community datahad also revealed significant differences in species richness and
diversity between burnt and cut sites, hich has no direct equivalent in condition
assessment. These differences are not picked up by the use of condition scoring, the only
connection being frequent failure of burnt sites to support a favourable forb community.
But in fact, the cut site commuity is less representative otypical heathlands as, despite
sharing many species with the driest heath communitigst is dominated by grasses and
features a lower abundance of ericaceous plants (Chapter 2)Many of the species
contributing tothese richness and diversityvalues did not fallinto any condition attributes,
being reither positive or negative indicata. The overall condition scores in particular do
not reflect the large difference in communities demonstrated by using more specific

measures

The overall condition score was also very poor at reflecting largegetation and habitat

gradients measured in the study. Plotted against these gradients (figure 3.11), condition

score can be seen to vary very little over some large changes in habitAfiracteristics,

such as vegetation height ranging from 20 to 600 mm and species richness from 5 to 49
vascular species. Of the examined gradients, none of grass or graminoid cdvedB.07, p

= 0.57), average vegetation heigh{ DzZ0.86, p = 0.65), bryophyte cover( DD.G4, p =

0.76), species richnesy DAD.¥l,p=0.41) or ShannorWi ener di versi D sco
=-0.06, p = 0.65) showed any correlation with the condition score. Ericaceous cover, which

was well described in its individual atibute scores, waspositively correlated with overall

condition score( DZ 39, p& 0.02), but this influence was not enough to reflect changes in

cover between management and age groups in the overall condition scores.
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Figure 3.11 Scatterplas showing total condition score plotted againstegetation characteristics

recorded throughout the study. The overall scorghows poor association withthese variables.

Kendall 6s Tau showed no correlratmmi omi de@@epemn DA ti on
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3.3.3 Condition Compared to Habitat Suitability

Habitat Suitability Indices, calculated fo€. austriaca, and S. undata showed no correlation
with the total condition score PZ G:03, p = 0.82 and DZ =14, p = 0.29 respectively), showing
that the final condition score does not reflect the suitability of habitat for these species. Hor
argus, however, the HSI was positively correlated with condition sco2Z( =31, @ = 0.02),
suggesting that in this case th CSM score does partly reflect the habitat requirements of this
species. Scatterplots for these correlations are shown in Figure 3.12. Some caution should
be noted here, as the full range of HSI and condition scores were not recorded in the study,
and there is still considerable scatter in the condition that does not appear to influence tie

argusscore.

HSlsalso showed differences between plots, shown in Figure 3.13. The Index @raustriaca
differed between management typesdf. =1, F=7.33, p = 0.014), and was higher in burnt
plots (0.52 + 0.02; mean % standard error) than in cut plots (0.41 £ 0.04). Effect size was
relatively small at@ = 0.17. No differences were detected for these indices over the age of
the plots d.f. = 4, F = 1.27, p = 0.317) or for the interactive effect between age and
management ¢.f. =4, F= 2.54, p = 0.072), although the latter was close to significance. A
similar pattern was repeated for theP. argusHSI, with higher values in burnt plots (0.62 +
0.02) compared to cut plots (0.45 £ 0.04;d.f. =1, F=17.1, p = 0.001), with a large effect size
(@ = 0.36). As withC. austriaca, there were no differences over aged.f. =4, F=1.06, p =
0.403) or interaction d.f. =4, F= 1.60, p = 0.214). The HSI forS. undatadid not show any
significant differences between management typad(f. = 1, F = 1.08, p = 0.312), interactive
effects d.f. =4, F=0.85, p = 0.513), or age @.f. =4, F= 2.54, p = 0.072), although it was
close to significance here. The mean index score f8t undatarecorded across the study was
0.57 £ 0.03.
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Figure 3.12 Scatterplots showing total condition score plotted against Habitat Suitability Indices for the
three heathland species. Kendalls Tau analysis showed thatiabitat Suitability Indices, calculated fo€.

austriaca (DZ 303, p=0.82) and S. undata(DZ = © = @.29), showed no correlationwith the total
condition score. The HSI foP. argusshowed a weak correlation with condition scordDf = @ =31,
0.02).
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Figure 3.13 Graphs showing differences in HSI scordmetween plots. HSIs foC. austriacaand P. argus
showed significant differences over management type, whife. undata did not show any significant

differencesand is not shown here Error bars are standard error.

Unlike Condition Scores, HSIs showestronger correlations with some of thevegetation
gradients recorded in the study, which may suggest that they are better than condition at
detecting or recording changes in the habitat. Fd&. austriacg the suitability index was
positively correlated \ith ericaceous coverDZ =38, @ = 0.003) and close to significance for
vegetation height DZ =24, @ = 0.063). Graminoid cover was negatively correlated with the
index value DZ 3:37, p = 0.004), but there was no correlation with bryophyte covebZ 0-20,

p = 0.133). Correlations for theC. austriacaindex andhabitat gradients are shown in Figure
3.14.
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Figure 3.14 Scatterplots showing the HSI for Smooth Snak€oronella austriaca plotted against
vegetationgradients recorded throughout the studyEricaceous cover was positively associated with the
HSI, graminoid cover negatively correlated, but associations with other variables were not detected
(Kendalp<®85).Tau,
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P. argusindex values showed a very similar pattern with positivercelations with ericaceous
cover PZ =41, ® = 0.002) and negative correlations with graminoid coveDg €.27, p =
0.040), but none for either vegetation heightZ -8.09, p = 0.454) or bryophyte coverzZ =
0.19, p = 0.153). P. argusindex and gradient correlations are displayed in dtire 3.15.
Finally,S. undataindex values were positively correlated with ericaceous cov@®Z =35,0 =
0.007) and vegetation height PZ =3, f = 0.001), negatively correlated with graminoid cover
(DZ 331, p = 0.015), and not correlated with bryohyte cover PZ -G:01, p = 0.957), shown in
Figure 3.16. It should be noted that these correlations are not necessarily indicative of the
effect of particular vegetation groups or characteristics, but are specific to the plots measured.
For example, in dfferent environmental conditions it is possible that graminoid cover would be
positively associated with theC. austriaca index; the negative association here could be
caused by the cut plots, which feature high cover of graminoids at the expense of ec&aus

cover.
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Figure 3.15 Scatterplots showing the HSI for Sil&tudded Blue ButterflyPlebejus argusplotted

againstvegetationgradients recorded throughout the studyThe HSI score was positively correlated with
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(Kendalp<®85).Tau,

90



S, undata HSI

S undata HSI

0z 04 08 08 10

0.0

02 04 08 08 10

0.0

Ericaceous Cover

| *
*

. * 1’ *

— L}
¢ - . * re, *
— L] ... Y *
*

— *

I I I I
0 20 40 60 80

% Cover

Vegetation Height

100 200 300 400 500

Vegetation Height (mm)

I
600

S undata HSI

S undata HSI

02 04 06 08 10

0o

D2 04 08 08 10

0.0

Graminoid Cover

% Cover

Bryophyte Cover

*
i *
s 2 e *
- *
.3 ’..%o * .
1. oo.‘
L ]
— *
b T T T
0 5 10 15

% Cover
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3.4 Discussion

Critical assessment of Common Standardsglonitoring (CSM) has been extremely limited, and
little is known about its effectiveness at detecting change in heathland habitatslackson and
Gaston (2008) recommended a full empirical validation of current CSM measures; here results
from lowland heath&nd habitat are reportedfor the first time. In this study, overall CSM scores
did not differ between different management types despite the considerable variation in
vegetation composition and structure between these (demonstrated in Chapter 2pdividual
attributes were much more successful than the combined score egflecting changes observed

in the habitat, but a great deal of information that could be useful for management is still lost
with this technique. The CSM score itself was found to be giiestionable ecological value;
according to the evidence presented here, it does not correlate with some important
environmental characteristics of the plots or with the suitability of habitat for species from a
range of taxonomic groups. As feared by Gam et al. (2006), condition categories are
therefore ecologically dubious. The results here show clearly that CSM is not effective as a
method to monitor the results of management activity or other important changes in New
Forest heathlands, and likely lisewhere in lowland heathland habitat. Considerable information
that would be useful for adaptive management approaches are never recorded or detected
under a CSM approach, including small scale habitat changes and information about individual

species, ashas previously been suggested (Daviex al., 2007).

3.4.1 Limitations

Although the methods used here to statistically assess CSM were constructed differently to
how the approach is implemented in practice, having used more quantitative techniques such
as random sampling, quadrabased assessments and scores calculated for each quadrat, the
implications of the results should not be affected. Assessing CSM in this way allows the
effectiveness of the scoring system to be examined without the additionabptem of having to
interpret subjective scores or interpretations. Furthermore, the potential of subjectivity in CSM
is acknowledged as one of its downside$A(illiams, 2006; Gastonet al., 2006). The study also
examines a fairly limited number of sites taone geographical location; despite this, clear
differences are seen when comparing condition scores to abundance data, and environmental
characteristics showed wide ranges that were expected to influence scores. The use of Habitat
Suitability Indices, & calculated here, could be considered controversial as these were
essentially preliminary and would need to go through extensive testing before being deployed

to support management (Brooks, 1997). But regardless of these limitations, it is immediately
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apparent that HSIs, emphasising more specific habitat attributes, showed different results to
CSM, demonstrating that the broad approach used in CSM misses fgwle habitat details

that are the essential characteristics of many species habitat requirements

3.4.2 Do habitat condition scores show measurable differences following management
activity?

CSM failed to detect large changes in the vegetation community. This mayabeesult of the
original intention of CSM to examine the state of SSSls, making ttezgjuirements necessarily
broad to cover a variety of differentvegetation sub-types and geographical locations and
serious degradation (Alonset al., 2003), rather than management aimed at maintaining the
habitat. A consequence of this is that the assement struggles to detect small responses to
management that may not have an immediate impact on condition status but could cumulate
over the long term Unlike the overall condition scores, attribute scores showed more success
in detecting changes when casidered individually, which is not altogether surprising because
they are targeted at important heathland features (JNCC, 2004; Alons al., 2003).
Nevertheless, if these attributes are overlooked, the overall score or classification will not be
useful. Causes of condition failure observed here were surprisingly very different to those
reported by Cantarellcet al. (2010) in New Forest heathlands, suggesting that some of these
attributes are indeed overlooked in practice. Failures recorded by Cantéoeét al. were
principally the excessive shrub and tree cover in addition to overgrazing by livestock,
contrasting with low cover of pioneer, building heath and herbaceous plants in this study. While
it could be argued that the failure of sites to meet theondition requirements for pioneer heath

is a temporary result following intervention disturbance, the problem was prevalent across a
range of sites. Condition attributes addressing a lack of management, such as excessive
degenerate heath or increasing @ub, almost never failed, suggesting that thdocus of
management is in reducing these conditions Potentially this could lead tonegative
consequences of management (i.e. too much disturbance) being overlooked when assessed
subjectivdy, an especially Bgative circumstance when areas are determined to be recovering
on the basis that management is being carried outA focus of CSM onthe effects of a lack of
managementcan be traced back to its initial genesis, where essentially abandoned SSSis had
beenlost (Alexander and Rowell, 1999
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3.4.3 How well do habitat condition scores and their constituent attributes reflect community
and structural changes observed in the habitat community?

Attributes that had contributions from a number of species denmstrated a considerable loss
of information when compared to their individual componentdecause the large number of
contributing species masked individual information. This is n@t surprising result, but a
potentially important one as it means that theloss of some individual species could go
unrecorded if monitoring strictly follows the CSMrecording process Overlooking individual
species has previously been raised as a potential problem with CSM in this habifRbgs &
Bealey, 2005, and although insome cases the subjective approach may mean that land
managers record individual pecies, this is not guaranteedThis is particularly apparenwith
the example ofMolinia caerulea an important heathlandengineer (Marrset al., 2004), which
was not assodated with the attribute measuring grasses on the heath.While quantitatively
measuring and analysing species abundande perhaps more difficult, it is much more useful
for monitoring owing to its increased precision, and will be more effective at reciogl rare
species or species that are overlooked because of the attribute scoringWWhen assessing
management, this usefulness is accentuated because cumulative small changes over time
could become important Some other attributes, particularly those relatg to ericaceous
structure and species, appeared to match abundance data closely, indicating that these
performed well and could have some utility in assessing management. For attributes
addressing ericaceous species, this is likely because such attriestare closely defined and

measure specific habitat features rather than a combination of species.

In any case, despite the apparent utility of some attribute scores, overall condition scores were
ecologically questionable. The very poor performance othe overall condition score in
responding to large ecological gradients was surprisingut adds support to descriptionsby
Jackson and Gaston (2008) that condition assessment was insufficient to provide detailed
information about habitat status, and fitwith those of Cantarello & Newton (2008who showed
that visual assessment scores did not correlate with measurements using more quantitative
techniquesinvolvingplots and point surveysn forested habitats. The reason scores appeared
to be questionable islikely because of the large number of attributes, which mask any signal
from individual attributes that may respond to ecological changedRoss & Bealey(2005), in
tests of CSM performance, claimed that vegetation height was associated with condition

status, but their conclusions were not adequately statistically supported and run contrary to the
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findings here, where a large variation in vegetation height had no measurable change in score.
One area where CSM scores were associated was with a gradientehicaceous cover.
Favourable plots were associated with higher ericaceous cover in validation tests (Ross &
Bealey, 2005) of CSM performance, althoughm that study the categories of favourable and
unfavourable were usedather than scores However much mee detail on the structural and
community variationis necessary for effective monitoringas small changes could occur in
advance of habitat shifts,giving indications to managerswhile there is still time to react to
them.

3.4.4 How do CSM scores congre to Habitat Suitability Indices when there are changes in
the habitat?

HSIs appeared to besomewhatsuperior to overall condition score in detecting thedifferences
between management types.For two species, HSI values wereotably higher in burnt plos,

but mean scores were still relativelyolw, suggesting that even these areas were not ideal
habitat. Notably the HSIs were much more likely to be correlated with environmental gradients
than condition score, showing that they respond to changes withihet habitat. Measures of
habitat structure were frequent contributors to the habitat suitability indices for most species,
which is one area that CSM largely overlooks. In particular, associations with vegetation height
and grazing pressure were noticeabjébut CSM has little room for recording these featuse
One of the criticisms of habitat monitorings its lack of applicability for faunaVerberket al.,
2010) and the lack of habitat structure measures, other than for heathland age structure,
supports these assertions. This is despite the importance of these features being widely
acknowledged, even in advice for condition assessment itself (Alonsbal., 2003). A notable
difference between CSM and HSIs is that HSI calculations involve fewer attrilsuter

component scores, which likely aids the association with ecological changes in the plots.

Of the measured speciesCoronella austriaca habitat is likelyto be negatively affected bythe
burning rotationshere, as little degenerate heath was availabléor them to exploit. Variable
aging rates of heath (Alonsoet al.,, 2003) are supposed to be taken into account by
management, but there is little evidence of the presence of older heath in this study. Extensive
ground communities, including litter, lickn and moss, were also relatively law Intensive
grazing also likely affects the suitability of habitat in the New Forest for this specesd could
contribute to such structural problems Repeated managementalso seems to reduce the
amount of availablescrub and gorse foiSylviaundata, negatively affecting its habitat indices in
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New Forest heathlands.The HSI foIS. undatamay not have detected changes because of the
spatial scale at which it was applied; at larger scales this may be a more effective
measurement. Extensive gorse areas are present in the New Forest but were not part of this
study; such areas would likely score highly. Total CSM scomsrelated with the HSI for
Plebejus argus and this probably a result of the large component of ericaceis cover.
However, the correlation seems to reveal relatively little, as CSM scores did not differ over
management types whileP. argus indices showed considerable differences. Previous
assessments of this species that found higher abundance in unfavalnle areas compared to
favourable areas recorded by CSM (Davied al., 2007). Despite the association in scores,
CSM cannotbe considered to be able tandicate ideal habitat for this species. Concerns over
the applicability of CSM for invertebrates, pacularly butterflies (Davieset al., 2007) have not
yetbeen addressed.

3.4.5 Implementation of Management and Recommendations

In addition to the problems identified here,niplementations of condition assessmentnay be

carried out in a variety of wayshat may influence scores (Jackson & Gaston, 200®avieset

al., 2007). These effects have not been assessed hereb u t would further reduce
effectiveness in monitoring management in practicbecause of the potential for subjective

assumptions, and ae inappropriate for evidencdbased management There are siggesions

that attribute scores may be useful in reporting the status of habitadnd these could perhaps

form the basis for more detailed reporting of habitat changes following management.

Howe\er, because of the loss of precisiorthese methods should be treated cautiously when

examining management methods Additionally,they require management goalsto be much

more specific than ofavourable statusdéores referring
themselves. There seems to be little association of attribute scores with the management

practice itself, because the overall condition classification into status is the main method by

which habitat status is reported (JNCC, 2006; Natural England, 2¥). Because desired

outcomes of managementcannot always be accurately predicted (Jackson & Gaston, 2008),
reporting status as Orecoveringd6 because of manager
place rather than if it is effective or not. It iprecisely this circular argument that means that

CSM measures should not be used to monitor management effectivenesgo properly conduct

evidencebased and adaptive management, a different approach to monitoring will be

necessary. This will require motdring that quantitatively assesses key variables, including

habitat structure, community structure, and where appropriate, abiotic conditions. Importantly,

the monitoring must necessarily be tied to the locations and management taking place,
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because as fiown above a broad approach may miss important changes that may occur.
Based on the initial findings here, Habitat Suitability Indices could aid conservation methods,
but would probably not be useful for directly measuring management unless improving the

provision of habitat for that species was specifically the management goal.

3.4.6 Conclusion

This study found that condition assessment was poor at responding to environmental gradients
recorded in the study area and did not demonstrate several differees between management
approaches that were detected in vegetation community data. It also showed poor association
with the habitat requirements of several important heathland species. With the exception of
some attribute scores, CSM did not reflect commnity and structural changes in the habitat
following management, and as a result of this cannot be considered useful as a tool for
monitoring management. In theNew Forestit is clear that it is an irsufficient approach to
monitoring management interventins, and greater and more directed monitoring effort is
required if a move to evidence based management is required. This study marks one of only
very few critical assessments of CSM in the UK, and suggests that the system may be deeply
flawed if it is used as an exclusive monitoring programme in lowland heathlands. Results from

other habitats await investigation.
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Chapter 4. The Recovery of vegetation following
restoration work in New Forest wetlands.

4.1 Introduction

Freshwater wetlands are some of the most important ecosystems globally, providinghbot
biodiversity and important ecosystem services through their functional processes (Gopal &
Junk, 2000). They play a large role in cycling and storing carbon and other nutrients, support a
diverse and endemic biology, and regulate water cycling and flowrahghout the wider
landscape (Morencet al., 2012; Millenium Ecosystem Assessment, 2005). Globally, wetlands
are increasingly under threat from a variety of sources, including river modification, pollution,
exotic species introduction and particularly tad-use change- with drainage, afforestation and
river diversion being major contributors to decline (Gopal & Junk, 2001). Europe has suffered
major losses in the extent of wetlands, particularly of marsh and mire habitats (Morre, 2002;
Joosten, 1997). hese declines have been greatest in dtth-West Europe, and in the UK up to
90% of mire habitat has been destroyedBurnset al., 2013). Wetlands such as mires and wet
grassland are also lownutrient habitats, so changes in nutrient inputs (i.e. through tnogen
deposition) also have damaging effects on ecosystem function and biodiversity (Bragazza et al.
2003; Bobbink & Roelofs 1995; Lamers et al. 2000).Despite these decinesstudy of wetland
biodiversity has become the focus of widespread investigatioelatively recently (Gopal & Junk,
2001), and wetlands are poorly understood with large gaps in knowledge of biodiversity,
microbial communities and the relationships between biodiversity and ecosystem function.

As a result of these declines and in paral with increasing awareness of their importance,
wetlands have become a focus of conservation efforts, both through protection and restoration
(Pfadenhauer & Grootjans, 1999). Awareness of the importance of wetlands has led to their
protection under TheConvention on Wetlands of International Importance (Ramsar, Iran,
1971), EU Birds Directive (79/409/EEC) and Habitats Directive (92/43/EEC). In Europe and
North America, a number of restoration projects have been undertaken (Galatowitsch & van
der Valk, 1996; Wheeler et al., 1995), often with the ambition of restoring lost ecosystem
services However, many of these projects have focused on specific wetland functions,
particularly flood control, and few addressed biodiversity issues or the combination etoring
biodiversity and wetland function (Gopal & Junk, 2001; Zedler, 2000). Restorations are often
aimed at raising the water table (Gran€lement et al., 2013), removing successional or

invasive species, or largscale habitat recreation. Restorations of mires haverecentlybecome
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widespread as their value as carboand methanesinks is recognised, leading to a number of
studies (GrandClementet al., 2013; Holden et al., 2011; Haapalehtoet al., 2010; Worral et
al., 2007) though there are still relatvely few that focus on biodiversity changes (Ramchunder
et al. 2009), and few studies recording longerm change (Haapalehtaet al., 2010). Similar
practices have also been undertaken for wet grassland (Schrautzeset al., 2013; Kolos &
Banaszuk, 2013; Aceman et al., 2010).

Despite these studies, the practice ofvetland restoration is still in its infancy with many
uncertainties remaining. Highly variable conditions make general proscriptions difficult, and in
mire systems longerm changes have ofte been uncertainwhen compared to short term
changes (Wheeler et al., 2002). These uncertainties and limitations represent the main
knowledge gaps within wetlandestoration ecology. Often restoration projects have not been
scientifically studied, with maitoring based on an intuitiveor subjective habitat condition
approach (Wheeleet al., 2002). Additionally, restoration ofibiotic conditions and ecosystem
function has rarely been measured(RuizJaen & Aide, 2005; Wheeleet al., 2002). Those
studies that have assessed ecosystem functions have tended to detemtiack of recoveryeven
when biological communities appear to be restored (Morenet al., 2012). Several mire
studies (e.g. Haapalehtet al. 2010; Vasanderet al., 2003) found that species compsition on
restored sites can remainn a degraded state for long periods of timemaking it very important
to study at least some functional changes alongside standard approaches (Rulaen & Aide,
2005; Morgan & Short, 2002). Measuringabiotic changesalso allow the mechanisms behind
the restoration to be understood (PfeifeMeister et al., 2012) as restored areas may differ in
function to those of 'natural’ wetlands (Morenet al., 2012; Rey Benayaset al., 2009; Aronson
& Galatowitsh, 2008).

The Newrorestcontains a network of wetlands designated under the Rams@bnventionand
the EU Habitat and Birds Directive@Cantarelloet al., 2010). These ae considered of great
i mportance to t he iodifemiiyenoluding beeédindg-veadirg fls (Gcaterbt
al., 2004) and rare, specialisedflora (Atkinson, 1984). In the past mires, which are often
located within small valleys, havéeen subject to a variety of drainage measuresvhich were
initially aimed at improving grazing provision for @omoners livestockand forestry (Tubbs,
2001). As a result of these changesthe biodiversityand function of the mires have been
degraded (Clarke, 1984). Since 1997, these areas have been the focus of a number of

restoration efforts aimed at restoring pat watershed function andreducing drainage from mire
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habitat. Natural processes are not expected to recover without clear intervention (Van Seters
& Price 2001 in Holden 2004)and past drainage mayhave caused irreversible changes in the
physical propertes of peat substrates in the Forest, as found bidoldenet. al. (2004) in other
locations. Such damagamay reduce the likelihood of successful restoration, but also highlight
the need for a rapid repair of the mire watershed in order to prevent furthermage. The main
restoration programmes in the Forest are (in chronological orderhet Life 1l and Life IlI
projects, the Rural Pathfinder Scheme andhe current Higher Level Stewardship (HLS) Scheme
(Cooch & Morris, 2001; New Forest Life Partnership, 20012006; Smith, 2006; Natural
England, 2010). Restorationhas focused on a variety of habitat typesincluding mire and
valley bogs, wet grassland, bog and riverine woodland and river channels, where past
modifications had promoted drainage. Much of the storation work has focused on removing
sources of drainage through blocking or modifying channels, and removing scrub or trees
where past drainage has allowed succession to navetland habitats (Holzer & Elliot, 2010).
The managementgoal of this restoration work is torestore habitats to dfavourable conditiord,
based on the JNCCOs gui dpesentrinensire dreas(JNGCCn2004y. i d u a |
Monitoring of restoration work has been limited, and restricted to condition assessment of
SSSI units andphotographic documentation, except in the case of river channel restorations
where some hydrological studies have been undertaken (e.g. Millingteinal., 2007). Existing
monitoring schemes, based on the vegetation cover of the sites, also do not give amlication

of abiotic changes in the ecosystem that may have lotgrm implications of the success or
failure of the restorations.

The New Forest presents a unique opportunity for research into wetland restoratianging to

the large number of essetially separate sites that have undergone restoration, over a variety
of time periods. This allows the response following management to be investigated with a
chronosequence approach. This is in contrast to many existing studies of wetland, particularly
fen and mire restorations (e.g. Larget al., 2007; Vasanderet al., 2003; Klotzli & Grootjans,
2001), which have focused on intensive studies of individual sites.These measurements will
also allow a comparison of the mires in the New Forest with thostsewhere in Europe, which
may aid future management and conservation. This has not previously been undertaken, and
is particularly important when comparing monitoring results to other wetland systems
(Haapalehtoet al., 2010).
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This research aims to iwestigate the impact that restoration work has had on both the biotic

and abiotic components of a wetland ecosystenfvalley mires)in the New Forest. The

objectives of this research are to answer the following questions:
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How has the plant community charegd following restoration work?

How have abiotic and structural conditions changed as a result of restoration?

To what extent do the restoration interventions account for the variation in the
plant communities observed?

What are the pathways where restorain success could be improved, and what are

the potential barriers to successful restoration?



4.2 Method

4.2.1 Location of Restored Sites

In order to investigate the past effects of restoration, a number of sites of different ages were
needed. As here is a lack of information about these restorations in published literaturd, i
was necessary to quantify and map past restoration actions and their location before selecting
sites. Data for the locations of HLS, Rural Pathfinder scheme (referred to 2606-2009
restorations) and Life Il and Ill programmes was provided directly by the Forestry Commission,
who are responsible for the restoration work. The location of HLS restorations can be seen in
figure 4.1 and the other schemes in figure 4.2. Propes restoration work, labelled as red
shapes in the figure, were included in the study to serve as a comparison to the restoration
projects, to determine whether there were any differences between these areas and those that
had experienced restoration. Inaddition, mires in favourable conservation status were
identified from publically available Natural England data to essentially serve as a control group
demonstrating the ideal outcome, based on management goals. These sites were selected
from sites classfied as favourable that had no documented restoration work. The Natural
England data constituted the most recent condition assessment of the New Forest SSSI units
at the time of the survey in 2013 (accessed from desigatedsites.naturalengland.org.ukin
2014). Restoration of the mire areas consists of three actions: tree and shrub removal; in
filling of drainage ditches with heather bales, and blocking of drainage areas with clay plugs.
Restoration often accompanied work on path areas to prevent erosion the mires(personal
observation) These actions were undertaken in concert or separately with each other
depending on the location; unfortunatelythere is a lack of detailed information regarding the
specific locations of these interventions Site vsits were used to determine what restorations

had been carried out in some areas where there was uncertainty about the approach.
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Figure 4.1Location of wetland restorations carried out (green) and proposed (red) under the current HLS
scheme, which lggan in 2010 andwill run until 2020. Several of the proposed works are now underway,
at the time of publication. Data supplied by the Forestry Commission.
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Figure 42 Location of wetland restorations carried out prior to the current scheme. Frorarkest to
most recent: Life Il scheme (Light Blue), Life 1l scheme (Orange) and the 2089 Rural Pathfinder

Scheme (Dark Blue). Data supplied by the Forestry Commission.
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4.2.2 Site Selection

A spacefortime substitution approach was taken fothe study, comparing vegetation changes
across successive restoration programmesRestorations included were the Life 2 (1997
2001), Life 3 (2002-2005), Rural Pathfinder Scheme (200€2009) and HLS scheme (20109
present). The study therefore shows a contious pattern of different aged sites from 1997 to
the time of the survey (2013). Aditional mires were included, based on proposed future
l ocations for restoration ( ciofawurable steudwitliodte gr adedd s
any documented restoation work. 10 sites of each type(referred to and analysed in the
foll owi ng t ewedre saesteddoy stidyu ressilting in a total of 60 miresto be
surveyed In order to minimise uncertainty from the use of different, independent locatigns
excessively small sites(those less than 0.5 ha) which are relatively frequent, were excluded
from the study owing to potential edge effects and areas of surface flowing water (fens,

streams and rivers) were also excludedThe selected sites are shown ifigure 4.3.

4.2.3 Quadrat survey

Plots were surveyed from JulySeptember 2013. At each study location, a 50 x 56h plot was
set up in order to assess vegetation composition. Tipecise location was randomised within
mires using the random point fundon in ArcGIS If the centre point of the plot wadocated
within 10 m of the mire edgeor in norHmire vegetation ora stream channel, it was excluded
and a different point used. This ensured that the location sampled included a similar habitat
on all stes, but this approach may have reduced the full variability of site conditions being
recorded.

Within each plot,a set of 10 2 m x 2 m quadrats was used to visually assess vegetation

composition. The same researchethe author) assessedall plots to minimize perception bias

between plots Vegetation composition was recorded bgstimating the percentage cover of

each plant species presentusing five percentintervals, with a one percent scordor flora of

very low cover Additionalobservationswere made for the height of vegetation sing adrop

disk method, Stewartet al.,2001), the amount of surface water, soil or ground visible, and the

number of seedlings of tree species. Vascular plants were identified to species level in the

field where possble and wereidentified with keys fromRoseand O6 Rei |l Iy (2006) and
(1989). Taxonomy was based on Stace (2010)Where this was not possiblephotographs

were taken and a sample recovered for identification in the laboratory. Within quadrats, the

total percentage of bryophyte cover was visually assessed, with the coveBphagnumsp. also
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recorded. The presence or absence dfryophyte species within each quadratwas then
identified in the field, or based on photographic and sampled specimens. etdifications were
based on Athertoret al. (2010) and Danielsand Eddy (1990).

4.2.4 Abiotic analysis of the substrate

Abiotic conditions were investigated by sampling thmire substrate at each location. A total of
10 samples were collected from eaclplot (where quadratswere sampled located using GPB
using a5cm diametersoil corer, to 20 cm depth. Bulk density was calculated using the
volumetric method on fresh substrates (Rowell, 1994)Each ofthe soil samples was
subsequently weighed, aidried until there was no appreciable loss of weighfapproximately
10-20 days) and reweighed in order to calculate volumetric water contentAlthough air

drying in this manner is known to affect the soils (Kaiset al., 2015), all samples were treated
the same way and stored in the same location, which should allow comparisons between sites
to be made. Samples were then bulked and sieved (2 mnpyior to storageat low temperature
(20°C)in paper bags After approximately 6 month®f storage,substrate analyses wee
conducted by the analytical laboratory at Forest Research, Alice Holt, Hampshire, UK.
Substrate pH was measured by sspension of 5 grams of soil with 25 ml of water, shaken on

an orbital shaker for 15 min and rested for 45 min before being analysed bySgntek pH
electrode. Total Nitrogen, Carbon, Organic Carbon and Inorganic Carbon (TN, TC, TOC, TIC) were
measured with Reference method ISO 10694 & 13878 combustion method using a Carlo
Erba CN analyser (Flash1112 series). Samples were ball milleddrefanalysis, with 30 mg of
milled soil weighed in tin capsules before being analysed simultaneously for tafarbon and

total Nitrogen. Around 30 mg of soil were weighed in a silver capsule and placed in a furnace at
500¢°C for 2 hours to remove organicarbon. These samples wer¢hen passed through the CN
analyserin order todetermine the inorganic fractionof carbonin soil. CN analysers work by
combustion. Samples are loaded into the combustion by an autosampler, whexach capsuk

is heated at1600-1900 °C, and converted into elementalgases. Athermal conductivity

detector (TCD) which produces an electrical signal proportional to the concentratiofNidfogen
and CGarbon, allows theelement concentratios to be determined. Veradoet al. (1990) provide

a detailed description of thé process.
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Figure 43 Location of theselected study sites and the boundary of the New Forest National Parkhe

legend indicates the groups of restorations, withO sites from eachgroup included in the survg

4.2.5 Herbivoryindex

Visual assessment of the amount of grazed vegetation was considered useful but potentially
Ssubjective, so in addition a O0grazing indexd was
intensities of herkvory. The scoring methoavas based on Reimoseet. al. (1999), with some

modifications to adapt the score to New Forest open habitat based on Bokdam and Gleichman,

(2000); McNaughton,(1984) and Bakkeret. al. (1984). Criteriaare shown in table 4.1. Areas

dominated by Sphagnum moss were not considered to be indicative or otherwise of grazing

effect as they are unlikely to be browsed and can dominathe vegetation compositionfor

other reasons. Signs of trampling howevedjd contributeto the score.

110



Table 4.1Scoring systenfor Herbivoryindex on wetland sites

Score Intensity of herbivory Indicators

1 None No signs of herbivory on all plants, extensiv
ground flora, no signs of tracks or dung, shrub
extensive in drier areas

2 Light Extensive ground flora but some ign of
browsed leaves, some tracks may be present

3 Moderate Ground vegetation noticeably variable i
height, shrubs patchy where they occur, som

localised areas where grazing creates a lawn

4 Heavy Ground flora shaped into lawn by grazing, bt
still with some variation in vegetation height
light tussock formation

5 Very Heavy Ground vegetation <3cm tall, patches of bare
soil present, extensive tracks and dung, shrub
absent or suppressed by grazing, herbaceot
plants confined to inaccessible areasHeavily

tussocked vegetation

4.2.6 Statistical Analysis

Data were analysed with R 3.2.3, witlthe addition of the following packagescorrplot (Wei,
2013), lawstat (Gastwithet al., 2015), multcomp (Hothornet al., 2008) and vegan(Oksanenet
al.,, 2015). The data were analysed by grouping sites restored under the same restoration
program, in addition to comparator sites; this lead to six groups being compared: degraded
sites (group 1), HLS sites (group 2; the most recent restorations), RP sites (gr8ypLife Il
sites (group 4), Life 1l sites (group 5, the oldest restorations) and favourable sites (group 6).
The structure of the data was initially examined using boxplots, and correlationimiportant

variables (structural measurements and the most diquently recorded species)was
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investigated to examine their relationships and detect collinear variablesANOVA tests were

performed ona priori selected structural, abiotic and species variables Assumptions were

tested in R for normality (€ plottingof r esi dual s) and homogeneity of va
and outliers were examined uhsdwag pefiooned where s . Tukey
ANOVA results were considered worthy of further investigation (p =~ <0.05). Where data could

not be transformed satisfactorily, nomparametric Kruskal Walk tests were used as an

alternative. These were followed up with polbc tests. Etasquared effect sizes for ANOVA

tests were calculated using the Isr package (Navarro, 2015).

Non-metric multi-dimensionalscaling (hnMDS)was performed on the community data in order to
examine any patterns in species distributions across the sites. Data were Hellinger
transformed prior © analysis, as recommended bilcGarigal (20®). The effectiveness of the
NnMDS ordinationwas determined using stress output and Shepard diagram#Adonis analysis
was used totest whether apparent differences between groups were supported by statistical
tests. Constraired Correspondence Analysis (CCA), which constrains the placement of aiig
species points based on explanatory variablesyas performed on the species data, with
environmental and soil variables used as constraints. The final constraints were chosen by
defining important influences a priori, investigation of elinearity betveen variables(figure
4.12), and removal of data shown to have little influence. Species that occurred at less than
five plots were excluded, as these are both unlikely to be correctly placed in ecological space
and have an undue influence on the ordinan (McGarigal, 2000. Species data were
subsequently squareroot transformed and standardised {sing Decostand Range function
Environmental data was standardised to range from-D so that different variables had
comparable scales. The effectiveness dhe constrained ordination was tested with Monte
Carlo permutation on the axes and goodnessf-fit tests for species/samples diagnostics with

inertia and axes eigenvalues also examined.
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4.3 Results

4.3.1 Response of the plant communityollowing restaation

A selection ofnine important vascular plantswas examined in order to determine whether any
of these showed significant differences between restoration groups. Of these, oflgrex
panicea and Drosera rotundifolia showed significant differences inANOVA tests. Carex
panicea (df = 5, F =5.25, p = 0.001) showed a relatively complex structure in thposthoc
analysis but the broadtrend indicates that is wasfound at much lower abundance on older
restorations and in favourable mire siteswith HLSand 2006-2009 restorations showing a
cover of 4.5% * 0.8 and 4.8% + 1.0 respectively, against 1.4% = 0.5 (Life Ill), 1.0% % 0.4 (Life
II) and 1.6% * 0.4 (Favourable, mean = SE for all group® n e f f e c2t= 0.33iindieated f
that substantial variation was attributable to the differences between groupsThis species is
often characteristic of edge habitat in typical valley mires, so may be indicative of slightly drier
condition in the sites where it is found in higher abundance. Converse@rosera rotundifolia
(df = 5, F =2.62, p = 0.034) is a hydrophilous species, but one that would otherwise be
expected to appear frequently in most, if not all of the surveyed sites. This species shdwe
highest abundance in late stage and favourable sites, althougHbifferences were only
distinguished in posthoc tests between early and middle stage restorations (flige 4.4). A
relatively small effect size was found to be attributable to differencesetween restoration

g r o u p=9.20). €over in degraded and 200&009 restorations was 0.8% + 0.2 and 0.6% =*

0.2 compared with 1.8 + 0.2 for the highest recorded cover at Life |1l mires.

Of the other vascular species tested with ANOV¥plinia caerulea (df = 5, F = 0.97, p =
0.443), Erica tetralix(df = 5, F= 0.85, p = 0.521), Eriophorum angustifolium(df = 5, F =1.15,

p =0.346), Rhyncospora albadf = 5, F =0.81, p =0.549), Juncus acutiflorus(df = 5,F =0.72,

p = 0.609), Narthercium ossifragum(df = 5, F =1.54, p = 0.195) and Myrica gale(df =5, F =
1.06, p = 0.393) showed no significant statistical differences between restoration groups.
These are important mire species butibiquitous throughout the study as suchit may be the
case that rarer species are more useful guides to vegetation community changes after
restoration work. For this reason, more detailed ordination analyses were performed on the
habitat community data in section 4.3.3 Despite the lack of differences between the
restorations, the overall cover oMolinia caerulea(21.7% + 1.2 SE) was very high for the type
of habitat surveyed.
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The total cover ofSphagnum a very important component of the mire bryophyte community,
showed no real differences betweenrestorations @f = 5, F =2.13, p = 0.076), with a mean
cover recorded across all plots of 34.3% + 2.5 SE. Individug$hagnumspecies showed some
differences. Sphagnum papillosum a very important peat building species, showed
statistically significant differences across resration groups ¢f = 5, F =4.22, p = 0.003), with
post-hoc analysis highlighting the differences between late stage restorations and earlier ones
(figure 4.5, present inall Life Ill, Life Il and favourable plots compared with probability of 0.5
+0.2SEinN20062 009 restorati on &¥0.28 shAwed thdt d fairqptopodianz e of G
of the variance in the sample was attributable to betweegroup differences. Sphagnum
cuspidatum showed a somewhat similar patterndf = 5, F =3.65, p = 0.006, figur e 42.=5 | G
0.25) but lower abundance overall thais. papillosum,present with a probability 0D.1 £ 0.1 in
2006-2009 mire restorations, 0.8 + 0.13 in Life Il restorations and0.7 + 0.15 in favourable
mires. Sphagnumpalustre also showed differences bateen restorations {f =5, F =2.38,p =
0.051) but revealed a different pattern, with poshoc tests showing the biggest differences
between degraded sites.2 + 0.13) and early restorations (0.8 0.13 in HLS plots and 2006
2009 plots; see figure 4.5). An effect size 0f0.18 suggests that most of the variation in the
cover of S. palustre is not related to the restoration work. Of the otheBphagnum species
examined,S. fallax(df = 5, F =1.53, p = 0.195), S. denticulatum(df = 5, F =0.51, p = 0.764),
and S. magellanicum(df = 5, F =1.84, p = 0.12) did not show any significant statistical
differences between restorations. Changes in oth&phagnumspecies were examined as part
of the vegetation community as a whole.

Relatively few measures of vegetin structure showed differences that could be distinguished
statistically between restoration The cover of bare ground showed evidence of differences in
ANOVA (df = 57 =3.04, p =0.017) between the oldest and youngest restorations (fige 4.6),
butdi f f erences could onl vy Dbferthd 2006 restoratiensi(mean t h Tukey 0 s
cover of 5.1% + 1.7 SE) compared to the Life Il (1.2% + 0.5) and Life Il (1.3% £ 0.5)
restorations. The structure of the data may be partially responsible here, witlare ground
showing unequal varp ao®ieand g depavtugenford she dxpestad,
normal distribution in gq plots. The ANOVA test itself should be fairly robust here, however, as
the group sizes were equalWith an effect size of@ = 0.22, a fair proportion of the variance in
the data could be attributed to differences betweergroups but there were clearly several
other sources. Trample damage also showed similar patternsbut with a marginally
insignificant difference(df = 5, F =2.35, p = 0.053), and not supported byposthoc analysis

(figure 4.6). Herbaceous plants, assessed as a group, showed significant differences across
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restorations (df = 5,F = 3.96, p = 0.04). Past-hoc analysis indicated that cover was highesit
the 2006-2009 restorations (20.4% =* 4.9, figure 4.4), and lower at the Life 11l (8.8% + 2.4),
Life Il (5.5% £ 1.1) and favourable (6.5% * 1.8) mires The data for herbaceous plants

violated several of the ANOVA assumptions, however.

Lichen cover did not shw any significat differences (df = 5, F = 0.60 p = 0.701) and there
were relatively few detectedin the survey. The lichens recorded, mostf@ladoniasp., were
those more suited to drier heath conditions than those found in the mire sites. The covenbf
recorded bryophyte species did not show significadifferences between different restorations
(df =5, F = 2.19, p = 0.069). Total graminoid cover (df = 5, F = 0.36p = 0.872) and dwaif
shrub cover (df = 5, F = 1.33p = 0.265) also failed to show any significant differences.
Variables that were indicative of herbivorous pressure on the plots, including vid®n height
(df =5, F =1.48 p = 0.213), the percentage of the plots showing evidence of herbivory (df = 5,
F=1.62, p=0.171), and the cdculated herbivory index (df = 5, F = 1.67 = 0.157) did not

show any differences between restoration grougsut substantial variation was observed

4.3.2. Abiotic conditions following restoration

Of the measured abiotic variables, soil pikas similar between all restorations(df = 5, F =
0.23, p = 0.946), with a mean o0f4.74 + 0.05. Totalnitrogen and total organic carbon irthe
substrate were statistically distinguishedalong withvolumetricwater content and bulk density.
Together, these suggesd that changesin soil characteristicsoccurredas restorations age. In

soil nitrogen (df = 5, F = 3.33,p = 0.011), only middlelate stage (ife Il restorations could be
distinguished statistically from the degraded sites (fige 4.6, T u k ey @mseffekt Site of

@ = 0.24 shows that a significant portion of variance can be related to the restoration groups.
Soil carbon(df = 5, F = 3.36 p = 0.01) showed a very similar pattern (fige 4.6, Tukey 0 s
with a similar effect size @ = 0.24). De9ite changes in nitrogen and carbon, C/N ratios did
not show any differences between groups (df = 5, F = B4p = 0.226), which may illustrate

that substrate processes were smewhat similar across the study despite the restoration work.

Volumetric water content, a potentially critical measure for the success of restorations, did
show differences betweersample groups (df = 5, F = 2.64p = 0.033), but the pattern was not
quite the one that was expected. Generally, water content was relatively high acralisites
(69% = 0.02 SE) but Tukey post hoc testxould not distinguish between groups, despite the
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pattern that appeared (figure 4.7). This was likely a result of high variation in the data.
Unexpectedly,sites not subject to restoration but considerg favourable (by management
records), did not showany difference from degraded sites The effect size @ = 0.20)
suggested that any changes in the watetontent were relatively small. 8rface water also
failed to show differences determinable acrossnanagementgroups (df = 5,F =0.75, p =
0.585), which could potentially be a result of variability in weher conditions during the survey
period which could also affect volumetric contenti.e. after extended periods of rainfall).
However, weather was relatively stable in the study period and examining the two water
measures together it appears that restoraion has had little detectable effect on the presence

of water in the habitat during the survey.

The bulk density of soil (df =5, F = 4.61p = 0.001) showed an interesting pattern with some
similarities to water content,but with much higher and signitiant differences between groups
Both favourable and degraded sites showed similar, relatively high bulk density scof@s86 g
cm?3 + 0.05 and 0.37 g cm3 £ 0.6 respectively) whereas the oldest restorations showed low
scores (ife Ill = 0.15 g cm3 + 0.03, Life Il = 0.17 g cm3 £ 0.4; see figure 4.7). Other
restorations showed medium scores that could not be statistically distinguished from either the
older sites or those not subject to management. This appears to show a pattern of lowering
bulk density as sites age following restoration However, the unexpected high density of the
favourable sites again suggests that these areas may not be appropriate comparators for
successful restorations. The effect size @ = 0.30) indicates a moderately sized dééct of

restoration groups on the differences in bulk density.
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4.3.3 Patterns in community structure

The ordination plot produced by nMDSigure 4.8) shows ascattered distribution ofsites with
considerable overlap but the relatively high stress level of 0.23 means some caution should be
applied to the interpretation, and thatrelatively limited conclusions can be drawn from the 2
dimensionaloutput. There appears to be some grouping with the addt sites (ife Il and Life IlI
restorations) being clustered with favourable areasvhereas earlier restorations and differ in
both the location of their plots There also appears to be a greater degree e€atter in the
position of other groups including those of favourable sitessuggestie of adispersion effect
This demonstrates increased variability in the vegetation in these group®verall, the diagram
indicates that there are some differences between the groups in ecological space, but that
these are relatively subtle and with considerable overlap between groups. Species were placed
in a scattered pattern with those associated with mires in the centre of the plot, and nanire
species around the edges. @&ected species that are important tovalley mire habitats
(particularly the M21 community) as indicated by JNCC (2004showed an association with
the older restorations and favourable sites. The placement of many early restorations and
degraded sites away from these species is clearly show Adonis analysisa robust test of the
similarities between groups Qksanen et al., 2015), found a significant result p = 0.005)
indicating some differences between groupsuggesing that the restoration groups explairi3

% of the variance in the data Thissupports the impression given by the ordination diagram
that different stages of restoration did feature slightly different communitiedut that there
was substantial variation that was not attributable to the restoration groups Shepard

diagramsand Adonis output are shown in Appendix IV.
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Figure4.8 nMDSordination output showing the location of important specie¢selected from JNCC
guidelines) and plots A partial association withthese species andolder restorations is seenbut
generally there appears to be considerable variation within restoration groups as opposed to between
them. A relatively high stress level)(23) means that the ordination should be interpreted cautiously.
Species are labelled as followsRF =Rubus fruticmsa, SM =Sphagnum magellanicum DR =Drosera
rotundifolia, RA =Rhynchospra alba, SF =S. fallax SP =S. papillosum PA =Phragmites australis NO =
Narthecium ossifragum SD =S. denticulatum SC =S. cuspidatum MC =Molinia caerulea CV =Calluna
vulgaris and VM =Vaccinium myrtillus
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4.3.4 What influences variation in mire sites?

It is clear that consideralde variability in the data isnot directly attributable to restoration.
Determining the other influences on community composit, and their relative importance, is
essential for a successful management approach to restoration and to consider whether past
restorations have succeededTo address thisFigure 4.9 shows an ordination graph produced
with CCA. In this ordination,he intensity of herbivory appears to have greater measured
impact on the community than surface or soil moisture levelindicated by the relative length
of the vector arrows However, there does seem to be a relationship between these variables
with both highly browsed and trampled sites also those featuring less surface water and often
less soil moisture. Generally, the oldest restorations cluster together, and there is more
variability in the younger sites. This could be interpreted as showing successéstoration in
older sites, but picture is somewhat confused by favourable site¢so being highly variable, in
broadly the same dimensionsas younger sites. In fact, favourable and unfavourable sites
seem to be poorcomparisons withthe restoration wok, as they are both highly variable and
appear to be more closely associated with herbivory than with other restorations.

Permutation tests of the overall ordination model showed a significant result (df =Bz 1.68,

p = 0.001), and tests on the preditive variables showed significance for surface wateF &
1.5033, p =0.012), trample damage F= 1.75, p = 0.002), and the percentage of vegetation
that was browsed F = 2.54, p =0.001). Soil moisture was relatively close to significanc& &
1.32, p = 0.090), but total nitrogen in soil was notf = 1.10, p = 0.351) and is therefore
unlikely to be the cause of vegetation variability in this study. Tests were also run on the plot
axes; both of these were significant (CCAE,= 3.53, p = 0.001; CCA2,F=1.87, p =0.001),

and further axes scores were not significant. This suggests that the ordination, and th® 2
plot, are therefore good representations of the position of sites and species in environmental
space. Eigenvalues, variance inflation factorand the proportion of variance explained by the

test are given in Appendix VI.

123



Restoration Stage

# Degraded

B HLS

+ 2006-9
Life 3
Life 2

* Favourable

$.

SWo 4

pb

VM

CCA2

2

3

sm

&*

CCA1

CCA2

\
-1

-1

-2

-3

CCA1

1

Figure 4.9 CCA ordination plotsisowing placement of groups (left) and species (right). Arrows indicate constraints; these are explanatory

variables.

Species occurring in <5 plots were dropped, and species data square root transformed. Environmental variades

standardised to rarge. For species, RF Rubus fruticosg SM =Sphagnum magellanicum DR =Drosera rotundifolig RA =Rhynchospora
alba, SF =S. fallax SP =S. papillosum PA =Phragmites australis NO =Narthecium ossifragum SD =S. denticulatum SC =S. cuspidatum
MC= Molinia caeruleg CV =Calluna vulgarisand VM =Vaccinium myrtillus For explanatory variables, TN = Total N, tr = trample damage, |

= percentage browsed, sw = surface water and sm = soil moisture content.
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Surface water was a better predictor of the vegetation community than volumetric content; the
latter not a reliable predictor of habitat community according to tesesults. In terms of the
interaction between explanatory variables, ofparticular note are the strong negative
correlations between bulk density and the presence of water and nutrients in the sffigure
4.12), suggestive of different soil characteristics There was also a positive relationship
between grazing and bare ground and the presence of some plant species, most notakdyex
panicea. Surprisingly, therevere few correlations with measures of water (both within the soil
and on the surface of theplot) and plant species Younger restorations (RP and HLS) and
degraded sites appeared to feature a community driven by high herbivory and high trampling
damage, as opposed to later restorations, and some favourable sites, where water retention
appeared b be a bigger influence. The favourable surveyed sitalso appeared to be subject

to greater influence from herbivory than the oldest restorations.

Plotting the averaged positions of the restoration groups, and the control groups of favourable
and degaded condition, allows the differences between groups to be investigated more easily
(figure 410). It appears that recent restorations (HLS and RP) show similar, highly variable
communities, and were associated with higher levels of herbivory but varasbil and surface
water. The Life lll restorations appear to be transitional between these and the Life Il
restorations. These are progressively less variable and increasingly associated with typical
mire communities and higher amounts of water. Of theontrol groups, favourable mires show
an overlap with the oldest mire restorations, but also some of the recent ones, and with
degraded sites. The degraded group does not seem to show association with many of the
restoration groups, but instead a particlar set of communities and conditions that differs from
both. The high variability of the vegetation community, both between and within sites, is likely
to contribute to this overlap. A similar ordination overlay showing mire structyfgure 4.11),
shows clearly defined groups, demonstrating the importance of structural conditions on the

vegetation community and abiotic conditions.

125



CCA2

-2 -1

-3

CCA2

-1
1

-2
1

Restoration Stage N tr

® Degraded
= HLS .
+ 2006-9

L life3
Life 2
Favourable hd

=
-3
|

+
.

T T T T T T T T T T T
-2 -1 0 1 2 3 4 -3 -2 -1 0 1 2 3

CCA1 CCA1

Figure 4.10 CCA ordination showing thplacement of restoration plots (left) and control groups (right). The ellipsase drawn around
the standard error of the factor means. For explanatory variables, TN = Total N, tr = trample damage, pb = percentage bdpwae=
surface water and sm = soil maiture content.

126



) ! * N
.
o +
~ |
: .
Lo .
. : +
.
- m pb
SW. -
alley g D)
----------- e LTTCTTR RS RSP, SR, LT =%
S TR
O
0
t sm
o hd tr
. .
.
< . o
T T T T ¢ T T T
-3 -2 -1 0 1 2 3 4

| CCA1

Figure 4.11CCA showing ellipses around mire structurescorded during the survey There appear to be
important differences in the community based on the mire structure (note, this structure is easily
affected by the amount of water present). For explanatory variables, TN = Total N, tr = trample damage,

pb = percentage browsed, sw = surface water and sm = soil maist content.

127



Spalus:)r: (32\ *&0 .

&

bulk.density Ca

dwarfshrubs s

Myrica.gale @ & _,\\6\6 &

veg.height b S °

raminoid S O

Moliniag.caerulea @ N e}bo

deerdung &

lichen

Erica.tetralix

northerliness e\’{& (}\06

surface.water

Rhynchosphora.alba

Drosera.rotundifolia

Eriophorum.angustifolium O‘e
C.N

Spapillosum é'b'{&

Narthecium.ossifragum

moss

[ X J
%
R
E2
N

tot.sphagnum
bareground &

tramp @

Carex.panicea ® & ¢
percent.grazed @ e

herb.index @ S

cattledung ro‘\ &

ponydung &

soil.water

™

TC

forb OQZ ~<\Q’66

2
slope =

d00
o
o

easterliness K
aspect
Juncus.acutiflorus
elevation

-1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1

Figure 4.12 Spearman correlation matrix showing the strength of correlation coefficients between
selected variables. Only those with p < 0.05 are shown. Points are shown in stronger colours and larger
size relating to the strength of caelation (12), with red indicating negative correlations and blue positive
correlations. Numerical values are available ithe digital supplement

128



4.4. Discussion

4.4.1 Changes in the plant community following restoration work

Change in valley mirecommunities in response to restoration are poorly understood,
particularly in lowland situations such as the New Forest. This study has demonstrated a
variety of different responses in the plant community. A few importa8phagnum species
showed changes,but the overall cover ofSphagnum did not. Sphagnum cuspidatum an
indicator of water retention in mires (JNCC, 2004) an8. papillosum an important peat
building species (Daniels & Eddy, 1990) were more likely to be present on older restorations
and in favourable sites. S. papillosumis intolerant of drought conditions (Clymo & Haywood,
1982) and has increased in abundance in other successful restoration projects (Gonzattz
al.,, 2014). Peat building species includings. papillosum and S. magellanicun are typically
slow to respond to management (Smolderst al. 2003), unlike other species ofSphagnum
(Maanavilja et al., 2015), highlighting the importance of examining lonterm trends. The
timescales involved in this study, and the initial vegetatiocommunities, should have provided
better circumstances for the recovery of these species, bi#. magellanicum showed no
changes following restoration work in this study. A particular increase was notable Sn
palustre in early restorations when comparedot degraded sites. In the UK, this species is
often associated with high nutrient conditions relative to otheé8phagnumspecies (Athertonet

al., 2010), and these conditions are expected to temporarily follow restoration work as a result
of disturbance (Hapalehto et al., 2014). A possible reason for a lack of change iaverall
Sphagnum cover is competitive exclusion by related species, described by Robroskal.
(2007).

Unlike several other studies (e.g. Komulaineegt al., 1997; Tuittila et al., 2000), no changes in
Eriophorumspp. were detected here, although increases iBarexspp. were similar to Tuittila
et al. (2000; different individual species were responsible). In terms of species groups or
guilds, herbaceous plants peaked in abundance in the ddle restorations (20062009), which
could be interpreted as showing temporary colonisation as mires are altered following
restoration, although this is not supported by the conclusions of some studiedoftocornolaet

al.,, 2009). A low cover of lichen wa found throughout all plots; abundant cover of lichen is
considered a negative indicator of mire health owing to their adaptations to dry conditions
(Gonzalezet al., 2014). The cover of vascular plants, and in particular Graminoids, was
generally quitehigh in proportion to the cover of bryophytes, but this is a pattern consistent

with other valley mires where soligenous peat formation occurs (Malmet al., 2003).
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However,Molinia caerulea, sometimes considered an invasive species in mires (Gogo al.,

2011), showed high cover in all areas.

Ordination analysis of the vegetation community distinguished older restorations from more
recent ones, and older sites also showed less variation in ecological space. Important mire
species, identified from the JNC (2004), were also more likely to be found in these older
restorations than in sites of younger ages and in degraded sites. Section 4.4.3 examines the
causes of this distribution in greater detail, with the addition of explanatory variables. Changes
in vegetation compositioncaused by managementre often expected to be relatively small in
mire habitats (Haapalehtoet al., 2010), and high variability of thevegetationcommunity often
occurs naturally (Falk et al., 2015) which reflect some of the findingshere. The relative
similarity of degraded and o0f avouetalf20ld)dhatsi t es suppc
there is sometimes limited evidence linking drainage with community declines in peatlands.
Overall, changes reflected the findings of somrestoration studies in other mires showing a
demonstrable impact on relatively few species (Haapalehé al., 2010), but also contrast with
others that showed rapid and dramatic community changes in a relatively short space of time
(Maanaviljaet al., 2015; Poulin et al., 2013). There are notable similarities here with a study
of grazed mires by Wilsomt al. (2011), who found similar species and conditions in drained
and undrained areas, although they did record differences ithe dominant vegetation
community where management was applied

4.4.2 Abiotic and structural changes following restoration

The effect of restoration interventions on substrate conditions has not previously been
examined in the New Forest, despite the importance for restorationgess. This effect was
small, although soil nitrogen, carbon, and bulk density showed changes between restoration
groups. An increase of N and C in the early stages of restoration matches finds by Haapalehto
et al. (2014) and is often expected (Vasandeet al., 2003). Elevated concentrations of N are
often associated with increased decomposition and mineralisation caused by aeration of the
mire substrate (Laihoet al., 1999; Sundstrém et al., 2000), suggesting that water retention
has been poor in theseareas, but could conceivably be related to disturbance (such as
management interventions or herbivory). Carbon concentrations in the substrate were
relatively low overall, as were the associated C/N ratios, when compared to other some other
mires (eg over50% C and C/N ratios of 3817 in Tuittila et al., 2000), but quite comparable to
others that had experience drainage (Urbanowt al., 2011). Lower C/N ratios would again be

expected in areas with higher decomposition rates and low water retention. Ténenay also
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have been some loss of C as a result of the sampling method (i.e. sieving the substrate) which
would affect these ratios in comparison to other studies. Substrate bulk density was lowest in
the oldest restoration sites (Life Il and I11) but sprisingly did not differ between favourable and
unfavourable sites. Aside from these older restorations, the density of substrate was much
higher in this study than in comparable ecosystems (eg Tuittida al., 2000 who found density

of 0.1-0.2 g cm and Bragazza & Gerdol, 1999 who found density of approximately 0.25 g-cm
3). Such values areassociated with drainage Nlinkkinen and Laine, 1998) and are similar to
those in some drained mires (Urbanovét al., 2011), but could also be related to the high
concentration of large herbivores in the New Forest, which compact the substrate in and
around the mires High bulk density scores are indicative of poor conditions f&@phagnum
development (Price, 1997), so this is a potential area of concefor the recowery of species

There were few indications that restorations hathcreased either volumetric water content or
the surface cover of water. Ditch blocking should lead to an immediate rise in the water
retention and this has been found in many other studse(e.g. Haapalehteet al., 2010; Verberk

et al., 2010; Ruseckas and Grigaliunas, 2008), although not all (Maanavilg al., 2015) and
with sometimes inconsistent results (Jarasiust al., 2015). The volumetric water contentvas
broadly comparable to unditurbed mires in other studies (eg. 6@80% in Kellner & Halldin,
2002, who measured to the same depth of substrate as this study), potentially indicating that
water conditions were adequate. However, there was high variability within the restoration
groups which could have hampered any ability to detect changes. The failure of heather bales
to stop drainage from the sites was directly observed (figure 4.13), and even where drains had
been successfully blocked, permanent physical changes in peat substratisat reduce water
retention may have occurred (Vasandest al., 2003; Smolders et al., 2003; Grootjanset al.,
2002; Holden & Burt 2002). Unexpectedly, in terms of water content, favourable status sites
did not differ from those where restoration actionsvere proposed, a pattern reflecting that
found in the vegetation community. There are a number of possibilities that could explain this
pattern: favourable sites could have featured a wider range of natural conditions than
restoration areas, favourable tatus may not adequately describe mire condition owing to
inadequacies in condition assessment or alternatively that degraded sites had not lost
significant amounts of water, the latter reflecting findings by Wilsaet al. (2011) in blanket
bog. Deleteriaus effects could still occur in this situation, however, because of the likelihood of
increased water flow through the substrate. Restoration did not influence pH values, which
were comparable to those of previous studies of the New Forest (Newbould anadrf@am,

1956) and other Atlantic bog communitiesSottocornolaet al., 2009). As noted by Newbould
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and Gorham, the values suggest that there is some groundwater contribution to the water

regime in addition to rainfall, as they are higher than typical omtrophic communities.

Structurally, there were also relatively few changes, and those that did occur may not be
important changes. Areas of bare substrate or peat varied between restoration groups; these
are often considered to be negative indicators of résration success (Gonzaleet al., 2013)

but were not very numerous even in the degraded mires recorded, which may limit the use of
bare substrate as an indicator. Bare ground was often associated with trampling damage from
herbivores, and so the cause auch changes in the cover of bare ground is difficult to directly
attribute to restoration work. Trampling and grazing intensity did not differ between sites, but

the impact of grazing on both the vegetation community and restoration effectiveness is

explored further in the following sections.

Figure 4.13 Failed heather bale restoration and erosion around a channel, downstream from one of the
RP 2006-2009 mire sites. Note also the dry condition of the channel. The surrounding area is also
heavily graed but this is unlikely to be related to the failure of the heather bale. Photograph by the
author.
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4.4.3 Variation in mires and their ecological causes

Previous studies examining the causes of variation in New Forest mires were all carried out
before any restoration work took place, so understanding the patterns in distribution is
important to any assessment of restoration. Three main drivers in community diversity were
identified with this study: herbivory, the presences of water, and mire structur&his study has
shown like many others (e.g. Glasat al., 1990; Bubier et al., 1996; Sottocornolaet al., 2009)
that there was a strong association between water and the distribution of the plant community.
CCA revealed that older restorations had agitive relationship with water levels (both surface
water cover and volumetric content) while more recent restorations had a less strong and more
variable association with water, which was somewhat unexpected number of explanations
are plausible here,ssuch as a slow increase irsphagnummatter in the soil retaining water, but
regardless of these it appears likely that older restorations have better retention of water than
more recent ones. Restorations have had an influence on the developing habitatranunity
through changes in the water regime, but it is subtlé both water and habitat are much more

variable than expected, and restoration has not had consistent results.

The most important driver of variation in the vegetation community was herbivoiany other
studies of mires in the New Forest have not considered or described the impact of grazing
(Newbould & Gorham, 1956; Newbould, 1960; Clarke and Allen, 1986) with the exceptions of
Clarke (1984) and Atkinson (1984), but it clearly plays a hugeole in determining the
vegetation community. Clarkeds 1984 work foun
ungrazed mires, with a particular increase in bryophytes. Both Clarke (1984) and Atkinson
(1984) state that grazing reducedMolinia, which was expected to dominate in the absence of
grazing. In contrast, this study has shown thatigh grazing activitywas associated with
declines in some mire speciessuch asEriophorumspp. and Drosera rotundifolig but without
any relation wih the presence ofbryophytes,Sphagnumspeciesor Molinia. High herbivory was
sometimes associated with poor mire communities, and was also correlated with the increases
in bulk density of substrate and observed trampling damage, suggesting that soil compaction
was takingplace. Some studiesof grazing in mire communitiegKuchler et al., 2009; Worrall

et al, 2007b) suggest that grazing can suppresdominant species, but there can also be
deleterious effectsthrough elevating nutrient content in the substrate and harmingonditions

for bog species (particularly mosses) through trampling (Fakal., 2015; Klchleret al., 2009).
Negative impacts of grazing have also been clearly demonstrated for other UK bogs (Wikton
al.,, 2011). With the high densities of deer and lastock in the New Forest, the effect of
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herbivory is important research area and will need future study to compare different intensities

of herbivory.

Mire structure is also an important driver of community composition and may also affect the
success of mrticular restoration works. This is perhaps an obvious conclusion, but
considerable variability in the community and abiotic variables is notable in some structures,
but not i n others. For exampl e, mires present
experience a greater fluctuation in the water regime than those in valley bottoms (Clarke &
Allen, 1986). It appears that mires in a more typical valley structure have experienced a
greater degree of successful restoration than both seepage areas and enand heath matrices
(such mire and heath mixing may be indicative of tussock vegetation dominating in the
presence of high grazing and trampling, and is sometimes considered indicative of strong
drainage). Differences in the success of restorations basemh local conditions have also been
described in shallow peatlands in Exmoor National Park (Gra@tkmentet al., 2015). The
New Forest does feature rich fens in addition to valley mires (Atkinson, 1984), and in these
habitats a succession toSphagnum dominated flora is considered undesirable (Kooijmaet

al., 2016). However, none of the restorations surveyed here were representative of these

habitats, as shown by consistently low pH records.

4.4.4 Potential barriers to successful restoration and pathays to successful restoration

There are several areas in which restorations in the New Forest have encountered barriers, and
these both reflect and contrast with those found in other locations. Unlike those in many other
studies, restorations appear tdhave had relatively little success in increasing water retention in
the mires, which may be attributable to insufficient blocking and potentially the management of
surrounding habitats. In upland peat habitats, burning has been found to reduce water table
(Worrallet al., 2007b) and have other deleterious effects (Browet al., 2014), so the burning

of heathland surrounding mires in the New Forest could influence the flow of water into mire
watersheds. Controlled burns often occur very close to some nsir@personal observation;
Clarke 1984). Clarke and Allen (1986) and Newbould and Gorham (1956) assigned
importance to subsurface flow from exterior habitats into mires, which may not be considered
by restoration that focusses on drain cuts only. Avoiditige use of burning around restoration
areas could possibly impact restoration, but any such changes must be monitored. It is likely

necessary that detailed hydrological monitoring is required before and after interventions take
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place. In addition, the naintenance of past restorations is clearly necessary, particularly where
heather bales have been used. Heather bales, while frequent in restorations (Armstrenal.,
2009) have been heavily criticised owing to a lack of durability (Green al., 2014; Grand-
Clementet al., 2015). Alternative, more durable methods, such as grip blocking using plastic

or rock dams, may be more effective in this area (Armstroagal., 2009).

In some habitats, a high abundance of grasses may also be an area of concernréstoration
work. Molinia caerulea showed relatively high abundance throughout and is considered to be
of particular threat to moorland and mire communities (Limpenst al., 2003; Gogo et al.,
2011; Marrs et al. 2004; Aerts & Berendse, 1988). Hummock speges such asMolinia are
suspected to benefit from drainage compared to those requiring constant water (Heikkila &
Lindholm 1995). Moss cover, includinggphagnum was negatively correlated with graminoid
cover and in particular negatively correlated witklolinia (figure 4.12), suggesting that areas of
increased Molinia cover are poor for other important mire species. However, this could be
related to spatial distributions in the mires, as Newbould (1960) founklolinia dominated and
Sphagnum dominated vegeation to occupy different areas of Cranesmoor mire in the New
Forest. A high frequency oMolinia was also reported by Newbould (1960) and Atkinson
(1984), so this pattern has been present in New Forest mires for a long time. Quite how high
cover of Molinia persists in the presence of grazing is something of a mystery, but an
interpretation by Atkinson (1984) could be informative, in which he suggests that grazing
intensity is influenced more by the density of animals in mire catchments than the suititlyilof

habitat, as livestock (ponies in particular) did not move far from their home range.

Compared to many other studied mires, the New Forest is unique in its high density of large
herbivores. As previously noted, grazing intensity could thereforevhaconsiderable influence
on the outcome of restoration. Herbivory and trampling were associated with poorer mire
communities in ordination analysis. However, it is not certain whether this structure is
attributable to the herbivory, or whether herbivogeare only taking advantage of better access
to palatable vegetation in these areas. Wilsoet al. (2011) demonstrated that drained areas
did not improve forage for herbivores, and Clarke (1984) suggested that mires were a more
significant grazing resoure than lawn environments, so if successful, restoration work may
enhance grazing. The impact of grazing on vegetation should be considered on future

restoration work, and is a potential area for productive study.
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4.4.5 Management Recommendations

This stuly has identified several areas where management and restoration success could be
improved. The most important area is improved water retention; this should be accomplished
by reviewing the success of drain blocking for individual mires together with aterahed
approach including the surrounding management in restoration, potentially avoiding burning at
mire edges. Heather bales in particular should be replaced by alternative methods owing to
results in both this and other studies (e.g. Greeat al., 2014; GrandClementet al., 2015).
Monitoring must be carried out regularly to ensure that management goals are being met and
that the desired effect of restoration is taking place; this should include at a minimum
guantitative records of the plant communitand water status (water content, water table depth
and surface pools) and should be carried out before interventions begin and at regular periods
afterwards. Quantitative monitoring will allow trends in particular species, such l®linia, to

be observed and management can then be tailored to the observations in an adaptive
management approach. At the moment, it appears that condition monitoring is too broad for
an adaptive approach, and some long term trends in species are uncertain. Finallfh@ugh
grazing was shown to have a large influence on the vegetation community, there is currently no
information to support changes in grazing management. However, grazing processes should
be observed and monitored, as this could change in the future.
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4.4.6 Conclusion

Restorations have had limited success, with little evidence for the recovery of abiotic conditions
and little detectable change in water retention but some limited evidence for positive
community change towards more typical mire commities. This is restricted to relatively few
species, but some of these, such asSphagnum cuspidatum, S. papillosum and Drosera
rotundifolia, are important mire components. A clear need for enhanced monitoring has
emerged from this study, as sites consated to be favourable mires were highly variable and
often different from any of the restored areas, but not sufficiently distinguished from degraded
ones. A similar pattern was observed in blanket bogs by Wilseh al. (2011). Work by
Rochefort et al. (2013) has shown that different survey technigues can give substantially
different measures of abundance for mire plants, a conclusion supported by Cantarello &
Newton (2008) in forest communities, so this is an area of concern. Although there are many
uncertainties with the chronosequence approach, there is realistically no other way that the
breadth of the restorations can be assessed, as a result of the lack of baseline data before
restorations commenced. Potential threats to the restorations includelack of water, possible
invasion by Molinia, and trampling from large herbivores. These concerns will need to be
addressed to ensure a londerm future for restored areas.
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Chapter 5: Condition Assessment, Monitoring and
Habitat Suitability of the New Forest Mires

5.1 Introduction

5.1.1 Wetland Monitoring

The protection of wetland habitats and communities has become a @®rvation priority in
recent years, following recognition of their important contributions to global biodiversity and
ecosystem functioning(Moreno et al.,, 2012 Millenium Ecosystem Assessment, 2005
Despite this, many wetland habitats are still under treat, and improvements in
conservation practice will be required to conserve these valuable environments and their
processes into the future. Adaptive management, where the results of monitoring inform
future interventions, is a rapidly developing area afonservation practice(Wilhere, 2002;
Conroyet al., 2011; Keith et al., 2011; Rist et al., 2012). However, this process requires
extensive and effective monitoring in order to fully understand the implications of different
management interventions (Dunan and Wintle, 2008; Conroyet al., 2011; Nichols and
Williams, 2011). Many uncertainties still remain about best practice for wetland
management (Wheeleret al., 2002), and these must be resolved if a transition towards
effective, evidencebased conseration is to be achieved (Salafskgt al., 2002). Despite
these needs, monitoring has often been lacking even as wetland conservation becomes
more widespread, because conservation practitioners focus on management actions rather
than monitoring (Gaston et al.,, 2006). Where monitoring has taken place, a lack of
certainty remains about the effectiveness of some monitoring measurements (Sternal.,
2005; Holl and Cairns, 2002; Lovetet al., 2007).

One area where monitoring takes on great importance is thaf habitat restoration. As
attempts to restore degraded wetlands have increased in recent years, monitoring and
evaluation techniques must also be adapted to these management changes (Holl and
Cairns, 2002). Unfortunately, many restoration projects hawhown a similar approacho
other forms of conservation management, where monitoring has been very limited (Wheeler
et al., 2002; Pander & Geist, 2013; Morandet al., 2014). For example, from 1990 to
2005, $14-15 billion were spent in the US on river storation projects, but only 10% of
projects featured any monitoring, and little of that was useful for examining the restorations
in terms of ecological effectiveness (Bernharddt al., 2005). Similar findings have been
reported from Germany from 1994011 (Pander & Geist, 2013).
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As discussed in the previous chapter, extensive restorations of mire habitats have taken
place in the New Forest since 1997. Currently, mire and fen habitats in the New Forest are
monitored by Common Standards Monitoring (CSMiften referred to as Condition
Assessment) Scientific studies do not form part of the monitoring scheme, but may
influence management to a limited extent. CSM is a rapid survegchnique,
predominantly visually assessed, and is designed to provide nat#é level information on
habitat condition, to aid ongoing management and help place targeted management and
policy where they are necessary (Jackson and Gaston, 2008; Williams, 2006). CSM is
described in detail in Chapter 3. In the New Forest, CSM hasheused, in addition to its
national function, to identify habitats requiring management focus (Cantareti¢ al., 2010).

The favourable status of sites assessed by CSM is also described as a specific
management goal for restoration activity in the New Fest (Wright and Westerhoff, 2001).
CSM has also been used as the principp method to investigate mire restoration in the
Forest (Smith, 2006a).

Despite the widespread use of CSM, there has been surprisingly little study of its
effectiveness in practie. Although CSM has many advantages, particularly at providing a
snapshot of the state of the UK&s SSSIs (Everett
approach. The categorisation of sitesn CSMis considered highly subjective (Jackson and
Gaston, 2008; Everett, 2004), and CSM style measurements have compared poorly with
more quantitative approaches (Cantarello and Newton, 2008). Additionally, vegetatmrly
monitoring, as used in CSM, may not detect poor conditions for invertebrates and other
species (Davieset al., 2007; Verberk et al., 2010), and is particularly poor regarding fine
scale heterogeneity (Daviegt al., 2007; Jackson and Gaston, 2008) Thesefeatures are
particularly important for mirebiodiversity value Yerberket al., 2010 ; Beadleet al., 2015).
Whether CSM can give any indication of abiotic changesuch as an increase in water
supply, is uncertain, despite measures in the CSM attributes to address the3de extent

to which condition scores actually reflect the ecological viaibjl of sites is also uncertain
(Gastonet al., 2006), which is of particular concern if CSM is used to evaluate restoration
projects. Other concerns include the limited reporting of detailed information collected
during the assessment process (Gastoat al., 2006) and the infrequency ofassessments
carried out under CSM (every 6 yeargjiven the potential for rapid change in restoration
outcomes. As a result of these limitations, there is doubt about the effectiveness of CSM in
monitoring restoration inteventions or providing a basis for adaptive management,
especially at the scale of individual protected areas. Testing its effectiveness is therefore
necessary to determine whether it should continue to be used for the purposes of

monitoring restoration.
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5.1.2 New Forest management goals

Monitoring effectiveness depends heavily on the management goals set for ecological sites
(Lovettet al., 2007). In the New Forest, management goals for mire restorations are based

on several planning documents, most notdy the SAC Management Plan (Wright and
Westerhoff, 2001) and the New Forest Wetland Management Plan (Smith, 2006a).
Restoration work has fallen under several different programs, but the techniques for both
intervention and monitoring have remained relately consistent. From the SAC plan, the
conservation objective for New Forest mires
and O6restored habitats in unfavourabl e <conc
condition assessment criteria are idntified as the national guidelines (i.e. those by the
JNCCQC), with extra reference to breeding bird populations, fdnigh the SPA Designation is

given. Under the current restoration and management programme, the HLS Scheme, the
goal of maintaining and retoring habitat to favourable condition is repeated, and the

scheme documents also refer to the SAC management plan (HLS Agreement, 2010).

The Life Il project aims that are relevant to the restorations include halting erosion and
addressing hydrological pblems with 580 hectares of mire habitat, as well as establishing

a continuous monitoring programme (New Forest Life Partnership, 2001). The Life 1l
project goals include restorationof priority interest features of the New Forest SAC (in
accordance wih the SAC management plan) and the creation of suitable conditions for

habitat recovery (New Forest Life Partnership, 2006)Management goals and aims are
generalised, with the project aiming to improv&84 ha of mire habitat to davourabled or
aunfavourable recovering condition (New Forest Life Partnership, 2006). ThHeew Forest

Wetland Management Plan, covering the period 2088016, also has general goals, citing

condition status, drying, and erosion of the mires as ecological problems that require
attention (Smith, 2006a). The expected outcomes of this work are not described beyond
ohabitat restorationo, with no targets give.
rural pathfinder scheme (Smith, 2006b), another past phase of restoration in shistudy,

follows the approach laid out in the Wetland Management Plan very closelguch goals

may hamper effective monitoring, as general, nempeci fi ¢ aims often | e
monitoringd (Nichols & Williamsned o2dm@es of r at h
management activity. The effectiveness &€SM is of considerable importance in the New

Forest owing to itscategories being used as the management goalsThe use of habitat

condition as arestorationgoali n parti cul arutrheél es e)dsmiood unhag:

concern because of the potential subjective nature of such an assessment.
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5.1.3 Study Focus

Because of the limited success recorded in mire restoration projects (Chapter 4), it has
become necessary to evaluate the use @SM in the New Forest and determine whether its
limitations prevent it from being used as an effective tool to monitor restoration work.
Study of New Forest restorations has been extremely limited, and apart from some
hydrological studies (Millingtoret al., 2007), and the previous chapter in this thesis, has
been restricted toCSMbased visual assessment or subjective assessment of the sites (e.g.
Cooch & Morris, 2001; Gifford and Heritage 2014a; Gifford and Heritage 2014b)To
examine the effectivenessof CSM as a monitoring tool, it must be tested against detailed

vegetation abundance and community data, to see if the same patterns are detected.

An additionaltest is to compare CSMwith Habitat Suitability Indices (HSIs) for species of
conservationconcern This is aimed at determining whether changes in CSM score reflect
changes in the availability of habitat for these speciesSuchindices are widely used in the
United States(Warrenet al., 2016), and have seen extensive usén wetland habitats(e.g.
Chapman & Howard, 1984; Newsonet al., 1987; VanaMiller, 1987; McKenzie & Zwank,
1988; Palmer & Cordes, 1988) currently they are only used to monitor Great Crested Newt
Triturus cristatus habitat in the UK (Williams & Biggs, 2012) HSIs involveidentifying
important habitat characteristicsfor the species under study (such as feedingcover, and
breeding requirements), based onscientific literature and expert judgement (Newton,
2007). The quality of habitat is then assessed by usiran index, fromO (very poor quality)
to 1 (optimum quality), for each habitatharacteristic The overall habitat quality can then
be expressed by combining the suitability indices (SI) of the individual componemypjcally

on a scale of @1. HSIs keep the advantage®f the CSM approach, such as the ability to
conduct a rapid survey(only the habitat characteristics need to be assessedwhile
providing greater detail, scientific robustness and application to fauna as well as plants.
Furthermore, the international deignation of many New Forest habitats, in particular
wetland communities, is based on species that are appropriate candidates for HSI
monitoring, rather than the CSM typically used for national SSSls. HSIs have also been
used to guide restoration projectsin the US (Warrenet al., 2016) and as such could
potentially contribute to the monitoring of restoration projects. Comparison of these scores
against CSM will help determine whether the condition approach manages to capture
habitat features relevant for some important species, and show whether the two

approaches are complementary anot.
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The research presented here will offer a critical assessment of the application of CSM in
valley mires by comparison to data collected from Chapter 4 and selected Habit
Suitability scores for important species.The aim of this researchs to determine whether
CSM condition assessmentis an effective monitoring system to evaluate wetland
restorations in the New Forestwith outcomes from this investigation leaithg to proposals

for improvedmonitoringfor New Forest mires.

This research is designed to answer the following questions:

i. Have New Forest wetland restorations resulted in changes to habitat condition,
based on CSM techniques?
ii. Isthe CSM approach sufficient tadentify whether restoration work has been
successful, and is it a suitable tool to monitor the recovery of sites?
iii. How do Habitat Suitability Indices compare with CSM Scores for New Forest

mires?

149



5.2 Method

5.2.1 Site Selection

All mire locations investiated in Chapter 4 were used for this studyA chronosequence of
successive restoration programmesvas used to investigate changes following restoration
work. Restorations included were the Life 2 (1992001), Life 3 (2002-2005), Rural
Pathfinder Scheme 2006-2009) and HLS scheme (20108 present). The study therefore
shows a continuous pattern of different aged sites from 1997 to the time of the vegetation
survey (2013). Alditional mires were included, based on proposed future locations for
restoration (mnsi der ed 6degr ad eind favousablea staduy witreout cainy t h o s e
documented restoration work. 10 sites of each type were selected fowusly, resulting in a
total of 60 miresto be surveyed In order to minimise uncertainty from the use of different
independent locations, sites were selected based otneir similararity. Excessively small
sites (those less than 0.5 ha) which are relatively frequent, were excluded from the study
owingto potential edge effects and areas of flowing water (fens, steems and rivers) were
also excluded.

5.2.2 Condition Scores

Condition scores were calculated for each mire location based on the Common Standards
Monitoring Guidance for lowland wetland habitats (JNCC, 2004). Each mire plot consisted
of 10 quadrat sampks of species abundance. Scores of 1 (conditions met) and O
(conditions not met) were calculated for each quadrat based on the attributes provided by
the JNCC advice. Some of these attributes had multiple conditionhich hadto be metto

score 1, causesof failure in these attributes were examined further. Scores were also

summed to give a O6total condition scored indi

These total scores are representative of the final output from CSM, where a category would
be assigned based on meeting all attributes. Some important differences between the way
that CSM would be undertaken in practice and that undertaken here must be noted; these
were necessary in order to assess the effectiveness of the scores. Quadrats weseduhere
instead of visual assessment as given in the CSM guidelines. This should essentially
reduce the subjectivity of the measurements for percentage cover. Scoring was also
numerical, with each stop point assessed for conditioffwhere scores of 1 mee the
condition requirement, and scores of 0 do natyvith plot scoresan average of these values

In practice, an overall impression of each attribute would be scored subjectively for the site
by an assessor, which could result in highly variable score€omparisons of scores in this

study with those by Natural England in the most recent (2013) assessment were,
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unfortunately, not possible, because only the final condition categories were provided

(Figure 5.7); this is a frequent problem with CSM also netl by Gastoret al. (2006).

The section 6Lowl and Feno, and i n particul
classification are used for the calculation of condition scoreNCC, 2004) This section
specifically refers to features in the New Forest, aridcludes a range of wetland types that
reflect variability on the sites. Vegetation condition scores were calculated as in CSM based
on a series of general attributes in combination with habitat specific attributes. Within New
Forest valley mires, sevetaifferent community types are present, including the M14, M21,
M29, M25 and M6 NVCcommunities (Rodwellet al., 1991). In the following study, the
M21 designation was used to calculate condition scores (Table 5.1). This community type
was selected in oder to standardise the assessment on one vegetation type, and as plots
were stratified into this habitat because of its neambiquitous presence in New Forest
mires. Althoughthe mires are made up of a patchwork of many different habitat types
examiningone vegetation type allows the investigation of the CSM technique to be carried
out without interference from using several different condition scores for each respective
community A description of the M21 community is given in Appendix VIFinally,
comparison was also made between the results of this study and descriptions by Cantarello
et al. (2010) of New Forest condition assessmentsincluding in mires, to examine
differences between what CSM measures have recorded in practice and the investigation

into its effectiveness here

A number of habitat characteristics, measured i€hapter 4 were compared with condition
scores, to determine how well scores related with variation in environmental conditions
measured across the study sites. These includaggetation height, the total surface cover
of water, the total cover ofSphagnumand the percentage of browsed vegetation in the
plots. Surface water and grazing pressure were found to be significant influences on the
vegetation community in CCA analysis Chapter 4 (Figure 4.9), andphagnumcover and
vegetation height are important measures of vegetation structure for mire habitat. These
characteristics also varied substantially over the study, with vegetation height ranging from
100-600mm, surface water cover from 025%, Sphagnumcover from 080% and browsed
vegetation from 060% of plot cover. Measures were correlated against condition and HSI
scores to examine whether there was any association present. These characteristics were
also examined throgh further correlation analysis to other measured variables to examine

how informative they were as ecological descriptors.
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Figure 5.1The locations of wetland SSSIsdbni t s i n the New Forest, showing th
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assessment. The black outline indicates the National Park boundary.
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Table 5.1JNCC Scoring system for M21 mire habitats (JNCC, 2004)

Category

Attribute

Scoring

Habitat Extent

Habitat Composition

Not assessed here, measures change over time using aerial

photographs or similar methods

Habitat Bare Ground 0-10% Cover
Structure
Leaf Litter 0-25% Cover
Vegetation M21 Sphagnum A Sphagnum papilosum and/or S. magellanicum cover >70% in
Composition: 80% of samples
Positive
Indicators
M21 Sphagnum B Sphagnum denticulatum, S. cuspidatum,, S. fallax, Odontoschisn
sphagni: at least one species at least occasional
M21 Associated Calluna vulgaris, Drosera rotundifolig&rica tetralix, Eriophorum
Species angustifolium, Molinia caerulea, Narthecium ossifragum,
Rhynchospora alba, Vaccinium oxycoccos: at least 3 species
constant
Negative Invasive Species  Crassula helmsii, Acorus calamus, Mimuluspp., Impatiens
Indicators glandulifera, Fallopia japonica, Heracleum antegazzianuabsent
or rare
M21 Negative Phragmites australis, Phalas arundinacea, Glyceria maxima,
Species A Epilobium hirsutum, Brachythecium rutabulum, Eurynchium
praelongumNot more than one species, <5% cover
M21 Negative Pteridium aquilinum, Rubus fruticosus, Molinia caeruleamot more
Species B than one species, <5% cover
Negative Trees / Shrubs Betula, Salix, Rhododendron, Pinuand other woody species no
Indicators- more than scattered, manly <1.5m. Cover <10%
Woody
Species

Seedlings /
Saplings
Woody Species

Seedlings and saplings of woody species no more than rare

No species present on flushes and spring§alixacceptable >5m

away
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5.2.3 Habitat Suitability Indices

In order determine how GM scores relate to important habitat requirements of mire fauna,

it was necessary to produce HSIs from several different taxonomic groups. This was
because habitat requirements are likely to show a wide range of variation between different
taxonomic groyps, and HSIsmay therefore show a different response depending on which
species are assessed. The following species were selected for the construction of Habitat
Suitability Indices Viviparous lizardZootoca vivipara CurlewNumenius arquata,and large
marsh grasshopperStethophyma grossum These species were selected because they
either extensively utilise or are exclusive to mire habitat, they represent different and
diverse taxonomic groups, and ar@rotected under national and international legislabin.
Curlew and viviparous lizarglexploita wide range of habitatgdel Hoyoet al., 1996, Edgar

et al., 2010), but mires are a significant habitatfor these species(del Hoyoet al., 1996;
PefnalverAlcazaret al., 2016), especially for breeding habitain the case of CurlewTubbs

& Tubbs, 1996). Large marsh grasshoppearare restricted entirely to wetland environments
(Keller et al., 2012). Individual HSIs were produced following a literature search fdine
biological requirements ofeach species A ddailed description of the life requirements of
each species is presented in Appendix VII, with their necessary habitat components used to
construct three specieshabitat modek, shown in tables VII.1, VII.2 and VII.3 in the same
appendix HSI scores weresubsequently tested with correlations against CSM scores to
examine the relationships, and also tested against ecological characteristics of the sites to

determine whether they responded to observed changes in these characteristics.
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5.2.4 Statistical Analysis

Condition scores weg calculated in Microsoft Excel before theada were analysed with R

3.2.3 (R Core Team, 2016). The following package extensions to R were usedttcomp

(Hothorn et al., 2008), plyr (Wickham, 2011), reshape2 (Wickham2007), and agricolae

(de Mendiburu, 2016). Additionally, ggplot2 (Wickham, 2009), gridExtra (Auguie, 2016) and
ggrepel Glowikowskj 2016) were used to construct graphical outputANOVAests were

used to determine whether conditiondiffered between the ag of the plots following
restoration and whether restored plots differed from those not subject to restoration work.

These tests were performed on overall condition score and for individual attributes which
contributed to this score and also on HSIs foeach species Assumptions werdested for
normality (QQ pl otting of residual s) and homogene
outliers were examined u shocwgs pbriormediwberesANOVAT u k e
results were considered worthy of furtr investigation p = <0.05). Etasquared ( <

effect sizeswere used to determine the magnitude of significant test results, a measure

that is relatively independent of sample size (Levine & Hullett, 2002). High effect sizes help

to determine whether significant results were meaningful, reducirthe chance of Type I

error (Sullivan & Feinn, 2012). Theswere calculated using the Isr packaga R (Navarro,

2015). Where variables were tested with correla
widespread and robust test (Croux & Dehon, 2010).
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5.3 Results

5.3.1 Have New Forest wetland restorations resulted in changes to habitat condition,
based on CSM techniques?

No changes in condition score were detected between different phases of restoration, with
both the overall condition score andindividual attributes failing to be distinguished
statistically (Figure 5.2; Table 5.2) Despite the lack of differences, two attributes clearly
stand out with particularly low scores in most of the sites: Sphagnum Attribute A
(Sphagnum papillosumand/or Sphagnum magellanicum >70% in 80% of samples,) and
Negative Species B (No more than 1 species, <5% cover Bferidium aquilinum, Rubus
fruticosa, Molinia caeruleg The lack of difference between plots on habitats classified as
favourable by Mtural England in 2013 and the other plots also demonstrates the
difference between the application of CSM in practice andahused here, suggesting that
the accuracy of the method is reduced further by subjective assessment. Notably, a
substantial proportion of the structural condition attributes relate to the presence of scrub
and tree species (i.e. leaf litter, invasive species, tree and scrub cover, seedlings and
saplings, and invasive woody plants). The baseline data lacked species that affect these
scores to ary greatextent Thissuggests thatthese scores have limited application in
monitoring restoration work, as they address factors that do not appear to be affecting the
sites. The two attributes that consistently failed, M2Bphagnum attribute A and M21
Negative Species B, relate to the abundance of two important taxonomic groups. The
Sphagnum attribute specifically addresses the amount oSphagnum cover, which was

frequently too low to meet a favourable score.
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Table 52 ANOVA test results ototal CSM score and attributes

Variable d.f. F p
Total Condition Score 5 1.836 0.121
Bare Ground 5 1.863 0.116
Leaf Litter - - N/A*
Invasive Species - - N/A*
Trees / Shrubs 5 0.554 0.735
Seedlings / Saplings - - N/A*
Woody Species - - N/A*
M21 Sphagnhum A 5 1.286 0.283
M21 Sphagnum B 5 0.8 0.555
M21 Associated Species 5 1.191 0.326
M21 Negative Species A 5 1.896 0.11
M21 Negative Species B 5 1.463 0.217

*attributes had the same score for all plots
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Figure 5.2 Attribute Scores for plots ofdifferent restoration ages None of the attributes showed
significant changes over the restoration stage. Error bars represent standard error. Some bars lack
error graphs because the data was uniform (scores of 1) for all plotnly two attributes (M21

SphagnumA and M21 Negative Species B) regularly led to failures.
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5.3.2 Can the CSM approach identify changdsllowing restoration?

Condition scores, including individual attributes, frequently showed no change in areas
where important component speies of those scores were statistically distinguished,
including attributes that showed favourable scores and those that showed poor sco(g4g
5.3, Table 5.3) For example, the twoSphagnum attributes, for M21 habitats, showed
consistently low scores (fothe first attribute) and consistently high scores (for the second),
despite changes in the presence of several importa@phagnumspecies and in the overall
cover of Sphagnum(Chapter 4) While the scores as shown may indicatiat problems with
Sphagnum cover have been detected (i.e. it appears to be too low)khey do not
demonstrate differences that may have ecological importancéi.e. changes in the
abundance of individual species) a key criteron for effective restoration monitoring.
Where individua attributes had requirements that were far below recorded cover values,
very different sites appear similar using the attribute score. This is shown withet
condition attribute addressingthe cover of Molina caeruleg which consistently failed over
the sites. This attribute shows the same score faites that had relatively low cover (10
15%) and those with much higher cover of 3@0%. Valuable ecological data is therefore

lost when using this attribute, andany changesat higher covervalueswill go unrecorded

Other attributes showed better matches to the underlying dataThe associated species
attribute reflected the abundances of the component species, with areas of higher
abundance often given a higher score (Figure 5.4¢Calluna vulgaris( DZ = pG-=.0.09,,
Drosera rotundifolia( DZ = p@& 0.Q08), Erica tetralix( DZ = pG 0.Q18), Eriophorum
angustifolium ( DZ = p0=.0D3AL), Narthecium ossifragum( DZ = p0=.03@3) and
Rhynchosmra alba( DZ = p6& 0.@0%5) all had signifcant correlations. However, changes
in abundance beyond a certain level were simply not detected and associated score may
not detect large changes in individual species if the other species remain constdRtgure
5.4). The bare ground attribute showed netgive correlations with percentage cover
browsedd2q pZ =0. 01) and br ow827nhm= 0.0R)ttamping t vy
damage 034DH =0.001) and, as would be expected, bare ground cover itself
(correlation = -0.56, p = 0.001). Despite these correlations, significant amounts of
information appear to be lost with the attribute, with some areas of high trampling and
browsing still given a high attribute score (Figure 5.5). The score seemed particularly
inefficient at measuring grazing intensyt, with the correlations relativelypeing weak for this

measure.
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letter were not significantly differentg <0.05, Tukey HSD).
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Table 53 ANOVA test resultsomparing Sphagnumattributes compared toSphagnumcoveron
restoration groups

Variable d.f. F p
Attributes:

M21 SphagnumA 5 1.286 0.283
M21 SphagnumB 5 0.8 0.555

Cover and Species data:

Sphagnum papillosum 5 4.22 0.0026*
S. cuspidatum 5 3.65 0.00645*
S. palustre 5 2.38 0.0505
Total SphagnumCover 5 2.126 0.0762

* significant at p < 0.05

Selected habitat characteristicsincluding some of those shown to influence the vegetation
community in CCA ordination(Chapter 4, Figure 4.9)had almost no influence on the final
condition scores, emphasisinghe poor application of CSM tamonitoring restoration in
mires. Vegetation heg ht @Q1RZp= 0. 18) , surf ackl8,wa0.@7y, cove
and grazi ng-0pl p=s095) were nptPdated to total condition score. This is
despite the considerable variation in these environmental measures (1@DOmm
vegetation heght, 0-25% surface water cover, and 0% grazing cover). Changes in
Sphagnum cover, one of the most important components of mire ecosystems, did show
influence on t hep#0.0013, butwitk thercensidel@Ble=vari@bility i the
amounts of cover (880%) poorly represented by overall score changéBigure 5.6) These
measures show that the Condition Monitoring procesfails to reflect some significant
causes of ecological variation presenin the study ~ Correlation analyses performean
these characteristics show that totaSphagnum cover was associated with reduced cover
of the tussockforming grassesMolinia caerulea(DZ 329, p = 0.02) and Carex rostrata(DZ
=-0.28, p=0.03), in addition to positive associations with the wetland plantdarthecium
ossifragum ( DZ0.36, p = 0.001), Drosera rotundifolia (DZ =31, @ .= 0.02) and the
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Sphagnum species that showed highcover: S. capillifolium ( DZ0.30, p = 0.02),
S.cuspidatum( DD.32, p = 0.01) and S. papillosum(DZ =39, @ = 0.001). Vegetation
height was associated with several species that are considered detrimental to the M21
community, includingMyrica gale( B2.28, p = 0.03), Phragmitesaustralis ( DD.28, p =
0.03) and Equisetumfluviatile (DZ -3:28, p = 0.03). Carex rostratal DB.29, p = 0.03) was
also associated. Surface water cover directly correlated with relatively few variables, but
was a signifcant factor identified by permutation tests following CCA analygis= 1.5033,

p =0.012), as was the percentage of browsed vegetatiok € 2.54, p =0.001).
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Figure 5.6 Total CSM scores plotted against habitat characteristic®espte large variations in

habitat structure, condition showed few changes over a range of variables that have important

ecological significance. OnIgphagnumcover was found to influence the tb a | condition scoc
0.49, p = 0.001; p>0.05 in all other cases)

5.3.3 How do Habitat Suitability Indices compare with CSM5cores forNew Forest mire®

HSIs calculated for Zootoca vivipara, Stethophyma grossumand Numenius arquatg
showednocorrela i on wi th the total cohOdipti On4&86or &2
0.02,p= 0. 853; a p d 0.0 respeétivelly)suggestingthat the final condition

score does not reflect the suitability of habitat for these species. Scatterplots stiag

these correlations are displayed ifigure5.7. Generally, the habitat indices were scattered
towards the higher end of the suitability scale, with mean values of 0.71 = 0.02Efor Z.

vivipara, 0.76 £ 0.02 for S. grossumand 0.64 + 0.02 for N. arquata. No differences were
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detected in index values between the stage of restoration fot. arquata(d.f. =5, F =2.06,

p =0.084) or S. grossum(d.f. = 5,F =1.83, p = 0.126), but Z. viviparadid show significant
differences (d.f. = 5,F = 4.12, p = 0.003), where the earliest (HLS, 0.56 * 0.04)
restorations were lower than late stage restorations (Life 3, 0.80 + 0.06; Life 2, 0.79 +

0.04); scores are shown in Figure 5.8
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Figure 5.7 Scatterplots showing total condition score plotted against Habitat $ability Indices for
the three selected mire species.A wide range in habitat suitability for these species is shown, but n

significant correlations were detected Ke nd a | pl<®.85). Ta u ,
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Figure 5.8 Graphs showing differences in HSI scores betweeiiffdrent stages of restorationbased

on ANOVA analysis HSIs forN. arquata and S. grossumshowed no differences, whileZ. vivipara
showed differences between early and late stage restorations (Bars sharing the same letter were not
significantly different p < 0.05, Tukey HSI) Error bars are standard error.

Suitability Indices showed several correlations with environmental gradients recorded
throughout the study. Z. viviparaindex values were positively correlated with vegetation

hei ght (pBD.0O1) &nd BeBatively correlated with the amount of grazed vegetation

( D&2;p =0.001). No correlations were present between index values and the cover of
Sphagnummo s s 1B = 0. 119) or the surfag=003pver o
although the latter was close to significance. Scatterplots of these correlations can be seen

in Figure5.9. The index foIS. grossumshowed positive correlations with vegetation hgit

and surface wat @&r 00DBZ a n@= 0MDB1respectivly), but not with

the cover ofSphagnummo s s ( DZp = 0.157).1 B weakly negative correlation with
grazed vegetation wa s0.1¢lpwo 8.055 Figures.10)y N.iarfquata a n c e
HSI values were not correl at epdk 0.W23)tohgrazeelg et a't
veget at0.0b,pp=( DZ §6 2, but showed positive corre
=0.31, p=0.001) and Sphagnumspp.( ( DZ =p=@.008,Figure5.11).
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Figure 5.9 Scatterplots showing the HSI foZ. vivipara plotted against vegetation gradients
recorded throughout the study. Positive correlations were found between the HSI score and
vegetation height, negative correlations with grade vegetation, but not with other variables
(Kendalp<®85).Tau,
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5.4 Discussion

The aim of this research was to examine whether CSM condition assessment was an
effective monitoring system toevaluate wetland restorations in the New Forest. Critical
evaluation of CSM has been very limited and it has not previously been tested in response
to restoration projects such as the wetland work undertaken in the New Forest. Results
here demonstrate hat condition scores did not show any differences between restorations
of different ages, orbetween restoration plots and areasvhere restoration had not taken
place. More importantly, scores were also not associated with keyasures of habitat
characteristics, the exception being a correlation wittsphagnumcover. Finally, condition
scores also showed no associations with Habitat Suitability Indices for selected mire taxa,
indicating that habitat suitability for these species could not be predictedhen using CSM
measures.

5.4.1 Have New Forest wetland restorations resulted in changes to habitat condition,
based on CSM techniques?

Despite improvements in condition being cited as the goals of mire restoration in the New
Forest, no effect of these restmtions was detected using the condition scoring process.

This was not particularly surprising, because of the failures of condition scoring previously

noted (Chapter 3) and in the poor performance of favourable plots and unfavourable plots

as comparatorsto the restorations (as seen in Chapter 4). None of the plots met all the
favourable condition requirements These results contrast with the results of formal SSSI
monitoring in the New Forest, employing CSMhere 97% of wet habitats including mires

and heat h were report e dontemtioushd awfoav abd &IB1 eorr e
(Cantarello et al. 2010) Poor condition in that study was linked to both the presence of
drainage( i n 6 unr e s and scaillcovera The mmasagement goals and conditin

attributes are quite heavily focusedowards scrub and tree encroachment on mirgsvhich

may have led to the lack of differenceb ei ng det ect ed. Because atHt
and scrubd and O6invasive speci esfiytaddeessed byw er y
management. However, low scrub cover may theresult in sites being considered
favourable while othermeasures of condition such as Sphagnumand associated species

measures receive less attention

Previous \alidation tests of CSM fo mire sitesalso focused on scrub clearanc¢Bealey and
Cox, 2004),and reported that condition responded well to this feature. However, @
national study of fen SSSlis (Solly, 2000) no association between favourable condition and

scrub clearance was fand, despite the clearance being effective at removing tree and
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scrub encroachment. Bealey and Cox (2004) also highlighted concerns with water
availability being insufficient for some specieon the sites that they examined. The fact
that there is also sgnificant concern about New Forest mires beingplonised by trees and
scrub, such as Scots PineéPinus sylvestrisalready suggests thatheir surfaces are dry and

vulnerable. However, colonisation by willowSdlixspp.) could occur in wetter areas

Unlike previous work examining condition scores on heathland habitats, the individual
attributes making up the CSM score also showed no differences over the stage of
restoration. This result was somewhat surprising because the attribute scores are much
more closely tied to ecological measurements than the total score, which is necessarily an
amalgamation of the attributes Two attribute scores showedconsistently poor scores
M21 Sphagnum attribute A and M21 Negative Species B. These attributegppear to
indicate genuine ecological concerns with the mire restorationthe first score, reporting
poor cover ofSphagnum is likely to be directly related to dry conditions on the mires that
have not been resolved by restoration work. THd21 Negative species aribute relates to
the high overall cover oMolinia caeruleg far in excess of the 10% cubff for favourable
condition. Condition guidance specifically refers to undesirable changes caused by this
species, which can cause habitat changes from M21 commities to M25 communities
while remaining in o6favourabledé status (JIJNCC, 20
about the cover of this species causing unfavourable condition in several habitats (Ross &
Bealey, 2005), with suggestions that its presence should be recorded as a local
characteristic.  However, negative influences ofMolinia could then potentially be
overlooked by site assessors with trends in species abundanceunrecorded. This isa
particular concern, as this species has the capacity to irade and largely modify wetland
habitat (Marrset al., 2004; Gaertneret al., 2010).

Many locations examined were close to favourable condition, using the JNCC guidelines,

which does not match widespread concern about drainage actions in these locations.

Wetland habitats in the New Forest have previously beec | as s ed as bunfavour a
recoveringod bas eHLS mamagembane had takert place (dodumented by

Cantarelloet al., 2010). However, the findings in this study havdemonstratedthat there

is no evidence to supportsuch a reclassification, as actual scores and attributes have

shown no change following restoration work. This suggests that reclassifications have been

based on whether management has taken place, rather than measurements recimgl the

response of habitats to management. This has previously been identified as a potential

problem with CSM (Williams, 2006; Gastoet al., 2006). This could have resulted because

the timescales for CSM assessment (once over a sigar period) are tooinfrequent to
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properly assess the mires, and so assessors assume that changes have occurred without
measuring them. This is a serious concern for the use of CSM to assess management, and
is thoroughly inappropriate for monitoring, as it propagates anedab information instead

of gathering useful evidence about management effectiveness.

5.4.2 Is the CSM approach sufficient to identify whether restoration work has been
successful, and is it a suitable tool to monitor the recovery of sites?

Tests of condtion scores failed to detect changes that had been observed in several
species using vegetation abundance data, suggesting that the CSM, in addition to the
problems identified above, lacks enough precision to be effective for monitoring. These
results suypport concerns byBonnett et al. (2009) that CSM methodsmight fail to detect
small changes in habitat condition. Additionally, measurements of important
environmental variables which influenced the vegetation community (based on CCA
analysis in Chapter 4, had no impact on condition score. Water cover, ranging from -0
30% of plot area, showed no association with the total score, which is particularly
concerning for restoration projects that are intended teeduce drainage of water from the
habitat. A similar effect was reported for the percentage of browsed vegetation, which was
likely the most important influence on the vegetation communitySphagnumcover was a
measure of vegetation structure rather than an influence on the vegetation community, and
this measurewas correlated with total condition score However,this is not necessarily
meaningful for measuring responses to restorationss different species ofSphagnumcan
have very different habitat requirements (Daniels & Eddy, 1990). As a resulanges in
the abundance of individual species could occur in response to environmental changes,
while the overall cover stays relatively constanand CSM measures do not appear to be
able to detect this. Such changes could bparticularly important whee theyimpact upon
ecosystem functioning (Malmeet al., 2003; Robroek et al., 2007). Although one of the
attributes specifically examines the peabuilding species Sphagnum papillosumand S.
magellanicum (M21 Sphagnum attribute A), these species again ake different
requirements, withS. magellanicumconsideredrelatively intolerant of drainage or burning
of its habitat (Daniels & Eddy, 1990).

A study by Jackson and Gaston (2008) attempted to predict the likely condition status for
Engl andod s baSed 811 several erevironmental and physical parameters, but found
that these had very poor predictive power when compared to the actual condition
categories, recorded by formal CSM.Jackson and Gaston (2008) could not determine
whether this was becauseof poor relation of CSM output to the actual characteristics of

sites, but the results here would support this view, and call into question the widespread
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use of CSM. A potential reasofor the poor associationsof overall CSM score to the
environmental conditions discussed abovecould be because of the number of attributes
(and for some ofthe attributes, a large number ofindividual characteristics) that must be
calculated - the combination of whichobscures any individual signal from these variables.
In practice, as described by Gastoet al. (2006), there are also additional areas where
subjectivity or different implementations of CSM could further affect the usdfiess of
these scores, such as how much the features are monitored in detail rather thanbject to

a general appraisal, how much negative influences affecting sites from outside their
boundaries are taken into account, and whether species of concern are neglected where
they are not priority features (Gastoet al., 2006). Other concerns intude the difficulty of
maintaining consistent assessments across considerable space and time, to ensure that
comparisons of these assessments are actually meaningful (Gastcet al., 2006).
Unfortunately, the results of this study suggest that CSM providitle information about
individual species, so changes in the abundance of species could occur while measures of
the community (i.e. OAssociated Specieso

inconsistent assessments.

5.4.3 How do Hhbitat Suitability Indices compare with CSMScores forNew Forest mire®

Reflecting the lack of association withabitat characteristics condition scores also showed
no association with any of the habitat suitability indices calculated, indicating that CSM
could not predict areas of suitable habitat for these species. This was despite many of the
HSIs reaching high scores in the study, demonstrating the presenceappropriate habitat.

In contrast to the condition scores, HSIs calculated here showed stronger associasi with
habitat gradients than did condition scores, which may point to them having greater
ecological significance. This was especially the case for vegetation height, which was
important for both Z. viviparaand S. grossum Vegetation height was a mesaure that the
CSM scoring systemdid not examine. Aditionally, the variability of vegetation height
(maximum recorded heightd minimum recorded height at each plotwas an important
contributor to HSI scores for all species.The failure to measure thesecharacteristics
supports previous criticismof CSM showing thatts structural measures are poor (Daviest
al., 2007) and highlights concerns by Jafrand Reading (2019 that changes instructural
conditions were going unobservetly conservation managers Interestingly, the HSI foZZ.
viviparashowed differences over the stage of restoration, suggesting that later restorations
were more effectiveat providing habitat for this species. This distribution can be linked to
the findings of Chapter 4, where thse later restorations appeared to be more typical of
valley mire habitataccording to JINCC guidelines and NVC classificatiorhe use of Habitat

Suitability Indices would require validation and testing before having a practical use
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(Brooks, 1997), but the results obtained here are still informative. HSI calculationsdid
suffer from some limitations because the selected species appeared to have relatively
broad habitat requirements within the context of wetland communitiesut this reflects the
visible and protected fauna that utilise mire habitat. Species that have more specialist
requirements may be better predictors of habitat quality, but many of these have poorly
known biology Valley mires are known to be important for several invertebrates, inding

an array ofdragonflies, spiders and antsTubbs, 2001). Such species may also békely to
correlate poorly to CSMand perhaps other habitat measures because of specialist

requirementsthat they may have(Davieset al., 2007).

5.4.4 Limitations

Although a number of limitations apply to the research shown here, the overall conclusion
that CSM measures are ineffective as a monitoring practice is well supported. As in
Chapter 3, CSM scores were alscecorded using a different method to that usedni
standard practice and differences between poinrbased approaches and visual
assessment have been recorded (Cantarello & Newton, 2008). However, if anything the
steps taken here shouldhave strengthenedthe ability of CSM to detect changes, because
they remove subjective interpretations.The variety of potential implementations of CSM is
acknowledged as a potential problem for the consistency of scores (Gasteinal., 2006;
Jackson & Gaston, 2007). Some changes that afailed to be detected using themethod
used here could potentially be foundduring field assessmens, but this relies on the
subjective observer, and could easily bmissed or go unrecordedUncertainty about the
scores goes beyond concerns previously raised (Everett, 2004; Williams, B)0Gastonet

al., 2006), because it appears that attribute measurements themselves are imprecise, in

addition to the subjective categories of conditian

The 6controldd sites, in favourable conditi

very few differences with other locations, and did not seem to be part of a continuum with
plots recovering from restoration. This subsequently made it difficult to test changes in
attributes (i.e. tree and shrub cover, bare groundsphagnum species composition)that
may have affected condition score, because these attributes were generally very similar
across the study. Favourable definitions were taken from the latest CSM assessment, and
proposed sites for future restorations from Forestry Commission proposal¥he fact that
areas considered to be favourable and unfavourable by managers appeared to have few
differences in condition scores and attribute scores suggests that CSM scoring was just as

ineffective in practice as it has been in this study.
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An addifonal limitation is that the assessment here only examines M21 communities in
valley mires; there are several other communities often present in these habitats that have
not been investigated. Whileéhese habitats areof interest for future research n this study

is was necessary to examine only one in order teduce potential variability and biases in
the data, a key concern when using a chronosequence approach (Fukami & Wardle, 2005).
By keeping the assessment in one habitat, it is easier to make imé@ces from anychanges

in cover or scores that were detected Such changes were subtle where they were found
(Chapter 4), highlighting the importance of limiting biases.

5.4.5 Management Recommendations

There is some potential for condition attributesot be improved with the addition of more
habitat structural measures (such as vegetation height, variability in height, and water
cover) and the more widespread utilisation of attribute scoresyhich wouldincrease the
amount of ecological information avadible from the assessments Some attributes
(including bare ground and to some degreassociated species) are potentially effective
and could provide a useful source of information for habitat monitoring, despite the
limitations with CSM. However, in préice these attributesare poorlyrecorded (i.e. they
are not entered into any database or recorded as a variable themselves)made available
outside of the assessment process (&tural England, personal communication; Gastoret
al., 2006), meaning that they cannot be assessed or examined beyond their contribution to
the classification of sites into condition categories. Despite the usefulness of such
attributes, they are also not a substitute for more widespread quantitative monitoring,
which is clearlynecessary for restoration work.The nature of CSM imecording against set
criteria (i.e. a binary good or bad condition based on a given cover value) could mean that
habitat changesoutside these criteria goundetected, in addition to other concerns abou
subjectivity (Jackson & Glaston, 2008) Additionally, problems encountered in this study
with the comparison sites suggest a high level of variability in New Forest mires, which
hampers detection of restoration processes (Chapter 44 strong implication from these
issuesis that monitoringmust take place before and after restoration work, and preferably
continually, toprovide unequivocal documentation of ecological changesRemote sensing

is one area where largescale changes in mires can be observe@@auhiainenet al., 2007;
Langankeet al., 2007), and this technique could alleviate some of the financial and time

pressures for monitoring.

While CSM is similar to many other monitoring approaches that measuralicators (Stem
et al., 2005), it contrasts poorly withsuccessfulevaluating approacheshat have stronger

connections to the assessment of management goals. Improving monitoring here will
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requireamove towards Oeffecti vea al.e20650) whare thevreuis e me n-
explicit linking beween the goals and objectives of management and the measurements of
progress towards meeting them.In part, this is the fault of management goals in the New
Forest, because favourable condition status cannot provide enough information to ensure
that the actual causes of habitat degradation have been addressed. Thereforestoration
goals must be defined clearly and specifically, and clearly documefdr example,where
the goal is to increase water supply and where other actions are necessabgcause
concerns about scrub management could obscure other signals According to the
principles of evidencebased management, monitoring must then evaluate the core aim of
the work, so in the case of the restoration work here, some form of hydrological monitoring
is likely to be required, in nearly all circumstances. In order to form a more successful and
adaptive management approach, detailed monitoring of environmental conditions will be
necessary for such projects, echoing callmade elsewhere (Duncan and Wite, 2008;
Conroyet al., 2011; Nichols and Williams, 2011) for increased monitoring. Although
potentially expensive and time consuming for conservation practitioners, it is the only way
to ensure that work is effective and directly explain the cause of mmobserved changes in
the habitat community. One method would be to identify drain locations and then monitor
the water table at a series of points around the are&oth before and after restoration
activity. Under an adaptive approach, where continuousformation about hydrology and
community composition can be continually observed, gradual changes and tailoring of the
restorations can then take place at each intervention site to ensure thapecific objectives

will be met.
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5.4.6 Conclusion

This research has shown that Condition Assessmensing CSM is an ineffective and
inadequate method to monitor restoration projects in wetland habitats. For the first time
the effectiveness of CSM in examining restoration work has been tested, and proldemwith
this approach identified. CSM appears to have a poor relationshipvariables measured at
the plots, including surface water coverSphagnum cover and the amount of grazing
pressure The use of CSM to monitor restoration, and more widespread ugemonitor
management, must therefore be questioned, as it cannot provide enough information to
properly evaluate the effectiveness of these practices. Together, these results indicate that
CSM is not sufficient for monitoring and evaluating restorationrgjects, because many
significantchanges in habitat structure and diversity will go unrecorded, and overall scores
appear to have limited ecological relevance To move towards evidencbased and
adaptive management in UK protected areas, better monitognwill be required. Such
improvements will ensure that future management will be targeted to where it can be most
effective and, ultimately, successful.
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Chapter 6: Conclusions and Recommendations

6.1 Conclusions

6.1.1 Orignal Contribution to Knodedge

Several original contributins to research knowledge were made during this research study.
Restoration projects in the New Forest unexpectedly appeared to have had limited success
in mires, and while heathland management was outwardly successful, there are indications
of some negaive effects, described in further detail below Results from this longrterm
study, from both heathland and mires, showed similarities with previous shtgtm
experimental work, suggesting that these studies were effective at predicting long term
changes. Thisstudy also provide information that contributes to our overall understanding
of protected area management the most important of which isthe assessment of
monitoring in this protected area. CSM has never been critically examined in practice
before, other than some limited validation studies when it was being designedlt
consistently failed to reflect environmental conditions in both heathland and mire habitat,
and appeared to have especially poor ability to detestibtle patternsin mire habitats. The
poor success of CSM will have important implications for the future of monitoring in the
New Forest and other protected areas.

6.1.2 Summary of the Main Findings

This research has identified ame serious problems with the management approach ihe
New Forest protected area both with some of the interventions and, critically, with the
monitoring techniques used to assess them. In Chapter 2, a comparison of the
effectiveness of different heathland management activities found that burning and cungj
had significantly different outcomes where they were used. Controlled burning appeared to
be the best technique for conservation, maintaining the appropriate heathland structure
and species, but there was also evidence for negative impacts on rare sjgs; limited
structural variability, and a poor ability to contrdWolinia caerulea The ability of burning
practices to maintain heathland as aCallunadominated, plagioclimax community has
previously been documentedn previous studies(Mallik & Girmindham, 1983; Barkeret al.,
2004; von Plettenburg et al., 2004; Nilsen et al., 2005), matching the findings here
Additionally, the impact on rare species and low diversity in burnt plots reflestsme recent
evidencefor reductions in diversity followingapeated burnselsewhere(Velle and Vandvik,
2014). This may be one area of interest for future researchn this study, atting suffered
from a high cover of grasses and an influx of ndreathland species, although these areas

also supported some rare hathland species not found in the burnt plots, and it was also
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likely superior to burning in providing grazing for livestock. Seveddlthe features of cut
sites (i.e. high grass cover, lowCallung had also been documented in prior work
(Sedldkova & Chyy, 1999; Marrs & De Luc, 2000; Brittonet al., 2000; Barker et al.,
2004). In these cases, themedium-term effects of management were similar to those
reported from shorterterm studies. Results were, however, different for many of the
abiotic conditins from prior studies which showed smaller nutrient reductions from burning
(Marcos et al., 2009; Green et al., 2013) and larger ones from cutting Hardtle et al.,
2009). The implementation of management interventions over many cycles might have

resulted in some of the differences found compared to previous experimental studies

In Chapter 4, an examination of mire restorations found that there was evidence for only
very partial success, with poor recovery of abiotic conditions and only limited evidence for
community change towards more typical mire communitiesThere has been very little
previous research on the restoration of lowland mires in the UK, with existing work focused
on upland habitats (e.g. Large, 2001; Gran@lementet al., 2015) or in mainland Europe
(Komulainen et al., 1999; Tuittila et al., 2000; Ruseckaset al., 2008; Maanavilia et al.,
2015). Here, the results were similar to those studies demonstrating a poor community
response to restoration (e.g. Haapalehtet al., 2010) with highly vaiable conditions Falk

et al., 2015) but contrast with others that showed rapid and dramatic community changes
in a relatively short space of time (Maanaviljat al., 2015; Poulinet al., 2013). Succesful
mire restorations have, however, largely beethose associatedwith less damaged mires
with shortterm repair rather than those addressing lonterm problems (Gorham &
Rochefort, 2003). A previous chronosequence study in Japan noted that original vegetation
cover had not returned after three decadesNishamura et al., 2009), reflecting similar
time-scales to this study. As with some recent studieM@anaviljaet al., 2015; Jarasiuset

al., 2015), changes in water conditions could not be confidently stated, and appeared to be
lacking. Taking into accant the many separate mires, the overall restoration project
appears to have made little difference, and some interventions even appear to have failed
because of erosive processes.Criticism of the technique used in these restorations have
previously beenraised (Greenet al., 2014; GrandClementet al., 2015) and this study

provides further evidence for these concerns.

The examination of monitoring in the New Forest was critically important, both foratsn
management and as a contribution to wider search into protected area management. In
Chapter 3, an investigation in heathland habitat found that CSM condition assessment did
not demonstrate several differences that were detected in the vegetation community. CSM

also showed poor association withhie habitat requirements of several important heathland
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species of conservation concern. The investigation in Chapter 5 showed that CSM
assessment was furthermore an ineffective and inadequate method to monitor restoration
projects in wetland habitats. CHB scores showed a poor relationship to the vegetation
community present in the sites because many small changes in habitat structure and
diversity were not recorded, and overall scores appeared to have limited biological
significance.The results in both labitats were similar to many other studies suggesting that
monitoring has been inadequate in protected areas (Pullin & Knight, 2005; Coek al.,
2009; Leverington et al.,, 2010) and supported predictions that this technique was
ineffective (Gastonet al., 2006). Management objectives themselves were often nen
specific, as documented in many other areas (Pullin & Knight, 2005; Margolw$ al.,
2009). CSM did not meet many of the requirements for evidendased and adaptive
management, such as targeting spafic outcomes (Lindenmayeket al., 2012) and testing
managementorientated hypotheses (Nichols & Williams, 2011).
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6.2 Implications for Management

6.2.1 Management of New Forest Moorlands

Findings from this research have important implications for magement practice in the
New Forest and elsewhere for heathland and mire habitats. Although the assessed
management interventions in heathland were superficially effective, particularly burning,
evidence has also emerged that there are negative impacts thiese practices. Declines or
increased scarcity of rare species, as found by the heathland study, have also been found
elsewhere, where rare species are negatively affected by management that is aimed at
larger structural changes to the habitat (Doults &oulst, 1995; Severns & Moldenke,
2010; Szinetar & Samu, 2012; Kotowsket al., 2013). This suggests that efforts could be
made to make more structurally heterogenous burns, including potentially leaving some
areas unburnt, for example, to retain older sictures within and alongside recent
interventions In some other areas, such as the Peak Distict, this practice is already
widespread Such recommendations have also been made Bereoglouet al. (2016) to
benefit mammals in Australian heathlands, and euld improve habitat status for reptiles in
UK heaths(Spellerberg & Phelps, 1977; Edgaet al., 2010). Outcomes from the heathland
study have also supported previous claims that tailoring management to individual
locations will enhance effectivenessHritton et al. 2000b; Marrs & Britton, 2000; Vandvik

et al. 2005; Newton et al., 2009; Velle and Vandvik, 2014, and this is one area where the
interventions could be improved. Potential methods could include postponing management
if the vegetation communitystructure has not been colonised by scrub or lost ericaceous

cover, or by selecting specific parts of sites to be cut or burnt and leaving others to age.

The most important area wheramire restorations could be improved was with the water
retention of the sites. Concerns over the effectiveness of individual drain blocking could be
addressed by regular inspection or repair of these interventions, to ensure that they are
working as intended, as failures in these techniques were observed during the study.
Alternatively, results from the study support previous findingge.g. Greenet al., 2014;
GrandClementet al., 2015) that heather bales could be replaced by alternative methods.
Onetechnique that could replace heather baleds clay blocking, which is grrently used in
river restorations in the New Foreswhich is less susceptible to erosian Another approach
could be to give greater attention to processes affecting the wholeatershedin valley mire
locations. In upland peat habitats, burning has beefound to reduce water tables (Worrall
et al., 2007) and have other deleterious effects (Browrt al., 2014), so the burning of
surrounding heathlandcould influence the flow of water intdhe valley mires Controlled
burns often occur very close to sommires (personal observation; Clarke 1988), and Clarke

and Allen (1986) and Newbould and Gorham (1956) assigned importance to ssirface
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flow from exterior habitats into mires. Land management to aid restoration would
potentially involve the cessation oburning on heathland sites that surround the mires.

Appraisal of surrounding land management is often missing from CSM assessments
(Gaston et al., 2006), a possible reason why this influence has not previously been

examined by managers.

6.2.2 Monitoring Protected Areas and their Management

Findings from this research demonstrate that omitoring methods as currently used in the

New Forest are inadequate, and clearly require significant revision in order to provide a
suitable evidence basis for managementThere are a number of ways in which the existing
system of CSM could be improved or adapted to provide more information. One way is
more extensive use of the attributes, perhaps making them the main focus of monitoring
reports rather than using the ovex | | condition categories
ounfavourabl ed. Addi tional attributes, suc
help tailor the applicability of CSM to fauna, which appeared to be lacking when compared

to HSI scores. However, a new ranitoring system, targeted at management, would be
considerably more effective than retrospectively trying to make CSM work for a purpose it
was not designed. This could then be based on the latest principles for scientific
monitoring practice.

A new drategy for monitoring would be specifically adapted to the management
approaches, and take place more frequently than CSM. The minimaime for monitoring
intervals would likely be annually, because of immed& impacts following management,
but it might be possible to increase the time period after the initial stages order to
maximise costeffectiveness, a key area of concern for protected area governance (Nadte
al.,, 2010). In these circumstances,care would have to be taken here to ensure that
surveys were not biased by any such changéksovettet al., 2007). Measures recorded by
monitoring should cover the vegetation community, incorporate measures of vertical
structure as well as horizontal structure, and, importantly, use quantitative technig
Such an approach will be more effective and have a better scientific basis than qualitative
techniques (Sutherland, 20@; Pullin & Knight, 2005; Margoluiset al., 2009; Lindenmayer

& Likens, 2009). Monitoring of abiotic conditions could also be usefutspecially for mire
restorations, although these could potentially be expensive and time consuming additions.
Although the measured variableshould be specific for the management used, thereould
also be elements of overall habitameasurements in order to insulate against unknown
future changes (suggestions made by Legge, 2015 and Lindenmaydral., 2012a). One

technique that might be effective for a future monitoring approach is the use of point
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guadrats. These are good at reducing observer bigSutherland, 2006) and could also be
effective for the monitoring of bryophytes, where estimating visual cover would be very
difficult (personal observation). A transect or randomly distributed set of points could serve
as the basis for these observationsit would be important to remove subjective selection of
the points which could take place in CSM measures. Many of these recommendations are
similar to those previously proposed under adaptive management principles and previous
studies on monitoring eféctiveness (e.g. Lovetet al., 2007; Legge, 2015), because CSM

appearsto be poorly connected with those principles

6.2.3 Protected Area Management

Previous understanding about the overall impacts of protected area management, and the
effectiveness of hese areas, has been hindered by a lack of data (Chape al., 2005;
Gastonet al., 2008). There is now growing literature and sources of data about protected
area effectiveness to address this knowledge gap. Despite this, remarkably few studies
have assessed the effectiveness of management and monitoring in combination with
important conservation outcomes, particularly in the UK (Gastagt al., 2006). While
assessments of management effectiveness have grown, knowledge of the ecological
impacts from managment still remains poor (Coacet al., 2015). Because this study has
contributed an assessment of monitoring in combination with the ecological outcomes from
management, it helps contribute tahis area of research. Globally, protected areas are just
meett ng a O6basic st eatald20i0h)dut fetai anéndividoad biodiversity
species is often lacking (Gastoret al., 2008). Similar results are present in this study,
where the continuation of management in heathlands has been effective atamtaining
overall structures but may have poor preservation of rare species. A typical weakness of
protected areas, which has been found consistently, is effective monitoring (Ervin, 2003;
Leveringtonet al., 2010a; Leveringtonet al., 2010b; Coad et al., 2015), and the results
from this study suggest that this is the area where protection in the New Forest is also at its
weakest. Concerns found that CSM relies too much on subjective interpretation is also
present for many other European monitoring asssesients (Nolteet al., 2010). Gastonet

al. (2006) suggested that in the UK protected areas, species populations are poorly
monitored and analysed, monitoring schemes area not systematically applied, and poorly
validated from field data. Results from thistudy provide evidence strongly supporting

those suggestions, reflecting the need to improve conservation practice in these areas.

Despite the differences observed imesponse toheathland management, and the lack of
differences following mire restoratins, management techniques have continued with little

review for a long time. For both heathland and mires there is a continuation of traditional
188



and widely used techniques, rather than experimentation around hypothesis testing
(Sutherland, 2000). In the New Forest, lhere are no official mechanisms for management
to adapt to new trends or emerging evidence, which could help managersadapt their
approach to new knowledge Similar concerns are present aboutprotected area
managementinternationally (Gddmann et al., 2013; Presseyet al., 2015) and particularly
there are suggestions that therehas been little uptake of the principles of adaptive
management (Walters, 2007) Inadequate management planning particularly for
facilitating proactive managemet, is also considered to bea major issue globally
(Leveringtonet al., 2010b) and in Europe (Nolteet al., 2010). In the New Forest, because
goal s are set to O6i mprove conditiond withou
2001) such concerns al® apply here. Tere are a number of strategies that could be used
to enhance conservation managementAn important already established strategy is to build
an adaptive strategy into the management approaciThiswould require a greater scientific
focus from managersbut be very useful in determining how to maximise the conservation
value of the techniques used, particularly for heathland burning and cuttingAn additional
new strategy is for managers to adopt aexperimental approach in some areathat would
allow new types of management to be considered, such as alternating cutting and burning
methods as suggested aboveThismight help to alleviate some of the negative impacts of
both management types without experimentation, the effects of such techniges will
remain unknown.
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6.3 Limitations

6.3.1 Methodology

The investigation into both mire and heathland management activities focusemh the
structure of the vegetation communities and their response to managemeniThe biggest
limitation in this study was, therefore, that the mechanisms behind differences in the
vegetation communities were poorly understood. Explanatovgriables in the heathland
study identified 28% of the variation, and in the mire study a relatively low percentage of
variance was also explained. This leaves the majority of variation in the communities
unaddressed. One area that could be a very significant contributor to this variation is the
effects of the management on plant physiology, which could cause changes in the
vegetation community by altering competition between species or affecting survivorship for
individual plants. Mbddels of succession areoften driven by interactions between spees,
both positive and negative Davy, 2002, so it is difficult to explain dyamic changes
without more detailed knowledge about these interactions. Information on the
physiological responses of plants could help to link the observed differences in abiotic
conditions with those in the vegetation community. Management could, foraemple, have
had influences on oxygen availability and water stress for plants following wetland
restoration work. ldentifying these features could help to determine both whether
restorations had been successful and also in quantifying the degradation thmanagement

aimed to repair.

Sphagnum plants, which have important influences on the function of mire habitats, can
cause rapid successional changes in fens to bogs in response to physiological thresholds
(Granathet al., 2010), so these responses are pdicularly important. Additionallydifferent
Sphagnum species have been shown in experimerd to show different responses to N
uptake through physiological differences, leading to altered competitive relationships with
other plants (Granathet al., 2012). Such alteration of competitive relationships may well
have taken place in this study, but are unknown. In heathland environments, different
effects of management on thamycorrhizalcommunity could also have important influences
on community composition, particularly for ericaceous plants, which has been documented
for turfcutting (Vergeeret al., 2006). Structural measurements could have been
improved in both habitats by measuring more components of vertical vegetation structure
as well as horizontalktructure. This could take the shape of measures of total vegetation
cover in bands, eg @0cm, 10-20cm, and so on which would give indications of the
variation in structure that was present (Sutherland, 208). Although in this study measures
of vegetaion height could be investigated for the same purpose, they are likely not as

preciseand more variable
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The statistical methods used here could also be subject to criticism, particularly where
repeated measures (i.e. several ANOVA tests) have been usdRlepeated measures are
often subject to increased Type | error, so there is the potential for false detections to be
made Field, 2013). However, attempts to control this have been made in the study, by the
use of effect sizes, which helped to determinerhether significant detections were actually
meaningful in the magnitude of their responseLgvine & Hullett, 2002) Because of this,
differences can be stated with reasonable confidence and are insulated against Type |
error. Traditional techniques usedo control this error, mainly corrections gb values using
Bonferroni or other types of correction, are vulnerable to increases in Type Il erFielfl,
2013). Because many of the changes in this study have been quite subtle, an increase in
Type Il erro would likely have a detrimental impact on the ability to detect genuine,
ecologically significant results.

6.3.2 Research Design

A chronosequence approach was selected because most previous stud{@s both mires
and heaths) have examined only short ten management changes, whereas
chronosequences are effective when studying succession at decadal or longer tiscales
(Walker et al., 2010; Wardle et al.,, 2012; Sagarin & Pauchard 201(. Sites were also
expected to follow similar trajectories following sfiurbance, another area where
chronosequences are appropriate (Walkeet al., 2010). The large number of locations
suitable for a spacefortime substitution made the New Forest an (ostensibly) ideal location
as it enabled suitable replication of sites ofimilar ages. In addition, this technique allowed
investigation of the practical outcomes of management operations over a wide area of the
New Forest, thus providing information on how current management was performing in its
goals. However, there are amumber of limitations with this approach, many of which
revolve around problems in controlling the sources of variability at the sites (Fukami &
Wardle, 2005). In this study, variation was quite widespread and limited the number of
findings, and confoundhg factors (i.e. grazing pressure) may have affected the response
variables of interest. In order to address these concerns, attempts were made to measure
and investigate these factors so that their influence could be determined. However, high
variation in the study could itself be an important finding; much previous research focused
on individual areas or small scale experiments does not feature such variatiewhich is
potentially a significant influence on management success in practice. An additbn
limitation is with site history (Fukami & Wardle, 2005). This study relies on the information
provided by managers for its records of site history, but there is the potential that

unrecorded influences or management that took place prior to records teslso influenced
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the outcome, highlighting the importance of such records and the role of monitoring in

maintaining them.

6.3.3 Comparison of CSM and Quantitative Techniques

The comparison of CSM scores and the research study used here could be subject t
criticism because of the difference between CSM measures in this study and in practice.
CSM scores were also recorded using a different method to that used in standard practice,
and differences between poinbased approaches and visual assessment haveebn
recorded (Cantarello & Newton, 2008). However, if anything the steps taken here should
have strengthened the ability of CSM to detect changes, because they remove subjective
interpretations. The variety of potential implementations of CSM is acknodded as a
potential problem for the consistency of scores (Gastagt al., 2006; Jackson & Gaston,
2007). Some changes that failed to be detected using the method used here could
potentially be found during field assessments, but this relies on the subjea observer,
and could easily be missed or go unrecorded. This study necessarily relied on a more
guantitative approach in order to test the effectiveness of the scoring and individual
attributes used. An argument could be made to apply the measures owbe whole site
rather than individual quadrats, but this would also make statistical comparisons difficult
and also would likely further reduce any relationship between CSM scores and the
environmental conditions present. Future investigation of CSM ather monitoring
techniques could assess their impact in practice rather than using the method here,
although it would be difficultcompare the approaches statistically One method would be

to undertake a CSM standard assessment during field studies, amdmpare results from

that to more quantitative techniques.
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6.4 Recommendations for Future Research

6.4.1 The Experimental Approach

The best way for future studies to replicate and build upon these findings is through
experimental work. The expariental approach is effective at controlling causes of
variance, while the factors of interest can be investigated (Sutherland, 2000). To be
properly experimental, the study must have controls, be replicated, randomised and
properly monitored (Sutherland2000). Before and after studies of management impast

in the New Forest (and in general) woulte very useful, and provide greater information on
the immediate impacts of these interventions, and reduce concerns that spatial variability
was affecting theresults. The downside to thisapproach, at least for the purposes of long
term research,is that it would potentially be expensive and timeonsuming to carry out,
especially in areas wherexisting monitoring has been poor and qualitative.Building a
more quantitative and scientific monitoring regime would help to provide a future basis for
this type of research and couldhelp to address many of the concerns with its
implementation, particularly thosethat require longterm research, in addition to the
benefits of such monitoring itself. Field experiments and longerm data collecting are also
highly complementary approaches to chronosequencéBukami & Wardle, 2005) and the
range of evidence collected from these techniques would help solid conclusioabout

management effectiveness to be reached

How could an experimental approach beundertaken? In order to provide a fully
experimental and controlled studyfenced plots would necessarily berequired to prevent
the confounding effect of grazing. Without this, measures of plant growth and physiology
would be both extraordinarily difficult to collect and unlikely to be meaningful, and effects
on the community could not be appropriately quantified.Critically, measures of control
could be much more effectively built into an experimental approach when compared to
chronosequence designs for example by leaving some areas without management an
observing if similar changes take placeFor the example of heathland habitats, longerm
and immediate impacts cald be distinguished by setting up cutting and burning plots

closely together, so that local effects are the same for each replicated plot.
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6.4.2 Physiological Measures

A range of physiological measures could be recorded by future studies that woldp to
determine the effects of management on individual species and community interactions.
Characteristics such as shoot elongation, leaf production and mean leaf area can give
indications of how well individual plants are growing in response to mamsgent changes.
Measures such as xylem potential pressure (XPP) and leaf water content can be used to
assess water stress of vascular plants, one aspect of ecophysiology that could be
particularly important for wetland restorations. All of the above teclgues have previously
been used on heathland habitat (Griffithset al., 2006), although not in response to
management. The regenerative ability of heathers has previously been investigated (e.qg.
Pywellet al., 1995) but is another aspect where studies migt be able to show interesting
trends. The techniques used for these species could also be used for other plants, such as
in the mire community and elsewhere. As there are concerns about the impact of
management activity on rare species, studying the egilishment success of these species

in response to different management activities could also be very useful.

The physiological response dphagnumplants could be an effective way to investigate the
influence of abiotic conditions present within mire Hatats, but requires slightly different
techniques used to those for vascular plants. Biomass production, shoot formation and N
and P concentrations in plant tissue could be useful measures, as used by Granathal.
(2012) to examine N inputs to mires, 8 well as examining the amount ofSphagnum
affected by desiccation With the exception of measuring desiccatedphagnum, this
approach would be very difficult outside an experimental context, and would require
permanent plots to be set up in the field whe individual plants could be assessed.
Measuring some detailed physiological characteristics, such asaximum photosynthetic
rate, is very difficult in field experiments because of the difficulty in ensuring the accuracy

measurements and determining theesponse of individual plants.

6.4.3 Ecosystem Function

Future work couldalso investigate theecosystemfunctioning of mre and heathland
ecosystems in response tonanagement interventions.For example, measuring biomass
and aboveground net primary mduction (ANPP) in plants would give information about the
overall system responsdollowing management interventions. A core feature of mire
wetland sites is that productivity exceeds decomposition, which affects the diversity and
type of plants present Yerhoevenet al.,1990). If the restorations haveaffected these

rates, there will be impacts on thelongterm successof the restorations, which may not be
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easily detected when only examining the vegetation communiBelowground measures, an
area where many studies are weak, could also add useful information (Bardgett & Wardle,
2010). Belowground production and biomass could be measured using root cores and
ingrowth tubesin heathland habitat, but more novel approaches would be required for
mires. Measurement of mineralisation and decomposition rates couldive indications of
how management caused differences in the vegetation community. The litterbag method
developed by Bocock and Gilbert (1960), is commonly used as a measure of plant litter
decompostion due to biotic activity (Beyaert & Fox, 2008; Coleman & Crossley, 1996) and
could be a suitable techniquen heathland habitats Soil respiration is another activity
belowground that could provide informative evideng¢hat can be measured effectivel with
portable infrared (IR) gas analysers (Mahet al., 2010); it is an important contributor to

the carbon cycle (Schlesinger & Andrews 2000), and particularly relevant for wetlands
because of their high productivity and the high carbon stocks in wetthsoils (Raich and
Schlesinger 1992; Raich and Tufekcioglu 2000). Therefore it would be interesting to

investigate if restoration work has had any significant impact on this process.

For mire locations, further water measures, particularly dipells with data loggers
(Sutherland, 2000) would have been more informative about the hydrological response to
restoration, and the hydrology of mires and their response to management is an area where
very extensive research could be conducted/Vhile the measuresused in this study

(surface water and soil moisture) are informative, they may be subject to variation outside
the design of the study. Continuous water table measurements would be superior to these
measurements and also give an indication of seasonal fration (Dwireet al., 2006;

Faulkneret al., 1989) and the depths at which different ecosystem functions take place
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6.5 Conclusion

During this PhD advances have been made into understanding the effectiveness of
practical management techniquesin the New Forest, and the effectiveness of this
protected area itself in conserving biodiversity. It is hoped that outcomes from this
research will influence future management activity in the New Forest and elsewhere, and
stimulate additional research mto conservation effectiveness in these areas. Both the
findings and limitations of this study will be able to give direction to future research into
heathland and mire habitat, helping to identify areas where new information would be most
effective in erhancing conservation efforts. The most important outcome, and hopefully
the area where this study will be most influential, is with the effectiveness of monitoring.
Improved monitoring techniques are clearly needed to aid managers in determining the
effectiveness of their conservation efforts in the New Forest, and results suggest that
similar problems will be found elsewhere where this technique is used. Hopefully, future
management cycles will include enhances and better collection of data, which witisure

that the effectiveness of this protected area can be maximised.
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Appendix 1 The New Forest Background

i.1 History

The New Forest has a long history of human settlement that has directly influenced its
modern day appearance. Medlithic sites are often found in association with heathland; it

is thought that woodland clearance and shifting cultivation thousands of years ago resulted
in large declines in soil fertility (Tubbs, 1968). However, not all of the Forest is situated on
impoverished soils, and a continuation of human settlement is known, from the Iron Age to
the presentday (Tubbs, 1968). The most significant event in the Forest's histomas its
designation, inabout 1079, as a ' Roy al Forest' b withwithe | i a m
Royal Forest, the Crown claimed for itself the rights of exploitation of natural resources,
which were enforced by Forest Law and its associated courts of justice (Young, 1979). The
primary function of a Royal Forest was the preservation ofet and the vegetation they
depended on; fallow deeDama damawere likely introduced to the forest at this time, and
winter feeding boosted populations (Tubh4968). People living within the Forest boundary
suffered a considerable change in rights (Tubb1968; 2001). Before afforestation (the

act of creating a Royal Forest), common land would have been freely grazed (Tubbs, 1968).
Except for some months of the year, cattle would be allowed to graze in the open forest;
pigs would be sent out for pannge (browsing of acorns and beech mast) in the autumn,
turves and peat cut for fuel, bracken cut for animal bedding and trees coppiced and
pollarded for fuel or timber (Tubbs, 1968).Under Forest Law these activities were given
strict limits, and felling br timber, cultivation and killing of game were expressly forbidden.
However, over time, forest offences were increasingly settled through fines or license
payments, and the forest became a source of income for the Crown (Tubbs, 2001). These
licences, tayether with common practices that were always permitted, became formalised
as the rights of common, which eventually became statute in the late ® Tentury (Tubbs,
2001).

In later times the focus of the Crown moved towards timber exploitation. Frone tlate
15t Century onwards, many trees (principally oak) were felled to provide timber for
shipbuilding. Extensive broatkaf plantations were also enclosed and planted at the same
time. Repeated attempts were made to increase the land available forvaiulture, with the
commoners representing an opposing interest in wanting to keep land open for livestock.
The New Forest Deer Removal Act 1851 marked a culmination in this change in focus from
deer to timber (Tubbs, 1968). Masked as a plan to increase ehquality of grazing for
commoners, it created further timber Inclosures as ‘compensation' to the Crown. Many
Royal Forests and lowland commons across the country were broken apart at this time

(Chatters, 2006); the Crown actively tried teell areas of nd in order to generate income
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(Tubbs, 2001). In the New Forest, thanks to the commoners, other interest groups and
some estate owners, such attempts were unsuccessful. The perambulation (the area of the
extent of Forest Law) remained largely intact fnothe earliest records in 121718 up until
1964 (Tubbs, 2001). The New Forest Act of 1877, and subsequent Acts in 1949, 1964
and 1970 have provided a framework for discussion and debate between the interests of
the commoners and the Crown (Chatters, 2006 However, a further significant impact
came in the years following the establishment of the Forestry Commission (in 1923),
established to manage Crown lands for forestry. Much land was converted to conifer
plantations, with significant impacts on biodiersity. A secret plan to convert the majority of
the New Forest's woodlands to plantations caused a Government intervention in the 1970s,
resulting in a change to the FC's charter to include conservation (Tubbs, 2001)he
Forestry Commission is now aetely involvedin, and responsible for, the management of
conservation effortsin the Forest. In recent times, a number of designations have been
added to the Forest, as awareness of the importance bfodiversity valueincreased in the
UK. The most recentdesignation was givenin 2005, whenthe New Forest was made the
first National Park in almost 50 years (Chatters, 2006 The New Forest's recent history
means that management currently balances a suite of interests, from conservation
concerns to the maintenance of traditional practies such as common pasture, while

supporting recreation and resisting outside pressure from development.

i.2 Biodiversity and ecology

The Forest has often been broadly considered as two different parifhe Open Forest
(considing of pasture woodlands, heathland, mires and the network of streams, ponds and
rivers) and the Inclosures (areas of land enclosed by the Crown for timber production,
containing some remnants of native woodland but largely coniferous or sometimes older
deciduous plantations). Chatters (2006) descrilibthe Open Forest as permeable, and 'not

a single unbroken block of land' but a patchy network, extending between fields, villages
and fenced woodlands. Both Chatters (2006) and Tubbs (2001) agree that thantiscape

is shaped by both extensive grazing of livestock (and deer) and its complex and varied
geology. The influence of different soil types is likely to be particularly important. Chatters
(2006) also observel that habitats outside the forest boundaes play a key role in

maintaining those within, such as the Avon valley.

The pasture forest and old growth forests are particularly important sources of biodiversity
in the New Forest. Old growth trees supply spaces for nesting birds and bats in their

structures d the woodlands have important populations of breeding birds such as wood
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warbler Phylloscopus sibilatriXTubbs, 1968) and the presence of the internationally rare
Bechstein's bat Myotis bechsteinii and Barbastelle bats Barbastellus barbastella
(Mainstone, 2010). Plentiful dead wood, both standing and fallen, supports a range of
saproxylic insectsd 55% of species found in the UK are present (Alexander, 2010). One
invertebrate species is particularly noteworthy: the New Forest Cica@ecadettamontana,

the only species of Cicadidae in Britain. The New Forest is thought to be the only location in
the country where this species is still thought to occur, although sightings are extremely
rare (Pinchen & Ward, 2010). Since many of the woodlandsveabeen present for so long,
fungi and lichens are found in a diversity rarely matched in Europe (Tubbs, 2001). There
are some 421 taxa of lichen present in the forest, many of which are dependent on the old
growth woodland (Sanderson, 2010). Commures of fungi are highly diverse, owing to
adaptations to the long continuity of forest cover and the presence of many ancient trees
(Newton, 2010b). Browsing by livestock has contributed to the structure and composition
of the forest; by opening the undestorey they provide additional light for lichens, and
grazing tolerant plants survive in abundances rarely found elsewhere (Tubbs, 2001).
Nationally rare vascular plants, such as slender cotton gragsiophorum gracileand wild
gladiolus Gladiolus illyrits, are present (Tubbs 2001). Where the woodlands meet
extensive groundwater and river systems, particularly rare habitats of bog and riparian
woodland occur (Wright & Westerhoff, 2001).

Inclosure woodlands also have a role to play in supporting biodisiy. Tubbs (2001)
describes the creation of the Inclosures, and the associated reduction in grazing pressure,
creating an abundance of butterflies. However, there have been significant declines in
recent times. This is thought by Wright and Westerho#001) to be caused by silvicultural
operations and the incursion of livestock into the Inclosures; Tubbs (2001) attributes some
longterm declines to replacement of broadleaved trees with coniferous species.
Coniferous trees do, however, support a diffent bird fauna: Crossbilld_oxia curvirostrain
particular require them (Tubbs, 2001) and raptors frequently use them as nest sites (Page,
2010). Many small mammals are relatively uncommon across the forest; this is likely to be
a response to the lack of gound cover in the Open Forest as a result of high grazing
pressure (Tubbs, 2001). Inclosures could have a role to play in the persistence of these

species, as they can provide shelter from grazing pressure in 'core’ areas (Tubbs, 2001).

Heathland in tre forest is present in a wide continuum of habitats, often encompassing a
gradient from dry heath to wet heath to mire or bog. The undulating landscape and river
valleys help to maintain this diversity. A particular feature of the forest is the wide baofd
humid heath, often absent in heathland communities, including Crossaved heath Erica
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tetralix and the mossLeucobryum glaucum(Wright & Westerhoff, 2001). The New Forest
features the highest density of valley mires in the UK, a habitat rare acrosestern Europe
(Tubbs, 2001). Fens and mires supply habitat to a range of rare species, such as bog
asphodel Narthecium ossifragumand white beak sedgeRhynchospora alba Fens and
mires are also distinguished along soil types and nutrient availability thvdifferent species

in these habitats. Tubbs (2001) suggests that the sequence and diversity of plant
communities in the mires are 'more significant' than the presence of rare individual
species. Grasslands in the forest are differentiated by soil fditiy and moisture retention,
as well as differences between acid soils and those that are more neutral. Many rare,
grazing tolerant species are found within the grasslands, such as mossy stonec@rpssula
tillaesa and smooth cat's earHypochaeris glabra Acidic, moist grassland features a
different community, with species such as heath lobeliaobelia urensand pale dog violet
Viola lactea(Wright & Westerhoff, 2001).

The heathlands support a rich bird community, with internationally important breeding
populations of Dartford warblerSylvia undata Nightjar Caprimulgus europaeusand
WoodlarkLullula arborea(Conwayet al., 2010) as well as overwintering Hen harrie€ircus
cyaneus (Tubbs, 2001). The valley mires are partitarly important habitats forbreeding
lapwings Vanellus vanellus snipe Gallinago gallinago curlews Numenius arquata and
redshanks Tringa totanus(Conwayet al., 2010). All UK native reptiles are present on the
heath (Noble, 2010), including smooth snake and sand lizards, which exsikely use the
habitat (Tubbs, 2001). Invertebrate communities are also diverse; 27 damsel and
dragonfly species occur, alongside 47 butterfly and moth species found on the heath
(Wright & Westerhoff, 2001) 109 beetle species of conservation concernyein the open
wetlands for survival, with others specialising in the dung left by livestock (Wright &
Westerhoff, 2001).

The network of ponds and streams supplies habitat to all but one native amphibian
species, the Natterjack toadEpidalea calamita which was present in the past (Noble,
2010). Despite the streams importance, they have been relatively litt#udied (Landfordet
al.,, 2010). They are, however, known to feature a diverse community of macro
invertebrates and fish. Once the target of draage works in the forest, there has been
considerable restoration work undertaken in recent years, although the impact on the wider
forest environment has not been investigated. The New Forest contains over 570 ponds,
75% of which are temporary (Ewald etl.a2010). The temporary ponds are particularly
heterogeneous, and in addition to the species that they directly support, increase the
diversity of the forest's habitats as a whole (Ewaldt al., 2010). Two extremely rare
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invertebrates, tadpole shrimp Triops cancriformis and fairy shrimp Chirocephalus
diaphanus, are also found in these ponds (Ewalét al. 2010). They both require a grazed
heathland matrix with temporary ponds for survival, indicating the importance of
connections between habitats (Wright &/esterhoff, 2001).

i.3 Socioecological system

People have played an important role in the evolution of the Forest, and are a valid and
important component of a 'sociakcological'system that ensures the forest future. Former
traditional practices rewlved around five rights of common: those of pasture, mast, turbary,
estovers and marl (Newton, 2011). Pasture is the grazing of livestock on common land,
mast the use of pigs in autumn (pannage) to consume acorns and beech mast, turbary the
cutting of peat for fuel, estovers the collection of timber for firewood and marl the removal
of clay for building work. Modern practices are rather limited in comparison, and primarily
involve the depasture of stock (principally New Forest ponies and cattle) on thpe®
Forest. Pannage still occurs, although in fluctuating numbers. Much of the traditional
cutting of gorse and heather has been replaced by modern management, which uses
different techniques. TheVerderer's Courbversee the system of commons, togethewvith
the Agisters who monitor animal welfare and commoning activities. The Verderers include
five appointed and five elected members, so have a significant role to play in finding
common ground across the forest. In addition, they have the power to stmréct
development. The perambulation, once considered the extent of the forest, is now the limit
of the Verderer's authority. Commoners pay a fee for animals put out to common, but
uniquely, there is no limit on the number of livestock allowed; instedde rights are linked

to property. About 550 commoners depastured 6003400 livestock in recent years
(Newton, 2010a).

In many ways, it is no longer economical to maintain the traditional commoner's lifestyle.
Earnings are low, house prices have increed significantly, and small holding farming is
now very rare. Commoning is now continued mainly as a family tradition (Newton, 2010c).
For this reason, agrenvironment schemes have been used (currently the HLS scheme) by
means of subsidising the commones for their livestock. It should also be noted that the
Forest is surrounded by intense development pressure. In addition to the urban
settlements east and west of the forest, two airports, direct motorway access, an extensive
road and rail network, togther with local ferries and marinas place significant demands on
the Park (Chatters, 2006). Within the Park, house prices have risen astronomically, giving

huge potential demand for development.
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Appendix 18 Supplementary statistics for Chapter 2

TukeyHSDr esul t s and Leveneds Test results (homo
provided in the digital supplement to this thesis (Chapter 2 supplementary materials)

ii.1 Correlation Matrix

Please see the digital supplement for detail on the bootstrappingsdts and individual

correlation coefficients, in file oheath. cor
Q T _ I %) 9% s S s <
R80T Ez T EE 308928388855 82282338s3220825
BG BG
LL LL
MC MC
LC LC
DW DW
ERC ERC
GC GC
AV AV
SE SE
PIH PIH
BH BH
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DEH DEH
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EC EC
UE UE
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NS NS
DD DD
Mol Mol
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Ca-S Ca-S
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P-S P-S
Ca-M Ca-M
K-M K-M
Mg-M Mg-M
Na-M Na-M
P-M P-M
N-S N-S
C-S C-S
NH4 NH4
CI/N C/N
L - z @ Q D = == <
9993 EYzuEsE i 04Y02838s55:82 298325329938

-1 -09 -08 -0.7 -06 -05 -04 -03 -02 -01 0 01 02 0304 05 06 1 08 09 1

Figure Il.1Correlation matrix of selected heathland variables, based @motstrappedSpe ar mand s
Correlation coefficients Abbreviations are given in table I1.1.
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Tablell.2 Key for abbreviations used in correlation matrix

BG

LL

MC

LC

DW

ERC

GC

AV

SE

PIH

BH

DH

DEH

Cv

ET

EC

UE

AC

NS

DD

Mol

% Cover of Bare Ground
% Leaf Litter

% Moss cover

% Lichen cover

% Dead Wood

% Cover of Ericaceae

% Grass cover

Average Vegetation height
(mm)

No. of Seedlings hda
Pioneer Heath

Building & Mature Heath
Degenerate Heath

Dead Heath

% Calluna vulgaris cover
% Erica tetralix cover

% Erica cinerea cover

% Uéx europaeus cover
% Agrostis curtisii cover
% Nardus stricta cover
% Danthonia decumbens

cover
% Molinia caerulea cover

DS

BR

SR

SWH

NI

CaS

K-S

Mg-S

NaS

PsS

CaM

K-M

Mg-M

Na-M

P-M

pH

N-S

CS

NH4

CIN

% Deschampsia setacea cover

% Bracken cover

Total Species Richness

Shannon Wi@er Diversity

Nitrate concentration mg kel

soil Ca concentration mg kg

soil K concentration mg kel

soil Mg concentration mg kel

soil Na conentration mg kgl

soil P concentration mg kel

Ca concentration mg kel in M.caerulea leaf
tissue

K concentration mg kel in M.caerulea leaf tissue
Mg corcentration mg kgl in M.caerulea leaf

tissue
Na concentration mg kel in M.caerulea leaf

tissue

P concentration mg kel in M.caerulea leaf tissue
Soil pH

Total N Concentration

Total Organic C Concentration

Total Ammonium/Ammonia in soil mg kd

C/N Ratio
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ii.2 Additional ANOVA results

Table 113 ANOVA results not reported in the main text for vegetation composition

Variable Test df F p e
Moss % Intervention Type 1 2. 635 0.120 0.092
Age following Intervention 4 0.755 0.567 0.106
Interaction 4 0.712 0.594 0.100
Lichen % Intervention Type 1 0.967 0.337 0.032
Age following Intervention 4 1.172 0.353 0.155
Interaction 4 1.130 0.370 0.150
Average Veg. Height  Intervention Type 1 1.299 0.268 0.040
Age following Intervention 4 2.247 0.100 0.274
Interaction 4 0.629 0.648 0.077
Erica cinerea Intervention Type 1 0.557 0.464 0.018
Age following Intervention 4 0.309 0.869 0.039
Interaction 4 2.437 0.081 0.309
Ulex europaeus Intervention Type 1 1.776 0.546 0.060
Age following Intervention 4 0.789 0.198 0.107
Interaction 4 1.161 0.357 0.157
Table 114 ANOVA results not reported in the main text for abiotic variables
Variable Test di F p G
Total C Intervention Type 1 0.027 0.871 0.001
Age following Intervention 4 1.123 0.330 0.171
Interaction 4 0.943 0.460 0.131
K Intervention Type 1 3.149 0.091 0.101
Age following Intervention 4 0.845 0.513 0.108
Interaction 4 1.171 0.353 0.150
Na Intervention Type 1 0.641 0.433 0.129
Age following Intervention 4 1.071 0.397 0.019
Interaction 4 2.040 0.127 0.247
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Table 115 ANOVA results not reported in the main text for nutrientsMolinia tissue

Variable Test daf  F p @

Ca Intervention Type 1 0.179 0.676 0.072
Age following Intervention 4 0.457 0.766 0.007
Interaction 4 0.822 0.527 0.130

Na Intervention Type 1 3.570 0.073 0.124
Age following Intervention 4 1.007 0.427 0.140
Interaction 4 0.313 0.866 0.043

ii.3 Ordination Output and Validation (MDS and CCA)

Distance in the 2-D MDS
i
[

80 60 40 20 0
Similarity

Figure 112 Shepard Diagram for the MDS analysis from Chapter 2. Total stress was 0.1, and there is
relatively little scatter on the diagram.
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Figure 114 Cluster Analysis output, based on Bragurtis similarity scores, for heathland sites. Similarity at 40%
was displayed on the MDS diagram in chapter 2. Numbekefer to the age of the plot following management
interventions.
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Figure 115 Bubble plots from MDS analyses showing the abundance of heathland spechegostis
curtisii, A. capillaris, Calluna vulgariand Danthonia decumbens Letters refer to manageent (B =
Burn, C = Cut) and numbers refer to the age following intervention.

218



Transform: Fourth foot
| 517 Bray Curtis similarity

2Dswess:01 || Frica cinerea
co
c10 @ 1w
. - @
(]
[
oL c:o‘ i . 70
®°® @
020
@ e = g .m
a a ®
m B0
B1L
B20
BE0
Transform: Fourth root
[Resemblance: S17 Bray Ci
20swess: 0.1 || Erica tetralix
@
o] O 10
(<] . . 40
co
e
c6
cz0 )
70
o1 c20 .
co @6
10 810
c20 v . . . 100
s @
m 6 @
Transform: Fourth root
Resemblance: S17 Bray Curtis similarity
20suess: 0.1 || Molinia caerulia
[0
@ ® 1w
® ® @ -
@
* - ® @
®o e "
@ &) 820 ‘ .
. 100
Transform: Fourth root
Resemblance: $17 Bray Curtis similarity
2D swess 0.1 || Nardus stricta
Cca0 . 10
BO
* ®-
co
ce o1 €20 ® B6
c20 i
co 06
a0 B10
L B20
cz0 c188 BO s BP 100
c1 B1
B6
g1 B1O
g0 Bt
B10

Figure 116 Bubble plots from MDS analyses showing the abundance of heathland spedigrica
cinerea, E. tetralix, Molinia caeruleand Nardus stricta Letters refer to nanagement (B = Burn, C =
Cut) and numbers refer to the age following intervention.



Transform: Fourth roat
Resemblance: $17 Bray Curtis similarity

2Dswess: 0.1 | [Potentilla erecta

cB
Te o - .
020
c @
C10 B2 B20
cz0 BO
caf® 5P 100
c1 B1
B&
p1 B1O
B20 B1
B10
Transform: Fourth root
Resemblance: S17 Bray Curtis similarity
2D Stress: 0.1 || Pteridium aquilinum
Cco

c10 O 10

BO
- Q=
ce
I
c8 B10 Q °

B20

010
c20
c166 B0 -
@ B1 100
B6
Bi B10O

B1

B10

Transform: Fourth root
Resemblance: $17 Bray Curtis similarity

2D stress 0.1 || Rubus fruticosus

® ®

BO
- ®-
®

. [ J
@ B6
e c20 . 70
- ® B10
B20
8o 186 B0 o0 . o0
[} B
B6
g1 B0
p20 ot

Transform: Fourth root
Resemblance: $17 Bray Curtis similarity

20 stress: 0.1 || Trichophorum cespitosum

Ca0 . 10

o1 BO
co . 40
8
ce €20 B6

c1 c20
co C6
c10 B10 . 70
B20
Cc20 c166 B
c1
B1 B
B1 B10O 100
B20 B

B10

Cco

Figure 117 Bubble plots from MDS analyses showing the abundance of heathland spedretentilla
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Letters refer to management (B = Burn, C = Cut) and numbers refer to the age following intervention.
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Table 116 Dissimilarity scores foBurnt and cut plots from SIMPER Analysis

Average dissimilarity = 63.90

Group Group
Burn Cut

Species Av.Abund Av.Abund Av.Diss Diss/SD Contrib% Cum.%

Erica tetralix 1.92 0.67 2.59 1.83 4.06 4.06
Agrostis capillaris 0.19 1.42 2.58 2.19 4.04 8.1
Rubus fruticosus 0.3 1.46 2.42 2.26 3.78 11.88
Ulex europaeus 0.68 1.53 2.35 1.65 3.68 15.56
Potentilla erecta 0.41 1.31 2.05 1.78 3.2 18.77
Agrostis curtisii 0.83 1.45 1.93 1.23 3.01 21.78
Danthonia decumbens 0.41 1.27 1.92 1.64 3.01 24.79
Carex demissa 0.27 1.08 1.92 1.61 3.01 27.8
Pteridium aquilinum 0.2 0.98 1.92 0.95 3 30.8
Erica cingea 0.9 1.16 1.74 1.2 2.72 33.52
Rumex acetosella 0.2 0.92 1.72 1.41 2.69 36.2
Gallium saxatile 0.19 0.83 1.52 1.53 2.38 38.58
Carex binervis 0.06 0.72 1.47 1.77 2.31 40.89
Carex panicea 0.57 0.49 1.47 1.13 2.31 43.2
Agrostis stolonifera 0.13 0.58 1.3 0.76 2.03 45.23
Leontodon hispidus 0 0.66 1.28 1.49 2 47.23
Luzula multifora 0.11 0.66 1.2 1.55 1.87 49.1
I;'ggft’gshfr;“m 0.53 011  1.18 0.85 1.84  50.95
Nardus stricta 0.07 0.55 1.17 0.87 1.84 52.78
Calluna vulgaris 2.19 1.89 1.16 1.36 1.82 54.6
Molinia caerulea 2.13 1.73 0.95 1.16 1.49 56.09
Betula pendula 0.13 0.36 0.83 0.93 1.31 57.4
Polygala serpilifolia 0.43 0.47 0.83 1.2 1.29 58.69
Ulex minor 0.34 0.15 0.81 0.77 1.26 59.95
Teucrium scorodonia 0 0.41 0.74 0.8 1.15 61.11
Salix repens 0.23 0.21 0.73 0.68 1.15 62.26
Viola riviniana 0 0.39 0.72 0.9 1.13 63.38
Unidentified 0.07 0.38 0.71 1.17 1.11 64.49
Juncus squarrosus 0.32 0.06 0.69 0.69 1.08 65.57
Cerastium fontanum 0.04 0.36 0.68 1.16 1.07 66.64
Festuca ovina 0 0.32 0.67 0.8 1.05 67.68
Poa pratensis 0.04 0.32 0.66 0.63 1.03 68.71
Pedicularis sylvatica 0.11 0.31 0.64 0.87 1 69.71
Prunella vulgaris 0 0.35 0.62 0.87 0.98 70.69
Poa annua 0.04 0.29 0.62 0.81 0.98 71.66
Deschampsia setacea 0 0.31 0.62 0.76 0.97 72.63
Lonicera periclymenum 0 0.31 0.57 0.66 0.9 73.53
Veronica officinalis 0 0.31 0.55 0.58 0.87 74.4
Carex flacca 0.23 0.07 0.51 0.72 0.8 75.2
Poa compressa 0.04 0.22 0.49 0.63 0.77 75.97
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Juncus bufonius 0.06 0.18 0.44 0.53 0.69 76.66
Vaccinium myrtillus 0 0.21 0.43 0.58 0.67 77.33
Lotus corniculatus 0 0.24 0.43 0.59 0.67 78
Crataegus monogyna 0 0.24 0.42 0.56 0.65 78.65
Holcus mollis 0 0.2 0.41 0.44 0.65 79.3
Quercus robur 0 0.2 0.41 0.58 0.64 79.94
Rosa canina agg. 0 0.22 0.4 0.57 0.63 80.56
Rhynchospora alla 0.2 0 0.4 0.49 0.63 81.19
Juncus effusus 0.09 0.12 0.38 0.52 0.6 81.79
Agrostis canina 0 0.19 0.38 0.58 0.59 82.38
Drosera rotundifolia 0.15 0.05 0.36 0.55 0.57 82.95
E;'gﬁ;‘l’fgmm 0.17 0 036 037 057 8351
éggr‘g;‘uar:]“h“m 0 018 034 046 053  84.05
Hydrocotyle vulgaris 0 0.17 0.34 0.47 0.53 84.57
Pilosella officinarum 0 0.2 0.34 0.46 0.53 85.1
Pinus sylvestris 0.13 0.04 0.32 0.44 0.5 85.6
Lotus pedunculatus 0 0.17 0.3 0.47 0.48 86.08
Prunus spinosa 0.04 0.12 0.3 0.55 0.47 86.55
Taraxacum agg. 0 0.16 0.29 0.59 0.46 87.01
llex aquifolium 0 0.15 0.29 0.59 0.46 87.47
Cirsium palustre 0.06 0.1 0.28 0.47 0.44 87.9
Euphrasia nemorosa 0 0.16 0.27 0.48 0.42 88.32
Narthecium ossifragum 0.13 0 0.26 0.49 0.41 88.73
Centaurium pulcrellum 0 0.14 0.25 0.49 0.38 89.11
Drosera intermedia 0.08 0.04 0.24 0.46 0.37 89.48
Ranunculus repens 0 0.13 0.23 0.49 0.36 89.84
Melissa officinalis 0 0.15 0.23 0.48 0.36 90.2
Table 117 Similarity scores for burnt plotsfrom SIMPER Analysis

Average similarity: 51.91

Species Av.Abund Av.Sim Sim/SD Contrib% Cum.%

Molinia caeruka 213 12.99 5.78 25.03 25.03

Calluna vulgaris 2.19 12.6 3.16 24.28 49.31

Erica tetralix 1.92 11.1 2.87 21.38 70.69

Erica cinerea 0.9 2.82 0.69 5.43 76.13

Agrostis curtisii 0.83 2.72 0.82 5.24 81.36

Carex panicea 0.57 1.37 0.59 2.64 84

Polygala serpilifolia 0.43 1.32 0.69 2.55 86.55
Ié'ggi?c‘)’:lfr:]“m 053 12 0.4 231  88.86

Ulex europaeus 0.68 1.14 0.46 2.19 91.05
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Table 118 Similarity scoresfor cut plotsfrom SIMPER Analysis

Average similarity: 52.44

Species Av.Abund Av.Sim Sim/SD Contrib% Cum.%

Calluna vulgaris 1.89 4.98 2.78 9.5 9.5
Molinia caerulea 1.73 4.53 2.79 8.64 18.14
Ulex europaeus 1.53 3.79 3.02 7.23 25.38
Rubusfruticosus 1.46 3.71 3.78 7.08 32.46
Agrostis capillaris 1.42 3.37 2.17 6.43 38.9
Agrostis curtisii 1.45 3.26 1.49 6.21 45.1
gg‘gj&"g’e‘is 127 325  3.63 6.2 51.3
Potentilla erecta 1.31 3.16 2.76 6.02 57.32
Carex demissa 1.08 2.46 1.49 4.68 62.01
Erica cinerea 1.16 2.36 1.14 4.5 66.5
Rumex acetosella 0.92 1.79 1.01 3.42 69.92
Gallium saxatile 0.83 1.7 1.4 3.24 73.17
Carex binervis 0.72 1.55 1.52 2.95 76.12
Luzula multifolia 0.66 1.3 1.22 2.48 78.6
Leontodon hispidus 0.66 1.08 0.99 2.06 80.66
Erica tetralix 0.67 1.01 0.66 1.93 82.59
Pteridium aquilinum 0.98 0.94 0.48 1.8 84.38
Polygala serplififolia 0.47 0.83 0.84 1.59 85.97
Nardus stricta 0.55 0.57 0.47 1.08 87.05
Unidentified 0.38 0.56 0.71 1.07 88.11
Cerastium fontanum 0.36 0.54 0.71 1.03 89.15
Agrostis stolonifera 0.58 0.45 0.32 0.86 90.01
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Table 11.10Eigenvalues and canonical coefficients of explanatory variables for CCA axes.

Axis 1* 2* 3 4 5 6
Eigenvalue 0.462062 0.258703 0.111762 0.090367 0.079483 0.044997
Specis-Environment Correlations 0.802299 0.655172 0.728736 0.577011 0.641379 0.535632
% variance explained 19.4216 10.8739 4.69761 3.79834 3.34087 1.89133
Cumulative % variance 19.4216 30.2955 34.9931 38.7915 42.1323 44.0237
Correlation Coefficient

pH -0.02367 0.37828 0.191497 0.051706 0.013481 0.099652
TN 0.506037 0.063114 0.172828 -0.24954 0.1693  -0.20368
TOC 0.36773 0.0962 -0.05657 0.077437 0.15426 0.028776
Ca 0.131492 0.32458 -0.06782  -0.05673 0.073325 0.21187
K 0.0395 0.300257 -0.00358  -0.05936 0.197665 -0.12018
P 0.19158 0.157154 0.2341 0.323731 -0.0915 0.089091
Bare Ground 0.021448 0.254567 0.180543 0.012541 0.206573  -0.13575
Av. Vegetation Height 0.288457  -0.29802  0.30056 -0.04766  0.25548 -0.07891
Age 0.200375  -0.27696 0.047479 -0.31381 -0.02314 0.031784
Management 0.46545 0.022369 -0.00306 -0.01808 -0.08007 0.089949
Elevation 0.16174 0.170562 0.136553 0.03036  -0.18413 -0.18576

*Significant (p > 0.05) on Monte-Carlo permutations, n = 1000

Table 1111 Multicollinearity st of selected explanatory variables for

CCA

Dependent variable R-squared VIF*

pH 0.358986 1.56003
TN 0.881615 8.44701
TOC 0.755093 4.08318
Ca 0.702761 3.36429
K 0.55298 2.23704
P 0.861252 7.20732
Bare Ground 0.662449 2.96252
Avg. Vegetation Helg 0.602584 2.51626
Young Site 0.486897 1.94893
Burn 0.642104 2.79411
Elevation 0.510118 2.04131

*VIF > 10 considered unsuitable
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Appendix IIB Supplementary Information and statistics
for Chapter 3

iii.1 Description of NVC Community Types Assessed
H2 Calluna vulgarisd Ulex minorheath

This community, unique to the south of England, is dominated 6wlluna with Erica
cinereaand Ulex minorproviding distinctiveness. Vegetation structure is heavily affected
by the Callunagrowth strages, which ardinked to burning and grazing in the New Forest
(Rodwell, 1991), often found in a patchwork. Recovery after burning can lead to marked
changes in species distribution, with mor&rica cinerea Ulex minoris reduced in the New
Forest, likely due to grarig, whereasU. europaeusis more frequent. Molinia is present in
damper areas. The presence of other plants is quite variable, although tree seedlings and
saplings are likely without interventions (Rodwell, 1991). This community is characteristic
of pooracid soils, and found with drier and more easily drained soils than other
communities, with which it may be zoned (Tubbs, 1986; Rodwell, 1991). This boundary
often not well defined. More fertile soils may havi@ubrussp. present. Two sub
communities ae present in the Forest: H2a typical subommunity, and H2dviolinia
caeruleasub-community. H2a features prominent lichens, particular@ladonia present in
older or recently burnt stands, while trees and bracken are present but infrequemiolinia

is rare but Deschampsialocally common. H2c, a typically wetter community, features
dominant Callunawith E.cinereasometimes replaced byE.tetralix Moliniais more

common, but trees and bracken less so. There is a sparse ground layer (Rowell, 1991)

H3Ulexminor-Agrostis curtisii heath (o0humid heath

There is a wide variety of heath vegetation present in this community, but common features
are a low canopy and structureCallunadominates but degenerate heather is not very
frequent (Rodwell, 1991). Umuely, there is mixed occurance d&. cinereaand E. tetralix
which are normally separate.E. cinereais especially abundant on areas recently burnt.
Agrostis curtisiiand Molina maintain a constant presence, often in tussocks, and these
species can al® spread after burning.Moliniain particular spreads on wetter ground.
Where the heather canopy is relatively open, there is a diverse didra in the ground layer.
This community is characteristic of poor acid soils which do not experience droughtsj
occupies areas too dry for M16 and too wet for H2; it often transitions to both habitats. H3
is essentially confined to Hampshire and Dorset. There are three communities noted in the
Forest: H3a Typical stlsommunity, whereCallunaforms a dominant @anopy, H3bCladonia

sub-community, which features a more open canopy, with greater abundance of grasses,
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and H3cAgrostis curtisii, whereA. curtisiiis much more abuntantE. cinereafrequent, and

Calluna and Molinia reduced in cover (Rodwell, 1991).

M16 Ericetum tetraliciswet heath

This habitat is dominated by mixtures dalluna Erica tetralixand Moliniain variable
proportions, as a result of local conditions such as soil water content (Rodwell, 199&).
tetralix is widespread, withCallunaless dominant than the other heath communities and
featuring a low, prostrate canopyMolinia can form dense tussocks in some areas. M16 is
moderately species rich, and bryophytes should include the presenceSgthagnum
(particularlyS. compactumand S. tenelum & other species are rare). The community is
found between the dry heath communities described above and valley bogs and mires
(Tubbs, 1986). M16 occurs on acid and poor soils that are seasonally waterlogged,
particularly on the edges of valley mires thi high water tables. This boundary with mires
and bogs is often associated witls. papillosumand S. magellanicum starting from the
point of transition. Burning has a marked effect on the community, which is somewhat
insulated by the wetter soils but an be variable. Frequent burning however linked to the
increase ofCallunaand loss of distinctive bryophytes, and is considered especially
destructive when linked to drainage (Rodwell, 1991). Two communities are described in
the Forest. The M16a Typicaub-community, which is the most widespread type of
vegetation, features a very diverse structure, often witBphagnum Sometimes very
species poor communities are present in impoverished wet heath (Rodwell, 1991). M16b
Succisa pratensisd Carex paniceasub-community features dominantMolinia, with Succisa
pratensisand Carexsp. constant. Occasionallyuncus effususand J.acutiflorusare

present. Bryophytes and lichens less common in this sagbmmunity.
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iii.2 ANOVA Test Output for Chapter 3

Table IIl.LANOVA Tests for CSM Attributes and ScorBsy(Heath)

Variable

Test

df

Bare Ground

Dwarf Shrub Cover

Gorse Cover

Pioneer Heath

Building Heath

Degenerate Heath

Dead Heath

Dwarf Shrub Species

Graminoids

Desirbable Forbs

Exotic Species

Invasive Species

Trees and Shrubs

Bracken

Bryophytes

Erosion

Mosses

Total Score

Age following Intervention
Intervention Type
Interaction

Age following Intervention
Intervention Type
Interaction

Age following Intervention
Intervention Type
Interaction

Age following Intervention
Intervention Type
Interaction

Age following Intervention
Intervention Type
Interaction

Age following Intervention
Intervention Type
Interaction

Age following Intervention
Intervention Type
Interaction

Age following Intervention
Intervention Type
Interaction

Age following Intervention
Intervention Type
Interaction

Age following Intervention
Intervention Type
Interaction

Age bllowing Intervention
Intervention Type
Interaction

Age following Intervention
Intervention Type
Interaction

Age following Intervention
Intervention Type
Interaction

Age following Intervention
Intervention Type
Interaction

Age following Intervention
Intervention Type
Interaction

Age following Intervention
Intervention Type
Interaction

Age following Intervention
Intervention Type
Interaction

Age following Intervention
Intervention Type
Interaction

o T S N e S S N it > T S M it S N S N i S S R R S e R S R S S e S N R N N S T S Tl S S e S S e S N R S S R SN SN

0.990
2.524
1.213
1.538
16.216
0.146
0.327
4.082
0.316
2.753
1.142
6.361
3.799
2.715
1.831
3.969
7.200
4.981

1171
21.631
0.955
0.327
6.368
0.316
1.064
26.724
2.199

1.933
1.667
3.333
0.532
10.051
0.596
0.925
6.811
0.844
0.625
6.250
0.625
1.454
4.082
1.454
1.083
0.667
2.750
1.579
0.090
1.338

0.436
0.128
0.336
0.229
0.001
0.962
0.856
0.057
0.864
0.057
0.298
0.002
0.019
0.115
0.162
0.016
0.014
0.006

NA*

NA*

NA*
0.353
0.000
0.453
0.856
0.020
0.864
0.400
0.000
0.106

NA*

NA*

NA*
0.144
0.211
0.030
0.714
0.005
0.670
0.469
0.017
0.514
0.650
0.021
0.650
0.253
0.057
0.253
0.391
0.424
0.057
0.219
0.767
0.291

* No difference in attribute score
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iii.3 Scores Calculated for Wet Heath CSM Assessment.

Total Condition Score - Dry

Score
oo

0 1 & 10
Plot Age

Total Condition Score - Wet

Score
[ss]

0 1 6
Plot Age

Management Type D Burn . Cut

Figure lll.1Total condition scoresdr the study plots, based on dry heath condition (above)
and wet heath condition (below) requirements. Error bars indicate standard error.
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Figure Ill.2Attributes that showed differences between plots, based on wet heath
attributes. Error bars indicatestandard error.Means grouped by the same letter are not
significantly different (p < 0.05, Tukey test)
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Tablelll.2 ANOVA Tests for CSM Attributes and Scores (Wet Heath)

Variable

Test df p
Bare Ground Age following Intervention 4 0.990 0.436
Intervention Type 1 2.524 0.128
Interaction 4 1.213 0.336
Dwarf Shrub Cover Age following Intervention 4 1.538 0.229
Intervention Type 1 16.216 0.001
Interaction 4 0.146 0.962
Dwarf Shrub Age Structure Age following Intervention 4 5.640 0.003
Intervertion Type 1 19.512 0.000
Interaction 4 5.701 0.003
Dwarf Shrub Species Age following Intervention 4 1171 0.353
Intervention Type 1 21.631 0.000
Interaction 4 0.955 0.453
Graminoids Age following Intervention 4 0.400 0.806
Intervention Type 1 5.582 0.028
Interaction 4 1.650 0.201
Desirable Forbs Age following Intervention 4 0.278 0.889
Intervention Type 1 2.689 0.117
Interaction 4 0.744 0.573
Sphagna Age following Intervention 4 1.253 0.321
Intervention Type 1 2.813 0.109
Interaction 4 1.275 0.313
Lichens Age following Intervention 4 0.724 0.586
Intervention Type 1 0.862 0.364
Interaction 4 1.552 0.226
Drains Age following Intervention 4 NA
Intervention Type 1 NA
Interaction 4 NA
Trampling Age following Intervention 4 4.076 0.014
Intervention Type 1 12.214 0.002
Interaction 4 3.435 0.027
Leaching Age following Intervention 4 NA
Intervention Type 1 NA
Interaction 4 NA
Exotic Species Age following Intervention 4 NA
Intervention Type 1 NA
Interaction 4 NA
Invasive Species Age following Intervention 4 0.547 0.704
Intervention Type 1 0.093 0.764
Interaction 4 2.012 0.132
Trees and Scrub Age following Intervention 4 0.709 0.595
Intervention Type 1 24.605 0.001
Interaction 4 0.767 0.559
Bracken Age fdlowing Intervention 4 1.115 0.377
Intervention Type 1 6.750 0.017
Interaction 4 0.995 0.433
Gorse Age following Intervention 4 0.664 0.625
Intervention Type 1 1.641 0.215
Interaction 4 1.323 0.296
Total Score Age following Intervention 4 1.746 0.180
Intervention Type 1 15.938 0.001
Interaction 4 0.666 0.623
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AppendixIV 8 Habitat Suitability Indicesfor Heathland
Species

IV.1Smooth SnakeCoronella austriaca

Figure IV.1Smooth Snake Coronella austriaca.Photograph by Mircea Nita, creatéer commons
attribution.

General Characteristics

The smooth snakeCoronella austriacais a small Colubrid snake distributed from northern

and central Europe stretching to northern Iran. It is cryptic and rarely encountered
compared to the other snakes presat in the UK, the grass snakeNatrix natrix and the

adder Vipera berus(Pernetta, 2009). It is the subject of conservation concern owing to
declines observed in both its distribution and population, which are thought to be a result of
habitat loss (Goddad, 1984) and in some cases persecution (Santost al., 2009). It has
become extinct in Denmark and most European populations are thought to still be declining
(Corbett, 1989; Santoset al., 2009; Pernetta, 2009). In the United Kingdom, this species

is exclusively found in heathland environments (Reading, 2012); it utilises a much wider
range of habitats in continental Europe (Santost al., 2009). Smooth snakes rarely bask in

the open and have lower temperature requirements than other British snakes (BEdgt al.,

2010). The main period of activity lasts from late March through to late October (Edgar
al.,2010) . I't is classiped as specially prote
92/43/EEC on the Conservation of natural habitats and of will auna and Vyor a,

and is protected under the Wildlife and Countryside Act, 1981.
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Food and Foraging Habitat

In the UK, the smooth snake primarily preys on other reptiles and small mammals
(Goddard, 1984; Reading & Jofré, 2013). A key prey specieghe common lizardZootoca
vivipara(Brownet al., 2014; Reading & Jofré, 2013) which is the preferred food of juveniles
and gravid females; areas of heathland habitat which support this prey species are
therefore also appropriate habitat for the smoottsnake (Reading & Jofré, 2013). Grazing
is often considered to damage such habitat by removinglolinia caerulea and Agrostis
curtisii cover, leading to reduced food availability and affecting survival rates (Reading &
Jofré, 2013). This is supported byecent study work that showed greatly reduced
populations of Z. viviparain response to grazing (Strijbosch, 2002; Wallis de Vries al.,
2013) and lower abundance ofC. austriacain grazed habitat compared to ungrazed areas
(Reading & Jofré, 2015).

Repraduction and Nesting Habitat

Mating occurs in spring but has hardly ever been observed in the wild (Edgaal., 2010;
Pernetta, 2009). The smooth snake gives birth to live young, with eggs hatched internally
prior to giving birth (Edgaset al., 2010). Typically, 415 young are born, and birth may
require a very dense, thick ground layer with humid cover such as moss and lichen layers or

large grass tussocks (Edgaet al., 2010).

Interspersion

Smooth snakes have small ranges, with males ranging approxitely twice as far as
females (Reading, 2012). Male habitat sizes are approximately 2ha (Reading, 2012).
Range size is variable depending on the availability of resources (such as cover and prey
availability), which will result in smaller home ranges whesresources are abundant (South,
1999; Reading, 2012). Daily movements are small, often as little as 20m and only rarely
greater than 100m (Edgaet al., 2010).
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Special Considerations

Smooth snhakes have specific requirements for hibernation, and alter during cool
conditions. The microenvironment of dense cover where snakes reproduce (see above)
also helps to insulate individuals against extremes of cold or heat. Cover of lichen, moss
and leaf litter is thought to provide suitable habitat for sriees to burrow into for shelter and
hibernation (Reading & Jofré, 2015; Braithwaite et. al. 1989; Spellerberg & Phelps, 1977).
When active, snakes are typically found in dense heather cover, with isolated patches of
bare ground, but too much bare ground maleave the snakes exposed and vulnerable to
predation (Spellerberg & Phelps, 1977). Largdolinia tussocks are considered to be good
habitat indicators for shelter as well as feeding purposes (Edgeiral., 2010).

Model Applicability

This model is geogphically limited to the south of England, and is specific to heathland
habitats in Dorset and Hampshire. The model should be applied to areas o8l#a to
assess features in an appropriate scale for the range for individual smooth snakes. The
model has rot been verified in practice, but serves as a tool to compare differences in the
habitat score with CSM scores.

Model Description

The model is based on several habitat requirements dforonella austriaca including
feeding requirements, nesting requiremeis and hibernation and shelter. There is
considerable overlap between the shelter and nesting requirements. The final output score

of the model is simply the sum of these constituent habitat variable scores.

V1. Vegetation Height. A relatively high andep cover of heath is required as shelter for
the Smooth Snake. Heterogenous structure of heathland is considered best (Spellerberg &
Phelps, 1977), so very low or very high cover is considered unsuitable. Cover heights
related to high abundance of snake has been recorded at 3540cm (Reading & Jofré,
2015) and 40cm deep (Spellerberg & Phelps, 1977). Optimum suitability was considered
to be a cover between 35 cm, with under 20cm and over 1m considered unsuitable
because the canopy would either be tosmall to provide cover or too dense to provide

basking and feeding opportunities.

V2. Ericaceous Plants Cover. AS. austriacais exclusive to heathland habitats in the UK
ericaceous cover is considered an essential component of its habitat requirements.

Smooth snakes are also associated with high heather ground coveRe@ding & Jofré,
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2015). Cover below approximately 15% is considered unsuitable, because such low cover
is likely not structurally suitable for the species. Over 30% cover is considergdimal, as
this level of cover provides structure while also accounting for the presence of other plants

that may contribute to the habitat.

V3. Cover of degenerate Heath. Smooth snakes prefer older, mature heath and the
presence of degenerate growthdrms of heather is an indicator of limited disturbance to
the site. Evenaged stands of heath are unsuitable habitat as they indicate a lack of
structural diversity. Above 15% cover of degenerate heath is considered optimal habitat.
Areas with no degenmte heath at all are likely subbptimal for the smooth snake but may
still be used, so low cover values are considered partly suitable.

V4. Cover ofMolinia caerulea. Moliniacover is a preferred cover oZootoca vivipara
(Stumpel and Ven der Werf, 201 an important prey species for juvenile and gravid
snakes Brownet al., 2014; Reading & Jofré, 2013)and Molinia also provides appropriate
cover for the snakes themselves (Edgat al., 2010). Snakes are often associated with tall
grass and high coverof grass litter Reading & Jofré, 2015). However,over values in
excess of 60% are likely to lead to poor structure and unsuitable habitat. A medium cover
of 20-40% is estimated to be optimal.
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Table IV.1Attributes making up the Habdt Suitability Index for Smooth SnakeZoronella austriaca

Variable Source Assumption
Vegetation Reading and Jofré, Suitability of habitat is related to the vertical structure of the
Height 2015; Spellerberg  vegetation. Optimum suitabilit occurs at a vegetation height
& Phelps, 1977 of 350-450mm. Below 20mm and above 1000mm is
unsuitable because of reduced structural diversity.
Cover of Reading and Jofré, C. austriacais exclusive to heathlands in théJK and has been
Ericaceous 2015; Spellerberg  found in strong associations with heather cover. Below 15%
plants & Phelps, 1977 cover is likely unsuitable because of the lack of structural
diversity, optimal cover is over 30%
Cover of Spellerberg & Degeneaate, older heath with open patches is suitable habitat.
Degenerat  Phelps, 1977; Above 15% cover is optimal, below-50% is unsuitable. Even
e Heath Edgaret al.,, 2010  aged stands are also unsuitable.
Cover of Reading & Jofré, Cover ofMolinia, especially large tussocks, is preferred by the
Molinia 2015; Stumpel and important prey speciesZootoca vivipara Optimal cover is
caerulea Ven der Werf, estimated at 20-40%. Below 20 is not sufficient but above 60
2012; Reading, may be poor habitat because of. austriacdd s t her ma
2012 movement requiremeits.
Bare Pernetta, 2009; Some patches required for basking of prey species, but above
Ground Spellerberg & 10% on a heath patch is unsuitable, and patches are probably
Phelps, 1977 not necessary forC. austriacaitself.
Ground Reading & Jofré, Combined cover of Moss, Lichen and Leaf Litter is important
Layer 2015; Edgaret al.,  for nesting and sheltering during cold periods. >20% optimal,
2010; Braithwaite  but not at the expense of shrub or grass canopy cover. IB&
et. al. 1989; 10% is unsuitable.
Spellerberg &
Phelps, 1977
Grazing Reading & Jofré, Disturbance is likely to affect habitat suitability in addition to
Pressure 2015; Stumpel and the direct effects of grazing on habitat structure. Trampling

Ven der Werf,
2012

above 10% is unsuitable, but te optimum is 0 %.
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V5. Bare Ground. The presence of bare ground patches is typical of areas frequented by
smooth snakes (Spellerberg & Phelps, 1977) and may provide basking opportunities for its
prey species. Small patches are also likely to be iiedtive of mature, latestage heath.
However, the snake does not require patches for its own basking, and large patches caused
by disturbance are poor habitat. Bare patches above 10% are considered unsuitable
habitat, with 0-5% considered optimal.

V6. Ground Layer. A deep and humid ground layer is required for nesting and shelter by
the snake (Reading & Jofré, 2015; Edgar et al., 2010; Braithwaite et. al. 1989; Spellerberg
& Phelps, 1977). This attribute is measured by the combined cover of bryophytkshens
and leaf litter. A high cover above 20% is considered optimal, but not where this results in
a loss of ericaceous or graminoid canopy cover. Below 10% cover is considered unsuitable
with not enough habitat to shelter in.

V7. Grazing PressureSnakes are considered to respond poorly to disturbance (Reading &
Jofré, 2015), and grazing is also associated with declines in prey species (Stumpel and Ven
der Werf, 2012)and a loss of structural diversity (Newtoet al., 2010). The optimum is
0%, butrecorded pressure above 10% cover of quadrats is considered unsuitable habitat
for the snake because of the high levels of disturbance.

Model Relationships

Suitability Index (SI) graphs for habitat variables are presented hdrefigure A1l. The
suitability index (SI) is read directly from the graph, with 1.0 equalling perfectly suitable
habitat and 0.0 indicating unsuitable habitat.
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IV.2 Silverstudded blue butterflyPlebejus argus

Figure IV.3Silverstudded blue butterflyPlebejus argis. Photograph by the author.

General Characteristics

The Silverstudded blue butterflyPlebejus argusis a distinctive butterfly found in temperate
habitats of Europe and Asia. It tolerates a wide range of habitats in Europe, but in Britain is
found in heathland and calcareous grassland environments, where it is considered an
indicator of active management (Ravenscroft & Warren, 1996). In Britain it has
experienced a severe decline and considerable losses in range and is now confined to
southern England, the Welsh coast and parts of East Anglia (Ravenscroft & Warren, 1996).
However, it is locally abundant in appropriate habitat in Hampshire and Dorset. Declines
are linked to habitat loss and fragmentation (Ravenscroft & Warren, 1996). In heathland
habitats, P. argusis often found on short lived pioneer habitat, and is typically absent from
later stages of succession (Thomas, 1985a; Schimel & Fartmann, 2014). Adults fly from
mid-June or July until August, with males emerging before females (Raveofick Warren,
1996). It is a UK Biodiversity Action Plan species and is protected under the Wildlife and
Countryside Act 1981 (Schedule 5)
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Food Requirements

The larvae of P. argus utilise a wide range of plants commonly found in heathland
environments, particularly ericaceous and leguminous plants, includinGalluna vulgaris,
Erica spp., Ulexspp. andLotus corniculatus((Thomas, 1985a) Despite the wide range of
food sources, there is some evidence that the butterfly larvae specialise on young, early
growth (Thomas, 1985b). The species generally avoids densely graesered heathland
sites (Schimel & Fartmann, 2014), where food sources may be scarce. Adult butterflies
take nectar from several plants; at most sites these will be from the flowers of Hhar
(Ravenscroft & Warren, 1996).

Reproduction

Mating butterflies utilise shrubs and tall herbs a short distance from hostplants (Dennis,
2004). Eggs are typically laid at the margin of vegetation cover and bare ground on or
under short vegetation (Thoras, 1985b). Thomas (1985a) found a majority of eggs in
vegetation less than 7cm tall. P. argusis often absent from consistently tall or thick (18
40cm) vegetation without bare ground, despite an abundance of larval foodplants (Thomas
1985a). The woody ®ms of heather or gorse are a favoured location for eggs
(Ravenscroft, 1990). In southern England, slightly taller vegetation is tolerated in humid
environments (Ravenscroft & Warren, 1996).

Vegetation Cover

Butterfly habitat is often considered based m the presence of larval hostplants and
breeding resources, but other features, such as cover for roosting and mate location are
also important (Dennis, 2004). Most colonies occur on shallow slopes or flat ground
(Thomas, 1985b), although steep slopes arsometimes used for shelter (Dennis, 2004).
Roosting is often on heather bushes or grass tussocks (Ravenscroft & Warren, 1996). Most
heathland colonies exist on areas that are recently disturbed or actively managed (Thomas,
1985a; Ravenscroft, 1990).

Interspersion

Typically,P. argusterritories are at least 0.1 ha in size, ranging up to 0.5 ha (Thomas,
1985b), and only rarely disperse more than 100m (Lewist al., 1997). They may range

further if nectar resources are not present (Magt al., 2015).

241



Special Considerations

As with other Lycaenid butterfliesP. argusshows a mutualistic relationship with ants, and
specifically withLasiusspp. This relationship may have evolved to avoid ant predation or to
use the ants to protect larvae against parates and other predators (Pierce & Mead,
1981). The larvae produce a honeljke substance rich in sugars that the ants consume
(Pierce, 1983). The presence of ants has been found to be is often highly correlated with
the presence of butterflies (Guitierrezt al., 2005; Jordano et al., 1992; Ravenscroft,
1990), and females select sites with the presence of ants to lay their eggs (Jordaetoal.,
1992). Lasius niger, one of the most frequently recorded mutualists, often shows a
preference for habitats withrelatively high soil humidity (Guitierreet al., 2005). In dry
areas withoutL. niger, L. alienuds utilised instead (Ravenscroft & Warren, 1996). Ants are
largely absent from denseC. vulgarisheathlands (>80% cover) and butterflies also do not
occur in these areas (Ravenscroft, 1992). Presence drica (both E. cinereaand E.
tetralix) in humid heath is usually well associated with the butterfly in heathlands in the
South of England.

Model Applicability

The habitat suitability model described belovws appropriate for the south of England, and is
specific to heathland environments. The minimum habitat area is 0.25 ha. The model has
not been verified but is based on scientific literature about the habitat requirements of this
speci es. drpose isroocdmgparéd rseaspres of habitat suitability with measures
of the condition of heathland habitat with CSM, and it should not be used in practice

without additional verification work.
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Model Description

The model is based on several habitaequirements of P. argus including the presence of
host plants, feeding opportunities for adult butterflies, three aspects of successional age,
two measures of heathland structure and two measures of habitat structure. The final
output score of the models simply the sum of these constituent habitat variable scores.

V1. Presence of HostplantsHost food plantsfor butterfly larvae are required to bgresent
in abundance. The species has a wide dieflhomas 1985b), so the combined cover can be
used for this measure. Species are as follow€alluna vulgaris, Erica cinerea, Erica tetralix,
Ulex spp., Genista anglica, Lotus corniculatus(Thomas, 1985a; Thomas 1985b;
Ravenscroft, 1990; Douglas, 2009 Ogimum is considered to be>50%, with no maximum
value, as this indicates where these species dominate the vegetation community

V2. Adult Food plants Adult butterflies require nectar as an energy source, and can use a
variety of flowers, butErica spp. in particular is strongly associated with nectar feeding
(Mair et al., 2015), and is often correlated with butterfly density (Ravenscroft, 1990Cover

of these species can therefore indicate ideal habitat conditions for nectar feeding
(Ravenscroft & Warren, 1996) A cover of greater thar20% is optimum, but 0% is still
calculated as (partly)suitable habitatbecause of the ability to feed from other species.

V3. Pioneer heath Butterflies nest and reproduce on short heather growth in heathland
habitats, and pioneer heath is ideal (Thomas, 1985a; 1985b; Ravea®ft, 1990; Douglas,
2009). Additionally, larvae may specialise on young plants, particularly young ericaceous
plants (Thomas, 1985a) Pioneer heathshould therefore be thedominant growth agewith
>20% optimum habitat. 0% is unsuitable because of lackf suitable breeding locations
and feeding plants.

V4. Building and mature heath This habitat structure is unsuitable for the butterfly,
because it indicates aged areas of heath and likely poor feeding for larvae (Ravenscroft,
1990), and has been associted with low density of butterflies (Thomas, 1985b). However,
some scattered areas are not likely to be very detrimental (Ravenscroft, 1990). Based on
recorded associations, ombined building and degenerate heatltover is estimated to be
optimum at <20% cover, with <50% completelyunsuitable if the vegetation height above
10cm.
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TablelV.2 Attributes making up the Habitat Suitability Index for the Silver Studded Blue butterfyebejus

argus

Variable

Source

Assumption

Presence of

Host Plants

Adult food plants

Successional
Age 1

Successional
Age 2

Successional
Age 3

Heath Structure

Heath Structure

Structural
Diversity- Bare

Ground

Structural
Diversity-

Sheltering

Thomas,1985a;
Thomas 1985b;
Ravenscroft, 1990;
Douglas, 2009
Ravenscroft, 1990;
Ravenscroft &
Warren, 1996; Mair
et al., 2015.
Thomas, 19&a;
Thomas 1985b;
Ravenscroft, 199Q
Douglas, 2009
Ravenscroft, 1990
Thomas, 1985b

Thomas, 1985a;
Thomas 1985b;
Ravenscroft, 1990;
Thomas &
Harrison, 1992.
Schimel &
Fartmann, 2014

Ravenscroft, 1990

Ravenscroft, 1990;
Thomas, 1985a;
Thomas 1985b;
Dennis & Sparks,
2006

Dennis, 2004;
Dennis & Sparks,
2006; Schimel &
Fartmann, 2014

Host food plants are present in abundance. Combined frequency ¢
occurrence ofCalluna vulgaris, Erica cinerea, Erica tetralix, Ulex
spp., Genista anglica Lotus corniculatusoptimum >50%, no
maximumvalue.

Ericaspp. strongly associated with nectar feeding for adult
butterflies. Frequency >20% optimum, but 0% is still suitable
habitat

Pioneer heath is dominant growth age, >20% optimum. 0% is

unsuitable.

Combined building and degenerate heath <20% cover is optimum,
<50% unsuitable ifvegetation height above 10cm.

Vegetation height <10 cm optimum, <25cm is unsuitable. No

minimum values.

Graminoid covemunsuitable above 50%. Optimum is below 30%
(Heathland specific)

C. vulgariscover poor above 70% because of loss of heterogeneity
optimum 20-50%.

Bare ground patches are optimum from 1045%, but are unsuitable
above 25%. Areas with no bare ground are below optimum, but sti

suitable habitat.

Combined frequency of occurence dflexspp., Pteridium aquilinum
and Rubusspp. is unsuitable below <5%, optimum at 1:20%,
unsuitable above 30%. Tree cover 0% is optimum, above 10% is

unsuitable.
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V5. Vegetation heightVegetation height is a key indicator of suitable nesting locations and
appropriate structure of the habitat, with strong associations with the presence of
butterflies (Thomas, 1985a; Thomas 1985b; Ravenscroft, 1990; Thomas & Harrison,
1992). Lessthan 10 cm is considered optimum. Areas above 15cm are usually
considered unsuitable (Dennis, 2004), but some higher values might still be utilised for
sheltering, so here a value <25cm is considered unsuitable. There are minimum values

for optimum condition, & vegetation as low as 3cm is frequently used (Thomas, 1985b)

V6. Graminoid CoverThis attribute is highly specific to heathlands, as butterflies also nest
in grassland habitat. Grass encroachment and habitat modification is likely to degrade
suitable habitat for this species (Schimel & Fartmann, 2014), so combinedaginoid cover

is consideredunsuitable above 50%. The optimum is below 30% so that suitable habitat

cover can be attributable to ericaceous or leguminous species.

V7. Calluna vulgariscover. Despite being an important species for the butterfly, high cover
of C. vulgarisis likely to result in a loss of structural and community diversity, leading to
poor habitat suitability (Ravenscroft, 1990). @veris therefore unsuitable above 70%with
an optimum of 20-50%.

V8. Bare Ground CoveBare ground patches areoften utilised by the butterfly (Thomas,
1985a; Dennis & Sparks, 2006), which favours frequently disturbed habitats (Thomas,
1985b; Ravenscroft, 1990). Therefore, cover is optimum from0315%, but also unsuitable
above 25% because this likely indicates excessive amounts of disturbance to the habitat to
the detriment of other attributes. Areas with no bare groundt all are below optimum, but
still partly suitable habitatfor the butterfly.

V9. Sheltering CoverAdult butterflies are known to utilise shrub and scrub areas for
breeding and sheltering during adverse weather conditions (Dennis, 200Dennis &
Sparks, 2006). For optimum habitat, such areas should be available close to mosgical
habitat. Here ©mbined cover of Ulex spp., Pteridium aquilinum and Rubus spp.
(associated species, Dennis, 2004)si unsuitable below <5%, optimum ta 10-20%,
unsuitable above 30% where scrub may detrimentally affect other habitat requirements.
Addiionally, ree coveris detrimental (Schimel & Fartmann, 2014), s8% is optimum,with

above 10% coveunsuitable.
Model Relationships

Suitability Index (SI) graphs for habitat variables are presented herefigure IV.4 The
suitability index (SI) is red directly from the graph, with 1.0 equalling perfectly suitable

habitat and 0.0 indicating unsuitable habitat.
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IV.3Dartford WarblerSylvia undata

Figure IV.5Dartford Warbler Sylvia undata Photograph by Paul Roberts, creative commons
attribution

General Characteristics

An insectivorous bird restricted to southern and western Europe, and novikst Africa, the
Dartford Warbler is a colourful and charismatic species. The European population has
experienced continuous declines, and the specids classified as Near Threatened by the
IUCN (Birdlife International, 2015). However, in the United Kingdom, at the northern edge
of its distribution, it has recently increased and expanded its range (Wottehal., 2009).
Dense scrub is the preferred hiitat of S. undatg in the UK the species is restricted almost
entirely to lowland heathland habitat (Bibby, 1979a). Dartford Warblers have typically been
limited by severe winters in the UK (del Hoyat al., 2006). However, as a result of climate
change, the suitability of habitat may become a more important limitation (Bradbuet al.,
2011; Catchpole & Phillips, 1992). The New Forest population is an important component
of its UK distribution (Westerhoff & Tubbs, 1991). It is protected under the EQdBi
Directive 1979 and the Wildlife and Countryside Act 1981.

Food Requirements

Dartford warblers are exclusively insectivorous and are the only resident terrestrial birds in

Britain with such an ecology (Bibby, 1979a). The yeaund requirement to feedon insects

is believed to cause the speciesd reliance ¢
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warbler include large areas of heathland (Bibby & Tubbs, 1975), studies have shown that
the majority of feeding takes place on gorse stands, with eaiceous shrubs only a
secondary feeding area (Bibby, 1979a). Gorse stands also usually feature a higher density
of invertebrate prey, and are used yeapund (Bibby, 1979a). Cover of snow in winter is a
significant limitation to the warbler, as food camot be found in these conditions. Birds
frequently take any insect prey available them, and most frequently feed on spiders and
caterpillars (Bibby, 1979a). Bare ground may also be an important feature for feeding (van
den Berget al., 2001), because of both its importance for invertebrates and the ease of
foraging for warblers, which have been observed using these areas (Bibby, 1977; Zamora
et al., 1992). The species also avoids areas of dense woodland cover (van den Bxrgl.,
2001; Jiguet & Williamen 2013), although they make use of isolated trees (Bibby & Tubbs,
1975).

Reproduction and Nesting

S. undatafavours nest sites in tall ericaceous shrubs or small gorse stands surrounded by
heather, with surrounding territories typically featuring a higltover of gorse lex
europaeusor U. gallij, Calluna vulgarisand bell heatherErica cinerea(Bibby and Tubbs,
1975; Moore 1975; Bibby, 1979a, b; Catchpole and Phillips, 1992; van den Begg al.,
2001; Murison et al., 2007). Nests are generally placed &low 1.5m in height (Bibby &
Tubbs, 1975; Bibby, 1979b). Brood size and success has often been linked to the
presence of gorse in the surrounding habitat, as a result of increased food availability
(Bibby, 1979b). The most significant factor affecting peoductive success is thought to be
adult mortality (Catchpole and Phillips, 1992).

Interspersion

S. undatais largely sedentary, although relatively little is known about its dispersal ability
(van den Berget al., 2001). Territory size is thought to bebout 2-3 ha (Bibby & Tubbs,
1975; Catchpole & Phillips, 1992). Itis currently expanding in the UK (Wotteinal., 2009),
and may expand into less suitable habitat, at the cost of reduced reproductive success
(Murisonet al., 2007).
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Model Applicabiity

This model is limited to the south of England, and is specific to heathland habitats in Dorset
and Hampshire. The model should be applied to areas of3Ra to assess features in an
appropriate territory size. The model has not been verified in pragtj but serves as a tool
to compare differences with CSM procedure.

Model Description

The model is based on several habitat requirements & undatag primarily those that are
required for feeding. There is considerable overlap between the feeding andstireg
requirements. The final output score of the model is simply the sum of these constituent

habitat variable scores.

V1. Ericaceous coverS. undatais almost entirely exclusive toheathland habitats in the
UK., and use ericaceous cover for nesting addition to occasional feeding Bibby; 1979a;
1979b; Catchpole & Phillips, 1992; Van den Bergt al., 2001; Murison et al., 2007).
Therefore >40% coveris optimal to show where these conditions predominateAreas

without Ericaceous cover areonsideredunsuitable.

V2. Ulex spp. coverThis cover type istie primary feeding area for Dartford Warble(®ibby;
1979a; 1979b; Van den Berget al., 2001; Murisonet al., 2007), as it provides better year
round supply of invertebrates compared to ericaceous covailfby, 1979a). 20-80% cover
is considered optimal, but largegorse stands without heather are poor habitat. Territories
are sometimes documented without gors€Bibby & Tubbs, 1975) so areas without gorse
are suboptimal habitat rather thancompletelyunsuitable.

V3. Average Vegetation HeighGenerally, vegetatiorof medium depth (approx. 350mm)is
preferred in territories of the warbler, but a range of depths occur (Bibby & Tubbs, 1975)
Habitat selection in New Forest heaths appears to select deepergetation cover than
recording elsewhere (Bibby & Tubbs, 1975), often up to 600mnAreas of short heather
<200mm are subsequently consideredunsuitable, with 350mm - 1m coveroptimal. Higher
gorse heights are often utilised Qatchpole & Phillips, 1992 Van den Berget al., 2001).
Above 2m the halitat is unsuitable for foraging, and seems to be selected against in
territory selection (Bibby, 1979b).

V4. Bare ground CoverSmall patches of bare ground are useful for foragingased on
observations of the specie Bibby, 1977; Zamora et al., 1992. 5-15% is considered
optimum, with no cover at all suboptimal, as it may not be an essential habitat

requirement, but it frequently associated with density of the birds/&n den Berget al.,
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2001). Aove 25% is unsuidble becausethis amount indicates excessive exposureand

disturbance to the habitat

V5. Tree Coverlsolated trees are used as perches but any increased density is detrimental
to feeding and nesting requirements, and is indicative of potential habitat ahge (Van den
Berget al., 2001). Isolated, <5% cover of mature trees in all areas onsidered optimal,
with immature trees or saplings notecorded asdetrimental. Above 10% cover is recorded
as unsuitable habitat.

Model Relationships

Suitability Irdex (SI) graphs for habitat variables are presented heie figure A3. The
suitability index (Sl) is read directly from the graph, with 1.0 equalling perfectly suitable

habitat and 0.0 indicating unsuitable habitat.
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Figure IV.6Habitat Suitability Gaphs for theDartford warblerSylvia undata
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TablelV.3 Attributes making up the Habitat Suitability Index for the Dartford Warb®ylvia undata

Variable Source

Assumption

Ericaceous Bibby; 1979a;

Cover 1979b; Catchpole &
Phillips, 1992; Van
den Berget al., 2001,
Murisonet al., 2007

Ulex spp. Bibby; 1979a;

Cover 1979b; Van den Berg
et al., 2001; Murison
et al., 2007

Average Bibby; 1979a;

Vegetation 1979b; Westerhoff &

Height Tubbs, 1991;

Catchpole & Phillips,
1992; Murison et al.,
2007

Bare Ground Van den Berget al.,
2001

Tree Cover Van den Beg et al.,
2001

Species is almost exclusive to heathland habitats in the UK. >40%
cover Optimal as heather cover is an important nesting and feeding

source. Areas without Ericaceous cover are unsuitable.

The primary feeding area for Dartford Warblers. D% cover is
optimal, but large stands without heather are poor habitat. Territories
are sometimes documented without gorse, so areas without goraee

sub-optimal habitat rather than unsuitable.

Areas of short heather <200mm are unsuitable. 350mm1m cover is
optimal. Above 2nthe habitat is unsuitable for foraging.

Small patches of bare ground are useful for foraging-E% optimum,
no cover is suboptimal but above 25% is unsuitable because of

excessive exposure.

Isolated, <5% cover of mature trees in all areas is optimal. Immature

trees or saplings are not detrimental
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Appendix VO Supplementary Information and statistics
for Chapter 4

Spearmand6s Correlation, Tukey HSD results an
variance assumption) are provided in the digital supplement to this thesis (Chapter 4
supplementary materials)

V. 1 MDS Output

35
I

Mon-metric fit, R? =0.947

Linear fit, R =0.753 o

Ordination Distance
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I I I
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Figure V.1Shepard diagram showing the output from MDS analysis. Stress = 0.23
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Table V.1Adonis output for MDS analysis

Test Df R2 p
Restoration
Stage 5 1.6506 0.13257 0.004995
Residuals 55 0.86743
V.2 CCA Output
Table V.2Partitioning of mean squared contingency
coefficient:
Inertia Proportion

Total 1.6535 1.0000
Constrained 0.2473 0.1496
Unconstrained 1.4062 0.8504
TableV.3 Eigenvalues and canonical coefficients of explanatory variablfor CCA axes.
Axis CCA1l CCA?2 CCA3 CCA4 CCAS
Eigenvalue 0.1148 0.05812 0.02909 0.02556 0.01972
Proportion explained 0.4642 0.23503 0.11764 0.10335 0.07976
Cumulative proportion 0.4642 0.69925 0.81689 0.92024 1
Correlation Coefficient
Surface Water 0.72942 0.73094 0.64649 -2.2888 5.60756
Trampling 0.906627 -4.29151 1.22579 2.30944 0.0961
% Browsed 2.788257 2.28774 2.69912 0.31961 1.96285
Soil Moisture -1.112154 -1.05159 -3.7279 -3.3458 -1.5638
Total N 0.726004 -1.07666 0.07307 5.18804 3.17206
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Table V.4Multicollinearity test for CCA explanatory variables

using Variance Inflation Factors (VIF)

Variable

VIF
Surface Water 1.38176
Trampling 1.549047
% Browsed 1.59636
Soil Moisture 1.937635
Total N 1.913708

VIF > 10 & unsuitable
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Appendix VB Supplementary Information and Statistics
for Chapter V.

VI. 1 M21 Vegetation Community

As described in Rodwell (1991), typical valley mires consistazonation, with a M6 central
community progressing to M29 and M21a, with surrounding land often M16 or other
heathland types. The M21 community are typical vegetation for lowland valley mires. This
habitat type represents the most frequently found vegetian in New Forest valley mires,
and as one of the reasons for European protection under the Habitats Directive, is the focus
of the condition work here. M21 habitats consist of carpets &phagnawith some
herbaceous and shrubby plants, forming lawns, drin wetter areas, hummocks and
hollows. Usuallys. papillosumis dominant, but other species are frequent, wits.
magellanicumoften found in the New Forest. Relatively few other species of moss are
present. Eriophorum angustifoliumis almost constant as withNarthecium ossifragum
Molinia caeruleais common but sparse in wetter areas. In some communities of this
vegetation type Rhynchospora albas very frequent. The ericaceous specigzalluna
vulgarisand Erica tetralixare often present but usally small and patchy.Drosera
particularly D. rotundifolia is very common, withPolygalaand Potentillaoccassional.

Myrica galehas been noted to be frequent in some subommunities that are present in the

New Forest.

Soils found under M21 should bgermanently waterlogged, acidic and peaty. The habitat
is typical for valley mires with a high water table. The peat is usually not very deep (20
150cm). The high water table provides protection from the grazing and burning practices
found in heathlandthat surrounds this community, as both of these management activities
cause severe damage and do not play any role in maintaining the habitat. Drainage of land
supporting this community is particularly damaging, as it removes protection from these
land practices provided by the high water table and opens the habitat to further
colonisation byMolinia and in turn other woody and shrubby species (this may be the
natural succession of these communities but is greatly accelerated by drainage). Wetness
of soiland poor nutrients are considered to limit the growth and abundance Bfolinia,

which is nethertheless found with high frequency. In addition, modern stands of this

community are often highly fragmented.

JNCC guidelines note that shift from one habitatpe to another occurs, and is often
considered unfavourable, in particular the shift from M21 to M25. This community includes
a wide variation of vegetation and habitat, which features an overwhelmingly abundant

extent of Molinia. This habitat is foundrequently in southern British lowlands. It is also
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relatively common among other community types which it is known to colonise. Increase in
this community is often related to particular changes or circumstances in local areas, and is
almost always delegrious for species richness.Juncussp., especiallyd. acutiflorusand J.
effusus, are frequent, except for especially acidic soils whede effususis absent (Rodwell,
1991).

VI. 2 References

Rodwell, J.S., 1991. Editor. British Plant Communities, Mome 2: Mires and Heaths
Cambridge University Press, Cambridge.

JNCC, 2004. Common Standards Monitoring Guidance for Lowland Wetland Habitats.
Issue date February 2004. Joint Nature Conservation Committee, Peterborough.

VI.3 Statistics

Table VI.1Tukey HSD output foZ. viviparaHSI

diff Iwr upr p.adj
HLSDegraded -0.16583 0.35185 0.020179 0.106557
2006-9-Degraded -0.05833 0.24435 0.127679 0.93792
Life 3-Degraded 0.079833 0.10618 0.265846 0.800794
Life 2-Degraded 0.0675 0.11851 0.253512 0.89025
FavourableDegraded -0.0015 -0.18751 0.184512 1
2006-9-HLS 0.1075 0.07851 0.293512 0.533017
Life 3-HLS 0.245667 0.059654 0.431679 0.00346
Life 2-HLS 0.233333 0.047321 0.419346 0.006282
FavourableHLS 0.164333 -0.02168 0.350346 0.112316
Life 3-2006-9 0.138167 0.04785 0.324179 0.257218
Life 2-2006-9 0.125833 -0.06018 0.311846 0.356583
Favourable2006 -9 0.056833 0.12918 0.242846 0.944158
Life 2-Life 3 0.01233 -0.19835 0.173679 0.999958
FavourableLife 3 -0.08133 0.26735 0.104679 0.788143
FavourableL.ife 2 0.069 -0.25501 0.117012 0.880875

Table VI.2Levene's Test output for Mire CSM attributes

variable Df F p
Bare Ground 5 2.8973 0.02176
Trees / Shrubs 5 0.5538 0.7347
M21 Sphagnum A 5 2.0795 0.08213
M21 Sphagnum B 5 0.8 0.5546
M21 Associated Species 5 1.0009 0.4261
M21 Negative Species A 5 1.8956 0.1103
M21 Negative Species B 5 1.7509 0.1388
Total Score 5 0.413 0.8377
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Table VI.3Levene's Test for HSI scores

variable Df F p
Z. vivipara 5 0.92 0.4752
S. grossum 5 0.6183 0.6864
N. arquata 5 0.5153 0.7635
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Appendix M 0 Habitat Suitability Indicedfor Mire
Habitats

VIl.1Viviparous lizardZootoca vivipara

Figure VIl.1Viviparous LizardZootoca Wvipara. Photograph by Ben Mitchell,

creative commons attribution.

General Characteristics

The viviparous lizarootoca viviparaformerlyLacerta viviparg is a widespread, ground
dwelling species, found across much of northern Europe and Asia (Agasgtal., 2010).
Scattered populations in Britain and Ireland are found in a variety of habitats, including wet
and dry heathland, moorland and most types of grassland (Edgaral., 2010). A favoured
habitat of this species is peat bogs and humid heathhds (PefalvetAlcazaret al., 2016;
Lorenzonet al., 1999; Pilorge, 1987) and they are frequently encountered in New Forest
mires (pers. obs.). In the northern part of its range the species is viviparous, giving birth to
between three to 11 young, whereain the southern areas, including Spain, southern
France and lItaly, it is oviparous, laying one to 13 eggs (Agasgal.,2010). Usually one
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clutch is produced annually in British populations (Avery, 1975). Itis considered to be an
indicator for othe reptiles (JNCC, 2010a), for which it is a frequent prey species (Reading &
Jofré, 2013), and it is also a food source for raptors (Steast al., 2011). Although listed as
Least Concern by the IUCN, its global population is declining and some regiontihetkons
have occurred (Agasyaet al., 2010). The UK sukpopulation is also declining, especially in
southern and southeastern England (JNCC, 2010a). It is protected here under the Wildlife
and Countryside Act, 1981 and as a Biodiversity Action Plgpegies (JNCC, 2010a).

General Habitat Requirements

Pilorge (1987) found that high global vegetation cover, vegetation height up to 30cm, high
proportions of dwarf shrubs, south facing exposure, high soil humidity, and possibly
increased depth of the eath layer were associated with increased densities of lizard
populations and these findings are supported by recent studies (Reading and Jofré, 2016).
Other reports indicate that the highest densities tend to be found in damp or wet areas,
especially whereabundant grass tussocks are present to provide food, shelter, basking and
hibernation sites (Edgaket al., 2010). Exposure to sunlight, structural diversity and
adequate cover, are considered essential requirements (Edgaral., 2010). Studies
examining the association ofZ. viviparawith vegetation species found correlations with
Molinia caeruleg Erica tetralix Ulex minorand a variety of grass species (Dent &
Spellerberg, 1987; Reading and Jofré, 2016).

Food and Foraging Habitat

Zootoca viviparas almost entirely insectivorous, with an unspecialised diet (Avery, 1966),
typically following a searching foraging strategy (Avery, 1962). Heathland and bog habitats
are believed to be preferentially chosen by this species because of the high density of
invertebrates for feeding (Farrert al.,2010). Vegetation structure is also believed to be

an important contributor to prey availability (Brady & Phillips, 2006), with heterogeneous
height and structure of the local habitat considered to indicate good cdition (Edgaret al.,
2010). Abundant grass tussocks are also thought to provide good habitat for feeding, in
addition to other requirements (Edgaet al., 2010). Lizards will not feed when their body
temperature is low, so temperature requirements are s especially important in relatively
cold areas such as Britain (Avery, 1971; these requirements are discussed further in the

special considerations section).
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Reproduction and Nesting Habitat

Female lizards require a sheltered, humid microhabitat towvg birth Edgaret al., 2010),

and newborn lizards have been recorded imosaics ofMolinia caerulea, Calluna vulgaris
and scatteredUlexspp bushes (Jofré & Reading, 2012). Breeding has also been
documented in afforested areas where the ground cover csisted almost completely oM.
caerulea(Jofré & Reading, 2012). Gravid females have reduced mobility, because of the
increased gestation time owing to the viviparous lifestyle, so increased shelter
requirements are important to avoid predation (Bauwens &oen, 1981). These
requirements likely include a high vegetation height, such as that recorded by Reading and
Jofré (2016), Stumpel and Ven der Werf (2012) and Pilorge (1987), in addition to an
extensive and humid ground cover layer (Pilorge, 1987; Réag and Jofré, 2016).

Interspersion

Zviviparad i spersal distances are small at | ess tF
and unsuitable habitat is considered to provide an effective barrier, making the species

particularly vulnerable to population fragientation (Boudjemadi, Lecomte and Clobert,

1999; Farrenet al., 2010). Therefore, habitat structure is important on relatively small

scales. Humid habitats with ample cover are optimal for dispersal (Zajitschetkal., 2012).

Special Considerations

Spedal considerations include basking areas, sheltering and hibernation requirements, low
levels of disturbance and high humidity. Basking areas are generally considered to be
necessary (Brady & Phillips, 2006), but areas of bare ground are not required besa the
lizards utilise vertical vegetation structure, such as grass tussocks (Edgarl., 2010) and
have lower temperature requirements than other lacertids (Dent & Spellerberg, 1987). In
some areas, lizards avoid bare ground patches, but this is notansistent finding
(PenalverAlcazaret al., 2016). Z. viviparaavoids structurally uniform vegetation, whether
closed or open (Edgaet al., 2010). Heterogeneous structure in heath and bog habitats
provides lizards with suitable shade and shelter, andised areas of peat, litter and moss
provide burrowrich matrix for shelter and hibernation, while also providing suitable areas
for basking (Farreret al., 2010). Lizards are particularly reliant on shelter and burrows,
which offer protection against coldvet weather, because of the climatic conditions of its
range (Pilorge, 1987; Farren et al., 2010). Sheltering habitat is also important to avoid
predation (Bauwens & Thoen, 1981). Strong associations have been found with leaf litter

cover and moss covefReading and Jofré, 2016).
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Hibernation can take place in a wide range of places but is not always underground, so
lizards are vulnerable to winter disturbance to this habitat (Brady & Phillips, 2006). Studies
of grazed areas show that populations were-8 times higher in ungrazed areas compared

to grazed areas (Strijbosch, 2002; Wallis de Vries et al., 2013; Reading & Jofré, 2016), and
this may be attributable to direct disturbance in addition to poor structural diversity in
heavily grazed habitats. Rejles are often restricted to small patches of vegetation types
that may be preferentially grazed, making them particularly vulnerable (Edgaal., 2010).

Z. viviparais often associated with high soil humidity and water requirements are known to
affect growth rates even when adequate prey and heat are present (Lorenziral., 1999),
and some European populations have also been recorded in association with humid or wet
habitats (CovacidMarkov et al., 2008). Therefore, some measurement of habitat hunitig

is likely necessary to indicate preferred habitat. In bog habitats, this requirement is likely to
be met in most conditions, unless drying has been severeZ. viviparawas associated with
sites which had a predominance oE. tetralix one species vith high humidity requirements,
but also includingM. caerulea(Dent & Spellerberg, 1987; Reading & Jofré, 2016).

Model Applicability

This model is geographically limited to the south of England, and is specific to heathland
and mire habitats in Dorset ad Hampshire. The model is most effective when applied to
areas of 23ha to assess features in an appropriate scale for the range for individual
lizards. The model has not been verified in practice, but serves as a tool to compare

differences in the habiat score with CSM scores.
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Model Description

This model is based on several habitat requirements @botoca viviparaincluding feeding
requirements, nesting requirements and those for hibernation and shelter. Important
contributions to habitatsuitability include conditions suitable for behavioural
thermoregulation, reproduction, support of prey species and for shelter or protection from
predators and unfavourable weather conditions (Dent & Spellerberg, 1987). The final
output score of the models the sum of the constituent habitat variable scores, giving an
overall account of suitability.

V1. Vegetation Height Together with structural variability this measurement forms a
measure of heterogeneity in the habitat, which is required for feedinggsting and
temperature requirements. High densities of the species have been found in heather that
was 25-35cm tall in studies by Reading & Jofré (2016), and with vegetation heights of-30
35cm by Pilorge (1987). Vegetation heights greater than this haaéso been found to be
suitable (Stumpel and Ven der Werf, 2012). Very low vegetation typically results in lower
densities of lizards and reduces dispersal ability in the habitat (Zajitschekal., 2012).
Vegetation height above 35cm is therefore consgded to be optimum habitat, while
measurements below 20cm indicative of grazing or other disturbances and considered

unsuitable.

V2. Structural Variability An additional measure of variability, which is very important for
this species. Measurements e calculated by subtracting the minimum vegetation height
from the maximum vegetation height recorded at each plot. Plot scales are used because
this is the scale most likely to affect the species. Measurements below 20cm are
considered unsuitable withimited variation in vegetation height, but above 30 cm is
considered suitable. This is a relatively narrow band because measurements below 20cm
are a relatively high variation to consider homogenous, but reflects appropriate differences
when compared to otal vegetation height.

V3. Molinia cover.Cover ofMolinia caeruleahas been shown to be associated with
population density in several studies afootoca vivipara(Dent & Spellerberg, 1987; Edgaet
al., 2010; Stumpel and Ven der Werf, 2012; Reading a@nJofré, 2016). It is included as a
measure of suitability because of this association and because it affects feeding, shelter
and dispersal requirements for the species. Cover greater than 20% is considered to be
suitable, as at this level of abundancéussocks of vegetation can form. There is no

maximum cover value because this habitat is well utilised by the species.
269



V4. Presence of E. tetralixE. tetralixis considered to be a good indicator of humid
conditions as it is associated with wet habita (Bannister, 1966), and could be used as a
proxy for humidity measurements. An alternative is to uSphagnum,but this species will
not necessarily be found in all suitable habitat, ang. tetralixhas also been recorded in
association with high densies of lizard populations (Dent & Spellerberg, 1987). As the
only purpose of this measurement is as an indicator, frequency of occurrence is used as

the measurement, with >10% frequency considered to indicate appropriate humidity.

V5. Ground Layer Combned cover of Moss, Lichen and Leaf litter is important for nesting
and sheltering during cold periods. High densities have been associated with litter cover
(Reading & Jofré, 2016) and moss and lichen provide humid microclimates for reptiles
(Edgaret al., 2010; Pilorge, 1987). Areas above 15% cover are considered suitable, with
cover above 15% optimum, but not at the expense of shrub or grass canopy cover.

V6. Grazing Indications Disturbance is likely to affect habitat structure in addition to the
direct effects of disturbance on lizard populations. As several studies have found
deleterious effects of grazing on lizard population®éading & Jofré, 2012; Stumpel and Ven

der Werf, 2012; Reading & Jofré, 2016)the optimum measure is 0% of the habitaecorded

as grazed. Light grazing may be less detrimental than heavy grazing, so up to 10% cover is

considered partly suitable, with measures in excess of 10% unsuitable for lizards.
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Table VII.1Attributes making up the Habitat Suitabilityndex for the viviparous lizar&ootoca

vivipara
Variable Source Assumption
Vegetation Pilorge, 1987; Zajitscheket al,  Cover must be at least of medium height, with
Height 2012; Jofré & Reading, 2012;  above 350 mm optimal. Elow 200mm is too
Reading and Jofré, 2016 short to provide adequate cover and may be
indicative of disturbance.
Vegetation Brady & Phillips, 2006; Edgar et Variability below 200mm is considered unsuitable
Height al., 2010; Jofré & Reading, with limited variatin in vegetation height, but
Variability 2012 above 300mm is considered optimum, with
significant difference in vegetation height.
Molinia Dent & Spellerberg, 1987; Greater than >20% cover ad tussock formation
cover Edgar et al., 2010; Stumpel and are suitable habitat types. Absence d¥loliniais
Ven der Werf, 2012; Reading considered unsuitable because of strong
and Jofré, 2016 associations between this grass type and.
vivipara
Presence Pilorge, 1987; Dent & >10% frequency considered to indicate
of E. Spellerberg, 1987; lorenzonet  appropriate humidity.
tetralix al., 1999; CovaciuMarkov et
(indicator al., 2008; PenalverAlcazaret
of al., 2016
humidity)
Ground Pilorge, 1987; Reading and Combined cover of Moss, Lichen and Leaf litter is
Layer Jofré, 2016 important for nesting and sheltering during cold
periods. >15% optimal, but not at the expense of
shrub or grass canopy cover
Grazing Reading & Jofré, 2012; Stumpel Disturbance likely to affect habitat in addition to
Indication  and Ven der Werf, 2012 direct effectsof grazing on habitat structure.

Above 10% of plots cover grazed is unsuitable
with an optimum of O.
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Model Relationships

Suitability Index (SI) graphs for habitat variables are presented in Fig X, below. The
suitability index (SI) is read dirdty from the graph, with 1.0 equalling perfectly suitable
habitat and 0.0 indicating unsuitable habitat.
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Figure VII.2Habitat Suitability Graphs for the Viviparous liza#botoca vivipara
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Vil.2Large Marsh GrasshoppeBtethophyma grossum

Figure VIl.3Large Marsh GrasshoppebBtethophyma grossumused under creative commons
attribution.

General Characteristics

The Large marsh grasshoppeBtethophyma grossuni s Br i t ai nds | argest
(Haes & Harding, 1997), and globally is distnitbed throughout Europe and Siberia (Kellext
al., 2013; Keller et al., 2012). It is believed to be entirely restricted to restricted to wetland
habitat, and is often used as an indicator species for extensively managed wetlands in
Europe (Kelleret al., 2012). In GermanyS. grossumis ranked as an endangered species
and is considered susceptible to extinction because of largeale drainage and

fragmentation of wetland habitats, with similar situations described in other European
countries (Bonsel & Sonack, 2011). Although the UK population is unlikely to represent a
substantial proportion of the global population, edge of range characteristics may enhance
their value in the wider conservation of the species and it may serve as a charismatic
species forwetland habitats (BAP).S. grossumshows a longterm trend of decline in the

UK, with an 85% decline in abundance observed from 197204 (JNCC, 2010b;
Beckmannet al., 2015). The species is now locally extinct in the Thames Valley, East
Anglia, Surreyand Somerset, the UK population now confined to the New Forest and Dorset
(JNCC, 2010b). Itis protected under the Wildlife and Countryside Act, 1981 and is a UK
Biodiversity Action Plan species.
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Currently the species is restricted to acid bogs with grassssocks on lowland heath in
Britain, though it formerly occurred more widely (JNCC, 2010b). The New Forest is a
stronghold for this species which typically occurs in undisturbed bogs (Haes & Harding,
1997; Sutton, 2015). Populations appear to fluctuaterbm year to year, but it is not known
whether this is due to recording inconsistencies or to the natural fluctuations (Sutton,
2015). Decisive habitat characteristics are considered to be a continuously high
atmospheric humidity near the ground, seasonallwet soil and heterogeneous vertical
structure of the vegetation (Sonneck et al. 2008). Habitats in Europe are often wet
grassland over peat substrates (Bonsel & Sonneck, 2011), but the grasshopper is most
abundant in bogs (Sergeev, 2011). Although moveidespread in Europe, it is still
considered to be a moderate habitat specialist (Schoutest al., 2007).

Food and Foraging Habitat

In Western Europes. grossumhas a cosmopolitan diet, feeding on grasses of the genera
Alopecurus, Agrostis, Avena, BromuBrachypodium, Calamagrostis, Cynosurus, Holcus,
Poa, Lolium, Molinia, Phleum, Festuca, Dactylis, Elytrigia, Deschampsia, Phragmites,
Triticum, and Trisetumand also on sedges and rushes (Savitysky, 2010). In Estonia and
Russiads Vol ga appeagitospecidise en sadges, espexially. panicea, C.
nigra, and C. lasiocarpa but captive individuals also consumed grasses and herbaceous
plants (Savitysky, 2010).

Reproduction and Nesting Habitat

The reproduction ofS. grossumdetermines much ofits habitat requirements. Soil moisture
changes between autumn and spring are particularly important (Marzelli, 1997). Larvae
hatch where the soil has a high moisture content during the egg development stage (often
accompanied by temporary flooding or vtar saturated soil), but after hatching wet soil
conditions have negative consequences for the development of nymphs (Marzelli, 1997).
This means that heterogeneous habitat conditions are advantageous for the grasshopper,
and temporary flooded sites aredeal habitat in contrast to permanent flooding (Marzelli,
1997). The nymphs usually occupy the same habitat as the adults once they have hatched
(Bonsel & Sonneck, 2011)

Interspersion

The few investigations of movement &. grossumhave suggested a lovdispersal

behaviour with covered distances of 250 m on average and of 1,500 m at most (Bonsel &
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Sonneck, 2011). Knowledge on its dispersal habitat and potential is scarce, but compared

with other grasshoppersS. grossumi s a good Vyier with observed
41 m (Kelleret al. 2013). S. grossummainly uses its reproductive habitat as its preferred

di spersal habitat, SO movement i s enhanced b
reproductive habitat, b preserve existing populations and to enhance or-establish

dispersal (Kelleret al., 2013)

Special Considerations

Forest habitat often causes fragmentation 0. grossund s habi tats (B°nsel
2011), but at low abundance tree and scrub specieare unlikely to have much effect on
habitat suitability.

Model Applicability

This model is geographically limited to the south of England, and is specific to wetland
habitats in Dorset and Hampshire. The model should be applied to areas e8l#a to

assess features in an appropriate scale for the range for individual grasshoppers. The
model has not been verified in practice, but serves as a tool to compare differences in the
habitat score with CSM scores.

Model Description

This model is based on sevetdabitat requirements ofStethophyma grossum The final
output score of the model is the sum of the constituent habitat variable scores, giving an
overall account of suitability. Scoring for individual habitat variables is described below,

and Table X Bows the assumptions and literature sources for these variables.

V1. Graminoid Cover This measure records the availability of food sources for the
grasshopper. Because of its cosmopolitan diet (Savitysky, 2010), total graminoid cover is
used. Below 20% cover is considered unsuitable because grasses may have patchy
distribution at these cover scores, but over 30% is considered optimum because at this

cover graminoids become a significant part of the vegetation community.

V2. Vegetation Height Variabilit Heterogenous habitat structure is ideal for the
grasshopper.At least 300mm of variation is considered necessary in order to have
adequate structural diversity, as vegetation height can appear somewhat homogenous at

lower measures.
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V3. % Cover of Surfee Water The cover of surface water is used to indicate appropriate
humidity for the grasshopper. 180% cover is considered optimum across the plots, but at
more than 50% plots are too wet (and therefore unsuitable), affecting survivability of

nymphs.

V4. Sphagnum coverSphagnum is used as a further indicator for soil humidity here, in
addition to its own association witts. grossumin UK habitats. More than 50% occurance
is considered optimum, indicating bog habitat is widespread.

TableVIl.2Attributes making up the Habitat Suitability Index for the Large Marsh
GrasshopperStethophyma grossum

Variable Source Assumption

Graminoid Sutton, 2015; Bonsel Food source and habitat indicator. Below 20%

Cover & Sonneck, 2011 cover is unsuitable, but oveB0% optimum

Vegetation Sonneck et al., 2008; At least 30mm in variation in order to have
Height Bonsel & Sonneck,  adequate structural diversity for the survival of
Variability 2011 grasshoppers.

% Cover of Sonneck et al., 2008; 15-30% optimum for nesting, >50% unsuitable for

Surface Bonsel & Smneck, larval growth. Measured at the plot scale.

Water 2011

Sphagnum Marzelli, 1997; Sphagnum is used both as an indicator for soil

Cover Sonnecket al., 2008; humidity and as a positive habitat assciation by
Sutton, 2015 itself. More than 50% occurance is optimum.
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Model Relationships

Suitability Index (SI) graphs for habitat variables are presented below in Fig X. The
suitability index (SI) is read directly from the graph, with 1.0 equalling perfectiytable
habitat and 0.0 indicating unsuitable habitat.
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FigVIl.4Habitat Suitability Graphs for thé.arge Marsh Grasshoppestethophyma grossum.
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VIl.3Eurasian CurlewNumenius arquarta

Figure VIL.5 Eurasian CurlewNumenius arquarta Photographby Tony Sutton, used under creative
commons attribution.

General Characteristics

Eurasian CurlewsNumenius arquarta( subsequently refaedarged t o as O6Cur
distinctive wading birds, and are widespread across temperate areas of Europe and Asia.

The species was previously common but is now severely declining in several populations,

including Ireland (O8Connel | ,etaR,Q012).)Becaused t he Uni t e
of these declines, it is listed as Near Threatened under IUCN criteria (Bifel International

2013). The breeding curlew population in the UK is of international importance, possibly

representing as much as 39% of the estimated European population (Gratil., 1999),

and the species is protected under the EC Birds Directive 19 and the Wildlife and

Countryside Act, 1981; it is also a UK Biodiversity Action Plan species. Threats to the

species are because of agricultural intensification and drainage (del Haogtoal., 1996),

although Asian populations have experienced declin@gere farmland has been

abandoned because of subsequent increases in vegetation height (Johnsgard 1981).
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Curlews are migratory (del Hoyet al., 1996), and in the UK move from feeding in coastal
areas in winter to inland breeding areas during summer monthg herefore, specific habitat
requirements are distinct at different times. Curlews require a mosaic of nesting and wet
feeding habitat in preferred territories, and high breeding densities occur on moorland
wetland complexes (Hendersoet al., 1999). The New Forest is an important breeding
area (Tubbs & Tubbs, 1996), and high densities have been recorded in bogs and-ineg
heath mosaics, with only low numbers found on dry heath (Tubbs & Tubbs, 1996). Summer
abundances in Ireland have been strongly assiated with peatlands with a high density of
vegetation cover, with a preference for wet conditions and areas with low and sparse
grassodwarf shrub vegetation (Brackert al., 2008). Dallimeret al. (2012) found that
intensive grass, vegetated boundarieand wet features affected Curlew density on
farmland and moorland habitat.

Food and Foraging Habitat

During the breeding season, curlews principally consura@nelid worms and terrestrial
insects (del Hoyo et al. 1996although spiders (Johnsgard 1981), beies and seeds, as

well as occasionally small fish, amphibians, lizards, young birds and small rodesits also
taken (del Hoyo et al. 1996).Thelong curved billis typically usedto probe for food in soft
soilsand sediments (O6 C o n n e ). he praifioh df damp ground within their territory,
where invertebrate prey are both abundant and accessibles particularly importantBerg,
1992 a), with stronger habitat preferences shown early in the breeding season compared to
later (Berg, 1992b). Hendersoret al. (2002) found that most occupied areasontained

areas of standing waterbut unoccupied areas did nat

Reproduction and Nesting Habitat

Breeding Curlew are typically associated with bogs and heather moorland (Hendemsoal.,

2002), but on a moe local scale bids nest in a shallow depression on the ground or on a

mound, either in the open or in the cover of grass or sedge (del Hoyo et al. 198&dlife

International, 2013). Inbog habitats grass tussocks are often selected O6 Connel | , 2
Bog habitat is particularly useful in comparison to dry grasslands, with higher densities of

young in these areasBerg 1992a). For young birds, studies sometimes findw or sparse

vegetation structure to be important requirementssince chicks are ofta found were they

can easily walk and find preyBerg, 1992b) Associations with wet conditions were also

found by Stillman and Brown1(993), who also note a preference for tall ericaceous

speci es. Al t hough t his ¢ ordiegabssshoy assdaciatibnsBer g o

between curlews andall vegetation within their territories which mayprovide shelter for
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young chicks Yalkamaet al., 1998). Such differences reflect the need for structural
diversity in the habitat at scales within territty sizes, and studies which include
measurements of this characteristic have shown that curlews prefer heterogeneous areas
(PearceHiggins & Grant, 2006).

Interspersion

Because curlews are a migratory species, they arayhly capable of dispersal Few
characteristics will negatively affect interspersion on territosized indices. Curlew

territories are relatively large, although Tubbs and Tubbs (1996) recorded five (successfully)
breeding pairs in a small thrednectare bog. Berg (1992a) suggests thattritory size is
dependent on habitat quality.

Model Applicability

This model is geographically limited to the south of England, and is specific to heathland
and mire habitats in Dorset and Hampshire. The model should be applied toeatively

large scde (at a minimum, plot scale}o assess features in an appropriate scale for the
range for individual birds. The model has not been verified in practice, but serves as a tool
to compare differences in the habitat score with CSM scores.
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Model Description

V1. Graminoid CoverAn important measureas high grass cover preferregRobson, 1998;
PearceHi ggens and Gr ant , ;Dalintke6tal, DG2L cGragsdwarf, 2011
shrub vegetationis also associated(Brackenet al., 2008). 0-30% corsidered suitable, with

cover >50%considereddetrimental because of the bss of otherassociatedspecies

V2. Tall Heather CoveAssociated with heathecover and heathlandmire matrices (Tllman
& Brown, 1994; Hendersoret al. 2002; PearceHiggens and Gant, 2006). Greater than
30% coverconsideredsuitable.

V3. Presence of WaterThis measure siowsthe provision of damp ground within their
territory, where invertebrate prey are both abundant and accessible-18 % optimum,as
this indicate enough wet geas to feed. Aeas greater than 50% lack suitable nesting sites
and are too wet.

V4. Vegetation Height VariabilityStrong associations with bBterogenous vegetation ee an
important feature of nesting habitatCalladine et al., 2014; PearceHiggens andGrant,
2006), with a combination of dense vegetation to hide and open vegetation to feed. <200

mm heightis unsuitable, >300mm suitable, covering a range of vegetation heights.

V5. Average Vegetation Heigh€Curleware strongly associated with peatlandsvith high
horizontal density of vegetation covdBracken et al., 2008). Relatively flaareasare

neededto nestwhile denser areasare necessarnyto feed and raise juveniles Therefore
moderate height measurements areecessary (>256400mm optimum). >1000mm too

high and unsuitable.

V6. Sphagnum CovelStrong association with bogsparticularlyin the New Fores{Tubbs &
Tubbs, 1996) Sphagnumis alsoindicative of wet conditions for feeding. 2&0% optimum

cover, >75% suboptimal because other nestingaditions are affected
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Table VII.3Attributes making up the Habitat Suitability Index for the CurléNumenius

arquata
Variable Source Assumption
Graminoid Robson, 1998; Often associated (bunhot always) with high grass
Cover PearceHiggens cover; also nests in farmland. €0% considered
and Grant, 2006; suitable, with cover >50% detrimental because of loss
Od Connel | ofother species
Tall Stillman & Brown, Associatedwith heath cover and heathlandnire
heather 1994; Henderson environments. Greater than 30% cover suitable,
cover et al. 2002; indicating good cover.
PearceHiggens
and Grant, 2006
Presence  Hendersonetal.  Shows provision of damp ground within their territory,
of water 2002 where invertebrate prey are both abundant and
accessible. 510 % optimum, areas greater than 50%
lack suitable nesting sites and are too wet.
Vegetation Brackenet al., Heterogenous vegetation and important feature of
Height 2008; Pearce- nesting habita, with a combination of dense
Variability  Higgens and vegetation to hide and open vegetation to feed. <200
Grant, 2006; mm height is unsuitable, >300mm suitable.
O6Connel |l
Average Valkamaet al., Moderate requirements necessary (>25400mm
vegetation 1998 optimum) as relatively flat areas regjred to nest and
height denser areas to feed and raise juveniles. >1000mm
too high and unsuitable.
Sphagnum Tubbs & Tubbs, Strong association with bogs in the New Forest.
Cover 1996 Sphagnum indicative of wet conditions for feeding. 2(C

50% optimum cover, >7%6 suboptimal because other
nesting conditions are affected.
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Model Relationships

Suitability Index (SI) graphs for habitat variables are presented here. The suitability index
(SI) is read directly from the graph, with 1.0 equalling perfectly suitailabitat and 0.0
indicating unsuitable habitat.
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Hgure VIL6 Suitability graphs for habitat requirements of the CurlelWumenius arquata.
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Appendix VI1IB Selected Site Photographs

VIIl.1 Heathland Plots
VIII.1.1 Burnt Plots

FigureVillIHe at hl and pl ot ol bsl ey Commoné,

FigueVI.20 Fer ny Knappé, 1 year Burn.
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