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Preface

IPENS andheme Plans

Thel mprovement Programme f o(lPENSpupdorded loy Ewpeds &IFE+ fuading 0 0 O
is enabling Natural England, the Environment Agency, and other key partners to plan what, how, where and
when to target their efforts on Natura 2000 sites and the areas surrounding them. As part of the IPENS
programme, Site Improvemenilans (SIPs) and themed action plaase beerdeveloped. SIPs provide an
overview of the issues affecting features at site level and the actions required to address them. Theme plans
are highlevel planghat aim to improve the way in which we manage aga of key issues on the Natura 2000
site series as a whole. Theme plans provide an-awening direction, recommendationsr outline

approacheghat will helpachieve target conservation status of Natura 2000 sites in Englawgdcomplement

work alrea¢y underway on individual sites. T¢eplans do not have a legal status, and do not constitute a
systematic evidence review, but are based on evidence and expert opinionaifineyinform the action and
initiatives of Natural England and its partners to help achieve the objectives of Natura 2000.

It is anticipated that Natural Englaniiis stakeholdes and partnerswill all play a role in implementing the

theme plans. In developing teeplans Natural England has approached key partners and delivery bodies to
seektheir input and agreement on thieroles,though in some cases these discussions have not yet concluded.
Recommended actions and next steps identified in the plans are not neitgssanmitted or resourcegbut
intended toinform future resource decisions. Implementation of the theme plan recommendations will be via
local prioritised delivery plans and coordinated through the IPENS-IfeeSteering group, working with
nationaland local delivery partner organisations.

Audience
This document ishe HydrologicalFunctioningThemePan. It isaimed at practitioners and decision makers

dealing with the hydrology of Natura 2000 sites in Englamcluding staff in Natural Englarttie Environment
AgencyDefra Internal Drainage Boargandother stakeholders and partners

Scopeof thisthemeplan andits relation with other IPENSheme plans
Thisdocument is thehemeplan for hydrological functioning produced by the Improvement Programme for

Engl and20009¢s (tPENSHOject It focugs on the importance of hydrological restoration®AC
terrestrial wetlandsin achievng the objectivesof the HiropeanHabitats Directive. It provides andicationof
the scale ohydrological restoration neededummarisesomekeyissues, and recommendse development
of a strategic approach to improvbe hydrologicamanagement osites The documents structured as
follows:

A Overview of hydrological functioningsueson SAC terrestrial wetlandsection 2)

A\ Current approaches to hydrological restorati@ection 3)

Key issuesection 4)

Progressinga drategic approach tahe hydrological restoriion of SAC terrestrial wetlandsection 5)

> > > >

Benefits, piority actions and next stepsection 6& 7).

This theme plan foces on the hydrological restoration 8AQerrestrial wetland habitats (i.e. upland and
lowland bogs, fens, dungaet grasslandsvalley mires, wet woodland and wet heath#)ere specialised
biologicalcommunities rely on a narrow range of hydrological conditidins intended to build on existing
programmes and initiatives such asVater Level Management Plaf&/LPMs) Restoringsustainable
Abstraction(RSAand hydrological restoratioprojectsand actions

The theme plamimsto initiate the development ofa more holisticapproach tathe hydrological restoration of
SAQerrestrial wetlandslt does not focus othe hydrology of SPA bird habitateither does it detail the
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management ofiver and &ke habitas. However, tle hydrological functioning afpen freshwatehabitatsand
associated wetlands are inseparable ared toviewed inan integrated way. This integratias dealt with in
the plan, linking across to the theme plans on river restoraéind lake restorationThese, in turnljnk to
other theme planssuch as that on diffuse water pollution.

The suite of PENS theme plans focus on Natura 2000 sites imichgbut the approaches and principlibey
identify are generally applicable to other protected sitssich asSSSils.

Hydrological Functioning Theme Plan



Executiv&summary

Hydrological processes are central to the maintenance and restoration of Natura 2000 terrestrial wetlands
such as bogdens, wet heathswet grasslandand wet woodlandsThe English landscape has a long history of
anthropogenic interventiorin the hydrological functioning of (sefhnatural habitats througlntensive land
drainage water levelmanagementind abstractionThis hstoric modification is one of the main causes of
unfavourable conditiorof terrestrial wetlandn designated siteand significant conservation effort has gone
into addressing it

Most terrestrial wetlands in Natura 2000 are nawunfavourablerecoveringcondition,while a relatively
small percentagés still unfavourableno-change odeclining However, ehind ths encouraging headline lies
complex picture of outstanding actions that are still require@tsure recovery to faourableconditionand
achieve the full contribution of the Natura 2000 sites to the strategic objectives set out by the Habitats
Directive Thesestrategic issueare outlinedbelow.

Sitesmay beassessed as recovering where actitmsemedy their impats have been identified antheir
implementation has starteddowever, in many casdsrther actionis still required Sometimes these
outstandingactions are currently notfully funded, or their detais havenot yetbeenagreed with partnersThe
IPENSIite Improvement Plan§IPsjdentify these actions and priorgetheir implementationat a site level.
Many outstanding actions are not ne(for examplethey may already bembedded in Water Level
Management Plas), kut progresswith implementation carbe slow due ta range obarriers and constraints
for exampleassociated with existing langse interestsThe actions identified in SIPs need to be further
specified agreed with delivery partners and implementeddrder to achieve the target statusrfsites.

The target hydrological status farSAC terrestrial wetlangenerallyaims torestore ormaintainin favourable
conditionthe vegetationthat was present at théime ofthe site’ designatia (thoughfor the purposes of the
Habitats Directiveadditionalhabitat restorationandre-creationmay be requiredn some sites However,
historic nodifications to hydologicalfunctioningare not always recgnisedas an issugeven wherthey
impact on SAC wetland feature& factor in this can be a laockunderstanding of whatonstitutesfavourable
hydrologyat a site We need to improve our understanding @o-hydrological functioningf siteswhere
there are gapdn our knowledge andreviewlongterm hydrological targets for SAC wetlangkere neededn
order to promote a approachto restorationthat considers natural hydrological regimes and kbegn
sustainabiliy.

Hydrologicatestoration has sometimes takermechanistic, managed approach to achievingtiybat
hydrological conditia for specific vegetatiotypes Howeverwhile some habitatsand speciesan be
maintaired by artificially-managinghydrological conditionsother habitatsrely onmore natural processes to
governthe conditions that atiw them to be conserved in their fuvariety with all associated specidisis
increasingly recognised thail@ngterm sustainable approach needs to focusrestoring natural fdrological
processes where possibdad appropriate Thiscanreduce the need for hydrological management in
perpetuity (andits associated costs and risks) andikely toincrease resilience to climate changée drive
towardsmore naturallyfunctioning ecosystemsandto generate more sustainable ecologicalwetks ata
landscape scalés embedded in théawtonPrinciplesi n Nat u r alimat&chanyeadadtatisn
manual and inguidelines foiISSSselection There arehowever, differences between sites and habitat types
with regards to the potentialand desirability of restoring amore natural hydrology. The challenge is to
establish appropriate lorterm ambitiors for the hydrological restoration ahdividualterrestrial wetland
SACs.
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This theme plamrioritisesthe needto implementthe outstandirg actiongor SACterrestrial wetlands
identified in SIPsanddraws together the finding®f these plansit alsoacknowledgeshat alongterm
approach to achieving more natural hydrological functionglikely to be criticah reachingFavourable
Conservation Statug-CSjor some habitatsThe theme plan proposes to consider establishdugl
hydrological restoration strategigsomparable taiver restorationstrategies)or thoseterrestrial wetland
SACsvhere thefocusisonrestoring, as faas possiblenatural hydrologicalunctioning. Theelocal plans
would be establishewvith the involvement ofelevant partnersTheplans would analyse the potential
contribution of a siteto FC®ased on a good understanding of @atural ecehydrology aul setappropriate
hydrological targets taking accountiaimovablelocal constraintsA coordinated national programmeould
ensurethat the hydrological restoration of SAC terrestrial wetlamslglanned consistently across the network
usingtransparent evidencebased decision makinghis theme plarproposes thedevelopment of such a
programme starting with a limited number dfargetedhabitats across a limited number of sites, building on
work that is already underways a first step we wuld explorethe value of such a programme with relevant
delivery partnergparticularlythrough the Terrestrial Biodiversity Groapd the Major Landowners Group
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1.Bakground

Hydrological processes are central to the maintenance and restoratiterrestrial wetlandsdesignated as
Special Areas of Conservation (SAG=yestrial wetland habitats such as bogs, femst grasslandsjunes
and wet heathdravespecificneeds in terms ofroundwaterand surface wateavailability Changes to the
eco-hydrological functioningf wetlands(i.e. where water comes from, how it aves through the sitdts
guantity, chemistry and nutrient statg the nature of the substrate and vegetation presgcanlead to
changes invegetationcomposition,with consequeneffectson other speciethat depend on the habitat

The English landspa has a long history of anthropogenic interventiarthe hydrological functioningf

(semi) natural habitatghroughland drainagewater-levelmanagementand abstractionHume 2008) The
WetlandVisionfor England projegtdeveloped in partnershiwith Environment Agency, Natural Englaadd
NGOsarticulates how the remaining wetlanmésourcein Englands impoverished and fragmentedjth
dependentwildlife struggling to surviveAlmost all terrestrial wetland habitats are affected by a history of
hydrological modificatiomnd many actions for protected sitdhat have been taken to address these impacts
(Hume 2008, Maltby and other2011). The hydrologicafunctioning of Natura 2000 sites iften inextricably
linked to the hydrologicalegimeof the wider catchment andts legitimate interestsuch as flood protectign
agricultural landuseand infrastructure Thiscan makehe hydrologicakestorationof terrestrial wetland
systemsboth complexandexpensiveHydrological restoratioman however, contribute to longterm
sustinability, for examplewith regards toclimate change adaptation. It can alexluee other stressors in the
landscape such dabke impacts of air pollution, watepollution and habitat fragmentationLandscapescale
managementwith sufficiertly longterm objectivescanhelp integrate hydrological restoration with other
actions for biodiversity, ctiate change adaptation anehhancedecosystem services.

Restoring the hydrological functioning of Natura 2000 terreswigtlands will contribute to:
A Achieving Favourable Conservatidat8s (FCSfor habitats and species dfiternationalimportance.

Ve

A Meeting favourable condition targets f@SlIsinder the Wildlife and Countryside A&2%of SSSls
arealso Natura 2000 sig}.

A Meeting targets foidesignated sitegpriority habitats and species and for ecosystem restoration under
the England Biodiversity 2020 Strategy

A Meeting objectives for protectedreasand ecological status under the Water Framework Directive
A Meeting the aimsfor wetlands of international importancdesignated under the Ramsapiivention
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2. Overview of Natura 2000 network In
England

2.1 Hydrological restoration to date

Significant conservation effort Bgone intotacklinghistorichydrologicaimodifications on Natura 2000

terrestrial wetlandsover the past decaes in recognition thathisis one of the main causes offavourable

conditionof protectedsites.Water abstractios have ben (and continue to bgreviewed historic drains in

and aroundsitesare being blockedand new water-level management measures have been put in pl&ce

example

A Hood authorities working in conjunction with Natural England have implemented Water Level
Management Plan measures on 12075 of protectedsites, including.1,050 ka on Natura2000sites
aspartofNat ur al n#&iangllremedes psogramm@ata: Natural EnglandVLMP
programme, March 2015

A Active peatforming conditionshave been restoredn some previously ctdverand drained raised
bogs such as Fms, WhixallBettisfield, Wem and Cadnéfossess SAEiorton 2008,
A Reductions in groundwater abstractiotisrough the Restoring Susteble Abstraction programme

havesignificantlyreducedhydrologicakisksfor calcareous fen habitat, such tist at Sangey Fen
(partof Norfdk v al | ey F e n Blortéh& THelnethand Ferspart oBWaweney and Little
Ouse SAGA. Ramsey pers. com)

Theseand othermeasures, often as part ofiajorrestoration projets, have achieved significant
improvements irthe hydrologicatonditionof protected sitespreventing further deterioration and putting
them on the pathto recovery(see figure 1)

Fen, Marsh and Swamp - UpIar&

= Unfavourable - No change
Declining

1]

Fen, Marsh and Swamp - Lowlary

l
. Unfavourable - Recovering

Bogs - UpIandE m Favourable

Bogs - Lowlandz
] | | |

0 20 40 60 80 100

Figure 1.Condition of relevant Natura 2000 sités.ea of Natura 200@ites in favourable, unfavourable
recovering and unfavourable nchange or declining condition, summarised by relevant testrial wetland
broad habitat typesof underpinning SSSI uni{expressed as percentage of total area of each broad haibit
within 9 y 3t | Y RQ& shel).(DdzNNatunal Emgland, March 2015
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Figure 2Most frequent reasons for unfavourable conditiogs A G KAy 9y 3t yYRQA bl { dzNI
percentage of the total area of each broad habitat SSSI units underpinnirte Natura 2000 sitesThe
overview includes reasons why units are currently unfavourable nochange/declining and reasons why units
now recovering or favourable wre unfavourable. Unspecified reass for unfavourable condition were
excluded from this analysis.

2.2 The need to furtherestore the hydrologyf SAQGerrestrial wetlands

The overall aim of the Natura 2000 network is to enable Favourable Conservation Status (FCS) to be reached
for SAC habitats and species. Théconservation statuassessment (JNCC 2@1L3hows thathe European
terrestrial wetland habitatgonsidered in this theme plan (see tableaté largely unfavourablgboth in terms

of habitat area and habitat structure and functicdn unfavourable statutor habitat area means that habitat
re-creation is usually required; an unfavourable status for structure and function means that habitat
restoration is usually required.

These assessmerghould not be surprising given thdtd reason why some habitassd species arafforded
strong EU protection is that they have been deteriorating and are seriously threatsteetiNatura 2000

sites can therefore be seen as tlxest of whats left, rather than agxamples ofjood habitat (the area of
Natura 200Gsites in favourable condition ranges from 5% to 50% depending on the habitat, see figure 1)
Unfavourable conservation statugasreported when (amongst other criteria) more than 5% of a habitat is in
unfavourable condition (i.ainfavourabledeclining,unfavourableno changeunfavourablerecovering or
unfavourableunclassified INCC 2013c).

Sites have been classified as recovering where the need to takagire action was identified and
implementation has started. This can mean that, although wodkierway, there are outstanding actions
that have been identified and still need to be put in plaégure 1 shows that the majority of terrestrial
wetland habitat within Natura 2000 sites is considered to be in unfavounauevering condition. Figur2
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shows that hydrologyelated issues such as drainage, inappropriate water levels and ditch management are
among the most frequent reasons for unfavourable condition (alongside water pollution and scrub control in
the lowlands, and grazing and burninguiss in the uplands). This means that hydrological issues are still
relatively widespread across terrestrial wetlands in Natura 2000, even though steps are being taken across the
network to address themn England, many Natura 2000 sites with terrestriatlandsare therefore likely to

require further improvement of their hydrological functioning, rather than the maintenance of their current
status.

It should be noted thaUKconservation status assessmefIfNCC 2013aglate to habitat occurrences insd

and outside Natura 2000 siteend indicates the need for hydrological restoration inside the relevant SACs, in
the wider protected sites network (i.e. other SSSIs) and in the wider countrysiliiee with the strategic
objectives of the HabitatBirective, the strong role of Natura 2000 sitesaichieving FCS through hydrological
restoration wouldneed to beconsideed. These are also the places where any achieved improvement and
habitat creation is protected for the futur@here is a need to identithe potential contribution of Natura

2000 sites in achieving FCS, and what more is needed outside this network.

Table 1. List of SAC terrestrial wetland habitats considered in this theme plan.

Habitat name

H2170 Dunes with Salix repens sswgentea (Salicion arenariae)

H2190 Humid dune slacks

H4010 Northern Atlantic wet heaths with Erica tetralix

H4020 Temperate Atlantic wet heaths with Erica ciliaris and Erica tetralix

H6410 Molinia meadows on calcareous, peaty or clagéiladen so# (Molinion caeruleae)
H6510 Lowland hay meadows (Alopecurus pratensis, Sanguisorba officinalis)

H7110 Active raised bogs

H7120 Degraded raised bogs still capable of natural regeneration

H7130 Blanket Bogs

H7140 Transition mires and quaking bogs

H7150 Depressions on peat substrates of the Rhynchosporion

H7210 Calcareous fens with Cladium mariscus and species of the Caricion davallianae
H7220 Petrifying springs with tufa formation (Cratoneurion)

H7230 Alkaline fens

H91DO Bog woodland

H91EO Alluvial forests with Alnus glutinosa and Fraxinus excelsior {Rdmtion, Alnion incanae, Salicion albae)

TheSite Improvement Plar{SIPsyleveloped under the IPENS programraeord priority issues that are not
yet fully resolved with existing mechanispfisr example where further investigations are needed or where
funding for agreed actions is not yet secur@dhilst significant progress has been reported in SIPs with regard
to completedand ongoinghydrologicakestoration measures,standing lydrological functioningssues
havebeen reportedin 77 SIPsThe SIPs show thatsues related to the hydrological functioning of sites are
particularly prevalent for SA€rrestrial wetlandsandthat further action is requiredvithin the scope of

current programmes- andsometimes beyondsee table 2 TheSIPsecordthe priorities and new measures
for hydrological restoratiomeeded to achieve watedependent Natur&000objectives under the Water
Framework Directive.

Table 2summarises the issues and related actions in tfstBat are relevant to SAC terrestrial wetlands.

list of the SACs relevant to terrestnaétlands is included in Annex Bhestatusof Water Level Management
Plans(WLMPs)s also indicated in table. 2VLMPs typically operate in highly modified or artificial hydrological
systemssothis mechanisnof limited relevancedo the SAC terrestrial wetlands that rely on more natural
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hydrology.For most SAC terrestrial wetlanaseasures are being pursued through direct engagement with

landowners and managers as part of site management agreements.

Table 2 Qutstanding hydrological issues and actisreported for SAQerrestrial wetlands in SIPs

SAC terrestrial | Scaleof

wetland outstanding
hydrology
issues

Active and All 10 SAC

degraded

raised bogs

(H7110, H7120)

Blanket Bogs  9outof 10

(H7130) SACs

Depressions on All 7 SACs
peat substrate

(H7150)

Wet mires 13 out of 15
(H7140) SACs
Calcareous fens 6 out of 9
(H7210) SACs
Petrifying 3out of 7
springs (H7220) SACs
Alkaline fens 8out of 16
(H7230) SACs
Dune slacks 4 out of 13
(H2190) SACs

Main outstandinghydrologyissues

Presence ohistoricdrains in and
around siteswith restoration works
incomplete;low water tables, drying
out of the edge of bog systeman-
going effects of historic peat cutting
observed changes in hydrology tha
need investigationdependence on
hydrological connected land outsid
the site boundaries.

Presence of historic drairsnd
surface channelsn sites with
restoration works incomplete;
dependence on hydrological
connected land outside the site
boundaries.

Presence of historic drains in and
around sites vith restoration works
incomplete lack of ditch
maintenancewhichexacerbates
water pollution; threat of drought
through abstraction and climate
change.

Legacy of historic hydrology
changes, presence of draim and
around sites concerns about
groundwaterabstraction;lack of
knowledge of hydrological
functioning; increased
evapotranspiration

Inadequate vater level
managementpresence of historic
drainswith restoration work
incomplete. Winter floods with
nutrient rich water; abstractions;
lack of knowledge of hydrological
functioning.

Presence of istoric drainage
systems; abstraction; hydrological
changes due to caving

Presence ofistoric drairs with
restoration works incomplete;
inadequate water level
management; lack of knowledge of
hydrology; abstractions

Lack of knowledge of hydrology;
drainage; evapotranspiration;
concerns abouabstraction impacts

Hydrological Functioning Theme Plan

Main outstanding
actions

Raisewater tables;
further blockingof
drains securing
favourabk hydrology on
surrounding land;
recorsideration of SSSI
boundaries ceation of
marginal fen to support
bog hydrology.
Develop and implement
hydrologicakestoration
plans; further blocking
of drains;
reconsideration of SSSI
boundaries.

Investigate hydrological
functioning;
development of
hydrological restoration
plans;further blocking
of drains; scrub

removal installation of
water control

structures

Investigae hydrological
functioning reverse
historic drainage
impacts; develop and
implement
comprehensive
hydrologicarestoration
plansto re-naturalise
hydrological functioning
Review WLME fully
implement WLMP;
update operating
protocolsfor water
management
investigate hydrological
functioning; restore
natural hydrological
functioning
Hydrological
investigations; prevent
impact of @ving;
restore natural
hydrological functioning
Investigate hydrological
functioning reduce
abstraction; develop
hydrological restoration
plans; restore natural
hydrological functioning
improve water level
management
Investigate and restore
hydrological functioning

\WECTREVE
management Plan
status

8 of these 10 sites
hawe SSSis included
the currentWLMP
programme.

None of thelO sites
have SSSis included
in the current WLMP
programme.

1 of the7 sites has
SSSis included in the
current WLMP
programme

5 of thel5 sites have
SSSis included in the
current WLPM
programme

4 of the9 sites have
SSSis included in the
current WLMP
programme

None of the7 sites
have SSSis included
in the current WLMP
programme

3 of the16 sites have
SSSis in the current
WLMP programme

1 of thel3 have
SSSis in the current
WLMP programme



Purple moor 9out of 17
grassland SACs
(H6410)

Lowland Hay X out of 5
meadows SACs
(H6510)

Wet heath 12 out of 25
(H4010) SACs

Bog woodland 1 out of 4
(H91DO0) SACs
Alluvial 5out of 12
woodland SACs
(H91EO0)

Presence of historidrains with
restoration works incompletdand
drainage of adjoining farmland;
inappropriate water levels;
inappropriate ditch management;
flooding with nutrient rich water;
abstraction; lack of knowledge of
hydrology;

Maintenance of water control
structures; prolonged flooding;
WLMP out of date; suspected
impacts of abstraction

Presence ohistoric drairsin and
aroundsitesrestoration works
incomplete; lack of knowledge of
hydrology;increased
evapotranspiration; suspected
impact of abstractioninappropriate
ditch management;

Presence ohistoric drairs with
restoration work incomplete;

Presencef historic drainage with
restoration works incomplete;
inappropriate water level
management; lack of knowledge
hydrology; inappropriate ditch
management; abstraction

Hydrological Functioning Theme Plan

Investigatehydrological
functioning reduce
impacts of drainage;
grip blockim;

Investigate and restore
sustainable abstraction;

implement WLMP;

review WLMP; reinstate

appropriate ditch
management.
Developor update
WLMP;investigate

hydrological functioning;

monitor flooding;

investigate abstractions.

Develop hydrological
restoration pgans;

investigate hydrological

functioning reduce
impact of drainage;
implement programme
of blocking drains;
remove the buildup of
vegetation; implement
water level
management;
implement appropriate
ditch managemat

Develop and implement

a comprehensive

hydrological restoration

plan

Develop and implement

hydrologicakestoration

plans; implement water

level management;
investigate abstraction
impacts;

5 of thel7 have
SSSis in the current
WLMP programme

2 of the 5 have SSSI
in the current WLMP
programme.
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3. Current approaches

Arange of measuresan be usedo address hydrological issuea SAC terrestrial etlandsites. These involve
identifying reasons for unfavourable condition and seeking appropriate solutionse me di es’ or ' cC
t hr e at), veorkihg withredevant authorities, site owners, occupiers and other partners. Kehamisms

for proteded sitesincludeWater Level Management Plans (WLME® Restoringustainable Abstraction
(RSAprogramme, agrenvironment agreemers; and the funding of oneff restoration actions through LIFE,

the Water Framework Directiv®r privated NGO fundingAn overview of drivergelivery mechanismgools

and processes relevant the hydrological restoration of SAC terteal wetlands is included iAnnex 3 The

main approaches adopted to date are detailed below

3.1 Approach to addressing drainage

Signficant progress haeen madeo reduce or reverse the impact of drainagibere land is owned and
managed exclusively for nature conservat{for example National Nature Reserveandwherethe impacts

of mechanism®n surrounding landowners are limitebh these casethe comprehensive infilling and blocking
of drainshas allowed theestoration of hydrological regimée close to naturatonditions on some sites
(Dieck, pers. com. Much of this work has been paid for by external funding streams, suth~& + and
Heritage Lottery Funding, as well as Granfid moniesAgrienvironment schemes hawwsobeen used to
fund the Hocking of drains and raised water level schemes on privawetyed land On sites that rely othe
active management of watdevels to maintain featuregrogrammes such a&/ater Level Management
Plaminghaveprovided a key mechanis(seeparagraph 3.dbelow). More recentlylarge programmes of

drain blocking on blanket bog have been funded by water compavtiesbenefit from he water quality
improvementsthat result from the renaturalisationof hydrological factioning. However, addressing drainage
issues beyond site boundaries remairsgnificant challeng Delivery mechanisms outside protected sites are
more limited mainly relying on voluntary approachesndremoving drainagéo the extent neededs often
difficult to reconcilewith commercialand use.

3.2 Reducing the impacts of abstraction

Annex outlines the way that abstraction pressures are managed to amoidduce,asappropriate, impacts

on the environmentBetween 2000 and 201,@he Environment Agency reviewed & consents and licences
that could impact on Natura 2000 sites, in particular those that were granted prior to the implementation of
the Habitats Directive. The outcomes ofglproject known as the Review of Consents (RoC), continue to be
implemented viachanges to abstraction and discharge liceswgbere necessary, and have been incorporated
into Water Company Water Resource Management Plans (WRK&8t Management Plans (AMP)
Catchment Abstraction Management Strategies (CAMS) and the Restoring &ulstéibstraction (RSA)
programme.

Only a limited number oferrestrial wetlandNatura 2000 sitehaveoutstanding actions with regards to
abstraction(the issuds highlighted in 11SIP Onsome of thesesitesabstraction is only a suspectéureat,

for example associated with the potential impact of climate chaagethis needsfurther investigdion.
Anissue with the process for changiagstractionlicences has been the time it can take to complete
investigations, carry out options appraisals, gie¢ice of licence changesnd accrue adequate funds for
compensationHowever, gice July 2014 any abstraction causing serious damage to the environment is no
longer liable for compensatiofwWater Act 2003)The mststo water companies ishanging abs#ctions and

! Regulatory approaches through notice and consent or management schemes are not applicable to land outside
protected sites’ boundaries, although in principle Spec
applicable in certain circumahces.

Hydrological Functioning Theme Plan



dischargedave beerfactoredinto the Price Review (PR) process. Arotfeature of the Water Act 2003

the intention to bringsomeabstractions currently exempt from licenci{guch as quarry dewatering and
trickle irrigation)into the licencing regimen the near future Overall, these changes should help ensure that
remainingabstractionimpactscan be dealt withmore effectively.

3.3. Water Level Management Plans (WLMPSs)

WLMPs are nostatutory site management plans for managing wdearels, typically through the use of water
control structures €.g.artificial channels, sluices, pumps). Development of WLMPs is the responsibility of
flood risk authorities (the Environment Agency, local flood authorities, and Internal Drainage Badirtg)ra
consultation with Natural Englan@The aim of protectedsite WLMPIis to identifyawater level management
regime that willhelp itachieveits conservation objectives.

Water Level Management Plaage in place for only a limited number tfrrestrial wetlandSACgsee table 2)
becausehis mechanism operates highlymodified or artificial hydrological systemshere the flood
authorities have traditionally had responsibilities for flood risk management and drainage activitesswith
WLMPsare predominantly located in lowland areas and within river floodplaitese, floodauthorities
commonly own or manage water control structures that regulate water Ideelthe purposes of flood risk
management or enhanced drainage to support agrigeltin practice, WLMPs for biodiversity benefit also
need to take account of the constraints brought to bear by flood risk management and agricultural objectives.

WLMP development is funded by flood risk management giraaid (Government funding) whikbe
implementation of plan actions may be funded through graméaid or agrienvironment incentive schemes
depending on the nature of the measure required. The installation and maintenance of water control
structuresis generally funded through grasib-aid, while agrenvironment scheme agreements are used to
incentiviselandownes/occupiers to manage their land in ways that are compatible with wetter conditions
that support the required habitator species. In the case of Internal Drainage Boaddiional funding is also
availablefrom drainage rates levied docallandowners

WLMPgavebeenimplementedon 11,050 ta of Natura sites a part of the national remedies programme
However, he SPsindicate thatWLMPactions have not yet been fully implemented on some sitesther
casesSIPs indicate the need to revia MPs teensure they are helping to achiegenservation objectives
(see table 2)
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4. Strategiassues

4.1 The relevanceof natural hydrologicafunctionfor Natura 2000

The SAC terrestrial wetland habitatensidered in this theme plaare often dependent on certain
hydrological conditionssuch as specific water chemistry, groundwater flpared surface water levels. Some
of these habitats ardighlydependent on natural or neamatural hydrological and hydrochemical processes
for example'H7150 depressions on peat substratgeetext box1 below) or‘active raised bogsee text box 4
below). Equally, some habitats might benefit fraan approach to restorenore naturalhydrological
functioning to maintain their variety and associated species in a sustainable way, although the(aad in
practicesometimesare) conserved through more ditial hydrological management, for exampi& 140(see
text box2). Forother habitatsand in some situationghe necessary hydrologicabnditionsmayhave been
generated artificiallymaking hemheavily dependent ogontinuedhuman interventionfor examplesome
localities ofLowland Hay Meados\(see text box).

Text box 1. Depressions on peat substrate (H7150) requires a natural hydrological functioning
In some cases, the presence and condition of Annex | habitat is wholly dependent on the integrity of thg
ecosystem in which it smbedded, for example, the habitat H71Bbynchosporiom various types of bog

ecosystem. This habitat feature occurs in the wettest parts of blanket bogs, raised bogs, valley bogs an
transition mires, and has been lost from many sites throughout théoliiiving drainage and other forms of
damage. R@stablishing this habitat is only possible following the wholesale restoration of the whole bog
its supporting processes.

Text box 2. Sustainable management of transition Mire (H7140)

Theconcept of Transition Mire is widely accepted by wetland scientists as relating to the successional
development of a whole wetland system, and indeed the description of the habitat makes this clear (JN¢
habitat account H7140). However, in practice thetdea is often narrowly interpreted as simply comprising
number of NVC communities. Although these approaches are not exclusive, a focus on the fixed preser
particular group of plants in a particular location can ignore natural dynamic changelamavbabitats and
the inevitable effects of our changing climate, leading to management that is unsustainable in the long {
more landscapescale and systerdAsased approach may be needed to the sites, their designation (features
and boundaries) andraadaptive approach to their management rather than considering reasons for the
presence of the higlvalue features in isolation. A more sustainable and-egdrologically robust approach
would mean that the whole system supporting a range of plant comtimsiand the underlying processes
that support them, woul d be maihgr thahjust thelvers snalearcase
M14 Schoenus nigricarsNarthecium ossifragum mirer M9 Carex rostrata- Calliergon
cuspidatum/giganteum mirgegetationthatan ar r ower i nter pr et ation of
good example is Fen Bog in Newtondale, North Yorkshire, veharee thatshowspeat stratigraphy has
developed from open water through reedbed and fen to quaking valley bega(temporal transition) whilst
retaining elements of all of these habitats (spatial transition
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Text box 3. Habitats dependent on modified hydrology

Manyimportant habitats have developed in hydrologically modified catchments and wouldlbersely
impactedby restoringnatural hydrological processes, as the examples below show.

Mottey Meadows SAC in Staffordshire has develdpege expanses dfigh value MG4 and MG8 wet
grassland followinghe partial drainage oits surroundingloodplan. Goundwater emerging frona shallow
aquiferthat seeps from surrounding slopes and is channelled unde6#@n pipesanddischargd beyond
it. Restoration of the natural hydrological regime would result in much wetter conditionshascandhigh
nutrient concentrationsn the groundwatefAMEX 2013)would damage SAC feature Historic records
suggest thathe sitemayoncehave supportedyroundwaterfed base rich feion the slopesvith a mosaic of
Molinia meadowstall-herb fenand alluvial grasslanoh the floodplain However, estoration of a more
naturalhydrologicakegime would only b@ossible onceéhe water quality had been improved significantly
andthere was agreement thahis vegetationchange was desirable.

‘“ Wet t er ;inclndandpexenptes of alkaline fen an@alcareous fen with Cladiumlso occur in
hydrologically modified environmenti some cases their developmemis beerbrought aboutby this
modification, andhe restoration of natural hydrological regimeslikely tobe damajing. The large areas of
calcareousfen in the Broadsire an example of this situation.

Newham Fen supports a nordrastein example of M13 Schoenus nicansJuncus subnodulosus mireidta
SAC for alkaline fen aidis been the subject of various draieaschemesWheelerand others(2009) suggest
that the presence and location 6fh e  kighvakié features ardoth a result of modfications to its natural
hydrologyas well as reflecting natural hydrological conditions such as the location of ugnglbnndwater.
Malham Tarn Moswiith its surrounding fengsan exceptionally rich wetland sit& he water level of the tarn
was raised in 1791 and the ongoing erosion of the surrounding raised bog by wave action is thought to
extended the areaf alkaline fen Wheeler and others, 2009). Obvioyshe extent of the tarntself has also
increased.

All of the above demonstrate how high value habitats have developed in modified environments. While
changes towards more natural hydrological functions mat/be considered desirable in the shéerm, the
impacts of modification on the lorgrm sustainability and integrity of sites (for example, in the face of
climate change) must also be evaluated.

Much of the hydrological restoration of terrestrial watids to date has been achieved througle further
hydrological modification of sites, rather than through the restoration of natural hydrological function, for
example by hydrologicakeparaton of someraised bog siteffom surrounding land drainagsee text box 4
below. This approacis driven by a range of factorsuch aghe concernthat restoring natural hydrological
function might have adverse consequences adjacent land usesmitations ininstitutional planning
horizons, and operational di€ultiesin changingnanagement decisiormaking froma site to alandscape
scale.

There is avidespreadrecognition(e.g. Lawton and otherd012)that alongterm sustainable approach to
biodiversity conservation needs work with natural ecological, ydrological and geomorphological processes
as much apossible, rather thafocusing on the maintenance of a specifegetationtype, vegetation

structure or individual species alofe.g. Hopkins and others 200Tytegrating habitat requirements at a
landscape scale using natural environmental processes as a temyaatd enable the full ecological variation
of habitats to be expressedhaximiseopportunities for climate change adaptation and ecosystem services,
andbuild resilience and flexibility intthe system. Restoring natural hydrological functioning mlapreduce

or remove onrgoingmanagementosts thoughit mightrequire significantinitial funding An approach that
focuses on natural hydrological processes could therefore provide the most sustainable approach to restoring
large-scale wetland habitat complexes in tlangterm (see also Mainstone 2014;ahstone, Clarke &
Crosher 2014QImeda and others 2014)
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The reliane of SAC terrestrial wetland habitat® natural hydrological processes is also relevarachieving
and maintaining-avourable Conservation Stat{iSCSas ddined by the Habitats Directive becausest
assessment of conservation status includessideragions related tothe functioning of a habitatas well as
the future prospects of maintainingCSThe restoration of SAErrestrial wetlandsshould be based, where
feasible, on natural hydrological functioning where tiiediversbetter habitat functionng and more secure
future prospectghan artificial hydrological management in perpetuity

The drive towards more naturally functioning ecosystems, to generate more sustainable ecological networks
at alandscape scalis embedded in théawtonprinciples(Making $ace for Nature, Lawton 2010), in Natural

E n g | alimaté change adaptation manu@atural England and RSPB 2044)l in the SSSI selection
guidelines (JNCC 2M)3Itprovides asignificantchallenge to conventionapproachego the hydrological
management of sitesand is likely to encounter significant barrierssing fromland use interests, budget
limitations and societal concerng/ays need to be founi meet this challenge so that natural hydrological
function can be achievedherever it is practical and feasible, whilst accepting thaomecases it is not

possible evenin thelongterm, andthat habitat restoration can only be achieved through artificial

hydrological management.

Text box 4. Raised bogsthe importanceof hydrological restoration

A raised bog is a morphological feature in its own right, comprising various structural components and
di fferent types of wetland vegetation, includ
al so *‘ Dsoppeatsfshavik y OK2atlB@olh@yRog pools and ‘' Tr a
the lagg. The separate features of a bog arelependent and rely on an intact hydrological regime across
the whole system. All English raised bogs, including $#¥&kydrologically damaged, and many have
suffered from peat extraction, afforestation and development of secondary woodland on drained peat
surfaces, all with associated drainage. The designation of raised bogs has focused on remnant areas \
activelypeatforming vegetation still occurred. However, many sites were designated without securing t
land area necessary to sustain and restore the entire bog ecosystem, making it difficult to ensure their
term sustainability. Some bog sites fall undeotl authority Water Level Management Plans, while at othg
sites, water level management arrangements are pursued directly with the relevant landowners. Howe
many measures required to achieve hydrological integrity have not been implemented becdhedikély
impacts of hydrological restoration on surrounding undesignated land. In some cases these shortfalls K
been met with shorterm engineering solutions, such as surrounding the active bog with plastic piling to
prevent water lossRestorationof natural hydrological processes is usually more difficult to achieve than
simply accepting existing modifications and attempting habitat enhancements within the constraints of
damaged systemrThis means however that the typical variety of vegetatitat would be associated with ar
intact bog system, including the lagg habitats, is not sustained.

The primary focus for restoring this habitat has been the infilling of drainage ditches or grips within site
the restoration of appropriate hydrologiteegimes. While spectacular progress has been made with raisi
and stabilising water levels on a number of SACs Femns, Whixall Bettisfield, Wem and Cadney Mosses
SAC South Solway Mosses SAC), much less progress has been achieved with secpétige8gm
hydrological regimes on surrounding areas. This is essential to both reduce marginal hydraulic gradien
to restore peripheral lagg fen systems.

4.2 Remaining gaps in knowledge of the current and historic hydrological

functioning of sites

The ecehydrological characterisatioof sitesover the lastdecades has improvdabth our understanding of
wetland development and function, and the impacts of human modification on natural hydrological function
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(See Annegtools and processes)Vhile significant progress has been made in applying this knowledge at
site scale and usingto plan restoration and assess likely impacts of potential pressures, e.g. groundwater
abstraction, there are still many watelependent sites for which theris no full understanding aheir
‘ecolpoogtiecnatli al ' , matusatedehyalrologicah fenctisriingrel madifications to the
hydrological regime.

The impact of drainage on site integrity is inconsistently assessedme casegirainage infrastructure is still
maintained(or, at best not disabled evenwherethere is evidence of impactsn interest featuresFor
example manyvalley mire systems within heathland complexes have artificially deepened axial drains with
associatedlitch networks. Th damagedone by these systentsas been recognised on some sifesch aghe
New Forest, where it is being comprehensively addresses text box?) but on many siteswith active
drainage (see SlpPthere isno planned action to restorthe natural hydrological regim@iack pers. com.)
Several publications (e.g. Wheetard others 2004; Wheeleand others 2009) provide tools to assess sites
and understand how they developed, aachumber ofaccountsof ecahydrological function oindividual sites
have beerproduced However, few of these are completand many wateidependent habitatgother than
lowland raised bogs and feyare barely covered. This means thia still difficult to recognissites and
features with modified osub-optimal hydrological regimes, and identifying the related impacts on the
biological featuresThiscan lead tahe underreporting of hydrological issues andemdency toclassify
modified hydrology as a favourable referen&ee alsparagraph.3

4.3 Thehistoric approach to setting objectives for hydrology on protected

sites

Thehydrology of mostif not all Natura 2000 terrestrialvetlands has beenmodified by historicdrainageboth
within sitesand in the wider landscap&lany of thedeclines in wetland wildlife can be directly related to
drainage scheme@urseglove 1988and even on protected sitethe effects of drainagenaystill be apparent
Much of thismodificationmay have bee carried outprior to designation of siteand theremnants although
with degraded hydrologystill qualified for designatiorHistorically, thehydrologicarestorationtargetsfor
designatederrestrialwetlandshaveaimedto maintain the vegetation present at the time of designation in
favourable conition® It did not aimto restore a site to its full potentialSite conservation objectives tend to
be framed and achieved within the parameters allowed by artificial management of surédee tiwrough
control structures This means thamodifications tothe hydrology of terrestrial wetlands tend to be
maintained(e.g. Hardingnd others 2014) For exampleat many fen sitesartificial drainage networks have
beenretained becausé h ey 'av evay s bNataral England and RSPB, 2014

While maintaining a modified hydrological system may be the only practical approach for son{fosites
example because of theonstraints of surrounding land usat other siteshis approachmay underplay the
potentialfor afeasible restoratiorof natural hydroloy. However, @illy restoring the hydrology cfomesites
may actually changtine habitatsthey are able to supportor examplethe change from woodland to bog and
mire habitats on sites such as Wybunbury Moss (see text b@hbB)scope fomiplementing management
actions at protected sites can also be restricted by organisational timessalgdsas fear site management
plansothey ear |y al |l ocation of budgets. Thi sterrmésoomss t hat
managemeninterventions tend to be directed at sheteérm solutiorsto maintain specific vegetation types,
rather than working towards lonterm restoration goalsfér example creating scrapes to reaan artificially
low water table rather tharrestoringa higherwater table).

Whereasite' s ¢ 0 n daegetsda roi reflectan ambitionto restore or recreate habitatghe available
deliverymechanismgsuch as the regulation of abstraction, drainage or manageroewater levels-see

% See guidance for common standards monitoring, 11 Setting tarags/(incc.defra.gov.uk/page2275)
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annex 3 are unlikelyto work towardsthe hydrological improvemerstthat would support this ambition.
Conservation objectives are the key way by which management objectives for sites are communicéled to
regulators.lt isthereforeimportant that any long term vision for remtingthe more natural hydrological
functioning ofa protected siteisreflected inits conservation objective@vherethis target isagreed adeing
both feasible andappropriate- see section 5.5)n setting longterm ambitions, acceptingiore engineerd
solutions may be appropriat®r some sitegfor example to maintain habitatsor balance different landise
needs), but a other sites, it may be feasible &am for the long-term restoration ofmore natural hydrological
regimes, similar to the settingf longterm SAC and SSSI objectives for rivers (JNCC 2014, Mainstone and Hall
in draft). This would provide much needed synergy with the philosophy of natural habitat funbtibhas
beenadopted for open freshwater SSSIs and SACs (see Sectiandia@idress many of thperceivedhabitat
management conflicts that are apparent at sievel.

4.4 Reliance on shotterm andmostlyvoluntary measures

In designating sites, the boundaries of a protected area have often been drawn tightly around the qualifying
habitats.For manyterrestrial wetlandghis has meanthat areasof landthat are hydrologically connectetb a

site @nd criticalto its functioning) are located outside the protected site. As a consequence, theerahg
potential mechanism#o ensurethat this land is managed sympathetically (e.g. in termdrafnage and water
level managements mainly limited toagrienvironment schemesagreenents through Watetevel

Management Planand other contractuaarrangements which areusually timelimited but would need to
continue in perpetuity. This meanshat hydrological improvements to sites asemetimesmnade on an
incremental andbpportunistic basisThe effort and cost required by this approachn be high compared to

the often limited benefits these improvements entail.

Including hydrologicst connected landvithin the designatiorcan help to provide more levets secure
sympatheticlanduseandmanagementHowever, ge designation needs to be complementbeyg other
mechanismsand with thefundingnecessaryo achieve improved managemerguch as land management
agreementsor, potentially, land acquisitionGuidance on wetlath SSSI boundary setting (e.g. JNCC, 1998) has
always recognised the importance of including land necessary to support hydrological function, however, the
implementation of tlis guidance has nalwaysbeen consistent. More recent guidance developed in supp

of Natwural England’'s review of SSSIs further empha
(Natural Englan@2013v), and these principles have been applied in the recent notification of Bolton Fell Moss

and Walton Moss SSSI.

® Regulatory approaches through notice and consent or management schemes are not apptidabtédutside
protected sites’ boundaries, although in principle Spec
applicable in certain circumstances.
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Text box 5. ExampleBasin mire
The aerial photograph below shows Wybunbury Moss,part of West Midlands Mosses SAC. This site is a
mire with a small, discrete water catchment area that extends to the surrounding fi@dly part of which is
incluled within the boundary of the SSSI/SAC. The
including base&ich groundwater from the shallow sand and gravel aquifer to the west and north, groundwsg
from a deep aquifer emerging under the sitend rainwater directly feeding the bog vegetation on the centrs
floating raft. The quality and condition of th
wider catchment, including agriculture and development. The conditidgheofransition mire and quaking bog
feature for which the site is designated is currently unfavourable largely due to poor water quality (high N
the shallow groundwater agriculturally derived-and high phosphate from domestic raif). Catchment
Sersitive Farming advideas been providednda Diffuse Water Pollutiofanhas been produced for the site.
Howeverthe measuresieededto adequately resolve the agricultural pollution have atityet beenfully
completed

A programme of hydrological remfation has been underway for over ten years (largely through the blockin
internal drains that were dug in the f@entury) and the benefits to the transition mire are already being se
The historic drainage led to the establishment of relativelywloodland over much of the site in the later'20
century and, as this was present at the time o
it as a negative habitat feature (see also section 4.3). Under a restoration of naturaldgidal process, it is
expected that much of this woodland would revert to bog vegetation, with true fen woodland developing i
swampy marginal areas. It is important that this ecological potential is recognised and that these objectiv,
consideredn site planning. The edaydrological functioning of the site is well understood (including the
importance of the wider catchment in supporting the transition mire) but favourable condition will be achig
only if the entire catchment is managed sensilyve
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E Boundary of Wybunbury Moss SSSI (part of West Midland Mosses SAC) © Natural England

Wybunbury Moss catchment area (Catchment Sensitive Farming priority catchment boundaries)
© Environment Agency

4.5 Constraints of existing land use and budgets

Where sites are currently under active hydrological management, surroundingusni often dependent on
the continuation of artificial interventions. Making changes to those regjimgsemovingdrainageor raising
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local (sometimes regional) water tablés,restore more natural hydrological functioning is frequently
constrained by flood risk management issues, the presence of infrastructure, or agriciatutaise
objectives.The restoration ofatural hydrological regimes ddten difficult to reconcilewith current farming
systems, even with thaddedincentive of agrenvironment scheme payments.

Oneexample ofa fundamental barrietto in hydrological restoratiothat can be encounterethe duty of
riparian landownergo let water flow through their land without obstruction, pollution or diversithat might
affect the rights of othergEnvironment Agency, 2014r'his means that any changes to historic modifications
of the hydrologicafunctioning ofawatercourse needs tbe agread with all the land owners affected bthe
change. Given legitimate concerns about gential effectsof hydrological restoration on land productivity,
land value etc.gaining agreemeriib major interventions can be a formidable challengkhis explains why the
most significant hydrological restorations have been achievesites thatare owned and managed for the
primarypurpose of nature conservation.

The costs of largecale hydrological restoratiajand associated compensation to landowners for damages or
income foregongcan beprohibitive. Additionally, there can be strong cultural objections to changing
hydrological functioning. In some caskmd purchasésthe most costeffective and mutually s&factory way

of resolving theeissues. However, r many sitesreconciling divergent landse interestdy balancinguser
requirements maystill be the only viable approach

4.6 Comparison with the approach to the hydrological restoratiompén

freshwaters

In comparison t@&&AQerrestrial wetlandg, Natural England has adoptedveore strategicand programmed
approachto restoringthe hydromorphological functioning afesignatedreshwaer habitat (rivers and lakes).

For rivers, Natural Englanddthe Environment Agency have a joint national river restoration programme in
place. For lakes, Natural England and the Environment Agency jointly fund an officer to oversee and help
implement a series of lake restoration remedesabled by WFD Grant indA

For terrestrial wetlandshere iscurrentlyno strategic national programme for restoringhere possible,

natural hydrological functiothat covelsdrainage, abstraction and water level management mae holistic

way. The hydrological restorationf derrestrial wetlands relies on a range of remedies being put in place. Some
of these are embedded in nationally coordinated programmes (e.g. Water Level Management Plans, Restoring
Sustainable Abstraction), while others are instigated on atsitsite basis with only limited national

coordination (e.g. drain blocking).

The river restoration programmguts a natural habitat functiorat the heart of the hydrological restoratiayf
rivers(Mainstone and Clarke 200Blainstone and Hall in drgftwhich isin-line with climate change
adaptation prioities for freshwater ecosysten{dlatural England/RSPB 20Rte alsathe IPENS river restoration
theme plar). The approacho river restorationsplits habitat integrity intdour key components: hydrological,
physical, physicehemical and biological (the latter in terms of biological stressush asnvasivenon-native
species). These components alieectly related to key pressures on freshwater habitats, which are then
directly related to key remedies for managing those pressures at acceptable levels in relation to natural
habitat function. This framework is embedded in the assessment of sitetcamdiroviding a direct link
between site condition and required remedies. FigBummarises the approach.
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Figure 3. The relationship between the assessment of components of freshwater habitat integrity, key
pressures and remedies to resolve thoseggsures (from Mainstone and Clarke 2008).

Fundamental to this approach is that naturdilynctioning freshwater habitat, free of artificial modifications,
caters appropriatelyo its characteristic biological assemblages amdividual species (includirijose that

form part of a SAC notification). From a species perspective, the requirements of an individual species are
expressed in the context of natural habitat function, so that the species is conserved as part of the
characteristic biological communityhis avoids any tendency for management to become focused on
artificially optimising habitat for a given species, or protecting existing (modified) conditiahwork against
natural habitat function (Mainstone and Halh d-aft).

In respect of hydslogical regimes, theite objectives fordesignatedivers and lakes include hydrological
targetsthat arebased on acceptably small deviations from the natural hydrological regime (togetsfor

rivers targets forwater levels and residence timésr lakes). These targets form part of the assessment of site
condition and are used to drive management decisions to protect or restore natural hydr8egyext box 6

for details on river flow targets.

Wherever possibleand where consistent with theonservation objectives for such habitativer restoration
plans applythe principle of natural habitat function (and particularly natural hydrological functmadjacent
terrestrialwetland habitatsso that naturally functioning freshwatesetland habitat mosaics can be
promoted.

Theapproachto SAC/SSSI river and associated wetland restoraiging natural hydrologicdilinctioning as a
template,couldprovide a useful moddbr the hydrological restoration of SA€restrial wetlandsHowever,
the applicabilityof this model to SAC wetlands nedd be further considere@nd developed in discussion
with relevant partnergsee section 5)
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Text box 6. River flow targets and Water Framework Directive

I't i s i mportant t osapmpdadhtotldwdargetiNmSAG and ESSHinegs|whilstd ’
superficially similar to the approach adopted for protecting ecological status under the WFD, is
fundamentally different in that it treats the natural flow regime awtpof the habitat feature, andbs

therefore protected in its own right as a critical element in shaping the habitat and the characteristic
biological assemblage. Under the WFD, the natural flow regime is seen as a supporting element, and t
focus of monitoring and management is on tt@ndition of the standard biological quality elements. The
extent to which the natural flow regime is protected under the WFD is therefore critically dependent on
ability of WFD biological monitoring to detect flaelated impactsThis monitoring is1ot necessarily geared
to the detection of such impacts on Natura 2000 objectives (see Mainstone and HElti®R011 for further
explanation) Work is ongoing with the UK Technical Advisory Group, Environment Agency and Natural
England, towards more ahgd flow targets for the third River Basin Management Plans

The evidence base for using the natural flow regime for managing the impacts of flow modifications on
and SSSiI river habitat is provided by Mainstone (2010a), whilst the implications eideae base for how
flow targets are framed for SAC and SSSiI rivers are discussed in Mainstone (2010b). Mainstone and @
(2012) provide more detailed explanation of the UK conservation agencies approach to the use of flow
targets in protecting river ACs and SSSis.
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5. Improvement strategy for the Natura 2000
network

5.1 Implement priority actions for Natura 2000 sites identified in SIPs

While significant improvemergthave been made in reversing historic changes to the hydrological functioning
of SAQerrestrial wetlandsthe full implementationof actions identified in existing plans and programmes
remains a substantial taskhese actions, as identified in the SHP®uld be implemented as a priority to
ensure further progress is made towards the objectives of the Habitats DireCtwse actions include
A Continwation ofthe hydrological restoration of bog, mire amgkt heath systems, through

raising water levels

removal of drains

ditch/grip blocking

bunding

gully reprofiling

. tree and scrub removal and feegetation(as appropriate).

A Reduction of orgoing peat cutting within Natura 2000 sites along agreed timescales through

modification of permissions

A Ensuingthat hydrologically connected areas surrounduhgsignatedsites are managed
sympatheticallyandthe inclusionwithin site boundariess considered where possible

A Implemeningactions in existing agreed Water Level Management Rlahih should be reviewed as
necessary

A Implementng outstanding actions to reduce abstraction pressumed investigate cases where

impacts are suspected

Wherever possible, measures that work towards restoring natural hydrological functioning sleould b
prioritised, rather than measures that contribute to a more artificial hydrology. However, critical measures for
artificially managed sites, where further deterioration in condition is likely tweshortterm, should also be
prioritised.

Sedtion 4 outlinessome strategic issues thaveld benefit froma more programmed approach to thenger
term hydrological restoratiof SAC terrestrial wetlangdalongsidehe implementation of priority restoration
actions for individual sites

Thistheme planproposesto consider developing programme of hydrological restoration for SAC terrestrial
wetlands along therinciplesindicated insectiors 5.2 to 5.9below. These sectionare not meant to signal a

shift in Natural En gl a nddrwithcutguptherodesaudsionnstebdyalue oftmee d | at €
approach should be furthezxploredwith key delivery partners and stakeholdensitiallythrough the

Terrestrial Biodiversity Growgnd the Major Landowners Group

5.2 Restoring natural hydrological functioning whegressible

Conservation #orts have not always focad on achieving natural hydrological functioning where this would
be desirable This has beedue to strategic barriers such as knowledge gaps/drologi@l functioningthe
historic approach to setting targetthe need to rely on short term and voluntary measuyesd constraints
arising fromland use and budget limitation$he importance of restorings far as possiblaatural
hydrological functioron terrestrial wetland sitemeedsto be duly considered in relation tti¢ long-term
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ambition to achieve Favourable Conservation StéR@S)It can enableadditionalhabitat creation and can
ensure that hydrological requirements are maintained inragterm sustainable mannesoincreasng
resilience to climate changsee also section 4.15lowever resolving all hydrological issues at all sites,
particularly through restoring natural hydrological functioning, islilatly to befeasible.Appropriate
ambitionsfor further hydrological restoration at siseand the targeting of effortneeds to be considered
carefully in light obther legitimate demands on land and water, constraints on resousredthe potential
implications of changing climate

It is therefore proposedhat the benefit ofalongterm, programmed approach to the sustainable hydrological
restoration ofSAQerrestrial wetlandgs further explored with stakeholders. The approach wolaldus on
restoring natural hydrologicdlinctioning as far as possiblanalysing the potential of a site based on a good
understanding of a natural eduoydrology and setting appropriate hydrological targetsat take account of
bothlocal constrainteandt he need t o maxi mi sFESGeanersting agéfesence ont r i but
hydrological template for the landscaj@® understand how habitat mosaics would occur natujatin

provide an assessment of the potentfal habitat restoration and recreation within a site and in the wider
catchment. Thisubsequently informs decisiormaking processor setting appropriate hydrological ambition
for sites.The appropriatdong-term hydrological ambition should be embedded in the 'siteonservation
objectives to provide clarity to stakeholders and partnersd to ensure that the available mechanisms work
towards these targets in @oordinatedmanner.Thisprogrammeis probablybest implemented in an approach
comparable tahat for river restorationi.e. establishing local strategic hydrological restoratmans with
stakeholders and partnerand placing them withim coordinated and prioritised national programmfe
national programme can algwovidethe directionneededto take advantage ahe best potential restoration
locations.

What constitutes a ‘natural?’ hydrology for a site
though that the extent to which natural hydrological processes can be restoreigdly heavily constrained
Theterm' r e st meedsttoibem’'ndi ti oned with ‘as far as possi bl e
restoringnatural processeby addressing anthropogenic modificatiosdikely to provide thenost sustainable
approach to restoring largecale habitat mosaic#n line with the approach taken to naturaiver functioning,
hydrological targetsor terrestrial wetlandsould, for the relevant sitesbe based on acceptably small

deviations from the natural hydrological regirdae to mmovable constraintsThis approach needs to be

further developed and tested for terrestrial wetland hydrology.

Whilst many physical and hydrological maodifications are effectively immovable (e.g. flood defences protecting
urban areas), otherbave thepotentialto be reversedf a sufficiently strateig andlong-term view is taken

(see also work by Mainstone 20k4d others. Hydrological restoration potential must be assessed at a
landscape or catchment scale, taking a sufficientlyemm view with respect to what habitats atd develop

in a hydrobgicallyrestored landscapéaking into accountonstraintssuch as climate changeatural

variabilityand other strategic conservation objectividt will be necessary to consider constraints and assess
feasibility and cost of overcomirtgesewhen translating dongterm vision to appropriate hydrological

targets

In focusing on natural processes, allowasweed to be made for the rpositioning of highvalue existing

habitats, and supported species within the landscape according to restored hydrological processes, factoring in
adequate connectivity to allow species to sustain viable populations, and timkéote movement of species

to newly suitable conditionslhe assessment of the potential for restoring natural hydrological functioning

may result in identifying potential for restoring habitats that are currently not present and for which a site is
currertly not designatedAs there can be conflicts with maintenance objectives in the short term, including

the ‘no deterioration’ requirement of the Habitats
achieving FCS and need to be reflectethes i tc@nsesvation objectivethrough the appropriate process
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for changi ng.Senieflexibilsy incdneratidniobjeetises is needed to allow redevelopment of
habitats in a restored landscape, which might include modifications tosetiécations.

Text box 7. The New Forest

The New Forest represents one of the best examples of the restoration of a range of wate
dependent Annex | habitats through an approach that wholly embraces the restoration of
natural hydrological functioningHere, the drainage of mires and channel deepening is bein
reversed, and natural drainage patterns encouraged, with major benefits to stream and riy
habitat, standing waters, transition mires and wet heath, and associated Annex |l species,
including sathern damselfly. This work has been funded through a LIFE programme, and
now receiving agrenvironment funding (IFEO2NAT/UK/85%4

5.3 Establishingong-term localrestoration plans in partnership

As wetland hydrological restoration is complex and costigqtires gplanned approach. Any restoration
project needsto contribute tothe overall vision fothe hydrological restoratiomf its catchment.Engaging
effectivelocalpartnerships is kein translating an understanding of natural eagdrological processes
localrestorationstrategy.

A programmefor SAQerrestrial wetland restoratiortould be developethat usesan approachsimilarto the

river restoration programmeThis means deslopinga technically sound hydrological restoratiplanfor
terrestrial wetlands, builthg consensus, establigiga local delivery partnership, embdithgthe restoration

plan into delivery mechanisn{such as agienvironment schemes, flood risk managent and capital works
and regulatng anyactivities that affect thevetlandsystem such as land drainage, development planning and
environmental permitting. Thetages of docal decisiormaking procesfor developing dydrological

restoration strateg, linked to national prioritiesare shown in the figurd below (adapted from the approach
for river restoration plans, Wheeldon 2013)

Taking this approactmeans that hydrological restoration can be planned consistently across the Natura 2000
network, using evidencdased and transparent decision makihgt involves those interested or impacted by
restoration proposalsiNational coordination also means that relative priorities between sites can be
considered in developing a series of restoration placr®ss the country, ensuring cesffective effort and a
joined-up ambition to achieve FCS. A degree of national coordination is also needed to enstine tedivery
mechanisms required are effectively embedded in relevationalprogrammessuch aghe water company
AMP programmeand future rounds oRver BasinManagementPanning.

Goodlocalcommunications anthe articulation and demonstration of need and benefit® essentiato the

local decisiormaking processlheyprovideopportunities fa local stakeholders to be actively involved in
decision making, working out priorities for action, implementing cost effective projects to address local issues,
and protecting local resourcesongterm hydrological restoration plaawith weltarticulatedpriorities can set

a clear direction for all partners and stakeholders, and act as a focal point for securing and allocating
resources.

5.4 Focus on achieving Favourable Conservation S{&GS)

The role of restoringatural hydrological processés helpachieve FCS should be considered for the reasons
given in section 4.1, and may be requirgdere practicableat as many sites as possible for a habitat to be in
FCSThe extent to which natural hydralical processes can be restonedl vary betweerdifferent sites. Sites
where the restoration of natural hydrological functioning can be achieved with relatively modest ledigrta
great potential forcontributingto FCShut for other sites it may only be possible to maintain their current
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level ofcontribution. The challenge is to target most efforts for hydrological restoratidhe best potential
locations something thatvill requirea degree of national coordinatiofT hisapproachwill also help ensure

that the balancing of different local intests does notompromise work to achieve theider-scaleobjectives

of the HabitatDirective. AfocusoRCSneans t hat site ambitions are not
perspective, but that account is taken dietoverallobjectives of the HabitatBirective to achieve FCS and the
potential contribution of a siteA coordinated programmapproach wilheed tocompae hydrological

restoration potential between siteandlink locatlevel decisioomakingwith national priorities to help inform

the appraqoriate level of ambition for each site. See figure 4 below for the envisaged local decision making
process. The outcome should be a walldenced set of targets that is appropriate for each site, as well as for
the wider network as a whole. These target®uld need to be linked to the conservation objectives for the
sites (see section.8).

5.5 Rationalising conservatiombjectives

Natur al En g | athedeétting ofeqngenvatian oljectiveef European sitesecogniseghat the
Natura 200hetwork should contribute to FCS. This includes restoring habitditsre necessaryo turn the
current unfavourable conservation status to favourable. Qiree, the conservation objectives for European
sites will be refined to better outline their coriltrution to the strategic aims of the Habitats and Birds
Directives.The importance of ydrological functioningo the conservation objectivesf terrestrial wetland
habitats is likely to feature in future supplementary advyiteduced byNaturd England irdue course (se
Natural England Standard: conservation objectives for European Sites in Bniyktadal hydrological
functioning may be taken as a starting referemdgen analysing the potential of sites to contribute to th€S
of SAC features.

Theappropriatelevel of ambitionidentified in local restoration plans (see 5should be clearly translated into

the site’s conservati ondeolbijvwecrtyi vnreesc. hadmi stnhsi sc ava ys, t a
full contribution to FCSEXxplicitly specifying hydrologicainbitionslinked to conservation objectivesanalso

give clarity to stakeholders and partners on which future investments can be baiskdan prevent expensive
artificial water management structures being put in place unnecessalilyvalue of settingetailed

hydrological targets for terrestrial wetlands needs to be further discussed when developing the strategic
approach set out in théheme plan with stakeholders and partners.

5.6 Managing potential biodiversity conflicts

In England, most wetland habitats and species assemblages have developed in landscapes that have been
hydrologically modified for many years. As such,rédsoration of natural wetland function can have major
implications fora s i t e ’bisdivergity inteeeat These implications need to be properly explored and
managed. Consideration of such conflicts is not rahey are frequently encountered in thdevelopment

and implementation of strategic physical restoration plans for SAC and SSSkeeauts(river restoration

theme plar). Conflits may be between different habitat types, fexample between restoring natural
river/floodplain hydrological connectivitandthe potential loss oftanding waters that have developed

within the floodplainbecause oflood defencestructures Water level management conflicts may also arise
between habitat and species interests, fotample theremoval ofin-channel structures from rivermight

impact onareas of wet grasslan@ised bywading bird$ that are maintained by those structurdsis

important to identify theseexisting highvalue features and ensure that their needs are met within restored
landscapesk-or example,te recent development of targeting maps for important breeding wader
populations (RSPB/Natural England, 2014) will allow moeenrdd decisions abouhe timing and scale of
restoration of more natural hydrological regimes to be made in those areas identified, alongside planning of
suitable habitat conditions within the restored landscape.

A general approach based on restoring matwater and wetland ecosystem function at landscape scale
wherever possible, and nesting species requirements as much as possible in that natural ecosystem function,

E Hydrological Functioning Theme Plan


http://publications.naturalengland.org.uk/publication/6734992977690624
http://publications.naturalengland.org.uk/publication/5478339747774464?category=5605910663659520
http://publications.naturalengland.org.uk/publication/5478339747774464?category=5605910663659520

provides the means by which all such conflicts can be rationalised, minimised and mahhigedoes not

imply that conflicts can be resolved with no consequences for current management, but it does imply that an
evaluation and decisiemaking framework can be followed that transparently identifies such conflicts,
determines the best approadio addressing them based on principles of landsesgale consideration of

natural hydrological processes, and agrees the strategic changes required to management objectives that need
to be adopted. Externalising the issues and approaching them in dwtedovay with appropriate time

horizons is key to viewing potential biodiversity conflictamappropriate context.

Recent thinkingon the conservation of coaatand floodplain grazingharshin England provides optimism that
the necessary integratioaof restoration philosophy can be achieved across biodiversity inte(€stsher and
others 2013) Proposals are being developedreconceptualise grazing mérdased ora morenatural
hydrological function, so that in the lostgrm management and restation objectives can be aligned with
wider water and wetland restoration objectives.

5.7 Making use ofwvailable mechanisms a holistic manner

AchievingFCSwill require significant restoration effortst some sites. Where the outcome of a ledalt
national decisiormaking process iagreementthat a site shoulédchieve a (more) natural hydrological
functioning the measures necessary to achieve this may have signifiogilitations forcurrent landuse.
Mechanismgo put these measures in placeuchas designating buffer zones, land acquisition and
compensatiorfor damagé are availablebut budget limitationswill require them to be strictly prioritised The
benefit of establishing a programmed approach to hydrological restoratitiraithese mechaismscan be
deployed wherdhey are most needednd steered towardsiteswherethey will deliverthe greatestgood
Similarly, a programmed and prioritised approach means that external fusdimgessuch as LIFEanalso
be better targeted.A national programmed approach therefdnas the potential tdoreak throughthe barriers
to delivery identified in section.

Successfulydrological restoration of terrestrial wetlanadgten means thamultiple stresgsto the

hydrological functioningf a site needo be addressed ia comprehensive approach in order to achieve
biodiversity objectives. There are examples where significant effort has gone into relieving groundwater
abstraction, but where historic drains are still preseiitich prevent hydrological restoration. Similarly, water
flows and levels are sometimes not restored due to the threat of water polluR@storing hydrological
functioningtherefore needs to be set in the context of general site restoration which also considers asfpects
land management, its place in the landscape and the potential impacts of climate change, using a holistic,
rather than a singléssue approach.

5.8 Improving our knowledge

The approach set out in this theme plan relies aypadunderstanding of the ecological potentid well as
consideration of the likely costs amloke benefits of restoring natural hydrological processes. Buildinguwn
substantial existing knowleddgseof the hydrological functioning of site@.g. builtup through Review of
Consents and subsequent further investigations for groundwater dependent terrestrial wetlands under WFD),
a targeted programme of investigations should be undertaken to address remaining knowledge gaps. This
would inform further develgpment of site and landscapggcale restoration plan&§ome work to better

understand the ecénydrological functioning of SAC terrestrial wetlands and identify potential for more natural
hydrological functioningpas beerdone as part of IPENS (see text Bpx

National strategic documents such as the England Wetland Vision can be used to help aleasifgigood
potential for hydrologicakestoration anderrestrial wetlandcreation

Principlesdeveloped throughhe investigation ofthe functioning ofopen waters, fens and bog&ouldalsobe
applied toother water-dependent habitats e.g. alluvial woodlands, wet heath, dune sl&dse consistent
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longterm monitoring ofthe results of restoration projectis also needetb inform future work and evalute
the effectiveness of interventions.

5.9Tralling the approach to example habitats and sites

It should be recognised that the strategyoposedin this section is a lontgrm approach that needs to be
furtherdevebped with stakeholders and partners. It is ni
approach with immediate effect or without further discussion. Instead \thleie of theapproach should be
further exploredwith key delivery partners and stakeheld. However, here may bebenefitin trialling this
approach ora limited set of habitats and key sites where restoring a natural hydrological functioning is likely
to be most feasible and beneficial.
The following three habitats are considered to be tr&stable for tialling and developing ik long-term
approach:
A Raised bogH7110Activeraised bogseindH7120degradedraised bog
Active raised bog is a European priority habitat for which eight SACs in England have been designated
(including degradedaised bogs would add two more sites to the programmighificant progresdas
already been mad@ restoring more natural hydrological functioningn some of these sitesand a
programmed approach, particulariy relation to off-site hydrology, hathepotential to add benefit.
A Calcareous Fen (H7210)
This Bropeanpriority habitathas arestricted rangaén EnglandThe closeelationship of fen habitat
with floodplain hydrologymeans thatrialling the approach on this habitat is likelyhielp develop
links withthe approacheso river and lake restoration. An initial assessment of the potential for
hydrological restoration is provided in anréx
A Transition mire and quaking b@gl7140)
The habitat is designated at fifteen SACs dmatd is already a fistantial evidence base fas eco-
hydrological functioningAs the habitat occurs in a range of landscgjis hydrological restoration
has thepotentialto benefit several other Annex | habitafiscluding alkaline fen, wet heath, raised
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bog and blankebog). Equally, comprehensive restoration of hydrology oesth otherhabitats also
presents opportunities fothe restoration of transition mire.

A
i | i |
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Introduction
Open meeting - concept

N J
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Communication Local restoraltion planning Nationallpriorities

Consultation
Workshops

Detailed Consultation
1 to 1 consultations

v

Communication

Process, results, best practice
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Figure 4 envisaged decisianaking process in hydrological restoration planning
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6. Wider benefitsof hydrological restoration

The hydrological restoration of SAC terrestrial wetlaisdgely to have benefits beyond immediate nature
conservation interestsThese potential wider benefits will vary from site to site. A full understanding can only
be achieed at a locabr catchmentevel.

Ecosystem service benefitaninclude:

A

> > >

>\

Ve

A

Helping to improve water qualityy reducing ruroff.
Improved carborstorage, e.gthroughthe restoration ofupland deeppeatland
Supporting drinking water supply

Synergies wittarge-scale floodrisk management and water resource managenignslowing or
storing flood waters and rechging groundwaters.

Opportunities for climate change adaptation by increasing the capacity of the natural environment to
regulate impacts of extremmweather events

Increased amenity and recreation value

Theapproachenvisaged in this plaalso contributes to implementing the recommendations of the Lawton
Review foramore joinedup and resilient network gbrotectedsites and wider environmeatdelivery
mechanisms at a landscaeale.The Wetland Vsion stipulateghe wider benefits of wetland restoration,
including synergies with preserving the historic environm&etefits of wetland restoration are also
highlighted in the UK National Ecorm Assessment (NEA 2014, NEA 2011) and the publications of the
Natural Capital CommitteeNCC 2014, NCC 2015)

Hydrological Functioning Theme Plan



7. Actions

Table3 (below) outlines the priority actions for implementing this theme plan. It indicates the next steps
envisagedo progress tle outlined approachand thesewill be explored further with the suggested
stakeholders and partnerdhe priority actions table should not be seen as a fully funded, committed
implementation plan. It is aimed at informirtige future resource decisionsf éhe delivery bodies involved.
Implementation of thstheme planand otherswill be coordinated through the IPENS Afteéfe programme
and its steering group.

The tablesummarises those actions identified in earlier sections of this docurmetibns aranainly
strategic rather than site specifiand are subdivided into themes as follows:

A Implementing priority actions for sites
A Establishing a programmed approach
A Improving theevidenceand knowledgéase

Actions in Tabl8 are not presented in a priority order. A wider prioritisation of actions identified by the IPENS
project will be undertaken in due course to inform decision making about funding and implementation

Table 3 Priority actiongor implementing this theme pla

Action description

Implement priority actions for Natura 2000 sites identified in SIPs

Wherever possible, measures that work towards restoring natural hydrological functioning should be prioritised, ratheefisanas
that contribute to a more artificial hydrology. However, critical measures for artificially margides,where further deerioration in
condition is likely over short timescales, should also be prioritised.

1 Continue the hydrological restoration of bog, mire and heath systems, through raising water levels Natural England
removal of drains, ditch/grip blocking, bunding, gully reprofilisgmetimes assisted with tree and scripartners
removal and revegetatian

2 Reduction of orgoing peat cutting within Natura 2000 sites along agreed timescales through Local authority
modification of permissions

3 Ensure hydrologicallconnected areas surrounding sites are managed sympathetically. Consider ir Natural England
these zones in the site boundaries for sites with bogs and mires.

4 Implement actions in existing agreed Water Level Management Plans. Review Watéviaeagement Flood authorities
Plans where necessary.

5 Implement outstanding actions to reduce abstraction pressure and investigate cases where remai Environment
impacts are suspected Agency, Natural
England

Develop hydrological restoratioprogramme
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10

11

12

Discuss with stakeholders and partners the value of developing a programmed approach to the Natural Egland,
hydrological restoration of SAC terrestrial wetlands through the Terrestrial Biodiversity Group (TB'TBG, MLG
the Major Landowners Group (MLG).

Agree the nature, scope and timescales as well as the process and who is involved in developing Natural England
programmed approach. TBG, MLG

Develop a business case for a national project officer and establish progracorgination, guidance, Natural England
audit, etc.

Further develop with key partners and stakeholders the approach and framework for setting apprcNatural England
hydrology targets for sites.

Starting with a limited number of sites, develamirterm hydrological restoration strategies and plan Natural England

with local stakeholders and partners, assessing the potential for hydrological restoration, taking neEnvironment

natural hydrological functioning as a reference. Agency, local
partners

Establish the hydrological restoration priorities for Natura 2000 terrestrial wetland sites and includ Natural England
appropriate hydrological targets in the sit

Develop a funding strategy for implementipgoritised hydrological restoration measures to secure Natural England
funding for major restoration of SAC and SSSI terrestrial wetlands. Bids for sources such as the EPartners
and Climate Change Adaption funds should be developed.

Improving theevidence and knowledge base

13

14

15

Targeted investigations into the hydrological functioning of sites and their wider natural hydrologic Natural England
landscapes where evidence gaps have been identified

Starting with a limited number of prioritiyabitats, clarify what Favourable Conservation Status meatNatural England
terrestrial wetlands and what the role of EJNCC
work under the Chief Scientist Graup

Improve awareness anghderstanding of the role of (natural) hydrological functioning in assessing :Natural England
condition
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Annex 3Overview ofdriversanddelivery
mechanisnfor hydrological restoration of
terrestrial wetlands

Key Drivers

Water Framework Directiv@VFD)

TheWFD requires the River Basin Management Plan (RBMP) pnograhmeasures to become operational
by December 2012, araimsfor Natura 2000 Protected Areas to achieve compliance by December 2015.
Extensionsnay bepermitted under the specific conditions

RBMBRs et out the actions, Kk nowhatasenecesbae to'ensuretigarirdandme o f
and coastal waters achieve WFD ‘good ecological st
that there is no deterioration from their current status, along with the specific requirements for fgeatec

areas described above. Abstraction licensing is one of several mechanisms in place to support River Basin
Planning objectives.

The first set oRBMPsvere published in December 2009 by the Environment Agency; the competent authority
for the WFD in England. These river basin manageme
the measures needed for water dependent Natura 2000 sites to mest donservation objectiveSince

then, new information has emerged on risks or impacts to Natura 2000 sites and some new measures have
been identified which are being included in the update to the pléanfindamental and new approach to

capturing the piority and new measures for water dependent Natura 2000 sites is through the publication of
IPENSite Improvement Plans (SIPBE)e SIPs contapriority actions for all habitats on these sitéche SIPs

include the priorities and new measures needed thiave waterdependent Natur&2000 objectives under

the WFD.

Groundwater body assessmenk groundwater body can be classed as either Good or Poor based on its
chemical status and groundwater abstraction pressures. The WFD requires that all groundvaigsr b

achieve Good Status by 2015 unless alternative objectives are justified. For most of the groundwater bodies at
Poor Status EA have justified an extended deadline (2027) on the basis that premature action to modify
abstractions could be disproportiotedy costly. This will allow time for investigations to be completed and
appropriate measures implemented.

Water White Paper 2011 and abstraction reform:

Defra set out its plans for lorgrm reform of the abstraction system in the Water White Paper @vébr

Life, December 2011, concl udes that ‘“current | evels of abst
pressure i s | i kel yWateronhite paper amrausneed water abdtractiof reform and aim

to introduce legislation, imlpmenting fully mid/late 2020s. Abstraction reform is addressing the potential

future problems of changing availability and security of supply as a result of the longer term impacts of climate
change, increasing population and an increasing demand forrwBle reform is not aimed at resolving the

legacy of unsustainable abstractiofi$iese are supposed to be resolved using existing teotd) as

programmes of measures RBMPs up t8027 and the Restoring Sustainable Abstraction (RSA) programme

Key Mechanisms
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Management of abstraction

Managing Water Abstraction (2018¢ts out how water resources are managed in England/dalgs. It is the
overarchingdocument that links togethekeyabstraction licensing strategieSome key elements include:

Abstraction licensing by EA (anything above 20 cubic m) TEAMWater Act 2003 put into legislation a
number of significant chamg to the abstraction licencing systeAbstractions above 20m3/d are subject to
licensing (except fasome currentlyexempted purposes such agckleirrigationand quarry dewateringvhich
new authorisations will bring into the licensing systerrlabitas Regulations Assessments are applbere
appropriatebefore granting new license¥/ater Act 2003ntroduced time limited liceoes. This means they
can be periodically reviewed to determine whether to replace them or not and if so, what conditionsl shoul
apply. Where an existing abstraction is damaging the environment EA has the power to amend er revok
existing licencesalthough there may then be the liability to pay compensation which is raised through
abstraction chargedVhere the abstraction is caing or has the potential to cause serious damage
compensation is not payable (S57 of Water Act 20B@)nificant exempt abstractions araalto be brought
into the licenéng regime over the next few years, under Water Act 2003.

Catchment abstraction magement strategy (CAMS) (EBAMS is aesourceassessment process that

informs the Licensing Strategyithin individual catchmentsCAMS assefiow much water is reliably available

on a catchment by catchment basis. By taking into account the amouwvatef already licensed for

abstraction and how much water the environment needs, EA can determine how much water is potentially
available for further abstraction. CAMS uses the Environmental Flow Indicator (EFI) to help identify where the
amount of water &stracted or licensed exceeds the available water in a catchment. This then iriffegms
Measures Appraisal which is done through other mechanisms like the Restoring Sustainable Abstraction
programme

Wherethe EA identify flows that are not supporting a healthy ecology it will investigate ways to remedy this,
taking the catchmenbased approach. This means looking for solutions that take account of other
environmental problems in the catchment, for example withter quality.

In some cases where the cost of a solution is far greater than the benefit it would deliver, alternative, less
stringent objectives may be set so that feasible improvements can be made.

CAMS is an integral part of the River Basin Managékamning and informs RBMP programme of measures.

Restoring Sustainable Abstraction programme (RSA) (EA)

This programme is how closed to new issues as they are being dealt with under RBRMES Arogramme

was set up in the 1990s to address licensadustainable abstraction. It incorporated actions identified
SSSI(in the Remedies programme and sihcand incorporated the Habitats Directive Review of Consents
programme. It also captured local issues and those affecting BAP species and habiagsogramme
followed an approach to investigate, undertake and options appraisal looking at appropriate solutions and
then implementing a licence change where required, or a-lmence change solution.
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https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/297309/LIT_4892_20f775.pdf

Status of the RSA programme

A Water Whitepaper: EA reportson progress in 2018nddevelogs anaction
programme up to 2027.

A The programméiasr un si nce the 1990’ s, aroun
EA have closed 310 RSA schemes in England, changed 92 licenses, mostly vol
Some of tese schemes have been closed because abstraction was proven not t
the cause of the problem, while others involved solutions where abstraction was
found to be a risk or causing environmental damage. Solutions can include insta|
screens to reduce grevent the risk or damage associated with a licence.

A Of the licenceshat have been investigated, approximately 50% required no chan
43% are still underway, and 7% have been changed and the investigations closg

A There are currently 224 schemes ariiZ4icences being investigated in the work
towards ensuring that abstraction is not damaging to the environment. 49 of theg
relate to HabitatDirective sites.(Data from April 2018

Water resource management plans, Price Review process, NEP

TheWater Services Regulation Authority (Ofwat) reviews Water Company pricing iny&dirhg process

known as the Periodic Review. Water companies are now working on PR14 which will set prices for 2015 to
2020. Water companies havestatutory duty to produe both Business PlanBRs) and Water Resources
Management Plans (WRMPs). The first relates to how they manage their business and the level of customers
bills and the second to how they manage water.

WRMPs: cover a 2fear period, kept under yearly rexiv and revised every five years. Ofwat use the
Management Pl ans t o a demasddalance and theowonk they nemdtd underagepat y
part of the Periodic Review. Necessary investments in projects and infrastructure to improve proteeed are
are included in the review, informed by review of SSSI condifiba.Water Act 201Bcluded water company
solutions for unsustainable abstraction in water resource management plans and water price review process.
Natural Englané@ndthe EnvironmentAgencyare consulted on Business Plamd WRMPs

National Environment Programn§BlEP) The NEP is a programme of investigations and actions for
environmental improvement schemes that ensures that water companies meet European Directives, national
targetsand their statutory environmental obligations§heEnvironmentAgencyprovides a list of investigations

and solutions for the NEP after consultation with the water industry and a number of other organisations,
including Natural England. The NEP forms phthe final Asset Management Plan (AMP) that determines the
overall level of investment that water companies need to make over a five year period, based on the new price
set by Ofwat. Companies incorporate these requirements into their proposed busilass which inform

Ofwat's decision on price limits.

Water resource strategy for England and Wales
TheEnvironmentAgencycorporate strategyprovides a framework for water resources management across
England and Wales and set out how water resources shoeiimanaged beyond 2050.

Water resource action plan for England and Wales
Sets out the actionthe EnvironmentAgencywill take to implement the aims and objectives in the water
resources strategy for England and Wales.

Water resource strateqy regionattion plans
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Seven egional action plans show how the actions within the water resources strategy will be delivered at a
regional level. Water resources strategy Regional Action Plans (RAPS) report how these actions will be carried
out at a local level up 2015. RAPs also include water resources elements such as drought management.
Initiatives such as CAMS and Restoring Sustainable Abstraction (RSA) will provide a mechanism for delivery of
actions contained in the plans.

Management of water levels

Water Level Management Plans (WLMPSs)

WLMPs are nogtatutory site management plans for managing water levels on lowland wetland sites, typically
through the use of water control structures (artificial channels, sluices, pumps). WLMP development is funded
by flood risk management graim-aid (Government funding) while implementation of plan actions may be
funded through granin-aid or agrenvironment incentive schemes depending on the nature of the measure
required. The installation and maintenance of water control structures would genéefiynded through
grantin-aid, while agrenvironment scheme agreements are used to reimburse income foregone by
landowners or occupiers contracted to manage their land in ways that are compatible with wetter conditions
and that support the required hatait or species assemblages. In the case of Internal Drainage Boards, grant
in-aid can be used to fund plan development and required capital projects, but ongoing maintenance works in
support of the WLMP can only be funded by revenue from drainage ratiesilem landowners in the drainage
district.

Devebpment of WLMPs is the responsibility of flood risk authorities (the Environment Agency, local flood
authorities, and Internal Drainage Boards) acting in consultation with Natural England. It is a Government
requirement that flood authorities undertake this role and the responsible department Defra) has over time
issued various guidance to the authorities on discharging their respotisgili
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Stages involved in the development of a typical Water LeMgnagement Plan

1. Conservation objectives are set to meet the ecological requirements of the habitat ar
species interests of the site.

2. Available spatial and hydrological information is assessed, including:
Topography-ground levels, water levels, the draige system, existing water control
structures;

Substrate- soil characteristics, hydraulic conductivity, surface water and groundwat
interactions;
. Water supply, storage and discharge.
3. Ecchydrological criteria are developed with which to set surface wated groundwater
levels for:
Relevant vegetation communities;
Relevant mammal, bird and invertebrate species;
. Ditch and other open water habitats.
4. The existing water balance for site is assessed:
Supply- precipitation, surface and ground water inflowdgaltaking account of water
guality issues);
System storage capacity;

, Discharge- evapotranspiration, surface and groundwater outflow.

5. Boundary issues are considered, such as the possible disparity between the designal
site boundary and the hydrologidabundary. Surrounding land use or management an
abstraction activities may be constraining water levels.

6. The existing watetevel regime is assessed:

Spatially-the variation in water levels required across site: depth and area of flood
maximum andninimum water levels required; flows; penning levels.
Temporally-the timing, frequency and duration of flooding/high water levels; seasa
fluctuations in levels that may be required.

7. Operational objectives are identified using the doalrological criéria and information
on the waterlevel regime. These will include:

A consideration of water availability;

An appropriate operating regime for watével control structures dams, sluices,
weirs, ditches, bunds;

A detailed, yearound management plan witoperational procedures;

Any resource requirementsstaffing and funding for plan operation, ongoing
maintenance requirements of water courses and control structures, and future
monitoring.

8. The nature conservation and the flood risk management agengiesan appropriate
ongoing monitoring and reporting progi
biological interest features.

Flood and Coastal Risk Management

In addition to WLMPs, flood and coastal risk management can potentially benefit catiserebjectives

through a number of other mechanisms. Tiaicyframework that governs the activities of flood risk

authorities makes clear that these public bodies have duties to contribute, while undertaking their normal
activities, to the conservatioand enhancement of nature conservation sites and to biodiversity more broadly.
This is reinforced in the Government’'s National Fl
broad strategic objectives for flood risk authorities and the usgrantin-aid. Thus, for example, flood

authorities are currently engaged in funding and implememprogrammes for the physical restoratiaf
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protectedrivers and the restoratiofcreation of saltmarshat the coast through managed realignment
schemes, wth both programmes contributing to the achievementaffjectivesfor Natura sites. Beyond the
fl ood aut haodrpolicydutees towardsprotextedsitesand biodiversitythere is an increasing
commitment to the adoptinan afp p'rmatcithressl tfol galsee mardaug
knowmwoaski‘ng wi t h nAagtowimg&®ddy gb reseacch khaighdightedthe potential benefits
of working with natural processes to attenuate flood floviiis involves the deployment of meares that
restore or at least mimic natural hydrological function within catchments. Changes indafidnd
management and faring practices cameduce soil compaction and erosidngrease infiltration- making
cat chment s me andredueabnsofi, thereby attenuating flood flows downstream. Lande
change-converting arable to grassland, creating woodland or wetland habitain also havsignificantflood
attenuation benefits. There is a range of possible interventions that will hayengadegrees of benefit for
flood risk management. The evidence for the degree of benefit is also variable: befiefitsnuation
measuresat local farm and field scale are waltderstood,and there is a growing body of evidenceeffects
at a catchmat scale which idess easy to measure due to a number of confounding fackonsimber of
measures have proven benefits for flood attenuation and for the restoration of more natural hydrological
function, in particular: making space for water by realigning flood defences at the coast and dloddptain
systems; physical restotian of river channels; and floodplain storage througbitat creationor restoration.

FCRM is akA led ppgramme focusd atlong-term planningof works in relation to flood risks and coastal

erosion. It incorporates actions determined by Water Level &gpment Plans. EA has the responsibility for
approving and payment of capital Flood Defence Grant in Aid (FDGIA) across all authorities in England. A new
approach to funding flood and coastal risk management has been introqlidedd and Coastal Resiiize
Partnership Funding'.NE seeks synergies with biodiversity requirements and contributes through agri
environmentschemes. FCRM schemes have contributed to wetland creation.

Tools and processes for improving site management

ConservatiorObjectives reiew

Following the conclusions of the Habitats and Wild Bird Directives Implementation Review, Conservation
Obijectives for terrestrial and marine Special Areas of Conservation (SACs) and Special Protection Areas (SPAS)
in England have been improved. NatuiEangland published high level conservation objectives for all the sites

and established a programme to add supplementary advice in the form of relevant integrity attributes and
targets to each European Site. In relation to wetlands, these attributes @arintlude components of

hydrological functioning. Conservation objectives are the key mechanism by which management objectives for
sites are communicated to other regulators, such as the Environment Agency and local authorities, and site
owners, managerand developers. They are publicly available documents.

The aim is to keep conservation objectivestagplate, easily accessible atwbetter enableassesments of
impacts of development against them. There is a list of European terrestrial and rgesmehere the
improvement of conservationlgectives will be a priority.

Natural England also works with others to progress towards a shared definition of Favourable Conservation
Status (FCS) and sustainable wild bird population levels for Europearefeatian England level

Detailed notification review

Natural England reviewend updateghe boundaries of SSSis appropriate through a strategic approach to
ensurethat they remain fit for purpose and resilier8SSlatification amendments take account ttie

importance of features at EU and international lewagid the need to accommodate space for natural
processesThis includes considering land necessary for critical processes which support notified features, such
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as immedia¢ hydrological catchments of wetland habitdbdaturd England designation strategy 2012; Natura
England SSSI notification strategy 2608 associated guidange

WETMECS

WETMECSs aWetlands mechanisnitool forunderstanding the water supply mechanisms for a suite of
wetland types and their plant communitiémsed on an understanding of where the wetlangater supply
comes from and the environmental and landscape conditions.ufkeof WETMECS helps site mamage
characterise the natural hydrological functioning of a wetland and thus identify threats and issues as well as
mechanisms for resolving the WETMECS was developesipart of théWetland Framework for Impact
Assessment at Statutoryt&s in Englandrad Wales.

Hydroecological guidelines

For key wetland communitieshese characterise the water level requirements of wetlands and assist with
understanding the implications of proposals such as abstractios a tool for site managers to understand
how to best manage sites and for regulators to assess the likely impacts of proposed cHédmayeste
published by the Environment Agenicy

The Wetland vision:

The Wetland Vision partnershigfandNE, English Heritage, RSPB and the Wildlife Jdesteloped a 50

year vision for wetlands and the wildlife they suppdirtoroughttogether a range of information about

existing wetland projects and the potential for future wetlands, and presented it using GIS mapping tools to
enable others to access a@mise the information when developing their plans and stratediedural England
providedfunds of up to two million pounds per yeaver four yeardo help make this ambitious wetland

vision a realityWetland Visiorfundinghaspaid for purchase of landround Bowness Common, Wybunbury
Moss and other work on SACsislfor exampledoking to create and restore wetlandsichas the Meres and
Mosses of the West Midlands, the fens of South Lincolnshire, and the peatlands of the Humberhead levels.
This contibutes towards the Biodiversity 2020 commitment to create eight new landsczgde w/etlands in

the UK by 2020 ankdelps meet the Lawton Review / Natural Environment White Paper (2011) objectives of
integrated natural networks and landscape scale congema(http://www.wetlandvision.org.uk/)

* https://www.gov.uk/government/publications/wetlandunctionatmechanismsa-synopsisof-wetland-water-supply
mechanismsvetmecs
® https://www.gov.uk/government/publications/ecohydrologicauidelinesfor-lowland-wetland-plant-communities
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Annex 4Example: 7210 Calcareous fens with
Cladium mariscus and species of the Caricion
davallianae * Priority feature

Rol e of Engl and’ gnatheedingfFGCs 2000 net w

This Annex | type comprises the more speciels examples of great fesedgeCladium mariscuten,
particularly those stands enriched with elements of aricion davallianaé.e. smaltsedge fen with open
low-growing sedge vegetation. D a v aCatex davaliaeaddlf s extinct in the UK. Such stands occur in
the following situations:

1. Stes with a mixture of closed, specipsor Cladiumbeds, which at their margins have transitions to
speciesrich smallsedge mire vegetation;

2. Stes whereCladiumbeds retain their specieschness owing to management; and

3. Stuations whereCladiumfen is inherently speciesch, possibly owing to the fact that conditions do

not allow theCladiumto grow vigorously and dominate the vegetation.

Calcareous fens are rare in the UK, having a restricted and discontinuous geographical range with two main
centersof distribution: the Broadlands of East Anglia and, to a lesser extent, the fen systems of Anglesey. This
habitat type is very scattered andcal elsewhere in the UK.

The overall conservation status of the habitat in the UK is classified as Bad, due to both habitat area and
habitat structure and function being insufficient for viable conservation More than 80% of the total UK
resource occurfn England.

UK
Habitat | Structure & .
Code | Habitat name range conservation
Area function
status

Calcareous fens with Cladium mariscu:
H7210 Favourable Bad Bad Bad
and species of the Caricion davalliana¢

Site selection for this priority habitat tygeas taken account of the fact that calcareous fens are rare in the UK.
The sites selected include a very high proportion of the total remaining UK resource of the habitat type,
including the largest surviving examples.
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Figure 5. Distribution of H7210 Galreous Fen. Source: JNCC.

Calcareous Fen with Cladium mariscus and species
of the Caricion davallianae (priority feature)

UK Distribution Destribution of SAG with interest feabars

P Y

Opportunities for improving condition and restoration of the feature

The majority of restoration opportunities are to be found in the aredthin or close to SAC sites, for example
the Morecambe Bay limestongthe Broads, the Norfolk Valley Fens and the Waveney and Little Ouse Valley
Fens. With the exception of the Broads, the extent and condition of the feature in these areas is substantially
below that necessary to achieve FCS for the habitat. Wheelerlzaa @992) in a report odehydration in

Fens in East Anglia illustrate the loss, and by implicétiepotential for restoration othis habitat, and other
Annex lhabitats including Alkaline Fen ahbliniameadows in the Wavenelittle Ouse area on thiorfolk-

Suf f ol k b or dheonetimelpnobaply al of thé Waven®use riverside valley fens were of very
great floristic interest, though not too mudhknown about either the vegetation or lange history of some

of them. Some, such as Briegham Fen, have effectively been destroyed, whilst offeegsRoydonFen)have
becomemuchdrier. In the late 1950s thtareeriverside sites examined by Bellamy & Rose (1961) were
undoubtedly of higlloristic quality, Today Hindercldyenis scarcelyecognisable as a fen and, whilst the

other riverside sites remain as ostensible fens, all except for ThelnethankF#hdsty have showa

substantial loss dloristic quality. This must be regarded as one of the nsestousrecent losses of fen

vegetah 2y Ay 9y 3IAflyR®d LI A&a>X K2gSOSNE o0& y2 YSkya OSH
The reasons for these losses are various, but the key factors are loss of wetness, particularly through direct
drainage channelingof spring flow, river degening and in some cases, groundwater abstract®wme of the

large SAGites retain fragments of the lost habitatsaddition to the core areasand thewider landscaps in

which they sitstill supportcomponents of thénabitat, so restoration should be possible, but it will be

necessary to reverse the majority of the damage that has occurred. In many casesuhlisnvolve river
restoration, including bedaising and reneanderingand infilling and blocking of drairend ditches. Upslope

and upstream activities need to be considered also, as there may be a risk of nutrient enrichment. To effect
this hydrological renaturalisation, an integrated approach to river and floodplain restoration is essential.
Notwithstandingthe issues with existing land use and flood concerns, the remaining sites in this area and the
chalk rivers of north Norfolk offer perhaps the greatest opportunities to restore significant areas of H7210 in
England.

In the MorecambeBay area, Calcareous Fen is associated with-belsevaters emerging from limestone. The
small remaining areas of the habitat now only occur around the margins of lakes, although at one time would
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likely have occurred in large wetland complexes of opatew raised bog and calcareous fen, as can be seen

in peat stratigraphy. Drainage of lake basins and peat stripping has reduced the extent of all wetlands,
however, there are significant opportunities to improve the hydrological status of these lakes ligsin

restoring lake levels to nearatural and renaturalising spring flow, which has often been ditched and
channelled away from wetlands, and in doing sawedting areas of peat and restoring favourable conditions

for the development of fen habitats. @prtunities also exist in the river valleys draining the limestone, e.g.

the Lyth valley, where calcareous springs (supporting degraded petrifying springs with Cratoneurion mosses)
emerge at the valley sides. It is critical to the achievement of FCSddrehitat that opportunities for its
restoration are not missed in the process of restoring easier anebiesmnding habitat such as reedbed.

Elsewhere in England fragments of the habitat remain in a degraded state. In these sites, the opportunities
need to be identified and hydrological naturalisation measures taken as a priority to effect restoration. The key
areas are probably the West Midlands Meres and Mosses, where fragments remain around meres and on the
edges of schwingmoors, all in modified hgidigical environments (drained lake basins, drained bogs, piped
springs), and the Somerset Levels, which although comprehensively drained retain areas that are restorable to
the habitat, including peatutting sites. It is important here as wéliat the harder to restore calcareous fen is

given priority alongside other less diverse habitathere management may be fosed on restoring specific

species populations such as bittern.
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Annex5. Overview of relevant Natura 2000

Table of relevantSAC4o this theme plan

H91EOQ Alluvial forests

H91D0 Bog woodland

H7230 Alkaline fens

H7220 Petrifying springs with tufa
H7210 Calcareous fens

H7150 Depressions on peat substrates

H7140 Transition mires and quaking bogs

H7120 Degraded raised bogs

—
H7110 Active raised bogs
H6510 Lowland hay meadows
H6430 Hydrophilous tall herb fringe
H6410 Molinia meadows o
H4020 Temperate Atlantic wet heaths
H4010 Northern Atlantic wet heaths o
H2190 Humid dune slacks
H2170 Dunes with Salix repens
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Border Mires, Kielder Butterburn

Borrowdale Woodland Complex

Bracket's Coppice

Braunton Burrows

Breckland

Breney Common and Goss and Tregoss Moors

Calf Hill and Cragg Woods

Cannock Chase

Carrine Common

Cothill Fen

Craven Limestone Complex

Crowdy Marsh
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Culm Grasslands

Dartmoor

Dawlish Warren

Dee Estuary/ Aber Dyfrdwy
Dorset Heaths

Dorset Heaths (Purbeck and Wareham) and Studland Di
Drigg Coast

Duddon Mosses

East Devon Pebblebédeaths
Eller's Wood and Sand Dale
Emer Bog

Epping Forest

Exmoor and Quantock Oakwoods
Exmoor Heaths

Fen Bog

Fenland

Fenn's, Whixall, Bettisfield, Wem and Cadney Mosses
Ford Moss

Godrevy Head to St Agnes
Hatfield Moor

Holme Moor and Clean Moor
Ingleborough Complex

Kennet Valley Alderwoods

Lake District High Fells

Lower Derwent Valley
Manchester Mosses

Moor House-Upper Teesdale
Morecambe Bay

Morecambe Bay Pavements
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Mottey Meadows

Naddle Forest

Newham Fen

Newlyn Downs

Norfolk Valley Fens

North Meadow and Clattinger Farm
North Norfolk Coast

North Northumberland Dunes
North Pennine Dales Meadows
North Pennine Moors

North York Moors

Oak Mere

Oxford Meadows

Peak District Dales

Penhale Dunes

Portholme

River Camel

River Eden

River Wye/ Afon Gwy

Rooksmoor

RoudseaVood and Mosses
Roydon Common and Dersingham Bog
Saltfleetby-Theddlethorpe Dunes and Gibraltar Point
Sandwich Bay

Sefton Coast

Shortheath Common

Skipwith Common

South Pennine Moors

South Solway Mosses
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Strensall Common

Subberthwaite, Blawith and Torver Low Commons
Tarn Moss

The Broads

The Lizard

The New Forest

Thorne Moor

Thursley, Ash, Pirbright and Chobham
Walton Moss

Waveney and Little Ouse Valley Fens
West Dorset Alder Woods

West Midlands Mosses

Wimbledon Common
Winterton—Horsey Dunes
Witherslack Mosses

Woolmer Forest

Grand Total
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1 1
1
1 1 1 1 1
1
1 1 1 1 1 1 1
1
1 1
1 1
1 1
1 1
1
1
1 1
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Annexo6. List of IPENS theme plans

| PENS has

produced

several t hematic acti on

this theme plan. The full list of theme plans can be found below:

Theme plan Weblink

Atmospheric nitrogen
Climate change

Diffuse water pollution
Grazing

Habitat Fragmentation
Hydrological functioning
Inappropriate coastal
management
Invasivespecies

Lake restoration

Public access and disturbance

River Restoration

http://publications.naturalengland.org.uk/publication/614018588658!
28?category=5605910663659520

http://publications.naturalengland.org.uk/publication/495459459137!
60?category=5605910663659520

http://publications.naturalengland.org.uk/publication/584852673711:
88?category=5605910663659520

http://publications.naturalengland.org.uk/publication/488984963686
40?cateqory=5605910663659520

http://publications.naturalengland.org.uk/publication/500410180698:
20?category=605910663659520

http://publications.naturalengland.org.uk/publication/640097536127
52?category=5605910663659520

http://publications.naturalengland.org.uk/publication/637162966168:
12?category=5605910663659520

http://publications.naturalengland.org.uk/publication/613000171382:
44?cateqory=5605910663659520

http://publications.naturalengland.org.uk/publication/558302232785
52?category=5605910663659520

http://publications.naturalengland.org.uk/publication/662145421908:
76?category=5605910663659520

http://publications.naturalengland.org.uk/publication/547833974777-
64?category=5605910663659520
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http://publications.naturalengland.org.uk/publication/6140185886588928?category=5605910663659520
http://publications.naturalengland.org.uk/publication/6140185886588928?category=5605910663659520
http://publications.naturalengland.org.uk/publication/4954594591375360?category=5605910663659520
http://publications.naturalengland.org.uk/publication/4954594591375360?category=5605910663659520
http://publications.naturalengland.org.uk/publication/5848526737113088?category=5605910663659520
http://publications.naturalengland.org.uk/publication/5848526737113088?category=5605910663659520
http://publications.naturalengland.org.uk/publication/4839898496368640?category=5605910663659520
http://publications.naturalengland.org.uk/publication/4839898496368640?category=5605910663659520
http://publications.naturalengland.org.uk/publication/5004101806981120?category=5605910663659520
http://publications.naturalengland.org.uk/publication/5004101806981120?category=5605910663659520
http://publications.naturalengland.org.uk/publication/6400975361277952?category=5605910663659520
http://publications.naturalengland.org.uk/publication/6400975361277952?category=5605910663659520
http://publications.naturalengland.org.uk/publication/6371629661683712?category=5605910663659520
http://publications.naturalengland.org.uk/publication/6371629661683712?category=5605910663659520
http://publications.naturalengland.org.uk/publication/6130001713823744?category=5605910663659520
http://publications.naturalengland.org.uk/publication/6130001713823744?category=5605910663659520
http://publications.naturalengland.org.uk/publication/5583022327857152?category=5605910663659520
http://publications.naturalengland.org.uk/publication/5583022327857152?category=5605910663659520
http://publications.naturalengland.org.uk/publication/6621454219083776?category=5605910663659520
http://publications.naturalengland.org.uk/publication/6621454219083776?category=5605910663659520
http://publications.naturalengland.org.uk/publication/5478339747774464?category=5605910663659520
http://publications.naturalengland.org.uk/publication/5478339747774464?category=5605910663659520
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