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Brief summary

The Restoring Sustainable Abstraction (RSA) Programme was st
up by the Environment Agency in 1999 to identify and cataicgue
those sites which may be at risk from unsustainable ahsitaction.
The RSA Programme covers work required by the Hak 'tats
Directive, Public Service Agreement PSA3, Biodiversivy Action
Plans and undesignated sites of local importenc.ec.

The Habitats Regulations (the UK law which enforce: t-~ Habitats Directive) require
us to undertake an appropriate assessment of new or caisting consents, permissions
and other authorisations and evaluate effects 0. siv2s supporting habitats or species
listed within the Habitats Directive. These sites ae known as ‘European sites’ and
their habitats or species are commonly refered to as ‘interest features’.

As part of PSA3 we are also investigeti'y the impacts of abstraction on designated
Sites of Special Scientific Interest S5%Is). For this we have a target to bring into
‘favourable condition’ 95 per ron{of all SSSls in England by 2010. The impacts of
abstraction on sites suppor:ing Siodiversity Action Plan (BAP) species or habitats and
other sites of local imgo: a1.7e will also be investigated across England and Wales.

This document is main, intended to inform staff undertaking or reviewing
appropriate asss3sments for abstraction licences. The assessment of abstraction
licences is th~. -econsibility of our Water Resources function who work very closely
with our othar functions and Natural England or the Countryside Council for Wales
when unul taking appropriate assessments. The document can also be used to
inform ather RSA investigations which do not have a Habitats Directive driver.

“F.e aocument aims to provide:
¢ Up-to-date information on the hydrological needs and sensitivity of ecological
features considered to have fresh water resource requirements.

A framework that can be used to structure and inform associated hydro-ecological
assessments of conservation sites using a risk analysis approach based on the
source-pathway-receptor concept.

Advice on decision making within the context of multi-functional (in-combination)
assessments, together with outline information on the generic issues which may arise.

Information on common methods (or techniques) frequently used to inform hydro-
ecological assessments.

Case examples of assessments.

Environment Agency in partnership with Natural England and Countryside Council for Wales Understanding water for wildlife
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1. Introduction

1.1 Background

The Restoring Sustainable Abstraction (RSA)
Programme was set up by the Environment Agency in
1999 to identify and catalogue those sites which may
be at risk from unsustainable abstraction. The RSA
Programme is a way of prioritising and progressively
examining and resolving these concerns.

There are a number of pieces of legislation and
Government policy that require the environmental
effects of abstraction to be examined. The bulk of work
within RSA is to investigate the impacts of abstraction
on sites designated under the Habitats Directive (EC
Directive on the Conservation of Natural Habitats and
Wild Fauna and Flora (Council Directive 92/43/EEC). In
England we are also investigating the possible impact
of abstraction on nationally designated Sites of Special
Scientific Interest (SSSI) as part of a Public Service
Agreement (PSA). It may also be necessary to take
action on other sites not designated under the Habitats
and Birds directives or as SSSls.

The Conservation (Natural Habitats, &c.) Regulations,
1994, (the Habitats Regulations), make provision for
implementing the Habitats Directive in Great Britai

The Regulations require us as a competent authori@
carry out an appropriate assessment prior to y
consent, permission or other authorisation
or project that is likely to have a significa
European site. This extends to a review o
permissions and consents, as reqw

Regulations 48 and 50 of the Ha egulatlons The
conclusion of an assessmen@ enable us to
ascertain whether or not an adverse effect on

the integrity of the site.

isting
nder

(PSA) are a contract

d a Government department to
deliver a nu r 8 performance targets. PSA 3 is a
Defra targe@r ng into ‘favourable condition’ 95 per
cent of al natfonally important wildlife sites (SSSls) in
y 010 Whilst this PSA target applies only to
tW|ll involve those sites which are wholly or

a
W|th|n the boundary of our Welsh region but
|ch lie geographically within England.

Public Service Agre
between the Tre

This document has been commissioned by the
Environment Agency in association with Natural
England and the Countryside Council for Wales (CCW).
It aims to provide a framework to support, both
internally and externally, the appropriate assessment
process and the review of existing consents, permits

Environment Agency in partnership with Natural England and Countryside Council for Wales

and other authorisations. The focus of the guidance is
on Water Resource functional issues and has been

designed to provide information for both the review of
existing abstraction licences and the determination OQ

new abstraction licence applications that directly
indirectly affect European sites. %’L

Although the document has principally been g oped
for application to sites supporting speues Q f 3
of European importance, the approache osed are
applicable to other RSA sites and in der context
of assessing hydro-ecological im N onsequently the
document could be used whe@:ing the effects of
abstraction across a wide r@ sites.

1.2 Purpose an e

This document h%n written primarily for Agency
Water Resourcgg an& Conservation staff and Natural
England/CQARCoNservation Officers involved in the
appropria ﬁ sessment process. However it is hoped

that i
stak

y also prove useful to non-technical
ers by providing support to the process.
ides a high level summary of background and
porting information for those undertaking
ppropriate assessment or wishing to understand the
process.

This is a ‘live’ document which is intended to be
expanded and updated as new information becomes
available.

We recommend that you do not save any part of this
document but that you revisit the website to view the
document as required. This ensures that you are using
the most up to date version.

1.3 Document contents

Information contained is as follows:

e Section 1 - Structure and how to use the document.

e Section 2 — Summary information on the Water
Resource requirements of species and habitats
designated under the Habitats Directive with
reference to other completed and on-going Research
& Development.

e Section 3 — Provides a framework for linking species
and habitats into a series of hydro-ecological
‘domains’ (i.e. broad habitat classes) influenced by
hydrological ‘regimes’ e.g. surface water,
groundwater.

e Section 4 — Suggested approaches (also referred to

Understanding water for wildlife
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as techniques) giving background information on
ecological and hydrological tools and methodologies
together with some advice on selection.

e Section 5 — Case studies showing how some of the
approaches have been applied in practice.

Information from Sections 2 and 3 can be used, as
required, to help select the methods outlined in
Section 4.

1.4 How to use the document

It can be used in a variety of ways depending on the
experience of the user. More experienced staff familiar
with the techniques and issues involved may want to
use it as a useful ‘toolbox’ of techniques and source of
references to further information. Less experienced
users or non-technical readers may want to use it to
gain an overview of the different types of sites, and
how different features and hydro-ecological domains
relate to each other.

The structure of the document is illustrated
diagrammatically in Figure 1.1. Appropriate
assessment is primarily concerned with risk of impact
to European features, so the source-pathway-receptor
model of risk assessment provides a useful basis for
the assessment.

Of fundamental importance is the vulnerability (or
sensitivity) of the European features to changes in [@
freshwater regime. In Section 2 summary inforfNgtM
provided on the water resource requiremenf&C
habitats and 27 species listed in Annexes Il of
the Habitats Directive, and most likely to ™§impacted
by freshwater changes. Requirement@SPA bird
species listed in Annexes of the % irective are
covered in a single summary.

ot be considered in

in which they occur, so
ssment of impacts should

n the site as a whole. Section 3
OoNhydro-ecological domains and
subdomai@ road habitat classes used to
describe@ ohydrological environment in which the
fe un@ most likely to be found. These domains
an “domains are not intended to create a new
claSsffication system, but are proposed simply as a

The European features ¢
isolation from the eco
characterisation an
usually be carrie
defines a seri

%mework to set the features in context and enable an

overview of the hydrological processes that may be
operating at sites. Table 3.1 relates the European
features to the domains and subdomains where they
may occur.

Environment Agency in partnership with Natural England and Countryside Council for Wales

When characterising a site it is essential to understand
which hydrological processes are operating as
pathways by which impacts may occur. Tables 3.2 and
3.3 relate the hydro-ecological domains to the
hydrological regimes, that may be present.

There are a number of influences, or potential sources,
which can impact a site and these may include:

e Agency consented activities, e.g. abstraction,
discharges;

e Non-Agency consented activities, e.g. dev ent
planning; and @

e Non-consented activities, e.g. non li
abstractions or diffuse pollution.

@to be assessed in
terms of the ‘in-combination’ t with other

abstractions as well as @nsented activities, such
as consented efﬂuenl%rges. Due regard should
also be given to ogeer inNuences on the site such as
site managemente 3.4 details the main influences
and through whajch hydrological regime they may
impact up ite.

The impact of water abstractiong

Sectiopg. 4 pMVides summary information on the main
met %«echniques available to assist in carrying out
% late assessment. These have been broken

into five main groups:

® Baseline data;

e Hydrological/hydrometric data;

Ecological data;

Tools for interpretation & site characterisation;
Tools for impact assessment.

Choice of method depends on a number of factors and
these are discussed in Section 4.3. Table 4.1 relates
available methods to the hydrological regimes
operating at the site. One of the factors that may
influence choice of method is the sensitivity of
individual species within a particular domain and this
is recognised by the link from features to methods
shown in Figure 1.1.

Section 5 provides examples of case studies for
different domains and Table 5.2 shows which methods
were used when undertaking these various case
studies.

Understanding water for wildlife
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Fig 1.1 Structure of document
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Table 5.1

Finding your way around th'@Dl‘j

publication Q’
Hyperlinks are used in this P, blication to help you

to get to the information d more quickly. These

un
are included in the maj &ents and section divider
contents pages and@@)w the hand icon@when
you scroll over t #h your mouse. Click to activate
the links.

Hyperlin
throu

so0 positioned bottom left in the footer
e document. These return you to the
ne ction divider. There is also a hyperlink on
ea@tction divider which can then be used to take
u back to the main contents.

or example
To get to the Rutland Water case study:

In the main contents, click on ‘5. Case studies’.
This will take you to section 5 divider and the full
section contents.

Click on ‘Rutland Water’.

Environment Agency in partnership with Natural England and Countryside Council for Wales

As section 2 is a large section you can either click on
‘2. Species and habitats’ in the main contents to take
you to the section divider listing the full contents.

Or click the sub section e.g 2.3.1 Invertebrates’ to
take you straight to that sub section.

To return to the main contents in all cases:

Click ‘< Section divider’ in the footer to return to the
nearest section divider

Click “« Main contents’ bottom left on the divider to
return to the main contents page.

Understanding water for wildlife

< Section divider
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2.1
2.2

2.2.1

2.2.2

Introduction

Guidance summary notes on the water
resource requirements of particular
habitats

Coastal and halophytic habitats

— Atlantic salt meadow (Glauco-
Puccinellietalia maritimae)

— Estuaries

— Humid dune slacks

—Inland salt meadow

— Large shallow inlets and bays

— Mudflats and sandflats not covered by
seawater at low tide

— Salicornia and other annuals colorising

mud and sand
— Spartina swards (Spartinion matimae)
— Coastal lagoons
Freshwater habitats
— Natural dystrophi - lokes and ponds

— Hard oligo-m.sotrophic waters with
benthic vezewation of Chara spp

— Natural .4t ophic lakes with
Maa.ooctamion or Hydrocharition —
tvpo vagetation

--O’igotrophic to mesotrophic standing
waters with vegetation of the
Littorelletea uniflorae and/or Isoéto-
nanojuncetea

— Watercourses of plain to montane
levels with Ranunculion fluitantis and
Callitricho-batrachion vegetation

— Oligotrophic waters containing very few
minerals of sandy plains (Littorelletalia
uniflorae)

— Mediterranean temporary ponds

< Main contents
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Species and
habitats

Temperate heath, scrub ana ¢rasstands

— Molinia meadows on cewarcous, peaty
or clayey-silt-laden sui's ‘Molinion
caeruleae)

— Northern atlcniicvet heaths with Erica
tetralix

— Lowland ~ay meadows (Alopecurus
pratensis, Sanguisorba officinalis)

— Tz nerate atlantic wet heaths with
C-ca ciliaris and Erica tetralix

kaised bogs, fens, mires, alluvial forests

and bog woodland

— Tilio-Acerion forests

— Alkaline fens and calcium rich
springwater fed fens

— Alluvial forest with Alnus glutinosa and
Fraxinus excelsior (Alno-Padion, Alnion
incanae, Salicion albae)

— Alpine pioneer formations of the
Caricion bicoloris-atrofuscae

— Blanket bogs
— Bog woodlands

— Calcareous fens with Cladium mariscus
and species of the Caricion davallianae

— Depressions on peat substrates of the
Rhynchosporion

— Petrifying springs with tufa formation
(Cratoneurion)

— Raised bog (Ombrotrophic bog)
— Transition mires and quaking bogs

Guidance summary notes on the water
resource requirements of particular
species
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2.3.1 Invertebrates 2.3.3
— Desmoulin’s whorl snail (Vertigo
moulinsiana)
— Geyer’s whorl snail (Vertigo geyeri)
— Narrow-mouthed whorl snail (Vertigo 2.3.4
angustior)
— Ramshorn snail (Anisus vorticulus)
— Round-mouthed whorl snail (Vertigo
genesil)
— Freshwater pearl mussel (Margaritifera
margaritifera)
— Southern damselfly (Coenagrion
mercuriale)
— White-clawed crayfish
(Austropotamobius pallipes) T
— Fisher’s estuarine moth (Gortync porelii
lunata)
— Marsh fritillary butterfly (¢ 4phydryas
aurinia)
2.3.2 Fish and amphibian 2.4
— Sea lamprey ‘+2*romyzon marinus) 55

— Brook la nyrey (Lampetra planeri)

— Rive: \an.prey (Lampetra fluviatilis)

— Fis snad (Alosa alosa)

- Tvsaite shad (Alosa fallax)

— Atlantic salmon (Salmo salar)

— Spined loach (Cobitis taenia)

— Bullhead (Cottus gobio)

— Great crested newt (Triturus cristatus)

Environment
Agency

< Main contents

Species and
habitats continued

Mammals

— Barbastelle bat (Barbas: llu
barbastellus)

— Otter (Lutra lutra)
METNE

— Slender greon-teather moss
(Drepc.rocladus vernicosus)

— Petuwort (Petalophyllum ralfsii)
- Wiash saxifrage (Saxifraga hirculus)
- Creeping marshwort (Apium repens)

— Floating water plantain (Luronium
natans)

— Fen orchid (Liparis loeselii)

— Shore dock (Rumex rupestris)
Birds

— SPA bird species

— Habitat descriptions

— Species descriptions

Eco-hydrological guidelines for lowland
wetland plant communities

Other sources of information

Cyngor Cefn Gwlad Cymru
Countryside Council for Wales



2. Species and habitats

2.1 Introduction

Areview has been carried out of present knowledge on
the specific hydrological (and in particular the fresh
water resource) requirements for European designated
habitats and species (known as interest features). The
species and habitats included within the review are
those that are found within ¢SACs and SPAs throughout
England and Wales.

The results of the review, are presented as a series of
hydro-ecological requirement summary sheets covering
the likely water resource requirements for 31 habitats
and 28 species (not including birds which are covered
separately). These habitats and species do not
represent the full list of habitats and species
designated but only comprise those identified as
having some level of dependence on freshwater.

The summary sheets thus produced are intended to
provide a basic ecological description of each habitat
and species identified which will be of use as a starting
point but do not provide a comprehensive review of all
available material. Where information is available,
issues pertaining to their water resource requireme
are identified in addition to other parameters

considered likely to have significant implica# the
health or status of the interest feature. A li y
references is identified within each note er with

any known projects (either current o, re) providing
further research. The lists mclude eferences to
more detailed sources such a $ C website and

various LIFE projects.

s have hydro-ecological
also apply to a broad range of
that may occur at the same
e information provided in this
applied to a wider range of species

n those listed. However, care must be
sing the information in this way, and

Many of these interestf
requirements, whic
species and/or h
sites. Conseq
document

Environment Agency in partnership with Natural England and Countryside Council for Wales

Sections 2.2 includes the habitats summary sheets.
Section 2.3 includes the species summary sheets.

Section 2.4 makes reference to the report Eco-

hydrological Guidelines for Lowland Wetland Plﬁ%

Communities which is available on the Envim@ t

Agency website.

Section 2.5 highlights other R&D pro®;particular

relevance to this manual.

2.2 Guidance summm&?es on the
water resource regW ents
of particular hab

A series of hydro-&fo[gical summary sheets has been
produced for gmgnge of habitats designated as
European i features identified as having some

i
level ofdegence on freshwater. Each habitat
sum includes the following sub-sections:

eral information — provides background to the
bitat and its occurrence;

@A description which provides more detailed

information on the community type;
e Keyinfluences — examines the effects of water
quantity, water quality etc on the habitat;

e Current and future work — summarises key research
that has recently been completed or is on-going
specifically looking at the habitat being described;

e Key references — sets out a bibliography that can be
used to gather further information if required.

Each summary sheet presents the most up-to-date
information currently available on the requirements of
each habitat, and identifies areas where further
research is required or is on-going. The user will be able
to interrogate these sheets to help build a conceptual
understanding of the optimal hydrological conditions
for the habitat and whether these allow favourable
conditions to be achieved. It is envisaged that summary
sheets will be periodically updated as research
improves our understanding of the hydro-ecological
requirements of each habitat.

Understanding water for wildlife
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2.2.1 Coastal and
halophytic habitats %g'\“

The following summary has been compiled using key reference papers \
provided by Environment Agency, Natural England and CCW staff. | vides
a summary of relevant information on the freshwater requireme the
different coastal habitat types. For further information refer t%@érences

listed in each summary. E O
— Atlantic salt meadow (Glauco-Puccinellietalia maritimae) %

— Estuaries OQ

— Humid dune slacks

— Inland salt meadow §
o

— Large shallow inlets and bays

— Mudflats and sandflats not covered by seax@&at low tide
— Salicornia and other annuals colonisi@ and sand

— Spartina swards (Spartinion mari@

— Coastal lagoons @%
N

Environment Agency in partnership with Natural England and Countryside Council for Wales Understanding water for wildlife
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2.2.1 Coastal and halophytic habitats

At l.a n ti C Sa lt me a d ow (Glauco-Puccinellietalia maritimae)

General information Description '<\
Saltmarshes can be defined as intertidal areas of fine e Atlantic salt meadows form in soft intertidal Q
sediment transported by water and stabilised by sediments (mud and sand) which are protected {ro

halophytic species adapted for regular immersion strong wave action. This vegetation forms the pid

(Ref. 2). Four main salt marsh zones based on tidal and upper reaches of saltmarsh communiti here

regime plus an upper transition zone are recognised: tidal inundation still occurs but with dec @g

frequency and duration (Ref. 3);

Pioneer zone: open communities covered by all tides o Inthe UK this Annex | habitat tvoe nds to
(except the lowest neap) with one or more of the yP
the NVC types:

following — Spartina, Salicornia, Aster; e SM10 Transitional low-mars tation
Low marsh zone: generally closed communities covered e SM11 Aster tripolium vad;aideus salt-marsh
by all neap tides with at least Puccinellia and Atriplex community
portulacoides as well as the previous species; e SM12 Rayed Aste m salt-marsh community
e SM13 Puccin alNtima salt-marsh community
e SM14 Ha[imic%;rtulacoides saltmarsh
co nity

e SM15 Q maritimus — Triglochin maritima salt-
h community

Middle marsh zone: generally closed communities only
covered by spring tides with Limonium and/or
Plantago, as well as the previous species;

High marsh zone: generally closed community only

covered by the highest spring tide with one or more of e S estuca rubra salt-marsh community (coastal

the following — Festuca, Armeria, Elymus as well as the examples only)

previous species; and 17 Artemisia maritima salt-marsh community
@SMlS Juncus maritimus salt-marsh community

e SM19 Blysmus rufus salt-marsh community

Transition zone: vegetation intermediate between tht\
s e SM20 Eleocharis uniglumis salt-marsh community;

high marsh and adjoining non-halophytic areas. Thi
zone is only covered occasionally by tidal sur: u

extreme storm events (Ref. 3). ¢ e Referto Ref. 5 for further information on NVC types;

e Atthe lower reaches of the saltmarsh the vegetation
It is not uncommon for one or more of th nes to be is often naturally species-poor and may form an open
absentin an area. In areas exposed igh wave sward of common saltmarsh-grass (Puccinellia
energy, middle to high marsh can&%ell above the maritima). Further up the marsh, the vegetation
level of normal spring tides. In estricted by the becomes forb-dominated and red fescue (Festuca
existence of a sea wall the hi one is virtually rubra) becomes more important. The upper
absent and the transition&e appearsinaline along saltmarsh shows considerable variation, particularly
the sea wall. Q where there are transitions to other habitats.

Communities present may include tussocks of sea
rush (Juncus maritimus) dominating a herb-rich
vegetation, and saltpans supporting patches of
species-poor vegetation dominated by saltmarsh
flat-sedge (Blysmus rufus) in the north or slender
spike-rush (Eleocharis uniglumis) (Ref. 4).

curon North Sea, English
iC’shores, mostly in the large,

s of south-east, south-west and

and and in South Wales. Smaller areas
are found in Scotland (Ref. 4).

Atlantic salt mea
Channel and
sheltered egt

<8
N

Environment Agency in partnership with Natural England and Countryside Council for Wales Understanding water for wildlife
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Key influences Current and future work

Water resources JNCC and EHSNI have completed a saltmarsh review in
e Saltmarsh flora communities are dominated by 2002. Details on all aspects of saltmarsh and their
halophytic species. Freshwater influences are likely management are included. Refer to Ref. 3.

to be of localised importance FRef. 9; Hydrological reviews for a number of SACs have been «
e The herb component of Atlantic salt meadow may .
undertaken by Entec. These reports provide a

require freshwater inputs to encourage diversity. At

. . . discussion on considerations for particular sites, a Q
the local scale it is possible that freshwater inputs although site specific. provide useful information for
may affect species spatial distribution and diversity, g P P

although this is likely to be restricted to the area the assessment of impacts on this habitat type.&
immediately surrounding the input, due to dilution @
with marine water (Ref. 9); and Q

e Further assessment is required to ascertain the
freshwater requirements and their significance for
Atlantic salt meadow. AQ

Other influences O
e (oastal processes are considered the principle - F

influence on saltmarsh. Such processes affect the

height of sediments in relation to sea levels and %
salinity, which in turn affects species composition
and distribution (Ref. 9); Q

e Many saltmarsh areas have been lost as a result of O

land reclaim for agricultural purposes.
Anthropogenic influences on this habitat type Q
include waste tipping, drowning by barrage $
construction, recreational pressures, oil pollution @
and eutrophication (caused by sewage effluent a
agricultural run-off); and

e Many of the issues such as grazing, turf cuttizg a

alteration to freshwater inputs are not cory to
affect pioneer communities, but may I@wiﬁcant

implications for mid to high salt marsh es (Ref. 3).
0\%
Environment Agency in partnership with Natural England and Countryside Council for Wales Understanding water for wildlife
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Region: Blackwater Estuary SPA/cSAC/ SSSI. Entec Ltd, Newc

9. Green, C. & Robson, G. (2002). Hydro-ecological Revie lected European Sites within the Agency’s Anglian
Region: Alde-Ore SSSI. Entec Ltd, Newcastle.

10. Green, C. & Robson, G. (2002). Hydro-ecolagj iew of Selected European Sites within the Agency’s Anglian
Region: Foulness SSSI. Entec Ltd, Newcastles \

NN

Supporting references :

11. Brooke, J., Landin, M., Meaki Adnitt, C. (1999). The Restoration of Vegetation on Saltmarshes. Research
and Development Technical l@ 208. Environment Agency, Bristol.

Consideration of birds
12. Ravenscroft, N.O. ). Associations of wintering waterfow! with freshwater on the mudflats of East
Anglian estuaries. to the Environment Agency, English Nature and Suffolk Wildlife Trust.

13. Ravenscro
waterfowl ar
Agency a

Ot r@ex | habitats to be considered with Atlantic salt meadow are, spartina swards, mudflats and sandflats
02} r

M., Beardhall, C.H., Cottle, R., Willett, P. & Wright, M.T. (1997). The distribution of wintering
reshwater flows over the mudflats of the Orwell Estuary, England. Report to the Environment
ish Nature.

n ed by seawater at low tide, coastal lagoons, temperate atlantic wet heath with Erica ciliaris and Erica

étr x and also estuaries.
*
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2.2.1 Coastal and halophytic habitats

Estuaries

General information

Estuaries are generally defined as the downstream part
of a river valley, subject to the tide and extending from
the limit of brackish water. They comprise a range of
habitat types and provide an essential migratory route
for fish species making the transition between the
marine and freshwater environment, and bird
populations using the area for feeding, refuge,
reproduction and/or nurseries (Ref. 2).

The UK has over 90 estuaries, which are widely
distributed around the coast of England and Wales with
few examples of this habitat type in Northern Ireland
and western Scotland (Ref. 2).

Description

The structure of estuaries is largely determined by
geomorphological and hydrographic factors. Four main
sub-types are noted:

e Coastal plain estuaries: These are usually less than
30 m deep exhibiting a large width-to-depth ratio
and are the main estuary type by area

e Bar-built estuaries: have a sediment bar gc@eir
mouths and are partially drowned river va l\ at
have subsequently been inundated. T e small
but widespread around the UK coa

e Complex estuaries: formed by a of physical
influences including glaciatiog $ g/pr erosion, sea-
level change and geologic@s raints from hard
rock outcrops. Few exagplesRexist in the UK

e Ria estuaries: drown rvalleys,
characteristically in south-west Britain. The
estuarine part e systems is usually restricted
to the uppe&s with outer parts not diluted by
freshwa typically conform to the Annex |

inlets and bays

information on sub-types, refer to

cc.gov.uk/SACselection;
o adient of salinity from freshwater in the river to

% increasingly marine conditions towards the open sea

exists in estuaries;

e Estuaries are relatively sheltered, leading to the
deposition of sediment largely from marine sources.
This deposition often leads to the development of
extensive inter-tidal mudflats and saltmarshes.

Environment Agency in partnership with Natural England and Countryside Council for Wales

However, in the South West, the bulk of saltmarshes
are on fluvial sediments arising from mining
operations;

Habitats found within the Habitats Directive est%
feature may include saltmarsh, sand dunes,
intertidal sediments, water column, habitazJ& d by
seals and cetaceans and immediatel ;

habitats used by estuary birds; and %
Classification can also be based inity
distribution, with positive (fres

input>evaporation), negativ, oration>freshwater
input) or neutral (fres w@n ut=evaporation)
estuaries noted (R

Key influenceb

Water reso,

Change@alinity within the estuary can lead to

ch s in species distribution and may limit
IMble habitat for particular species requiring
ned salinity regimes (Ref. 5);

@Salinity along with wave exposure and sediment type

are the main influences on the distribution and
components making up the invertebrate community
within the sediments;

Freshwater flows into estuaries may influence
sediment regime and hence estuarine morphology.
The number and location of freshwater inputs should
be considered, along with an understanding of
estuarine morphology;

Changes to freshwater input may alter currents within
the estuary affecting sediment transport, settlement
and the dispersion of organisms (Ref. 6);
Invertebrate diversity is greatest in either marine or
freshwater environments, reducing as the salinity
range increases. Changes in salinity resulting from
freshwater inputs will generally reduce invertebrate
diversity. However, interstitial salinity tends to be
much less variable than the overlying water, and as
such is not considered a major limiting factor of
invertebrate abundance (Ref. 5);

Differences in salinity conditions will alter the variety
of communities found in each of the sediment
categories. Estuarine communities may display
marked variations depending on the influence of
freshwater inputs when compared to purely marine
locations (Ref. 1);

Understanding water for wildlife
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e Freshwater inputs may be considered important for
bird utilisation of this habitat, although it is not yet
clear. Itis possible that birds do rely on freshwater
inputs for preening and drinking, and as such these
inputs are important for the development of local
niches (Ref. 9 & 10); and

e Thereis also evidence of a link between freshwater
flows to estuaries and the ability of migratory fish to
navigate their way upstream.

Other influences

e Other environmental parameters to which the biota
of estuaries are sensitive include hydrographical
changes and water activity (i.e. storm events) and
tidal elevation change (e.g. sea level rise);

e Changes to the hydrographic regime are of
considerable importance to the physical, chemical
and biological integrity of estuaries. Such changes
may alter the sedimentary regime, which may impact
on the sediment health, the nature of infaunal
communities present and consequently its use by
predators (Ref. 1). Storm events can also result in the
‘scouring’ of benthic communities, causing
reductions in biomass. Generally, the determining
factors affecting such habitats are wave, current and
wind action;

e Disruption of sediment supply from marine and
coastal sources can adversely affect the sediment
budget of muddy estuaries, or reduce the input
of sand, which often predominates at the mqu
of estuaries; x

e For details on the sensitivity of particular S
within estuarine habitats, refer to ww@.ac.uk;
and

e Anthropogenic activities known @e an impact on

the estuary feature include (5

— Land reclamation activi@

— Coastal squeeze caﬁb ard defence
structures preventj dward migration of
intertidal sedi %

- Barrages (a storm-surge and tidal energy);

— Organic el ent;

— Industga domestic effluent discharge;

- 0il nd tanker accidents;
elrise; and

é eation (including bait digging);
redging; and

— Introduction of non-native species (Ref. 1).

Environment Agency in partnership with Natural England and Countryside Council for Wales
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Current and future work

Hydrological reviews for a number of SACs have been
undertaken by Entec. These reports provide a
discussion on considerations for particular sites, and
although site specific, provide useful information for «
the assessment of impacts on this habitat type. \

A substantial amount of work has also been undertakQ

by the Severn Estuary Partnership Group.

A complete list of all projects commissioned on (L
estuarine topics can be obtained from the H &
Directive Estuaries Co-ordinator.

Consult the MarLIN website for work r
(and ongoing) on sensitivities of

(www.marlin.ac.uk/Bio_pages 3

info_intro.htm). O

completed
e Mabitat:
ripts/Habitats_

Understanding water for wildlife
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Key references

General description

1. Elliot, M., Nedwell., S., Jones, N. V., Read, S. J., Cutts, N. D & Hemingway, K. L. (1998). Intertidal sand and

mudflats & subtidal mobile sandbanks: An overview of dynamic and sensitivity characteristics for conservation «
management of marine SACs (volume Il). Scottish Association for Marine Science (UK Marine SACs Project). \

2. McLeod, CR, Yeo, M, Brown, AE, Burn, A, Hopkins, JJ, & Way, SF (eds.) (2002) The Habitats Directive: selecti Q
Special Areas of Conservation in the UK. 2nd edn. Joint Nature Conservation Committee, Peterborough. %

www.jncc.gov.uk/SACselection \
3. McLusky, D.S. (1989). The Estuarine Ecosystem. Blackie, Glasgow. @
4. Rodwell ). S. (ed) (1991). British Plant Communities: Maritime communities and vegetation of o itats:

Volume 5. Joint Nature Conservation Committee. Cambridge University Press, Cambridge.

Site specific studies @
5. Betts, S. & Lawson, R. (2002). Hydro-ecological Review of Selected European Sites wi e Agency’s Anglian
Region: Blackwater Estuary SPA/cSAC/ SSSI. Entec Ltd, Newcastle.

n §

6. Green, C. & Robson, G. (2002a). Hydro-ecological Review of Selected European 3es within the Agency’s Anglian
Region: Foulness SSSI. Entec Ltd, Newcastle.

7. Green, C. & Robson, G. (2002b). Hydro-ecological Review of Selected E@ean Sites within the Agency’s Anglian

Region: Alde-Ore Estuary SSSI. Entec Ltd, Newcastle.
8. Green, C. & Robson, G. (2001). Hydro-ecological Review of Sel ;ropean Sites within the Agency’s Anglian
Region: Dengie SSSI. Entec Ltd, Newcastle. s@

Supporting references 6

Consideration of birds utilising the estuary

9. Ravenscroft, N. 0. M. (1998). Associations tering waterfowl with freshwater on the mudflats of East Anglian
estuaries. Report to the Environment Age& sh Nature and Suffolk Wildlife Trust.

10. Ravenscroft, N.O.M., Beardhall, C.H., le, R., Willett, P. & Wright, M.T. (1997). The distribution of wintering

waterfowl! around freshwater flows o@e mudflats of the Orwell Estuary, England. Report to the Environment
Agency and English Nature.

Annex | habitats to be consi ith estuaries are mudflats and sandflats not covered by seawater at low tide,
large shallow inlets and bi%s%salicornia and other annuals colonising mud and sand, spartina swards and Atlantic
salt meadows. The A ecies that should be considered are the allis shad (Alosa alosa), twaite shad (Alosa
alosa), river lampre petra fluviatilis), sea lamprey (Petromyzon marinus) and atlantic salmon (Salmo salar).
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2.2.1 Coastal and halophytic habitats

Humid dune slacks

General information

Dune slacks are low-lying areas within dune systems
that are seasonally flooded. They occur primarily on the
larger dune systems in the UK, particularly in the west
and north where the wetter climate favours their
development. The range of communities found in
humid dune slacks is considerable and dependent on
the structure of the dune system, its successional
stage, the chemical composition of the dune sand, and
the prevailing climatic conditions (Ref. 3).

Owing to the cool wet climate of the UK, humid dune
slacks are a prominent feature of dunes in the UK. Dune
slacks are widespread but local in the UK and the
habitat type exhibits considerable ecological variation
(Ref. 4).

Description

e Humid dune slacks occur on calcareous sand where
vegetation is similar to that of small sedge mires

(mires with low-growing sedges), or on acidic du s\
where the vegetation may have affinities to wet h’%

(Ref. 6); Q
Slacks usually have a free-draining shingle& ora
damp sand base (Ref. 4); \
Nutrient levels of soils are normally lo calcium
content high (Ref. 8); %
Creeping willow is often found % slack
vegetation and the boundarj een humid dune
slacks and dunes with Sal ns ssp. argentea are
often diffuse and diffic®& to define on the ground.
Sites where creepin w is dominant are
excluded from th slack habitat type (Ref. 3);

In the UK, hu e slacks are represented by the
NVC types:

- SD1 ina nodosa — Bryum pseudotriquetrum
une-slack community

@; Salix repens — Campylium stellatum dune-
slack community
. %— D15
&\Q\ ~ SD16

Salix repens — Calliergon cuspidatum
- SD17

dune-slack community

Salix repens — Holcus lanatus dune-slack

community

Potentilla anserina — Carex nigra dune-

slack community

o Refer to Rodwell (1991) for further information on
NVC types;

Environment Agency in partnership with Natural England and Countryside Council for Wales

Ca

Key influences

Dune slacks are often rich in plant species. Flora is
chiefly composed of marsh plants commonly found
outside the dune system, with very few species
confined to the dune slack habitat. Notable spe(eL
found include the fen orchid (Liparis loesell))
petalwort (Petalophyllum ralfsii) and shore@&‘
(Rumex rupestris) (Ref. 3);

Species within dune slacks show ex
morphological modifications in re
deficiency of water. The lower lj many species is
controlled by submergencet precisely how, is

not known (Ref. 6); Q'
S transient features,

Coastal slacks are
liable to sea water fldgding or to obliteration by the
nes (Ref. 6); and

growth of emb

Arange of other and types, in particular swamp,
mire and taq{ &b fen communities occur on some
dunes. ommunities are not confined to dunes,
althgygh ey comprise an important part of the

icof vegetation characteristic of dune slack

se to excess or

Water resources
e True dune slacks are predominantly fed by rain water.

They are characterised by a pattern of pronounced
annual water table fluctuations related to the
landform of the dune system, climate, and the nature
of the underlying sediment (Ref. 6);

The maintenance of suitable hydrological conditions
is considered essential to the survival of this habitat
type. Variations in the extent and duration of flooding
of the dune surface are deemed very important in
determining species composition and structure of
dune slack vegetation. Such conditions can also
influence the breeding of aquatic species, including
the rare natterjack toad (Bufo calamita) (Ref. 2);

The distribution of a number of species within dune
slacks is critically related to the mean water table level
(Van der Lann 1979 as cited in Jones (1993)). Some
dune slack species are adapted to changes in the
duration and depth of flooding, with a number noted to
migrate up and down a height gradient in dune slacks
in response to wet and dry period. Bog pimpernel
(Anagallis tenella), jointed rush (Juncus articulatus) and
lesser spear-wort (Ranunculis flammula) are all
confined to wet sites subject to flooding while marram

Understanding water for wildlife
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(Ammophila arenaria) and restharrow (Ononis repens)
are almost always found on ground above the level of
the water table (Ref. 2 & 4);

e Slacks at the seaward edge and centre of a dune
system aquifer typically exhibit a large annual
groundwater range, whilst slacks adjacent to
permanent water bodies or areas at the centre of
large parabolic slacks demonstrate much reduced
ranges, which may amount to 50% of the maximum
(Ref. 2);

e The vegetation of wet slacks (SD14 and SD17) is
considered groundwater dependent. The
groundwater table rarely falls more than 1.2 m below
the soil surface in well-developed slacks, with winter
flooding from 0.1 to 0.5 m in depth. The rooting zone
is rarely out of contact with the capillary fringe of the
water table, and moderately low redox potentials
may develop during the early summer months (Ref.
2,6 &8);

e The water table of dry slacks (SD16) may range
between 0.5 and 2.0 m below the ground surface
during the summer months, with soil profiles out of
capillary contact with the water table throughout the
growing season. Winter flooding only occurs
exceptionally, and is usually short in duration (Ref. 2
& 6);

level are difficult to predict, and it is not possible
separate the ecological effects of an increased
nutrient load from an increase in mean gro

level (Ref. 2); and .

e Human interference of the natural grou \3r
regime of British coastal dunes is not idered
large scale, with upland catchmen%eep
groundwater abstraction and r% s meeting
water resource needs (Ref.

Other influences x

e Dune slacks are dyngf™g¢ ¥eatures. The continued
creation of new d Qa*cks, often from blowouts, is
considered hi irable in order to maintain the
communitieg(CNgracteristic of the early successional
stages ofd development (Ref. 4);

e Other likely to affect the health and status of

e slacks include loss through urban and

ial development, sea defence and

ilisation, waste disposal and military defence

*\% usage (Ref. 4);

Environment Agency in partnership with Natural England and Countryside Council for Wales

e Additions of nitrogen, phosphorus and potassium
will lead to striking changes in the vegetation
(Ref. 9);

e Severe grazing by rabbits will degrade humid dune
slack habitats and reduce diversity (Ref. 8); and

e The effect of a global rise in sea level on natural
hydrological processes in dune systems may have
implications for dune stability (Ref. 4). n

Current and future work

English Nature (now Natural England) p @a
report in 2006 on the eco-hydrological@®fines of
dune habitats (Ref. 1). @

e The effects of an increase in the average water table ®$

Understanding water for wildlife
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Key references

General description

1. Davy A.J., Grootjans A.P. Hiscock K. and Petersen J. 2006 Development of eco-hydrological guidelines for dune
habitats-phase 1. English Nature Report 696. Available: http://www.english-nature.org.uk/pubs/publication/
PDF/696.pdf

2. Jones, P.S. (1993). ‘The importance of hydrological processes in sand dune ecosystems’ in The Dunes of th
Sefton Coast. D. Atkinson & ). Houston (ed). National Museum and Galleries, Merseyside.
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of Special Areas of Conservation in the UK. 2nd edn. Joint Nature Conservation Committee, Peterborou
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4. Packam, J. R. & Willis, A. J. (1997). Ecology of Dunes, Saltmarsh and Shingle. Chapman and [dndon.

5. Radley, G. P. (1994). Sand Dune Vegetation Survey of Great Britain: Part 1-England. Joint Conservation
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Volume 5. Joint Nature Conservation Committee. Cambridge University Press%bridge.

8. Van Beckhoven, K. (1992). ‘Effects of groundwater manipulation on se@cesses and vegetation in wet dune
slacks’, in Coastal Dune: Geomorphology, Ecology and Management servation. R. W. G. Carter, T. G. F. Curtis
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Supporting references
Other Annex | habitats to be considered WitE’ dune slacks are water courses of plain to montane levels with

Ranunculion fluitantis and Callitricho-Batrqe{o? vegetation, also calcareous fens with Cladium mariscus and
species of the Caricion davallianae. The AMsex Il species that should be considered with humid dune slacks are
petalwort (Petalophyllum ralfsii), sh ck (Rumex rupestris), fen orchid (Liparis loeselli), narrow-mouthed whorl
snail (Vertigo angustior) and als§ Oating water plantain (Luronium natans).

N
o)
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2.2.1 Coastal and halophytic habitats

Inland salt meadow

General information

Inland saltmarsh (salt meadow) can develop where

natural or artificial saline conditions prevail, and where

the land is not subject to intensive management. It is
now deemed a rare habitat type, having declined
dramatically in the past 50 years in all areas where it

occurs. The destruction of much of the natural habitat

can be traced back to early salt-production activities

maritimum) predominate.

Where salinity levels are high (i.e. around salt pans) «

common saltmarsh-grass (Puccinellia maritime),

lesser sea-spurrey (Spergularia marina), saltmazLQ
hiin

rush (Juncus gerardii) and sea arrowgrass (Trigl

oM

Key influences

(Ref. 1).

Pa

three sites known to exist in the UK. Inland salt meadow

at

sturefields Salt Marsh in the West Midlands is one of

this site is formed by a natural salt spring, derived

from solution of the subterranean salt-bearing rocks of

the Keuper series (Ref. 3). The site covers approximately

0.5 hectares (Ref. 4). The remaining two inland salt
meadow sites are found on the Upton Warren Pools

SS

Sl (in Worcestershire), and Napton (Warwickshire),

with the later representing a weak saline spring feature.

Description

Inland salt meadows refer to non-coastal sites
supporting the Festuca rubra and Spergulari

— Puccinellia distans salt-marsh communi¢ .
These correspond under the National V Sﬁon
Classification community types to SM SM23
respectively (Ref. 1); %

Distinctive plant associations rved within
this habitat type and usuallyr&fl&et differences in
salinity, waterlogging and ing;

Sea plantain (Plantago®gritima), a notable
halophytic plant is fegn®in inland salt meadows; and

\

Water resources

e Little information exists on th %ological
requirements of inland sa dows;
t carried out at

e Ahydrogeological ass
Pasturefields Salt (\% 1994 identified brine
springs in areagef locMised permeability, with much
of the area’s gecal deposits described as
impermeabjaRef. 2);

e Majort to the health and status of inland salt
meadomrtain to changes in the hydrological
re% (Ref. 2); and

o ater influences on inland salt meadow sites

vour the establishment of swards of red fescue
Festuca rubra).

Other influences
e Drainage of agricultural land is considered to be the
most significant threat to inland salt meadows (Ref 1).

Current and future work

No current or future research on the water resource
requirements of inland salt meadows has been
identified within the confines of this study.

General

1.
SP,

Mc

cc.gov.uk/SACselection

\%te specific studies

R, Yeo, M, Brown, AE, Burn, A}, Hopkins, JJ, & Way, SF (eds.) (2002) The Habitats Directive: selection of
eas of Conservation in the UK. 2nd edn. Joint Nature Conservation Committee, Peterborough.

2. Aspinwall & Company. (1994). NRA (Severn Trent Region) Hydrologeological Assessment of Sites of Scientific
Interest: Final Report: Pasturefields Salt Marsh S]992 248 Staffordshire. Aspinwall & Company, Leeds.

3. English Nature. (1986). Notification Citation for Pasturefields Salt Marsh. English Nature, Peterborough.

4. Staffordshire Biodiversity Action Plan Steering Group. (2001). Staffordshire Biodiversity Action Plan. Edited by .
Webb and J. Smith, 2nd Edition, Staffordshire Wildlife Trust, Staffordshire.
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2.2.1 Coastal and halophytic habitats

Large shallow inlets and bays

General information

Large shallow inlets and bays are described as large
indentations of the coast which are generally more
sheltered from wave action than the open coastline.
Water depths are relatively shallow (usually less than
30 metres) and with a much smaller freshwater input/

influence exhibited when compared to estuaries (Ref. 1).

Most coasts of the UK have some shallow inlets and
bays, although the majority are considered small. By
definition these habitats exhibit a soft sedimentary
substratum in the body of the inlet or bay, bounded by
a hard substratum. Such areas are primarily created by
the underlying geological features, and then infilled
with the prevailing mobile substrata, with modification
by the hydrographic regime (Ref. 1).

Description

Large shallow inlets and bays vary widely in habitat and
species diversity according to geographic location, size,

S

shape, form and geology. Three main sub-types are
recognised in the UK:

e Embayment: a marine inlet where the line‘@

coast typically follows a concave sweep b
rocky headlands, sometimes with onl@r w
entrance to the embayment

e Fjardic sea loch: a series of shal @sins
connected to the sea via shal @metimes
intertidal sills. Fjards are f@n areas of low-lying
ground which have be%iuo ct to glacial scouring
and have a highly irr utline and no main
channel &

* Ria:a drowr@'\g’alley in an area of high relief.
;

Most have r el from the post-glacial rise in
relative
e |nterti communities are often dominated by

r cus spp.), particularly in more sheltered
s. Extensive beds of mussels (Mytilus edulis)
b

e present on mixed substrates. Headlands are
often dominated by barnacles and mussels (Ref. 1);
Sediment shores in bays and inlets vary widely,

Very wave exposed conditions may result in shingle
beaches, whilst less-exposed shores may consist of

clean sand, with more sheltered shores consisting of

fine sand and mud (Ref. 1);

Environment Agency in partnership with Natural England and Countryside Council for Wales

e Communities of crustaceans are found on wave

exposed sand shores, whilst crustaceans and

shores, with polychaetes and bivalve communiti

X\

polychaete worms generally develop on less-expzvg

tending to favour shores of fine sand and mud Ref.

¢ |nthe sublittoral zone, more exposed rock ts

support forests of kelp (Laminaria hy, , with
forests of sugar kelp (L. saccharina) pﬁwg in
more sheltered conditions. Comm@ of
ephemeral algae and maerl (in Phymatolithon
calcareum and Lithothamni lioides) may be
present on wave-expose Ide-swept coasts,
whilst sheltered shgllo ments may be covered
by communities of filymentous red and brown algae,

by loose-lying of algae, or by beds of eelgrass
Zostera marina ”1); and

e Animal-dos{in®ed rocky communities in the

sublitto@ e vary according to local conditions of
wavgexpOsure and tidal streams. On more wave-
coasts, soft corals, anemones, sponges, sea-
, feather stars and hydroids dominate, whilst more
sheltered coasts support different species of sponges,
hydroids, brachiopods and solitary ascidians.

e Animal-dominated sediment communities range

from gravels and coarse sands dominated by sea
cucumbers, large bivalves and heart-urchins. Finer
sediments support communities of polychaetes and
small bivalves, while fine muds contain beds of sea-
pens, large burrowing crustaceans and bottom-
dwelling fish (Ref. 1).

depending on the degree of exposure to wave action.

Key influences

Water resources
¢ |nsufficient information exists to ascertain the

importance of freshwater inputs on the feature as
awhole;

Shallow inlets and bays are largely marine features,
and hence are saline features with little dilution by
river runoff. Diffuse freshwater inputs may be
considered of localised importance (Ref. 2);
Localised freshwater flows onto the intertidal results
in different communities of flora and fauna,
according to the amount of freshwater and its
distribution across the shore; and

Understanding water for wildlife
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e Freshwaterinputs may be considered important for Current and future work
birds utilising this habitat, although it is not yet clear.

It is possible that birds do rely on freshwater inputs ; i
for preening and drinking, and as such freshwater Hamford Water, a SSSI with large inlets and bays as an

inputs are important for the development of local interest feature of the site. This report provides useful
niches (Ref. 3 & 4). information for the assessment of impacts on the large

shallow inlet and bay habitat type.

A hydrological review was undertaken by Entec for

Other influences

e The degree of wave exposure is considered a critical Q
factor in determining habitat and species diversity of (L
shallow inlets and bays, as it affects communities K
both on the shore and in the sublittoral zone (Ref. 2). @

Key references @6

General description A
1. McLeod, CR, Yeo, M, Brown, AE, Burn, A}, Hopkins, JJ, & Way, SF (eds.) (2002). Th§ ts Directive: selection

of Special Areas of Conservation in the UK. 2nd edn. Joint Nature Conservation Co e, Peterborough.
www.jncc.gov.uk/SACselection

Site specific studies
2. Betts, S. & Lawson, R. (2001). Hydro-ecological Review of Selected Eu@&n Sites within the Agency’s Anglian
Region: Hamford Water SSSI. Entec Ltd, Newcastle.

»
Supporting references (b$¢

Consideration of birds
3. Ravenscroft, N. 0. M. (1998). Associations of win
estuaries. Report to the Environment Agency, E

aterfowl with freshwater on the mudflats of East Anglian
ture and Suffolk Wildlife Trust.

4. Ravenscroft, N.O.M., Beardhall, C.H., Cott illett, P. & Wright, M.T. (1997). The distribution of wintering
waterfowl around freshwater flows over th lats of the Orwell Estuary’, England. Report to the Environment
Agency and English Nature.

Other Annex | habitats to be consi %/lth large shallow inlets and bays are mudflats and sandflats not covered
by seawater at low tide, salicor, other annuals colonising mud and sand, spartina swards, estuaries and
atlantic salt meadows.
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2.2.1 Coastal and halophytic habitats

Mudflats and sandflats not covered by

seawater at low tide

General information

Mudflats are highly productive areas, which together
with other intertidal habitats, support large numbers of
predatory birds and fish (Ref. 5). Mudflats and sandflats
can reflect low or high energy conditions depending
upon their exposure to waves and/ or tidal currents.

Low energy areas are characterised by shallow slopes,
high water content, low permeability and porosity, high
carbon to nitrogen ratios, high organic loading, high
microbial populations and high sediment stability

(Ref. 1). High energy sediment shores are characterised
by steeper shore profiles, which are well drained with
high porosity and permeability due to large interstitial
spaces, a low organic load and sparse microbial
populations (Ref. 2).

Mudflats and sandflats not covered by sea water at low
tide occur widely throughout the UK.

The physical structure of intertidal flats rangg

mobile, coarse-sand beaches on wave-expo @i asts
to stable, fine-sediment mudflats in estn.@&nd other

marine inlets. Three broad categorie%/e een

Description

devised:

ile environments,

s and in bays where

| currents prevent the

deposition of finer ecies inhabiting clean
sands tend to be t, and mobile including
amphipod crydtadeans, some polychaete worms and

ive olluscs (Ref. 3)

bt occur on more sheltered shores of the

opepE 8@, at the mouths of estuaries or behind

@v slands. Relatively stable sediment conditions
for a wide range of species to inhabit the

o % substrate. Lugworm (Arenicola marina), other

\ polychaete worms, and bivalve molluscs have all

Q been noted. Eelgrass (Zostera spp.) beds may be

& present on certain shores (Ref. 3)

e Muds: the sediment of these areas is typically stable
and dominated by polychaete worms and bivalve
mollusc communities. These areas may also support
very high densities of the laver spire snail (Hydrobia
ulvae) (Ref. 3).

e Clean sands: represent hig
occurring on open coast b
wave action or stron
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between them with flora and fauna communitiest
also vary according to sediment type, stabilit

Water resources @
e Freshwater inputs do not as a principle
environmental factor flats. However,

consideration shou%iven to those species

present which reqWire freshwater inputs, or the
presence of loc%d areas with reduced salinity
conditions, ggere specific invertebrate communities
are foun@?

¢ Freshwa ediated currents are only important in
esiflaNpe and coastal areas receiving runoff. In such

iMnments, vertical stratification caused by
linity differences will influence the transport of

e The above categories display a continuous grad?%g
nd

salinity (Ref. 3).

Key influences

%ediment, dispersive stages of organisms and their

distribution (Ref. 1);

e The large scale effect of freshwater entering an
intertidal area will depend on the volume. At high
tide, the influence of freshwater inputs may increase
as it mixes with the saline marine water. Seasonality
can also affect freshwater input with greater flows in
the winter and low flows in the summer. However,
the dilution effect of the freshwater will depend
largely on two factors, the volume of freshwater
entering the site, and the mixing rate within the site
(Ref. 1);

e Atalocal scale, the distribution of individual species
may be influenced within the vicinity of any
freshwater flows. Intertidal biotopes will experience
large-scale localised changes in community structure
if there is a substantial change in the salinity
condition experienced. The distribution of estuarine
invertebrates is influenced by several factors
including substrate type and salinity. In areas of
lowered salinity, the macroinvertebrate fauna is
predominantly of the Petersen Macoma community,
characteristic species being: common cockle
(Cerastoderma edule), mud shrimp (Corophium
volutator), laver spire shell and ragworm (Hediste
diversicolor). With a slight increase in the proportion

Understanding water for wildlife

< Section divider

Species and habitats Guidance notes — Habitats Coastal and halophytic habitats: Mudflats and sandflats 2.2.1



\)

of sand, the polychaetes catworm (Nephtys
hombergii) and lugworm occur. In slightly coarser
areas, eelgrass beds may develop (Ref. 4);

¢ |nvertebrate diversity is greatest in either marine or
freshwater environments, reducing as the salinity
range increases. Changes in salinity resulting from
freshwater inputs will generally reduce invertebrate
diversity. However, interstitial salinity tends to be
much less variable than the overlying water, and as
such is not considered a major limiting factor of
invertebrate abundance (Ref. 8); and

e Differences in salinity conditions will alter the variety
of communities found in each of the sediment
categories. Mudflat and sandflat habitats, and the
associated communities, found in estuaries may
display marked variations depending on the
influence of freshwater inputs when compared to
purely marine locations (Ref. 1).

Other influences

e Other environmental parameters to which the
biota of mudflats and sandflats are sensitive
include hydrographical changes and water activity
(i.e. storm events) and tidal elevation change
(e.g. sea level rise);

e Changes to the hydrographic regime are of
considerable importance to the physical, chemical
and biological integrity of mudflat and sandflats.
Such changes may alter the sedimentary regime
which may impact on the sediment health, the
of infaunal communities present and cong
its use by predators (Ref. 1). Storm event
result in the ‘scouring’ of benthic com@es,
causing reductions in biomass. Gepgrallyythe
determining factors affecting su %
current and wind action;

e Anthropogenic activities kq@to have an impact on
t

the features of this halyat tyPe include land
reclamation activitiegs sea defences, barrages

nd tidal energy) maintenance

industrial a estic effluent discharge, oil spills
and tan dents, sea-level rise, recreation
includ t digging, introduction of non-native

d intertidal shell fisheries (Ref 1); and
eration of birds utilising mudflats and

(amenity, storm-
dredging (fc;&@on), organic enrichment,

[ ]
&Iflats is required. Referto the estuaries summary

for supporting references.

itats are wave,
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Current and future projects

Hydrological reviews for a number of SACs have been
undertaken by Entec. These reports provide a
discussion on considerations for particular sites, and
although site specific, provide useful information for
the assessment of impacts on this habitat type.

Environment Agency, Southern Region commissionf@
5

project to determine the importance of freshwater Mo
to estuarine bird populations, entitled ‘Freshwa(
Flows across Mudflats’.

Consult the MarLIN website for work rece
(and ongoing) on sensitivities of mari
(www.marlin.ac.uk/Bio_pages/B@

info_intro.htm). :

ompleted
ats:
ripts/Habitats_
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3. McLeod, CR, Yeo, M, Brown, AE, Burn, A}, Hopkins, JJ, & Way, SF (eds.) (2002) The Habitats Directive: selection
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Site specific studies
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Supporting references 6

Consideration of birds utilising the estuary
9. Ravenscroft, N. 0. M. (1998). Associations@nng waterfowl with freshwater on the mudflats of East Anglian

estuaries. Report to the Environment Age& sh Nature and Suffolk Wildlife Trust.
[

10. Ravenscroft, N.O.M., Beardhall, C.H., e, R., Willett, P. & Wright, M.T. (1997). The distribution of wintering
waterfowl! around freshwater flows o@e mudflats of the Orwell Estuary, England. Report to the Environment
Agency and English Nature.

Other Annex | habitats to be ered with mudflats and sandflats not covered by seawater at low tide are
estuaries, large shallow ifets and bays, salicornia and other annuals colonising mud and sand, atlantic salt
meadows (Glauco-Pucefn talia maritimae) spartina swards (Spartinion maritimae) and coastal lagoons.

Environment Agency in partnership with Natural England and Countryside Council for Wales Understanding water for wildlife

¢ Section divider Species and habitats Guidance notes — Habitats Coastal and halophytic habitats: Humid dune slacks 2.2.1



2.2.1 Coastal and halophytic habitats

Salicornia and other annuals
colonising mud and sand
X\

General information Description (19
%er

Saltmarshes can be defined as intertidal areas of fine e The annual glassworts (Salicornia spp.), a pi
sediment transported by water and stabilised by saltmarsh species, is often found growing |
halophytic species adapted for regularimmersion monostands or with common cordgrags na
(Ref. 2). Four main salt marsh zones based on tidal anglica) in the lowest intertidal zone species is
regime plus an upper transition zone are recognised: able to tolerate conditions of com d long

inundations with seawater, hig energies and

e Pioneer zone: open communities covered by all tides low nutrient conditions (Ref, &'
(except the lowest neap) with one or more of the Glassworts and other an § Y
d

following — Spartina, Salicornia, Aster; .
. sand in the UK are re
e Low marsh zone: generally closed communities -,
communities:

covered by all neap tides with at least Puccinellia and
Atriplex portulacoides as well as the previous ° SM7 Arthrocn%n erenne stands
. SM8 Annual S rnia salt-marsh community
species; ” .
. -, SM9  Sua aritima salt-marsh community
e Middle marsh zone: generally closed communities . . .
L2 N . e SM27 eral salt-marsh vegetation with Sagina
only covered by spring tides with Limonium and/or .
. . maritim
Plantago, as well as the previous species;
e High marsh zone: generally closed community only
covered by the highest spring tide with one or more
of the following — Festuca, Armeria, Elymus as well a
the previous species; and {
e Transition zone: vegetation intermediate bet

high marsh and adjoining non-halophytic,%g is

lonising mud and
by the NVC

8 and SM9 contain open stands of perennial

swort (Sarcocornia perennis), glasswort

licornia spp.), and/or annual seablite (Suaeda
maritima). The density of these plants can vary and
may be lower on sites with sandier substrate (Ref. 4);

e Other species that are found in association include
common saltmarsh-grass (Puccinellia maritima),
common cord-grass (Spartina anglica) and sea aster
(Aster tripolium) (Ref. 4);

It is not uncommon for one or more o%se zonesto be e The glassworts are highly adaptable, growing in all

absentin an area. In areas exposw gh wave sediment textures (shingle, sand, silt and clay), and

u

zone is only covered occasionally by tidal
during extreme storm events (Ref. 3).

energy, middle to high marsh rwell above the are believed to be tolerant of turbid and moderately
level of normal spring tides. €as restricted by the contaminated conditions such as those found in
existence of a sea wall t igher zone is virtually marinas and ports (Ref. 3);
absent and the transiti ne appearsin a line along e Annual glassworts generally colonise slopes, flats
the sea wall. and shelves around -1.0 m below mean sea level
Salicornia andt®grannuals colonising mud and sand (Ref. 10.); . . .
. e |t colonises intertidal mud and sandflats in areas
is widespr e saltmarshes of England and Wales . .
. protected from strong wave action and is an
but restri€te Scotland and Northern Ireland because .
. important precursor to the development of more

of gl ew sediment for saltmarsh development .
R stable saltmarsh vegetation; and

’ e |talso develops at the lower reaches of saltmarshes

. % where the vegetation is frequently flooded by the
\ tide, and can also colonise open creek sides,
@ depressions or pans within saltmarshes, as well as

disturbed areas of upper saltmarsh (Ref. 10).
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Key influences

Water resources

Due to their halophytic nature, freshwater input is
not considered a principle environmental parameter
for pioneer species such as Salicornia. Mid to high
saltmarsh zones are more likely to be influenced by
freshwater inputs if herb and grass species are
present (Ref. 7, 8 & 9);

Freshwater and its influence on salinity was also not
considered to be a significant factor on the health or
status of this habitat type (Ref. 1); and

Freshwater inputs may be considered important for
bird utilisation of this habitat, although it is not yet
clear. Itis possible that birds do rely on freshwater
inputs for preening and drinking, and as such are
important for the development of local niches

(Refs. 11 & 12).

Other influences

Environment Agency in partnership with Natural England and Countryside Council for Wales

Allen and Pye (1992) evaluated factors responsible
forthe occurrence and distribution of saltmarsh. It
was concluded that coastal physical processes
(wind, tide and wave energy, sediment supply,
climate change and geological setting), ecological
processes and anthropogenic activity are principle
factors governing distribution.

g\‘@

Current and future projects
JNCC and EHSNI have recently completed a saltmarsh

review (2002). Details on all aspects of saltmarsh and

their management are included (Ref. 3).

Hydrological reviews for a number of SACs have been
undertaken by Entec. These reports provide a

although site specific, provides useful information

X\

discussion on considerations for particular sites, aEdLQ
o

the assessment of impacts on this habitat type.&
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Site specific studies
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d ;ro

pean Sites within the Agency’s Anglian

8. Green, C. & Robson, G. (2001). Hydro-ecological Review of Selegte
Region: Dengie SSSI. Entec Ltd, Newcastle. 6
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Supporting references

10. Brooke, J., Landin, M., Meakins, N. &\g . (1999). The Restoration of Vegetation on Saltmarshes. Research
and Development Technical Report W208."™svironment Agency, Bristol.

Consideration of birds
11. Ravenscroft, N. 0. M. (1998)¢ cmt/ons of wintering waterfowl with freshwater on the mudflats of East
Anglian estuaries. Report to vironment Agency, English Nature and Suffolk Wildlife Trust.

12. Ravenscroft, N.O.M hall, C.H., Cottle, R., Willett, P. & Wright, M.T. (1997). The distribution of wintering
waterfowl around fr f rﬂows over the mudflats of the Orwell Estuary, England. Report to the Environment

Agency and Engli

OtherAnn tsto be considered with Salicornia and other annuals colonising mud and sand are spartina
swards, m and sandflats not covered by seawater at low tide, large shallow inlets and bays, coastal lagoons
and estu r| he Annex Il species that also need to be considered is the narrow mouthed whorl snail (Vertigo

an6
)
N
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2.2.1 Coastal and halophytic habitats

S p d rti na SWa rd S (Spartinion maritimae)

General information Description /\
Saltmarshes can be defined as intertidal areas of fine e Cord-grass (Spartina spp.) colonises a wide range OQ
sediment transported by water and stabilised by substrates, from very soft muds to shingle in are@s

halophytic species adapted for regularimmersion sheltered from strong wave action. It occurs og the

(Ref. 2). Four main saltmarsh zones based on tidal seaward fringes of saltmarshes and creek-sj and

regime plus an upper transition zone are recognised: may also colonise old pans in the upper rsh

(Ref. 4);

* Pioneerzone: open communities covered by all tides Communities containing cord-gras ¥
(except the lowest neap) with one or more of the corresponds to the NVCgtypes-g

following — Spartina, Salicornia, Aster; e SM4 Spartina maritima salt:

* Low marsh zone: gen.erally Flosed commun!’ues. e SM5 Spartina alterniflon arsh community
covered by all neap tides with at least Puccinellia and .
arsh community

Atriplex portulacoides as well as the previous : ?)’:1/‘13 szifr?wzizcé::\?v%ve small cord-grass
a

speaes; .\ smooth cord-g nd*Townsend’s cord-grass are
e Middle marsh zone: generally closed communities .
proposed for co ation (Ref. 3).

only covered by spring tides with Limonium and/or
Plantago, as well as the previous species; Q
e High marsh zone: generally closed community only . Q
covered by the highest spring tide with one or more Key infl ces
of the following — Festuca, Armeria, Elymus as wellas  Wat sources
the previous species; and to their halophytic nature, freshwater input is
e Transition zone: vegetation intermediate between th§ ot considered a principle environmental parameter

community

high marsh and adjoining non-halophytic areas. for pioneer species such as Spartina. Other species

zone is only covered occasionally by tidal surg present in the mid to high saltmarsh zones are more

during extreme storm events (Ref. 4). % likely to be influenced by freshwater inputs into the
habitat. Insufficient information exists to make a true

assessment as to the importance of freshwater

(Ref. 7 & 8);

It is not uncommon for one or more of thes \es to be
absentin an area. In areas exposed to hi e

energy, middle to high marsh can ocg/gll above the e Freshwater and its influence on salinity was not
level of normal spring tides. In ar ricted by the

existence of a sea wall the h|g: E R is virtually con5|dered‘to be a significant factor on the health or

absent and the transmon Z0 earsinaline alon status of this habitat type (Ref. 1); and
the sea wall & e Freshwater inputs may be considered important for

bird utilisation in this habitat, although it is not yet
Four species occuri Q, the native small cord- clear. Itis possible that birds do rely on freshwater

grass (Spartina ); the naturalised non-native inputs for preening and drinking, and as such are
smooth cord-g. . alterniflora), the sterile hybrid important for the development of local niches
Townsend’ rass (S. x townsendii (crossing of S. (Refs. 10 & 11).

alternifl S. maritima)) and invasive fertile

Other influences
e Allen and Pye (1992) evaluated factors responsible
forthe occurrence and distribution of salt marsh. It

%ma cord-grass, smooth cord-grass and Townsend’s was concluded that coastal physical processes
rd-grass are limited by climatic factors. Small (wind, tide and wave energy, sediment supply,
cord-grass has experienced a decline in distribution climate change and geological setting), ecological
throughout the UK, but substantial populations still processes and anthropogenic activity are principle
exist on the Essex coast (Ref. 4). factors governing distribution; and
Environment Agency in partnership with Natural England and Countryside Council for Wales Understanding water for wildlife
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* Many saltmarsh areas have been lost as a result of Current and future projects
land reclaim for agricultural purposes.

Anthropogenic influences on this habitat type
include waste tipping, drowning by barrage
construction, recreational pressures, oil pollution

and eutrophication (caused by sewage effluentand  Hydrological reviews for a number of SACs have been
agricultural run-off). undertaken by Entec. These reports provide a

JNCC and EHSNI have completed a saltmarsh review in
2002. Details on all aspects of saltmarsh and their
management are included (refer to Ref.3).

although site specific, provide useful information fer

X\

discussion on considerations for particular sites, @

the assessment of impacts on this habitat type.ﬁ

Key references Q

General description
1. Allen, J. R. L. and Pye, K. (1992). Salt Marshes: Morphodynamics, Conservation and Engi g Significance.
Cambridge University Press, Cambridge. A

2. Boorman, L.A. (1995). ‘Sea level rise and the future of the British coast’. Coas pics: Process, Ecology
and Management; 1: 10-13.

3. JNCC & EHSNI (2002). Saltmarsh Review: An overview of coastal salt marsh@veir dynamic and sensitivity
characteristics for conservation and management. L.A. Boorman, JNCC a@SNI, Peterborough.

4. McLeod, CR, Yeo, M, Brown, AE, Burn, A}, Hopkins, JJ, & Way, SF (e 02). The Habitats Directive: selection
of Special Areas of Conservation in the UK. 2nd edn. Joint Nature servation Committee, Peterborough.
www.jncc.gov.uk/SACselection

5. Stump, R.J. (1983). ‘The process of sedimentation on t ace of a salt marsh’. Estuarine, Coastal and Shelf
Science; 17:495-508.

6. UK Biodiversity Group. (1999), UK Biodiversity Gr&anche 2 Action Plans — Volume V:Maritime species and

habitats, HMSO, London. ‘\\'Q

Site specific studies
7. Betts, S. & Lawson, R. (2002). Hydro- cal Review of Selected European Sites within the Agency’s Anglian
Region: Blackwater Estuary SPA/CSA@S/. Entec Ltd, Newcastle.

8. Green, C. & Robson, G. (2002 -ecological Review of Selected European Sites within the Agency’s Anglian
Region: Foulness SSSI. Entec L castle.

%_

\

Supporting refi S

9. Brooke, )., Lapfi ., Meakins, N. & Adnitt, C. (1999). The Restoration of Vegetation on Saltmarshes. Research
and Develop t¥echnical Report W208. Environment Agency, Bristol.

Consider, af birds

oft, N. 0. M. (1998). Associations of wintering waterfowl with freshwater on the mudflats of East
tuaries. Report to the Environment Agency, English Nature and Suffolk Wildlife Trust.

11. Ravenscroft, N.O.M., Beardhall, C.H., Cottle, R., Willett, P. & Wright, M.T. (1997). The distribution of wintering
terfowl around freshwater flows over the mudflats of the Orwell Estuary, England. Report to the Environment
Agency and English Nature.

Other Annex | habitats to be considered with Spartina swards are salicornia and other annuals colonising mud and
sand, atlantic salt meadow mudflats and sandflats not covered by seawater at low tide, large shallow inlets and
bays, coastal lagoons and also estuaries.
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2.2.1 Coastal and halophytic habitats

Coastal lagoons

General information under a road or valved sluices. Tidal range is
dependent upon the sluice efficiency and may be \
Coastal lagoons are described as areas of shallow, very low. Longevity is comparable with silled
coastal salt water which are wholly or partially separated lagoons. Communities present in sluiced Iagoor(L
from the sea by sandbanks, shingle or, less frequently, vary according to the type of substrate and sa{jty
rs

their water at low tide and may develop as brackish, fully the lagoonal inlet on each tide, usual
saline or hyper-saline water bodies (Ref. 4). open but narrow connection to the s

rocks or other hard substrata. They retain a proportion of 4 Lagoonal inlets: are formed when sea@
an

Ecological and geographical variations between lagoon usually high, particularly at the s part of the
habitats exist and consequently a number of inlet. The tidal range is usually d and in phase
classification schemes have evolved. Sheader and with the adjacent sea. This E@; gradient
Sheader (1989) classified UK coastal lagoons into five significantly increases,th atand species
main sub-types based on their physiography. The five diversity of the sitegd itoccurs. Longevity is
sub-types are isolated lagoons, percolation lagoons, comparable with sill&gagoons;
silled lagoons, sluiced lagoons and lagoonal inlets. * Salinity cond|t| {n coastal lagoons can vary from

] . brackish to hyp ine (0.5-30 ppt to excess of 35
Cgastal lagoons arg rfe!atlvely uncommon |.n the U.K, ppt). Flora@auna communities vary according to
with sub-types exhibiting very restricted distribution the phy aracteristics and salinity regime of the

patterns (Ref. 6). part agoon (Ref. 6);

e FlgWa d fauna found to exist within coastal lagoons
%usually divided into those which are essentially
Descrlptlon % shwater origin, marine/brackish species and
Coastal lagoons are divided into five main sub-type those only associated with coastal lagoons (Ref. 7).

e Isolated lagoons: separated completely from the & Bamber et al (1992) identified six suites of species:
or estuary by a barrier of rock or sediment.‘%\&r * Freshwater/low salinity species

enters by limited groundwater seepage or - ° Lagoongl species o ' o
topping of the sea barrier. Sa“nity is vari ut may i Euryha“ne (able to live in a wide range of Sal|n|t|es)

remain high due to water loss by evgpora®on. They specialist species tolerant of estuarine conditions
are often transient features with @ed life-span e Stenohaline (adapted to a narrow range of salinities)
e Percolation lagoons: separat the sea by marine specialist lagoonal species
shingle banks. Seawater e@)y percolating * Estuarine species pre-adapted to lagoonal
through the shingle or ally by over-topping conditions
the bank (e.g. in stor %dal range is normally e Estuarine species incidental in lagoons; and
significantly redu %salinity may vary. Theyare  ® Alllagoonal specialist species require specific
normally form tural processes of sediment environmental conditions. A large number of
transport a Mch may be transient features which lagoonal specialist species are closely related to fully
are eroded swept away over a period of years or marine rather than estuarine or freshwater species
decad filled by shingle bank movement (Ref. 3). Species requiring specific environmental
e Si ons: retain water at all states of the tide by conditions provided within saline lagoons include
r of rock, termed the “sill’. There is usually little the starlet sea anemone (Nematostella vectensis),
rise-and-fall. This may be out of phase with the lagoon sandworm (Armandia cirrhosa), lagoon
adjacent sea. Seawater input is regular (i.e. on most sand-shrimp (Gammarus insensibilis) and foxtail

lagoons are potentially long-lived with extinction
occurring over extended periods of time

e Sluiced lagoons: are formed where the natural
movement of water between the lagoon and the sea
is modified by artificial structures such as a culvert

@ tides) and salinity may be seasonally variable. These stonewort (Lamprothamnium papulosum) (Ref. 6).
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Key influences * When considering the sensitivity of a lagoon to
impacts, it is necessary to consider the type of lagoon

Water resources -~ . and its exchange with the sea; its size and the

e Despite the marine nature of communities found in communities and species present. Threats to the
coastal lagoon habitats, freshwater inputs into the integrity of the lagoon habitat in the UK include
system, where they exist are likely to be important to Phragmites spp. encroachment, interference with «
maintain the salinity regime. Water abstraction or margins from grazing animals, infilling from shingle \
changes to freshwater inputs may affect water levels bank encroachment. land reclaim or other
aer 'the salinity regime ofsom_e.lagfoons; developments, degradation by excavation for sh :

e |tisimportant to note that salinity in coastal lagoons bank redevelopment, sea-level rise and coast
may vary in the.short term (over'tldal cycles), erosion, changes in saline water ingress int on
medium term (in response to rainfall) and longer systems, input of pollution from surroungi d
term (in response to seasonality and drought); (e.g. nutrient enrichment), and toxic ination

e The freshwater input for coastal lagoons is usually from surrounding land and tidal in
supplied through rainwater, and surface drainage. e Due to the limited exchange wi sea (and
The importance of freshwater input is site specific, associated reduced flushin k dissolved or
but a freshwater supply is not always considered suspended materials), c goons are
necessary to a sahpe lagoon (Re.f. 48 5). The‘number particularly sensitive es in nutrient loading
of freshwater species present within the habitat can associated with ant enic activities: and
be used as an indicator of the freshwater influence; e Optimal criteri speXialist, marine, lagoonal

e Many coastal lagoons existing in England and Wales species using ;%)thetical saline lagoon
are transient features. Changes in salinity regimes (accordin f. 4) require at least 60% of the water
that shift sites to a more freshwater environment may to persi e lagoon at all times of the year at all

lead to the establishment of terrestrial communities states o tide; salinity to vary over the range of

such as fen carr (Ref. 8). High freshwater inputs can 1 W, the sea-water input to exceed freshwater
result in the establishment of marsh vegetation and a muddy-sand substratum to sandy-mud
the loss of specialist species associated with coastal bstratum, rocky substratum for specialist hard
lagoons (Ref. 1); o &ubstratum biotopes, shelter from wind effects,

e Where there are hypersalinity problems, freshwalb aspect ratio issues depths of up to one metre, and

inputs can be used to address issues raised; shallow margins.
¢ |n some lagoons where the seawater excha

exceeds freshwater supply, and where th n
F)utlet can rgadily d_ispense peaks of fr. ter Current and future projects
input, salinity gradients produced thought to
assist in increasing the diversit Cies found in In 2001 The Countryside COUnC” for Wales reVieWed
the site (Ref. 4). saline lagoons in Wales (Ref. 2).
Other influences $ English Nature(now Natural England) commissioned the
e Asadistinct habitat, &;sence of saline lagoons development of a saline lagoon habitat inventory for
is their tidal restri Qr low hydrodynamic state England. The project has developed a GIS inventory for
(Ref. 1). The e of saline (sea-) waterinto the  the saline lagoon Biodiversity Action Plan (BAP) Priority
lagoon syst nsidered one of the most Habitats for England, based on existing accurate
important ia for successful maintenance of information.
habita &7);
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Key references

General description
1. Bamber, R. N. (1997). Assessment of saline lagoons within Special Areas of Conservation. English Nature Report
235. English Nature, Peterborough.

review and proposals. Countryside Council for Wales, Science Report 464.

2. Bamber, R.N., Evans, N.J., Sanderson, W.G. & Whittall, A. (2001). Coastal saline lagoons and pools in Wales: Q

3. Bamber, R. N. & Barnes, R. S. K. (1996). Coastal and Seas of the United Kingdom, Region 10 South-west
England: Seaton to Roseland Peninsula. Joint Nature Conservation Committee, Peterborough, Chapter 3-4.

4. Bamber, R. N, Gilliland, P. M. & Shardlow, E. A. (2001). Saline Lagoons: A guide to their manage
creation. English Nature, Peterborough. %

5. Bamber, R. N., Batten, S. D., Sheader, M. & Bridgewater, N. D. (1992). ‘On the ecology of brag ater lagoons
in Great Britain’, Aquatic Conservation: Marine and Freshwater Ecosystems. Volume 2: 65

6. McLeod, CR, Yeo, M, Brown, AE, Burn, A, Hopkins, JJ, & Way, SF (eds.) (2002). Th H Directive selection of
Special Areas of Conservation in the UK. 2nd edn. Joint Nature Conservation Com terborough.
www.jncc.gov.uk/SACselection

7. Sheader, M. & Sheader, A. (1989). Coastal saline ponds of England and W n overview. Nature Conservancy
Council CSD Report 1009. Nature Conservancy Council, Peterborough.

8. UK Biodiversity Group. (1999), UK Biodiversity Group Tranche 2Ac@s — Volume V: Maritime species and
habitats, HMSO, London.

Site specific studies Q

9. Covey, R. (1999). ‘The saline lagoon survey of Scotland;, tlands Living Coast. Ed. Baxter, J. M., Duncan, K.,

Atkins, S. & Lees, G. HMSO, London, pp150-165.

10. Johnson, C. & Gilliland. P. M. (2000). /nvestigati x management of water quality (nutrients) in saline
lagoons based on a case study from the Ches: Fleet European marine site. UK Marine SACs Project. English

Nature, Peterborough. ‘&

N
Supporting references 9

Other Annex | habitats to be con d with coastal lagoons are mudflats and sandflats not covered by seawater
at low tide, salicornia and ot nuals colonising mud and sand, spartina swards (Spartinion maritimae) and
atlantic salt meadows. \
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2.2.2 Freshwater
habitats S

>
The following summaries have been compiled using key reference pap
provided by Environment Agency and Natural England staff. They p ea
summary of relevant information on the freshwater requirement
freshwater habitats. For further information, refer to referenca@éted below

each habitat account. E O

— Natural dystrophic lakes and ponds
— Hard oligo-mesotrophic waters with benthic vegetation of cha@pp
— Natural eutrophic lakes with Magnopotamion or Hydrocharhé@n — type vegetation

— Oligotrophic to mesotrophic standing waters with @ ion of the Littorelletea uniflorae and/or
Isoéto-nanojuncetea

— Watercourses of plain to montane levels wi’u&wéncuh’on fluitantis and Callitricho-batrachion
vegetation

— Oligotrophic waters containing ve@ erals of sandy plains (Littorelletalia uniflorae)

— Mediterranean temporary ponds

Environment Agency in partnership with Natural England and Countryside Council for Wales Understanding water for wildlife
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2.2.2 Freshwater habitats

Natural dystrophic lakes and ponds

General information

Dystrophic pools are peaty, often very acidic water
bodies which are poorin plant nutrients. Due to the
exposure to peat their waters are usually stained dark
brown (Ref. 1). Most examples of this habitat are small
(<5 hectares in extent), shallow and contain a limited
range of flora and fauna. Fringing vegetation is a
characteristic of the habitat and several notable scarce
dragonfly species are associated with these
waterbodies (Ref. 1).

Dystrophic water bodies are closely linked to the
distribution of peat, and are particularly frequent on
large areas of blanket peat in northern Britain such as
the Scottish Flow Country. In England and Wales they
are less numerous, but have a widespread distribution.
Lowland sites have particular value for nature
conservation because of the rarity of the habitat type in
England and Wales (Ref. 3).

Description

e Dystrophic pools most often occur on blanket bo
and are characterised by peaty water, domi
bog-mosses (Sphagnum spp.) and lessere
bladderwort (Utricularia minor) in northgr \gmns
(Ref. 3);

e Some dystrophic lakes have deve
‘schwingmoor’ where bog- mos;ﬁfound in
association with cottongras orum
angustifolium) and whlte ily (Nymphaea alba)
(Ref. 1);

e Many of these habit t es occur on blanket bogs,
plains orvalley b and may include isolated

seasonal po ections of irregularly-shaped
semi-per nPwaters and ordered linear or

concer@ays of pools and small lochs (Ref. 1).

luences

. %ater resources
\ The small size and volume of these water bodies
Q makes them particularly susceptible to drainage and
changes in nearby hydrology (Ref. 2);

Environment Agency in partnership with Natural England and Countryside Council for Wales

e Abstraction is unlikely to be a significant issue for
most of these sites due to their predominantly
remote upland location. However, the possibility
impact from abstraction should be considered i
lowland catchments affected by human mflu

Other influences @

® Peat extraction and forestry pose the [ hreats
to this habitat type;

e Changes to land management, a%over grazing
and/or drainage, is also a sig& t threat (Ref. 2);
and

e Eutrophication may b @t in lowland
catchments where %d ydence of diffuse pollution
and run-off is li%[o higher.

$§\

4
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Key references

1. Joint Nature Conservation Committee, freshwater habitats 3160 natural dystrophic lakes and ponds. Retrieved
March 13, 2006, from http://www.jncc.gov.uk/ProtectedSites/SACselection/habitat.asp?FeaturelntCode=H3160

2. Joint Nature Conservation Committee (JNCC). 2005. Common Standards Monitoring Guidance for Standing «
Waters. Joint Nature Conservation Committee, Peterborough. \

Areas of Conservation in the UK, second edition. Joint Nature Conservation Committee: Peterborough.
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3. McLeod CR, Yeo M, Brown AE, Burn AJ, Hopkins J) and Way SF, 2002 The Habitats Directive: selection ofSpe@bQ

Further reading

4. Carvalho L and Monteith D, 1999 Conservation objectives of Oligotrophic and Dystrophic lak
Environmental Change Research Centre, University College London. Research report number port to English
Nature EIT 20/23/01.

5. Duigan C, Kovach W, Palmer M. 2006. Vegetation Communities of British Lakes: classification. Joint
Nature Conservation Committee (JNCC), Peterborough.

6. European Commission. 2003. Interpretation of European Union Habitats. %5 uropean Commission, DG
Environment, Nature and Biodiversity.
http://ec.europa.eu/environment/nature/nature_conservation/eu_enla@ent/2004/pdf/habitats_im_en.pdf

7. Mosto PE, Ferguson E, Norodone N, Perez C and Wojz J, 2000 A[gaeQVater Quality Indicators of Dystrophic

Ponds. Journal of Physiology, 36, 3, 22. §
&2
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2.2.2 Freshwater habitats

Hard oligo-mesotrophic waters with

benthic vegetation of Chara spp.

General information

This habitat type is characterised by water with a high
base content, most often calcium but also magnesium.
Itis confined to areas of limestone and other base-rich
substrates, from which the dissolved minerals are derived
(Ref. 1). This habitat is quite rare as calcareous rocks often
have high porosity so water bodies rarely occur on their
surface. However, this habitat type is presentin 15 EU
member states but is scarce in the UK with the best
examples restricted to the north and west (Ref. 1).

Description

This type of habitat may occur in four situations:

Lakes on a predominantly limestone substrate (most
common in the UK);

Coastal sites based on calcium-rich shell-sands
(including machair lochs);

such as boulder clays;

Artificial situations, such as dammed river

and abandoned mineral works; \
Waterbodies are characterised by abun
charophytes (stoneworts) which can oc® as dense
beds that cover a significant part lake bottom

over muddy marl deposits (Ref. any stonewort
species are themselves thr ,and some are

BAP species;
Water in these lak;&?&to be very clear with a low

Lakes with inputs from other base-rich mfluencese \

nutrient status richa olved bases;

As a guide, pH e sites is frequently above
neutral and €% from 7 to 8.5 and can be over 9 in
some case

Total CB orous (TP) values are often below
ove this stoneworts tend to decline as
acrophytes and/or phytoplankton become
inant. In more oligotrophic situations an excess
of 20ugl” may prove detrimental (Ref. 1);
Marl lakes have a high capacity for Pimmaobilisation,
due to coprecipitation of P with calcium and
magnesium, making it unavailable for phytoplankton
in the water column. Therefore, P concentrations are
typically low in these lakes even under relatively high
external P loads (Ref. 2);

catchment or aquifer

X\

e This habitat type is restricted to situations wher Q
from which the water is

supplied remains relatively unaffected by inte@ve
land-use or other sources of nutrients. (Re

e The best examples of this habitat typ@be
predominantly groundwater fed. @

nd

Key influences

@\
OA

Water resources
e Both surface water undwater abstractions
within the sup%ca chment may depress water
e

levels, increas
flushingr

r retention time and reduce

e Allofth ie could result in nutrient enrichment
mltant reduction of Chara and other

and
Q’[e species an
$ trient tolerant

d anincrease in phytoplankton
macrophytes;

diversity and composition of the marginal
vegetation could be degraded through excessive
and/or long-term lake drawdown; and
¢ |n coastal areas, a reduction in freshwater flow due
to abstraction may increase salinity.

Other influences
e Activities such as lan

d drainage, intensive

agriculture/forestry, flood defence works etc, could

significantly affect th

e catchment hydrology resulting

in nutrient enrichment and excessive sedimentation,
the principle threats to the health and status of

these waters; and

e Changesin fish populations may increase turbidity,
limiting light penetration and inhibiting macrophyte

growth.

Environment Agency in partnership with Natural England and Countryside Council for Wales
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Key references

1. Joint Nature Conservation Committee, Freshwater Habitat 3140 Hard oligo-mesotrophic waters with benthic

vegetation of Chara spp. Retrieved March 10, 2006, from
http://www.jncc.gov.uk/ProtectedSites/SACselection/habitat.asp?FeaturelntCode=H3140

2. Joint Nature Conservation Committee (JNCC). 2005. Common Standards Monitoring Guidance for Standing
Waters. Joint Nature Conservation Committee, Peterborough.

3. McLeod CR, Yeo M, Brown AE, Burn AJ, Hopkins JJ and Way SF, 2002 The Habitats Directive: selection of Spe
Areas of Conservation in the UK. Joint Nature Conservation Committee: Peterborough.
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Further reading O
4. Centre of Research on Nature, Forest and Wood (Bemblous, Belgium), 2002 Habitat 3140 ligo-
mesotrophic waters with benthic vegetation of Chara formations, In: Habitats Directive 9 C Description of

Annex | Habitats.

5. European Commission. 2003. Interpretation of European Union Habitats. EUR%)pean Commission, D
Environment, Nature and Biodiversity.
http://ec.europa.eu/environment/nature/nature_conservation/eu_enlarger@

6. Stewart NF. 2004. Important Stonewort Areas of the United Kingdom. l@ife International, Salisbury.
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2.2.2 Freshwater habitats

Natural eutrophic lakes with
Magnopotamion or Hydrocharition-

type vegetation

General information

Natural eutrophic lakes with Magnopotamion or
Hydrocharition-type vegetation have levels of nutrients
greater than those of dystrophic, oligotrophic, or
mesotrophic waters, this typically results in higher
natural productivity and species richness (Ref. 4).

Magnopotamion vegetation are dominated by
submerged rooted perennials such as Potamogeton
perfoliatus, P. lucens, P. praelongus, P. coloratus and
various submerged associates such as Myriophyllum
spicatum and Ceratophyllum demersum.

Hydrocharition-type vegetation are largely free-floating
surface communities with species such as Lemna spp.,
Hydrocharis morsusranae and Stratiodes aloides.

Unfortunately, many eutrophic lakes have recently been

results in hypertrophic conditions and a reduction i
species- richness (Ref. 3). Undamaged examp

these lakes are now uncommon in Europea
and the exact status of this habitat type |z$w
cannot

(Ref. 3) as naturally occurring eutrophic la

damaged by excessive nutrient enrichment, which e&
[ ]

lakes or enriched examples of 0
(e.g. Chara lakes) (Ref. 4 & 3).

exists on the extent ofthxs{'

e Asaguide, pHis generally > 7 and »9 (Ref.

e Both N and P are important chemical ¢o
most systems tending to be P limite
should be established on an indi i
(Ref. 2);

e Water hardness and pH pla&é<
amount of TP available f
column (Ref. 2); an

e Where aquatic macr@ghyte communities are healthy
phytoplankton%ntrolled within the water column
by a combinatio shading and nutrient uptake by
macrophyt

[Bystem basis

in determining the
e in the water

Description
Three sub-ty @hls habitat may be identified

(Ref. 3):

- ern eutrophlc lakes
orthern or western eutrophic lakes and
coastal eutrophic lakes;
Magnopotamion vegetation is generally sensitive to
adverse impacts such as eutrophication or physical
disturbance;

e Hydrocharition-type vegetation is rare in lakes and in
the UK seems to be confined to Northern Ireland. In
the rest of the UK the most complete expression of
this community type is found in the ditch systems of
the Norfolk Broads;

Environment Agency in partnership with Natural England and Countryside Council for Wales

A4
e @{uences

resources
he most significant threat to eutrophic waters is

nutrient enrichment;

Abstraction within a lake or its contributory

catchment can reduce water levels, reduce flushing

rates and increase residence time, thereby

exacerbating nutrient enrichment. Deterioration in

marginal vegetation can also occur if drawdown is

excessive and desiccation prolonged; and

e Areduction in freshwater flow to coastal sites may

increase salinity.

Other influences

e Organic and inorganic fertiliser inputs as well as land
use changes can cause eutrophication or siltation
and may damage biological communities in these
habitats. This can be from point source or diffuse
pollution;

e The introduction of non-native plants and animals
can destabilise the ecosystem. For example, Zebra
mussel colonies are able to smother plants stems
and lake substrates and densities greater than
120,000 individuals m” are not unusual (Ref. 1);
Ecological impacts include exclusion of native swan
mussels, reduced food availability for organisms
dependent upon phytoplankton and increased
nutrient and sediment loading from waste material;

Understanding water for wildlife

< Section divider

Species and habitats Guidance notes — Habitats Freshwater habitats: Natural eutrophic lakes 2.2.2



e Introduction of fish, the removal of predators or Ongoing work
manipulation of fish stocks may alter the natural fish
community and detrimentally impact the invertebrate
and plant communities. This can result in a ‘forward
switch’ to turbid, phytoplankton dominated
conditions; and

e Recreational activities such as boating and other
physical disturbance may reduce the cover of aquatic Q
plants and disturb sediment. The former will allow (L

light penetration into the water whilst the latter can

The UK Lakes Habitat Action Plan group is currently
(2006/2007) carrying out an exercise to identify the
extent of this resource in the UK.

release nutrients, mainly P, into the water column. K
These can then favour a switch to a phytoplankton @
dominated system. Q

Key references AQ

1. Environment and Heritage Service 2001, Fact Sheet; Zebra Mussels Edition. O
http://www.ehsni.gov.uk/pubs/publications/ZMFSheet.pdf

2. Joint Nature Conservation Committee, 2005. Common Standards Monitor/ idance for Standing Waters.
Peterborough.

3. Joint Nature Conservation Committee, Freshwater habitats 3150 m@%trophic lakes with Magnopotamion or
Hydrocharition-type vegetation. Retrieved March 13, 2006, from
http://www.jncc.gov.uk/ProtectedSites/SACselection/habitat. QaturelntCode H3150

4. McLeod CR, Yeo M, Brown AE, Burn AJ, Hopkins JJ and 002 The Habitats Directive: selection of Special
Areas of Conservation in the UK, second edition. Joint N onservation Committee: Peterborough.

Further reading . 5\\9

5. Moss B, Madgewick ) and Phillips G, 1@%& to restoration of nutrient enriched shallow lakes. Environment
Agency and the Broads Authority.

6. European Commission. 2003. /
Environment, Nature and Biodiv
http://ec.europa.eu/enviro

ation of European Union Habitats. EUR25. European Commission, DG

nature/nature_conservation/eu_enlargement/2004/pdf/habitats_im_en.pdf

7. UK Biodiversity Steeri up, 1998 Eutrophic standing waters, a Habitat Action Plan, in: UK Biodiversity Group
Tranche 2 Action Pla @ume Il: Terrestrial and Freshwater Habitats. HMSO:London.
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2.2.2 Freshwater habitats

Oligotrophic to mesotrophic standing
waters with vegetation of the
Littorelletea uniflorae and/or
Isoéto-nanojuncetea

X\

Q
&‘1/

General information Description $
The clear soft water which characterises oligotrophic to e Plant and animal biomass i |s in oligotrophic

mesotrophic standing waters contains low to moderate standing waters, which are lear with sparse
levels of plant nutrients and supports a characteristic phytoplankton popul hese lakes also tend to
assemblage of plant species. The vegetation community be larger, deeper a% being located

is characterised by aquatic short perennial vegetation, predominantly lands of the north and west
with shore-weed (Littorella uniflora) often a dominant tend to have a @rocky littoral zone than their
component (Ref. 3) although in some situations it may lowland coygterpafts (Ref. 3 & 4);

be absent as other characteristic species of the e Marginal %nents of the plant community can be
Littorelletea flora become more abundant. For example expose the lake shores during summer or times

L. uniflora tends to be a constant in younger stands, as of ght (Ref. 3);

itis a good coloniser, and wave action probably favours e T %orelletea flora contains a good number of
its abundance while in more sheltered, deeper waters acteristic species such as Littorella uniflora,
the abundance of Lobelia dortmanna can exceed that soetes lacustris, Isoetes echinospora and Lobelia
of L. uniflora (Ref. 1). \ dortmanna. These waters also support other

Water bodies of this type are widespread throu characteristic and associate species which should be

. . . considered (Ref. 2);
Europe, particularly in mountainous areas o . . .
. . e Characteristic species of oligotrophic waters
oligotrophic waters are more common tha . . .
. . containing few minerals of sandy plains
mesotrophic examples. They are also wi ad . . . . .

(Littorelletalia uniflorae) also include Littorella
uniflora, Isoetes lacustris, Isoetes echinospora and
Lobelia dortmanna. Other characteristic and

throughout upland parts of the UK, pgfligularly in Wales
and Scotland although many site% all and larger
m

lakes have often been modifie an activity associate species also occur and need to be
(Ref. 2). Examples of this ha ay be found in Loch . P
considered (Ref. 2); and

2:3 \Sv?tth?: Sqeencl_:(ﬁ?ﬁ I '&}]Ce:?;aéwg:ézzdi;h:in e Mesotrophic standing waters have the potential to
l & y ’ support a more diverse flora with charcteriastic

in the Lake District, ells in Cumbria, Ullswater . . .
species including Potamogeton spp, Nitella spp,

in Cumbria and rary ponds in the New Forest, . . " .
. . . Sparganium natans, Najas flexilis and Persicaria
Hampshire. T er is also representative of o
. . . . amphibia (Ref. 2).
oligotrop rs containing few minerals of sandy
plains lletalia uniflorae) (Ref. 3).

Mﬁ ic standing waters potentially have the
hi t biodiversity of any standing water habitat
ef. 2) and also contain some species that only

occur within this habitat. However, they tend to
& occurin less upland locations and are more

vulnerable to human influences.

Environment Agency in partnership with Natural England and Countryside Council for Wales Understanding water for wildlife

< Section divider Species and habitats Guidance notes — Habitats Freshwater habitats: Oligotrophic to mesotrophic standing waters 2.2.2



Key influences

Water resources

Water resources requirements of oligotrophic to
mesotrophic standing waters are likely to be site
specific; and

Changes in the availability of water through
abstraction, drainage or drought may be detrimental
to this habitat through changes in both hydrology
and water quality. Abstraction may depress water
levels, increase water retention time and reduce
flushing rates, which may exacerbate nutrient
enrichment, cause deterioration of marginal
vegetation through drawdown and cause shallow
lakes to dry out.

Other influences

)
N

Environment Agency in partnership with Natural England and Countryside Council for Wales

Eutrophication, acidification and sedimentation are

the greatest threats to this habitat type;

L. uniflora, L. dortmanna and Isoetes prefer

oligotrophic waters and eutrophication has

contributed to their decline (Ref. 4). Eutrophication

stimulates phytoplankton blooms which shade out

aquatic macrophytes and can cause deoxygenation

of the water column resulting in fish kills;

Acidification may occur in areas with sensitive

geology and soils as a result of atmospheric

deposition. Intensive forestry practices associated

with coniferous plantations have also been linke

to acidification of upland waters. This can lead 6

to damage or loss of certain plant species

(e.g. Myriophyllum alterniflorum), the inv e

fauna and fish populations;

Organic pollution, siltation, heavy metats¥and

thermal pollution may also influe

of these habitats, and sedime can release
ibiting light

nutrients and increase tur@
penetration and macn&hy’ rowth (Ref. 4);

e condition

SAC habitats — oligotrophic water
minerals of sandy plains (L/ttore! a uniflorae)

Fish stocking can be a problem if inappropriate
species are stocked, high stocking densities occur or
supplementary feeding takes place and may lead to
the loss of natural fish population and affect plant
and invertebrate communities (Ref. 2); and
Recreational activities such as boating may directly
damage aquatic plants, increase turbidity and cause
bank side erosion. The suppression of macrophyte
communities by these mechanisms may promot|
algal growth. (Ref. 2 & 4).

Associated habitats/species Q\
Annex Il species — floating water plantaiQ

(Luronium natans)

@ng few

U
Current and futu rk

All of the Acid Wa@onitoring Network (AWMN)
sites are relev i

www.ukaw c®ac.uk/site15/index.htm
Additional a from some Environmental Change

Netw

N

is habitat

ites is relevant www.ecn.ac.uk/sites.htm

Understanding water for wildlife
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Key references

1. Joint Nature Conservation Committee (JNCC). 2005. Common Standards Monitoring Guidance for Standing
Waters. Joint Nature Conservation Committee, Peterborough.

2. Joint Nature Conservation Committee, Freshwater Habitats 3130 Oligotrophic to mesotrophic standing waters

with vegetation of the Littorelletea uniflorae and/or of the Isoeto-nanojuncetea. Retrieved, March 10, 2006, from \

http://www.jncc.gov.uk/ProtectedSites/SACselection/habitat.asp?FeaturelntCode=H3130 Q
£y

3. Rodwell ).S. (ed). 1995. British Plant Communities Volume 4. Aquatic Communities, Swamps and Tall-Herb
Cambridge University Press.

4. The UK Biodiversity Steering Group, 1995 Standing Open Water habitat Statement and MesotropRj , a
Costed Action Plan, In: Biodiveristy: the UK Steering Group Report, Volume Il: Action Plans. HMSO& n

Further reading AQ

5. Carvalho L and Monteith D, 1999 Conservation objectives for Oligotrophic and D r@c lake types.
Environmental Change Research Centre, University College London, Research Re ber 71. Report to English

Nature 20/23/01.
6. McLeod CR, Yeo M, Brown AE, Burn AJ, Hopkins JJ and Way SF, 2002 The Habs Directive: selection of Special
Areas of Conservation in the UK, second edition. Joint nature Conservatio@nmittee: Peterborough.

7. Duigan C, Kovach W, Palmer M. 2006. Vegetation Communities of Lakes: a revised classification. Joint
Nature Conservation Committee (JNCC), Peterborough. Q

8. Also needs ref to EU Interpretation Manual.

9. European Commission. 2003. Interpretation of Euro @rion Habitats. EUR25. European Commission, DG
Environment, Nature and Biodiversity. &
http://ec.europa.eu/environment/nature/nat rvation/eu_enlargement/2004/pdf/habitats_im_en.pdf

macrophyte for assessing changes in wategqXatity. Research and survey in nature conservation number 19, Nature

10. Palmer MA, 1992 A botanical classiﬁ@ anding waters in Great Britain and a method for the use of
Conservancy Council: Peterborough.
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2.2.2 Freshwater habitats

Watercourses of plain to montane levels
with Ranunculion fluitantis and
Callitricho-batrachion vegetation

General information Key influences é
Watercourses of plain to montane levels with Water resources Q
Ranunculion fluitantis and Callitricho-Batrachion (CB) e The effects of flow are of great impg®a for lotic
vegetation are freshwater habitats characterised by the macrophytes, and will determingMjch plants
abundance of certain aquatic vegetation. This occupy specific locations in the\glnnel;

vegetation generally consists of a mixture of species e Stream size and flow will ggf®™¥ine community type,
such as water-crowfoots Ranunculus spp., subgenus as individual species ﬁ pted to specific flow
Batrachium; water-starworts Callitriche; aquatic types in several waéﬁ as anchoring strength
mosses, especially Fontinalis spp; pondweeds (Ref. 3);

Potamogeton spp. and various other aquatic, marginal e Alteration of ﬂo@ime will affect channel flora and
and floating-leaved plants. The presence of this plant may cause ange in the composition of the
assemblage provides shelter and food for a wide variety substra&igrowth pattern of Ranunculus

of fish and invertebrates, and may modify water flow penicill subsp. pseudofluitans has been

and encourage localised flow and substrate diversity, d @trated to coincide with maximum flow in
especially over the summer months when the plants are streams. (Ref. 7);

[
in growth. e season and extent of inundation is critical to the
@development and stability of winterbourne plant
communities (ephemeral spring-fed headwater
streams) (Ref. 5);

e Spates in rivers with predominantly upland
catchments often lead to a reduction or the loss of
channel macrophytes through washout (Ref. 7);

e Winterbournes and headwaters subject to

Such rivers (or rivers supporting these plant \
communities) are widespread in the UK and occur

wide range of rivers from sluggish, eutrophigr'
the Norfolk Broads to fast-flowing oligo-mes &h c
rivers in upland areas. These support a v@
distinct plant communities. Plant communf¥es are

strongly mﬂuen.c.ed by geology and' \ low resime, abstraction and drought will exhibit a decline in the
and those provisionally describ e UK may differ .. .\
.\ . . extent and condition of CB plant communities and an
from communities found in ot opean countries. . . . .
increase in species characteristic of slower flows
\ such as Callitriche stagnalis and Rorippa nasturtium-
Description Q aquaticum. N\argm'al plant species may increase in
@ cover and long periods of drying will lead to a
e CB communi ceis linked to geology and river transition with terrestrial grasses (Ref. 7);
awvitat type, a different assemblage of e Haslam (1987) observed Canadian pondweed
occurs; (Elodea canadensis) and Ranunculus cover to
e CBco nities are characteristic of flowing water increase in hill stream communities in years of low
pns and commonly associated with riffles and rainfall, whilst Ranunculus fluitans (which requires
ctafle gravel-pebble substrate. Silt is generally swift water for good growth) declined (Ref. 7); and
restricted to macrophyte beds and river margins; e The impact of abstraction and low flow is greatest in
\%Semi-natural water courses characterised by modified catchments where retention time for water
Callitricho-Batrachion communities will contain a entering the catchment is reduced.

diverse range of flow types and physical habitats
including riffle-pool sequences, marginal deadwater
and exposed riverine sediments; and

e Scientific information relevant to the ecological
requirements of rivers with CB plant communities in
the British Isles and in Europe is limited.

Other influences

e Geology and soil type are important in determining
the character of plant communities in rivers;

e Plant community diversity will be greater in river
systems with mixed geology;

Environment Agency in partnership with Natural England and Countryside Council for Wales Understanding water for wildlife
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e Water quality parameters (alkalinity, pH, nitrate, also thought that high nutrient levels may make the

phosphate, potassium and suspended solids) will component species more susceptible to wash out
influence species composition. For suggested under high flows; Increased pesticide and herbicide
phosphorus levels for main river types refer to (Ref. 6); loading may be detrimental (Ref. 4);

e Siltation, induced by low flows and channel e The introduction of non-native species such
modification, will impact upon macrophyte as Japanese Knotweed (Fjaponica), Himalayan «
communities. The accumulation of silt deposits and Balsam (I.glandulifera), and Giant Hogweed \
increased turbidity will decrease light and smother (H. mantegazzianum) may be detrimental to
macrophytes, causing a shift in species composition this habitat type (Ref. 4); and
(Ref. 1) and preventing regeneration; e A healthy community of marginal vegetation is,als

e Overgrazing of banks leads to reduction in important. {
community diversity, siltation (see above), increased ‘&
scour and proliferation of ruderal species including
Himalayan Balsam; Current and future work

¢ |ncreased nutrient supply may lead to an overall .

. . . . . The LIFE in UK Rivers Projectis d g conservation
reduction in species diversity, and increase the . o .
. . strategies and monitoring pro [STor use on rivers
presence of pollution tolerant species. More extreme

. . . designated as Special Aiga onservation under the
nutrient increases lead to an overall impoverishment ?

. . . . European Union Habi tive. Refer to the LIFE in
of the community, with algae dominating (Ref. 1). Itis UK Rivers website E ioNser information.

Key references OQ

General description & habitat details
1. Grieve, N. & Newman, J. (2002). Ecological requirements of ourses characterised by Ranunculion
fluitantis and Callitricho-batrachion vegetation (Draft). LIFE i ivers Project.

http://www.english-nature.org.uk/lifeinukrivers/ecolo{a%tml

2. Haslam, S. M. (1987). River Plants of Western Eur

3. Haslam, S. M. (1978). River Plants. Camb@@ersity Press, Cambridge.

4, Hatton-Ellis TW and Grieve N, 2003 Ecol N equirements of Water Courses Characterised by Ranunculion
fluitantis and Callitricho-Batrachion Veg . Conserving Natura 2000 Rivers Ecology Series 11. English Nature:

mbridge University Press, Cambridge.

Peterborough.
5. Holmes, N. T. H. (1996). Classi n of Winterbournes. Environment Agency, Bristol.
6. Mainstone, C. P., Parr, W. YM. (2000). Phosphorus and River Ecology — tackling sewage inputs. English

Nature/Environment Ageﬁ%

7. McLeod, CR, Yeo,
Special Areas of
WWW.jncc.gov.

n, AE, Burn, AJ, Hopkins, JJ, & Way, SF (eds.) (2002). The Habitats Directive: selection of
ation in the UK. 2nd edn. Joint Nature Conservation Committee, Peterborough. Available:

Su iNg references

A abitats associated with water courses of plain to montane levels with Ranunculion fluitantis and
allitricho-Batrachion vegetation to be considered are; Humid dune slacks, Atlantic salmon, Sea lamprey,
\%ver lamprey, Allis shad, Brook lamprey, Bullhead and Floating water-plantain.

& For further information refer to guidance notes produced.
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2.2.2 Freshwater habitats

Oligotrophic waters containing very few
minera l.S Of Sandy plaiI’IS (Littorelletalia uniflorae)

X\

General information Key influences (19

Oligotrophic waters containing very few minerals of Water resources

sandy plains are restricted to sandy plains that are e There appears to be little information avai n

acidic and low in nutrients, and therefore very scarce. the hydrological requirements of this ) pe;

The water is typically very clear and moderately acidic. and

The habitat type is characterised by the presence of the e Of what is known of the hydrologi@me at Oak

Littorelletalia type vegetation (Ref. 2); Mere in the Cheshire Plains, wﬁ el fluctuations
have been implicated in th e of the

Only four sites have been identified in the UK that are macroinvertebrate co etween 1980 and
considered to represent high-quality examples. These 1996. The study co urr@uat an initial recovery of
occurin Dorset (Little Sea); on fluvio-glacial deposits in the m.acroinvertebra community had occurred since
the New Forest (Hatchet Pond); the Cheshire Plain (Oak 1996, but that er recovery would depend upon
Mere); and on more recent sand deposits of marine the m,aintenanc wvater levels. (Ref. 3):

origin in the Outer Hebrides (South Uist Machair). Little . Water absi?on iy depross \;Vater.lev,els ——
Seain Dorset is a land locked lake on sand dunes with \ . . ) .

a heathland catchment. The catchment area of the New water re @ on t|me'and red‘uce flushing rates. This
Forest (Hatchet Pond) and of the Cheshire Plain (Oak maygxacttbate nutrient enrichment, cause

Mere) site is acid lowland heath, with the Machair lochs ?@d ation of marginal vegetation through
C

in the Outer Hebrides being acid moorland (Ref. 2). @ ast(:\(l)\;vi?eing E:cljijstis:r?lil:\tl\rl]Latlﬁsé)tc;ﬁ;yu?itf. For

freshwater may increase salinity; and

b ¢ Asthe plant species tend to grow in distinct zones
this habitat type may be particularly susceptible to

e [jttorelletalia type vegetation is character’;s the drawdown, Littorella may grow in the drawdown

Description

presence of water lobelia (Lobelia dort , zone but changes to hydrological regime may affect
shoreweed (Littorella uniflora), or quillwe¥t (/soetes this species.
lacustris). Only one of these speci eds to be

present to conform with the d @o of this Annex | Other mflugnces .
habitat type; and o Dest‘ructlon'of lowland heaths., land drainage anq
« Typically the vegetatiogcoM¥Ls of zones in which nu.tnent'ennch ment has contributed to the scarcity of
the individual specie submerged, thl.s habltaF type (Ref. 3); al?d. .
monospecific law D). o O.llgotrophlc wgters, by definition, have low‘levels of
@ dissolved nutrients and as such, water quality
requirements may focus on associated variables,
@ such as pH and dissolved oxygen. Detailed data on
0 the water quality of lowland sites only exists for Oak
C) Mere, but limited data is available for the South Uist

60 SAC sites (Ref. 1).
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Current and future work An Environment Agency R&D project ‘Development of

) GIS Based Inventory of Standing Waters for England and
The Environment Agency and landowners currently carry  \wales’ is ongoing. This is a GIS—linked database of all
out monitoring of pH and water level informally at Oak standing waters and includes information on

Mere (Ref. 1) but no other projects have been identified  jesienations, modelled nutrient loads amongst others.
within the confines of this study. «

Key references (1/

General description & habitat details K
1. Carvalho, L., Monteith, D. (1999). Conservation objectives for Oligotrophic and Dystrophic lake ty @
Environmental Change Research Centre. University College London. Research Report No. 71. Repo %glish
Nature. Contract No. EIT 20/23/01.

2. MclLeod, C.R,, Yeo, M., Brown, A.E., Burn, A.]., Hopkins, J.J., & Way, S.F. (eds.) (2002). Th @ats Directive:
selection of Special Areas of Conservation in the UK. 2nd edn. Joint Nature Conservation ittee, Peterborough.
www.jncc.gov.uk/SACselection

Site specific hydrological consideration studies
3. Labadz, ).C., Harding, R.)., Potter, A. & Butcher, D.P. (2000). Oak Mere SSS@C: GR SJ575676. Progress
report (working draft) to English Nature/ECUS. Dept of Land-Based Studies, N gham Trent University.

Supporting references

o)
The Annex | habitat Oligotrophic to mesotrophic standing wate anex Il species floating water plantain
(Luronium natans) should be considered with this habitat. 2

\
&
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2.2.2 Freshwater habitats

Mediterranean temporary ponds

General information

Mediterranean temporary ponds are winter-flooded
areas, which periodically dry out to give a vegetation
composition rich in annuals; many of which are
nationally rare species, and principally confined to this
habitat type. Species confined to Mediterranean
temporary ponds include pygmy rush (Juncus
pygmaeus), pennyroyal (Mentha pulegium) and yellow
centaury (Cicendia filiformis).

The habitat has been divided into two main pool types,
a more acid pool community of trampled and grazed
areas, often found on flooded trackways, and a basic
pool type on serpentine rock. The Lizard heath in
Cornwall represents the only UK site where significant
areas of the basic pool type have been recorded (Ref. 4).

Description

¢ The DETR Lowland Pond Survey (1996) found
temporary ponds (which include the Mediterranean
habitat type) to be more shaded, have organic ric
sediments, but to be less silty than their perman%
equivalents. Exceptions to this are noted, a
include the Lizard where Mediterranean po
largely unshaded;

e The acid pool type contains an importav$
assemblage of rare species, inclu pigmy rush,
the three-lobed crowfoot (Ranu&tﬁpartitus) and
yellow centaury. A number also support
important invertebrate po ns, including the
water beetles Graptod lavipes and Dryops
striatellus;

e Ponds are usuall@ ree and support fewer
invertebrate rs than permanent ponds due to
their perio ing-out (Ref. 2); and

e The invai%bJate fauna of temporary ponds in the UK
isc ctPrised by taxa that are mobile or tolerant to

@ing water levels and periodic desiccation.

é are commonly used by amphibians, including
although rarely) the great crested newt (Triturus

(
’\% cristatus) (Ref. 5).

\>

Environment Agency in partnership with Natural England and Countryside Council for Wales

Key influences

Water resources
e Llittle data exists on the relationship between
hydrological regime and the status of the

Mediterranean temporary pond habitat; an K
e Mediterranean temporary ponds are mogge to
be fed by near surface runoff than momanent

ponds, and less likely to be spring@ﬁef 3);

Other influences

e The disuse of trackways thaq% ensured the
creation of the acid ty d habitat may have
reduced its distrib ug . 4) However it is the
upgrading of s%a s to road status that is

considered the rthreat to Mediterranean
temperate pQnds;

e Given the w nature of Mediterranean temporary
ponds rainage for agriculture or urban

dey, ment will destroy this habitat;
[l water volumes of temporary ponds imply

e T
$« are likely to be highly susceptible to pollution;
nd

A lack of awareness and recognition of this habitat
type has resulted in their destruction through
infilling, or by deepening for the creation of
permanent ponds (Ref. 6). However, on the Lizard,
the loss of Mediterranean temporary ponds are more
likely to be through reduced disturbance along
trackways or infilling to improve trackways.

Current and future work

The University of Plymouth is currently undertaking
research on the ecology, status and management of
Mediterranean temporary ponds in the UK (Ref. 1).

An Environment Agency R&D project ‘Development of
GIS Based Inventory of Standing Waters for England and
Wales’ is ongoing. This is a GIS—linked database of all
standing waters and includes information on
designations, modelled nutrient loads amongst others.

Understanding water for wildlife
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Key references

General description & habitat details
1. Bilton, D., Staff Homepage. University of Plymouth. Web Access 13/11/02.
http://www.biology.plymouth.ac.uk/staff/Bilton/Dbilton.htm

reference to Natterjack Toads. In: European Temporary Ponds: A Threatened Habitat. Freshwater Forum. Volum

2. Buckley, ] (2001). The conservation and management of amphibians in UK temporary ponds, with particular Q\
Edited by David Sutcliffe. Freshwater Biological Association.

3. DETR, (1998). Lowland Ponds Survey 1996. Final Report. Department of the Environment, Transport and K
the Regions.

4. McLeod, C.R., Yeo, M., Brown, A.E., Burn, A.)., Hopkins, .., & Way, S.F. (eds.) (2002). The Habit Qcﬁve:
selection of Special Areas of Conservation in the UK. 2nd edn. Joint Nature Conservation Commiife terborough.

www.jncc.gov.uk/SACselection

5. Nicolet, P. (2001). Temporary ponds in the UK: a critical biodiversity resource for freshy&& plants and animals.
In: European Temporary Ponds: A Threatened Habitat. Freshwater Forum. Volume 12E&jte}l by David Sutcliffe.
Freshwater Biological Association.

6. Williams, P., Biggs, J., Fox, G., Nicolet, P., Whitfield, M. (2001). History, ori%nd importance of temporary
ponds. In: European Temporary Ponds: A Threatened Habitat. Freshwater ForuMs*/olume 17. Edited by David
Sutcliffe. Freshwater Biological Association.

A4

Supporting references Q

The Annex |l Great Crested Newt (Triturus cristatus) speci d be considered with Mediterranean temporary

ponds habitat. \
s@b
)
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2.2.3 Temperate
heath, scruband ~ °

N
grasslands &
The following summaries have been compiled using key ref papers

provided by Environment Agency and Natural England ey provide a
summary of relevant information on the freshwater ents of the
temperate habitats. For further information, referto rences listed below

each habitat account. OQ

— Molinia meadows on calcareous, peaty or clayey-silt-@ soils (Molinion caerulea)
— Northern atlantic wet heaths with Erica tetralix @
— Lowland hay meadows (Alopecurus praten Sangursorba officinalis)

— Temperate atlantic wet heaths with I;r@ﬂr/s and Erica tetralix

&\
&
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2.2.3 Temperate heath, scrub and grasslands

Molinia meadows on calcareous, peaty
or clayey-silt-laden so0ilS wotinion caertea A
N

General information e The vegetation often occurs in a mosaic with pa\(vLQ

o o ) of wet heath, dry grassland, swamp and scrub
Molinia meadows are primarily found on moist, (Ref. 8), and can also represent transitions t

moderately base-rich peats and peaty gley soils, often these other communities: and
with fluctuating water tables. They usually occur as e The more impoverished forms of Molif gﬁre on

components of wet pastures or fens, and often form

acidic substrates are excluded fro nex |

mosaics with dry grassland, heath, mire and scrub definition (Ref. 4).
communities. Molinia meadows are widely but . Q,
discontinuously distributed throughout the UK, with Q
concentrations in south-west England, western and Key influences O
central Wales, East Anglia, northern England and the ‘ ?
south-west of Northern Ireland (Ref. 4). Water resources

e The ecological fegalirements for Molinia meadows is
A number of Molinia meadows hold populations of not fully unders , however, the integrity of the

(Selinum carvifolia), vipers grass (Scorzonera humilis), hydrolo gime, and is likely to be a key factor

notable species, including the Cambridge milk parsley meadow m@y™e affected by changes to the
prev. nt@tation change. Abstraction may
'cz

soft-leaved sedge (Carex montana), and the marsh
e affect this habitat type;

fritillary butterfly (Euphydryas aurinia). t
-$ linfluences on Molinia grasslands are the
drology and water quality status including base-

Description \ status (Ref. 8);
e Molinia meadows are distinctive in character, 6 * The hydrological regimes necessary for this habitat
AW

Containing various species.rich types of fe are narrOle defined. More data is required before
and rush pasture (Ref. 8); conclusions can be drawn (Ref. 6);

*
e Molinia grasslands in the UK are repre@by two ® Molinia meadows occurin a number of situations. In

NVC types: lowland landscapes, M24 and M26 both occur where
— M24 Molinia caerulea — Cirsiun@ectum fen- the water table is near the ground surface (Ref. 6).
meadow These conditions are typically found on undulating
— M26 Molinia caerulea _§$ aludosa mire plateaux and hillsides as well as in stream and
e The M25 NVC type is aJoli™¥ based community, river valleys;
which is not part of t type. Some stands are e M26 occurs in upland situations associated with
species-rich and htonservation value, flushed slopes in enclosed sub-montane meadows
particularly in lands; and pastures or as part of the toposequence around
e Afull descri f these NVC types can be found in open waters and mires (Ref. 7);
Ref. 7; e When hydrological requirements are not met, species
e Thish pe includes the most species-rich of that are not present in high frequencies in Molinia
the wfa grasslands in the UK, in which purple grasslands can increase and invade, changing the
m ass (Molinia caerulea) is accompanied by a composition of the grassland (Ref. 6); and
range of associated species which include e (Catchment hydrology can also have an impact where it
. % rushes, sedges and herbs (Ref. 4); may alter run-off or reduce local water tables (Ref. 6).

\ The sharp-flowered rush (Juncus acutiflorus) is
Q generally abundant (Ref. 8);

Environment Agency in partnership with Natural England and Countryside Council for Wales Understanding water for wildlife
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\

*

Other influences

It has been suggested that soils for Molinia meadows
are generally poor in nutrients. Alterations of the
catchments nutrient budget can affect this habitat
(Ref. 6);

Atmospheric deposition may also contribute to the
nutrient budgets of this habitat (Ref. 6);

Regular grazing and hay cutting of Molinia meadows
is required (Ref. 6); and

Long term climate change may affect Molinia
meadows, particularly through decreasing
groundwater recharge (Ref. 6).

Current and future work

Dr. David Gowing of the Open University and Cranfield
University has conducted extensive research into the
ecohydrological requirements of plants, particularly
grasslands and meadows (Ref. 2).

X\

P

S

Key references

General description & habitat details

1. Benstead, P., Drake, M., J6se, P, Mountford, O., Newbold, C. & Treweek, J. (199
Managing floodplain and coastal grasslands for wildlife. Royal Society for the Pro

‘Q
@
Az

Qet Grassland Guide:

tioh of Birds. Sandy Beds.

2. Gowing et al 2002 The water-regime requirements and the response to the%ological change of grassland
n)

plant communities. Final Report to DEFRA (conservation management divjeq

3. Joint Nature Conservation Committee, 6410 Molinia meadows on ¢

roject BD1310: London.

us, peaty or clayey-silt-laden soils.

Available: http://www.jncc.gov.uk/Protectedsites/SACselection/Qabit®asp?FeaturelntCode=H6410 Accessed
23/02/07.

4. McLeod, CR., Yeo, M., Brown, A.E., Burn, A.)., Hopkins,

selection of Special Areas of Conservation in the UK. 2
Peterborough. www.jncc.gov.uk/SACselection

5. Mountford et al 2005 Development of eco-h,
http://www.english-nature.org.uk/pubs/pu

}&ay, S.F. (eds.) (2002). The Habitats Directive:

{ > Joint Nature Conservation Committee,

cal guidelines for wet heaths — phase 1. Available:
n/PDF/620.pdf Accessed: 23'd Feb 2007.

6. Robertson, H. ). & Jefferson, R. G. (2004§anitoring the Condition of lowland grassland SSSIs, English Nature
sh

Research Report No 315. Volume | En

7. Rodwell, .S (ed) (1991). British,
University Press.

8. UK Biodiversity Group.

http://publicatj

ts, HMSO, London.

ture, Peterborough.

ommunities: Volume 2: Mires & Heaths. Cambridge: Cambridge

999;5. UK Biodiversity Group Tranche 2 Action Plans — Volume VI: Terrestrial and

sBnvironment-agency.gov.uk/pdf/GEAN0O305BIPZ-e-e.pdf Accessed 23'd Feb 2007.

freshwater species anziq
9. Wheeleretal 2?50@0 ydrological Guidelines for Lowland Wetland Plant Communities Available:

o)

X

Birds of lowland wet and dry grasslands should also be looked at.

Environment Agency in partnership with Natural England and Countryside Council for Wales

Sup&g references

abitat types to be considered with the Molinia meadow habitat are calcareous fens with Cladium
cus and species of the Caricion davalliana alkaline fens calcium-rich springwater-fed fens. The Annex Il

ecies that should be considered are the marsh fritillary (Euphydryas aurinia) and narrow-mouthed whorl snail.
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2.2.3 Temperate heath, scrub and grasslands

Northern atlantic wet heaths
with Erica tetralix
X\

General information o Referto Ref. 10 for further details on NVC type Q
o ) compositions; (L
Wet heaths usually occur on acidic, nutrient-poor e On the Lizard in Cornwall, Cornish heath (Eric
§ubstrates, S}Jch as shallow peats or sandy soils with ‘ vagans) growing with S. nigricans, cross-1
|mpe<‘jed drainage. Mixtures of cross-leafed heath (Erica heath and purple moor grass (Molini 4)
tetralix), heather (Calluna vulgaris), grasses, seo!ges forms a distinctive and unique for eath (H5
and bog-mosses (Sphagnum spp) typically dominate Erica - Schoenus heath), found n;&else in
them (Ref. 8). Europe (Ref. 8);
Northern Atlantic wet heaths with Erica tetralix occur * Afurthervery local wet hea eis Schoenus -
throughout the UK but populations present in southern Narthecium mire (M1 his mainly associated
and central England are highly localised. Wet heaths with transitions fro o valley bog at a small
become more extensive in coverage in the cool and wet number of lowl sit8s in southern Britain (Ref. 8);
north and west of the UK, particularly in the Scottish * Scirpus — Erica%eath (M15) is found in areas of
Highlands. The area covered by wet heath is moderate hTainfall, and is typical of wet heath
significantly smaller than that covered by blanket bogs vegetat ' a e north and west of the UK. Cross-

or dry heath (Ref. 8).

leaved and heather are typically accompanied
by ndant deergrass (Trichophorum cespitosum)

Description

gradient:

urple moor-grass (Ref. 8); and
a — Sphagnum wet heath (M16) is characteristic
f drier climates in the south and east, and is usually

Wet heaths occur in several types of ecological e\ dominated by mixtures of cross-leafed heath,

¢ |nthe drier areas of th

heather and purple moor grass (Ref. 8).

e south and east, we @

are local and often restricted to the transi N ne .
between European dry heaths and co y wet Key influences

valley mires;

e Inthe uplands they occur most
gradients between dry heath
habitats and blanket bog

) Water resources
tlyin. e Cross-leafed heath is most prevalent on areas of
rdry, acid shallow slope, particularly when this leads to an
accumulation of water. The substratum is typically

o At high altitudfe in t‘he xms Highlands wet heaths waterlogged and poorly aerated with a high organic
occur in mosaics wﬁ@ e and Boreal heaths content (Ref. 2);
(lichens and nortm r mc?ntar!e species may be e Wet heath may be completely inundated for periods
well-represen ese S|tu§t|ons); and . during the winter months but summer soil surface
* Flushed weiehs are especially frequent in areas conditions can be very dry on bare or exposed areas
of highr , and occur as topogenous fens, (Ref.12);
usuallginyhannels within heath or grassland e The distribution and abundance of purple moor
ion (Ref. 8) grass, cross-leafed heath and heather are largely
K, wet heath corresponds to the NVC determined by the depth to the water table and the

@mmumtles

\)

ossifragum mire

degree and duration of water-logging. Co-existence
by all three species requires a balance between

H5 Erica vagans — Schoenus nigricans heath waterlogging, fluctuating water levels and sub-
M14 Schoenus nigricans — Narthecium surface flow (Ref. 13);

e The change from a fluctuating to a constantly high

— M15 Scirpus cespitosus ~ Erica tetralix wet heath water table is correlated with a decrease in the
- MltéhEr/cg tetralix — Sphagnum compactum importance of heather and an increased proportion
wet heat

of cross-leafed heath (Ref. 13);

Environment Agency in partnership with Natural England and Countryside Council for Wales Understanding water for wildlife
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e Experiments conducted to determine the effect of
water level and soil moisture on growth, drought
resistance and leaf transpiration in four heathland
species, which included cross-leafed heath indicated
that (refer to Ref. 5):

e All species grow best at a water level of -8 cm

e Cross-leafed heath is the most tolerant of
permanently saturated soils (water level of 0 cm) and
of high substrate drought conditions. It also tolerates
conditions almost as dry as bell heather, a species
typical of dry heath

e Dorset heath is less resistant to high substrate
drought conditions;

o With the exception of Michael (1996) there is little
published quantitative information on the soil water
regimes of wet heaths (Ref. 7); and

e Referto Refs. 12 and 15 for further information on
the water level requirements of a number of species.

Other influences

e Heathland habitats are dependent upon base-
deficient (acidic) soils with low nutrient status (Refs.
12 & 14);

e When phosphorus or nitrogen availability is
increased, cross-leafed heath is out competed by
purple moor grass, which responds quicker to
increased nutrient availability (Refs. 1 & 3);

e The percentage cover of cross-leafed heath is
enhanced with rising carbon dioxide and hydrog
sulphide concentrations in the ground water
(Ref.15); . \\9

e Ahigh level of soil organic matter may be § ant
for Erica species but further research i;ﬁed to
determine the relationship betweep,soil ®rganic
matter and cross-leafed heath. substrates
have a better moisture retenti acity than
mineral substrates (Ref. 4)@

¢ |n addition to changes%v:a resources, lowland
heathlands are subj range of pressures,
including inapprog®d¥ grazing management, scrub
encroachment ion and fire which lead to

Environment Agency in partnership with Natural England and Countryside Council for Wales

Current and future work

Recent work includes guidelines on the eco-hydrological
requirements of wet heaths compiled by English Nature
(now Natural England) and the Centre for Ecology and
Hydrology (Ref. 9). In 2004 The Environment Agency «
published Eco-hydrological guidelines for lowland \

wetland communities (Ref. 16). Both documents proviQ
details that may be of use in assessing the requirer‘ﬁtv

of North Atlantic Wet Heaths. \
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Key references

General description & habitat details
1. Aerts, R. and Berendse, F. (1988). ‘The effects of increased nutrient availability on vegetation dynamics in wet

heathlands’. Vegetatio. 76: 63-69. «

2. Bannister, P. (1966). ‘Biological Flora of the British Isles: Erica tetralix’. Journal of Ecology. 52: 795-813.
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reconstruction in England’. Restoration Ecology. 5: 256-264. Q
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9. Mountford et al 2005 Development of eco-hydrological guidelines @etheaths — phase 1. Available:
http://www.english-nature.org.uk/pubs/publication/PDF/620. ccessed: 23" Feb 2007.

10. Newbold, C. & Mountford, 0. (1997). Water level requir of wetland plants and animals. English Nature
Freshwater Series No 5. English Nature, Peterborough.

11. Rodwell, J.S. (ed.) (1991) British plantcommumb&Vo[ Il : Mires & Heaths. Joint Nature Conservancy Council,
Cambridge University Press, Cambridge

12. Rose, R.J. & Webb, N.R. (2000). Restoratif &Heath Scoping Study. Centre for Ecology & Hydrology
report to DTI.

13. Rutter, A.). (1955). ‘The compositj ofwet heath vegetation in relation to the water-table’. Journal of Ecology.
43: 407-443 (as cited in Bannister,

14.Tubbs, C. (1985). ‘The d d present status of the English lowland heaths and their vertebrates’. Focus
on Nature Conservat/on

15. Webster, J.R. (196
and the soil. I. Field

composmon of wet-heath vegetation in relation to the aeration of the ground water
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50 (as cited in B r, 1966)
16. Wheeler 04 Ecohydrological Guidelines for Lowland Wetland Plant Communities Available:
http: //p ons.environment-agency.gov.uk/pdf/GEAN0305BIPZ-e-e.pdf Accessed 239 Feb 2007.

Séortmg references

e following Annex | habitat types and Annex Il species which should be considered with Northern Atlantic wet
heaths with Erica tetralix; blanket bogs, calcareous fens with Cladium mariscus and species of the Caricion
& davallianae. The great crested newt and southern damselfly should also be refered to.
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2.2.3 Temperate heath, scrub and grasslands

Lowland hay meadows

(Alopecurus pratensis, Sanguisorba officinalis)

General information

This Annex | type comprises species-rich hay meadows
on moderately fertile soils of river and tributary
floodplains. Most examples are cut annually for hay,
with light aftermath grazing. Seasonal flooding
maintains an input of nutrients (Ref 6). Lowland Hay
Meadows are species rich areas, which occur on fertile
soils of river and tributary floodplains. Most examples
are cut or grazed and seasonal flooding maintains
nutrient input (Ref. 6). It is estimated that this habitat
type covers less than 1500 hectares in total and
survives at small scattered sites (Ref. 8). This habitat
occurs throughout Europe but is rare in the UK,
inhabiting central and southern England as well as the
Welsh borders. There are particularly important
concentrations in the flood plains of the River Thames
and its tributaries, and those associated with the Vale
of York rivers, especially the Derwent (Ref. 8).

Agricultural intensification has contributed to the
decline of this habitat type which is estimated to have
receeded by 97 per cent over the past 50 years and ar

continuing to decline at 2-10 per cent annually (Ref. ?

Description

This habitat type is characterised by spe ch
swards containing frequent red fescu.%istuca rubra),
crested dog’s-tail (Cynosurus cris eadow foxtail
(Alopercurus pratensis), great Sanguisorba
officinalis), meadow sweet (MM dula ulmaria) and
meadow buttercup (Ranuwus acris) and provides the
primary habitat of the Rt/Naria meleagris in the UK
corresponds to the National

Kb uences

W resources

Areduction in inundation frequency and duration in
lowland hay meadows as a result of irrigation, land
drainage, flood defences, surface and ground water
abstraction, floodplain gravel abstraction or changes

in the climate has contributed to the decline of this
habitat type (Ref. 8).

Other influences

¢ Lowland hay meadows have been declining due to

and its fragmentation resulting from:

reduction in the quality and quantity of their hab{'tb

e Agricultural improvement thro

ugh drainage
ploughing, re-seeding, fertiliser treatment *w
application, conversion to arable lan ift
from hay-making to silage productio )
e Abandonment and the invasion o n

(Pteridium aquilinum) and scr
e Areduction in water quality,
application of herbici es@
atmospheric depositjo a
e Floristic impoverish
(Ref. 8).

u@ . 8)
,ﬁ eutrophication,

sticides,
cidification

t due to grazing pressures

Currenté}uture work

p ities for establishing spe

Seveg@udies currently in progress are investigating

cies-rich grasslands by

ion of nutrient inputs, seeding and turfing with
species and arable reversion (Ref. 8).

Environment Agency in partnership with Natural England and Countryside Council for Wales
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Key references

1. Blackstock TH, Rimes CA, Stevens DP, Jefferson RG, Robertson HJ, Mackintosh | and Hopkins ]J, 1999 The extent
of semi-natural grassland communities in lowland England and Wales: a review of conservation surveys 1978-96.
Grass and Forage Science, 54, 1, 1-18.

2. Fuller RM, 1987 The changing extent and conservation interest of lowland grasslands in England and Wales: a \
review of grassland surveys 1930-84. Biological Conservation, 40, 281-300. (LQ

3. Jefferson RG, 1997 Distribution, status and conservation of Alopercurus pratensis — Sanguisorba officinalis fl
plain meadows in England. English Nature Research Report 249: Peterborough.

4. Jefferson RG and Robertson HJ, 1996 Lowland grassland — a strategic review and action plan. Enwre

Research Report 163: Peterborough.
5. Jefferson RG and Robertson HJ, 1996 Lowland grassland — wildlife value and conservation @glish Nature
Research Report 169: Peterborough. é

officinalis). Retrieved March 14, 2006 http://www.jncc.gov.uk/ProtectedSites/S
habitat.asp?FeaturelntCode=H6510

6. Joint Nature Conservation Committee, 6510 Lowland hay meadows (Alopecurus p, at@%&anguisorba
%;ﬁ n/

7. Rodwell JS, 1992 British Plant Communities Volume 3, Grasslands and Mo% Communities. University Press:
Cambridge.

8. UK Biodiversity Action Plan, Habitat Action Plan Lowland Meadows@%ed 14 March 06 from
http://www.ukbap.org.uk/UKPlans.aspx?ID=10
O

Supporting references @

Lowland hay meadows are an important habitat for &mcrake (Crex crex) and a number of farmland birds
including the skylark (Alauda arvensis) and theFi#& meleagris in the UK (Ref. 8 & 6).

DS
S
>
N

Environment Agency in partnership with Natural England and Countryside Council for Wales Understanding water for wildlife

¢ Section divider Species and habitats Guidance notes — Habitats Temperate heath, scrub and grasslands: Lowland hay meadows 2.2.3



2.2.3 Temperate heath, scrub and grasslands

Temperate atlantic wet heaths with
Erica ciliaris and Erica tetralix
X\

General information Key influences (19

Heaths containing the cross-leaved heath (Erica tetralix) Water resources

or the nationally rare Dorset heath (E. ciliaris) are ¢ |nthe UK, cross-leaved heath and Dorset

generally found on acid soils with slightly impeded generally grow on soils that are perm '—@r

drainage, although in Cornwall they extend onto dry frequently waterlogged (Ref. 7); %

soils. The abundance of Dorset heath differentiates this e Wet heath may be completely inu@fcr periods

habitat from other Annex | heath types (Ref. 8). during the winter months but sgw r soil surface
conditions can be very dry or exposed areas

Dorset heath is at the northern limit of its present (Ref. 14);
distribution in the UK. It has been suggested that the o Q
. ¢ |n Cornwall, Dorset urs at a number of
northern range may be limited by lower summer .\ . . . .
. . localities where soil &gnditions are drier and in one
temperatures acting on the maturation of seed case it has bee orded growing on turf-clad stone
(Ref. 13). This form of heathland is confined to warm J s

oceanic locations in the UK. It is a rare habitat, walls (Ref. 13
occurring naturally only in Dorset and Cornwall (Ref. 8) * The distri and abundance of purple moor
T grass, c@ aved heath and heather are largely
detggmin€d by the depth to the water table and the

e¥and duration of water-logging. Co-existence

Il['three species requires a balance between

e Temperate Atlantic wet heaths with Dorset heath and terlogging, fluctuating water levels and sub-
crossed-leaved heath often contain heather (Call6 surface flow (Ref. 15);

Description

vulgaris) and varying proportions of bell heather e The change from a fluctuating to a constantly high

(Erica cinerea). Other associated species m water table is correlated with a decrease in the
purple moor-grass (Molinia caerulea), bri importance of heather and an increased proportion
(Agrostis curtisii) and dwarf gorse (Ule@ oP), with of cross-leaved heath (Ref. 15);

the latter being replaced by western go U. gallii) e Experiments conducted to determine the effect of
in south-west England (Ref. 8). water level and soil moisture on growth, drought

. . . . resistance and leaf transpiration in four heathland
This habitat type is not recognig dIStht species, which included cross-leaved heath
community in the NVC but in forms of the P ’

. e . . indicated that (Ref. 5):
following communities m%ch orset heath is All species grow best at a water level of -8 cm

abundant: e Cross-leaved heath is the most tolerant of
e H3 Ulexmin @rostis curtisii heath permanently saturated soils (water level of 0 cm) and
o H4  Ulex gg&—Mgrostis curtisii heath of high substrate drought conditions. It also tolerates
e M16 Erica lix — Sphagnum compactum wet heath conditions almost as dry as bell heather, a species
e M21 lum ossifragum — Sphagnum typical of dry heath
losum valley mire; e Dorset heath is less resistant to high substrate
° & Ref. 11 for further details on NVC type drought conditions
ositions; and e With the exception of Michael (1996) there is little
. These heaths may grade into wetter heath and bog published quantitative information on the soil water
communities, notably valley mires with bog-moss regimes of wet heaths (Ref. 7); and
& (Sphagnum spp.) and bog asphodel (Narthecium e Referto Rose & Webb (2000) and Newbold &
ossifragum) (Ref. 8). Mountford (1997) for further information on the
water level requirements of a number of species.
Environment Agency in partnership with Natural England and Countryside Council for Wales Understanding water for wildlife
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Other influences

Environment Agency in partnership with Natural England and Countryside Council for Wales

Within Dorset populations of Dorset heath, growth is
most prolific in the wet heath zone where there is
shallow peat. In this situation the plants root into
both the peat layer and the underlying mineral soil
and may, in such circumstances, dominate the
vegetation (Ref. 13);

Poorly aerated soils with a high organic content are
preferred (Ref. 2). Organic substrates have a better
moisture retention capacity than mineral substrates
(Ref. 4);

Heath habitats are dependent upon base-deficient
(acidic) soils with low nutrient status (Ref. 14 & 15);
When phosphorus or nitrogen availability is
increased, cross-leaved heath is out competed by
purple moor grass, which responds quicker to
increased nutrient availability (Ref. 1 & 3);

The percentage cover of cross-leaved heath is
enhanced with rising carbon dioxide and hydrogen
sulphide concentrations in the ground water

(Ref. 16); and

Lowland heaths are subject to a range of pressures
including habitat loss and fragmentation, pollution
and fire (Ref. 6).

Current and future work

Recent work includes guidelines on the eco-hydrological
requirements of wet heaths compiled by English Nature

(now Natural England) and the Centre for Ecology and
Hydrology (Ref.10). In 2004 The Environment Agency
published Eco-hydrological guidelines for lowland
wetland communities (Ref. 17). Both documents provi

of Temperate Atlantic Wet Heaths.

X\

details that may be of use in assessing the requirer‘ﬁ@

S
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Key references

General description & habitat details
1. Aerts, R. and Berendse, F. (1988). ‘The effects of increased nutrient availability on vegetation dynamics in wet

heathlands’. Vegetatio. 76: 63-69. «

2. Bannister, P. (1966). ‘Biological Flora of the British Isles: Erica tetralix’. Journal of Ecology. 52: 795-813.

3. Berendse, F. & Aerts, R. (1984). ‘Competition between Erica tetralix L. and Molinia caerulea (L.) Moench as aff Q
by the availability of nutrients’. Acta Oecol/Oeceol Plant. 5(19): 3-14. (as cited in Aerts and Berendse, 1988).

4. Girmingham, (1992). As cited in Clarke, C.T. (1997). ‘Role of soils in determining sites for lowland hea@
reconstruction in England’. Restoration Ecology. 5: 256-264. Q

5. Gloaguen, J.C. (1987). ‘On the water relations of four heath species’. Vegetatio. 70: 29-32. $

6. Haskins, L. (2000). ‘Heathlands in an urban setting — effects of urban development on he@ s of south-east
Dorset’. British Wildlife. April 2000: 229-237.

7. Humphries, R.N., Benyon, P.R. & Leverton, R.E. (1995). ‘Hydrological performanc f@constructed heathland
soil profile’. Land Contamination & Reclamation. 3(2): 101-103.

8. McLeod, C.R., Yeo, M., Brown, A.E., Burn, A.)., Hopkins, .., & Way, S.F. (e(ﬁooz). The Habitats Directive:
selection of Special Areas of Conservation in the UK. 2nd edn. Joint Nature Con ation Committee, Peterborough.
www.jncc.gov.uk/SACselection

9. Michael, N. (1996). Lowland Heathland in England: A NaturalAreas@roach. English Nature Research Report
No 170. English Nature, Peterborough.

10. Mountford et al 2005 Developmentofeco-hydro[ogicalg@ines for wet heaths — phase 1. Available:
http://www.english-nature.org.uk/pubs/publication/PD -pdf Accessed: 23d Feb 2007.

11. Newbold, C. & Mountford, O. (1997). Water leve jrements of wetland plants and animals. English Nature
Freshwater Series No 5. English Nature, Peterb

12. Rodwell, J.S. (ed.) (1991) British plant com'g {{}®s — Vol.2 : Mires & Heath. Cambridge. Cambridge University Press.

13. Rose, R.)., Bannister, P. & Chapman,
Ecology. 84: 617-628.

14. Rose, R.). & Webb, N.R. (200 :;oration of Wet Heath Scoping Study. Centre for Ecology & Hydrology report
to DTI.

996). ‘Biological Flora of the British Isles: Erica ciliaris L. Journal of

15. Rutter, A.). (1955). ‘T!'N\C(H)mposition of wet-heath vegetation in relation to the water-table’. Journal of Ecology.
43: 407-443 (as cited i ister, 1966).

16. Webster, J.R. ‘The composition of wet-heath vegetation in relation to the aeration of the ground water
and the soil. I. udies of ground-water and soil aeration in several communities’. Journal of Ecology.

50: 639 506 ed in Bannister, 1966)
17. Whe@ [ 2004 Ecohydrological Guidelines for Lowland Wetland Plant Communities Available:
ttE )/ tions.environment-agency.gov.uk/pdf/GEANO305BIPZ-e-e.pdf Accessed 23d Feb 2007.

’\%upporting references

The following Annex | habitats and Annex Il species types should be considered with temperate Atlantic wet
heaths with Erica ciliaris and Erica tetralix: european dry heaths, blanket bogs, alpine and boreal heaths,
calcareous fens with Cladium mariscus and species of the Caricion davallianae and southern damselfly
(Coenagrion mercuriale).
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2.2.4 Raised bogs,
fens, mires, alluvial (196

forests and @"é
bog woodland "

The following accounts are intended to provide a sugaary of relevant
information on the freshwater requirements of&?ﬁ bogs, fens, mires,
alluvial forests and bog woodlands. For many o™he habitat types there is
very little published material directly assq@Xed with them and as such these
summaries should be treated with the ssary precautions. For further
information, refer to references list each habitat summary.

A0
— Tilio-Acerion forests \

— Alkaline fens and calcium rich sprin®water fed fens
— Alluvial forest with Alnus loﬁa and Fraxinus excelsior (Alno-Padion, Alnion incanae, Salicion

albae) s

— Alpine pioneer fo@'@ns of the Caricion bicoloris-atrofuscae

— Blanket bogs 0

— Bog wood

— Calca ens with Cladium mariscus and species of the Caricion davallianae

- Ee@sions on peat substrates of the Rhynchosporion

— Mefrifying springs with tufa formation (Cratoneurion)
*

<Q\%Raised bog (Ombrotrophic bog)

— Transition mires and quaking bogs

Environment Agency in partnership with Natural England and Countryside Council for Wales Understanding water for wildlife
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2.2.4 Raised bogs, fens, mires, alluvial forests and bog woodland

Tilio-Acerion forests

General information — wood avens Geum urbanum, and natural «
N ) ) ) ‘disturbance communities’ comprising common \

ﬁ[/o-AFer/on ravine forests are woods of a?sh (Frg).qnus nettle Urtica dioica, herb-Robert Geranium Q

excelsior), wych elm (Ulmgs glal.)ra) and l|me. (Tilia cordata robertianum and cleavers Galium aparine (L

arld .T.plgt]m.hyllos;. 1). This habitat typfz ha.s its centre of associated with scree and cliff-bases;

dIStrIb}JtIOI:I in continental Europe, but is wldespread from — Awide range of other basiphilous herbsé\

Scandinavia through to the Pyrenees and into Italy. grasses may occur within these sta

Typically it occurs in association with base-rich rocks in ~ ® The main NVCtypes conforming to Tj %rion

the steep-sided immature river valleys of the colline, forests are the ‘western’ forms:

sub-montane and high mountain belts across Europe. — W8 fraxinus excelsior — Acer stre-

Introduced sycamore Acer pseudoplatanus is often Mercurialis perennis woogl

present and is a common part of the community in — W9 Fraxinus excelsigr s aucuparia -

mainland Europe, where it is native. Mercurialis perengjs land; and

. ) o ) * Tilio-Acerion forestsWovide a habitat for a number

This hablta'lt type is widespread in the upland-lowland of uncommon \%lar blants, including, dark-red

boundary in England and on the Welsh borderand helleborine Epip®efls atrorubens, violet helleborine

occurs through Scotla.nd. Fragmented stands also occur Epipactis pémm, wood fescue Festuca altissima,

on the chalk combes in south-east England (Ref. 1). purple ell Lithospermum purpureocaeruleum
anderbFaris Paris quadrifolia. Many sites support

ciated with base-rich rock outcrops and (in
e The habitat type typically occurs on nutrient-rich soils % tern stands) Atlantic species. Some localities
that often accumulate in the shady micro-climate have important assemblages of epiphytic lichens.
towards the bases of slopes and ravines;
e |tis found on calcareous substrates associgt

coarse scree, cliffs, steep rocky slopes an’;g S, Key influences
he

where inaccessibility has reduced hum act; Water resources

o |t oftfen occurs as a series of scattered p S e Little information is available on the influence of
grading into other types of wood| n levelvalley water resources on Tilio-Acerion forests; however,

Description n bryophytes, in particular calcicoles
§s

floors and on slopes above, o rowstripsalong  changes to the hydrological regime may have a
s'tream-5|des. More extens} ds occuron detrimental impact on this habitat type.
limestone and other bgse-ri rocks; )

e This habitat type is e jcally variable, particularly ~ Otherinfluences
with respect to th Mant tree species. To the e This habitat type has declined in recentyears as a
north and wes nd wych elm assume increasing result of habitat loss and fragmentation; as well as
importance jye¥anopy, and lime may be * overgrazing by sheep, deer and rabbits;
completel ent; and * Dutch elm disease;

* Floristj ences due to variations in slope, * eutrophication; and

nature of the substrate add to the e the introduction of non-native species such as

as
%p@y of the habitat. conifers (Ref. 4).
The

ound flora can be very varied, but the following

’\ ments are usually present: Current and future work
@ — fern banks (particularly hart’s-tongue Phyllitis A study by Slack (2004) on the response of seedlings of
scolopendrium, soft shield-fern Polystichum this habitat to combined shade and drought found the
setiferum and buckler-ferns Dryopteris spp.); species to have a greater tolerance of shade than

- stands of ramsons Allium ursinum in the moister drought (Ref. 3).
zones; dog’s mercury Mercurialis perennis and
enchanter’s-nightshade Circaea spp. on drier but
still base-rich soils;
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Key references

1. Joint Nature Conservation Committee, 9180 Tilio-Acerion forests of slopes, screes and ravines. Retrieved March
30, 2006 from http://www.jncc.gov.uk/protectedsites/sacselection/habitat.asp?FeaturelntCode=H9180

2. European Nature Information System, Factsheet for Tilio-Acerion forests. Retrieved March 30, 2006 from
eunis.eea.int/habitats-factsheet.jsp

differentiation? Oikos 107, 1.

X\

3. Slack L, 2004 Responses of temperate woody seedlings to shade and drought: do trade-offs limit potential Q?LQ

4. UK Biodiversity Action Plan, Upland mixed ashwoods. Retrieved March 30, 2006 from é
www.ukbap.org.uk/UKPlans.aspx?ID=3

Supporting references

Tilio-Acerion forests should be considered with the netted carpet moth (Eustromia retic ), pearl bordered
fritillary (Boloria euphrosyne), high brown fritillary (Argynnis adippe) and dormous rdinus avellanarius;
Ref. 4).
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2.2.4 Raised bogs, fens, mires, alluvial forests and bog woodland

Alkaline fens and calcium rich
springwater fed fens A
N

General information - M‘13 Schoenus nigricans — Juncus subnodulo Q
mire;

Fen§ are divided into two major groups based upon e Afull description of these NVC classifications&n be

their topography and hydrology, topogenous fens and found in Rodwell 1991 (Ref. 7); and

soligenous fens (Ref. 6). Topogenous fens are formed e At most sites, transition to a range of 1

where the topography creates a basin-type water vegetation types is well marked. AlfTNYens may

collection system with little water movement out of the
system. Three sub-types are recognised, open-water
transition fens, flood plain fens and basin fens.
Soligenous fens are formed where sloping terrain

provides a continuous supply of flowing water. Three Molinia caerulea gragsd) and areas rich in rush
sub-types are recognised, valley fens, flush fens and is habitat has also found to

| species (Juncusmpp.).N
calcareous spring fens. Both fen types are groundwater- occur with fen %vet heath and acid bogs (Ref. 4).
fed systems.

occur with various other vegetatj es including
swamps (in particular specie @ stands of great
fen-sedge Cladium mariscy et grasslands
(particularly various tyRe ﬁo purple moor-grass

Calcareous spring fens develop around freshwater . @ v
springs rich in calcium. The water feeding these fens Key infl ces
wells up from the ground and often deposits a white W

ateNedvurces
crust known as ‘tufa’ on the ground vegetation. Sites @cms which constitute the fen habitat type are
are usually very small and often occur within larger % nsidered to be either critically dependent or
wetland systems (Ref. 6). supported by groundwater (Ref. 10). The response of

Alkaline fens occur over a wide geographical rang 6 fen vegetation to groundwater abstraction is difficult
throughout the UK, but are uneven and Iocalia@ to generalise as sensitivity to hydrological change

distribution. Important concentrations of thig t will vary between communities (Ref. 6);
are found in East Anglia, Cumbria, and n@e t * The seepage of groundwater is essential for the

Wales. Alkaline fen vegetation has decline conservation of the typically mesotrophic character

dramatically in the past century thr. ut the UK, and of the fens (Ref. 9);
in many parts of the country onl , fragmented e Abstraction of water from boreholes will produce
stands survive (Ref. 6). $ localised depressions in groundwater-water levels,
termed a cone of depression. A reduction in
\ pressures may lead to a decline or cessation in
Description Q spring flow, to the detriment of the alkaline fen
) ) habitat (Ref. 6);
* Few studies en undertaken on spring-fed fen o 1he hydrological response of fen communities to
sitesand t ors determining vegetation

change is not simply limited to a seasonal decline in
water level tables but also to increases in the
magnitude and frequency of water table fluctuations,
and increases in the duration of water table level
changes. Such alterations may lead to an increase in

compogsidgniend productivity (Ref. 4); and
Alkalirke f§ns contain a complex assemblage of
d @ ion types characteristic of sites with tufa
@ or peat formation, a high water table and a
calcareous base-rich water supply (Ref. 4).

. the depth of aeration of the peat profile.
N\ ore vegetation is short sedge mire (mire with low- Decomposing and dewatered peat may undergo
Q growing sedge vegetation). Alkaline fens are irreversible physical changes and even if the system
transposed into the NVC types: is re-watered the response of the fen water table may

) not be re-established in the same way (Ref. 3);
— M9 Carex rostrata — Calliergon

cuspidatum/giganteum mire
— M10 Carex dioica — Pinguicula vulgaris mire
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e Alkaline fens experience lateral water movement the Wetland Framework. It arose from a collaborative

derived from the mineral ground. The water table project between Sheffield University, the Environment
(and usually the site) is strongly sloping and with Agency and English Nature. It is continuing over the
water movement maintained primarily by next two years to encompass fen types not adequately
groundwater discharge (Ref. 2); represented in East Anglia, bringing in the Countryside
e Fairly high and constant summer water tables are Council for Wales as an additional partner. The work has
required with the absence of protracted or deep also proposed an updated approach to the
winter flooding (Ref. 2); and classification of wetlands, based on their defining Q
e Absence of strongly reducing conditions in the landscape features and recurring water supply
rooting zone (caused by water flow and often by mechanisms (WETMECS).

subsurface water tables) (Ref. 2).

\ed a

English Nature (now Natural England) have p

Other influences report on the eco-hydrological guidelin heaths

e Specific hydrochemical processes (especially calcite ~ which may be of use when assessing t irements
precipitation) associated with degassing of of alkaline fens (Ref.5) The Environ gency has
discharging groundwater and concomitant published guidelines for lowlan @a d communities
Phosphorus adsorption (Ref. 2); (Ref.12). i

e Spring-fed, rich-fen sites are irrigated by base-rich O
groundwater discharge of high pH (>6.0), calcium, %
iron and hydrogen carbonate (HCO3) concentrations
(Ref. 1); Q)
e QOligotrophic to mesotrophic soil water conditions are
required (Ref. 1); and Q
e The maintenance of the nutrient status and moving O
water conditions are regarded as important factors,
if not more, than water levels in alkaline fen habitats FQ

(Ref. 1).

<O
Current and future work 6
2

Drs. B. Wheeler and S. Shaw of the Departme%
Animal and Plant Sciences, University of SeXi®Nd have
provided an international lead on wetlan arch for

many years. They have related the hy, eology to
plant communities and Natura 20@ON#€rest features in

many East Anglian fens in pr@ he first edition of
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Key references

General description & habitat details
1. Boyer, M. L. H. &Wheeler, B. D. (1989). ‘Vegetation Patterns in Spring-fed Calcareous Fens: Calcite Precipitation

and Constraints on Fertility’, Journal of Ecology, 77:597-609. «

2. Environment Agency (1998). Evaluating the Impact of Groundwater Abstraction on Key Conservation Sites, Stag
1 Reports for AMP 3, Phase 1, Environment Agency, Anglian Region. Q

3. Fojt, W. (2000). East Anglian fens and groundwater abstraction, English Nature Research Reports, No 30. Engli

Nature, Peterborough. K
4. McLeod, C.R., Yeo, M., Brown, A.E., Burn, A.J., Hopkins, J.J., & Way, S.F. (eds.) (2002). The Habitatg paes#e:
selection of Special Areas of Conservation in the UK. 2nd edn. Joint Nature Conservation Committe borough.

www.jncc.gov.uk/SACselection

@et heaths-phase

lication/PDF/620.pdf
, Web Access

5. Mountford J.0, Rose R.J, and Bromley J. 2005. Development of eco-hydrological guideline
1. English Nature Report Number 620. Available: http://www.english-nature.org.uk/pub

6. 0’Connell, C. (2001). Irish Fens Information Sheets. Irish Peatland Conservatiq
http://www.ipcc.ie/infofensfs.html

7.Rodwell J. S. (ed) (1991). British Plant Communities: Mires & Heaths Vo[urr@oint Nature Conservation
Committee. Cambridge University Press, Cambridge

8. UK Biodiversity Action Plan, Fens. Retreived 15t Feb 2007. Availa
http://www.ukbap.org.uk/UKPlans.aspx?ID=18

9. Verhoeven, ., Boudewijn, B., &/ermeer, H. (1985). ‘Specie %sition of small fens in relation to the nutrient
status of the peat soil and the ground water’, Collogues p iologiques Xlll, Végétation et GEomorphologie,
815-824.

10. Wheeler, B.D. & Shaw, S.C. (2000). A Wetland Fi ork for Impact Assessment at Statutory Sites in Eastern
England, R&D Technical Report W6-068/TR1, ® v of Sheffield, Sheffield.
*

11. Wheeler, B.D & Shaw, S.C (1995) Fen h N and the EC Habitats and Species Directive, Reports to the INCC.
12. Wheeler B.D, Gowing D.J., Shaw S.C, ntford J.0 and Money R.P. 2004 Ecohydrological guidelines for

lowland wetland plant communities. A.W. Brookes, PV. Jose and M.I. Whiteman. Environment Agency (Anglian
Region). Available: http://publicafigs-environment-agency.gov.uk/pdf/GEANO305BIPZ-e-e.pdf

L] \
Supporting refer

x Il species to be considered with alkaline fens include calcareous fens with Cladium
the Caricion davallianae, petrifying springs with tufa formation (Cratoneurion) and marsh
hirculus). Also geyer’s whorl snail (Vertigo geyeri), marsh fritillary Euphydryas aurinia),

0ss (Drepanocladus vernicosus), fen orchid (Liparis loeselii), alpine pioneer formations of the

mariscus and s
saxifrage (Sax/

)
N
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2.2.4 Raised bogs, fens, mires, alluvial forests and bog woodland

Alluvial forest with Alnus glutinosa and

F I( aXi nus exce IS i or (Alno-Padion, Alnion incanae, Salicion albae)

General information

Alluvial forests with Alnus glutinosa and Fraxinus
excelsior (Alno-Padion, Alnion incanae, Salicion albae)
habitat covers a range of riparian woodland types. These
habitats have been much reduced in coverage
throughout Europe by drainage, clearance for agriculture
and river management schemes to prevent flooding.

Grey alder is not native in the UK (and not relevant to UK
in this habitat type) and the black poplar is poorly
developed as an extensive high-forest type, though it
may occur locally as linear stands along the edges of
watercourses. Clearance of riverine woodland has
eliminated most true alluvial forests in the UK. Many
surviving fragments, as elsewhere in Europe, are
fragmentary and often of recent origin. However,
residual alder woods do frequently occur in association
with other woodland types or with other wetland
habitats such as fens (Ref. 9).

Description
The NVC System recognises three main comy s of
the Alno-Padion alluvial forest. In order of ness”,

these are:

Alnus glutinosa-Carex panicula @nps (W5);
A. glutinosa-Urtica dioica ( %

A glutinosa-Fraxinus excel%smachia nemorum
woods (W7); \

These communities@lvided into a number of sub-
communities;

e Key species m the plants in alder woodlands
include a of dependent invertebrates such as
the mq&\gy shell, alder kitten and pale tussock,

a numRerpf crane fly species, sawflies, and gall

Q Ider seed cones provide a winter food source
number of finches such as siskin and redpoll,
older trees may provide habitat for bats such as
% Daubenton’s, and the woods provide cover for otter;
e W5 woodlands are widespread but local in the
English lowlands with the reed sub-community more
common, refer to Ref. 8 for INCC distribution maps;
e Yellow loosestrife alder woods are more typical of
East Anglia while the rarer golden saxifrage woods
occur mainly in the Weald. W2a willow fen has a

Environment Agency in partnership with Natural England and Countryside Council for Wales
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similar distribution, predominating in East Angli Q
with further examples in Cheshire;

W6 woodlands are widespread, but confinedﬂun-
drained floodplains, eutrophic mires or ot ites

where continued periodic flooding wi (Ve
alluvial deposition occurs; and
W7 woodlands are more charac 1®of wooded

valleys of slightly sharper reli are consequently
more common on the frin@&the uplands in the

north and west of the areas such as the
Weald in south-ea d.
7

Key influe{gso

Water res

Ald (Aﬁinosa) achieves dominance in woodlands
ht levels are high and the substrate is very

or permanently inundated. It is therefore a typical
ecies of the waters edge where both requirements

TN s@are met. Alder is weakly competitive and declines in

conditions of decreasing water levels that allow other
tree species to colonise, with light competition the
likely principle factor (Ref. 4);

The W5 and W6 communities are essentially those of
lowland habitats where the ground is level and water
is derived from surface flow or groundwater inputs.
The W5 swamp community is characteristic of the
edges of standing or very slow moving waters. They
are also found on flood-plain mires but are not
normally in close proximity to the river channel, or
valley mires. They are permanently wet and
waterlogged but do not generally receive direct and
regular alluvial inputs from surface flows, though
some flood-plain mires on the more extensive flood-
plains may experience occasional inundation. These
systems normally rely on ground-water inputs of
base-rich waters from chalks, limestones or
calcareous sandstones. W5a, reed and W5b, yellow
loosestrife sub-communities represent a seral
transition from open waters to drier woodland. The
W5c golden saxifrage sub-community is commonly
associated with seepage zones in other woodland
types. Fen carr of the W2a sub community has similar
characteristics to W5a and b;

Understanding water for wildlife
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9

e W6 alder-nettle woods are generally typical of

conditions of alluvial deposition and nutrient
enrichment derived from periodic flooding from river
channels. A similar woodland type may develop from
inputs of particularly nutrient-rich groundwaters. As
described above, the degree of soil wetness and
frequency of flooding with its associated inputs of
silt and organic matter, determine the nature of the
sub-community with willow species forming a
common riverside fringe. The importance of water
level fluctuations in determining the sub-community
zonation is shown by Van Splunder et al. (1995).
They noted how the distribution of the larger willow
species in alluvial woodlands is related to the water
levels at seeding time while black poplar, with a
longer seed viability, germinates at lower soil
moisture levels. As water levels in the flood plain
soils decreases with an increase in height away from
the river channel, the cover of alder decreases and
other tree species occur with ash being one of the
first to achieve dominance. The community then
typically grades into an oak/ash or an oak/elm
association, the community depending on soil type
and geography;

Valley side woodlands W7 are less susceptible to
water management issues within the main river
channel, but may be vulnerable to operations that
affect the ground water inputs either from
abstractions or other developments that may
interrupt the supply; Q
The W7 alder-ash-yellow pimpernel WOOdS% ibed
in the NVC rely mainly on ground water hed
either laterally as springline flow from rock strata
or from subsurface flows down th ey slopes; and
Continuing demands on water f@es renders fen
habitats in general vulnera getation change
arising from fluctuating w els, eutrophication,
or from succession to r woodland types following
decreases in water |&el

Other influences

e Variation in @alderwood community arises from
differencgs e soil nutrient status or the nutrients

ater inputs, geography and

pH tolerance of around 4.5 — 8, alder avoids
e acid substrates typical of sphagnum mires
and bogs;

W5 and W6 commonly stand on organic-rich soils or
deposits of fen peat;

Historically the drainage of marshes and fens with
agricultural intensification has reduced the cover of
the W5 woodland. W6 have also suffered losses from
similar activities. Where woodlands remain, the
riparian zones are typically contracted to regulate
river flows and reduce the area and frequency of
flooding (Ref. 18 & 19). More complete levels of flood
protection, e.g. embankments, which prevent
flooding altogether and the concomitant proces{e
of alluvium and nutrient deposition, may elimjnate

changes to the species composition,
structure and aspects of soil chemist
In some of the smaller basin orva
where peat levels are building,

hagnum

natural succession to more o
dominated mires with lo&der as substrate
acidity increases (revi Ref. 15);
Nutrient pollution ltin changes to the
ground flora fr%r:o e species-rich low-herb
community to a erb type dominated by nettle in
W7. Chanthhe ground flora can also arise from
colonism y invasive alien plant species of which
Himalayawbalsam (Impatiens glandulifera) is the

t Mgnificant for riverside alder woods; and

iplications of the disease in alder caused by the
gus Phytophthora for native alder woods in the UK

%and Europe have yet to be established (Ref. 3).

S

Current and future work

English Nature (now Natural England) have published a
research report on the eco-hydrological guidelines for

wet woodlands which includes a section on alluvial

forests. English Nature Research Report number 619
should be consulted (Ref. 2).
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Key references

General description & habitat details
1. Anon. (1994). The Management of semi-natural woodlands: wet woodlands. Practice Guide 008 Anon. Forestry

Commission. «
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Supporting references

Other Annex | habitats to be considered with alluvial forests are calcareous fens with Cladium mariscus and
species of the Caricion davallianae, alkaline fens calcium-rich springwater-fed fens. The Annex Il species that
should be considered are the barbastelle bat (Barbastella barbastellus) and the otter (Lutra lutra).
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2.2.4 Raised bogs, fens, mires, alluvial forests and bog woodland

Alpine pioneer formations of the
Caricion bicoloris-atrofuscae
X\

General information e Otheruncommon species may occur, and inclu Q
hair sedge (C. capillaris), sheathed sedge (C.

vaginata) and variegated horsetail (Equisetu
variegatum) (Ref. 2);
Commoner species characteristic of t itat
include yellow sedge (C. viridula),
(C. panicea), flea sedge (C. pulic
(C. saxatilis), jointed rush (/. a
butterwort (Pinguicula vulgt&Q, yellow saxifrage

Alpine pioneer formation of the Caricion bicoloris-
atrofuscae is a type of flush mire that occurs only at

high altitude. The characteristic plant communities o
colonise open substrates, which are constantly

subjected to flushes by surface seepage of cold, base-

rich water. Alpine pioneer formations are amongst the

few remaining natural plant communities in the UK and

are maintained by harsh climatic and soil conditions (Saxifraga aizoides), a%gi @ istort (Persicaria
(Ref. 2). vivipara), alpine m%vue (Thalictrum alpinum)
This habitat type is rare in the UK and largely restricted and the moss Bimdiadeuta (Ref. 2); and
to the Scottish Highlands, where it is considered * This habitat us forms mosaics and shows
relatively widespread. Outliers exist in northern complex trggjtions to other upland Annex | habitat
England and North Wales (Durham in Cumbria and types (R§
Conwy, Gwynedd). Alpine pioneer formations are rarely
extensive, but contain some of the rarest plant species ﬁ

uences

in the UK (Ref. 2). @
@ r resources

e os \ No published information on the specific
Descrlptlon 6 hydrological requirements of alpine pioneer

Alpine pioneer formation Vegetation consists o S formations of the Caricion biCO/OI’iS-alTOfUSCGG was
of small sedges, rushes, small herbs and bry’ obtained within the confines of this project.

inc[uding many arctic_alpine Species_ Four es are HOWeVer, itis l|kely that any aCtiVit\/ WhiCh I’educes
recognised for high-altitude stands: the constant flushing of alpine pioneer formations of

o o o the Caricion bicoloris-atrofuscae, will have a negative
— M10 Carex dioica — Pinguicu ris mire

! : A ; impact on the status of this habitat;
— M11 Carex demissa — Sax izoides mire e Carexdioica - Pinguicula vulgaris (M10) mires
— M12 Carex saxatilis mir

) ) . require consistent maintenance of a high water-table,
— M34 Carex demissq %en/g/a islandica flush although considerable seasonal fluctuations do

. (Ref. 2); ) ) ) ] occur at some sites. However, fluctuations
e Differencesin alt Ygeographic location, length of experienced probably do not leave the fen mat
snow-lie, thes of the substrate, and the amount  jegjccated for long periods of time. Carex demissa —
of water fl n®»the communities result in variations

Saxifraga aizoides (M11) mires require vigorous

in this ity type (Ref. 2); flushing (Ref. 3);
* Gengryphe habitat is characterised by the e Direct snow-melt, rather than lateral flushing, may
Lee of a number of rare species and include provide Carex saxatilis (M12) mires with much of the
éscorchec.l alplne-s.edge (.Carexatrofusca), bristle soil moisture required for their continuous irrigation.
. ese ge (C. microglochin), alpine rush (Juncus Snow-melt may have an effect by diluting base-
Y alpinoarticulatus), chestnut rush (.. castaneus), enrichment or induce sufficient surface-leaching to
two-flowered rush (/. biglumis), three-flowered rush allow the good representation of non-calcicolous
& (/. triglumis), false sedge (Kobresia simpliciuscula) species (Ref. 3); and

and Scottish asphodel (Tofieldia pusilla). There is
also a range of calcicolous mosses, (mosses which
grow in habitats rich in calcium) some of which are
rare (Ref. 2);
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* The arctic-subantarctic climate where the Carex Current and future work
demissa — Koenigia islandica (M34) community is

found and vigorous flushing by circumneutral (more A ; 2 PR -
or less neutral) and oligotrophic waters (poor in hydrological regime of alpine pioneer formations of the
nutrients), are probably of most important Caricion bicoloris-atrofuscae in the UK were identified

parameters for this species composition, helpingto ~ Within the confines of this study. \«

No current or future projects pertaining to the

maintain its open nature (Ref.3).

e No information was obtained on additional pressures

Other influences (LQ

and influences on alpine pioneer formations of the K

Caricion bicoloris-atrofuscae within the confines of @

this project. Q
Key references AQ

General description & habitat details

1. European Nature Information System, Alpine pioneer formations of the Caricio™r=s¥oris-atrofuscae factsheet.
Retrieved March 29, 2006 from http://eunis.eea.eu.int/habitats-factsheet.j%H itat=10152

2. McLeod, C.R., Yeo, M., Brown, A.E., Burn, A.)., Hopkins, J.J., & Way, S.F. Eeds. 002). The Habitats Directive:

selection of Special Areas of Conservation in the UK. 2nd edn. Joint Natu servation Committee, Peterborough.
www.jncc.gov.uk/SACselection

3. Rodwell, J.S. (Ed.), (1991). British Plant Communities. Volume@.Mires and Heaths. Joint Nature Conservation
Committee. Cambridge University Press. Cambridge.

4. Tucker G, 2003 Review of the impacts of heather and d burning in the uplands on soils, hydrology and
biodiversity. English Nature Research Reports, Num % #English Nature: Peterborough.

Supporting references ‘&Q

At some sites in the Scottish Highlands, a@ pioneer formations occur in association with petrifying springs with
tufa formation (Cratoneurion), tempegete Atlantic wet heaths with Erica ciliaris and Erica tetralix and alkaline fens
and calcium-rich springwater-fed

Environment Agency in partnership with Natural England and Countryside Council for Wales Understanding water for wildlife
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2.2.4 Raised bogs, fens, mires, alluvial forests and bog woodland

Blanket bogs

General information e (Climatic factors also influence the floristic

) ) composition of bog vegetation. Many of the bogs in \
Blanket bogs are extensive peatlands, which have formed the Hebrides and Northern Ireland have affinitie
in areas of high rainfall and low evapotransp|rat|o.n. These types in western Ireland. These sites all exhibit fio
conditions have allowed peat to develop not only in wet oceanic influences in their composition. Blanjget
hollows but over large expanses.ofundulatmg ground bogs found towards the eastern limit of di ‘ﬁion
(Ref. 3). Blanket bogs are essentially shallow bogs that show more continental affinities (Ref.
form a ‘blanket’ like layer over poor soils leached by e Variety within the bog vegetation mi ke above
constant flushing with rainwater (Ref. 8). Their average affinities, and altitude. The numb Ncociated
depth is 2.6 metres (Ref. 4). habitats and communities (spri ushes, fens and
Blanket bogs are found in the north and west of the UK, heath), is greater n the mild% ter, geologically
extending from Devon in the south to Shetland in the and topographically mor lex north and west
north. Scirpus — Eriophorum mire predominates in the sites (Ref. 3).

west, while Calluna — Eriophorum mire are abundant in

the east and at higher altitudes. Erica — Sphagnum mire . b N
is widely but patchily distributed (Ref. 3). Key influence
Water reso
o e e The hyd ical mechanisms of blanket bogs are not
Descrlptlon rquuantiﬁed (Ref. 1). Sites designated for their
The most abundant blanket bog habitat types in the UK t bog habitat differ in hydrological regime and

are represented by the NVC types: plexity, making it impossible to quantify water
%equirements in set measurements for the habitat as

* M17 Scirpus cespitosus ~ Eriophorum vaginatum \ awhole. As such only broad based water resource
blanket mire;

i ) ) requirements taken from literature reviewed can be

e M18 Erica tetrqllx —Sphagnum paplllosung @ outlined. Itis thus imperative to assess hydrological
and blanket mire; . requirements on a site by site basis;

* M19 Calluna vulgaris — Eriophorum va m e Blanket bogs develop under conditions of water
blanket mire; ) . . logging, but are not confined to landscapes with poor

* M20 Er/opi?orum vaginatum bla d ra'|sed mire drainage, and can cloak whole landscapes, (Ref. 9);

* M25 Molinia caerulea - Pote ecta mire; e Vertical water exchanges between upper and lower

e Afull description of these lassifications can be peat horizons are important for bog geochemistry
found in Ref. 7; (Ref. 6);

* Although they are m embrotrophic (rain fed), e The structure of blanket bogs dictates a hydrological
lateral flow and ¢ with rock outcrops mean they response which favours surface water runoff over
contain specie iated with fen and bog habitat; evapotranspiration (Ref. 6);

* Blanket bog@ variations related to climatic e The comparatively high topographic gradients of
factors. re particularly illustrated by the blanket bogs result in much higher groundwater
variet terning within the bog surfaces in flows than in other types of peatlands (Ref. 6) which

arts of the UK. An important element in can give rise to erosion;

g variation is the relative proportion of pools o The topographic structure of the substrate can be
e bog surface. In general, the proportion of indicative of groundwater flow patterns and can be

. esurface patterning occupied by permanent pools used to predict distribution; and
Q\ increases to the north and west of the habitat’s e The water table needs to be at a level to sustain
& distribution (Ref. 3); permanent pooling. The extent of this pooling cannot

be quantified due to topographical differences
between sites.

Environment Agency in partnership with Natural England and Countryside Council for Wales Understanding water for wildlife
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Other influences e (Climate change may have a significant impact on the

e The greatest single cause of raised bog habitat loss is status of the raised bog habitat (Ref. 3); and

through afforestation (Ref. 8); e Extensive erosion, particularly at its climatic limits,
e Drainage, heavy grazing, peat cutting and can cause total loss of this resource.

atmospheric pollution have also caused habitat loss

(Ref. 8); «
e \Water inputs primarily originate from precipitation Current and future work \

and therefore are low in solutes. Significant
increases in the base or nutrient status of the system
will alter the vegetation composition to favour non-
bog species (Ref. 1);

e Water chemistry has a strong influence on mire

reports on the restoration of blanket bogs in the nott
of Scotland. For more information please see: K
www.lifepeatlandsproject.com/intro.asp

The LIFE peatlands project has produced a series 0%

formation. Groundwater affecting topogeneous and Dr. B. Wheeler, Dr. S. Shaw and Dr. R. Li fthe
sologeneous mires can supply them with nutrients University of Sheffield run the Sheffi ands
from a local or regional catchment outside the Research Centre, a key bog resear, tre.

system (Ref. 1); A
O

N
Key references Q)

General description & habitat details 9
1. Burton, R.G.0. and Hodgson, J. M. (1987). Lowland Peat in Englana@ ales Soil Survey of England and Wales,
Harpenden.

2. LIFE Peatlands Project — Restoring active blanket bog of Eu Qmportance in the North of Scotland. Retrieved
March 27, 2006 from http://www.lifepeatlandsproject.co 0.asp

3. McLeod, CR, Yeo, M, Brown, AE, Burn, AJ, HopkinsN\IN& Way, SF (eds.) (2002). The Habitats Directive: selection
of Special Areas of Conservation in the UK. 2nd ature Conservation Committee, Peterborough.

www.jncc.gov.uk/SACselection . \H
4. 0’Connell, C. (2002). Blanket Bogs (Info \o Sheets) Irish Peatland Conservation Council
http://www.ipcc.ie/infoblanketbogfs.ht

5. Patterson G and Anderson R, 20 sts and Peatland Habitats. Forestry Commission Guideline Note:
Edinburgh. Retrieved March 27, rom http://www.forestry.gov.uk/pdf/fcgn1.pdf/$FILE/fcgn1.pdf

6. Price, J. S. (2000). Ground and geochemical processes in blanket bogs Quebec 2000:The Millennium
Wetland Event, August 6 &2,2000, Quebec City.

7. Rodwell ). S. (199 itish Plant Communities: Mires & Heaths Volume 2. Joint Nature Conservation Committee.
Cambridge Univeps ss, Cambridge.
8. Scottish Wl8fedTrust. (2001). Peatlands Information Sheet 4.01, Conservation-habitats

http://w org.uk/publications/infosheets.asp

rsity Group. (1999). UK Biodiversity Group Tranche 2 Action Plans — Volume VI: Terrestrial and
r species and habitats, HMSO, London.

Annex | habitats to be considered with blanket bogs include temperate Atlantic wet heath with Erica ciliaris and
Erica tetralix, northern atlantic wet heaths, bog woodlands, depressions in peat substrates and natural dystrophic
lakes and ponds.

&\(?upporting references
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2.2.4 Raised bogs, fens, mires, alluvial forests and bog woodland

Bog woodlands

General information

The true bog woodland habitat type has recently been
recognised in the UK as a rare habitat type of stable
open woodland on peat, rather than a successional
stage of tree colonisation arising from, for example,
changes in land-use, management and the water
regime. Current knowledge on the distribution and
extent of the bog woodland habitat type is limited.

Bog woodland is not described as a separate
community in the NVC system (Ref. 10). Scottish
examples are essentially a combination of open Scots
pine woodland growing on deep peat supporting mire
communities such as M18 (Erica tetralix-Sphagnum
papillosum) or M19 (Calluna vulgaris-Eriophorum

vaginatum). Those in England and Wales are more likely

to be composed of birch and sallow (NVC W4). The JNCC
has issued a description for such habitat types in the
UK (www.jncc.gov.uk).

mosses results in relatively adverse pH conditions for
tree colonisation. Kelly (1993) showed the

distribution of trees on Irish bogs to be associat

with localised flushing. This allowed for conditiZ}
where pH, oxygen levels and nutrients were s{htl
elevated; and

The primary impacts of soligenous b

ombrogenous bogs arise from direct sinland-
use, such as bog drainage and pe@ction in
raised mire systems. This has d to the
colonisation of secondary v@d from the

peripheral lagg strea a@ , onto the peat body,
or directly from for@ ductions.

Description

e Trees on bogs/mires are slow growing due to the é\

than optimum conditions and a sparse scatt%
maintained by many areas of the bog surfe, & g
too wet to support tree growth; &

e Trees are stunted but may achieve con® ble age
with a Scottish example citing tre%be over 350
years old. Growth is self-limiting®Qtenlarging trees
gradually sinking into the bQg} %'g off as the roots
become waterlogged; and

e Dead timberis a featur®&Qf bog woodlands.

A
Key influen&\@
Water reso@
e The pr cological requirements for the bog
) habitat type are not fully understood,
&gintegrity of the bog, particularly in relation to
rsupply, is likely to be a key issue in limiting the
cover of trees.

Other influences

e Limiting factors in addition to surface wetness is
likely to be the species composition of the bog flora.
Highly acidic substrates provided by the Sphagnum

Environment Agency in partnership with Natural England and Countryside Council for Wales

Current and fme work

English Na
reportont
wood%s which includes a section on alluvial forests.

w Natural England) has published a
co-hydrolgical guidelines for wet

ature Research Report number 619 should be
ulted (Ref. 1).

%e restoration is attracting considerable attention in
both academic research (for recent reviews see Wheeler
1995, Wheeler et al. 1998, Lindsay 1999) and in
practical conservation initiatives (e.g. RSPB 2001). Mire
restoration is also undertaken with funding under the
European LIFE initiative. One such project is being co-
ordinated by the Forestry Commission in the New Forest
(life@forestry.gov.uk).

A sub-group of The British Ecological Society, the Mires
Research Group, share information and facilitate
contacts between researchers in this area. The current
secretary of the group is Dr. D. Pearce of the School of
Biological and Molecular Sciences, Oxford Brookes
University.

The University of Sheffield is regarded as one of the key
centres for research on peatlands. Dr. B. Wheeler in the
Department of Animal and Plant Sciences at the
University, and Dr. S. Shaw in the Sheffield Wetlands
Research Centre (SWeRC), which forms part of the
Geography Department, are the key contacts. The
School of Biosciences at the University of East London
also conducts research on mires and peatlands. The
key contact for this institution is Dr. R. Lindsay.

Understanding water for wildlife
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General description & habitat details
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«
A
Suppo@,?references
Otb ex | habitats to be considered with bog woodlands are:

° Ive raised bogs;

¢) Degraded raised bogs still capable of natural regeneration;

*
Q\- Blanket bogs;
& e Transition mires and quaking bogs; and
e Depressions on peat substrates of the Rhynchosporion.

For further information refer to relevant guidance notes.

Environment Agency in partnership with Natural England and Countryside Council for Wales Understanding water for wildlife
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2.2.4 Raised bogs, fens, mires, alluvial forests and bog woodland

Calcareous fens with Cladium mariscus
and species of the Caricion davallianae A
N

General information e Sites where Cladium beds retain their species- Q
richness owing to management;

Fens are groundwater-fed wetlands on peat ornormally- o sityations where Cladium fen is inherently s?cies-

wet mineral deposits. They are divided into two major fich, possibly owing to conditions not allo e
groups based upon their topography and hydrology, Cladium to grow vigorously and domi -
topogenous fens and soligenous fens (Ref. 2). vegetation (Ref.3); &
Topogenous fens are formed where the topography

creates a basin-type water collection system with little ~ Calcareous fen vegetation transp to the NVC
water movement out of the system. A water level is communities:

maintained by impeded drainage, as caused by the e SO Cladium marisc @up and sedge beds
topography. Three sub-types are recognised, open- e S24 Phragmites aé_ Peucedanum palustris
water transition fens, flood plain fens and basin fens. tall-herb fe

Soligenous fens are formed where sloping terrain e 525 Phragmit©{@)stralis — Eupatorium cannabinum
provides a continuous supply of flowing water, by tall-hesk fen

groundwater-runoff and or seepage. Three sub-types e M9 Ca sYata — Calliergon cuspidatum/

are recognised, valley fens, flush fens and calcareous gi eum mire

spring fens. Any particular wetland site may be fed by e M hoenus nigricans — Juncus subnodulosus mire

more than one water supply mechanism. Both fen types o choenus nigricans — Narthecium
are groundwater-fed systems. ossifragum mire

Calcareous spring fens develop around freshwater \ 24 Molinia caerulea — Cirsium dissectum
springs rich in calcium. The water feeding these fen fen-meadow

wells up from the ground and often deposits a NQ * SD14Salix repens — Campylium stellatum dune
crust known as ‘tufa’ on the ground vegetatiop¥ S slack community

are usually very small and often occur wi@ v * SD15Salix repens — Calliergon cuspidatum dune

wetland systems (Ref. 2). slack community; and
e Afull description of these NVC classifications can be

Calcareous fens are rare in the UK, @ a restricted found in Ref. 5.
and discontinuous geographica;E . Two main

centres of distribution are not Broadlands of East

Anglia and, to a lesser ex% fen systems of Key influences
Anglesey. Elsewhere in this habitat type is very
scattered and locali@. 3). Water resources
A e Species which constitute the fen habitat type are
A considered to be either critically dependent or
Descriptj Q supported by groundwater (Ref. 9). The response of
) ) fen vegetation to groundwater abstraction is difficult
The cal @’5 fen habitat type comprises of the more to generalise as sensitivity to hydrological change
spegi h examples of great fen-sedge (Cladium will vary between communities (Ref. 2);
m s) fen, particularly those stands enriched with e The seepage of groundwater is essential for the
o %t:ments of the Caricion davallianae (i.e. small-sedge conservation of the typically mesotrophic character
\ with open low-growing sedge vegetation) of the fens (Ref. 8);
community. Davall’s sedge Carex davalliana itself is e Abstraction of water from boreholes will produce
& extinctin the UK (Ref. 3). Such stands occur in: localised depressions in groundwater-water levels,
e Sites with a mixture of closed, species-poor Cladium termed a cone of depression. A reduction in
beds, which at their margins have transitions to pressures may lead to a decline or cessation in
Species.rich Sma“-sedge mire Vegetation; Spring ﬂOW, which will have implications forthe

alkaline fen habitat (Ref. 6);

Environment Agency in partnership with Natural England and Countryside Council for Wales Understanding water for wildlife
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The hydrological response of fen communities to
change is not simply limited to a seasonal decline in
water level tables. Increases in the magnitude and
frequency of water table fluctuations and the duration
of water table level changes will also affect community
composition. Such alterations may lead to an increase
in the depth of aeration of the peat profile.
Decomposing and dewatered peat may also undergo
irreversible physical changes and even if the system is
re-watered the response of the fen water table may not
be re-established in the same way (Ref. 2);
Calcareous fens are usually found in areas with a
high piezometric head and permanently high water
table. Natural seasonal fluctuations do still occur in
these areas (Ref. 9);

Rarer fen species tend to be confined to wetter sites
(Ref. 6); and

The great fen sedge can persist for long periods in
dry conditions in the East Anglian region.

Other influences

Environment Agency in partnership with Natural England and Countryside Council for Wales

Calcareous fens can be found in a large range of
calcium conditions, but generally favour low fertility
conditions (mean fertility 7.0) (Ref. 6);

Water pH usually ranges from 4.8-7.1; and

In rich fens there is no apparent relationship
between conductivity and species density; however

Current and future work

The Countryside Council for Wales has an active
programme of positive management of calcerous fens

that is focused on National Nature Reserves and aims to

restore favourable conditions at key sites. In addition,

The Broads Authority also conducts a fen management
programme in association with Natural England. Dr. BQ

Wheeler, Dr. S. Shaw and Dr. R. Lindsay run the
Sheffield Wetlands Research Centre based at Sheffiel
University, which carries out key bog research.

English Nature (now Natural England) h
report on the eco-hydrological guidelin
which may be of use when assessin
of calcerous fens (Ref. 4) The Envi
published guidelines for lowl

(Ref. 10). O
Ny

r@quirements
nt Agency has

$§\

rarer fen species have an aversion for conditions of&

very high ionic strength (Ref. 6) t

$hed a
et heaths

and communities

Understanding water for wildlife
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General description & habitat details
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Supporting references 9

Annex | habitats and Annex Il sp&Ci€gthat should be considered with calcareous fens are alkaline fens Calcium-
rich springwater-fed fens, pe#g springs with tufa formation (Cratoneurion), marsh saxifrage (Saxifraga
hirculus) whorl snail (Verto geyeri), marsh fritillary (Euphydryas aurinia); humid dune slacks, fen orchid Liparis
loeselii), slender feath s (Drepanocladus vernicosus), alluvial forests with Alnus glutinosa and (Fraxinus
excelsior (Alno-Padi ion incanae, Salicion albae), molinia meadows on calcareous, peaty or clayey-silt-laden
soils (Molinion e), northern Atlantic wet heaths with Erica tetralix and temperate atlantic wet heaths.
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2.2.4 Raised bogs, fens, mires, alluvial forests and bog woodland

Depressions on peat substrates of the

Rhynchosporion

Depressions on peat substrates occur as a sub-habitat on raised bogs and valley
mires. Refer to the raised bog habitat summary for an overview of the likely
parameters, which may influence the integrity of this habitat type.

General information

Depressions on peat substrates of the Rhynchosporion
represent a rare habitat type in the UK with a narrow
variation in ecological range and restricted
(discontinuous) geographical distribution. The largest
coverage of this habitat type is found on heaths in
southern England and on blanket and raised bogs in
western Britain. One example of this habitat is found
outside this range in East Anglia (Ref.4).

Description

e Depressions on peat substrates of the
Rhynchosporion occur in complex mosaics with

¢ |nsouthern localities, depressions on trates
of the Rhynchosporion are often assog ith NVC

community M21 Narthecium ossifr@— Sphagnum
papillosum mire (in southern lo@ ), while in the
north and west (within activgyX bogs and blanket

bogs) depressions us ll&aﬂ of the transition
between bog pools ‘gnum auriculatum and
M2 Sphagnum cyspiodgtum/recurvum bog pool
communities) @e surrounding bog vegetation
(mainly M17_SciMs cespitosus — Eriophorum
vaginatum{ia\ket mire and M18 Erica tetralix —

pil

Sphagn losum raised and blanket mire)
(Refpd).

lowland wet heath, valley mires, transition mires, on s influences

raised and blanket bogs;

e The vegetation is typically very open, andyx
characterised by an abundance of white
(Rhynchospora alba), the bog moss (S@m
denticulatum), round-leaved sundew (Drdsera
rotundifolia) and, in relatively b sites, brown
mosses such as Drepanoclad lvens and

Scorpidium scorpioides. T ionally scarce brown
beak-sedge (R. fusca) &d’n; sh clubmoss

(Lycopodiella inund occurin this habitat
(Ref. 4); Q,

e Algal mats are ell-developed;

e On lowland {e in southern and eastern England,
urs on humid, bare or recently

tin three distinct situations:

und the edges of seasonal bog pools,

larly on patterned areas of valley mire

ushes on the edges of valley mires in heaths

In artificially disturbed areas, such as along

R,
&Q\ footpaths, trackways, abandoned ditches and in old

the margins of bog pools, and in hollows in both 6
ge

peat-cuttings (Ref. 4); and

Environment Agency in partnership with Natural England and Countryside Council for Wales

Water resources

e No specific data on the water resource requirements
of depressions on peat substrates of the
Rynchosporion was found. Refer to the raised bog
guidance note for considerations; and

¢ Information of the hydro-ecological requirements of
valleys mires would also be of assistance, but was
not covered in this project.

Other influences

e No specific data on factors affecting depressions on
peat substrates of the Rynchosporion were found.
Refer to the raised bog guidance note for
considerations.

Understanding water for wildlife
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Current and future work A sub-group of the British Ecological Society, the Mires
Research Group shares information and facilitate

The LIFE peatlands project has.prO(?uced a series of contacts between researchers in this field. The contact
reports on the restoration of mires in the UK. Formore ¢ this group is Dr. D. Pearce of the School of Biological
mform‘atlon please see: ) and Molecular Sciences at Oxford Brookes University.
www.lifepeatlandsproject.com/intro.asp Additionally, the University of Sheffield undertakes a

Dr. B. Wheeler, Dr. S. Shaw and Dr. R. Lindsay of the great deal of research at the Sheffield Wetlands
University of Sheffield run the Sheffield Wetlands Research Centre (SWeRQ).

Research Centre, a key bog research centre. (L

Key references Qé

General description & habitat details:
1.Baird AJ, Price JS, Roulet NT and Heathwaite AL, 2004 Special Issue of Hydrological Process nd Hydrology
and Eco-Hydrology. Hydrological Processes, 18.

2. Gerdol R and Bragazza L, 2001 Syntaxonomy and community ecology of mires in t, e@an Alps (Italy),
Phytocoenologia, 31 (2), 271-299.

3. Joint Nature Conservation Committee, 7150 Depressions on peat substratgewof theRhynchosporion. Retrieved
March 27, 2006 from http://www.jncc.gov.uk/protectedsites/SACselection/MN{b1Yat.asp?FeatureintCode=H7150

4. McLeod, C.R., Yeo, M., Brown, A.E., Burn, A.)., Hopkins, J.J., & Way, S.R{(e¥s.) (2002). The Habitats Directive:
selection of Special Areas of Conservation in the UK. 2nd edn. Joint N@ onservation Committee, Peterborough.
www.jncc.gov.uk/SACselection

5. Rodwell, J. A. (ed.) (1991). British Plant Communities, Vo@%and Heaths. Joint Nature Conservancy.

Cambridge University Press, Cambridge. %

Supporting references
Other Annex | habitats to be considered wit '@ions in peat substrates are active raised bogs, blanket bogs,

transition mires and bog woodlands. $

2
O
N
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2.2.4 Raised bogs, fens, mires, alluvial forests and bog woodland

Petrifying springs with tufa
fO rm at i on (Cratoneurion)
X\

General information Key influences (19
Petrifying springs with tufa formation (Cratoneurion) are  Water resources \'
found within the classifications of fenland habitat. Refer e The precise ecological requirements for thi itat
to the guidance note on alkaline fens for more detailed type are not fully understood, though&{¢ n that
information on fenlands. this community is especially vulnera hanges in
Tufa formations are associated with hard-water springs, the hydronglcal resime. lens wil . ?C|ally
o . . problematic to those species ithin hollows,
where groundwater rich in calcium bicarbonate reaches . .
. . R but also to the calcite preci 10N process (Ref. 3);
the surface. On contact with the air, carbon dioxide is n .
. . e The seepage of groungw s essential for the
lost from the water and a hard deposit of calcium . .
. . conservation of th mesotrophic character
carbonate (tufa) is formed. These conditions are most of the fens (Ref..2):
prevalent in areas underlain by limestone or other . . . .
e The M37 NVC tion type is a community of
calcareous rocks such as the uplands of northern round vegetati Nent permanently moist b
England and the Scottish Highlands (Ref. 5). g o § .p P y y
irrigation vi§h Wase rich calcareous and generally
aters. It is dependent on the kind of

Petrifying springs with tufa formation is a relatively rare oligotro@
phenomenon in the UK occurring as small, scattered susjajned Irrigation common in areas of higher
flushes, with a small total area (Ref. 5). raf Ref. 6); and

is confined to montane springs and flushes

@ rongly irrigated by base-rich, calcareous and
Description \ oligotrophic waters (Ref. 6).
e Tufa-forming spring-heads are characterised Other influences
swelling yellow-orange mats of the mosses e Specific hydrochemical processes (especially calcite
Cratoneuron commutatum and C. filicinu, N y rare, precipitation) associated with degassing of
lime-loving (calcicole) species live in t s carpet, discharging groundwater and concomitant
particularly arctic-alpine species, S%as bird’s-eye Phosphorus adsorption (Ref. 2);
primrose (Primula farinosa), Sc sphodel e Spring fed, rich-fen sites are irrigated by base-rich
(Tofieldia pusilla), alpine ba Q%rtsia alpina) and groundwater discharge of high pH (>6.0), Calcium,
false sedge (Kobresia simpQ®cul) (Ref. 5); Iron and hydrogen carbonate (HCO3) concentrations
e Two main NVC types ar&ssociated with tufa (Ref. 1); and
formations: e Oligotrophic to mesotrophic soil water.
e M37 Cratoneuro utatum — Festuca rubra
spring (widel uted)
e M38 Crato commutatum — Carex nigra spring  Current and future work
(found moderate to high altitudes and

The LIFE peatlands project has produced a series of

contg] re grctlc-alplne speues);‘ — reports on the restoration of the mires in the UK.

{ scription of these NVC classifications can be . . . .
Available: www.lifepeatlandsproject.com/ intro.asp
[

in Rodwell (1991); and
. 6 s habitat type often associated with alkaline fens,  Dr. B. Wheeler, Dr. S. Shaw and Dr. R. Lindsay of the
\ where they may form prominent upwelling masses of  University of Sheffield run the Sheffield Wetlands

short open vegetation around the spring-heads that Research Centre.

& feed the fen system. There may also be transitions to
a wide range of other habitats, particularly
calcareous grassland, acid grassland, heath,
limestone pavements, and calcareous cliff and scree
(Ref. 5).

Environment Agency in partnership with Natural England and Countryside Council for Wales Understanding water for wildlife
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Key references

General description & habitat details
1. Boyer, M.L.H & Wheeler, B.D. (1989). Vegetation Patterns in Spring-fed Calcareous Fens: Calcite Precipitation
and Constraints on Fertility, Journal of Ecology, 77,597-609.

2. Environment Agency (1998). Evaluating the Impact of Groundwater Abstraction on Key Conservation Sites, Stag
1 Reports for AMP 3, Phase 1, Environment Agency, Anglian Region. (9

3. Fojt, W. (2000). East Anglian fens and groundwater abstraction, English Nature Research Reports, No 30.

4. Joint Nature Conservation Committee, 7220 Petrifying springs with tufa formation (Cratoneurion). Retg
March 28, 2006 from http://www.jncc.gov.uk/protectedsites/sacselection/habitat.asp?Featurelnt

5. McLeod, C.R., Yeo, M., Brown, A.E., Burn, A.J., Hopkins, J.J., & Way, S.F. (eds.) (2002). The Habj
selection of Special Areas of Conservation in the UK. 2nd edn. Joint Nature Conservation Commif&ge,*Peterborough.
www.jncc.gov.uk/SACselection

6. Rodwell JA (ed.) (1991). British Plant Communities, Vol. 2. Mires and Heaths. Ca br@niversity Press,
Cambridge.

7. Verhoeven, J., Boudewijn, B., &/ermeer, H. (1985). Species composition ofgmall Pns in relation to the nutrient
status of the peat soil and the ground water, Colloques phytosociologiques %gétation et GEomorphologie,

815-824. Q
~
\U

Supporting references Q

Annex | habitats to be considered with petrifying springs wi@ ormation include alkaline fens, calcium rich
springwater-fed fens, alpine pioneer formations of the Cc@; bicoloris-atrofuscae, calcareous fens with Cladium
mariscus and species of the Caricion davallianae. T [l species that should be considered are the marsh
saxifrage (Saxifraga hirculus), geyer’s whorl snz% geyeri), slender feather moss (Drepanocladus

vernicosus). \
<
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2.2.4 Raised bogs, fens, mires, alluvial forests and bog woodland

R d i Se d b 0 g (Ombrotrophic bog)

This summary encompasses both the Annex | active raised bogs and degraded raised
bogs still capable of natural regeneration habitats. Refer to the general information '<\

section for reasons why these two habitat types have been combined. For further Q
information on raised bogs, refer to key references listed below. (1/
General information Description é
Annex | of the EC Habitats Directive includes two raised e The surface of raised bog habitats typq displays a
bog habitats, active raised bog, which includes areas distinctive microtopography, with ems of
that still support a significant amount of peat forming hummocks and hollows rich in num and other
vegetation and bogs where active formation is at a peat-forming species; ﬁ
temporary standstill (induced from fire or climatic e The principal NVC types fi n active raised bogs
cycles); and degraded raised bogs, which are areas that are: 6
have experienced wide spread disruption to the - M1 Sphagnum A&Ictatum bog pool community
hydrological regime of the peat body, leading to - M2 Sphagl%cuspidatum/recurvum bog pool
pronounced surface desiccation or peat wastage and commu
the loss of species or changes to the composition of -M3  Eri um angustifolium bog pool community
species assemblages (Ref. 9). The degraded raised bog -M18 etralix — Sphagnum papillosum raised
habitat includes only those sites which are ‘capable of blanket mire
natural regeneration’, that is, where the hydrology can - Calluna vulgaris — Eriophorum vaginatum
be repaired and where, with appropriate rehabilitation blanket mire
management, there is a reasonable expectation of re- 20 Eriophorum vaginatum blanket and
establishing vegetation with peat-forming capabilit \ raised mire;
within 30 years (Ref. 7). \b e Afull description of these NVC classifications can be
Raised bogs are peatland ecosystems, whicly oD, . IfDound in Ref. &; .

L . . atches of the Annex | Depressions on peat
primarily, but not exclusively, in lowland are \ .
. . . . . substrates of the Rhynchosporion may be found
including the head of estuaries, along rl@)dplams around bog pools (Ref. 7):
and in topographic depressions. At thase loCalities )

e Classical descriptions of the habitat report raised

drainage may be mpeded by a hi dwat?rtable, bogs to have discrete lens-shaped peat domes with
or by low permeability substrata s estuarine, . . )
. . flat or imperceptibly sloping topography and a halo
glacial or lacustrine clays. Th ltant waterlogged o ..
of fen vegetation in the zone where water draining

from the bog meets that from adjoining mineral soils.
This is known as the ‘lagg’. The lagg zone normally
has greater plant nutrient availability, is more
alkaline and shows greater species diversity, with
a predominance of sedge (Carex spp.); and

e Peat digging and other practices have resulted
in there being no example of a raised bog habitat
that conforms exactly to classic descriptions.

conditions provide an anmm environment, which
slows down the deco i(¥n of plant material,
leading to peat acc ion. The continual accrual of
peat elevates th rface above regional
groundwater legeMto form a gently-curving dome from
which the tQ] ised bog’ is derived. The thickness of
the peat (ha varies considerably but can exceed 12
me re@a 79).

Ra %' bogs are widespread but unevenly distributed The selection of sites for designation has been
. %roughout the UK. Notable concentrations are in the undertaken to ensure remnant lagg vegetation has
ntral belt of Scotland, the Solway region on the been included.

England/Scotland border, north-west England,

& Northern Ireland and mid Wales. Degraded raised bogs
occur throughout the range of raised bogs in the UK and
are believed to be more extensive than active raised
bogs (Ref. 7).

Environment Agency in partnership with Natural England and Countryside Council for Wales Understanding water for wildlife
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Key influences e Soil pHis important. This parameter summarises
other hydrochemical attributes, including

Water resources concentration of phytotoxic metals with pH related
e The hydrological mechanisms for which raised bog solubilities (Ref. 9). Bogs are generally acidic
habitats depend on are not readily quantified (Ref. 9 (pH<5.5) predominantly occurring on peat, but have
& 10). Designated sites differ in both their been recorded on mineral soils (Ref. 10); «
hydrological regime and complexity, making it e Peat extraction, landfill development, built \
impossible to quantify water requirements in set development, forestry, pollution (including
measurements for the habitat as a whole. As such atmospheric nitrogen deposition), livestock an
only broad based water resource requirements can game management, and climate change all haye t
F’e (.ji‘scussed and sites will need to be assessed potential to disrupt the balance of conditio %hm
individually; bog habitats and lead to their partial gr
e Water inputs for raised bogs are believed to be destruction (Ref. 9); and
derived solely from precipitation (thus termed e Raised bogs are particularly suscepdb™o
ombrotrophic bogs), although groundwater recharge atmospheric contaminants, giv y are more or
may yet prove to be a factor at a few sites (Ref. 5) ; less exclusively rainwater fe\d,@articular plant
e Raised bogs rely on waterlogged conditions to retain species making up the ity may ‘scavenge’
their characteristic features. The water supply of solutes. Sulphur dioxi mits derivatives
wetlands may be regarded as one of their fundamental (bisulphite), nitroge%&s and its derivatives
defining features. Alterations to the rate of water loss (in particular nj antl ammonia), the main
will also destabilise these habitats (Ref. 10); constitutes of a@in are most likely to affect plants
e Raised bogs develop from other bog types, growing o ed bogs (Ref. 10).
commonly the basin or floodplain mire (Ref. 1). This r\r@
mire is exclusively dependent upon precipitation for Y
its water supply, with the water table Cu and future work
characteristically mounded above the regional
groundwater table by impeded precipitation drainage i storation is attracting considerable attention in
(Ref. 10); and h academic research (for recent reviews see Wheeler
e Water flow may be of importance to plant growth & 995), Wheeler et al. (1998) & Lindsay (1999)) and in

and nutrient availability. Detailed studies¢ Biodiversity Group (1999).Mire restoration has been

distribution, affecting oxidation-reduction pgt practical conservation initiatives (e.g. RSPB 2001), UK
flow in this habitat are limited, in part be ﬁ:@ undertaken with funding under the European LIFE
difficulties in obtaining meaningful es@s of flow initiative.

rates (Ref. 8). A sub-group of The British Ecological Society, the Mires
Other influences Research Group, share information and facilitate
e Raised bog vegetation ca $ regions with contacts between researchers in this area. The current
periodic protracted su ughts. The secretary of the group is Dr. D. Pearce of the School of
possession of a sur r, which has important Biological and Molecular Sciences, Oxford Brookes
hydro-regulation f %s appears to be an University.
important mec whichiitis able to The University of Sheffield is regarded as one of the key
withstand s dltlons (Ref. 10). The destruction  centres for research on peatlands. Dr. B. Wheeler in the
or alterat t is vegetation layer will have Department of Animal and Plant Sciences at the
signifi pllcatlons on the long-term stability of  ynjyersity, and Dr. S. Shaw in the Sheffield Wetlands
the bog habitat as a whole (Ref: 9; Research Centre (SWeRC), which forms part of the
° aterinputs are from precipitation alone, Geography Department, are the key contacts. The
e habitats are likely to be low in solutes. School of Biosciences at the University of East London
N Significant increases in the base or nutrient status of ;154 conducts research on mires and peatlands. The
the system will alter the vegetation in favour of non- key contact for this institution is Dr. R. Lindsay.
bog species (Ref. 9). Groundwater affecting
& topogeneous and sologeneous mires may supply

them with nutrients from a local or regional
catchment outside the system (Ref.1);

Environment Agency in partnership with Natural England and Countryside Council for Wales Understanding water for wildlife
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Restoration produced management plans for candidate raised bog

The restoration of raised bog requires an adequate SACs to restore them to favourable condition status

supply of precipitation (of appropriate quality) with (Raeymakers (2000) as cited in Ref. 9). One of the

sufficient retention time at the bog’s surface to provide  positive outcomes of this investment and previous

effective rewetting; and the availability of suitable research initiated under the Irish/Dutch Raised Bog

recolonising plant species for re-establishment (Ref. Study Project has been the development of a «
10). These conditions cannot always be met (even in management tool kit to restore raised bog hydrology \
some former raised bog sites) due to changes in (Ref. 9).

drainage dynamics, the surrounding vegetation, soil
characteristics and/or the addition of atmospheric
pollutants (Ref. 10).

Defra has also stopped commercial peat extraction(aL
three sites in Cumbria and south Yorkshire in or{to
assist the restoration of degraded peat bogs e
Between 1996 and 1999, 1.8 million Euros was spent sites. Natural England will be monitorin ites,
by Dlchas and the European Union on the Raised Bog where it is hoped that peat will begin over the
Restoration Programme in Ireland. This programme next 30 years. @
3

a

Key references %O
General description & habitat details

1. Burton, R.G.0 and Hodgson, J.M. (1987). Lowland Peat in England and Wa@i! Survey of England and Wales,
Harpenden.

2. Cruickshank, M. M. & Tomlinson, R. W. (1998). Northern Ireland Pe@%urvey. Report to Countryside and
Wildlife Branch, Department of the Environment (NI), Belfast.

3. European Commission (1999). NATURA 2000 Interpretatio %I of European habitats, Eur 15/2., European
Commission DG Environment, http://europa.eu.int/com jronment/nature/habit-en.pdf

4. Irish Peatland Conservation Council (2001). Actio land Management and Restoration,
http://www.ipcc.ie/currentaction2005-17.html

5. Jones, Peter. County Countryside for Wales,@mm. 2003.

6. Lindsay, R. A. & Immirizi, C.P. (1996). /@e tory of lowland raised bogs in Great Britain Scottish Natural
Heritage, Battleby.

7. McLeod, CR, Yeo, M, Brown, AE, hj, Hopkins, JJ, & Way, SF (eds.) (2002). The Habitats Directive: selection of
Special Areas of Conservation in . 2nd edn. Joint Nature Conservation Committee, Peterborough.
www.jncc.gov.uk/SACselecti

8. Rodwell ). S. (ed) (193Q\gitish Plant Communities: Mires & Heaths Volume 2. Joint Nature Conservation
Committee. Cambrid IVersity Press, Cambridge.

9. UK Biodiversi . (1999), UK Biodiversity Group Tranche 2 Action Plans — Volume VI: Terrestrial and
freshwater spg¥eNand habitats. Tranche: 2 Volume: VI. HMSO, London.

10. Whe . & Shaw, S.C. (2000). A Wetland Framework for Impact Assessment at Statutory Sites in Eastern
En 10@ Technical Report W6-068/TR1, University of Sheffield, Sheffield.
e

1 ler, B. D. & Shaw, S. C. (1995). Restoration of Damaged Peatlands with particular references to lowland
6& bogs affected by peat abstraction, Department of the Environment London.

QO
& Supporting references

The Annex | habitat depressions on peat substrates of the Rhynchosporion should be considered with the raised
bog habitat. For further information refer to relevant guidance notes.
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2.2.4 Raised bogs, fens, mires, alluvial forests and bog woodland

Transition mires and quaking bogs

General information

The term ‘transition mire’ (also known as a ‘quaking
bog’) refers to vegetation with a floristic composition
and general ecological characteristics that are
transitional between acid bog and alkaline fens.
Surface conditions range from markedly acidic to
slightly base-rich and the vegetation is a mixture of
acidophile species (species that thrive in acidic
conditions), as well as calciphile (plants thriving in lime
or calcium rich soils) or basophile species (species that
thrive in alkaline conditions) (Ref. 3). Transition mires
provide important refuge sites to a number of
specialized and threatened flora and fauna. The
richness and diversity of invertebrate communities is
considered to be greater than that of most other mire
ecosystems (Ref. 1).

Transition mires are widespread throughout the UK.
Local habitats are ecologically variable, occurringin a
wide range of geomorphological contexts (Ref. 3).

Description &

e Transition mires can occupy a physical transiti?
location between bog and fen vegetation. I
cases the creation of the transition mire (N reflects
the process of succession. As peat acc es in
groundwater-fed fens or open wate%‘uwater-fed
bogs are created. These feature i#flated from
groundwater influences. Ma se systems are
unstable underfoot and oft cribed as ‘quaking
bogs’ rather than transiwl mires (Ref. 3);

e Transition mires canQc®rin a variety of situations,
primarily related sfferent geomorphological

mires can occur in flood plain

, basin mires, the lagg zone of

raised nd as regeneration surfaces within

mir aphave been cut-over for peat or areas of

U soil influence within blanket bogs (Ref. 3).
to Ref. 8 for further information on these
h

abitat types.

VCtypes which form the core vegetation of transition
mires in the UK are:

M4 Carex rostrata — Sphagnum recurvum mire;
M5 Carex rostrata — Sphagnum squarrosum mire;
M8 Carex rostrata — Sphagnum warnstorfii mire;
M9 Carex rostrata — Calliergon cuspidatum/
giganteum mire;

e S27 Carex rostrata — Potentilla palustris tall-herb fen;
e This list is not exhaustive, transition mires are

rather than by existence of particular NVC plant

X\

defined by physical structure and water chemist?LQ

communities; and
e Afull description of these NVC classiﬁcati@&w be

found in Ref. 5.

Key influences

Water resources A

* Given that transition n% cur over a wide range of
varying topographi es, and the precise
en

ecological requjrem are not fully understood,
difficulties ari:@eriving any generic hydrological

requireme or this habitat type. However, water
supply i idered a key parameter in sustaining

the inte of bog habitats;

e Th rological mechanisms of transition mires are

dily quantified (Ref. 1). Sites designated for

2 elr transition mire habitat differ in hydrological

egime and complexity, making it impossible to
quantify water requirements in set measurements for
the habitat as a whole. The assessment of
hydrological requirements should be carried out on a
site by site basis;
Transition mires are an intermediate habitat between
soligenous (groundwater fed) and topogenous (areas
with a permanently high water table) mires and those
which are strictly ombrogeneous (precipitation fed)
bogs (Ref. 1);
Transition mires with more soligenous or topogenous
affinities are more likely to be susceptible to
interruptions in the water supply from abstraction or
watercourse management. NVC vegetation types
present within the transition mire may be utilised to
predict connection with a water source; and
The M4 NVC type characteristics are pools and
seepage areas on the raw peat souls of topogenous
and soligenous moors where waters are fairly acidic
and only slightly enriched. M5 communities are also
more typical of topogenous and soligenous sites. M9
is commonest in the wetter parts of topogenous
moors, but can also occur in areas with a strong
soligenous influence (Ref. 5).
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Other influences Current and future work
Transition mires are largely occupied by peat-forming

plant communities which develop at the surface of
oligotrophic or meso-oligotrophic water, sometimes
well above the substratum. There is generally little

The LIFE peatlands project has produced a series of
reports on the restoration of the mires in the UK.
Available: www.lifepeatlandsproject.com/ intro.asp

mineral or nutrient supply t? such comn?wjlities and English Nature (now Natural England) have published a

as such changes to the nutrient status via inputs report on the eco-hydrological guidelines for wet heat \

(e.g. agricultural runoff) may alter the status and which may be of use when assessing the requireme

health of this habitat (Ref. 1). of transition mires and quaking bogs (Ref. 4) The %
Environment Agency has published guidelines fi
lowland wetland communities (Ref. 9) é

Key references @

General description & habitat details: A

1. Devillers, P., Rédei T., Zimanyi Zs., Barabas S. & Horvath F (2002). Transition mir Access:

http://www.botanika.hu/project/habhun/habitats/545.html
2. Joint Nature Conservation Committee, 7140 Transition mires and quaking% Retrieved 15 Feb 2007.

http://jncc.gov.uk/ProtectedSites/SACSelection/habitat.asp?FeaturelntCode 140
3. McLeod, CR, Yeo, M, Brown, AE, Burn, AJ, Hopkins, JJ, & Way, SF (ed 2). The Habitats Directive: selection
of Special Areas of Conservation in the UK. 2nd edn. Joint Nature Con tion Committee, Peterborough.

www.jncc.gov.uk/SACselection.

4. Mountford ).0, Rose R.J, and Bromley J. 2005. Developmeg@zo-hydrological guidelines for wet heaths-phase
1. English Nature Report Number 620. Available: http://w glish-nature.org.uk/pubs/publication/PDF/620.pdf

5. Rodwell, ). A. (ed.) (1991). British Plant Communi6 I. 2. Mires and Heaths. Cambridge University Press,
Cambridge.

6. Wheeler, B. D. & Shaw, S. C. A. (2000). We’#@meworkfor Impact Assessment at Statutory Sites in Eastern
England, R&D Technical Report W6-068/T iversity of Sheffield.

7. Wheeler, B.D., & Shaw, S.C. (1995)
Raised Bogs Affected by Peat Extragt

8. Wheeler, B.D., & Shaw, S.C.

estoration of Damaged Peatlands (with Particular Reference to Lowland
MSO, London.

. Biological indicators of the dehydration and changes to East Anglian fens
Reports No 20. English Nature, Peterborough.

past and present, Englis%
9. Wheeler B.D, GowinQ haw S.C, Mountford J.0 and Money R.P. 2004 Ecohydrological guidelines for lowland

wetland plant com ifhes. Eds A.W. Brookes, PV. Jose and M.I. Whiteman. Environment Agency (Anglian Region).
Available: http:/ ations.environment-agency.gov.uk/pdf/GEANO305BIPZ-e-e.pdf

\ A
Suppo@?references

An bitats and Annex Il species to be considered with transition mires include fen orchid Liparis loeselii, Bog
w nd and depressions on peat substrates of the Rhynchosporion.
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2.3 Guidance summary notes on
the water resource requirements
of particular species

A series of hydro-ecological summary sheets has been

produced for a range of species designated as
European interest features identified as having some
level of dependence on freshwater. Each species
summary includes the following sections:

e General information — provides background to the
species and their occurrence;

e Habitat preferences- describes the range and
character of the habitats where specific species
(or particular communities) typically occur;

e Key influences — examines the effects of water
quantity, water quality etc on the species and
its habitat;

e Current and future work — summarises key research

that has recently been completed or is on-going

specifically looking at the species being described;
e Key references — sets out a bibliography that can be

used to gather further information if required.

Each summary sheet generally presents the most up-to-
date information available on the requirements of each
species, and identifies areas where further research is

required or is on-going. The user will be able to
interrogate these sheets to help build a conceptual
understanding of the optimal hydrological conditj
for the species and whether these allow favqu\xm

condition to be achieved. It is envisaged tha \ ary

sheets will be periodically updated as re
improves our understanding of the hygro-ecological

requirements of each species. 0
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2.3.1 Invertebrates

The following summaries are not based on an exhaustive literature review
but compiled using key reference papers provided by Agency, Natural
England and CCW staff. These notes are intended to provide a summary o

invertebrates. For further information, refer to key references listed
summaries.

— Desmoulin’s whorl snail (Vertigo moulinsiana) OAQ
— Geyer's whorl snail (Vertigo geyeri) %

— Narrow mouthed whorl snail (Vertigo angustior) %

— Ramshorn snail (Anisus vorticulus) Q

— Round mouthed whorl snail (Vertigo genesii) O

— Freshwater pearl mussel (Margaritifera margaritifer$o

— Southern damselfly (Coenagrion mercuriale) @

— White-clawed crayfish (Austropotamobius 5)

— Fisher’s estuarine moth (Gortyna bw@ata)
— Marsh fritillary butterfly (Euphydr \

rinia)
&
N
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2.3.1 Invertebrates

DesmOUlin’S WhOrl Snail (Vertigo moulinsiana)

General information

The Desmoulin’s whorl snail (Vertigo moulinsiana) is
the largest of the eleven species of whorl snail living in
the UK. Itis a climbing species, living over a high
vertical range at different times of the year. The body of
the animal is a light grey or white colour with a darker
grey to black head and tentacles and a brown shell. It
occurs principally in a band from east Dorset to north-
west Norfolk, although it has been found in other areas
outside this key area. The Desmoulin’s whorl snail was
once more widely distributed in the UK, but its retreat is
believed to be partly due to a gradual cooling since the
climatic optimum c. 5000 years ago (Ref. 1).

Habitat preferences

e Desmoulin’s whorl snail lives in permanently wet,
usually calcareous, swamps, fens and marshes,
bordering rivers or in river floodplains, lakes and
ponds. It is most often found in open situations
(Ref. 1);

e Humidity is important;

e The snail has been recorded on a wide range of
plants, usually on tall monocotyledons ingl
sedges (Carex riparis, C. acutiformis, C. pg/N
C. elata), saw sedge (Cladium mariscu,
(Typha latifolia and T. angustifolia), pranthed bur-
reed (Sparaganium erectum), iri (é;seudacorus)
and reed canary grass (Phalarg dinacea). In
many English sites the mo jcal habitats are open

areas of sweet reed grags (GBeria maxima). Refer to
the LIFE report for de&n each particular habitat

type (Ref. 1); and
e QOriginally only&@ered to occupy old, long-

established{a ous wetlands, recent studies
snail to successfully occupy habitats
#Sen from relatively recent watercourse
ion (i.e. habitat creation schemes such as
tlands adjacent to rivers which have been
ineered for other purposes) and which are
subject to other management practices such as

*
@\%grazing, burning and mowing (Ref. 1).

Environment Agency in partnership with Natural England and Countryside Council for Wales

Key influences

Water resources

X\

e High ground water levels throughout the year ar(LQ
or

snail (Ref. 2);
e Adetailed study of the Kennet and Lag
Floodplain and the Norfolk Valley fgmsg
maximum V.moulinsiana densitjes % [0cations where
water levels were above the@ surface
throughout the year and he mean annual

water levels were mor .25 metres above the
surface (Ref. 6);

e Water levels m emain close to the surface so that
the ground rem at least moist for most of the

considered to be one of the most important fagt
influencing the distribution of Desmoulin’s&wl

summer, a gh some seasonal drying may be
accepta
e The relalwely high ground-water level is also likely to

cQridyte to maintaining high humidity in the
ée tion;

nditions must not become wet enough to allow

@aquatic plants such as water-cress (Rorripa

nasturtium-aquatilis) to become dominant;

e Drainage of wetlands is considered a principal cause
of the species’ decline throughout its European
range (Ref. 1); and

e Encroachment by scrub and/or alien plants may be
induced under dry conditions. Alien plant species
may also increase shade, reducing the suitability of
the habitat to the snail.

Other influences

e There is currently no quantitative information on the
relationship between Desmoulin’s whorl snail and
water quality (Ref. 1);

e Pollution, which has the potential to alter the plant
community composition or structure, may impact on
the status of the snail. Key water quality concerns
may include elevated phosphate and nitrate levels,
and organic pollution;

e The use of pesticides and herbicides may impact on
the snail population. No information into its effects
was reviewed or found to be available on this topic;

e The canalisation of rivers, deepening of drainage
channels, and creation of vertical profiles to river
banks provide unsuitable habitat for the snail;

Understanding water for wildlife
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e The regular cutting of riparian margins of rivers and Current and future work
tidying of riverside paths constitutes unfavourable

management for the species. In particular the
introduction of cutting or burning programmes at
sites where there is no history of these activities are
likely to have greaterimpact on snail populations
than areas with historic management; and

The LIFE in UK Rivers Project is developing conservation
strategies and monitoring protocols for use on rivers

designated as Special Areas of Conservation under the

European Union Habitats Directive. Refer to the LIFE in «
UK Rivers website for further information.

¢ Changesin !and use (e.g. from rough pasture or A workshop on the four target Vertigo species was h Q
meadow to improved gragsland) and increased levels i 2002, its proceedings were collated into the artile
of grazing may reduce snail populations. Speight MCD, Moorkens E and Falker G 2003
Proceedings of the workshop on conservationdsoWgy
of European Vertigo species (Dublin, Apg eldia,
5,7,1-183. @
<
Key references O
General description/biology & habitat details
1. Killeen, I. (2002). The ecological requirements of Desmoulin’s whorl snail igo moulinsiana. LIFE in UK Rivers

Project. http://www.english-nature.org.uk/lifeinukrivers/ecological.html

2. Killeen, I.). & Stebbings, R.E. (1997). A34 Newbury bypass. Results nltoring the translocated habitat for
Vertigo moulinsiana. First annual report. Unpublished report. Mott M nald, Winchester.

3. Pokryszko, B.M. (1992). Life history of Vertigo pusilla (O.F. Mi{’&, Y774 Gastropoda: Pulmonata: Vertiginidae).
In: E Gittenberger & ] Goud (eds), Proceedings of the ninth i tional malacological conference. National
Museum of Natural History, Edinburgh. pp. 247-256.

4. Pokryszko, B.M. (1990). The Vertiginidae of Polan
monograph. Annales Zoologici, Warsaw 43: 133-

5. Tattersfield, P & Mclnnes R, 2003 The hyd:
Special Areas of Conservation in England @

tropoda: Pulmonata: Pupilloidea) — a systematic

l requirements of Vertigo moulinsiana on three candidate
pdoa, Pulmonata: Vertiginidae). Heldia 5:7, 135-147.

Site specific studies
6. Killeen, I.). (2001a). A survey to the status & distribution of Desmoulin’s whorl snail, Vertigo moulinsiana
at Sweat Mere SSSI, Shropshire.é Nature, (Unpublished report).

7. Killeen, 1.J. (2001b). Sugyey U Habitats Directive Vertigo species in England: 3. Vertigo moulinsiana. Part 1:

Summary and Monitori ocol. English Nature Research Report, Peterborough.
8. Killeen, I.J. (2001 veys of EU Habitats Directive Vertigo species in England: 3. Vertigo moulinsiana. Part 2:
The River Avon S lish Nature Research Report, Peterborough.

The Wav d Little Ouse Valley Fens SAC. English Nature Research Report, Peterborough.

N
Dor
S rting references

|careous wetland and fen habitats should be considered (but not limited to) with the Desmoulin’s whorl snail.

9. Killeen, If§ e). Surveys of EU Habitats Directive Vertigo species in England: 3. Vertigo moulinsiana. Part 4:

*

\)
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2.3.1 Invertebrates

Geyer’s whorl snail

General information

The tiny Geyer's whorl snail (Vertigo geyeri) is currently
found in North Wales, northern England, the Scottish
Highlands, the Inner Hebrides, and Northern Ireland. In
total it has been recorded in approximately 30 localities
(Ref. 5). This mollusc feeds on algae/bacteria on
vegetation and decaying humic or plant material (Ref. 2).

Habitat preferences

e Throughout its range, the Geyer’s whorl snail is found
in relatively exposed, constantly humid calcareous
flush-fens that are fed by tufa-depositing springs
(Ref. 5);

e |t requires dense cover of low-growing grasses and
sedges relatively free from Sphagnum and other
mosses (Ref. 5); and

e Black bog-rush (Schoenus nigricans) and yellow
sedge (Carex viridula) have been found at all
recorded Geyer’s whorl snail habitat sites (Ref. 5).

6‘

Key influences

Water resources
e |ittle data exists on the relationship be
hydrological regime and the status of yer S

whorl snail; and
e The habitat of the Geyer’s whor, #s believed to

be vulnerable to destructio rainage and
changes in the hydrolo% me (Refs. 4 & 5).

Other influences
e Fossil records indj
was once com

hat the Geyer’s whorl snail
lowland England. Climatic

change and ge by man is believed to have led
toadra ntraction of its range (Refs. 5 & 4);
and

e Th s habitat is vulnerable to changes in grazing

nd trampling by humans and animals (Ref. 6).

Environment Agency in partnership with Natural England and Countryside Council for Wales

(Vertigo geyeri)

Current and future work

A conference on the four target vertigo species was h
in 2002. The proceedings can be found in: Speigh
MCD, Moorkens E and Falkner G, 2003 Proceedi

the workshop on conservation biology of Euro

Vertigo species (Dublin, April 2002) Heldia -183.

Horsak and Hajek (2005) have publish dy on the
habitat preferences of V.geyeri in Eu&eir results
suggest that it may be found in @e of different
habitats, including sites relatw&p orin carbonates.

Their findings indicate |stribution of V.geyeri
speaes Primula

follows that of the fen
farinosa, Carex dIO ostiana, C.lepidocarpa and
Pingulicula vu[ga av0|ds areas with Sphagnum

species (Ref. 3
KN
$Q
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Key references

General description/biology & habitat details
1.Cameron R, 2003 Life-cycles, molluscan and botanical associations of Vertigo angustior and Vertigo geyeri
(Gastropoda, Pulmonata: Vertiginidae). Heldia, 5, 95-110.

2. Cameron R, 2003 Species accounts for snails of the genus Vertigo listed in Annex Il of the Habitats Directive
V.angustior, V.genesii, V.geyeri and V.moulinsiana (Gastropoda, Pulmonata:Vertiginidae). Heldia, 5, 151-170

3. Horsak M and Hajek M, 2005 Habitat requirements and distribution of Vertigo Geyeri (Gastropods:PuImona%
western carpathian rich fens. Journal of Conchology, 38, 6, 683-69.

4. INCC (1991). Invertebrates and other insects. In: British Red Data Book. Ed. ].H. Bratton. JNCC, Pege
5. McLeod, C.R., Yeo, M., Brown, A.E., Burn, A.J., Hopkins, J.)., & Way, S.F. (eds.) (2002). The Hab|

selection of Special Areas of Conservation in the UK. 2nd edn. Joint Nature Conservation Coma!

www.jncc.gov.uk/SACselection
6. UK Biodiversity Group. (1995). UK UKBAP Action Plan Species Action Plan: Whorl sn@igo geyeri). In:
Biodiversity: The UK Steering Group Report — Volume II: Action Plans. HMSO, London®

Supporting references Q)

Annex | habitats to be considered with the Geyer’s whorl snail are alk '%s and petrifying springs with tufa
formation (Cratoneurion).

Environment Agency in partnership with Natural England and Countryside Council for Wales Understanding water for wildlife
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2.3.1 Invertebrates

NarrOW mOUthEd WhOTl Snail (Vertigo angustior)

General information

The tiny narrow-mouthed whorl snail (Vertigo angustior)
is found in only eight widely scattered localities in
England, Wales and Scotland (Ref. 2).

Habitat preferences

e The narrow-mouthed whorl snail is primarily found
in marshy ground of high, even humidity and flowing
groundwater. Areas must not be subjected to deep or
prolonged flooding or periodic desiccation
(Ref. 1 & 2);

e Unshaded conditions are required by the snail which
inhabits short vegetation (grasses, mosses or low
herbs) which are quickly warmed by the sun. The
vegetation may be grazed by cattle (Ref. 1 & 2);

e The narrow-mouthed snail has been found in wet base-
rich meadows, in coastal marshes, dune slacks and
maritime turf, and in depressions within limestone
pavement; several of these habitats are listed in Annex
| of the Habitats Directive (Ref. 1 & 2); and

¢ |nthe UKthe largest known population is found
where freshwater seeps onto the upper edges

saltmarsh in South Wales. However, elsevx in
Europe calcareous fen is the species’ mo weal
habitat (Ref. 1 & 2).

&
lationship between
he status of the narrow-
nd

ydrological conditions essential
his species is regarded as the

to the habi
primar&}& to its status (Ref. 1).

Key influences

Water resources

e |ijttle data existsont
hydrological regime
mouthed whorl s

e The disturba

N

Environment Agency in partnership with Natural England and Countryside Council for Wales

S

Other influences
¢ All habitats of the narrow-mouthed snail are fragile \
and may be easily destroyed by drainage, Q
afforestation or other changes in land-use (Ref. ()L
e At Oxwich, natural erosion of the dunes has ace
G f

tidal patterns, leading to increased deposi
sediment. Deposition of material is g% aising

the land surface of the dune-saltmar, sition
zone, leading to drier conditions (@Ub
encroachment. Seepage from t% es is thought
to keep the transition zone da%aPbut can fail in

drought years (Ref. 1). O

Current and f e work

A workshop opeéhe conservation of the four target

Vertigo sp&s held in 2002 and its proceedings
were colla n the article: Speight MCD, Moorkens E
and Fﬁer G, 2003 Proceedings of the workshop on
co tion biology of the European Vertigo species

n, April 2002) Heldia, 5, 7, 1-183.

pulation monitoring is being carried out by CCW on
two sites in Wales.

Understanding water for wildlife
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Key references

General description/biology & habitat details
1. JNCC (1991). Invertebrates and other insects. In: British Red Data Book. Ed. J.H. Bratton. JNCC, Peterborough.

2. McLeod, C.R., Yeo, M., Brown, A.E., Burn, A.J., Hopkins, J.J., & Way, S.F. (eds.) (2002). The Habitats Directive:
selection of Special Areas of Conservation in the UK. 2nd edn. Joint Nature Conservation Committee,
Peterborough. www.jncc.gov.uk/SACselection

VS

] v
Further reading @K
Cameron R, 2003 Species accounts for snails of the genus Vertigo listed in Annex Il of the habitat NE:
V.angustior, V. genesii, V.geyeri and V.moulinsiana (Gastropoda, Pulmonata: Vertiginidae). Heldif, 1-170.
Cameron R, 2003 Life-cycles, molluscan and botanical associations of Vertigo angustior an \go geyeri
(Gastropoda, Pulmonata: Vertiginidae). Heldia, 5, 95-110.
N
\J
Supportlng references
Annex | habitats to be considered with the narrow-mouthed whorl snail are %d dune slacks, salicornia
and other colonising mud and sand and Molinia meadows on calcareougmpeaty or clayey silt-laden soils
(Molinion caeruleae). O@
)
Environment Agency in partnership with Natural England and Countryside Council for Wales Understanding water for wildlife
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2.3.1 Invertebrates

Ra ms h orn sna i l (Anisus vorticulus)

General information Key influences '<\
The Lesser whirlpool Ram’s-horn Snail (Anisus Water resources Q
vorticulus) is a small aquatic snail with a flattened e Conversion of grazing marshes to arable farminﬁvv

spiral shell of approximately 5mm in diameter (Ref. 2). associated water table lowering may be affecting

It has been declining from the UK since the 1960s, populations of the Ramshorn snail.

although the reason for decline is not clear. Populations  gip o influences @

may be found at sites in Norfolk, Suffolk and Sussex

‘ . e A. vorticulus populations are sensitj trient
and a recent survey has found a re-colonised ditch enrichment and water pollution; gh, specific
system in Suffolk, which may be a result of improving parameters have not been avai >\ and ’
water quality (Ref. 1 & 2). e Ditch clearance, conversio razing levels and

Habitat preferences

other land use chang r@estrict or fragment its
habitat (Ref. 2). é
e A.vorticulus occurs in unpolluted, calcareous waters

in well-vegetated marsh drains and is often found Current an fhge work
with a number of other rare and vulnerable molluscs
including Segmentina nitida and may be found
floating on the surface amongst duckweed
(Lemna spp.) (Ref. 1);

e |t prefers ditches or channels of >3m in width and
»1m in depth with a diverse flora but little emergent
vegetative cover and often occurs in ditches inw \

Surveys ar ntly being undertaken on the
populatlon East Anglia and ditches where
s have previously been found will be

of colonisation.

study by Watson and Ormerod (Ref. 3) suggests that

fields that flood in winter as this may be impgr the distribution of A. vorticulus is not related to

enabling young snails to colonise new dit‘mn vegetation structure but vegetation diversity. This study
e A.vorticulus distribution is largely depen also indicates that the snail has declined in areas where

aspect and water temperature and car@ae ditches became wider and deeper with more open water.

The authors correlated the distribution of A. vorticulus
with calcium, pH, BOD, water depth and the percentage

restricted to one side of a ditch.

E@* of ditches colonised by amphibious vegetation.
\

Key references
1. Joint Nature Cons@tlon Committee, Invertebrate species: molluscs 4056 Ramshorn snail A. vorticulus.
Retrieved 28 Fe 2007 from: www.jncc.gov.uk/ProtectedSites/SACselection/

species. as§ elntCode=S4056
2. UKBA Plan for Anisus vorticulus. Retrieved 28 February, 2007, from www.ukbap.org.uk/UKPlans.aspx?ID=99

A M and Ormerod S J, 2004 The distribution of three uncommon freshwater gastropods in the drainage
d/ ofBrmsh grazing marshes. Biological Conservation, 118, 455-466.

%Wﬂlmg MJ and Killeen | ], 1998 The freshwater snail Anisus vorticulus in ditches in Suffolk, Norfolk and West

ussex. English Nature Reports Number 287.

5. Willing M) and Killeen 1), 1999 Anisus vorticulus, a rare and threatened water snail. British Wildlife, 10:6, 412-418.

Supporting references

Unpolluted, calcareous waters and well vegetated marsh drains and ditches should be considered with A. vorticulus.

Environment Agency in partnership with Natural England and Countryside Council for Wales Understanding water for wildlife
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2.3.1 Invertebrates

Round mouthed whorl snail wertigo genesii

General information Current and future work '<\

The round-mouthed whorl snail (Vertigo genesii) isatingy ~ Aworkshop on the conservation biology of Vertigo Q
boreal and alpine species, considered a relict of the fauna  species was held in April 2002. The primary object{e

and flora of the late glacial period. Seven populations are  the workshop was to collate as much data as pogsibl
known in the UK, with most occupying two upland (in an easily accessible format) on the conser n of
regions; Upper Teesdale, in Durham, and the Blair Atholl ~ the Vertigo angustior, V. genesii, V. geyeri

area in Perthshire. The species has also been recorded moulinsiana. Researchers involved hav ted on
further north in Scotland on the Black Isle (Ref. 2). recent work undertaken in Europe, in g:

e Ecology and conservation iss @ e Vertigo spp.

Habitat preferences in Central Europe;

e Distribution, status a rvation of Vertigo spp.
¢ |nthe UK, the round-mouthed whorl snail is found in in Scandinavia, Bavgs ungary;
calcareous flushes, often with an arctic-alpine e Autecological aggd mOWtoring studies carried out on
element (Ref. 2). Vertigo spp. in%s
e Review of Vegigospp. habitats in Britain;
e Surveya d@itoring work on a Vertigo angustior
Key influences site in 11§

e Hydmlogical studies on Vertigo moulinsiana at some

. . . . sieNIN England;
e |ittle data exists on the relationship between . ..
eys of Vertigo geyeri in Ireland; and

hydrological regime and the status of the round- urvey methods for Vertigo genesii.

mouthed whorl snail but it is likely that the speci &

susceptible to hydrological changes. B A workshop on the conservation of the four target
Other influences Q Vertigo species was held in 2002 and its proceedings
. \o were collated in the article: Speight MCD, Moorkens E

e 0 bundant in lowland England (Ref. .
glgifa?cﬁ;a?inc cll:ag\geaannd f?)%eirt] gr&@heved and Falknfer G, .2003 Proceedings of the w?rkshop.on
fi

conservation biology of the European Vertigo species
to have led to a dramatic contractig range By P 80 5P

Water resources

(Ref. 2); and (Dublin, April 2002) Heldia, 5, 7, 1-183.
e The small, isolated nature of t @es where it

survives makes the popul@vulnerable to

accidental damage (Re&

h

Key refere

General
1.JNC

ion/biology & habitat details
). Invertebrates and other insects. In: British Red Data Book. Ed. ).H. Bratton, JNCC, Peterborough.

Z.b , C.R., Yeo, M., Brown, A.E., Burn, A.J., Hopkins, J.J., & Way, S.F. (eds.) (2002). The Habitats Directive:
sel®#on of Special Areas of Conservation in the UK. 2nd edn. Joint Nature Conservation Committee, Peterborough.
. w.jncc.gov.uk/SACselection

\)

Supporting references

The Annex | alkaline fen habitat should be considered with the round mouthed whorl snail. For further information
refer to guidance notes produced.

Environment Agency in partnership with Natural England and Countryside Council for Wales Understanding water for wildlife
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2.3.1 Invertebrates

Fre S h Wate r p ed rl musse l (Margaritifera margqatritifera)

Slight hydrological changes may result in freshwater

pearl mussel habitat degradation. Studies to date : \

report minimum/maximum depths and velocitiei,l(

General information .

The freshwater pearl mussel (Margaritifera

margatritifera) is a bivalve mollusc, which can grow to
140mm in length. Formerly widespread in England, the
freshwater pearl mussel has declined rapidly, with very
little active recruitment observed and is now

considered highly endangered. Its life span is highly o

M. margaritifera, M. laevis and M. falcate withinkh
ranges of 0.1-2 m and 0.1-2 m/s (Ref. 6); No g@soli¥fe
values are available for a minimum suitab@
velocity (Ref. 7);

Low summer flows may reduce oxyg s,

variable between populations, but generally the mussel increase temperatures and allow ation of
develops slowly and can live for over 100 years, but algal mats. The uncovering of s riffle areas and
may not reach sexual maturity until they are 10-15 years aggregation of detrital silt etrimental to

of age (Ref. 7). juvenile populations;

e Moderate flooding a positive effect in
cleaning silts from giyelbeds and riffles. Autumn
flows can was lgal mats and sediments
accumulated ov e summer; and

e High flows{e.&severe floods) can remove mussels

from th@ s. This is of particular concern for

futysg poPllations where recruitment is currently not

lace (Ref. 7).

Fertilised eggs develop in a pouch on the gills of the
freshwater pearl mussel, with larvae (termed glochidia)
released from females from July to September. These
eggs remain in the water, but a small number attach
themselves to the gill filaments of host fish (salmon
and brown trout and sea trout), where they remain until
the following spring. This mechanism allows the mussel

to colonise suitable habitat further upstream.
Consideration of host fish is therefore essential.

Habitat preferences

The typical substrate preference of freshm@
mussels are small sand patches stabili ongst
large stones or boulders in fast-flowin efs and
streams; @

Cool, well-oxygenated soft wat% of pollution or
turbidity is required;

Riffle areas with mixtures
with low organic cont
particularly for juver¥le
Adult mussels liv
mixed cobblesgt

s, cobbles, sand,
re important habitats,
Ref. 7);
nse beds in substrates of
€ and sand at the tail end of pools

orinthem e flow channels of river bends; and
Stable [s with little bed transport (exceptin
floo important features.

S

. e;mfluences

N

Environment Agency in partnership with Natural England and Countryside Council for Wales

ater resources

The influence of stream hydrological processes on
microhabitat (in particular how it effects juvenile
recruitment) is poorly understood;

rinfluences

reshwater pearl mussels prefer oligotrophic
conditions. Critical parameters affecting recruitment
are BOD, calcium and phosphate levels. Phosphate
levels should not exceed 0.03 mg/l and conductivity
should be less than 100 uS/cm (Ref. 2);

Increased nitrate concentrations were observed by
Bauer (1998) to increase adult mortality (Ref 1).
Research has indicated that nitrate levels should not
exceed 1.0 mg/l although highervalues may be
encountered in the UK (Ref. 2);

Pearl mussels are sensitive to pollution during all life
stages, with juveniles considered far less tolerant
than adults are. Particular vulnerabilities are from
those pollutants likely to affect the host fish, and
metal and pesticide accumulation in adults;
Freshwater pearl mussels prefer waters with a
slightly less than neutral pH (7.5 or less) (Ref. 1);
Gradient may affect mussel distribution indirectly by
determining the stability of the substrata (Ref. 7);
Siltation induced by increased sediment loads and
detrital production (from eutrophication) can alter
the interstitial environment of the substrate and
suffocate young mussels;

Channel modification can impede flow, increase
flooding and alter substrate distribution. Dredging,
canalisation, scouring and weir construction works
have the potential to cause local population
extinctions;

Understanding water for wildlife
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e The long-term survival of the freshwater mussel Research into population genetics using DNA analyses

depends upon host availability. Introduced non- is also underway and an initial study using RAPD
native salmonids species such as rainbow trout may  techniques has suggested that physical factors act on
out-compete native fish species and have indirect genetic variation and that there are differences in
implications for mussel populations (Ref. 7); and variability within populations (Ref. 4).
* Illegal pearl mussel fishing. The Environment Agency is currently investigating the \«
feasibility of breeding M. margatritifera in captivity.

young capture salmon as hosts and releasing them
The LIFE in UK Rivers Project is developing conservation  in the wild. \
strategies and monitoring protocols for use on rivers @
designated as Special Areas of Conservation under the

European Union Habitats Directive. Refer to the LIFE in @Q

Current and future work Specifically examining whether it is possible using(LQ

UK Rivers website for further information.

Q)
Key references O
General description/biology & habitat details
1. Bauer, G. (1988). Threats to the freshwater pearl mussel in Central Europ . Cons., 45: 239-253.

2. Oliver, (2000). Conservation Objectives for the freshwater pearl musse rgaritifera margatritifera L. Report for
English Nature, Peterborough. Q

3. Reis J, 2003 The freshwater pearl mussel (Margaritifera margagijfer®®.) rediscovered in Portugal and threats to
its survival. Biological Conservation, 114, 447-452

4. Skinner A, Young M and Hastie L, 2003 Ecology of the F; ater Pearl Mussel, Conserving Natura 2000 Rivers
Ecology Series Number 2. Life in UK Rivers, Scottish Nas rtiage: Edinburgh.

5. UK Biodiversity Action Plan, Species Action Plan. Qetleved 20 Feb 2006 from
http://www.ukbap.org.ukUKPlans.aspx?ID=4
*

6. Vannote, R.L. & Minshall, G.W. (1982). Flu ocesses and local lithology controlling abundance, structure and
composition of mussel beds. Proceeding e National Academy of Science, USA 79, 4103-4107.

7. Young, M. (2001). The ecological rdgemyements for freshwater pearl mussel (Draft). LIFE in UK Rivers Project.
http://www.english-nature.org. ukrivers/ecological.html

8. Young, M. R., Hastie, L. C. sley, S. L (2002). A monitoring protocol for the freshwater pearl mussel
Margaritifera, margaritiféd(Drajt), Ocean Laboratory & Centre for Ecology, Newburgh.

Supporting nces

All Annex | fr er habitats should be considered in the context of this species. The Atlantic salmon (Salmo
salar) sh So be considered.

Environment Agency in partnership with Natural England and Countryside Council for Wales Understanding water for wildlife
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2.3.1 Invertebrates

S 0 Ut h e rl‘l d a m S e lfly (Coenagrion mercuriale)

General information

The southern damselfly (Coenagrion mercuriale) is one
of the five members of the genus Coenagrion currently
found in the UK. Distribution of this species is mainly in
south west England and in South Wales, generally at
low altitudes (usually less than 90 m above sea level). It
has declined in many places and appears to be present
only in low numbers at most of its localities. Its
presence in the UK represents the northern boundary of
its range. The southern damselfly is blue and black in
colouration and is a member of the ‘blue damselflies’
grouping (Ref. 10).

Habitat preferences

e The southern damselfly is found in heathland
stream/valley mires, calcareous fenland and water
meadow ditch systems surrounding chalk streams;

e There is no consistent trend in plant species used by
the southern damselfly. Ideal emergence sites
contain plants with rigid stems which are less prone
to being blown in the wind Hypericum elodes and
Potamogeton polygonifolius were used in th
majority of heathland sites where populaQo&dr
found. Glyceria maxima, Apium nodiflorurf)
Nasturtium officinale were used in cha@m
water meadow sites, on average a lgw to thedium
cover of submerged and emerge tation (0.2 -

0.6m) Ref. 5;
e Arange of NVC community\t& are associated with

the southern damselfliérefe™o Ref. 10); and
s where the southern

e The majority ofwateﬁ
damselfly is foun@) ithin a pH range of 7.0 — 7.5

although pH is ught to determine distribution
(Ref. 4). &

«©
K d;?ences
W esources

Southern damselfly populations require
watercourses with slow to moderate flow. Strange
(1999) found adult populations in chalk stream water
meadow systems to be concentrated on channel
flows where water velocities ranged from 7.5 to 20
cm/s (Ref. 9). In areas with fast flowing main
channels, the shallow stream margins or areas of
dense vegetation can be utilised;

Environment Agency in partnership with Natural England and Countryside Council for Wales

e \Water flow rates in the larval habitats studied by \«

Purse & Thompson (2002a) in the Glan-yr-afon Uch
Pembrokeshire were found to range from 2 to b
15cm/s;

e Water abstraction may alter the movement of gate
through meadow systems and reduce gron@er
spring flow, affecting habitat suitability;

e Water currents of around 10 cms™ ( mm
35cm s™) allow for a minimum ox
of 2.5 - 3.0 mg/l". Oxygen lev
an important factor in the djst
southern damselfly (Ref.

e Permanent conducf er and proximity to
springs or groundwaly are cited as important factors
in determiningQaiitat suitability (Ref. 3); and

e Springs maintai igher than average temperature

in winter a more constant in temperature
e year, preventing freezing over or

through@
drykﬁip ef. 8).
luences

€ southern damselfly tends to favour habitats

here the water is unpolluted, has high oxygen
concentrations and the conductivity is generally low
(less than 150 uS/cm), but levels up to 500 uS/cm
have been recorded (Ref. 10);

e Studies have found phosphate levels to be less than
0.025 mg/lin most watercourses and sites occupied
by the southern damselfly. There are however
exceptions to this (Ref. 10);

¢ Nitrates levels are generally low (less than 0.2 mg/l)
in southern damselfly habitats (Ref. 10);

e Habitat fragmentation has affected populations.
Overzealous clearance of channel vegetation can
pose a serious threat to populations if undertaken at
certain stages of the life cycle; and

e Alteration of grazing regimes may affect the status of
southern damselfly populations. Moderate grazing
regimes are needed to reduce the establishment of
scrub and invading emergents.

Current and future work

The LIFE in UK Rivers Project is developing conservation

strategies and monitoring protocols for use on rivers
designated as Special Areas of Conservation under the
European Union Habitats Directive. Refer to the LIFE in
UK Rivers website for further information.

Understanding water for wildlife
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Key references

General description/biology & habitat details
1. Berrie, A.D. (1992). The chalkstream environment. Hydrobiologia, 248, 3-9.

2. Buchwald, R. (1989). Die Bedeutung der Vegetation fur die Habitatbindung einiger Libellenarten der Quellmoore
und Fliessgewasser. Phytocoenologia, 17, 307-448.

Quellmoore und Fliessgewasser. Phyocoenologia, 17, 307-448.

X\

3. Burchwald, R. (1994). Zur Bedeutung der Vegetation fur die Habitatbindung einiger Libellenarten der (LQ

4. Corbet, P. S. (1999). Dragonflies: Behaviour and ecology of Odonata. Harley Books, Colchester. é
5. Purse, B. (2002) R & D Leaflet W1-021/L: Conservation of the Southern Damselfly. Enwronment

6. Purse B.V. and Thompson D.J. (2002a). Voltinism and larval growth pattern in Coenagrion me@ (Odonata:
Coenagrionidae) at its northern range margin. European Journal of Entomology, 99, 11-18.

7. Purse BV. and Thompson D.J. (2002b). Reproductive morphology and behaviour in Co r/on mercuriale
(Charpentier) (Zygoptera: Coenagrionidae). Odonatologica.

8. Sternberg, K., Buchwald, R. & Réske, W. (1999). Coenagrion mercuriale (CharpeNyier, 1840) — Helm Azurjungfer.
In The Dragonflies of Baden Wurttemburg, ed. K. Sternberg & R. Buchwald. E Ulmer Press, Stuttgart.

9. Strange, A. (1999). Distribution of Southern Damselfly on the River Itc Ecological Planning and Research for
English Nature and the Environment Agency.

10. Thompson, D., Purse, B. & Rouquette, J. (2002). Eco[oglcalr Qnts of the southern damselfly (Coenagrion
mercuriale Charpentier (Draft). Document provided in confiden E in UK Rivers Project. http://www.english-
nature.org.uk/lifeinukrivers/ecological.html) $

o
Further reading &

11. B.Purse (2002) R & D Technical Report V\u@TR. The Ecology and Conservation of the Southern Damselfly
(Coenagrion mercuriale — Charpentier) in Bri }q

12. Rouquette JR and Thompson DJ, 200 itat associations of the endangered damselfy, Coenagrion
mercuriale, in a water meadow ditch @em in southern England. Biological Conservation, 123, 225-235.

A’O

Supporting referergci%

Annex | habitatsto b red with the southern damselfly are; North Atlantic wet heaths with Erica tetralix,
Temperate Atlantic aths with Erica ciliaris and Erica tetralix; and Ranunculus habitats.
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2.3.1 Invertebrates

W h ite -C lawe d C rayﬁ S h (Austropotamobius pallipes)

General information

The distribution of the white-clawed crayfish
(Austropotamobius pallipes) is governed by geology
and water quality. The species can be found in a variety
of locations including canals, streams, rivers, lakes,
reservoirs and water-filled quarries, where it occupies
cryptic habitats. Populations are concentrated in
northern and central England. They are largely
nocturnal, with breeding taking place from September
to November when water temperatures drop below 10°C
for an extended period (Ref. 1).

Habitat preferences

e White-clawed crayfish occur in relatively hard,
mineral-rich waters on calcareous and rapidly
weathering rocks;

e Populations in the UK are associated with chalk,
limestone or sandstone deposits in water bodies
where calcium content is a minimum of 5 mg/l and
pH ranges between 6.5-9.0 (Ref. 1); and

crayfish is found often have undermined,
overhanging banks; sections which exhibit&

heterogeneous flow patterns; cobbles an \
riffles; roots and woody vegetation; a er water-

saturated logs.

e Flowing water habitats in which the white-clawed E\
[ ]

Key influences $®

Water resources

e The white-clawed cr@h typically inhabits
watercourses wit h ranging between
0.75-1.25 m. ecies may also occur in very
shallow strg 0.05m depth) and in deeper,

e Populdiohs occurin both stllland running water.
@ lawed crayflsh can survive in rivers with a

and boulders are present;
They can occur in shallow riffles and in streams less
than 0.5m wide with water depths of just a few
centimetres;

e |Low water levels can increase the white-clawed
crayfish’s vulnerability to predation;

e Flow conditions which affect bankside vegetation
and submerged plant communities may have indirect

Environment Agency in partnership with Natural England and Countryside Council for Wales

consequences to white-clawed crayfish; and

e Increased silt loads (and turbidity) caused by land
practices or flow changes (natural and induced)
clog the gills of crayfish. No quantitative data is
available.

Other influences

that increased ammonia cgffsytrations and reduced
oxygen conditions ca nificant mortalities. The
majority of records %\e white-clawed crayfish to
occupy waters yeth GQW classifications of A or B, and
high BMWP SC(%

e Oxygen lev elow 5 mg/l for more than a few days
in sum@ths may cause stress (Ref. 7);

e Porcelal ease (Thelohania contejeani) and

cr. plague (Aphanomyces astaci) affect the

clawed crayfish. Porcelain disease is rarely
, but crayfish plague can cause mass mortalities;
ubmerged plant communities and banks are
required for refuge;

The presence of overhanging bankside vegetation

(for shelter, food and cover) may determine crayfish

abundance (Ref. 1);

e Direct predation and competition by the introduced
signal crayfish (Pacifastacus leniusculus) has the
potential to eliminate white-clawed crayfish
populations. Signal crayfish may also act as vectors
of the crayfish plague;

e Other non-native crayfish also have the potential to

outcompete the white-clawed crayfish for resources;

and

Susceptibility to biocides is noted. One study

demonstrated crayfish sensitivity at concentrations

of 0.0042 mg/I, with levels above 0.208 mg/I toxic.

An EQS for the protection of freshwater life has been
proposed at 0.1 mg/l (AA) and 1 mg/L.

Current and future work

The LIFE in UK Rivers Project has developed
conservation strategies and monitoring protocols for
use on rivers designated as Special Areas of
Conservation under the European Union Habitats
Directive. Refer to the LIFE in UK Rivers website for
further information.

Understanding water for wildlife
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Key references

General description/biology & habitat details
1. Holdich, D. (2001). Ecological requirements of the white clawed crayfish Austropotamobius pallipes
(Lereboullet). LIFE in UK Rivers Project. http://www.english-nature.org.uk/lifeinukrivers/ecological.html

2. Holdich D, 2003 Ecology of the White-clawed crayfish, conserving Natura 2000 Rivers, Ecology Series No. 1
English Nature: Peterborough.

3. Foster, J. & Turner, C. (1993). Toxicity of field simulated farm waste episodes to the crayfish Austropotamobius
pallipes (Lereboullet): elevated ammonia and reduced dissolved oxygen concentrations. Freshwater Cray, 1&9,
249-258. ‘fZ,

pallipes and Procambarus clarkii in southern Spain and implications for conservation of the nati cies.

4. Gil-Sanchez ) and Alba-Tercedor ) 2001 Ecology of the native and introduced crayfishes Austm@@ius
Biological Conservation, 105, 75-80.

5. Joint Nature Conservation Committee, Invertebrate Species:arthropods Austropotamofdpallipes. Retrieved
Feb 21 2006 from http://www.jncc,gov.uk/protectedSites/SACselection/species.asé. @ urelntCode=51092

6. UK Biodiversity Action Plan, Species Action Plan Retrieved Feb 21, 2006, from
http://www.ukbap.org.uk/UKPlans.aspx?ID=124

A
Q’\
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2.3.1 Invertebrates

Fi S h e T’S eStU d ri nem Oth (Gortyna borelii lunata)

General information Habitat preferences '<\
Fisher's estuarine moth, G. borelii lunata is an insect e The Fisher’s moth inhabits marshy fields, raised Q
restricted to a small area of sea-walls and coastal banks, offshore islands and wasteland where t

grassland in north Essex (although a small colony in Hog’s Fennel is present.

Kent may also exist; Ref. 1). The moth has a widespread A\

but localised European distribution and is limited by . )

the availability of food sources as it feeds exclusively Key influences Q

on Peucedanum, P. officinale, or Sea Hog’s Fennel in
England (Ref. 4). G. borelii lunata lays its eggs on the

Fennel and the larvae hatch in late spring, feeding on * gssogf[” lunata may be direc l@ ted by sea level
its stems and then later boring into the roots of the

. e |ndirectly impacted if ,glcalchanges alter the
plant (Ref. 4). After pupation, the adult moths emerge availability of Sea H %i fel (Ref. 1)

Water resources

in autumn with a wingspan of 42-60mm (Ref. 4). The

species is nocturnal and sedentary with only a few Other influences
moths ever found more than 10 metres away from a e Changesin lan ) such as agricultural
food plant. The total UK population has been estimated intensiﬁca%an reduce the habitat of G. borelii
to be 1000-5000 adults (Ref. 3). Recent genetic studies lunata; g nally, any changes that affect the
have indicated that the British form of the moth may be habitat o™#a Hog’s Fennel may also impact the moth.
an endemic subspecies, distinct from the population in R
mainland Europe (Ref. 2). The decline of this species in -
Britain may be due to sea-level rise and the loss or ent and future work
fragmentation of its habitat. \ tudies on the population and distribution of the Sea
Q Hog’s Fennel are on-going, please see Supporting
references.
RN
N\
Key references
1. ARKive, Fisher’s estuarine moth (. @1 borelii lunata). Retrieved February 23, 2006, from:
http://www.arkive.org/species/ ertebrates_terrestrial_and_freshwater/Gortyna_borelii_lunata/more_info.html
2. Essex Biodiversity Pr01 ct, Biodiversity Action Plan. Retrieved February 21, 2006, from:

http.//www.essexblodé .org.uk/species.htm#moth2

3. Gibson C, 2000 T ervation of Gortyna borelii lunata (freyer; Lep: Noctuidae). Entomologist’s Record and

Journal of Variati 1,1-5
4. )oint Natur &watlon Committee, Invertebrate species: arthropods Gortyna borelii. Retrieved February 21,
2006, fro //www jncc.gov.uk/ProtectedSites/SACselection/species.asp?FeaturelntCode=S4035

in Z Hill) and Gibson C, 2004 Conservation management of Gortyna borelii lunata (Lepidoptera:
) in the United Kingdom. Journal of Insect Conservation, 8, 173-183.

*
\(?upporting references
& Several studies involving Sea Hog’s Fennel have been undertaken, please see:

6. lley M and Ringwood Z, 2004, Progress report on research trials to establish Sea Hog’s Fennel Peucedanum officinale
L. at Abbots Hall Farm, Gt. Wigborough. Retrieved February 21, 2006, from:
http://www.essexbiodiversity.org.uk/projects/progress_report_on_trials_establish_seahogs.pdf (PDF, 213966 bytes)
Estuaries should be considered with the Fisher’s moth.

Environment Agency in partnership with Natural England and Countryside Council for Wales Understanding water for wildlife
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2.3.1 Invertebrates

M ars h fri ti lla ry b u tte rfly (Euphydryas aurinia)

General information

The marsh fritillary (Euphydryas aurinia) is found in a
range of habitats in the UK, but is essentially a
grassland butterfly. Populations are known to
occasionally occur on wet heath, bog margins and
woodland clearings. The appearance of the marsh
fritillary butterfly is highly variable, with marked
differences within and across populations noted. The
upper sides of the wings are dark brown, strongly
marked with cream and orange square spots, most of
which are arranged in bands. The under sides are
brighter, orange with cream spots (Ref. 6).

Populations vary greatly in size from year to year and
are, at least in part, related to cycles of attack from
parasitic wasps. Another key factor is weather
conditions in late May/early June. During this time
populations are heavily dependent on favourable
conditions. Adults tend to be sedentary and remain in
a series of linked metapopulations, forming numerous
temporary sub-populations (Ref. 6 & 4).

since records started, with the UK and Spain now

either by scattered scrub or by adjacent woodland

affected sites where historic seasonal grazing

(Ref. 2); The 2001 Foot and Mouth Disease outbreab

patterns had been established;

e The occurrence of the butterfly on calcareou5\%

grassland in the UK is a recent observatio
appears that colonisation of calcareo nd
has occurred after the switch from s cattle on

some lowland hills around 100y . (Ref. 11);
e The larval food plant required arsh fritillary
is the devil’s-bit scabious ( pratensis). Large
leaves are generally reun egg-laying, although
small leaves are utilise alk downland habitats;
e Colonies can survive W fairly short-grazed turf
on chalk grassl%(;.g. 2-5 cm) if the food plant
(devil’s-bit scabl is sufficiently abundant (Ref. 7);
e The adult ®ar¥ fritillary feeds on nectar and may
have a r@‘ nce for thistles (Carduus spp. and
Cirs SP .);
e S nd west-facing slopes are favoured with
h-facing slopes not used (Ref. 5); and
a weak flyer, topographic shelter or the presence

Numbers have declined dramatically across EuropeE \ of scrub is required.

constituting the greatest proportion of remainj

populations. Although formerly Widespread?%' al
and eastern England, important centres of gi\tMbution
are now in South-west England (particul von,

Dorset and Wiltshire), South and we les, Cumbria
and western Scotland (Ref. 8 & 1)0

Habitat prefereng¥g,

Colonies of the mar
contrasting bioty

illary primarily occur in two

ved acidic grassland;

e 1.Damp um
e 2.Dry, ous grassland;
* Requirqupnts for the marsh fritillary are considered
{ % t between the two habitats, and require
er investigation;

. 6 In damp unimproved acidic grassland habitats, the

\)

sites are generally flat with vegetation dominated by
tussocky, coarse grasses (Molinia caerulea on acidic
soils and Deschampsia caespitosa on more neutral
soils). Historical grazing (nearly always by cattle or
ponies) is also characteristic of the sites
management (Ref. 10). Breeding areas are generally
open and unshaded, though many are sheltered

Environment Agency in partnership with Natural England and Countryside Council for Wales

Key influences

Water resources

¢ No information on the water resource requirements
of the marsh fritillary were identified;

e Water resources are not believed to be a major
parameter involved in the decline of the marsh
fritillary butterfly. However, high water tables on
many of this species damp acidic grassland habitat
sites have rendered the ground too heavy for
cultivation, re-seeding or other development. This
has been a major contributory factor to the survival
of the marsh fritillary butterfly at these locations.
Field drainage is thus a serious threat; and

e Consideration of the water requirements of the
larval food plant is required.

Other influences

e The marsh fritillary is a basking insect, and utilises
solar radiation to raise its body temperature above
the ambient. Basking sites are chosen on the basis
of their solar radiation absorbance-reflection
characteristics (Ref. 7);

e Loss of habitat through agricultural improvement of
marshy and chalk/limestone grasslands and changes
in management practices (i.e. large burns or burning

Understanding water for wildlife
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without grazing) will affect marsh fritillary populations; A European LIFE project on Salisbury Plain is proposed
* Changes in grazing stock practices may reduce in an attempt to improve the quantity and quality of
habitat availability and food plant source abundance available breeding habitat.

(e.g. sheep generally consume devil’s-bit scabious .
and create a tight sward); and A PhD undertaken by K. Porter (1981) on ‘The

e Fragmentation and isolation of habitats will impact population dyr.la‘mics ofsma!l coloni'e‘s ofthe butterfly «
on . Euphydras aurinia’ may provide additional information \
populations. ; . .
on this species. Access to this document was not

possible through the British Library. Work from a PkﬂPQ

Current and future work undertaken by Francien van Soest and sponsored by
English Nature (Devon) should soon be availabl€on the

Current and future work being undertaken to conserve the  habitat preference of the marsh fritillary in re@ to
marsh fritillary in the UK are outlined in Ref. 10. Extensive  culm grassland.

surveys are to be carried out on Dartmoor by the National
Park Authority, and collection of data from Islay in the
Inner Hebrides and Salisbury Plain are also proposed.

\4
Key references

General description/biology & habitat details @
1. Asher, )., Warren, M., Fox, R., Harding, P., Jeffcoate, G. & Jeffcoate, S., The Millennium Atlas of Butterflies in

Britain and Ireland. Oxford University Press.

2. Barnett, L.K., Warren, M.S. (1995). Species Action Plan: Marsf@QEuphydryas aurinia. Butterfly

Work continues on influencing Coun
and other Defra agrienvironment iy

Conservation, Dorset.

3. Bourn, N.A.D. & Warren, M.S., 1996. The Impact of Lan cement Schemes on the Marsh Fritillary Butterfly,
Euphydryas aurinia: A Preliminary Review in England. K Conservation, Wareham.

4. Bulman, C., 2001. Conservation Biology of the Ma ilillary butterfly Euphydryas aurinia. PhD Thesis Univ. Leeds.

5. Hobson, R., Bourn, N, Warren, M., (2002). Co ing the Marsh Fritillary in Britain. British Wildlife. 13(6): 404-411.

6. McLeod, CR, Yeo, M, Brown, AE, Burn, A ins, )], & Way, SF (eds.) (2002). The Habitats Directive: selection of
Special Areas of Conservation in the UK 2 dn. Joint Nature Conservation Committee, Peterborough.
www.jncc.gov.uk/SACselection

7. Nature Conservancy Council. ( . The management of chalk grassland for butterflies. Butterflies under Threat
Team, Nature Conservancy C . Peterborough.

8. Porter, K. (1982). ‘B%&behaviour in larvae of the butterfly Euphydryas aurinia. OIKOS Vol 38, pp 308-312.
|

9. UK biodiversity A an, Marsh Fritillary (Eurodryasaurinia) Retrieved Feb 24, 2006 from:
www.ukbap.org, lans.aspx?ID=300

10. UK Biodﬁ/‘ y Steering Group. (1995). Marsh Fritillary (Euphydryas aurinia). In: Biodiversity: The UK Steering
Group Re, olume lI: Action Plans. Annex G. pp:136-137.

nmvertebrates and their conservation. pp:71-74. Environmental Encounter Series, No. 10. Strasbourg:

11 W M S. (1990). The conservation of Euphydryas aurinia in the United Kingdom. /n: Colloquy on the Berne
h il of Europe.

<Q Supporting references

The Annex | habitats to be considered with the marsh fritillary butterfly are: Molinia meadows on calcareous, peaty
or clayey-silt-laden soils (Molinion caeruleae); Alkaline fens Calcium-rich springwater fed fens; Temperate Atlantic
wet heaths with Erica ciliaris and Erica tetralix; and Calcareous fens with Cladium marisus and species of the
Caricion davallianae.
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2.3.2 Fish and
amphibians S

The following summaries have been compiled using key reference pap
provided by Environment Agency and Natural England staff. They p ea

summary of relevant information on the freshwater requirement sh and
amphibians. For further information, refer to references listed w each
habitat account. %O

— Sea lamprey (Petromyzon marinus) %

— Brook lamprey (Lampetra planeri) Q

— River lamprey (Lampetra fluviatilis) O

— Allis shad (Alosa alosa) §

— Twaite shad (Alosa fallax) @
— Atlantic salmon (Salmo salar) &

_ spined loach (Cobitis taenia) . \"Q
— Bullhead (Cottus gobio) $\

— Great crested newt (Triturus cr%tus)

Environment Agency in partnership with Natural England and Countryside Council for Wales Understanding water for wildlife
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2.3.2 Fish and amphibians

S ed la m p rey (Petromyzon marinus)

General information

The sea lamprey, Petromyzon marinus, belongs to a
group known as Agnatha, or jawless fish, which is the
most primitive of all living vertebrates. Not true fish,
their bodies are made of cartilage and their mouth is
surrounded by a round, sucker-like disc within which

are strong, horny rasping teeth. Spawning occurs in late

May to July when water temperatures reach at least 15

degrees centigrade. Adult lampreys often die following

spawning (Ref. 7). After hatching, juvenile lampreys
leave the nest and drift downstream, burrowing into
suitable silt beds (Ref. 7). Following metamorphosis
between July and September, the lamprey migrate
downstream and out to sea (Ref. 7). Juvenile lamprey
filter feed on various unicellular organisms including

ciliates, eugledoids and rhizopods, while adult lamprey

are parasitic and feed on salmon, basking shark, cod

and sturgeon and may travel to considerable depths to

find prey (Ref. 7). Although P. marinus is fairly
widespread in UK rivers, its populations have recently
declined, current strongholds are the rivers Wye and

Severn Rivers (Ref. 3). Outside of the UK P. marinus aak
be found along Atlantic coastal areas of western an%

northern Europe between Norway and the
Mediterranean as well as in the eastern parts t

America (Ref. 3). $

Habitat preferences %

® P.marinus favour larger st@ and rivers but may
be found in a range of Rabita®ypes (Ref. 5);

e Lamprey normally br high quality, deep, fast
flowing rivers wit gravels (Ref. 3). Nests are
often construc gravel pebble substrate
(9.5-50.8 m ameter); and

vailable for eggs to adhere. Larval

e Sand m%
nursersg are found at the edges of streams and

[iv y from the main current.

O

Key influences '<\
Water resources Q
e Water abstraction and land drainage may create(L

unstable habitats through varying water levelsand
these activities may also dewater the marg@

habitats used by larvae;
ﬁ%sites and
e sea. Low

e High flows may reduce access to spa
sweep eggs and larvae downstrea
flows may prevent migration th shallow waters
and physical barriers. Howeve, lts prefer flows of
approximately 0.4 m3s! @adequate flow of at
least 8-10 cmstis nec over the nest for
successful spawnin »7);

e Water depth at@fawnihg sites varies from
0.05-1.52m, w%\ extreme of 3.7 metres.
Depthinn areas ranges from 0.01-1 metre
butis m&g between 0.4-0.5 metres;

e Migratiomss influenced by tides and river flows and

bNinhibited by shallow water or artificial

1&rs such as weirs and sluices; and
@ a lamprey may also be at risk from entrainment.
t

her influences

e The removal or siltation of gravel used in spawning
areas may damage the habitat and inhibit spawning.
The optimum particle size for larval silt beds in 0.18-
0.38 mm with a gradient ranging from 1.9-5.7 m/km;

e Sea lamprey are sensitive to pollution and rivers
should be of GQA chemical Class B for adult lamprey
and Class A for spawning. Sufficient oxygen
concentrations are also important (Ref. 7 & 3);

e Water temperature is an important factor during
the life cycle of and successful hatching and
metamorphosis, and critical spawning temperatures
range from 8.5-12 degrees centigrade (Ref. 5 & 6); and

e Larvae may be predated by eels, sticklebacks and
other fish, as well as birds such as heron, and adult
sea lamprey may be attacked during spawning (Ref. 7).

Current and future work

The LIFE in UK Rivers Project has developed
conservation strategies and monitoring protocols for
P. marinus and are available from: www.english-
nature.org.uk/lifeinukrivers/species/lamprey.html

Environment Agency in partnership with Natural England and Countryside Council for Wales Understanding water for wildlife
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A4

Supporting references Q

Habitats that should be considered with P. marinus are w rses of plain to montane levels with Ranunculion
fluitantis and Callitrichol-Batachion vegetation and :st i

g\‘@
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2.3.2 Fish and amphibians

B roo k la m p rey (Lampetra planeri)

General information Other influences

L o e Adecline in water quality, particularly resulting fro
The brook lamprey, Lampetra planeri, is a primitive, pollution and eutrophication has contributed to
jawless fish resembling an eel. It is a non-migratory decline in L. planeri. In the absence of specific
freshwater species, occurring in streams and tolerance data for this species it must be assyned
occasionally in lakes in north-west Europe (Ref. 9). Not that conditions in all parts of any river whe EQOK
true fish, the bodies of L. planeri are made of cartilage lampreys occur, or pass through on mj are at
and their mouth is surrounded by a round, sucker-like least UK Water Quality Class B (Ref. 180
disc within which are strong, horny rasping teeth. e Oxygen tension is a major factor i aintenance
Unlike sea and river lampreys which are anadromous, L. of the burrowing habit of larva N10);
planerilive entirely in freshwater and are non-parasitic. o \yater temperature is also i ﬁt for successful
The brook lamprey has declined in some areas of the hatching and for meta s, which may only
UK but is still widespread and common in parts of occurat 12 degreegceN e
England. In Europe it extends from Sweden to France e Stream bed stability\\al50 important and larvae may
(Ref. 3). Unlike its close relatives, the sea and river be absent frorr%s characterised by frequent sand
lamprey, the brook lamprey is not parasitic and feeds by drift. Siltation o substrate may also smother
filtering fine organic particles such as diatoms and spawning sGNls and nursery silts as it creates
protozoans as well as detritus from the substrate anoxic @| ons: and
surface (Ref. 10). e L. plagerian be affected by the placement of

0 c¥es and the inadequacy of fish screens on
. kes which can entrain lamprey.
Habitat preferences (é}&h ' Prey
e [. planerilives in small streams, rivers and lakes &
clean gravel beds to spawn in and silt or sandy Current and future work
for the larvae (Ref. 3). L. planeri tend to SR i
sections of the river where the current is

strong (Ref. 9). Spawning occurs in Briti
when the water temperatures reac%O-

centigrade (Ref. 10).
$’0
Key influences \

Water resources Q
e \Water abstractio and drainage can create

unstable habj rough the variance of water
levels and flow, reducing the suitable
larly for the larvae;

habita
° ReCﬁé)dies have indicated that larvae inhabit

The LIFE in UK Rivers Project has developed
conservation strategies and monitoring protocols for
the L. planeri and are available from: www.english-
degrees nature.org.uk/lifeinukrivers/species/lamprey.html

ith flows of 0.4 to 0.5ms™ and depths of
metres;

. 6 Surveys have indicated that L. planeri prefer areas with

\>

rooted macrophytes’ and changes in flow or depth
which may reduce this vegetative presence could have
a negative impact on the lamprey (Ref. 10); and

e Water depth in nursery areas should range from 0.1-1
metres and the installation of gauging weirs may
have a detrimental impact on the brook lamprey and
their spawning (Ref. 3).

Environment Agency in partnership with Natural England and Countryside Council for Wales Understanding water for wildlife
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Further information '&Q

Water courses of plain to montane level anunculion fluitantis and Callitricho-Batrachion vegetation should
also be considered with the brook lapaprey.

\$’0
Q
%,
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2.3.2 Fish and amphibians

R ive r la m p rey (Lampetra fluviatilis)

General information

The river lamprey, Lampetra fluviatilis, belongs to a
group known as Agnatha, or jawless fish, which is the
most primitive of all living vertebrates. Not true fish,
their bodies are made of cartilage and their mouth is
surrounded by a round, sucker-like disc within which
are strong, horny rasping teeth. Adults migrate
upstream into rivers to reach spawning areas and lay
eggs in crude nests, shallow depressions created by
lifting away stones, and die shortly after spawning (Ref.
8). After hatching the larvae burrow into sandy or silty
areas until they metamorphose after a few years of
development (Ref. 8). Unlike its close relative, the
brook lamprey, L. fluviatilis is a parasitic organism
which feeds on the flesh of a variety of estuarine fish.

L. fluviatilis is only found in western Europe where it has
a wide distribution from southern Norway to the
western Mediterranean. In the UK, L. fluviatilis has a
wide distribution with young lampreys (ammocoetes)
occurring in many rivers from the Great Glen in Scotland
southwards. Declines have been recorded over the last
century as a result of pollution, river engineering an
barriers, particularly those that inhibit spawnin

L. fluviatilis are an anadromous species (Ref‘@
Because of known declines throughout the

European range, UK populations of river
now internationally important (Ref. 2)

y are

Habitat preferences

¥
e Riverlampreys are ofte&und in association with
the sea and brook lagpNey but may also occur on
their own;
e They prefer riygr igh water quality and water
temperatu 0-11 degrees centigrade (Ref. 2);
or lamprey larvae occur in beds of
e)e deposition features occur in the river so
larvae may burrow into the substrate and
éx eed before metamorphosing;
A diversity of habitat is also important and
L. fluviatilis prefer areas with riffles, pools,
gravel beds and bars; and
e Asriver lamprey feed on estuarine fish as adults, it is
important that estuarine conditions are suitable with
low levels of pollution and suitable prey (Ref. 8).

Environment Agency in partnership with Natural England and Countryside Council for Wales

Key influences

Water resources

unstable habitats for lamprey through varying

X\

e Water abstraction and land drainage can create (LQ
at

levels and may be detrimental to larvae if \nal
habitat is reduced or unsuitable flow regj
produced;

e Water depth in nursery areas may
0.01-1 metre and water depth fi ning often

ranges from 0.2-1.5 metres;

e Larval nursery beds are O@Aund at the edges of
streams and rivers, di from the main current.
Flows of 8-10 cms™? een recorded over larvae
burrows;

e Adult lamprey p flows of 1-2ms* and larvae
prefer flow, — 50 cms?t (1). High flows during
spates &mental to river lamprey as they may
prohibit®efess to spawning sites or sweep eggs and
[ ownstream. Low flows may also inhibit

&r ion through shallow waters and passage over

ysical barriers or exacerbate the impacts of poor
water quality; and

e Lamprey are also at risk from entrainment by water
intakes.

Other influences

e River lamprey are sensitive to pollution, particularly
heavy metals and pesticides, eutrophication and are
intolerant of low oxygen concentrations, particularly as
larvae and require 4 mgl! to migrate (Ref. 8) . Rivers
should be of GQA chemical Class B where migration
occurs, and Class A in spawning areas (Ref. 2);

e Studies have indicated that water temperature is also
an important parameter during the lamprey life cycle,
critical spawning water temperatures normally range
from 8.5-12 degrees centigrade;

e Adult lamprey feed predominantly in estuaries,
which must support healthy populations of prey such
as flounder, sprat, sea trout and herring;

e Barriers may inhibit upstream migration of lamprey
from their nursery areas to spawning grounds and
the removal of vegetation or its alterations may be
detrimental; and

e The removal or siltation of gravel in spawning areas
will inhibit spawning.

Understanding water for wildlife
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Current and future work

The LIFE in UK Rivers Project has developed
conservation strategies and monitoring protocols for
the L. fluviatilis and are available from: www.english-
nature.org.uk/lifeinukrivers/ species/lamprey.html

Key references (I/Q

1. APEM, 1996 A survey for six English rivers for lamprey. English Nature: Peterborough.

2. ARKive, River Lamprey (Lampetra fluviatilis). Retrieved March 8, 2006, from @
http://www.arkive.org/species/ARK/fish/Lampetra_fluviatilis/more_info.html Q

3. Entec, 2000a River Eamont acceptable Drought Order flow regime recommendation: suitabilitW{o® British
lamprey. Environment Agency: Penrith.
%h

4. Entec, 2000b Generically acceptable flows for British Lamprey. Environment Agency;

5. Goodwin CE, Griffiths D, Dick JTA and Elwood RW, 2006 A freshwater-feeding L fluviatilis L. populations
in Lough Neagh, Northern Ireland. Journal of Fish Biology, 68, 628-633.

6.)Jang MH and Lucas MC, 2005 Reproductive ecology of the river lamprey. Jo@ of Fish Biology, 66, 2, 499-512.

7. )oint Nature Conservation Committee, 1099 River Lamprey Lampetr: atilis. Retrieved March 8, 2006 from
http://www.jncc.gov.uk/ProtectedSites/SACselection/species.asp? relntCode=S1099

8. Maitland PS, 2003 Ecology of the River, Brook and Sea Lamprey o ™serving Natura 2000 Rivers Ecology Series No.

5, English Nature: Peterborough. Available: http://www.engli ure.org.uk/lifeinukrivers/species/lamprey.pdf
Supporting references &

Habitats which should be considered with Ly, ilts are water courses of plain to montane levels with
Ranunculion fluitantis and Callitricho-Bag egetation and estuaries.

2
O
N
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2.3.2 Fish and amphibians

AuiS S h ad (Alosa alosa)

General information

The allis shad is a member of the herring family
(Clupeidae) and may be found in shallow coastal waters
and estuaries as well as large rivers during the breeding
season where it spawns. Spawning occurs from May to
July when non-adhesive eggs are laid in gravel beds in
shallow waters and hatch 4-8 days later (Ref. 6 & 10).
The shad population has declined significantly
throughout Europe in recent years and only in small
numbers around the coast of Britain. Although the allis
shad may spawn in the Solway Firth, there is not
definite evidence of spawning stocks in the UK (Ref. 6).

Habitat preferences

¢ |n a marine environment, A. alosa have been
recorded from depths of 10-150 metres and are
exclusively planktivorous. A suitable estuarine
habitat is important for allis shad both for passage of
adults and as a nursery ground for juveniles (Ref. 6).

¢ |n freshwater, A. alosa require a clear migration route

to spawning grounds, suitable resting pools and i

clean gravels at the spawning area. Juveniles r @
a slow-flowing nursery above the estuary a \6

hatching (Ref. 6). The narrowest riverin Br
supporting A. alosa spawning is the R@
which is approximately 20 metres as been
suggested that the upstream mi

estuary is catalysed by water
to 10-14° Celsius (Ref. 6).

o tnces S
eyin uences®

Water resource
e A. alosare : euitable river flows to allow them

from the
ature increases

passa pawning ground and adequate water
dep straction may also be detrimental to shad
lows may prevent access to upstream

éﬂning grounds as well as exacerbate the impact

‘\%o poor water quality (Ref. 3 & 6);

\>

Studies have suggested that any significant
management of channels which removes resting
pools or creates stretches of fast flow (>2m s?) or very
shallow water (<10 cm) must be avoided along the
shads migration route (Ref. 6);

e (recco etal. (1986) suggested that climatic factors
such as river flow, rainfall and temperature during

Environment Agency in partnership with Natural England and Countryside Council for Wales

May and June are major regulatory factors for shad

populations. Their study produced a model, which

found that flow and rainfall accounted for 80-90 Q

cent of stock recruitment variability (Ref. 4 & 5); ?i(
e High flows, particularly from June to Septem bﬁem

be detrimental to A. alosa as eggs and fry
swept downstream to the sea; additi ad
have difficulty swimming upstream i w

mi
exceeds 2m s1; and
erintakes if

e Shad can be entrained by vario
allows(Ref. 9).

their design and/or intake ygl

Other influences O

e A alosa need a mi v oute that is free of
obstacles, suchems naWgation weirs, hydropower

barrages and on-stream barriers which have

contribute the population decline of the shad

which r@be lost to water intakes (Ref. 6);

o Shad h [so declined from areas with historically
ter quality such as the Thames and have not

rned A. alosa require a UK water quality class
or greater;

he eggs are quite sensitive to temperatures below
16 degrees Celsius (Ref. 3) so there may be impacts
from regulation and compensation releases from
reservoirs; and

e Habitat fragmentation or destruction, particularly the
loss of suitable substrate for spawning (which often
occurs in faster currents at the end of pools where
gravely shallows begin and where there is a
maximum penetration of gravels by currents) and
excess of siltation which can inhibit oxygen uptake
by gills or egg membrane.

Current and future work

The LIFE in UK Rivers Project is developing conservation
strategies and monitoring protocols for use on rivers
designated as Special Areas of Conservation under the
European Union Habitats Directive. Refer to the LIFE in
UK Rivers website for further information.

A workshop on the four target Vertigo species was held
in 2002, its proceedings were collated into the article:
Speight MCD, Moorkens E and Falker G 2003
Proceedings of the workshop on conservation biology
of European Vertigo species (Dublin, April 2002) Heldia,
5,7, 1-183.

Understanding water for wildlife
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The Allis shad should be consider, ; Water courses of plain to montane levels with Ranunculion fluitantis and
Callitricho-Batrachion vegetatios stuaries
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2.3.2 Fish and amphibians

Twa i te S h d d (Alosa fallax)

General information

The twaite shad (Alosa fallax) is a member of the herring
family Clupeidae. A. fallax occurs along the west coast of
Europe, from southern Norway to the eastern
Mediterranean Sea and in the lower reaches of
accessible rivers along these coasts; in Britain they

may be found in the Severn, Wye, Usk and Twyi Rivers
(Ref. 12). At maturity, adult twaite shad stop feeding
and gatherin the estuaries of suitable rivers in early
summer to move upstream and spawn. Spawning occurs
in flowing water over stones and gravel and the eggs
hatch in 4-6 days (Ref. 12). The juvenile fish feed on
invertebrates but move onto larger crustaceans as they
mature (Ref. 12). Several studies have suggested that
river flow, rainfall and temperature are major regulatory
factors for shad populations (Refs. 2 & 4 & 5).

Habitat preferences

e Twaite shad have been found in marine habitats of
10-110 metres with a preference for water 10-20
meters deep. A suitable estuarine habitat is requi

for shad, both for the passage of adults and as
nursery ground for juveniles (Ref. 12); anq &

¢ |n freshwater, A. fallax require a clear migi{OWsroute
to spawning grounds, suitable resting@nd
clean gravels at the spawning area.JuveMes require
a slow-flowing nursery area in fr %ter above the
estuary after hatching (Ref. 1 s been
suggested that the upstreinégration from estuary
is triggered when the wgter perature rises to 10-
14° Celsius (Ref. 12), v&vaite shad spawning runs
are also influenc stuarine tides and river flows,
although migraai s been recorded at relatively

high discha s, if flows are too high then the
number

K uences

ater resources

A. fallax require suitable river flows to allow them
passage to a suitable spawning ground and
adequate water depths of 45 centimetres to 3
metres. Research indicates that egg density declines
with depth (Ref. 12);

Environment Agency in partnership with Natural England and Countryside Council for Wales

e Studies have suggested that any significant
management of channels which removes resting
pools or creates stretches of fast flow ()2m s%)

X\

24
shallow water (<10 cm) must be avoided alongt(ei

shads migration route (Ref. 12); and

e Abstraction may also be detrimental to sh
flows may inhibit access to spawninggr,
exacerbate the impact of poor water

o

and

Other influences

e A. fallax need a migration rou @ of obstacles
such as navigation weirs dropower barrages
which have contributEt reduction in
population; the sh [so be consumed by
industrial watepmtakes (Ref. 8 & 12);

e Shad have also ined from areas with historically
poor water lity such as the Thames and have not
yet retu@ it has been suggested that A. fallax
require water quality class of B or greater

RCNY;
-\ﬁg‘[e)mperatures are important and spawning
n occurs at temperatures between 18-22° Celsius
hile larvae prefer waters between 17-24° Celsius
(Ref. 12);

e Overfishing has also contributed to the decline of
A. fallax;

e Habitat fragmentation or destruction, particularly the
loss of suitable substrate for spawning (which often
occurs in faster currents at the end of pools where
gravelly shallows begin and where there is a
maximum penetration of gravels by currents); and

e Siltation of rivers can inhibit oxygen uptake by gills or
egg membranes and has also contributed to shad
decline on some rivers. Shad are often found in
waters with 4-5 mgO,;! (Ref. 10).

Current and future work

The Life in UK Rivers project has developed a guide to
the ecology, conservation and monitoring of the allis
shad and is available at: www.english-
nature.org.uk/lifeinukrivers/species/shad.html

Understanding water for wildlife
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Estuaries a ercourses of plain to montane levels with Ranunculion fluitantis and Callitricho-Batrachion
vegetatida spould be considered with the twaite shad.
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2.3.2 Fish and amphibians

AtlantiC Salm on (Salmo salar)

General information

The Atlantic salmon (Salmo salar) is an anadromous
species (adults migrate from the sea to freshwater for
breeding) which can reach up to 1.5 metres in length
and can live for up to 10 years. Historically, this species
was distributed in all countries whose rivers enter the
North Atlantic, but its current distribution has been
restricted by anthropogenic factors, particularly man-
made barriers which impede its movement and poor
water quality. Atlantic salmon may be found in suitable
river systems unaffected by poor water quality and
migration barriers throughout Britain (Ref. 3). Although
improvements in water quality have allowed S. salar to
return to rivers such as the Taff, there has been a steady
decline in British waters in recent years.

Habitat preferences

e The suitability of a habitat for juvenile salmon
depends upon water depth (17-76 centimetres),
water velocity (25-90cm s'1), streambed substratum
composition and refuge availability (Ref. 3). Typic

S. salar spawn in transitional areas between
and riffles where the flow is accelerating a‘n@
decreasing as well as gravel of suitable c ss
(Ref. 3); $

e Salmon fry and parr may be found ig shatw, fast-
flowing water with a moderately substrate and
cover, suitable cover for juve 'l(b«ludes areas of
deep water, surface turbu@ 00se substrate,
large rocks, overhanging veg®ation, woody debris
and/or aquatic vege I&‘(Ref. 3); and

e Salmon<7cmin | require habitat in pebbly

riffles without s; as they mature they move to
a cobble/b rhabitat with greater depth,

>300mill®
C.
\ Y4

K uences

ater resources

Upstream river migration for S. salar occurs at higher
flows and may be catalyzed by an increase in flow.
Solomon etal. (1999) suggests that the threshold
flow required to induce salmon to enter a river from
the sea varied from 101 per cent to 284 per cent of
the Q95 (or the flow exceeded 95 per cent of the

Environment Agency in partnership with Natural England and Countryside Council for Wales

time; Ref. 3). Spawning and nursery areas must be

accessible to adult salmon and should provide \«
adequate depth and velocity for juveniles (Ref. 3), Q
Successful incubation of ova and emergence of%
dependent on the adequate flow of water thrgeigh

gravel and previous studies have found th el of

<10 percent fines below 83 mm of wa 0 per

cent fry emergence (1);

Yearling and older parr need a de
centimetres and velocity of 60
A previous study has also i
salmon to negotiate barrij
heightened when t
1:1.25 (Ref. 3);
Similar studle

flow of 0.03 m3
adequate

f20-40
m st
that the ability of
pstream migration is
fthe pool below is

wiveniles have concluded that a
er metre of channel width are

A posa” equence of river regulation may be
tha s may not be sufficient in magnitude or
efcy to provide adequate migration

fr
@ortunities for adult salmon (Ref. 3). Previous

dies have suggested that salmon commenced

®upstream migration when the flow reached a level of

0.084 m? s per metre of channel width and that
peak migration occurred at a flow of 0.2 m3 s per
metre width (Ref. 3);

Salmon may be at risk of entrainment, and
Temperature changes as a result of regulation and
compensation releases may impact on salmon.

Other influences

S. salar require very good water quality, typically that
found in upland streams and spring-fed chalk
streams, they are particularly sensitive to heavy
metals, sheep dip, organic chemicals and increased
acidity;

General Quality Assessment (GQA) defines salmonid
waters as being of grade A or B;

Salmon waters are typified by the presence of high-
scoring (Biological Monitoring Working Party, BMWP)
pollution-intolerant invertebrate taxa such as mayfly
and stonefly nymphs;

Changes in sea surface temperature, fish farming
and industrial fishing can exacerbate the loss or
fragmentation of habitat suitable for S. salar (Ref. 3).
Sea lice resulting from fish farming and parasites
can also detrimentally impact the salmon;

Increased predation by birds/seals or exploitation
by humans;

Understanding water for wildlife
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e The management of rivers can increase reduce flow Current and future work
and increase siltation, decreasing the area available

for spawning and suspended solids may choke fish ) ) X :
or disrupt feeding behaviour; and ecological guide, conservation strategies and

* Artificial barriers preventing upstream migration monitoring protocols for S. salar available at:
restrict the distribution and abundance of salmon www.english-nature.org.uk/lifeinukrivers/ \«

The LIFE in UK Rivers project has developed an

populations. species/salmon.html

Key references K
1. Anon, 2003 Guidance on managing salmon and formulating Salmon Action Plans in accordance W
p

Habitats Regulations on Special Area of Conservation rivers. Fisheries Technical Advisory Group guj aper.
2. Heggenes |, 1990 Habitat utilisation and preferences in juvenile Atlantic salmon (Salmo salg/Rp Streams.
Regulated Rivers Research and Management, 5, 341-54.
3. Hendry Kand Cragg-Hine K, 2003 Ecology of the Atlantic Salmon, Salmo salar, Cons@/atura 2000 Rivers
Ecology Series Number 7. English Nature: Peterborough. E

erid Technical Manual 4.

4. Hendry Kand Cragg-Hine D, 1997 Restoration of riverine salmon habitats. fH&h
Environment Agency: Bristol.

5. McLeod CR, Yeo M, Brown AE, Burn A}, Hopkins J) and Way SF, 2002 T/Qbitats Directive: selection of Special
Areas of Conservation in the UK, second edition. Joint Nature Conserv@w ommittee, Peterborough. Available:
www.jncc.uk/SACselection

6. National Rivers Authority, 1994 Implementation of the EC ff %rﬁsh directive: water quality requirements
for the support of fish life. Water quality services number : Bristol.

7. Solomon DJ, Sambrook HT and Broad KJ, 1999 Salggeg ration and River Flow: Results of tracking radio tagged
salmon in six rivers in South west England. Researc @~ Development Publication 4. Environment Agency: Bristol.

8. Stewart L, 1973 Environmental engineering&@bnitoring in relation to salmon management. International
Atlantic Salmon Foundation, special publica N eries 4,1, 297-316.

N

Further information 9

Habitats associated with thevﬁ salmon are: Watercourses of plain to montane levels with Ranunculion
fluitantis and Callitricho- g{r' on vegetation; estuaries; and the freshwater pearl mussel.

Environment Agency in partnership with Natural England and Countryside Council for Wales Understanding water for wildlife
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2.3.2 Fish and amphibians

S p i ne d lO dC h (Cobitis taenia)

General information

The spined loach (Cobitis taenia) a small bottom-
dwelling fish, usually less than 12 cm in length. It has
a strongly patterned laterally compressed body and
its mouth is surrounded by six barely visible barbells
(Ref. 9). In the UK the spined loach appears to be
restricted to five east-flowing river systems in eastern
England - the Rivers Trent, Welland, Witham, Nene and
Great Ouse, with their associated waterways (Ref. 2).
Itis thought to be widely distributed within these
systems, but detailed information is lacking since

it is often over looked in fish surveys (Ref. 3).

Habitat preferences

e Spined loach has a restricted microhabitat
associated with its specialised feeding mechanism.
Using its complex branchial apparatus to filter-feed,
it requires fine but well-oxygenated sediments; and;

e Optimal habitat consists of patchy submerged
macrophyte cover (and possibly emergents) which
is important for spawning and a sandy, silty

substrate into which juvenile fish tend to bu@

themselves (Ref. 9).

Key influences

&

Water resources @

e Thereis little available inforgati&# on specific water
quantity or quality require of the spined loach.
Data available are con®gtrated on flow velocities;

e Anindirect relations{ip¥etween flow regimes and
distribution may % response to the relationship

e density and water flow (Ref. 4);

winter flows individuals become
. %concentrated in deeper, slacker areas (Ref. 8).

\)

Environment Agency in partnership with Natural England and Countryside Council for Wales

\

Other influences

e The spined loach tolerates a pH range of 5-10, with
preferred conditions at 7 (taken from Habitat
Geschiktheid Index model: Kliene modderkruip%
Habitat suitability index model for spined loagh —
Witteveen & Bos unpubl. Data, as cited in é

e Predation from a range of omnivorou
carnivorous species may be a major %
influencing the distribution patten@e spined
loach. Benthivorous species, ir@ ular carp and
bream are likely to constitu rgest threat.

These two species can al sediment
characteristics, whi plications for the entire
ecology of the habita\(Ref. 3); and

e The abundanc%fuges such as macrophytes may
be critical in det®#ining the strength of recruitment

and any lo m population viability (Ref. 4).
N4
Cu and future work

nd Vilizzi (2004) examined the microhabitat use
. taenia in the Great River Ouse basin. Their findings
indicate that water velocity and filamentous algae were
the most influential variables in determining
microhabitat suitability and that the preferred water
velocities decreased with age for C. taenia (Ref. 1).

Recent research by Natural England and Entec has
outlined the occurrence of spined loach throughout
England and some of its sensitivity to diffuse pollution
(Ref. 10).

Natural England and the Environment Agency have
recently produced the following: Genetics and ecology of
spined loach in England: implications for conversation
management. Science report SC000026/SR

Understanding water for wildlife
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Key references

General description/biology & habitat details
1. Copp GH and Vilizzi, 2004 Spatial and ontogenetic variability in the microhabitat use of stream-dwelling spined
loach (Cobitis taenia) and stone loach (Barbatula barbatula). Journal of Applied Ichthyology, 20, 6, 440-451. «

2. English Nature. (1997). The habitat and management requirements of spined loach Cobitis taenia. English
Nature Report No 244. English Nature, Peterborough.

3. English Nature. (1999). Survey of selected sites and habitats for spined loach Cobitis taenia. English Nature(L
Report No 303. English Nature, Peterborough.

4. Macronato, A, & Rasotto, M. B. (unspecified) ‘The biology of a population of spined loach, Cobiti ;
L. Bolletino di Zoologia, 56(1), 73-80.

5. McLeod, CR, Yeo, M, Brown, AE, Burn, A}, Hopkins, JJ, & Way, SF (eds.) (2002). The Habitats cl¥ve: selection
of Special Areas of Conservation in the UK. 2nd edn. Joint Nature Conservation Committee, rPorough.
www.jncc.gov.uk/SACselection

6. Nunn AD, Cowx |G and Harvey JP, 2003 Note on the ecology of spined loach in t, iver Trent, England.
Fisheries Management and Ecology, 10, 117-121.

7. Perrow, M. R. & Jowitt, A. J. D. (1997). Influences on macrophytes on the st@e and function of fish
communities. Unpublished report to the Broads Authority, UK.

8. Robotham, PW.) (1981). ‘Age, growth and reproduction of a popula QSpined loach Cobitis taenia (L)’.
Hydrobiologia, 61, 161-167.

9. Wildlife Trust Species Action Plan for Spined Loach. Websit st: 2002
http://www.wildlife(bcnp).org.uk/bedsbap/pdf/spdloac

10. Wildlife Sites at Risk from Diffuse Agricultural Po & nglish Nature Research Reports, Number 551. English
Nature: Peterborough. Available: http://www. engh re.org.uk/pubs/publication/PDF/551.pdf
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2.3.2 Fish and amphibians

B U llh ed d (Cottus gobio)

General information

The bullhead (Cottus gobio) is the only freshwater
species of cottidae found in the UK. This small species
is easily identified from its large head (eyes on top) and
dorso-ventrally flattened tapering body modified for life
on the bottom of flowing waters. Bullheads also lack a
swim bladder, a further adaptation to its benthic
habitat. The species is widely distributed in Europe,
and common in England and Wales. It is absent from
Ireland and only present in a small number catchments
in Scotland. The bullhead is only considered indigenous
to east and some southern English rivers.

Bullheads appear to be territorial and are considered
sedentary. Feeding primarily occurs at dusk (and
presumably dawn), with benthic invertebrates making
up the bulk of their diet (Ref. 4).

Habitat preferences

e Bullheads predominantly occur in stony streams and
rivers where flows are moderate and waters are

oxygen rich. These range from high altitude beds&

the chalk streams of southern England. Bull
also commonly found in streams without &
substrate (e.g. clay dominated catchme
populations are equally sustainable i
where cover is afforded by substr ther than
gravel i.e. tree roots and other w m material;

e Differences in population d , sexual maturity
and longevity are apparen een bullhead
populations (Refer to R& 4 for further information);

e Spawning takes pla February to June. Various
habitats are requ bullheads according to their
different life

e Coarse, ha
arere

ats

trates of clean, gravel and stones
r breeding. Males are territorial and
enc females to lay their sticky eggs under
éat stones. Males then defend the nest and
é or the eggs until hatching;
[

allow stony riffles are important habitat for young

S
‘\% fish (<1 year); and

\>

e Sheltered areas created by natural wooded riparian
margins (woody debris, tree roots, leaf litter,
macrophytes and large stones) are preferred
(especially during daylight hours) by adult bullhead.

Environment Agency in partnership with Natural England and Countryside Council for Wales

Key influences

Water resources

e Water depth is not considered critical to the bulh@tg

provided it is»5 cm. Bullheads present in lakes,hav
been found in depths of up to 20 m (Ref. 1); {

e Moderate water velocity is required with l@s to
date suggesting 10-40 cm/sec. Thes @itions
are often associated with riffles. S er refuges
are also necessary for all life st ring high

flows (Ref. 4);
e |t has been suggested th eads are likely to
suffer under low flow % ns. Studies have

shown that where | s have been reversed,
bullhead popu ns Mave recovered (Ref. 4);

e Low flows can i%se temperatures and reduce
oxygen lev. his can directly affect egg survival
and ind&ﬁect adult males who then ‘fan’ eggs
when oxY&€n levels become reduced;

o | @vs may lead to the siltation of preferred stony
&s ates; and

llheads are generally found in water of moderate
velocity, but may tolerate considerable flow velocity
through utilising microhabitat refuges such as large
stones and debris. Differences in velocities have
been observed between studies (Ref. 4).

Other influences

e Shade and cover are important habitat requirements
for the bullhead through the provision of protection
from predation;

e Vertical structures and barriers greater than 18-20 cm
willimpede movement, causing population
fragmentation (Ref 4);

e Bullheads are vulnerable to a wide range of
predators. Known predators include brown trout and
signal crayfish (Pacifastacus leniusculus);

e Signal crayfish may also compete for shelter and
food and reduce recruitment through predation of
bullhead eggs;

e Channelisation which changes natural flow regimes
and sediment dynamics may remove suitable
substrate and reduce available habitat for the
bullhead. Excessive management of riparian trees
and the clearance of woody debris / leaf litter during
routine operations to maintain flood defence
capacity are also likely to affect bullhead abundance;

e Bullheads appear to be particularly sensitive to
temperature. The critical thermal limits are -4.2 and
27.7°C (Ref. 2);

Understanding water for wildlife
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e Little work has been undertaken on water quality presence of nitrogen compounds (Ref. 5); and

requirements. There is no published information e Activities likely to increase siltation rates may affect
on the tolerance of bullheads to typical freshwater bullhead populations through the reduction in
pollutants which include nutrients and heavy metals available habitat.
(Ref. 4);
e Given the territorial nature and poor dispersal ability
of bullheads, they are likely to be less able to Current and future work
recolonise areas after a pollution incident; The LIFE in UK Rivers Project is developing conservati(Q
e Utzinger et al (1998) found bullheads directly strategies and monitoring protocols for use on rive
downstream of sewage treatment works, although in  designated as Special Areas of Conservation undgr th
lower densities than observed upstream. Provided European Union Habitats Directive. Refer to th in

oxygen saturation is high, bullhead may tolerate the UK Rivers website for further informatio%

&

Key references l

General description/biology & habitat details

1. Crisp, D. T. & Mann, R. H. K. (1991). Effects of impoundment on populations oft Cottus gobio L. and
minnow, Phoxinus phoxinus (L.), in the basin of Cow Green Reservoir. /ourna[ Fis /ology, 38, 731-740.

2. Elliot, .M. and Elliot, J.A. (1995). ‘The critical thermal limits for the bullhea ttus gobio, from three
populations in north-west England’. Freshwater Biology, 33: 411-418.

3. Roussel, .M. and Bardonnet, A. (1996). Differences in habitat use @y and night for brown trout (Salmo
trutta) and sculpin (Cottus gobio) in a natural brook: multivariat?d multi-scale analyses. Cybium, 20: 45-53.

4. Tomlinson, M. L. & Perrow, M. R. (2002). The Ecological Re ents of the bullhead (Cottus gobio L.) (Draft).
LIFE in UK Rivers Project. http://www.english-nature. org Minukrivers/ecological.html

5. Utzinger, )., Roth, C. and Peter, A. (1998). Effects nmental parameters on the distribution of bullhead
Cottus gobio with particular consideration of the fobstructlons Journal of Applied Ecology, 35: 882-892.

N

Watercourses of plain to montane le\%/vith Ranunculion fluitantis and Callitricho-Batachion vegetation should
also be considered with the bullh%

Supporting references
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2.3.2 Fish and amphibians

G reat C TESte d n EWt (Triturus cristatus)

General information

The great crested newt (Triturus cristatus) is the largest
of all the newt species occurring in the UK. As an adult it
can reach up to 17 cmin length, although size variation
is apparent between populations. The great crested
newt is dark, often black in colour, with fine white spots
on its lower flanks (Ref. 13). Its skin is granular and the
belly is predominately an orange or yellow colouring,
with black blotches (Ref. 12). In the spring to early
summer period, the adult males have two jagged crests
along the back and tail.

Distribution of this species is widespread throughout
much of England and Wales, although its abundance in
the south-west England, mid Wales and Scotland is
described as sparse. The total UK population is
relatively large and is distributed over sites that vary
greatly in their ecological character (Ref. 7).

Habitat preferences

e Great crested newts are mainly found in lowland
habitats;

e They occupy both natural and semi-natural
habitats including marshes, reed beds, spu¥g-§d
ponds, pingos, bog pools, sand dune p
ox-bow lakes (Ref. 3);

e The newt is commonly recorded ing@ificially created
ponds and terrestrial habitats, &ﬁwhich have
been greatly modified by h tivity (Ref. 12);

e Deep open water is requir breeding with
abundant macrophyteRef. 7);

e Scrub orwoodland 6<e$xluous and coniferous)
is required by ad@ foraging;

e The species to prefer medium sized
breeding s¥around 50-200m2 (Ref. 13); and

has indicated that presence of

U} increases significantly with the density
sin an area (Ref. 10).

. %ey influences

\)

Water resources

e Water must be present in the great crested newts
breeding water body until September to allow larvae
to emerge successfully (Ref. 1);

Environment Agency in partnership with Natural England and Countryside Council for Wales

>

e Ponds that dry for short periods in late summer, orin
occasional years may provide favourable conditions
by ensuring fish do not dominant the system (Re
and

e The great crested newt tends to favour water
relatively deep, allowing for its size and br@
habits (Ref. 8).

ati

Other influences Q

e Great crested newt larva appear ire fish free
ponds for development, as th é to prefer open
water rather than hiding i s with the larva from
other newt species (R

e Terrestrial scrub/w% habitat within 200 m of the

breeding pond jgwequied by the adult population, a

minimum area ha has been estimated (Ref. 9).

Forestry actpmjes can therefore influence the health
and stat pulations (Ref .5);

e The gre sted newt prefers hard waters with a pH
b n 5-6.5 and calcium concentrations between
- g/l (Ref. 3);

mentation of the landscape can cause local
xtinction of great crested newt populations
(Ref. 7); and
Populations distributed across a dense network of
farm ponds are considered more robust (Ref. 13).

Current and future work

Dr. Richard Griffiths of the University of Kent has been
researching the success of T.cristatus translocation,
which has increased dramatically since 1990. His
results have suggested that although the number of
new ponds created compensated for the number lost,
there was an overall net loss of aquatic habitat. Despite
this loss of habitat the findings indicate that breeding
at most sites one-year post-development was
successful. Long-term results from such sites are not yet
available.

The Great Crested Newt Conservation Handbook which
was produced in 2001 will be updated shortly.
Additionally, the Environment Agency will be
implementing a new national amphibian recording
scheme including T. cristatus among other species.

Understanding water for wildlife
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Key references

General description/biology & habitat details

1. Atkins, W. (1998), “Catch 22’ For the Great Crested Newt. Observations on the breeding ecology of the Great

Crested Newt Triturus cristatus and its implications for the conservation of the species’, British Herpetological «
Society Bulletin, No 63.

2. Beebee, T.).C. (1987). ‘Eutrophication of Heath land Ponds at a Site in Southern England: Causes and Effect Q
with Particular Reference to the Amphibia’, Biological Conservation, 42, 39-52. ?L
3. Cooke A.S. & Frazer, J.F.D. (1976). ‘Characteristics of Newt Breeding Sites’, J.Zool, Vol 178, pp 223-236. K

4. Edgar PW, Griffiths R A and Foster JP, 2005 Evaluation of translocation as a tool for mitigating devgl t
threats to great crested newts (Triturus cristatus) in England, 1990-2001. Biological Conservation, 5-52.

6. Environment Agency, 2003 Development and Implementation of a Pilot Monitoring Progr
Crested Newt, Triturus cristatus. R& D Technical Summary W1-068/1/TS.

7. Hayward, R. Oldham, R. S., Watt, P.J., Head, S. M. (2000). ‘Dispersion Patterns %g Great Crested Newts
(Triturus cristatus)’. Herpetological Journal. Vol 10, 129-136.
t:Qf

5. English Nature (1994). Facts about the great crested newts, English Nature, Peterborough.
&z for the Great

8. Langton, T., Beckett, C. and Foster, J. (2001). Great Crested Newt Conserva andbook, Froglife, Suffolk.

9. Latham D. M., Oldham R. S. (1996). ‘Woodland Management and t servation of the Great Crested Newt
(Triturus Cristatus)’, Aspects of Applied Biology, 44.

10. Leuven,RS, den Hartog, C, Christiaans,MC, Hiijligers, W. (1 . Xffects of acidification on the distribution
patterns and the reproductive success of amphibians’, Exp 42, 495-503.

11. McLeod, C.R., Yeo, M., Brown, A.E., Burn, A.)., Hopki % & Way, S.F. (eds.) (2002). The Habitats Directive:
selection of Special Areas of Conservation in the UK. dn. Joint Nature Conservation Committee, Peterborough.

www.jncc.gov.uk/SACselection
12. Oldham, R.S., Keeble J., Swan, M., Jeffco @994). ‘Evaluating the Sustainability of Habitat for the Great
Created Newt (Triturus Cristatus)’. Herpetofegic®! Journal Vol 10, 143-155.

13. Oldham, R. S., Humphries, R.N. (2800). ‘Evaluation the Characteristics of Great Crested Newt (Triturus

cristatus) Translocation’, Herpetol ournal, Vol 10, 183-190.
Supporting referem&s
Annex | habitats to b stdered with the great crested newt are; Natural eutrophic lakes with Magnopotamion or

Hyrdocharition-ty tation; Mediterranean temperate ponds; North Atlantic wet heathlands with Erica tetralix;
and refer to gu@ notes produced for these habitats.
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2.3.3 Mammals

The following summaries are not based on an exhaustive literature review '<\
but compiled using key reference papers and websites provided by Q
Environment Agency, Natural England and CCW staff. These notes are

intended to provide a summary of relevant information on the hydrolog
requirements of the listed mammals. For further information, refer

references listed in the summaries. @

— Barbastelle bat (Barbastella barbastellus)

— Otter (Lutra lutra) %

Environment Agency in partnership with Natural England and Countryside Council for Wales Understanding water for wildlife
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2.3.3 Mammals

B a rb a Ste lle b at (Barbastella barbastellus)

General information

The barbastelle (Barbastella barbastellus) is a medium-
sized bat that is easily identified by its distinctive
features, which make it unlike any other bat in Europe.
The furis almost black, usually with very pale or golden
brown tips. The ears are very broad with the inner edges
joined together across the forehead (Ref. 2).

The barbastelle is one of the UK’s rarest mammals with
few maternity roost sites known. It is widely distributed
across southern England and Wales but may be
significantly under-recorded within its range (Ref. 2).

Habitat preferences

e The ecology of the barbastelle is poorly-known. In
Europe, it is believed to be an upland and forest
species while in the UK it seems to prefer wooded
river valleys (Ref. 2);

e Most UK records come from caves or abandoned
mines, which are important hibernation sites;

e Barbastelles forage in mixed habitats, usually ov
water (Ref. 2). They feed mainly on Lepidoptera t
in flight, but may also glean insects and spi
vegetation (Ref. 4); .

e Barbastelles appear to select cracks an \ces in
wood for breeding, mostly in old or da trees.
Cracks and crevices in the timbers ld buildings

may also be used (Ref. 2); @

e Maternity colonies may moy, een suitable
crevices within a small ar h as a piece of
woodland or a compleX®f buildings (Ref. 2); and

e |nspring and autum?r astelles are frequently
found behind the@ bark of trees (Ref. 1).

S
Key inf s
Water ces

o ﬁ little published material directly associated
water resource requirements of the barbastelle,

% however flightlines of foraging bats frequently follow

small rivers or streams, particularly in spring (Ref. 1);
and

e Maintenance of open water within woodlands has
been suggested to help preserve barbastelle habitat
(Ref. 1).

Other influences
e Threats to the barbastelle are poorly understood, b
its low population density and slow population
growth make it particularly vulnerable to habita%

Fragmentation of ancient deciduous woodlan
habitat, and the loss, destruction and dist
roosts or potential roosts in building

status

e Reduction in the bats food sou
otherinsects) due to habit
instigated by fertiliser us

of this species;

impact on populatiggs );

e The microclimate of
and within the
for rapid develo

risk of

mordgliN (Ref. 1); and

e of

pidoptera and
fication,
ntensive grazing will

area surrounding roost sites
®es Is important to ensure warmth
nt of juveniles and reduce the

e The spel very sensitive to disturbance.

Qé"\

t and future work

barbastelle is the subject of a Species Recovery
Programme (Phase 1 project funded by English Nature)
and is included in the DETR (now Defra) sponsored
National Bat Monitoring Programme which aims to
establish baseline data and propose long-term
monitoring protocol (Ref. 4).

Research is currently being carried out in Norfolk,
Surrey, Devon, Hampshire and the Isle of Wight to
locate roosts and identify habitat requirements of
the barbastelle bat (Ref. 3).

A study by Wickramasinghe et al. (2003 Ref. 5) found
that bat activity and foraging was significantly higher on
organic than conventional farms, potentially as a result
of unfragmented habitat and higher densities of insects.

Parsons et al. (2003) have recently completed a survey
of swarming sites for B. barbastellus and their
importance (Ref. 3).

Environment Agency in partnership with Natural England and Countryside Council for Wales
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Key references

General description/biology & habitat details
1. Greenaway, F. (2001). The Barbastelle in Britain. British Wildlife, 12: 327-34. «

2. McLeod, C.R., Yeo, M., Brown, A.E., Burn, A.]., Hopkins, .., & Way, S.F. (eds.) (2002). The Habitats Directive:
selection of Special Areas of Conservation in the UK. 2nd edn. Joint Nature Conservation Committee, Peterboroug
www.jncc.gov.uk/SACselection

3. Parsons KN, Jones G, Davidson-Watts | and Greenaway F, 2003 Swarming of bats at underground sites in Brita
— implications for conservation. Biological Conservation, 111, 63-70. K

4. UK Biodiversity Group. (1998). Species Action Plan: Barbastelle Bat (Barbastella barbastellus). wersity
Group Tranche 2 Action Plans — Volume I: Vertebrates and vascular plants. HMSO, London.
%®nic and

5.Wickramasinghe LP, Harris S, Jones G and Vaughan N, 2003 Bat activity and species richne
conventional farms: impact of agricultural intensification. Journal of Applied Ecology, 40, 9

Supporting references
The Annex | habitat alluvial forests should be considered with the barbastell%
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2.3.3 Mammals

O tt er (Lutra lutra)

General information Key influences

Water resources Q\
¢ No specific water requirements are noted for ott%

populations, but indirect impacts on habitat apd
food supply alteration (linked to water qua

changes) should be considered; and
%;’s will be
ionin

The Eurasian otter (Lutra lutra) is a brown furred semi-
aquatic mammal with a long and sleek body with
partially webbed paws and a strong tapering rudder-like
tail for swimming. An adult male may be up to 4 feet
long including the tail, with females typically being

smaller. e The primary impact of flow changes t

The otter population of the British Isles declined rapidly
from the mid 1950s until at least the mid 1970s. A slow
but gradual recovery of the species is now being
observed.

Habitat preferences

\>

Environment Agency in partnership with Natural England and Countryside Council for Wales

N

Otter populations occur in a wide range of ecological
conditions, including inland freshwater and coastal
areas. In Scotland, otters are widespread in coastal
habitats as well as on inland lakes and rivers,
whereas in England and Wales the tendency to utilise
coasts is less marked but may be increasing as
recovery continues;

and standing freshwaters. Vegetated river b
islands, reedbeds and wetlands, adjacen®

woodland provide suitable habitat for'$ ,

Inland otter populations utilise a range of runnin& .
and

breeding and resting (Ref. 3); however} S may
make use of almost all types of w ourse and
wetland habitat for foraging or &between
foraging areas;
Populations in coastal are ise shallow, inshore
areas for feeding but refyire freshwater for bathing.
Terrestrial areas are@equired for resting and
breeding holts. C otter habitat ranges from
sheltered wo ets to more open, low-lying
coasts; an
Holts a only located in places where the risk
of dj ysical disturbance is low (e.g. reeds,
crub, culverts, piles of rocks). However, the
Nability of these sites does not limit the otter
population, although few breeding holt sites are
known in the UK and it is possible that these may be
limiting in certain areas.

the loss of freshwater sites and th
available fish, crayfish and am e
populations. These impacts
survival or reduced total b

of the impacts of redu

availability, or poor ment due to the flow and
level impacts /f®/larval stages. Impacts may
need to be on%ium to large scale to significantly
affect otte@hough the loss of an important local
food so ch as e.g. an amphibian population
through d/wetland drying could be significant for

n food source
cur due to poor
s of prey as a result
s or levels on habitat

indvidial otter territories. It should be borne in
$ hat otters live at very low densities compared

most UK carnivores.

ther influences
Obstructions and barriers and culverts which
concentrate flows and increase velocities in
watercourses may force otters to leave the
waterside, particularly in flood events increasing
the risk of road deaths;
Otter use of freshwater habitats is associated with
the abundance of prey (Ref. 6). Fish dominate otter
diet in freshwater environments, but crayfish and
amphibia (mostly frogs) may also contribute a
substantial proportion; therefore quality and extent
of habitat will ultimately affect food supply and
therefore the carrying capacity for otters;
Loss of trees and shrubs along river margins may
reduce invertebrate prey and shading, having
implications for fish populations and subsequently
otters utilising the area, and may also reduce
available cover for otters, both of which may reduce
the suitability of habitat at a local scale for otters;
Organic pollution may indirectly affect and limit
otter populations through reductions in food supply
(Ref. 4);
Direct spillage of oil and other contaminants in
coastal areas may result in direct otter deaths.
Bioaccumulation of heavy metals, pesticides and
PCBs (Ref. 4) may also have detrimental effects to

Understanding water for wildlife
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otter populations over time, although otters are Current and future work

now recovering as a result of the removal from
general use of certain organochlorine pesticides
which were the main cause of their original rapid

The LIFE in UK Rivers Project developed conservation
strategies and monitoring protocols for use on rivers

decline in the UK; and designated as Specia}l Area§ of gonservation underthe
e Mason and Macdonald (1989) found that otters were European Union Habitats Directive. Refer to the LIFE in \«

not resident in Welsh streams where the pH fell

UK Rivers website for further information (Ref. 2).

lack of suitable food sources rather than a sensitivity  pNA fingerprinting of otter spraints (faeces), natio

below 5.5 although this may have been due to the Other research underway includes investigations iz@
|

to acidified waters (Ref. 2 & 5). distribution surveys and research into road-dea&
mitigation techniques. @

O

Key references
General description/biology & habitat details

&

1. Amblonyx Otter Fact Sheets. Accessed October 2002. http://www.amblonyx.co o@lu ra/otter_char.htm

2.Chanin P, 2003 Ecology of the European Otter. Conserving Natura 2000 Rivers, Series Number 10.
English Nature: Peterborough. Available: http://www.english-nature.org.uk/fTeinukPivers/species/otter.html

London, 245(1), 85-92.

3. Durbin, L. S. (1998). Habitat selection of five otters Lutra lutra in riverw&o ern Scotland. Journal Zool.

4, Mason, C. F (1989). Water Pollution and otter distribution: a reviewNs#tra, 32 (2), 97-131.

5. Mason CF and Macdonald SM, 1989 Acidification and otter (
Soil Pollution, 43, 3, 365-374.

utra) distribution in Scotland. Water Air and

6. McLeod, CR, Yeo, M, Brown, AE, Burn, A, Hopkins,J , SF (eds.) (2002). The Habitats Directive: selection of
Special Areas of Conservation in the UK. 2nd edn. Joj ure Conservation Committee, Peterborough.

www.jncc.gov.uk/SACselection

g\‘?

Supporting references

The Annex | habitat alluvial forests : be considered with otters.

(\ﬁ
Q
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2.3.4 Plants

The following accounts are intended to provide a summary of relevant
information on the freshwater requirements of the plants. With many of the
species there is little published material directly associated with water
resource requirements, and as such these notes should be treated wit
necessary precautions. For further information, refer to key referen ed

in each species account.
— Slender green-feather moss (Drepanocladus vernicosus) OA
— Petalwort (Petalophyllum ralfsii) %

— Marsh saxifrage (Saxifraga hirculus)

— Creeping marshwort (Apium repens) OQ

— Floating water plantain (Luronium natans)
— Fen orchid (Liparis loeselii) §

— Shore dock (Rumex rupestris) \®

.\\\b

&\
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2.3.4 Plants

Slender green-feather moss

(Drepanocladus vernicosus)

General information e The slender green-feather moss are generally only

found in localities which are wet all year and includ \
Slender green-feathe rmoss (Drepanocladus spring heads and large flushes (Ref. 2);. Howeve b
vernicosus) is a medium-sized moss of mildly base-rich several of the Pembrokeshire sites are only wet t](
flushes and springs in the uplands and more rarely, winter and could only really be described as damp
lowland sedge fens. Slender green-feather moss and the summer (Ref. 8); K
related genera are taxonomically difficult, with the e The species is commonly in rushy but hes
group being recently revised. The slender green-feather where water movement is minimal. ovement
moss is referred to in most current literature as is required nearby to provide calcig™NnDut; and
Hamatocaulis vernicosus (Mitt.) Hedends. It has been e A strong relationship between uantity/flow
confused with the related Scorpidium cossonii regimes and the distributio moss is likely
(Drepanocladus cossonii), but its distribution has been (Ref. 2) but more researc U%uwed before any
clarified by examination of herbarium specimens and conclusions can be.dra the relationship
recent survey work (Ref. 3). between flow regiméNyater quantity requirements
Factors pertaining to the decline of this species include and the ecolog%tatus of this moss.
the destruction of habitat, the lowering of the local Other influen
water table at lowland sites, and heavy grazing of e The eutr aYion of spring waters feeding the
flushes by sheep and deerin upland sites (Ref. 3). slender n-feather moss habitat will have an

ad? effect on the plant and may result in local
. tion in some instances (Ref. 3);
Habitat prEferences € moss is likely to have a low pH variation
d olerance with the species favouring the more
\ calcareous environments (Ref. 2);
e Unshaded areas that are grazed to prevent
vegetation encroachment are preferred but over-

e The slender green-feather moss has been identifi
in very wet, unshaded, mesotrophic mires, W|th
moderate (but not high) concentrations of c
both water inputs and soil (Ref. 2);

e It occurs predominately in base-rich flu \nd grazing can destroy populations (Ref. 2); and
springs (Ref. 3); ¢ Atmospheric pollution as well as forest creation is also
e The species may grow with small es (Carex spp.), thought to have contributed to its decline (Ref. 4).

black bog-rush (Schoenus nigri% nd other
characteristic mosses of ba ushes and fens,

such as Campylium stella d rarely if ever grows ~Current and future work
with Scorpidium sco_rpk%zs (a strong basophile) or - ag part of Scottish Natural Heritage’s (SNH) lower plant
Leiocolea bantr./enst often in neutral conservation project, The Edinburgh Royal Botanical
associations wit hytes thatinclude Gardens is assessing the taxonomic status of the
atum, Philonotis fontana, slender green-feather moss using available herbarium
[_tum and Dicranella palustris ; and samples (Ref. 1).
o ently found in uplands but does not

n Snowdon (Ref. 3).

’\%ey influences

\>

Water resources

e Limited information is available on the specific water
quantity and flow regime requirements for the
slender green-feather moss;

Environment Agency in partnership with Natural England and Countryside Council for Wales Understanding water for wildlife
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Key references

General description/biology & habitat details
1.HMSO (1999). UK Biodiversity Group Tranche 2 Action Plans — Volume VI: Terrestrial and freshwater species and
habitats. HMSO, Tranche: 2 Volume: VI.

2. Holyoak, D. T. (1999). Status, ecology and conservation of the moss Hamatocaulis vernicosus in England and Q

unpublished, EN.

3. McLeod, CR, Yeo, M, Brown, AE, Burn, A}, Hopkins, JJ, & Way, SF (eds.) (2002). The Habitats Directive: se t/on
of Special Areas of Conservation in the UK. 2nd edn. Joint Nature Conservation Committee, Peterborou
www.jncc.gov.uk/SACselection 6

References pertaining to the management of terrestrial habitat @
4. ARKive, Slender green feather moss (Hamtocaulis vernicosus), Retrieved March 2 2006 fr
http://www.arkive.org/species/ARK/plants_and_algae/Hamatocaulis vernlcosus/more |

5. Blockeel, T.L (1997). A Revision of British specimens of Drepanocladus vermcosué!@\lature Conservation

Wales. Report to CCW and EN on work carried out under EN contract no. FIN/CON/VT9918. Confidential, (L

Committee, Peterborough.

6. Hedenas, L. (1989). ‘The genera Scorpidium and Hamatocaulis, gen. nov, rthern Europe’, Lindbergiia, 15,
8-36.

7. Male, A. (2002). Drepanocladus vernicosus, Web Access: 2002 Q
http://home.clara.net/adhale/bryos/hvernic.htm O

8. Motley, Graham & Bosanquet, Sam. County Country Side for {&gle®2003.

Supporting references

Annex | habitats to be considered with the slen Q feather moss are: calcareous fens with Cladium mariscus
and species of the Caricion davallianae, petu& rings with tufa formation (Cratoneurion) and alkaline fens.
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2.3.4 Plants

PEta IWO rt (Petalophyllum ralfsii)

General information .

Petalwort (Petalophyllum ralfsii) is a pale green thalloid
liverwort with erect lamellae on its upper surface. The
species is dioecious but commonly produces capsules,
which mature from March to May (Ref. 5). It iscommonly
associated with the Annex | humid dune slacks habitat,

but has occasionally been recorded in other coastal
grasslands with similar conditions (Ref. 4). N

The petalwort appears to be increasing at a number of
sites as a result of trampling and soil compaction. At
English and Welsh sites the thalli appear above ground
from autumn to spring, and perennate through the
summer as underground tubers packed with lipid.

A fluctuating water table, with periodic flooding is
considered optimal for petalwort habitats.

water. Sites that are periodically flooded may as$is

X\

Fertilisation requires transport of spermatozoidséLQ

in this transport (Ref. 5);

A seasonally high water table is considere \
important (Ref. 5), however the petal

tolerate seasonal drought;

The nutrient concentration of the @upply could
be affected by the amount ofw@ tering the site

(dilution effect); and A
Drainage of sites will r rr@t s species from the
habitat compositio

Other influences

Some thalli may be visible on the surface during wet e Eutrophication ter supplies may result in this
weather in summer (Ref. 2). At the one Scottish site, species beigmout-competed;
where there is a continual flow of fresh water through e The pet Will only tolerate minimal shading in
the population, the petalwort remain throughout the the UK:
summer, as well as winter, months. . N\?ance of low vegetation by low nutrient
g, and intense grazing by rabbits is considered

. Wy portant;

Habitat preferences @Light trampling on pathways may play a part in

e The liverwort grows in open, damp, calcareous d
slacks, often on low hummocks rather than
very wet ground, and on compacted sandy y
bryophyte-rich turf;

e The species typically occurs in very sh&w®.5cm)

maintaining suitable conditions at some sites

(Ref. 5); and

The species is not found in permanently water-filled
slacks orin slacks where willow (Salix spp.) scrub
predominates (Ref. 6).

vegetation, typically with 10-50% @ substrate

exposed (Ref. 5); @
e The petalwort requires low & status waters; Current and future work

and

An association with saMunes, in particular dune
slacks has been not t the species has also been
recorded near po es, along damp pathways
among dune all hollows among dunes, and
on forme& s¥ial sites adjoining dunes (Ref. 5).

b uences
resources
QP

The petalwort is strongly characterised by
hydrological regimes, however little research data
exist on this relationship;

Scottish Natural Heritage (SNH) as part of their lower
plant conservation project has recently surveyed the
only Scottish site where the petalwort is found. The
Countryside Council for Wales (CCW) have surveyed all
the Welsh populations in recent years, and monitoring
is taking place at some sites (Ref. 8).

In the absence of relevant information on the
hydrological regime requirements of the petalwort,
there is a strong need to pursue research in this area.

Environment Agency in partnership with Natural England and Countryside Council for Wales Understanding water for wildlife
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Key references

General description/biology & habitat details

1. Davy A.J, Grootjans A.P, Hiscock K, Petersen J. 2006 English Nature. Development of eco-hydrological guidelines

for dune habitats-phase 1. Report Number 696. Available: http://www.english-nature.org.uk/pubs/ «
publication/PDF/696.pdf \

2. HMSO (1999).UK Biodiversity Group Tranche 2 Action Plans — Volume VI: Terrestrial and freshwater species Q
habitats,HMSO, Tranche: 2 Volume: VI, pg 205.

3. Joint Nature Conservation Committee. Lower Plant Species1395 Petalwort Petalophyllum ralfsii Availabl
http://www.jncc.gov.uk/protectedsites/sacselection/species.asp?FeaturelntCode=51395 Accessed
28th Feb 2006.

4. McLeod, CR, Yeo, M, Brown, AE, Burn, A}, Hopkins, JJ, & Way, SF (eds.) (2002). The Habitats D@: selection
of Special Areas of Conservation in the UK. 2nd edn. Joint Nature Conservation Committee, P rough.
www.jncc.gov.uk/SACselection

5. Plantlife (2001). Species Action Plans for Plants Petalwort, Plantlife, English Natu O
6. Smith, A.J.E (1990). The Liverworts of Britain and Ireland Cambridge, CambridgeNniversity Press.

7. Stewart, N (ed) (1995). Red Data Book of European Bryophytes. Part 1: Intr ory section and background.
European Committee for the Conservation of Bryophytes. 9
@ iM).

8. UK Biodiversity Action Plan. Action plan for Petalwort (Petalophyllu
Available: http://www.ukbap.org.uk/UKPlans.aspx?ID=509 Acc@j 28th Feb 2007.

Supporting references \(b

References pertaining to the management of terres abitat

9. Breeds, . & Rogers, D. (1998). Dune mana ithout grazing: a cautionary tale. Enact Managing Land for
wildlife, 6: pp 18-22. X

10. Sim-Sim, M., Jones, M. P. & Sérgio, C: ). ‘Petalaophyllum ralfsii (Wils) Nees & Gott., A threatened liverwort
present in Portugal. Morphological ape ecological data, directions for future conservation’. Abstracts for the 3rd
European Conference on the Cons of Bryophytes, The Scientific Basis for Conservation.

The Annex | humid dune slac@ should be considered with the petalwort.

N
o)
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2.3.4 Plants

M ars h S aXi fra g e (Saxifraga hirculus)

General information

The rare marsh saxifrage (Saxifraga hirculus) is an
attractive, yellow-flowered perennial requiring base-rich
soils and wet conditions. It occurs in base-rich flushes
and mires in the northern Pennines, the Grampians,
Pentlands and the Antrim Mountains of Northern
Ireland (Ref. 4).

The marsh saxifrage has suffered from overgrazing and
drainage, with distribution on the decline in both the
UK and Europe (Ref. 3).

Habitat preferences

e The marsh saxifrage occurs in base-rich flushes;

e The species is now considered an upland species
with all favoured lowland habitats lost;

e Large numbers of the species and a high proportion
of the larger plants can be associated with the
mesotrophic zones of sites which it inhabits (Ref. 3);
and

e \Wet conditions are required.

Key influences

A0
Water resources

e Little is known about the hydrology gnd &®emistry of
flushes where the marsh saxifrageN#pund. The

hydrology of most flushes is c x and further
research is required to ass@ etermining the
hydrologic requiremensq)'f

(Ref. 4).

marsh saxifrage
Other influences

evels of grazing may be

icial to the marsh saxifrage, heavy
grazin imatic change are considered threats
to t&'s ibution and abundance of the plant; and

O

N

Environment Agency in partnership with Natural England and Countryside Council for Wales

S

e Water quality may impact on the health and status of

the marsh saxifrage. Kelly & Hallman (2002) \«
collected water samples (from flowing waters) f?@

flushes with the marsh saxifrage present and fo&n
them to be alkaline, have a pH of 7.0 to 8.6,

contain no significant nitrate or phosphor
concentrations. The calcium content r
samples was in excess of 20mg/l, b ally

between 20 and 40mg/l. Values v.
flush, with some samples recon
over 110mg/l. These high vﬁ ay be associated
with tufa formation. It js i@r nt to note that
intermediate sprin pages some distance
down a flush can diffwgin chemical composition from
the principle s (or sources) at the head of the
flush (Ref. 3).

N
Curg{gd future work

A ear study was completed by Kelly and Hallam
on behalf of Natural England looking at the

acts of grazing on the marsh saxifrage.

As a precautionary measure seeds have been collected
and stored in the Millennium Seed Bank by the Royal
Botanical Gardens, Kew and may be propagated and
re-introduced in the wild (Ref. 1).

Understanding water for wildlife
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Key references

General description/biology & habitat details
1. ARKive, Yellow Marsh Saxifrage (Saxifraga hirculus), Retrieved March 9, 2006, Available:
http://www.arkive.org/species/ARK/plants_and_algae/Saxifraga_hirculus/more_info.html

2. HMSO (1995). Biodiversity: The UK Steering Group Report, Volume 2: Action Plans, pg. 194.

X\

3. Kelly, P and Hallam, C (2002). Marsh Saxifrage monitoring project — Final Report, English Nature, (LQ

unpublished report.

4. McLeod, CR, Yeo, M, Brown, AE, Burn, A, Hopkins, JJ, & Way, SF (eds.) (2002). The Habitats Directive: @&on
of Special Areas of Conservation in the UK. 2nd edn. Joint Nature Conservation Committee, Peterbo%

www.jncc.gov.uk/SACselection @

Supporting references A
References pertaining to the management of terrestrial habitat
5. Flemming, L..V. & Sydes, C. (1997). Genetics and rare plants: guidelines for re npublished.

6. Olesen, J. M. & Warncke, E. (1990). ‘Morphological, phonological and bior@ca differentiation in relation to
gene flow in a population of Saxifraga hirculus’. Sommerfeltia 11:159-173. OS¥#ISBN 82-7420-009-8.

Other Annex | habitats to be considered with the marsh saxifrage are &fens, calcium-rich springwater-fed
fens, calcareous fens with Cladium mariscus and species of the Caric avallianae and also petrifying springs
with tufa formation (Cratoneurion.)
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2.3.4 Plants

Creeping marshwort wpium repens)

General information e Summer flooding has a negative influence on the «
creeping marshwort, reducing growth rates and \
The creeping marshwort (Apium repens) is a creeping detaching the plant from the soil (Ref. 3). Summ Q
perennial, forming rosettes of once-pinnate leaves. It floodwaters if accompanied by pollution may alzL
closely resembles certain varieties of the related fool’s reduce dissolved oxygen levels leading to baggeria
water-cress (Apium nodiflorum), which has led to some conversion of sulphate to poisonous hydr (
confusion over its true status (Ref. 1 & 6). sulphide (Ref. 2). (@
Distribution of the creeping marshwort in Great Britainis  gther influences Q
limited and until recently was believed to be restricted to o The creeping marshwort can flo highly
one meadow in Oxfordshire (Port Meadow), where a organic, silty or sandy soils ( é
population of 100 plants has been estimated. The e The species is known to f abitats with some
species has now reappeared at a nearby site, Binsey bare mud and where wat s lain during winter,
Green, following the reintroduction of grazing (Ref. 9). allowing colonisati%ﬁ-edlings and runners.
The species also appeared on the Walthamstow Poaching of thegaroun®by cattle is therefore
Marshes SSSIin 2001 and is likely to have originated desirable (Ref.%
from buried seed following ditch clearance. e The creepi arshwort is usually found in short
(O-lchﬁgrazed swards (Ref. 2); and
. e Agricult ntensification, herbicides, the control of

Habitat preferences wi looding, and overgrazing, ploughing are
e The creeping marshwort grows in wet grassland ered the principle activities causing the decline

subject to winter flooding, typically by rivers; % /or loss of the creeping marshwort (Ref. 9 &7).
e The species grows in open, wet, usually base-rich \

(lime-river alluvium) permanent pasture (Ref. 2);
¢ |nthe UK, the creeping marshwort is confine Current and future work

MG13 NVC community type (Ref. 5). '\\, English Nature, in conjunction with the Rare Plants

Group of the Ashmolean Natural History Society of

Kev infl Oxfordshire commenced a recovery programme for the
ey influences % creeping marshwort in 1995. This programme has
involved experimental introductions of the creeping

Water resources

e The specific hydrological reggﬂents of the creeping marshwort at various sites, monitoring, and research
marshwort is consideregto principle parameter into gene flow, reproductive biology and seed viability
responsible for the dgelWin the UK (Ref. 7); and longevity (Ref. 8).

e The creeping mars&% dependent on a shallow

spring (found on river flood
plains), foll hY retreat of the surface water (Ref. 7);

h elieved to protect the covered plants from
& frost (Ref. 3);
° ndwater levels must remain close to the surface
. during summer months, but the soil conditions are

&Q\ still described as dry (Ref. 5 & 7); and

Environment Agency in partnership with Natural England and Countryside Council for Wales Understanding water for wildlife
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Key references

General description/biology & habitat details
1.Grassly, N.C, Harris, A. & Cronk, Q.C.B (1996). ‘British Apium repens (Jacq) Lag. (Apiaceae) status assessed using

random amplified polymorphic DNA (RAPD)’. Watsonia, 21:103-111. «

2. Lambrick, C.R. (2001). Creeping marshwort, Apium repens, Habitat Requirements, Rare Plants Group,

Ashmolean Natural History Society of Oxfordshire (unpublished). Q
3. Lambrick, C. (2000). Creeping marshwort, Apium repens, Species Recovery Action Summary of 1995-2000, (L

Ashmolean Natural History Society of Oxfordshire Rare Plants Group (unpublished).

4.McDonald AW. and Lambrick C.R. (2006) Apium Repens Creeping Marshwort. Species Recovery P, e
1995-2005. Available: http://www.english-nature.org.uk/pubs/publication/PDF/706pt1.pdf

5. McDonald, A.W, Lambrick, C.R & Warden, K.] (1997). Creeping Marshwort, Apium repens in ald and

Belgium, English Nature. %

6. McLeod, C.R., Yeo, M, Brown, A.E., Burn, A.)., Hopkins, J.J., & Way, S.F. (eds.) (2002) bitats Directive:
selection of Special Areas of Conservation in the UK. 2nd edn. Joint Nature Consepat mmittee, Peterborough.
www.jncc.gov.uk/SACselection

7. Sykora, K. & Westhoff, V. (1985). ‘Synecology and syntaxonomy of Apium rs (Jacq) Lag, and Scirpus
cariciformis Vest., in particular in the eastern part of Zeeuws-Vlaanderen vince of Zeeland, the Netherlands)’,
Sonderdruck aus Tuexenia, Neue Serie Band, Nr 5, G6ttingen. Q

8. The Ashmolean Natural History Society of Oxfordshire. The RargRlants Group Available:
http://www.oxfordrareplants.org.uk/

9. UK Biodiversity Steering Group, Biodiversity: The UK St roup Report — Volume II: Action Plans, HMSO

London. \
.\\\6

&\
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2.3.4 Plants

FlO ati n g Wate Ir- p la n ta i n (Luronium natans)

General information

Floating water-plantain (Luronium natans Rafinesque)
is an aquatic monocotyledon of the family
Alismataceae. It is endemic to Europe and has a fairly
complex life history and ecology, and is difficult to
identify. Native populations in the UK have been
recorded in Glamorgan, Worcestershire and
Northamptonshire north to Anglesey, Argyll and County
Durham. Introduced populations are also noted.

It has two characteristic forms of leaf — a submerged
grass-like form and a floating spoon-shape form —
determined by light availability and water-depth.
Detailed published information on the life history of
floating water-plantain is limited.

Habitat preferences

e Floating water-plantain occur in a range of different

environments including natural standing waters,
natural flowing waters and artificial waterbodies
such as canals, ditches, reservoirs and balancing
ponds;

A wide range of chemical and substrate tole

are noted. Floating water-plantain has bee
associated with sand, sand with gravel, er clay
and or silt. It is mainly restricted to su sofa
high mineral composition and disﬁars underan
accumulation of organic detrit% der
hydroseral transition to swag;

Floating water-plantain oc waters with a pH
ranging from 3.6-7.4. TMgsolid geology may vary from
mildly acid to base-@eﬁ 3);

Records have ob@ floating water-plantain to
inhabit oligo , mesotrophic and meso-
oligotrophi rs; and

Accoun bitat requirements for this species are
occ '@y conflicting but are well described in Ref. 8.

\

. e;mﬂuences

\)

ater resources

e Ref. 4 recorded floating water-plantain within a
preferred water depth of 0.1 to 1.0 m, but it occurs at
depths of up to 4 min clear water and can be found,
ephemerally, as a terrestrial form on damp mud ;

Environment Agency in partnership with Natural England and Countryside Council for Wales

Populations in natural habitats appear to be greatest

when water levels are low and much bare mud is \«

exposed. When water levels are high, many plan Q
may be present as rosettes (Ref. 6); *}
Water quantity requirements should be asseﬁd

how they may suppress the colonisation o
water-plantain habitat by more aggresgi t
species;

Floating water-plantain grows in sof 2 mor
greater where there is no seas pth variation;
Floating water-plantain popyl S can occupy
temporary water bodi s.@ ing out of the

n

substrate may suppLes isation by other
aggressive species;
Flow changes, @age of water bodies for
development an nversion to agricultural land may
result in disgcNabitat loss.
Other infl@es
. p?—@ance ranges from 3.6 to 8.0, levels; outside
nge may impact on populations;
ting water-plantain is believed to be largely
intolerant of competition, and fast-growing
macrophytes such as duckweed (Lemna spp.),
common reed (Phragmites) and invasive aliens like
New Zealand pygmy weed Crassula helmsii, are likely
to limit distribution and abundance;
A lack of light at depth and poor nutrient status are
limiting factors for populations in deeper waters; and
Eutrophication will reduce floating water-plantain
populations through increased competition by more
aggressive species.

ng

Current and future work

The LIFE in UK Rivers Project is developing conservation
strategies and monitoring protocols for use on rivers
designated as Special Areas of Conservation under the
European Union Habitats Directive. Refer to the LIFE in
UK Rivers website for further information.

Natural England and The Countryside Council Wales are
currently producing management guidelines for canals
containing this plant (Ref. 7).

Understanding water for wildlife
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Key references

General description/biology & habitat details
1. ARKive, Luronium natans, Floating Water-plantain. Retrieved March 6, 2006, from
http://www.arkive.org/species/ARK/plants_and_algae/Luronium_natans/more_info.html

2. Greulich S, Bornette G, Amoros C and Roelofs JGM, 2000 /nvestigation on the fundamental niche of a rare

X\

species:an experiment on establishment of Luronium natans. Aquatic Botany, 66, 3, 209-224. Q
3. Landsdown, R. V. & Wades, P. M. (2002). Ecological requirements of the floating water plantain (Luronium (L
natans (L.) Rafinesque) (Draf). LIFE in UK Rivers Project. http://www.english-nature.org.uk/
lifeinukrivers/ecological.html @

4. Newbold, C. & Mountford, 0. (1997). Water level requirements of wetland plants and animals. E ature

Freshwater Series No 5. English Nature, Peterborough.

5. Nielson RN, Riis Tand Brix H, 2006 The importance of vegetative and sexual dispersal of um natans.
Aquatic Botany, 84, 2, 165-170.

6. Preston, C. D. & Croft, J. M. (1997). Aquatic Plants in Britain and Ireland. Harle\%. g 168.
6 0

7. UK Biodiversity Action Plan, Action Plan for Luronium natans. Retrieved M , 6, from
http://ukbap.org.uk/UKPlans.aspx?ID=427

8. Willby, N.J. & Eaton, J.W. (1993) The distribution, ecology and conserv@;of Luronium natans (L.) Raf. in
Britain. Journal of aquatic plant management 31: 7078.

(\
Supporting references $

Annex | habitats associated with the floating water-pla @e oligotrophic waters containing very few minerals of
sandy plains (Littorelletalia uniflorae), oligotrophic {mtrophic standing waters with vegetation of the
Littorelletalia uniflorae and/or the Isoeto-Nanojk ) water courses of plain to montane levels with

Ranunculion fluitantis and Callitricho-Batrach% etation.

&\
,0%
N
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2.3.4 Plants

Fe no rCh i d (Liparis loeselii)

General information

The fen orchid (Liparis loeselii) is a small green-
flowered orchid of fen and dune systems. Two distinct
morphological forms are noted Liparis loeselli (fenland)
and Liparis loeselli var ovata. The new Flora of GB &
Ireland by Sell & Murrell (2006) affords the fenland form
varietal rank as var. loeselii. It might clear up confusion
if the authors of this account follow this.

Liparis loeselli (fenland) is found in the East Anglian fens
and has acute oblong-elliptical leaves. It inhabits wet
calcareous or neutral fens, and is now only known from
three sites in Norfolk. This form is confined to species-
rich fens that have experienced historic disturbance
through peat-cutting. Liparis loeselli var ovata occurs in
dune slacks with moist calcareous conditions and is
generally shorter with fewer-flowers and blunt, broadly
elliptical leaves. This form is now only found in four sites
in south Wales (and one in north Devon) and is confined
to successionally young dune slack communities where
some open soil remains (Ref. 4). In the UK these forms
are mutually exclusive with respect to their distribution,
but in mainland Europe the fenland form also occur 6

dune slacks (Ref. 7). ;
Habitat preferences $\
e The fen orchid requires fairly open@ditions to

flourish; @.
$ ols, pingos and

e |tis often found on the edg
floating fen (Ref. 6);
e Liparis loeselii var.ovat®&favours newly created dune

slacks (Ref. 6); Q
teristic of basin mires, and is

e This species is ch
never associ soligenous species or

percolatin ef. 6);
e |tis ch@stic of lower slump succession (Ref. 6);
and

o orchid is associated with certain bryophytes
as the brown mosses: Calliergon cuspidatum,

Scorpidium scorpiodes in the lower layer (Ref. 6).

. % Drepanocladus revolvens, Calliergon cuspidatum and

\>

Environment Agency in partnership with Natural England and Countryside Council for Wales

Key influences

Water resources

e There seems to be some disagreement about th Q
relationship between the fen orchid and the ngtur
water inputs (Ref. 6). The current research i e
water supply mechanisms of wetlands bgj
undertaken by Sheffield University mg % b to clarify
this issue;
e The proximity of the fen orchid g

opposed to seasonal flooding be an important
factor in its distribution fom{{T™8roadland

populations; .

e Both forms favours t water conditions and
may require ex re 10 air at certain times of the
year (Ref. 6); %

e The specie, tolerate variable water levels and
season dation may be an important

conside n (Ref. 3);
o T @&and fen orchid form requires high water
&e throughout the year and possibly winter
ding (Ref. 7);

%/pans loeselii var.ovata tolerates winter flooding,

with inundation often occurring for up to five months
in a year. It requires relatively high and stable water
conditions, but is considered more tolerant of a wider
range of hydrological conditions than the fenland
variety (Ref. 6);

e Drainage and other factors affecting groundwater
play an important role in the status of the fen orchid
(Ref. 6); and

e Ahigh summer water table is essential for survival of
the Liparis loeselii var.ovata form (Ref. 6).

Other influences

e Open conditions are required by the fen orchid to
flourish (Ref. 5);

e Abase rich water supply is required with the fenland
form being associated with pH values of between
6.5-8.2 (Ref. 3&6);

e The cessation of peat-cutting in the fens is probably
the most important contributory factor leading to the
decline of the fenland type (Ref. 7); and

e Liparis loeselii var.ovata requires regular disturbance
over medium time-scales to ensure a steady supply
of newly formed dune slack substrates for
colonisation (Ref. 5).

Understanding water for wildlife
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Current and future work

The Countryside Council for Wales (CCW) and the
Norfolk Wildlife Trust have recently produced a
management plan for the conservation of the fen orchid
and have plans to re-introduce the species to suitable
sites within its known former range (Ref. 1). CCW have
also funded experimental management programmes at

Kenfig NNR, which supports the largest UK population. (LQ

&
Key references sQQ

General description/biology & habitat details
1. ARKive, Fen Orchid (Liparis loeselii), Retrieved March 7 2006, from http://www.arkive. org/ ieS/ARK/
plants_and_algae/Liparis_loeselii/more_info.html

2. Davy A.J, Grootjans A.P, Hiscock K, Petersen J. 2006 English Nature. Developmen of@hydrologmal guidelines
for dune habitats-phase 1. Report Number 696. Available: http://www.english- n@ k/pubs/

publication/PDF/696.pdf
3. English Nature. (2002). Management guidelines for the Fen Orchid (Draft). blished report.

4.)ones, P.S. 1998. Aspects of the population biology of Liparis loeseliiQich. Var. ovata Ridd. Ex Godfrey
(Orchidaceae) in the dune slacks of South Wales, UK. Botanical Journ the Linnean Society, 126, 123-139.

5. Jones, P.S. and Wheeler, B.D. Liparis loeselii (L.). L.C.M. Rich, |daceae) In Wiggonton, M.J. (ed) (1999).
British Red Data Books: 1 Vascular Plants. 3. Edition. Join @ onservation Committee, Peterborough.
Pp. 225-226.

6. Masson, A (1995). Liparis Report 1994/95, Norfo& e Trust, Norfolk.
W

7. McLeod, CR, Yeo, M, Brown, AE, Burn, A, Ho ay, SF.(eds.). (2002). The Habitats Directive: selection
of Special Areas of Conservation in the UK. 2ﬂ Jomt Nature Conservation Committee, Peterborough.
www.jncc.gov.uk/SACselection

8. Sell P and Murrell G, 2006, Volume 4, &fGreatBritain and Ireland Cambridge University Press
9. UK Biodiversity Action Group (1 jodiversity: The UK Steering Group Report — Volume II: Action Plans

HMSO Tranche: 1 Volume 2 ; E
10. Wheeler, B.D., Lamblqy, P\W& Geeson, J. 1998. Liparis loeselii (L.) Rich. In eastern England: constraints on
distribution and popul&evelopment. Botanical Journal of the Linnean Society, 126, 141-158.

<

Supportin ences

Annex | h tPpassociated with the fen orchid are, humid dune slacks, Calcareous fens with Cladium mariscus
and sp sPpfthe Caricion davallianae, Alkaline fens Calcium-rich springwater-fed fens, transition mires and

qu @ogs, hard oligo-mesotrophic waters with benthic vegetation of Chara spp and natural eutrophic lakes
wi@agnopommion or Hydrocharition-type vegetation.

)
N
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2.3.4 Plants

S h ore d (0) Ck (Rumex rupestris)

General information

The shore dock, Rumex rupestris, is a long-lived woody
perennial maritime plant with greyish leaves and green
or reddish-brown flowers in whorls spread out up the
stem (Ref. 7 & 6). It is a poor competitor and often
behaves like a pioneer species (Ref. 6). It occurs on
upper shores or in wet hollows in sand dunes at
approximately 40 locations in Anglesey, South Devon,
Cornwall and the Isles of Scilly although the number of
mainland UK sites has declined by over 80 per cent over
the past century (Ref. 8 & 6). Although the largest
British population has no more than 50 individuals, the
UK is the world stronghold for this species (Ref. 3).
Recently, several new colonies have been found along
the coastline in south-west England and Wales (Ref. 3).

Habitat preferences

® R. rupestris grows on rocky, sandy and raised
beaches, shore platforms and the lower slopes of
cliffs, and rarely in dune slacks (Ref. 3);

e Most commonly, it may be found growing by the s&

of streams entering beaches, on soft-rock cliffs

in rock clefts where flushing occurs and i’[‘D@WS

where there is a constant source of fresh

running or static (Ref. 3); and $
e R. rupestris often occurs in Nationa tion

Classifications MC8, MG12b, M Gllb MCS8,
SD2, 525 and SD14 (Ref. 6)

It has also declined as a result of competition from
the Hottentot fig (Carpobrotus edulis), an
established non-native species as well as from
bramble and other invasive species;

R. rupestris is sensitive to pollution, particul

v
spills and eutrophication (Ref. 6); Q
Shore dock is sensitive to the weathe% ere

winter storms can cause fluctuationgs ulations,
rising sea levels can also reduce t@lability of
suitable habitat (Ref. 3 & 6);

Surveys have suggested th“
somewhat mobile and.c tion should be given

to suitable habitat not yet occupied; and
Surveys have sugge at moderate grazing is
beneficial for c@zanon of R. rupestris as it helps

to create suitab re ground for seedling

ore dockis

Water resources Q

e R. rupestris i€ %ent upon a constant source of
freshwater. often found near seepage zones or
groundwdesprings at the junction of superficial
depgskio)s such as quaternary head and impervious
%@ing rock strata and even surrounding septic

eaks (Ref. 2 & 6).
. her influences

&Q\ The loss or fragmentation of its habitat through the

Key influences

culverting of streams, coastal defence, tourism along
beaches, and sea level rise have contributed to the
decline of shore dock (Ref. 3);

Environment Agency in partnership with Natural England and Countryside Council for Wales

establish ef. 6).
4
Cu and future work

ies recovery programme, undertaken by Plantlife,
an in 1994 and its results and the results of other

research are available at:

www.plantlife.org.uk/uk/assets/saving-species/

saving-species-dossier/Rumex_rupestris_dossier.pdf

Understanding water for wildlife

< Section divider

Species and habitats Guidance notes — Species Plants: Shore dock 2.3.4



Key references

1. ARKive, Shore dock (Rumex rupestris). Retrieved March 7, 2006, from
http://www.arkive.org/species/ARK/plants_and_algae/Rumex_rupestris/

2. Daniels RE, McConnell EJ and Raybould AF, 1998 The current state of Rumex rupestris Le Gall (polygonaceae) in
England and Wales, and threats to its survival and genetic diversity. Watsonia 22, 33-39.

7, 2006, from http://www.jncc.gov.uk/ProtectedSites/SACselection/species.asp?FeaturelntCode=S1441

X\

3. Joint Nature Conservation Committee, Higher Plant Species 1441 Shore dock, Rumex rupestris. Retrieved N@?tg

4. King M, 2002 Shore Dock Rumex rupestris: report on work undertaken in 2001. Report Number 196, P@(e

5. McLeod CR, Yeo M, Brown AE, Burn AJ, Hopkins )] and Way SF, 2002 The Habitats Directive: select
Areas of Conservation in the UK, second edition. Joint Nature Conservation Committee: Peterbor

pecial

6. Plantlife, Rumex rupestris Shore Dock. Retrieved March 9, 2006 from @
http://www.plantlife.org.uk/uk/assets/saving-species/saving-species-dossier/Rumex_q& s_dossier.pdf

7. Plantlife, Species and Habitat Conservation. Retrieved March 7, 2006, from www. .org.uk
%02,

8. UK Biodiversity Action Plan, Action Plan for Rumex rupestris. Retrieved March 7, from
http://www.ukbap.org.uk/UKPlans.aspx?ID=555 @
Supporting references OQ

Humid dune slack habitats should be considered with the shore@.

@
g\‘@
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2.3.5 Birds

The following summaries have been compiled using key reference papers
provided by Environment Agency and Natural England staff. They provide a
summary of relevant information on the freshwater requirements of birds.
further information, refer to references listed below each habitat accoym

— SPA bird species @Q
<

— Habitat descriptions A

— Species descriptions E 0
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2.3.5 Birds

SPA bird species

Introduction

The Birds Directive (Council Directive 79/409/EEC)
compliments the Habitats Directive by requiring
member states to protect rare or vulnerable bird species
through designating Special Protection Areas (SPAs).
Bird species for which an SPA is designated can be
grouped by the type of habitat that supports them.
These groups are:

3.1 Birds of uplands;

3.2 Birds of woodland and scrub;

3.3 Birds of lowland heaths and brecks;

3.4 Birds of lowland wet grassland;

3.5  Birds of lowland dry grassland;

3.6 Birds of lowland freshwaters and their margins;
3.7 Birds of farmland;

3.8 Birds of coastal habitats;

3.9 Birds of estuarine habitats; and

3.10 Birds of open sea and rocks.

Bird species can be associated with particular habitat
types, but links to more than one habitat type are

and migration patterns of populations. For SPA

While a number of species have highly specific habitat
requirements of either habitat type, there are many
species dependent on more than one. Lowland
grasslands and lowland freshwaters are commonl\%
joined habitats, exhibiting a strong functional
interdependence between them. There are m
situations where freshwater habitats arey
proximity to estuarine habitats and ca
indication of UK wintering/passage
breeding habitats is also provide@

Water resource managemen s to take account of
the vulnerable seasons (e r conditions and
supply) in relation to %onal requirements of the
avian population.gitater Meeds for the key habitat types
are relatively well%rstood; but the challenges
remain to undgmgtand the freshwater needs of birds

using estu g bitats and to apportion a resource
with multi emands.

p. An
Nats and
table.

common due to the mobility, spatial range, life cycleE &

designation, only one habitat group is generall
identified as the primary habitat, unless theﬂx

than one primary habitat type present. (e$

re
ps 3.6
and 3.9 as an estuarine SPA).

This section focuses on the habita ings 3.4, 3.6
and 3.9, lowland wet grassland nd freshwaters
and their margins (for which @resource issues are
considered to have signif'gqfv plications) and
estuarine habitats (for ywN ater resources issues
may prove to be im t). Table 1 provides a listing of
bird species cons} and which habitat type they are
ith. The selection is based on the
vulnerability, and the legislative
or the species concerned as indicated
on in Annex 1 of the EC Birds Directive
EQ), Schedule 1 of the1981 Wildlife &
side Act, or the Red Data Birds in Britain listing
CC/RSPB 1990). Predominantly marine birds and
common bird species were not included, although
listed in groupings 3.4, 3.6. & 3.9.

Environment Agency in partnership with Natural England and Countryside Council for Wales
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Table 1. Species of lowland wet grassland (3.4 ) and lowland freshwaters (3.6)

X\

Key habitat Species Breeding Passage/wintering Additionalinformation
type requirements requirements
3.4 Bewicks swan*** Shallow-water lakes, ponds,
river flood plains
Barnacle goose Pastures Mainly coastal
Golden plover** Upland moors and pastures Unimproved wet grassland, arable Higher prey densit Q
old grasslands
Black-tailed godwit* Wet grasslands, fens Flooded grassland, mainly coastal K
(peat substrates) z,
Curlew Wet heath, bogs, unimproved Coastal Maind breeding
wet grassland
Dunlin Upland bogs and peatlands Coastal Mn lowland,
'\ i§and habitats
Redshank Wet grasslands, saltmarshes Mainly coastal “ Requires moderate
O grazing on breeding
grasslands
3.6 Bittern*** Dense reedbeds Reedbeds, ope aters,\/ers Open waters/rivers in
% hard winters
Marsh harrier*** Reedbeds Reedbeds, marshes Also nests in
i arable crops
Mediterranean gull***  Lakes, marshes, gravel pits Lakesuhes, gravel pits, Rare
@: land
Gadwall Marshes, shallow eutrophic, llow, eutrophic open waters
open waters
Pintail Shallow waters in % Mainly coastal, certain washlands Rare breeder,
grasslands, washes and nearby arable susceptible to water
level management
Ringed plover Gravels on ri‘e& Mainly coastal, some at breeding
lake/reservoi‘& sites inland
Shelduck Hole ne@rows, tree hollows) Some on open waters, mainly coastal
Shoveler Sh freshwaters with Similar to breeding sites, ditches
d edges in washlands
Wigeon ly in upland neutral waters Flooded pastures, washlands,
mainly coastal
3.4/3.6 Ruff*** \ Wet grassland, floodplains Lake/pool margins, Requires summer
0 flooded grassland grazing, winter flooding
Whoo ;1*** Reed fringes, forest ponds Shallow lakes, ponds,
floodplains, arable
}arrier*** Upland moor Reedbeds, river valleys,
hes, heathland
o~ marshes, heathlan

Pink foot goose**

&

Pastures, arable, lakes

High proportion coastal

60

nest within reserves

Teal Well vegetated wetlands, Well vegetated wetlands High proportion of
peatland pools in lowlands breeding in uplands
Avocet*** Coastal lagoons Coastal lagoons, estuaries Most of the British birds

Bar-tailed godwit**

N %.9
N

Sheltered shorelines, bays and
estuaries with mud and sand

Almost certainly restricted
to estuaries

Brent Goose

Mudflats where they graze for
eel grass Zostera.

*** Annex 1, Schedule 1, RDB

Environment Agency in partnership with Natural England and Countryside Council for Wales

** Annex 1, RDB

*Schedule 1, RDB
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Table 1. Species of lowland wet grassland (3.4 ) and lowland freshwaters (3.6) cont.

Key habitat Species Breeding Passage/wintering Additionalinformation
type requirements requirements
Common tern Shingle beaches, rocky islands Prey abundance likely to be
and saltmarshes along coasts, key controlling factor
also islands in gravel pits and rivers \

Cormorant Cliffs or rocky islands & trees Anywhere there is sufficient Adaptable and Q
by freshwater lakes, gravel pits fish prey opportunistic specéL

and reservoirs

Great crested grebe Shallow, reed-fringed freshwater As per breeding but then extends K
lakes, gravel pits and slow rivers to estuaries and coasts @
P .\
Grey Plover Very few are found away from
estuaries where over 90% of UK @
wintering population are found o~

Knot Estuary sites are important fuel%w

stops as part of their migration

Lapwing Pasture, wet grassland and marshes, Flooded grassland, estuaW U Food supply at breeding
especially if it contains flood pools coastal wetlands, sh sites v. important

and damp patches fields and plou%d fie
Little egret Reedbeds, wetland scrub and As per breeding@so along Former visitor now

in trees near water estuaries breeding
Purple sandpiper Restricted to one or very few Rocky g z}d islands and Not uncommon on

sites in Scotland aroun @ es, piers and breakwaters estuaries in winter
Sanderling iMgr visitors and passage migrants

jrely restricted to sandy coasts

nd estuaries

Slavonian grebe*** Hill lochs, gravel pits and Sheltered estuaries and
lowland lochs in Scotla \ coastal bays

Turnstone \) All types of coastline are used from
\Q rocky coasts to sandy shores and

tidal mud

>
L\

-

*** Annex 1, Schedule 1, RDB  ** Annex 1, RDB *Sc le 1, RDB

Environment Agency in partnership with Natural England and Countryside Council for Wales Understanding water for wildlife
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2.3.5 Birds

Habitat descriptions

The water level regime in marshes or wet grasslands is
particularly important during the breeding phase of
many bird species. Appropriate grazing regimes and
varying water table levels are required. Water level
management has received considerable attention

(Ref. 21) in relation to providing the correct mosaic of
open water, soft ground for feeding and, more recently,
in relation to the distribution of soil-invertebrate prey.

In flood-plains that regularly flood in winter, soil
invertebrates, which are dominated by earthworms, are
flood adapted. Long periods of flooding can lead to a
reduction in invertebrate biodiversity, particularly of the
arthropod fauna. New flooding, particularly if
prolonged, in grasslands formerly not subject to annual
inundation can lead to a loss of invertebrate diversity
and biomass. Ausden et al., working on those areas of
new flooding in ESA schemes, concluded that the
optimum practice may be to ensure a mosaic of flooded
conditions during the winter and spring months, rather
than subject pastures in new flooding schemes, to
prolonged and deep floodwater.

Lowland wet grasslands

Water resource related influences '§
e Winter flooding of river flood-plains ha%@ garded

as beneficial in sustaining wet grasslan bitat. It
assists in maintaining a shorter swgaykeeps the
ground soft for probing birds s edshank and
snipe ,and it provides winter: g and roosting
areas for a number of wgtla ird species;

e \Water levels in the flo in grasslands during the
breeding season need to be sufficiently high
to maintain so %&h ground for feeding, keeping
soil inverteb& the upper 20-30 cm of soil and in
the mainte e of high water levels in ditches and

ic of drier grassland and damp hollows,

ith the variation in sward structure that

om topographical variation and grazing

gement, provides optimum conditions for most

. % species and in particular the more demanding

@ species, ruff, black-tailed godwit and redshank. In

providing such mosaics, other typical species of wet
grasslands are catered for, e.g. snipe and lapwing
where the former requires soft ground with tall
tussocky vegetation for concealment, while lapwing
prefers short vegetation with good all round visibility;

Environment Agency in partnership with Natural England and Countryside Council for Wales

¢ |In marshlands where there is traditionally some \«

constancy in water levels, e.g. spring-fed systems o
other forms of ground water supply from the Q

underlying aquifer, abstraction leading to frequ%
nt

fluctuations in water level can induce change
vegetation e.g. increasing dominance by c {
grasses, tall herbs or willow scrub wit Quent
implications for the bird communiti %

e Ground-water abstraction may lea@e lowering of
water levels in marshes and reg , while river
abstraction may lead to lowgr ater levels in the
flood-plain; and

e Abstractions resultigg |
levels leading to veg

larly varying water
tion changes.

Other influences
e Use ofwas ds for flood storage during summer
rainfall &oss of nesting populations;
e Drainag&gfmarshes and wet grasslands for
a QQural intensification or other developments;
0& vements in the drainage regime for agricultural

nsification;

@Water pollution and excess eutrophication; and

S

e Disturbance from recreational uses of water bodies.

Lowland freshwaters and their
margins

Water resource related influences

¢ In lowland freshwaters, (particularly shallow marshes
and reedbeds), small decreases in water level make
habitat unsuitable. In general, relatively constant
levels are required, particularly during summer
months when natural drawdown can occur. Constant
levels ensure the growth of submerged and emergent
water plants and maintain invertebrate and fish
populations for duck species and for bittern in
reedbeds; and

e Drawdown in the summer months and lower water
volumes is often coupled to increasing
concentrations of nutrients from agricultural
applications or domestic water disposal.

Understanding water for wildlife
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Other influences

e Water quality remains an important issue for while
most species of lowland freshwaters and lowland wet
grasslands benefit from eutrophic and species-rich
habitats, excess nutrients (particularly nitrates and
phosphates) can lead to a loss of diversity where
algal blooms predominate, or single species,
adapted to rapid nutrient uptake, are favoured;

e Nutrient enrichment in wet grassland can lead to
dominance by a few grass species and a loss of
diversity in the flowering herb community. Reeds
loose their structural qualities under conditions of
excess nutrients leading to lowering reed density and
weak stems;

e Construction of embankments or bunds for flood
protection;

e Deepening and canalisation of rivers for flood
control, ditch deepening in flood-plains; and

e Water pollution and excess eutrophication.

Estuarine habitats

Water resource related influences

e Estuaries comprise a range of habitat types and
provide a gradient between the marine and
freshwater environment and are important wildlife
resources, especially as they support large numbers
of waterbirds;

e Freshwater flows into estuaries may influencg
sediment regime and hence estuarine moy
The number and location of freshwater in
be considered, along with an understa@ of

estuarine morphology;

e Changes to freshwater input ma currents within
the estuary affecting sedimen§ port, settlement
ates

ould

and the dispersion of org
e Invertebrate diversity i§gre

tin either marine or
freshwater environ weducing as the salinity
range increases. %ges in salinity resulting from
freshwaterinp il generally reduce invertebrate
diversity. Ha@ interstitial salinity tends to be
much le ble than the overlying water, and as
such ign nsidered a major limiting factor of

i te abundance;

ater inputs may be considered important for
utilisation of this habitat, although it is not yet
clear. It is possible that birds do rely on freshwater
inputs for preening and drinking, and as such these
inputs are important for the development of local
niches (Ref. 19);

Environment Agency in partnership with Natural England and Countryside Council for Wales

e The zonation of non-breeding waterbirds has been
shown along the salinity gradient for the Schelde
estuary on the Dutch-Belgian border (Ref. 28);
Oystercatcher and dunlin were dominant in
polyhaline areas (salinity 18 — 30ppt), wigeon and
greylag goose dominated the mesohaline areas (5 —
18ppt) while teal and mallard were dominant in the
oligohaline areas (0.5 — 5ppt); and

e Salinity gradient and freshwater inputs can influgn}e
habitat diversity and suitability for use by watgrbirdy,
mainly through food availability (Ref. 28). Q{

h affect
iIment

Other influences

e Tidal barrages and other developm
flows through the estuary can aff
transport processes and habi rsity for birds;

e Recreational activities can e significant

disturbance to feedin otmg estuarine
birds; and

e Human activiti higaffect bird food distribution
and/or abund%‘an have an effect on bird
condition ml ay be detrimental to some

importaEE erVintering or migratory populations.

$§\

&’b
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2.3.5 Birds

Species descriptions

Avocet Recurvirostra avosetta

Avocet use coastal lagoons on the east coast in
summer, and south and east-coast estuaries in winter.
They now also breed in north-east England, north-west
England, South Wales and the Fens. Most of the British
birds nest within reserves, where the management of
brackish lagoons is tailored to the birds’ requirements,
and where they are safe from human disturbance.
Protection of wintering birds on estuaries such as the
Exe requires the involvement of other organisations and
private individuals, and forms a part of broader scale
estuary conservation and management plans.

It became extinct as a breeding bird in 1842 as a result of
extensive land claim and the building of sea walls, which
dried out its habitat. The breeding population stood at
1,020 pairs in 2000. The primary food is invertebrates,
especially crustaceans and worms. In fresh water they
also take insects found on the surface or within the top
layers of the bottom sediments.

Key influences

e Chick survival can be poor, and is determined lar. l&
by weather and food supply; 6

e They can breed at higher densities and mor
successfully when the density of inverteb
(Ref. 20);
'{ﬁurate food
i precisely known
(Ref. 20); and

(the biomass) is high;

e Correct management of breeding habi ital

e Relationship between salinity,
supply and breeding succe

e Availability of saline | n complexes and areas
of brackish water li influence expansion of
this species.

N

Bar-taij odwit Limosa lapponica

Onth ern breeding grounds in the Arctic of
Sc@ia and Siberia they use peatbogs and swamp
witheefreas of raised ground and occasional trees. In
ynter they are found almost exclusively along coasts,
iking sheltered shorelines, bays and estuaries with
mud and sand. The large numbers of birds which pass
through the UK on their way to and from southern
wintering grounds will stop off to refuel at suitable
estuaries and bays. They will take a range of larger

molluscs and polycheate worms, but their main food
consists of lugworm Arenicola marina.

Environment Agency in partnership with Natural England and Countryside Council for Wales

Key influences

e Almost certainly restricted to estuaries;

e Major threat from estuary land claim for
development; and

e Bait diggingis a particularly important threatﬁt(L

other factors which could reduce prey deng ed

to be considered.

Bewick’s swan Cygnus coly,
and Whooper swan

us bewickii
S cygnus

The Bewick’s swan is gn 0 tering/passage species
utilising shallow-waterWkes, reservoirs, and ponds,
rivers and their ﬂ@lains to feed on low emergent
and submerged aq®e#lc plants. Increasing, use is being
made of arabd€ fNIds (Ref. 21), with up to 60% of the
populatio otded to use this resource. The transfer
to this feed Mg pattern may have arisen as a result of
the ophication of aquatic habitats (Ref. 3). The
@s primarily a southerly species in the UK (Ref. 21),

rtty a function of the migration routes from the

ssian breeding grounds to the wintering quarters in
NW Europe. Major concentrations in the Ouse washes
(Cambridgeshire/Norfolk), Slimbridge in Gloucester
and Martin Mere in Lancashire.

Whooper swans have a more northerly breeding
distribution than Bewick’s and small numbers breed
annually in marshes and lochs in northern Scotland and
wintering mainly in northern England and Scotland on
and in the proximity of shallow permanent open waters,
inland and coastal, where the birds feed on submerged
plants and adjacent wet grassland. Foraging in arable
land is also frequent.

Key influences

e Wetlands are important refuge areas for this bird
species with standing water on grazing marshes,
levels and flood-plains providing valuable wintering
feeding and roosting sites;

e Threats to this species pertain to water management
that reduces or prevents winter flooding;

e Eutrophication and drainage of farmland are
considered to be the principle threats to the health
and status of this species; and

e Otherthreats to both swan species also
includes disturbance in the wintering grounds
and breeding areas.

Understanding water for wildlife
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Bittern Botaurus stellaris

Bittern is one of the key indicator species for high-
quality extensive reed-swamp dominated by
Phragmites australis. In the UK the species requires
such areas of dense reedbed for breeding. Small areas
of Salix scrub appear to improve the UK habitat for this
species (Ref. 9). During the winter it may emerge to feed
along well vegetated margins of river margins and other
open waters. Food items include fish, amphibia,
aquatic insects and occasionally birds and small
mammals.

Key influences

* The breeding habitat of this species requires water
levels to be deep enough to support fish and
amphibian prey, a mosaic of open water and reed-
swamp giving a long length of reed-edge habitat,
good water quality and a significant area of total
reed cover, the optimal size being around 20 ha
(Ref. 9 & 26). Drier reedbeds are avoided;

e The lowering of water tables is considered a real
threat to the status of this species;

e The historical loss of reedbed habitat to land
drainage and intensive farming has reduced
populations of this bird, making its status rare; and

e Threats other than direct habitat loss and
fragmentation, include eutrophication under which

reed quality and prey items decline. E\

Brent Goose Branta bernicla

\

Brent geese overwinter in internationally4 tant
numbers on estuaries and shallow cgasts with mudflats
where they graze for eel grass Zos %ey also graze
on fields near the coast and as %s have increased
can prove problematic for ar rmers who have
winter sown crops neart&%;rwmtering sites. Main
concentrations are fou e Wash, the North Norfolk
coastal marshes, Es, tuaries, the Thames Estuary
and Chichester gstone Harbours.

hahy s or change and other human disturbance.

Key influenﬁ
o MajorF include shooting in wintering areas,

Environment Agency in partnership with Natural England and Countryside Council for Wales

Common tern Sterna hirundo

Common terns are summer visitors breeding on shingle
beaches, rocky islands and saltmarshes along coasts,
and also on islands in gravel pits and rivers. They will
also use artificial rafts if provided on reservoirs/lakes.
Breeding success is determined by the abundance of

also affects pre-migration condition and subsequent

Key influences @
e Habitat loss at breeding sites eith;&@w natural

birds will take small freshwater fish. Prey abundan%

determines migration success.

causes (storm events, flooding, s rise) or
human induced (engineering w@ looding or
draining at inland freshwat

¢ |nland breeding sites en@
supply of prey item S
gravel pits, reservoir
and

e Changes in hydrO%egy which result in prey reduction
at these si%uld affect breeding success if
alternat ding areas are not available.

O

N
@ rant phalacrocorax carbo

coastal seabirds Cormorants are found wherever
there are cliffs or rocky islands. New colonies inland are
mainly in trees by freshwater lakes, gravel pits and
reservoirs. The species is adaptive, will hunt for fish in
urban ponds or lakes. They are also opportunistic and
will target fish farms and lakes or ponds with sufficient
fish stocks.

close to a suitable
h) normally caught in
lakes and river backwaters;

Key influences

e Loss of suitable breeding sites on rock shores due to
coastal development;

e Loss of woodland at suitable inland breeding sites;

e Disturbance at breeding sites;

e Reduction in fish stocks is likely to affect breeding
success; and

e Conflicts with fishery managers who see cormorant
as a threat.

Understanding water for wildlife
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Great crested grebe Podiceps cristatus nesting. During spring and autumn passage, the
species commonly uses river valleys as migration

Breeding sites can be found in shallow, reed-fringed routes and for foraging.

freshwater lakes, gravel pits and slow rivers. Emergent

vegetation in standing water provides cover and Of the two species, marsh harrier is the rarer and
protection from nest predation. Overwintering habitats somewhat more dependent on water resource

are the same as breeding habitats but birds are also management in its breeding habitat. At one time the

found along sheltered coastal areas, including estuaries. specjes was extinct in_the UK but_since 1900, a
In severe winters, coastal numbers increase as inland relatively small breeding population has establish
freshwater habitats freeze up and prohibit access to prey ~ throughout the country.

items, which is mainly fish but some amphibians and Key influences \

invertebrates are taken.  While habitat loss in the past must have the

Key influences population, and pesticide residues in otably

e Loss of suitable breeding habitat through drainage, reduced raptor populations from af 50to
flood defence works, dredging etc; 1970, persecution, disturbance extensive areas

e Reductions in fish stocks caused by changes in of nesting habitat are unava d predation of
hydrology, hydro-morphology and water quality can nest sites (e.g. by foxes) 3 ”t threats; and
prove detrimental to breeding success; and * The eutrophication of ds will reduce the

e Significant hydrological changes are likely to result density vigour of th tand, thus reducing the
in complete habitat loss. capacity ofthe to Support the nest platform.

Grey Plover piuvialis squatarola Knot caljngsanuta

This species is a localised winter visitor and passage Knot gm\ocalised winter visitors and passage migrants

and are almost entirely restricted to estuaries

migrant to Britain in internationally important numbers. tz$0
Very few are found away from estuaries where over 90%
of UK wintering population are found (Ref. 20). Large
muddy and sandy estuaries and bays are preferred, \ !
sometimes they are found on saltmarsh. They Greatest numbers are found on The Wash, Morecambe
% ;%r
r

). They can be seen around UK coasts between
ust and May but largest numbers can be seen at
gh tide roosts between December and March.

move into coastal fields at high tide. Largests Bay, Thames, Humberand Dee estuaries, the Solway

are found on the Wash, Ribble, Thames, Bl N : Firth and Strangford Lough. Knot are specialist feeders

Medway, Dee and Humber estuaries, ane&wester on marine bivalve molluscs, particularly macoma

and Langstone Harbours. Shellfish byemainly balthica, Mytilus edulis and Cerastoderma spp.

polycheate worms make up the|r Key influences

Key influences & e Of particularimportance is the very large

e As with most waders, land claim for concentration of this species in a very few estuaries
development or the Oftldal barrages poses at any one time. These sites are important fuelling
the biggest threat ); and stops as part of their migration;

e Bait digging is reat, especially at the few sites  ® Any reduction in food availability in UK sites is likely
where birds ¥n large numbers. to prove a serious threat to the birds’ ability to

accumulate sufficient reserves; and
0 e Equally, disturbance at key feeding sites is likely to
Hen €r Circus cyaneus result in reduced food intake.
d arsh Harrierc. aeruginosus
. %n harrier is a breeding species mainly of upland
oors but, as with marsh harrier, obtains winter
& hunting over extensive open lowland wet grasslands,

reedbeds and marshes. Arable land may also be used.

Marsh harrier requires extensive areas of reedbed in

which to nest and food items comprise birds, small

mammals and frogs. Smaller reedbeds in arable land

and even cereal crops have recently been used for

Environment Agency in partnership with Natural England and Countryside Council for Wales Understanding water for wildlife
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Lapwing Vanellus vanellus e \Wetland sites should be managed to ensure

' ' ‘ ' optimum conditions are maintained for associated
This species mainly breeds on farmland, especially invertebrates, amphibians and fish to provide
among crops sown in spring which are adjacent to grass sufficient food supply for egrets.

and bare land. Also on pasture, wet grassland and
marshes, especially if it contains flood pools and damp

patches. Wintering habitats include flooded grassland, Mediterranean gu[[ Larus melanocephalus \«
estuaries, coastal wetlands, short grassy fields and

ploughed fields. The highest known winter The global distribution of the Mediterranean gull is,
concentrations of lapwings are found at the Somerset highly restricted with a few pairs (77 at the most re{iy
Levels, Humber and Ribble estuaries, Breydon count in 2001) now regularly breeding in the UKeusin
Water/Berney Marshes, the Wash, and Morecambe Bay. ~ €0astal marshes in south and eastern Englan@
Coastal grazing marshes can provide important Swale and Dungeness/Pett levels in Ke
breeding sites, especially where wet areas occur Harbour, Dorset, the Solent and the ng folk
as these are important foraging areas for chicks coast). Nesting typically occurs with Wa-headed gull
(Ref. 13). Adults and chicks feed on a wide range colonies or with sandwich terns. pecies winters in
of soil, surface-active and aquatic invertebrates with the Mediterranean and in the U'Q
Tipulid and Chironomid larvae making the largest Key influences
proportion of their diet (Ref. 2). e The main threats to%ecies are considered to be
Key influences disturbance anﬁda ion;
e Reductions in soil moisture in breeding areas can * Inits coastal br g sites, the species is relatively
affect the density of invertebrate prey (Ref. 2); independe@issues relating to the management of
e Flooding from high river levels and/or high freshwaQ ources; and
groundwater levels are important for creating the wet ~ ® IMplicati®#s may arise from sea-levelrise, a factor that

mosaic necessary for breeding; pe’aiM to a number of coastal species (Ref. 18 & 22).
e Management should focus on creating this mosaic ,é
with the appropriate hydrological regime; and

e Human disturbance at breeding sites can lead e&'ﬂ: Philomachus pugnax

to reduced breeding success. The Ruff is a rare breeding wader in the UK, considered
. & to have highly specific requirements of the lowland

wet grassland and floodplain habitat in which it nests

Little egret egretta garzetta (Ref. 23). Coastal grazing marsh and the higher levels
Little egrets are wetland birds with a pmeference for of saltmarshes are also used.

lowlan'd shallow waters, especiall@ coast.s and The species is semi-colonial and males congregate in
estuaries. They nest communall alongside the leks in suitable areas where raised areas of shorter turf
nests of other herons and as ed wetland species.  provide display sites. Females nest solitarily but nearby

Colonies are located in re&eds, wetland scrub an‘d in where taller vegetation can conceal the nest (Ref. 10).
trees near water, up to tof 20m. They overwinter  The species is migratory with the main population in

on coastal estuarie arshes and tidal inlets. A sub-Saharan Africa. However, some numbers winter in

recent colonist, | st commonly found along the north-west Europe and the UK, along estuaries and also

south coast, parts of the east coast. The inland wetlands. The wintering population is thought to

estuaries oRqoJkN Devon and Cornwall; Poole Harbour be distinct from the summer breeding population which

and ChicResper Harbour hold some of the largest arrives relatively late on the breeding grounds. Nesting

co tions and birds can be seen right round to commences in late May to early June.

N orfotk The species is dependent on the water management

. %S predominantly a fish eating species but regime, the micro-topography and the appropriate
vertebrates, amphibians and small mammals will also  grazing patterns, to maintain the complex structural
& be taken. mosaic in the wet grasslands.

Key influences

e Changes in hydrology (flow and level) which affect
fish stocks can have a knock-on effect, especially
within or close to breeding sites; and

Environment Agency in partnership with Natural England and Countryside Council for Wales Understanding water for wildlife
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Key influences Key influences

e Adult birds and particularly chicks require wetter e Estuarine barrage development and land claim for
depressions and areas of open water for feeding. development are the main threats; and
This combination of requirements calls for a complex
mosaic of unimproved grassland with a good

e The protection of critical migration stop-over sites
population of invertebrate prey, produced by should be emphasised. \«

appropriate levels of summer grazing and winter

flooding; : . : Q
e Summer water table levels need to remain high to Slavonian grebe Podiceps auritus
retain invertebrate prey items in the top layers of the  Slavonian grebes breed on hill lochs, gravel pits gnd
soil and provide areas of open water in lower-lying lowland lochs in Scotland and on shallow lak d
depressions; pools with thick surrounding vegetation jn navia.
e The continued loss, and improved drainage, of wet In the UK breeding birds are confined tg
grasslands has maintained the rare status of this (Ref. 20). In winter they favour shelte
species despite greater levels of species protection.  and coastal bays with concentratl
The species is particularly sensitive to the drainage Scottish firths and along the st of England.
regime and its late nesting cycle means that even Their diet consists of fish a t larvae.
slight improvements in drainage may render the .
. Key influences
pastures too dry during the summer months; and
. e Human disturb ecrease in invertebrate
e Atsites managed as flood storage areas, e.g. the
. . . populations du verstockmg of fish, and a
Ouse Washes, recent high rainfall events during the . .
change in nydrientStatus of lochs etc as a result

summer months have resulted in the loss of nests

through flooding. of humanadWiviies are the main threats to this

species . 0); and
e Flu ting water levels can cause problems at
g sites.

Purple sandpiper calidris maritima

This is a rare breeding species that has successfully
bred at one site in Scotland since 1978. Other than 8& urnstone Arenaria interpres
This species breeds on bare ground along coasts and

it is restricted to arctic tundra and moors outside
35“5: igcllTpsohrf)?gzg;ﬁ?;gi;:gnpda:fgfﬁ‘ R, ns on islands in Canada, Greenland, Scandinavia and
. & y . ;S:S ’ N Siberia. Breeding has never been recorded in this
pi

El)er;; Zr;?hbeﬁauk:s;?r?/v?rallitlg:l?r:lsye(c):sth oast country, although it was suspected in 1976 (Ref. 20).
) ’ The wintering population of turnstones in Britain is of

E;ﬁ;?ﬁ:::s’ and some plants are tary international importance. Turnstones particularly like
’ feeding on rocks covered with seaweed, and will feed
Key influences $ along seawalls and jetties. It forages forinsects,
e Human disturbance a &a'bitat loss due to crustaceans and molluscs amongst seaweed and small
development are keWthMeats. rocks, literally turning stones, rocks and other material
] to expose its prey hence the common name turnstone.
. A Key influences
Sanderli idris alba e Habitat loss and other factors leading to prey
Breedm re found in High Arctic tundra near reduction are threats to certain parts of the wintering
fregh kes In the UK sanderlings are localised population utilising estuaries; and
§ itors and passage migrants entirely restricted ~ ® Such threats are less important to this species
dy coasts and estuaries (Ref. 20) but may compared with other waders as this bird occurs
casionally turn up on the edges of large inland lakes mainly on rocky shores and will adapt to some
and reservoirs. Birds feed almost exclusively in areas artificial structures (Ref. 20).
@ with sandy substrates where small marine worms,
crustaceans and molluscs are taken.

Environment Agency in partnership with Natural England and Countryside Council for Wales Understanding water for wildlife
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Barnacle g00Se€ Branta leucopsis Wintering takes place on a few key estuarine sites where
populations are vulnerable to disturbance, either on the

and Pink-footed goose feeding grounds or on high-tide roosts. It is during the
Anser brachyrhynchus breeding season, however, where water resource issues
The Barnacle and Pink-footed goose winter in the UK, pertain directly to the survival of this species.
concentrating mainly on a few open coastal sites where ey influences
a gradation from saltmarsh to grazing pasture, with * Softer peat soils are preferred to allow probing. \
The species are highly gregarious and can congregate in 20-30 cms below the surface (Ref. 7 & 23). Grasfaly
large numbers, locally leading to conflicts with farming structure needs to be varied with short turf fox
interests. Pink-foot geese may forage in arable land up feeding and for predator visibility, tussock est
to 30 kms away from the coastal roosting sites and this concealment and areas of taller grass by
species is principally dependent on farmland for winter feeding chicks (Ref. 4). Additional fe@™¥42reas are
foraging. Geese may be attracted away from arable crops available if shallow temporary or nent pools
this mainly being a function of sward height (relatively 300 metres of open water;
short) and fertilisation. These geese, as do other e Threats to the speciesear o similar as for the ruff
members of this group, gain more benefit from and include land-u es resulting in the loss of
agriculturally improved grasslands (Ref. 19 & 27). wet grasslands Ly coMNgrsion to arable or
Conservation of this species at its coastal wintering improvements%’d drainage; o
grounds has few implications for water resource * High summggraintall events can lead to flooding in
management issues. the favo shland nesting areas resulting in

their lo mmer flooding can also temporarily

su d the correct grazing regime required to
Golden plover Pluvialis apricaria ﬁn a Zhorterturf structure for the breeding

on; an

The Golden plover is a characteristic breeding species his species is vulnerable to disturbance of its

Scotland but on passage and during the winter the
species may be found in the more southerly e
and lowlands inland, feeding on extensive hi
wet grasslands and permanent pastures ri

of the high, flat, open moors of the Pennines and e feeding grounds or roost sites.

ed  Curlew Numenius arquata

invertebrate prey. Large arable fields also PRevide In the UK Curlew typically breeds on the moors and
mainly roosting areas. rough grasslands of the uplands though there are a few
) @ sites in the lowlands where the species breeds on
Key influences extensive areas of bog and wet-heath, and extensive
e Threats to the species are on alterations to wet rushy pastures and rough grasslands.
the breeding grounds tough loss of habitat to
upland afforestatio hSgrgrazing. The loss of Key influences
lowland unimpro t grassland may affect winter Curlew are particularly sensitive to disturbance
survival in so S. during the breeding season;
R ¢ |nthe grassland sites, traditional management such
N as grazing is required to maintain an open sward
Black-CaW¥d godwit Limosa limosa with good invertebrate population in the upper soil
horizons and vegetative layers; and
Asﬁ e ruff, the Black-tailed godwit is entirely e Threats to the species include grassland
de ent on extensive, open, wet grasslands for improvement, cessation of pasture farming,
. %eeding. Itis a rare breeding species in the UK, improvements to the drainage regime and
\ rrently only present at five locations. The species is replacement of late cuts for hay by more intensive

Q semi-colonial, requiring extensive areas of open habitat silage production.
where grazing maintains a relatively short turf.

Environment Agency in partnership with Natural England and Countryside Council for Wales Understanding water for wildlife
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Dunlin catidris alpina

Dunlin is primarily a coastal species during wintering
and passage movements. It is a breeding species of the
peatlands of the northern uplands and the coastal
machair grasslands of the Scottish Western Isles.
Lowland wet grasslands are of lesser importance to this
species though it does occupy this habitat type at a few
coastal locations.

Key influences

e The species is vulnerable to habitat change in its
breeding grounds via afforestation, drainage of
coastal marshes and developments at its key
estuarine wintering grounds; and

e The spread of the cord grass (Spartina anglica) has
deprived dunlin of its favoured foraging habitat
(open mudflats and low saltmarsh of the middle and
upper shore).

Gadwall anas strepera
and Pintail A. acuta

These ducks winter in the UK in internationally
important numbers but as a breeding species they are
rather local and scarce, pintail in particular.

Adult gadwall are herbivorous, taking Glyceria, Juncus
Scirpus, Carex and submerged and floating pondwee%

Potamogeton, Myriophyllum, Elodea, Callitriche
Ranunculus. Chicks are carnivorous in the ﬁrs’s% eks

taking mainly insects from the water surface \u
lakes, ponds with adjacent marsh or roug land and

slow rivers may be used.

During the winter, gadwall occup
waters of lakes, reservoirs and
other ducks and geese, this s
from the cover of its ma
grasslands.

Pintail nests in@@of locations close to waterin

extensive open
pits. Unlike some
ies rarely emerges

d habitat to feed in open

marshes, lakg 8go%es, islets and periodically inundated
grassland aqjadent to large lakes and moorland pools.
It is omniorpus, feeding preferentially on freshwater
invgr tes in shallow waters during the summer,
sh\@g owards a herbivorous diet in winter. Estuaries
$o e the main wintering habitat for pintail though

e species also occurs in extensive wet grasslands and

*
&Q\washlands.

Environment Agency in partnership with Natural England and Countryside Council for Wales

Key influences

e Breeding gadwall require marshes with clear
eutrophic standing waters which provide a variety of
plants for food as low emergent and submerged
species with taller reeds for cover;

e Threats to gadwall populations include disturbance
and water pollution; and

e The potential for developments at key estuarine sitQ
and loss of extensive inland wetland habitats a

threats to the status of the pintail.
-~
Redshank Tringa totanus Q
While the majority of nesting birds i@ are found
s

in coastal grazing marshes and hes, there are

a number of key sites where t ecies continues to

breed in suitable extensi erasslands of river

flood plains. é

Key influences b

e Habitat require s for redshank in wet grasslands

require a h@atertable with open pools and

ditches high water level (Ref. 13), grasslands
grazed tgoduce a shorter (15 cm and lower) sward

W'chocks for nest concealment (Ref. 23);

nt sites have been lost to flood defence works,

d drainage and agricultural intensification. These
activities have reduced soil wetness, leading to
losses in open water habitat and incorrect sward
characteristics;

e Threats in the coastal locations to the redshank
include drainage of grazing marshes, grassland
improvement and conversion to arable (Ref. 12),
developments on estuaries (Ref. 22);

e The spread of the cord grass Spartina anglica, which
is reducing foraging areas on the saltmarshes and
adjacent mudflats in many southern estuaries, is
also a threat to the status of the redshank;

e Grazing regimes on saltmarshes affect nesting
density. Light to moderately grazed marshes produce
optimum conditions (Ref. 15 & 16); and

e Severe weather leads to heavy mortality in redshanks
(Ref. 14), a factor that can be exacerbated by
disturbance at the feeding grounds.

Understanding water for wildlife
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Ringed Plover charadrius hiaticula Teal A. crecca

Both the wintering and breeding distribution of the and Wigeon A. penelope

ringed plover is coastal with shingle beaches providing
the ideal nesting grounds. The machair grasslands in
the Scottish Western Isles also attract high numbers
and similar short-cropped coastal grasslands and
arable land close to the sea may also attract nesting
birds in England.

Teal and wigeon winter in the UK in internationally
important numbers. Wigeon tends to have a coastal
distribution whereas teal also occurs in well vegetated
inland marshes. Relatively few wigeon breed in the UK,

the population being mainly restricted uplands of t
northern Pennines and the north of Scotland, main® i

There are a few inland breeding locations for this upland neutral waters. Teal breed in greater nu rs
species, on gravel bars along the larger unmanaged throughout the UK, usually in secluded well-v ed
river reaches or on shingle “beaches” at reservoirsand  and enclosed marshes, often with a part

gravel pits though these habitats are mainly the scrub and trees.

Wigeon is almost entirely herbworc@@mes

extensive coastal grazing marsh
the winter. They will also feed,g ble stubble. Inland
reservoirs and gravel ‘

frequent shallow estu
continue to winte

preserve of the related and less common little-ringed
plover. Threats principally concern disturbance from
recreation and development at shingle beaches where
the birds nest.

Shelduck radorna tadorna

Threats to the teal
and loss of t
developm

coast

Shelduck is primarily a coastal species of muddy shores
and estuaries, breeding on adjacent marshes and
farmland. There are a few inland breeding sites,
particularly in Norfolk, and this trend may be

continuing. Nest sites include holes in old rabbit wit
burrows, crevices in rocks or between boulders and

surface invertebrates on wet sands and muds, inse
seaweeds, and grassland herbage are utilised.
Wintering takes place on estuaries and shalb@
freshwaters near the shore. Estuarine devel \ ts are
considered to constitute the main potent&$eats to
the UK population.

Shoveler a. clypeata sﬁ

Shoveler is well distrib
eastern counties of
shallow open eut

dense bramble or gorse scrub. Feeding sites providig@

inly in the central and
, inhabiting marshes and

urface or shallow sediments (Ref. 8).
ent-rich waters may be used where the

ers have a high plankton population. Plant
[ forms a greater part of the diet in winter and

from the
Deep

. %oded river valleys can prove attractive at this time.
e

\)

sting takes place, often in the open by the water’s
edge, orin taller clumps of sedge or similar vegetation.

Land drainage is thought to have considerably reduced
populations in the past and may continue to pose a
potential threat.

Environment Agency in partnership with Natural England and Countryside Council for Wales

pit

%winter but will also
rg’ inlare marshes.

washlands during

o be used. Teal also

ulation include land drainage

llow marshland habitat and
d disturbance at its shallow-water

cations. Wintering populations of wigeon,
ser reliance on inland marshes, are

ered to be less vulnerable to water-resource
agement issues.
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British Trust for Ornithology (BTO). (LQ
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Refer to the EN research Repor

9 for further information on habitat requirements for particular bird species.

Consideration of the Annwabltat estuaries is required. Refer to this guidance note for further information.
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2.4 Eco-hydrological guidelines for
lowland wetland plant communities

The Agency document Eco-hydrological Guidelines for
Lowland Wetland Plant Communities contains a series
of community-based descriptions of the hydrological
regimes required by selected communities.

The descriptions put each community in context by
providing data on floristic composition, distribution,
landscape situation and substratum. The main water
supply mechanisms and preferred hydrological,
nutrient and management regimes are then covered.
The descriptions conclude by providing guidance,
under the heading ‘Implications for Decision Making’,
on the vulnerability to change and restorability of each
community and on knowledge gaps.

2.5 Other sources of information

Other on-going R&D of potential relevance to these
Guidelines includes:

e Ajoint funded project by the Agency and CEH; The

impact assessment of wetlands -Focus on hydrological

and hydrogeological issues. — A Scoping Study. This
project is ongoing but output will not be available for
some time. The project aims to identify assessment
techniques for inland, largely groundwater fed,
wetland systems. When this output becomes

available it is likely to provide additional toolgf
reference in the Assessment Methods desq@

Section 4. $\
&
N

Environment Agency in partnership with Natural England and Countryside Council for Wales

Other useful information can also be downloaded from
the internet, with the following web sites providing
useful sources of data:

e The Environment Agency's Science R&D reports can be
obtained from http://intranet.ea.gov/organisation/
df/environment_protection/science/contents.htm)

e English Nature's publications and Science Series ¢
be found at http://www.english-nature.org.uk/
publication/pub_search.asp

e CCW’s Publications and Research section canQ

found at http://www.ccw.gov.uk/ @
reports/index.cfm?Action=ViewRece =

X\
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3. Hydro-ecological domains and
hydrological regimes

X\

3.1 Introduction consented activities can affect the site is through Q
This section sets out a framework to aid in the regional (or local) ground water (or surface wate
regimes;

hydrological characterisation and conceptualisation for . L
sites specifically supporting European interest features ° Sub§trate ch‘aracte.rl.sncs (matena.l, size, de &
(species and/or habitats) by developing the concept of sorting and interstitial water quality) for thEgle:

the source — pathway — receptor links to support the All wetland sites receive direct rainfall supply
evaluation of impacts and their ecological effects. of water is of importance to a greate er extent
depending on the site. For some s¢ irect rainfall
may provide the predominant 5@and such sites are
referred to as having an om oPhic regime. In this

The framework identifies a series of hydro-ecological
domains (and sub-domains) enabling sites to be
categorised in accordance with their ascribed interest

features and with due regard to the hydrological gul.dance, sites which are tially Ombrotrophic, but
> DL which do not rely uponWground water (or surface
systems/processes (particularly those providing . . .
freshwater supplies) believed to support them. Within water) regime wh tends beyond the site, are not
’ considered further? reason for this is that water

this framework the main hydrological regimes (ground

water, riverine etc) can be readily identified which ?abif]ﬁ:zf?eon l Ra?nc\?vgzgrt ftg?i?mcz:t?)l(leyilnn;lﬁzgtce db
provide the pathway along which activities that give ) a y y

. I . consented @Missions to atmosphere which in turn can
rise to potential impacts can be conveyed to the site . . .. .

. . impa®&tMe hydrochemistry and the condition of certain
of interest (receptor). Finally, a whole range of

possible activities (sources of potential impact) are
briefly considered.

uch as raised bogs, blanket bogs and sites with
gnum recurvum (such as the Cheshire Meres and
\ osses). Additionally, and on a global scale, certain
6 emissions to atmosphere may also be giving rise to
effects on climate too. However, for the purpose of
For the purpose of these guidelines sites sh§ ere these guidelines consideration will be limited to
possible, be characterised (or grouped) in S&ries of  impacts/effects on sites resulting from sources

3.2 Hydro-ecological domains

hydro-ecological domains and sub-doma e (consented activities) which depend upon a
domains suggested are not intended rm a new (or hydrological (ground water or surface water) pathway
varied) hydrologically based clas n system for rather than an atmospheric pathway.

sites with existing classificati§$ as those
proposed by D] Gilvear gnd clnnes (1994) and BD

Wheelerand S C Shaw The purpose of the
domains proposed i s®guidelines is intended to
help characterise iéﬁ terms of the key freshwater
regimes, which otentially be impacted by
consented ackyNjes which come under the control of
the Agen er Resource function, thus modifying

When characterising and assessing impacts/effects on
sites it is important to consider both the natural and
anthropogenic (man-made) factors which govern them.
In the broadest sense the fundamental natural
influences on a site stem from climate and geology
(both past and present) which govern their form (size,
shape and topography), hydrology, marine influence
(if relevant) and ecology. Anthropogenic influences on
sites can be wide ranging such as:

of freshwater to the site (required at a
icular quantity and/or quality) or otherwise
6 needed to abate the intrusion of alternative water

*
&Q\ supplies with unsuitable quality characteristics;

e Artificial creation of habitats such as reservoirs,
canals, quarry lakes, controlled washlands, tidal
barrages and reclaimed salt marshes.

e Management of habitats through localised schemes
to control (or optimise):

— water quantity and/or quality;
— influences on site flora/fauna from predation,
invasion, grazing and harvesting (or cutting);

e Water level (surface or ground water) regime at the
site. Here it should be noted that although at some
sites the dominant freshwater supply may come
directly from rainfall, the key pathway by which

Environment Agency in partnership with Natural England and Countryside Council for Wales Understanding water for wildlife
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— interference from man’s working or leisure
activities through trampling, noise or similar.

e Directimpacts and effects to a habitat from a range
of activities (including consented activities) through;
physical loss or disruption; modifications to the
hydrological regime (quantity or quality); and
enhanced threats from pollution, disease, genetic
disruption and predation (or invasion) by foreign
species.

e Indirect effects on a habitat which may be influenced
by climate change affecting site hydrology (through
increased flood/drought severity) and (if relevant)
interaction with the marine environment (through
sea level rise and/or enhanced storm-surge
generation).

In Section 2.2 details were given of the species and
habitats, constituting European interest features, of
specific relevance to these guidelines. In general, it is
the habitats which determine the hydro-ecological
domain (and sub-domain) into which a site is
categorised. However, for many sites the habitat is not
formally designated in its own right and the only
qualifying interest feature/s are individual species. In
order to help categorise hydro-ecological domains (and
sub-domains) a matrix is provided in Table 3.1 to help
relate domains primarily to habitats and, secondarily,
to species.

When using Table 3.1 it is important to bear in mind
that:

A0
e large sites may well contain more thar@ro-
h

ecological domain.

e Some species may occur across mgay
and therefore selection of the r
ecological domain should be trongly
influenced by the site hyd rather than by
consideration of the qglifying species.

A few points to note ferring to Table 3.1 are as
follows:

¢ Notevery cological sub-domain is identified
in this takle 8. Controlled washland which is really
a spec@? ss of flood plain).
o -division into domains and links to
s/species are never perfectly clear-cut, and
thefrefore the table should only be used as a guide;
individual site circumstances/characteristics should

be used to guide detailed investigations and
assessments.

abitat types
hydro-

Environment Agency in partnership with Natural England and Countryside Council for Wales
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e The header row titled ‘Annex 1 habitats’ broadly
corresponds to the habitats listed in Section 2.2 as
European features. A separate row has been included
to allow for wet grasslands which provide an
important habitat (not classed Annex 1 or covered
specifically in Section 2.2) supporting certain
European designated species (notably SPA features \

¢ |n addition, the listing of species covered in Table b
(or Section 2.3) should not be regarded as definﬁ%

Itis advisable to check with Natural England ggthe
Countryside Council for Wales (CCW) to ch
are no ‘special’ features for sites cong
European designation in their own ri
example, the local Norwich office
regard tidal reed, a very notabl
Atlantic Salt Meadow habitat,
feature in it’s own right.

ies within the
ing an interest

The hydro-ecological s are outlined below.

3.2.1 Fresh surfa@ters domains

The fresh surfgeg waters domains includes rivers and
lakes/pon is further broken down into sub-
domains abr out below.

The R\e™e domain is broken down into the following
U mains:

Natural’ river systems;

¢ Canals man-made linear ponded systems.

The Lakes/ponds domain is broken down into the
following sub-domains:

e broads and meres

e open-water features associated with springs

e artificial features (such as reservoirs, other
impounded water bodies and water filled extraction
pits).

Rivers and, to a certain degree lakes/ponds, can be
further subdivided depending on the following factors:

e size (ranging from a small ditch to a large river);

e geomorphological regime (including gradient,
substrate, channel configurations);

o flow regime (including relative ground water flow
contribution);

e water quality regime;

e the degree of artificial engineering (particularly
canalisation and level/flow control structures).

In deep lakes (and reservoirs) and deep sluggish
(ponded) rivers, the potential development of thermal
layering (thermoclines) and related dynamics may also
be an important consideration.

Understanding water for wildlife
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3.2.2 Freshwater wetlands domain

The freshwater wetlands domain includes bogs, mires,
swamps, marshes, fens and wet meadows. Vegetation
can vary from reed and sedge to carr (woodland), and in
‘land managed’ areas may also include wet grazing
meadows. This domain can be further broken down into
sub-domains including:

¢ Upland valley mires/flushes typically upland valley
sites are ground water influenced and fed by either
ground water or rainwater.

e Lowland valley fens typically lowland valley fens are
dominantly ground water fed and influenced.

¢ Lowland fens and marshes many lowland fens and
marshes are ground water (but some are surface
water) fed and/or influenced.

e Naturalriparian floodplains natural riparian
floodplains are typically surface water fed (under
flood conditions) and influenced but some are also
ground water influenced.

e Controlled washlands controlled washlands (not
individually identified in Table 3.1) are typically
surface water fed (under flood conditions) and
influenced but some are also ground water
influenced.

¢ Transitional wetlands transitional wetlands can exist
in a wide range of hydro-ecological sub-domains and

habitats. Note; this is not regarded as a separate \

hydro-ecological sub-domain.

For reasons given previously, sites which ess YQ\
rely upon direct rainfall input (i.e. which havé%
ombotrophic regime) are not detailed in t

guidelines.

Within freshwater wetland domai
those sub-domains fed by grou

n particular

characteristics and res
sites. The mineral ¢
whether ground

abitats and species at
isimportant in governing

re base rich, neutral or acidic.
ential for ground waters flowing
ay be influenced by the ‘“flushing’
regime afa icular site. Additionally, if ground

w er nriched with nutrients this can impact the
Si drochemistry and effect ecology.

2.3 Marine/coastal domain
The marine/coastal domain can include an array of
transition elements. Typically, from sea to shoreline,

this domain can be broken down into the following sub-
domains:

e Sub-tidal/marine sites that are permanently
inundated.

Environment Agency in partnership with Natural England and Countryside Council for Wales

¢ Inter-tidal including mud/sand banks, through to
salt marsh and possibly coastal lagoons.

e Extreme tidalincluding salt meadow and some
coastal lagoons.

e Humid dune slacks typically seasonal ponds
supplied by rainfall and sometimes also influenced
by a shallow ground water table regime.

e Marine/coastal transition this is not classed as a Q
hydro-ecological sub-domain in it’s own right bnftb
term is often used to describe a range of habifats
which can include an array of coastal/marl
domains referred to above. This may

habitats associated with reclaimed marshes
in which an ‘artificial’ fresh or bra@ater regimes
are maintained. Q

e Estuarine/shallow embayme rine/marine

interfaces give rise to est, and occasionally
g|mes

large shallow emba¥mi~q
Along some inter es the discharge (as springs

or seeps) of fresh%d water may give rise to locally
special regimgaWithin salt marsh zones these can
support ti@beds, and in mud/sand bank may

support s

list invertebrate communities.

hemes/management. This can allow artificial
maintenance of landward freshwater wetlands and
lakes immediately adjacent to the coastal sea defence.
Similarly distinct saline/freshwater regimes frequently
occur on the boundaries between rivers and estuaries
where tidal control structures are incorporated.

3.3 Linking hydro-ecological domains
with hydrological regimes

In characterising the hydro-ecological domain or sub-
domain at a site (or part of a site) Table 3.2 can be used
to help identify the likely broad hydrological regimes
which could govern supply of and/or influence the
regime of the fresh (or brackish) systems at the domain.
This table is merely intended as a guide and should be
used with some degree of caution, with certain points
to note including:

e |tis expected that riverine or lake/pond sub-domains
will probably be influenced by a surface water regime
and more often than not this will provide the key
pathway. However, in certain instances these sub-
domains can also be equally (or more) influenced by
a ground water regime and hence this regime is
identified as a possible pathway for an
impact/effect.

Understanding water for wildlife
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e Where itis indicated that a link is ‘unlikely’ this
should not be interpreted as impossible. For example
it is occasionally possible for certain fresh surface
water or freshwater wetland domains, located near to
the coast, to receive some tidal influences, although
Table 3.2 indicates this as unlikely.

e The table is no substitute for site-specific
hydrological conceptualisation (see Section 4
Method Summaries). The hydrological regimes are
too broad to identify key influences and the actual
nature of the potential mechanisms operating at a
particular site. Therefore, as part of the overall
hydrological conceptualisation for a site the range of
possible hydrological regimes need to be examined
in more detail.

Figure 3.1 provides a diagram with a hierarchy of
hydrological regimes (from broad to detailed) which
could be used to help determine the level of detail that
may be required for adequate hydrological
conceptualisation of a site. The general emphasis in
Figure 3.1 is given to quantity related components of
the main hydrological regimes (such as flow and level).
In general, little detail is provided on the range of water
quality considerations that may be required for site
characterisation and assessment as this is generally
considered outside the scope of these guidelines

Work Instruction (95_01) — Habitats Directive Technj

Guidance for Water Quality: Review of Permissi
Discharge and New Applications. In addition, fge

guidance will become available when outpuSN

ongoing R&D projects become available s:

e Environment Agency R&D; Establi Practical
Measures for Assessment of e cation risks and
Impacts in Estuaries. (At theg f going to press
full details on this R&D,pro were not available).

e Environment Agency 4-083(10)); Atmospheric
Deposition Threat eShwater Habitats Sites; Risk

Screening and sgment based on Freshwater
Critical Loadg=Qrd¥ect being undertaken by ENSIS (at

Universit e of London) and CEH and is due for
complgORAT 2004.

Environment Agency in partnership with Natural England and Countryside Council for Wales

Identification of geomorphological components for the
main hydrological regimes is limited — this may need to
be considered on a site-specific basis.

Table 3.3 sets out the likely links between more
detailed (or intermediate) hydrological regimes and

domains. For example, Table 3.2 shows a probable link \«
between the broad surface water hydrological regime Q

and the estuaries and embayments hydro-ecologic
sub-domain. However, when the more ‘detailed’
subdivision of hydrological regimes is considereq

n
Table 3.3, only flow and quality are shown as ble
links whilst the level and geomorpholo \TTES are

indicated as possible links. @

©
)

Q>
>

although further information can be obtained from §
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Figure 3.1 Hydrological regimes diagram

Broad regime

Ground water

Surface water

te: Water quality considerations are
potentially numerous and commonly include
evaluation of the following:

Salinity/mineralisation
Sanitary/pH

Nutrients
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3.4 Linking hydrological regimes to the
potential source of impacts/effects

In this sub-section further details are provided on the
source — pathway — receptor links. The source —
pathway - receptor mechanism involves:

e Source; an activity (often consented such as an
abstraction) which gives rise to a possible impact, in
this case hydrological, and related effect/s.

e Pathway; a hydrological regime in which an impact
can be transmitted (such as in an aquifer system as
relevant to a ground water regime).

e Receptor; the hydro-ecological domain (or sub-
domain) where a hydrological impact, under
consideration, may be received. Translation of this
impact into ecological effect, and significance, at the
feature will depend upon the magnitude of the
impact and the sensitivity of the key interest features
to these impacts.

Table 3.4 highlights the general likelihood that various
consented activities (sources) may act with different
hydrological regimes providing a pathway by which
impacts/effects may occur. The consented activity of
primary concern in these guidelines involves licensed
water abstractions. However, there is a requirement (set
out within the habitats regulations) to assess the

regulated by other Environment Agency functions a
non Agency activities. These activities may al

¢ Integrated Pollution Control (IPC) and RadioActive
Substances (RAS) consents involving discharge to
water. The main impact consideration from such
activities is normally on water quality in the receiving
water. Here it should be noted that those IPC
consents involving emissions to atmosphere and in

rain acidification) and impact European sites are
considered to have an atmospheric rather than
hydrological pathway.

¢ Flood defence and land drainage activities,
inland schemes can typically give risegt
impacts on the flow, level and geom
regimes of affected rivers whilst s
schemes can give comparable j

water regime. It should be “‘
Authorities, in addition t vironment Agency,
also have responsihili ood defence and
drainage matters an t notably these include
Internal Draina%‘ar s and Local Authorities.

e Major navigatio emes can give rise to significant

impacts om@low, level and geomorphological
regime cted rivers and tidal waters. Whilst the

particular those which may pollute rainfall (i.e. causi

Envigon t Agency are the Navigation Authority for

o %nland waterways (mainly selected navigable
@vs , the major Authority is British Waterways.

her small-scale regulators of inland water include

Commissioners. British Waterways responsibility
also extends to some navigable tidal waters, but

impact of abstraction ‘in-combination’ with activitieE &ocalised bodies such as the Middle Level
ay

rise to potential hydrological impacts/effect t
also have other effects not related to hyd@These
also need to be borne in mind and consi when ‘in-
combination’ assessments are unde%n.

Within the Agency’s water resou nction other
activities that will probably aged by this function

but may be consented, wiglly or partly, by a separate

Agency function, inclu?

e artificial rechar. e@ quifer Storage & Recovery
(ASR) schem&

® raw water rs; and

o major@dments (construction/installation
onl

Ot ency functions that have a consenting, or some
oth®egulatory, role which may give rise to potential

drological impacts/effects, via the hydrological
pathway, include:

e Water quality discharge consents usually prescribed
for treated effluent discharge activities. The main
impact consideration from such activities is normally
on water quality in the receiving water.

Environment Agency in partnership with Natural England and Countryside Council for Wales

many of these are regulated by separate Harbour
Authorities while others are the responsibility of the
Local Authority.

e Waste management, and in particular landfill
licensing, is regulated by the Environment Agency.
Poorly designed or operated landfill sites can impact
on the ground water (or surface water) quality
regimes. Another form of waste management, which
may be hydrologically significant, is the dumping of
dredged sediments to tidal waters. Such activities
are predominantly undertaken to maintain
navigation channels (these are generally regulated
by DEFRA). Where dredging is undertaken in river (or
drainage) channels to maintain flood conveyance
capacities (the Environment Agency (or appropriate
Drainage Authority) will have management
responsibility for such works. Where these works
involve deposition adjacent to channel dredging no
other authorities are normally involved but if such
sediment is disposed of in tidal waters regulation by
DEFRA may apply.

Understanding water for wildlife
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e Water Level Management Plans are regulated by
DEFRA but many plans, particularly those involving a
strategic approach to water resource management,
have been formulated and may also be operated,
monitored or co-ordinated by the Environment
Agency. Plans compiled by the Environment Agency
include those for the River Avon c¢SAC/SPA in
Hampshire.

The most notable non Agency consented activities (or

allied management) which may give rise to potential

hydrological impacts/effects include:

e Site management activities regulated by Natural
England and the Countryside Council for Wales.

e Nearby inland mining and quarrying activities,
regulated by County Councils or Metropolitan/Unitary
Authorities concerning mineral extraction (or the Coal
Authority concerning coal mining), may involve de-
watering activities which can potentially impact both
ground water and surface water regimes. Marine
aggregate extractions, (undertaken both for
conventional aggregate use and beach nourishment
schemes), may potentially impact tidal water regimes
and these activities are regulated by the Crown
Estates.

e Major planning development including; residential;
commercial; industrial; transport infrastructure; and

major pipelines can all lead to potential hydrologica@

impacts. Such developments involve a range of
regulating authorities such as Local, Metropgli
County, Highways and Rail Authorities. 4 \

e Good Agricultural Practice and comparabl \
requirements for aquaculture activitieg@he
responsibility (in terms of formulatj@n an
implementation) of DEFRA. Inap, te practices

can impact both ground wate r surface water
quality regimes.

Environment Agency in partnership with Natural England and Countryside Council for Wales
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Assessment
methods

4.1 Introduction
4.2  Guidance on assessment method
selection
4.3  Translation of hydrological impact
to hydro-ecological effect
4.4  Assessment methods
4.5  Additional sources of informatior.
4.6  Assessment method summ._nos
(or ‘technique sheets”
— Fish population survevs
— Fisheries Classifi*.c"ion System
(FCS)
— Habscorr:
— FAME " -opean Fish index (EFi)
— R: 'er Fish Habitat Inventory (RFHI)
— 'mpact of Groundwater
Abstraction on River Flows (IGARF)
— Licence Accumulation Diagram
(LAD)
— Flow naturalisation
— Low flows 2000
— Macro-invertebrate biotic indices
— MORECS/MOSES
Environment
Agency

< Main contents

— Rainta'l — runoff modelling
— N'ver Habitat Surveys (RHS)
— River flows

— Species abundance and
distribution data

— Trophic status assessments
— Water balance assessment
- Groundwater levels

— Numerical groundwater
modelling

— Groundwater abstraction
drawdown methods (based on
radial flow assumptions)

— Conceptualisation for Habitats
Directive Appropriate
Assessments

— Flood inundation modelling

— Lidar terrain mapping

— Topographic surveys

— Resource Assessment and
Management (RAM) framework

— Risk Assessment protocol

Cyngor Cefn Gwlad Cymru
Countryside Council for Wales



4. Assessment methods

approach to, or sophistication of, the methodology

4.1 Introduction e |fan assessmentis considered necessary the «

This section provides a ‘route map’ to a range of adopted should be commensurate with the:

available assessment methods (or techniques), details — Adequacy (confidence level) of understandin Q
of which can be found on summary sheets in this both the hydrological and ecological ‘ i N

document. These methods are available for use in characterisation/conceptualisation of the S,-Q

assessments and thg pa}ckage of me‘thf)ds adopted _ The nature, proximity (with respect to th
should reflect sp.euflc site characteflstlcs, the site/receptor) and size of the sourc  ential
adequacy of available data for the site and the level impact.
(orsophistication) of assessment being undertaken.' _ The conveyance of impacts alg relevant
Selecjuon of assessment methods should pot be carrled pathway/s (i.e. hydrologica %5) from the
out without recourse to the relevant technical expertise. source to the receptor.
The assessment methods are broken down into groups — The ecological sensi 'v@the key interest
which may be used to: features at the re
e help characterise the site; e Adopting a pro@ive, stepped and precautionary
e interpret the processes which supply orinfluence approa‘ch: .

freshwater supplies to the site; — Starting Qhe simplest methods and
e evaluate (quantify) impacts/effects. progrg to more rigorous techniques as

negessey;

Some guidance on assessment method selection is _ ing the precautionary principle in the light of
prow.ded below within a framework which also ertainties (in knowledge regarding hydrological
considers the: % haracterisation or sensitivity of the interest

e source — pathway - receptor concept; features) and/or applied assumptions regarding

* ecological sensitivity of the receptor to hydrolo i& hydrological characterisation of the site or the
2

impacts; particular assessment methods adopted;
e adequacy of hydrological conceptualisati' — Undertaking assessments of impacts/effects
site; progressively from single function through to multi-
e stage of assessment in the Habitats Re tions functional considerations, and also bearing in
Review of Consent (or comparable@cess. mind that in-combination effects may arise, such
@ as the possibility of enhanced toxicity from a
Allthe assessment methods reférdg/o should be ‘cocktail’ of pollutants rather than consideration of
applied following Environme ncy policies and individual toxicity from each individual constituent.
procedures and following&eﬁ:e evant Work Instructions
and guidance on the Eqi ent Agency intranet * Ifarefined approach is deemed appropriate also
system. @ consider if there is a need for:
— Further baseline investigations to improve site
4.2 Guida n assessment method (hydrological or ecological) characterisation or
selecti specific understanding/provenance of a link
) ) between source and receptor.
Z:n trilsodf:przgtjheon(z ﬁ%rot:;h::j?:sg%rfl;:qigtzz t — Further research into the ecological sensitivity for
co erations. In outline, these can include: certain interest features.

‘\% Does the hydrological characterisation
Q (conceptualisation) for the site identify a potential
& source — pathway - receptor link? If not, orif any
link is shown to be of very low consequence, there
may be no need to undertake any further assessment
work.

Environment Agency in partnership with Natural England and Countryside Council for Wales Understanding water for wildlife
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4.3 Translation of hydrological impact to
hydro-ecological effect

In all cases the significance of the predicted impact has
to be assessed. This can only be done by translating
hydrological impact (change in flow, water level etc)
into hydro-ecological effect. The hydro-ecological effect
depends on a range of ecological factors including what
is known on the water requirements of the species or
habitat and other pressures acting at the site in
question. In most cases this will require local
knowledge and access to expert opinion.

Very often there is a lack of information on which to
base an assessment or decision on the significance of a
predicted impact. Risk assessment frameworks can
provide a useful tool in these circumstances. The
methods should be precautionary (particularly where
major uncertainty is involved) and can be used to assist
in the identification of sites where risk is minimal (and
hence can be eliminated from the assessment process)
and to identify need for further investigations/
fieldwork.

4.4 Assessment methods

Following on from the introduction of hydrological
regimes (the pathway for source to receptor

impacts/effects (Section 3.4), Table 4.1 sets 0119
possible assessment methods applicable to‘%
regimes. The assessment methods are divg ¥nto two
main classes and include:

e Standard techniques to help ch ise the site
(typically covering field-base oring and
baseline processing/interpr®syion of resulting data);
and

e Various approaches@may be undertaken to

assess hydrologi acts.

forthe assessment methods
tion as to the:

Table 4.1 also p
identified, a

-

d (whether used to provide baseline
da ite characterisation or enable impact
bﬁ@nent);

o ological regimes under which the method is

. likely to (or may) be applicable;

* Typeo

e Further coverage of outline details for this method in

Table 4.2 reproduces the full list of assessment
methods previously identified in Table 4.1. The majority
of these are provided with Assessment Summaries in
Section 4.6 but in some cases where the selection of
methods are not made primarily by the Water Resource
function, e.g. water quality, no summary has been
provided. When no summary has been provided then
suggestions may be included (in Table 4.2) giving oth
references or organisations which might help.

4.5 Additional sources of informa@\

Further information may be obtained froﬁ@
sources:

lowing

e 133_05 Work Instruction: (App
of new Water Resources per,
Habitats Regulations.

® 134_05 (Appendix
Resources permissi

) Assessment
s underthe

of existing Water
under the Habitats

Regulations.
e 135_05 (Appen ) Stages 1 & 2 of the review of
existing WafeMgesources permissions under the

Habitat@ lations.

e 136,05 (®Ppendix 4) Stage 3 of the review of existing
r Resources permissions under the Habitats
ations.

O

impacts/effects) in Section 3.3 and potential links 'ti‘
types of activities which may provide the source ofwb

X\

@ Typical cost/complexity of applying the method; and

these Guidelines (see Section 4.5).

Environment Agency in partnership with Natural England and Countryside Council for Wales Understanding water for wildlife
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4.6 Assessment method summaries

Fish population surveys

Summary The provisions of the Conservation (Natural Habitats «
&c.) Regulations 1994 has highlighted the conservation \

Type of regime where applied

status of species such as lampreys, bullhead and
Riverine and lacustrine. shads. As a result of this there has been increased Q
Applicability to groundwater or surface waters emphasis on local targeted surveys for these specie(sL
Surface waters only. 1 European (fish) interest features include sal &
Hydrological data requirements bullhead, allis shad, twaite shad, brook @
Gauged flow data may be useful to explain or river lamprey, sea lamprey, spined loac n
investigate migratory behaviour, distribution and and vendace
impacts on fish populations Salmon are the only European (f'@terest feature
Ecological data requirements that have historically been sub&& to extensive survey
River habitat survey may be used to link distribution to  effort, with surveys targegn€ bYth the adult and the

channel features juvenile fish. Surveys &g So been repeated at

. regular intervals, paovidNg good historical data sets for
Can method be used on its c.)wn? ' many river catchn%.
Yes, however, data are best interpreted against other
environmental data. Bullhead, spige®oach and lamprey have typically been
R ) recorded ent at sites if detected. However, the
Applicability to European interest features habitatpreM®nces and behaviour of these species

Highly applicable, various survey techniques can be
used to target particular species or groups according

me specialist targeted surveys are required for

itdtive studies, with routine surveys probably

to habitat r-recording these species. Historical data for
Resource requirement %ned loach may be limited or unreliable due to lack of
Experienced/qualified surveyors required — minimué recording or mis-identification.
number to meet health and safety requireme S Shad species have rarely been monitored other than
according to specific task. \ through specialist surveys as the adults are only

. iif present in rivers for short periods of time in Spring
1. BaCkgmund and applicabjlit when general fish populations surveys are not usually
to species protected und undertaken. Most historical records are anecdotal
Habitats Directive based on observation of adult fish returning to spawn.

§ Consequently no useful population estimates exist for

Fish population survey daf een routinely this species, with the exception of the River Severn
collected by the Enwrog gency and its where there are 25 years of useful CPUE (Catch Per Unit
predecessor organis or most river catchmentsin ¢4 data. However, the use of fixed station
orderto evalua& tribution, abundance and hydroacoustic counters is currently being evaluated on
status of fish s Historically fish population data 4,4 River Wye.
have been co d to provide information on the
health of er both in terms of habitat and water Coregonids (powan, gwyniad, vendace) are confined to
qualit n terms of the sport fishery. The collection ~ deep glacial lakes in generally upland areas of North
of ata has, in the past, varied between West England and North Wales and have only been

ment Agency Regions and Areas, both spatially ~ subjected to targeted surveys, principally by the
. %d temporally. Since angling has been a key driver for ~ Freshwater Biological Association and Centre for
athering fish population data, surveys have typically ~ Ecology and Hydrology.
concentrated on the favoured coarse and salmonid fish
species. Consequently, other species such as bullhead
and lamprey have been under-recorded.

Environment Agency in partnership with Natural England and Countryside Council for Wales Understanding water for wildlife
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2. Fish population survey methods at certain sites. The data from fish population surveys
can be evaluated in association with environmental

data, such as gauged flow data, River Habitat Survey
(channel morphology) data, water quality data as

The variable morphology of water bodies throughout
England and Wales means that a variety of different
survey techniques have to be employed acco'rdingto described in summary to provide some explanation of

the width, depth, substratum, water conductivty and variability in distribution or abundance, or to explain «
turbidity of the water being surveyed, also to purpose of species behaviour. \
survey and target species

Each of these techniques has certain limitations and in England and Wales and their applicability to

they vary considerably in their selectivity and efficiency ¢ vironments and species are summarised in t

depending upon the survey site and prevailing table below. @
conditions. A combination of techniques may be used

Fish population survey methods @®

The fishery survey methods most commonly used (LQ

River Type Method European interest species nts
Upland, narrow, shallow streams Backpack Electric Fishing Salmon (juvenile), lagprey
(juvenile), bullhead%
Small to medium sized shallow rivers, Wading (generator-based) Salmon (j Qi adult) Adult salmon seasonally only,
upland and lowland electric fishing lamprey, Imad, electric fishing not recommended
spin ach as a survey method
Deeper, medium to large rivers Boat-based hand-held &on (adult and juvenile), Adult salmon seasonally only,
(upland and lowland), margins electric fishing amprey, bullhead, electric fishing not recommended

of lakes, canals & spined loach as a survey method. Lampreys,

bullhead and spined loach

. \Q in shallow margins only.
N\
-

Large, navigable, slower-flowing Boom- ctric fishing Not applicable to any of
rivers, lakes European interest species

‘2 »
Medium to large, slow-flowing lowlan@ rawling Shad, coregonids in lakes

rivers, large lakes, estuaries \

Medium to large, slow—flox@&land Seine netting Salmon (adult), spined loach, Unlikely to be used for
rivers, lakes, estuari‘eQ shad (juvenile) sampling adult salmon
N\
Large lowlarysi nd lakes, estuaries Hydroacoustic survey Coregonus species in lakes
0 (boat-based or fixed) Shad and Salmon smolt
O
Sm large sized rivers and Angler rod-catch Salmon (adult)
0\ es, estuaries Commercial net catch
Environment Agency in partnership with Natural England and Countryside Council for Wales Understanding water for wildlife

< Section divider Assessment method summaries: Fish population surveys 4.6



3. Brief descriptions of methods

3.1 Electric fishing

Electric fishing involves the creation of an electric field
in the water around a set of electrodes in order to
attract and immobilise fish so that they can be captured
easily, enumerated and processed before being
returned to the water with minimal risk of harm. Electric
fishing can be carried out either by wading or from a
boat, the power being provided usually by a portable
generator, or in small shallow streams in sites with
difficult access, a battery unit. The effective electrical
field in water is generally only quite small, in the order
of 2-3 metres around the electrodes, and so the method
is of limited effectiveness in larger or deeper water
bodies. There are considerable health and safety
implications surrounding electric fishing and it must
only be undertaken by trained and experienced staff,
the number of whom are required varying according to
the type of operation being mounted.

3.2 Netting

Although fish can be captured in a variety of broad types
of nets, the chief methods used in English and Welsh
waters for fish sampling are seine netting and trawling.

A seine net is typically 50 — 150 metres in length with
varying depth (1.5 — 6 metres) and consists of a
relatively small mesh size (15 — 50 mm). One end of th
netis held on the bank whilst the rest of the netis s

a circle from a boat and the ends drawn togethgr

form an enclosure around the area being fisl
whole net is drawn slowly towards the shore
catch can be scooped out and placed in
containers for processing. Seine nettj
in waters which are very deep, ha
beds or are debris strewn, are w
velocity is excessive. Seine
intensive although in ide
relatively efficient.

is impractical
ly shelving
rwhere the water
is fairly manpower
sampling conditions it is

om a suitably-powered vessel
fa bag-shaped net which can be
ed so as to sample either the bed of
rthe pelagic layers. Long stretches of
sampled relatively rapidly although its
ficiency is usually low and may be highly

e for species. The method is best suited to wide,
ep waters with relatively smooth, clear bed.

3.3 Hydroacoustics

Hydroacoustic surveying of fish works by the
transmission of a high-frequency sonic beam under the
water which, when it encounters a fish or other
underwater object, creates an echo that is detected by a
receiver. The energy from the echo is transformed into a

Environment Agency in partnership with Natural England and Countryside Council for Wales

reading or visual image on a screen or paper chart. The
modern split beam and dual beam hydroacoustic
systems used by the Environment Agency and other
scientific bodies incorporate very sophisticated software
which enable high confidence in discerning fish from
other objects, assessment of numbers and size of fish
present and tracking of movement patterns of individual
fish within the beam. Hydroacoustic surveys are
generally conducted by boat although fixed locatlo(b
monitoring from the bank or a pontoon can be us

the generally shallow (<« 6m) deep waters the

hydroacoustic beam is fired horizontally eep
lakes it is transmitted vertically. The me ables
long lengths of river or shorelineto b ved with

modest manpower in a relatively s yme, and has the
advantage of being non-intrusiv e fish. Surveys are
usually conducted between&nd dusk when the
fish tend to rise higherin ter column where they
are more visible to the *Whilst the size of fish can
be estimated, it i%en rally possible to discern
species.

3.4 Fish co @
Migratory pecies have presented their own
challe s when trying to evaluate the characteristics
Qilt spawning population. As a result of this
osition counters have been deployed at various

@es to count the number of fish migrating upstream
d

in some cases, downstream. These methods allow
continuous recording of fish movement, subject to
certain environmental conditions being met, and so can
provide information not only on numbers of fish but
patterns of behaviour.

Two techniques have routinely been employed:

e resistivity counters (where the fish interrupts an
electrical field, the magnitude of the interruption
being proportional to the size of the fish);

e hydroacoustic counters (where the fish swims
through a sonic beam, influencing the returning
signal, the magnitude of the returning signal being
proportional to the size of the fish).

Both techniques are effectively ‘blind’, i.e. there is no
easy way of establishing the identity of the fish other
than to use a separate technique such as underwater
video. Consequently there are certain inaccuracies
associated with each method, which may also be
influenced by other environmental factors such as
macrophytes, algae, suspended solids, air bubbles etc.
Itis possible to calibrate systems so that fish size can
be estimated, and fish numbers can readily be
calculated unless the fish form dense shoals. This is a
particular problem with shad, which makes
enumeration problematic.

Understanding water for wildlife
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Fixed position fish counters have been deployed on a
number of the salmon rivers in England and Wales

(11 of these provide reliable data). Consequently good
data exist for some SAC rivers where salmon are an
interest feature. In most cases fish migration data can be
related to river flows to identify migration triggers. It is
also possible to use counter data to enumerate the
returning adult population. This can be related to
spawning targets to establish the status of the fishery.
Much research has been completed looking at the use of
counters to evaluate stocks of salmon and sea trout.
However, the value of these systems for evaluating shad
migration is now being trialled, and work is being carried
out to develop the systems further for this purpose.

3.5 Angler rod-catch and commercial net-catch.
Migratory salmonid rod licence holders and holders of
licences for commercial salmon netting are required to
submit to the Environment Agency details of their
salmon catches including dates and methods used,
hours fished etc. Rod-catch data are the most reliable
data on runs of adult salmon in many rivers where there
are no fish counters. The data are expressed as catch-
per unit effort, i.e it can only provide a relative ind

abundance although relationships between rod-gatc
and total run size have been established for sé

systems. Rod-catch data can also be used
inferences about the behaviour and dls& n of

adult salmon.
%)

Additional information

General:

N

eO

Ladle, M. (2002) Review of Flow Needs for Fish and Fisheries. Environment A% R&D Technical Report TR W159.

Bristol: Environment Agency, 2002

Aprahamian, M. W. & Lester, S. M. (1998) Shad conservation in Engla@mles. Environment Agency R&D

Technical Report P302(1998)
ISBN 1857051335 Bristol : Environment Agency, 1998

Institute of Freshwater Ecology; Winfield, I.)., Fletcher, J.M. Cr

and status of Coregonus albula and C. lavaretus in Englan
Bristol: National Rivers Authority, 1996

Fish counters:

S

e, D., Cubby, P. R. (1996) The population biology
ales. National Rivers Authority R&D Note 424

Nicholson, S.A. & Aprahamian, M. W. (1995) D%d use of fish counters. National Rivers Authority R&D Note 382

Bristol: National Rivers Authority, 1995

Nicholson, S.A., Best, P.M., Shaw, R.A. Ka%@l (1997) Design and use of open channel resistivity fish counters.

Environment Agency R&D report W2
Bristol: Environment Agency, 199%.

Gregory, )., Bray, ). & Gough,
salmonid counters. Envir
ISBN 1857057821 BrisfoINeMfvironment Agency, 2002

Gregory, J. Clabb
Environment A
Bristol: Envir

&D Technical Report W92
nt Agency, 1998

Gregor
forgh
IS 7053362 Bristol: Environment Agency, 2000

.\aectric fishing:
e

2). The development of applications and validation methods for hydroacoustic
ent Agency R&D Technical Report W233

@obinson, L. (1998) The use of a hydroacoustic counter for assessing salmon stocks.

0) An appraisal of hydroacoustic techniques for monitoring the spawning migration
he R. Wye. Environment Agency R&D Technical Report W226

ntre for Ecology and Hydrology; Beaumont, W.R., Taylor, A.A.L., Lee, M.J. & Welton, ). S. (2002) Guidelines for
Electric Fishing Best Practice’. Environment Agency R&D Technical Report W2-054/TR.

ISBN 1857056361 Bristol : Environment Agency, 2002

Cowx, I.G. & Harvey, J. (1995) Electric fishing in deep rivers. National Rivers Authority R&D Note 303

Bristol: National Rivers Authority, 1995

Environment Agency in partnership with Natural England and Countryside Council for Wales

Understanding water for wildlife

< Section divider

Assessment method summaries: Fish population surveys 4.6

X\



Additional information continued

Netting techniques:
Freshwater Fisheries Management. Ed. Robin Templeton Fishing News Books, 1995,

ISBN 0-85238-209-X /\

Hydroacoustic surveys:

Royal Holloway; Duncan, A. & Kubecka, J.(1993) Hydroacoustic methods of fish surveys Q
(National Rivers Authority R&D Note 196 (L
Bristol: National Rivers Authority, 1993

Lucas, M.C. Walker, L., Mercer, T. & Kubecka, J. (2002) é

A review of fish behaviours likely to influence acoustic fish stock assessment in shallow temperate r/@nd lakes.
Environment Agency R&D Technical Report W2-063/TR/1

ISBN 1857056884 Bristol: Environment Agency, 2002

Hateley, J. (2002) Variability in mobile acoustic fish community assessment. EnvironmenL&% R&D Technical
ReportW2-063/TR/2)

ISBN 1857058488 Bristol: Environment Agency, 2002 %O

Rod and net catch:
Fisheries statistics 1999: salmonid and freshwater fisheries statistics for Eng@nd Wales: (declared catches of
salmon and migratory trout by rods, nets and other instruments. Environ t Agency National Salmon and Trout

Centre (Author)
EA Publication; 35pp.Bristol: Environment Agency, 2000 O
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4.6 Assessment method summaries

Fisheries classification system (FCS)

Summary Method description
Type of system where applied FCS requires electric fishing survey outputs expressed \
Riverine. as numbers of individuals per 100m2 for salmonid Q
N and biomass density (g/100m2) for coarse fish ov%
gszgzzmgzr?oggfundwater or surface water cm forklength (on the basis that fish less than 1gcm i
y: length cannot be sampled quantitatively, FC
Fish data requirements produce outputs for sites where fully quaggt
Quantitative or semi-quantitative electric fishing survey electric fishing is not practicable and t module
data or angling match catch data which can utilise angling match catc a.
Hydrological data requirements Fishery survey data and site gra '@)&nd width data are
Historic naturalised and actual flow data may be useful  entered into the model; the s for any given site
for further investigations. are presented as grades ng to a five-band
. . classification system total range of values of
Ecological data requirements 3

Comparison with river habitat survey data may provide

useful additional data on habitat preferences.

fish density and by ss¥ound across England and
Wales. The syste rates on four levels of detail

through the ugef a hierarchy of species aggregations,
Can method be used on its own? and, for ea& of detail allows an absolute
Uses fish population survey data plus map-and site- classificatitgfhow the fishery rates in relation to all
based data. otherdiMthe database) as well as a relative

tion, which places the site in the context of
sites in the same broad habitat type (gradient and
th category) in the database.

Applicability to European interest features

Uses UK reference sites for databases. Incorporate data %

on salmon, spined loach, bullhead and shads wher

these are present and can be sampled. Quantitativei > . ors

data only for salmon. . Appllcablllty

Resource requirement \\o At.all levels of detail, ‘minor" species such as bullhgad,
minnow, lampreys, coarse fish fry and the loaches is

Practitioners must be familiar with FCS s )
package and manipulation of fish po tion data required only as presence or absence, hence FCS has

including National Fish Populatio ase (NFPD). limited applicability to most Habitats Directive species.
$ FCS uses only very basic habitat data as part of the

Background evaluation process, which limits the sensitivity of the
The Fisheries Classificaff stem (FCS) was system for a‘ssessn?g speaes.occurrencg and
. abundance in relation to habitat. It is tailored towards
developed to enabl ctive assessment of fisheries, . . . .
. . species of angling interest and is a tool for National
of fisheries from a local and

comparison of th . ; .
national perspgC®&e; and communication of results, on reporting and is easily translated to map-based
3 national ’ ’ outputs. Although FCS considers salmonids, the

HABSCORE system provides a more robust tool for
The as developed by compiling a database assessing salmonid populations in relation to habitat.
of urvey and simple environmental data from
@1000 river sites from around England and
. %ales and examining patterns of abundance of the
rious species and groups in relation to river width

&Q\and river gradient.

Environment Agency in partnership with Natural England and Countryside Council for Wales Understanding water for wildlife
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Additional information

WRc plc, Mainstone, C. P. ,Wyatt, R. ). & Barnard, S. (1994) The NRA national fisheries classification scheme: a
guide for users. National Rivers Authority R&D Note 206
Bristol: National Rivers Authority, 1994

WRc plc, Mainstone, C. P. Wyatt, R. ). & Barnard, S. (1994) Development of a fisheries classification scheme.

National Rivers Authority R&D Project Record 244/7/Y Q

Bristol: National Rivers Authority, 1994

WRc plc; Wyatt, R.J.& Lacey, R. F. (1999) Semi-quantitative methods for fisheries classification. Environmen&gency
R&D Technical Report W167

Bristol: Environment Agency, 1999

Environment Agency in partnership with Natural England and Countryside Council for Wales Understanding water for wildlife
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4.6 Assessment method summaries

HABSCORE

Summary

Type of system where applied
Riverine.

Applicability to groundwater or surface water
Surface waters only.

Fish data requirements
Quantitative or semi-quantitative electric fishing survey
data or angling match catch data

Hydrological data requirements
Historic naturalised and actual flow data may be useful
for further investigations.

Ecological data requirements
Comparison with River Habitat Survey data may provide
useful additional data on habitat preferences.

Can method be used on its own?
Uses fish population survey data plus map-and site-
based data.

Applicability to European interest features
Uses UK reference sites for databases. Focuses on
salmonids.

Resource requirement

Habitat and fish data must be gathered by trai
practitioners. Users must be familiar with RE
software package and manipulation of fi ulation
data including National Fish Populat@atabase

(NFPD). ®
sSﬁmonid stream habitat

ion based on empirical

ainst combinations of site and
. The system has been developed to

ion of fisheries data, with particular

e assessment of environmental impact.

#/ations of densities from the pristine

E sites feed into the production of spawning

. HABSCORE is based on a series of empirical

tistical models which predict population size of five
Salmonid species/age categories to observed habitat
variables including site and catchment features.

Background

HABSCORE is a system
measurement and e
models of fish de
catchment fea
aid the inte
emphasi
Indir

tar

The models were developed using fish population
estimates obtained from 602 ‘pristine’sites in England
and Wales.

Environment Agency in partnership with Natural England and Countryside Council for Wales
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Method description

catchment variables (e.g. altitude, slope), primary sit
variables (e.g. mean depth and width, shading) and
derived site variables (e.g. surface area to volume{tio)

The system produces two principal outputs: Q
the

e Habitat Quality Score (HQS): a predict
expected population at a site deriy, habitat
data.

e Habitat Utilisation Index (HUI %asure of the
extent to which the potenti the site is realised,

i.e. the difference bet e observed and the
expected populatio®S&»The HUI is derived from

habitat and fis%a.
The comparison o erved with expected data using

the HABSCOFQNdeI provides a useful tool for

assessing@ rformance of the salmonid population

at a paaijculdr site. A poor HUI indicates that the site

hol r fish than would be expected on the basis of
t features and hence that it might be impacted.

The HABSCORE system uses a range of variables includi@

ause the HABSCORE system is empirically derived,
there is not necessarily a direct causal link between the
model variable and the predicted population. The
system therefore has to be used with caution when
trying to predict the consequences of habitat change.
Therefore in those cases where the observed value falls
below the predicted value, further investigation may be
necessary to identify the factor(s) responsible for the
deviation.

Applicability

HABSCORE has been designed to evaluate the habitat
used by salmon and trout in upland rivers and streams
and serves this purpose well, however its applicability
in larger rivers where measurements of many of the
variables used, is limited. The value of the method for
other Habitats Directive fish species has not yet been
validated.

Understanding water for wildlife
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Additional information

WRc plc, Wyatt, R.). & Barnard, S. (1995) Guide to HABSCORE field survey methods and the completion of standard
forms. National Rivers Authority R&D Note 401.

Bristol: National Rivers Authority 1995 «

WRc plc, Wyatt, R.J. Barnard, S. & Lacey, R. F. (1995) Salmonid modelling literature review and subsequent
development of HABSCORE models National River Authority R&D Project Record(338/20/W)

Bristol: National Rivers Authority, 1995 (L
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4.6 Assessment method summaries

FAME European Fish index (EFi)

Summary lowest of the five categories (Bad) have communities «
. which are very highly modified from those occurring \

Type _°f system where applied under pristine (reference) conditions. An EFi score of
Riverine. close to 1 indicates a high probability that the site Q
Applicability to groundwater or surface water reference condition. %
Surface waters only. The FAME database (FIDES) was developed o K
Hydrological data requirements European-wide scale and included over
Historic Naturalised and Actual Flow data may be useful ~ samples from 8 000 sites from 12 COU”? reach
for further investigations. river type in each of 16 ‘eco-regions’ racteristic fish

. . communities have been identifie eir composition
Ecological data requirements in terms of reproductive and fee suilds’ that would

Comparison with River Habitat Survey data may provide expected under near-prig# nditions.
useful additional data on habitat preferences. G

Can method be used on its own? Method descript
Uses fish population survey data plus map and site- The methodology ves five basic steps:
based data.

. 1. Classify rive{ tiwe — this is done on the basis of simple
Fish data . . .

. e map an based variables describing the basic
Single-run electric fishing survey data. . L .

envig@nmental characteristics and geographical

Applicability to European interest features l % of the site which are fed into the FAME model

Uses UK and European reference sites for databases.
Incorporates data on salmon, spined loach, bullhead
and shads where these are present and can be sam

ne reference condition — this is derived from the
IDES database by the model

but makes no specific reference in final score. 3. Undertake survey and enter data into the model
Resource requirement 8 X’ 4. Assess deviation from reference condition — this is
Practitioners must be familiar with FAME s the EFi score and is the output from the EFi software.

package and manipulation of fish popula& ata Assi .
including National Fish Population D@ase (NFPD). 5. Assign quality status.

FAME uses data from single-run electric fishing survey,

Background @' undertaken to strict criteria laid down in the FAME
manual. Data from multiple catch surveys can be used,
meht Method for the

The FAME (Fish based As%i ' however only the first run catch is used in the
Ecological status qf Eu% Rivers) methodology Was  computations. Fish caught are classified according to
developed to provid olforassessing Ecological their membership of various guilds, which make up the
ten fish metrics used to calculate the EFi. Some of the
metrics are simply the presence or absence of certain
species whilst others are densities of various fish

Status of rivers f
European Wat
of the four gle

rposes of complying with the
ework Directive, using fish as one
ts which have been chosen as

indicator, ological status. groups.
Th d looks at the fish community rather than . .
Si pecies in isolation, and follows the concept of Appllcablllty

Whilst data on European Interest fish species is
gathered and fed into EFi model, the resulting EFi
scores only give a general indication of the ecological
status of the site and are not suitable for investigating
the status of particular species or the reasons for their
status in any given site or reach.

. %he ndex of Biotic Integrity. IBI’s work on the
sumption that various aspects, or metrics of a
biological system will change along a gradient of
& human interference or degradation in a predictable and
quantifiable manner. Waters at High Ecological Status
exhibit few or no signs of human degradation in the
biotic communities they support, whilst those in the

Environment Agency in partnership with Natural England and Countryside Council for Wales Understanding water for wildlife
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Additional information

Schmutz, Stefan & Haidvogel, Gertrude (2004) Development, evaluation and implementation of a standardised
fish based assessment method for the ecological status of European rivers.

FAME Group: 2004. Accessible from FAME webpage http://fame.boku.ac.at

FAME consortium (2004) Manual for the application of the European fish index — EFI. A fish based method to asseQ
the ecological status of European rivers in support of the water framework directive. Version 1.1 January ZOOS(L

Environment Agency in partnership with Natural England and Countryside Council for Wales Understanding water for wildlife
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4.6 Assessment method summaries

River Fish Habitat Inventory (RFHI)

Summary quality of salmonid habitat in selected catchments. The «
. model enables statistical comparison of the differences \

Type _°f system where applied in observed and predicted fish abundance, and the

Riverine. approach can be used to help to identify possible Q

Applicability to groundwater or surface water factors limiting fish populations. (L

Surface waters only.

Method description

Hydrological data requirements
Historic Naturalised and Actual Flow data may be useful The models operate at two levels of de
for further investigations. on map-based (GIS) variables only,
on a combination of map and fiel

from habitat surveys. The fishq
be applied to quantitative €

other based
d variables

ion models can
i-quantitative data

Ecological data requirements
Comparison with River Habitat Survey data and
biological survey data may provide useful additional

. collected from the Eny Agency’s national
data on habitat preferences. o .
monitoring programmeNQata from survey sites are used
Can method be used on its own? to interpolate ancﬁpolate fish abundance
Uses fish population survey data plus map-and site- estimates through catchment. The resulting maps
based environmental data. provide a wav@ssessing spatial patterns in fish
allow the estimation of population

Fish data p.opulano . - .
Can utilise fish data of almost ¢ size atgny SPatial scale. A statistical comparison
an Utlfise fishery survey data of aimost any type e maps of fish abundance, and the maps of

b
although quantitative electric fishing is most suitable ’&

. . t quality, provides an assessment of where fish
for the present version of the model. Extremely flexible. @,u dance is less than that expected from the habitat.

Applicability to European interest features is enables impacts affecting fish populations to be

Current versions of RFHI have been developed for detected and quantified.

salmonids but the models are being trialled wit/NotNer

species groups and the approach could be U Applicability

other European Interest species. . .
§ The RFHI model has been used for salmon in relation

Resource requirement ﬁ: primarily to Salmon Conservation Limits, however the
At present the model is not gener% eminated model is being used to analyse data on coarse fish

within the Environment Agency, rnally and only populations in some catchments. The model is both
staff from the Fisheries Stats IS group can apply  flexible and powerful and could be used to assess
the model. \ habitat quantity and quality for any species providing
Q sufficient good quality data on relevant variables can be

Background @ provided. However RFHI is not generally available as a
The approach eloped for the Environment user-friendly application and Furrently any enquiry

) - . about its use must be made via the Environment
Agencyino integrate the basic Fisheries

A ’s Nati Fisheries Technical T .
stem and HABSCORE (see earlier), gency’s National Fisheries Technical Team

prqd ool to enable Salmon Life Cycle Modelling

anb the setting of salmon Conservation Limits.

Th derlying models have been developed using a

. %riety of catchment-based and site-based variables
rom pristine reference sites. The system uses

&Q contemporary statistical methods and high resolution

GIS to produce maps displaying the quantity and

Environment Agency in partnership with Natural England and Countryside Council for Wales Understanding water for wildlife
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Additional information

Wyatt, R.J. 2002. Estimating riverine fish population size from single- and multiple- pass removal sampling using a
hierarchical model. Can. |. Fish Aquat. Sci. 59: 695-706.

Wyatt, R.J. 2003. Mapping the abundance of riverine fish populations: integrating hierarchical Bayesian models «
with a geographic information system (GIS). Can. J. Fish Aquat. Sci. 60: 997-1006 \

WRc plc,Wyatt, R.). & Barnard, S. (1997) River fisheries habitat inventory (phase 1): scoping study. Environme Q
Agency R&D Technical Report W95. Publication Bristol: Environment Agency, 1997

Environment Agency Science Report SC980006/SR. Bristol: Environment Agency July 2005. ISBN N

1844324591 @

Wyatt, R.J.(2005) River Fish Habitat Inventory Phase 2: Methodology Development for Juvenile Salmonidg

Environment Agency in partnership with Natural England and Countryside Council for Wales Understanding water for wildlife
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4.6 Assessment method summaries

Impact of Groundwater Abstraction
on River Flows (IGARF)
X\

Summary such it can be applied to any groundwater abstractj Q
) (GWABS) - river situation but is usually ‘source’ KFL
E_’pe of system where applied focussed, rather than water body focussed. \
ivers.

Resource requirement

Applicability to groundwater or surface water Once the conceptual, abstraction and

To assess streamflow depletion impacts groundwater parameter information have been co
abstractions (including the length of river reach over depletion impact assessments fo
which the impact may be spread, and the timing ofthe ;1 a minutes. However combin~i§

impact for 1 or 2 river systems). boreholes on a rivertogeth@

sources may
lyses for multiple
other flow influences

Hydrological data requirements could take much longer.

Conceptual understanding of relationship between Figure 1 shows homethe \SARF spreadsheets can be

abstraction (‘source’), aquifer and drift layering used to predict tth of river reach over which
tr

(‘pathway’) and river (‘target’). Hydraulic parameters for oo ndwater action stream flow depletion impacts
predictive impact analysis (aquifer and aquifer-river), may be spr. %
currently licensed groundwater abstraction locations
(relative to the river), pumping ratgs (licen.sed and Bac und
recent actual) and seasonal pumping profiles.
vironment Agency’s Science Group has been
ing a programme of research into methods for
derstanding and predicting the Impacts of

Groundwater Abstractions on River Flows (‘IGARF).
These methods may be useful when considering

groundwater dominated riverine sites.

Ecological data requirements
None as such BUT can use the resulting impact \
estimates within the RAM framework in order to 6

compare flows against ecologically based river%

objectives. S \

Can method be used on its own?

Must have a conceptual model first (part O™NGARF Method description

guidance). Also groundwater abstracGefyimpacts are . .
The IGARF user manual emphasises the importance of

unlikely to be the only influence wer flows o .
(discharges, surface watera@ ns etc.) so likely to establishing a good conceptual understanding upon

be used in combination with IMSRAM Framework which any impact predictions can be based (conceptual
unless it is to specify p v&g tests as part of a n,ew understanding for Habitats Directive purposes is
licence application @he purposes for which it considered in a separate summary sheet). A number of

was designed). If traction is reasonably constant Sprebaldsfljleet-base'd tools are also provided which
with time, ther e little to be gained in applying enable the user to:

the IGARF spr heet analysis for the temporal re- ¢ Estimate how streamflow depletion impacts might be
distribut easonal abstraction stress. Always seek expected to develop in response to switching on
to ba y flow depletion predictions with evidence abstraction (based on abstraction rate, distance to
on acts to changes in historical groundwater the river, aquifer parameters and river bed
ab tion rate. properties). This may be helpful in considering the
'\%}plicability to European interest features d'esign/.durati(')n required fora pumpin'g tgst which
Q IGARF is a programme of research led by the alms to |nvest|ga‘Fe stream flow depletlon' impacts.
& Environment Agency’s Science Group which e Estimate the profile of streamflow de.plet|0n ‘
upstream and downstream of the point of abstraction

emphasises conceptual understanding first but

includes some analytical spreadsheet solutions. As i.e. the length of reach overwhich the impact is

spread (as shown in the Fig 1).

Environment Agency in partnership with Natural England and Countryside Council for Wales Understanding water for wildlife
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e Estimate the average monthly profile of streamflow groundwater abstractions. Other techniques will also be
depletion impacts, given an average monthly profile  required in order to account for other influences on river

of abstraction. This may be helpful for considering flows — IGARF may, for example, be used to define
the long term typical pattern of river flow depletionin  groundwater abstraction impacts as an input to a RAM
response to a groundwater abstraction which is Framework based assessment (described on a separate
markedly seasonal in character (e.g. spray irrigation).  summary sheet). The IGARF analytically based
However, the analysis is less worthwhile for spreadsheet tools should be applied with particular
abstractions which continue throughout the year at caution in hydrogeological situations where the
reasonably steady rates (e.g. many public water characteristics of groundwater flow or groundwater
supply boreholes). surface water interaction vary through the year (e.g. ch

e Estimate the spatial distribution of impacts from one  winterbournes). If groundwater abstraction im {are
borehole on two or more river reaches, based on important in these or other hydrogeological lex
their distance, aquifer and river bed properties. situations, it may be more appropriate t \Qjer

distributed groundwater modelling. &
Use
IGARF approaches may form part of a Review of Consents AQ

assessment for a groundwater riverine habitat,

particularly if it is influenced by strongly seasonal ?O

Further information Q

IGARF User Manual (Environment Agency Science Group). Q

.\\\6

&\
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Figure 1 Example of output from IGARF spreadsheets: Analytical prediction of stream flow depletion profile associated with a

groundwater abstraction
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4.6 Assessment method summaries

Licence Accumulation Diagram (LAD)

combination will not change. Licences are commonly
ordered either according to the size of impact (smallest
ones first, largest last), to focus attention on those
having the greatest impact, or according to the dat

first issue (first one first, last one last) in order to refl
licensing precedence. Both these types of LAD rﬁ b
useful when considering appropriate licensi ons.

Summary /\
Type of system where applied \
Rivers, Lakes and Wetland.

Applicability to groundwater or surface water
Surface water and groundwater.

Hydrological data requirements

Estimates of the currently licensed abstraction impacts
(e.g. groundwater level drawdown or flow reduction) on
a water body.

an be

se licences

dvidually orin
ther stages of

ity threshold’ can be

A ‘Hydrological Significance Threshold’
included on the LAD in order to highlj
which exceed this threshold, eith
combination, to provide a focuﬁ&
impact assessment. Also, a g
included to identify licen t can be excluded from
further assessment du e trivial nature of their
individual impactfljdg important to obtain agreement
with our own tech staff and those from partner
organisationf.@ny thresholds that are used.

Met%@scription

1.

Ecological data requirements

None as such BUT can usefully add an indicative hydro-
ecological sensitivity or hydrologically significant
threshold (HST).

Can method be used on its own?

Useful screening technique to identify total cumulative
‘in combination’ abstraction impacts, and the
individual licences contributing to this total, ranked
according to the size of the impact or the date of issue

L ut individual impact assessments for ALL
of the abstraction licence.

ces relevant to the site (e.g. drawdown or flow
uction). When applying to flow impacts on a river
& assessment point take care to adopt appropriate
consumptiveness assumptions and to make some
allowance for the return of other discharges (e.g.
sewage treatment works) which are also upstream.

Applicability to European interest features
A standard hydrological technique which can be
applied to any site.

Resource requirement
Once the impacts have been derived, a §
quickly put togetherin a spreadsheet wh rornota

HST has been determined.

Background &Z

License Accumulation Di&ems (LADs) are graphical
presentations ofabstra@n icence impacts — either
groundwater level d wn or flow reduction impacts.
They can be pre ither for a wetland site (usually
based on dray estimates from all surrounding
affstractions, as in Figure 1), or for a lake
Jooht point on a river (usually based on

@ n related flow depletion estimates from all
u m abstractions).

2. Copy these results into a spreadsheet and sort
according to size of impact on one sheet, and date of
firstissue on a second sheet.

3. Calculate cumulative impacts for both sheets and
plot these, together with individual impacts as stacked
bar plots (see illustration).

4. Add an agreed HST if available e.g. 5 cm drawdown
has been used as a Stage 2 HST for groundwater fed
wetlands in East Anglia.

5. If needed, add an agreed ‘triviality’ threshold e.g.
1mm drawdown has been used as a triviality threshold
for groundwater fed sites in East Anglia.

\)

e LAD shows the impact of each licence individually
and in combination’ with those plotted previously on
the diagram. The order in which the licences are
presented therefore influences the shape of the LAD
although the total impact of all the licences in

Environment Agency in partnership with Natural England and Countryside Council for Wales

Figure 1 shows a LAD for licensed drawdown impacts
predicted at a wetland due to the licensed abstractions
around it sorted according to the size of the predicted
impact.

Understanding water for wildlife
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Uses

From the description above, LADs can be seen to
provide a useful and comprehensive representation of
licensed abstraction impacts for the purposes of
screening and prioritisation.

Figure 1 Licence Accumulation Diagram of licenced abstraction drawdown impacts at a wetland based on a single l@g
analytical model
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4.6 Assessment method summaries

Flow naturalisation

Summary the naturalised time series may not be reliable, or fit for «
. . purpose. If observed data is not available and modelled \

Type of regime where applied data is used then an assessment of quality should als,
Mainly riverine or estuarine. Consider also for be carried out. Q
assessment of inflows to reservoirs/lakes, embayments (l/
and natural or artificial flood washlands. The flow record is then assessed to determine wleth

itis significantly influenced. If not significant {
Applicability to groundwater or surface waters influenced then it may not be necessary o ake
The technique is intended to evaluate naturalised river any further work.
flow but requires both surface and groundwater
influences to be taken into account. The next step is to develop an undg ing of the

. . nature and scale of the Al in the ent. An
Hydrological data Requirements understanding of the balance in the catchment will
Gauged river flows. Surface and groundwater identify those where furtqe stigation is required. Al
abstractions (both licensed and non-licensed). Surface which have the domir%oact on the estimated
)

and groundwater discharges (both consented and non- -4/ ral flow will ada t ertainty.
consented). Majorimpoundment operations. %
e

Actual Al dataisr ed for the timestep (daily or

Ecological data Requirements monthly) and% period that is being assessed. Where
None. this is not le for specific abstractions,

Can method be used on its own? discharges @fd impoundments then estimates are

Yes this can be a stand alone process but is of little ma se can be derived by applying average

value in Review of Consents (RoC) unless incorporated Iy usage profiles or using data from similar Al
with another application such as the Resource % Y.

Assessment & Management (RAM) framework. \ e impact of the Als on the final naturalised flow
Applicability to European interest features record is assessed at the next stage. The impact of each
Interest features associated with regimes |dor& Al on the nearest river reach is also assessed to ensure
above that local impacts are sensible

Resource requirement $ At this point the following data will now be available:
Depends upon level of flow naturalis&#®yn undertaken. e An observed flow time series

the natural flow regime. The m logy involves e Atime series of discharge

Naturalised flows provide a ben and estimate of ¢ A time series of abstraction
modifying a measured fl ‘gme by removing the

impact of Artificial Influ (AI) these are Naturalisation is now a simple arithmetical process.
impoundments, abs 65 and discharges.

@ Uses
Overview Flow naturalisation enables the naturalised and actual

(influenced) river flow regime to be compared and
therefore the quantitative impact of different consents
to be assessed. This is fundamental to the Review of
Consents (RoC) assessments. During such assessments

d to flow naturalisation can be
depe pon the specific application and the
get available for undertaking such

as ments. it may be necessary to examine the potential influence
’\%ere are 5 stages for flow naturalisation: of Als on the river flow by considering full licensed
Firstly, the flow sequence that is being naturalised quantities rather than actual abstraction regimes. This
& should be assessed to determine whether it is of approach is implicit in the RAM framework.

sufficient quality. If the data is of a poor quality then

Environment Agency in partnership with Natural England and Countryside Council for Wales Understanding water for wildlife
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Additional information

Environment Agency, National Hydrology Group; Good practice in flow naturalisation by decomposition (Version
April 2001 (Revised 15 June 2001).

Environment Agency, Toolkit for flow naturalisation V1.0; December 2005

Environment Agency, Anglian Region; Regional Good Practice Guideline; The use of artificial influence data in flo

2);

X\

naturalisation; (undated). (LQ

Environment Agency, Midlands Region; A guide to flow naturalisation (Version 3); September 1997.

Environment Agency, R&D; A review of techniques of applied hydrology in low flow investigations; Techn@ DO

Wé6-057/TR; Sheet 12 — flow naturalisation; W S Atkins; 2001. @Q

rt
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4.6 Assessment method summaries

Low Flows 2000

Summary

Type of regime where applied

Riverine or Estuarine. Consider also for assessment of
inflow regimes to Reservoirs/Lakes, Embayments and
natural or artificial Flood Washlands.

Applicability to groundwater or surface waters
The technique is intended to estimate natural (and
influenced) river flow statistics for ungauged
catchments (or catchments with relatively limited
gauging records).

Hydrological data requirements

Low Flows 2000 (LF2000) can be run by nominating a
point on a GIS map or specifying a grid reference. The
data underlying the system enabling estimates of
natural flow include a digital terrain model, gridded
hydrometeorological data, HOST soil class data and
river network data. In order to generate influence data
abstraction, discharge and impoundment data need to
be added.

Ecological data requirements
None.

Can method be used on its own?

Yes this can be a stand alone process but is o
value in RoC unless undertaken to aid hydro
characterisation or impact assessment po G\ly
required in the RoC process.

Applicability to European interest
Interest Features associated wit es |dent|f|ed
above.

Resource requirement
Low Flows 2000 (LF@the Environment Agency’s

standard method r estimating flow statistics at
ungauged (or gauged) catchments enabling:

o Estlmatl atural flow statistics for ungauged
catch @s (or catchments with very limited flow
ailability);

%xatlon of the impact on flow estimates (from
traction, discharge and impoundment activities).

The impact on flows arising from such activities are
commonly referred to as influences; and

e LF2000 has an extensive application throughout the
Environment Agency as a means of estimating
natural flow statistics for ungauged catchments. The
comparable use for estimating influences on flow

Environment Agency in partnership with Natural England and Countryside Council for Wales

&

statistics throughout the Environment Agency is
significantly less due to the need to first populate the
system with artificial influence data.

Background

LF2000 was developed by the Centre for Ecol &
Hydrology (CEH) for the estimation of fl %cs for
ungauged catchments (or catchments vy ited flow
records) throughout England and W, TMe present
system succeeds the Micro Low F 2.1 system
developed by the Institute of % gy (component
predecessor to CEH) and,is ult of a joint R&D
project between CEH V|ronment Agency. The
system relies upon the Mevelopment of the Region of
Influence approa@is approach involves the
derivation of catch t characteristics for the study
catchment a ting these to 10 selected

hich natural (or near natural) statistical

catchmen@

flow dgda areheld within the LF2000 system and which

pos e most similar set of characteristics.

tes of flow statistics for the study catchment are

generated using a weighted assessment of flow
atistics for the 10 selected (similar) catchments with

the weighting allowing greater emphasis for those

selected catchments which have the most similar

characteristics to the study catchment.

In order to generate estimates of natural flow statistics
the system is highly automated enabling natural flow
statistics to be formulated very readily for any location
in England and Wales on the 1:50 000 river network.
The potential output is generated, with reference to
discretised or mapped physical and
hydrometeorological data (used to derive the
catchment characteristics), on both an annual and
individual monthly basis including:

e Mean flow; and
e Flow duration (percentile exceedence) values.

Standard output from LF 2000 includes;

e mapped generation of the catchment boundary and
the relevant river network (which can be exported to
ArcView);

* mapped generation of influence locations such as
abstractions and impoundments (which can be
exported to Arcview);

e tabular listings of standard physical and

Understanding water for wildlife
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hydrometeorological parameter values (catchment
characteristics) for the study catchment;

plus generation of residual flow diagrams for any
nominated stretch of river. Imminent enhancements
of the system will allow this facility to be exported to
ArcView.

If available flow data for study catchments includes a
spot flow or a short gauged flow record these data can
readily be compared with LF2000 output.

Incorporation of influence data for abstractions and
discharges into LF 2000 can be quite time consuming if
undertaken rigorously. The main driver within the
Environment Agency giving rise to the systematic
incorporation of influence data for catchments is the
Catchment Abstraction Management System (CAMS)
programme LF2000 output incorporating effects from
influences includes:

Strengths

The main strengths of LF2000 in the application of
estimating natural flow statistics for ungauge Q
*

Ca

R
\

Environment Agency in partnership with Natural England and Countryside Council for Wales

Modified mean flow (both annual and individual
monthly).

Flow duration values (both annual and monthly).
Naturalised and Influenced longitudinal flow
accretion diagrams representing a particular
statistical flow condition such as the Q95 (the
estimated flow exceeded for 95% of the time).

tchments include:

The available system is based on ‘besb@ice’ and
forms the Environment Agency’s stasdard method for
statistical flow estimation in un catchments
with development fully supp

LF2000 benefits from a pr
benefits from conside%ex ertise held by CEH;

A simple, extensive % icient user interface, GIS
based and comp ith other Environment

Agency stand ages such as Excel, Word and
ArcView;
ExtensivauSndcross the Environment Agency and in

particlar

b on licencing and discharge consenting
% ments;

system benefits from extensive documentation

and knowledge regarding strengths and weaknesses;
Following initial investment in acquiring the system
it’s efficient user friendly interface leads to extensive
use which makes it relatively cheap in the long term;
and
Wide use of the system means that a consistent
approach is adopted throughout the Environment
Agency.

r routine applications concerning

&’Q

Potentially, the strengths of utilising the LF2000

routines for estimating influenced flows are comparable
to those for natural flow estimation but adoption of this

component within the system has been much more
patchy although it has been tied in with the CAMS
priorities.

Weaknesses

X\

The main weaknesses of using LF2000 for estimatiglb'

natural flow regimes are that:

e |tis only possible to generate set stati
values and not a complete time seri
flow (as a hydrograph).

e There are serious some questi
reliability of low flow estimati
and Limestone dominate@I
resulting flow statistic
regarded as reliable:

ced are generally

e Thereisa neen@iwgilant regarding the automatic

generation of ca ent areas, using the DTM
particular where:

Ystems may be subject to artificial
(i.e. diversions).

—E e area of interest incorporates low lying/relief

nes where watersheds are difficult to depict
without specific knowledge.

the analogue option for catchment delineation may be
more appropriate.

Additional weakness considerations with generation/
estimation of influences on flows includes:

e time consuming/onerous to populate the database
with data on a rigorous basis.
® no allowance can be routinely made for possible

routing processes involving attenuation applicable to

non steady state surface water abstractions/
discharges.

e potential questionmarks over the incorporation of
groundwater abstractions and their translation into
river flow influences including:

— inadequacies of the Theis-Jenkins technique. Most

groundwater abstraction licences will have been
loaded using this method, though since version
4.2.1 users can override this with their own
calculations.

— aneed to recognise that surface catchment and
groundwater capture areas may be quite different
and therefore the automatic assignment of

groundwater influences generated by LF2000 may

require manual editing.

rticularly in Chalk
ments otherwise the

here such complications are believed to occur use of

Understanding water for wildlife
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The rigour with which influences are assigned in a
LF2000 application may vary in accordance with the
purpose, the nature of the catchment and available
time/budget constraints for the study. For example, in a
large catchment with a low baseflow index and where
the dominant influence on the flow regime is from
surface water abstractions there is probably no need to
worry about variations between the surface catchment
and groundwater capture zones or the translation of
groundwater abstractions into impacts on river flow.

Uses

LF2000 is a very efficient system for generating
estimates of natural flow statistics for an ungauged
catchment (or catchment with very limited records).

The method has widespread application across the
Environment Agency. Output can be used to help inform
hydrological characterisation and impact assessment for
those sites involved in the RoC (or similar) process
where inflows from a river system may be of significance
such as in riverine, estuarine and controlled washland
sub-domains as well as river fed lake/reservoir systems.
Care should be exercised in generation/use of resulting
output from groundwater dominated catchments
(particularly incorporating Chalk or Limestone aquifers).
Vetting of output by Area based Hydrologists/
Hydrogeologists is recommended and use of output
should generally be limited to initial screening, and
conservatively based, applications for the RoC.

LF2000 can also be used efficiently as a basi
naturalised flows (derived from gauged rec

incorporating removal of influence effects a gauged
location to a non gauged location els re within the
same catchment. The process su involves:

e generating estimates of fl vering a range
of standard percentile ®gceedence values, for both
the gauged and non&d location of interest
using LF 2000;
imated flows from cumecs to
|/s/km2);
riable conversion factor based on
e ratios of both catchment area and

combi@
$ ed flow (equivalent yield) estimates to

te a factor which varies with flow percentile
eedence. A possible approach for this application
is given in Ref 1;
® |n general, LF2000 should be considered for RoC in
study catchments where;
e the relevant database has already been populated
with influence data for a CAMS (or other) study;

Environment Agency in partnership with Natural England and Countryside Council for Wales
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e the inflowing river to a site is ungauged and of
relatively small proportions; and

e the river system is not baseflow dominated and
influences on the river are predominantly from
surface water abstractions (and/or discharges).
Alternatively, in groundwater dominated catchments
where influences are predominantly from
groundwater abstractions an alternative, more

X\

conceptually based, approach is suggested pos{ib Q

using IGARF (see the alternative Method Sumﬁ;y
If the study requirement necessitates an ass t
using time-series rather than statistical maries

then an alternative method is required ng the

natural riverflow for the river system simulated

(see alternative Method Summa infall-Runoff

Modelling).

Data requireme :

Standard applicat@f LF2000 for generation of natural

flow estimates req no data as the requisite needs

are all integr \1to the system. For study catchments
w or short gauged records LF2000 can

including Q/
be pog&tE ith these data to enable comparisons

betw®n ¥elective output and available data.

ion of the influence procedures within LF2000
uires abstractions, discharges and impoundments
ata to be populated and routines have been
developed enabling the automatic transfer of
abstraction licence data and discharge consent data
from standard output of the Environment Agency’s
NALD and WIMS respectively. However, this process is
not straightforward and is likely to be time consuming
for any significant catchment application although in
some instances these data have already been
incorporated particularly under the CAMS programme.

Applicability

LF2000 may provide useful output to aid RoC
assessments particularly involving riverine and
estuarine regimes and possibly involving shallow tidal
embayments, reservoirs/lakes and natural/controlled
flood washlands.

Understanding water for wildlife
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Further information

Ref 1; ‘Lookup details on LF2000 scaling’; Environment Agency — Anglian Region; Flow Institute of Hydrology;
Low Flow Studies Report; 1980.

Institute of Hydrology; Low Flow Estimation in the United Kingdom; Report 108; 1992.
Environment Agency Internal Guideline; Implementation of Low Flows 2000 within the EA; (undated).

Centre for Ecology & Hydrology; Low Flows 2000; Quick Reference Notes 1 to 5; Various.

Note; further information on LF2000 is available to Environment Agency staff through the Intranet service \

under Solutions. @

A
N
A
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4.6 Assessment method summaries

Macro-invertebrate biotic indices

Summary affecting the flow regime. Both changes can be «
. assessed using macro-invertebrate indexing methods. \

Type of system where applied Low flows, either as a result of abstraction or natural

Riverine. drought, cause habitat change through reductions} Q

Applicability to groundwater or surface water water depth, exposure of margins or midchannel (L

Primarily surface water, but can be used to measure habitats, and silt deposition. There may also b

groundwater impacts. decline in water quality though increased ter@ ure,

decreased dissolved oxygen and increa
concentrations of pollutants. Changesj
impact directly on flow-sensitive speW

Hydrological data requirements

may also
Yes — Can be linked to gauged or modelled flow data.

leading to

Ecological data requirements changes in species diversity at JEngineered

Possible to generate predictive data, but most useful modification of.riyerine habita&ay also adversely

when comparing actual data gathered through field affect the colonising ma o@tebra{te fauna and alter

survey. Most valuable comparison is observed long the natural response ommunity to changes in

term data with historic flows. flow.

. ’ . Q )

Can metho.d be used on its own? . . Introducti

Yes — possible to use the method in a variety of

different ways to evaluate impacts. May need to be Benthic m@ vertebrates are widely regarded as the

correlated to water quality, flow or RHS data to explain prefer p for assessing water quality. Sampling

patterns due to low flow, quality or habitat impacts. pro r&s for this group are well developed and there

i f detailed identification k ilable fi

Applicability to European interest features |§wge ° e.rta| ed identification eys aval able for

@ taxonomic groups. Most macro-invertebrates are
latively sedentary and exhibit a variety of different

site characterisation and for defining the general tolerances to environmental conditions, which means

sensitivity/status of the site in question. Q that they can be used to locally monitor environmental
Resource requirement 2 \, change over time.

Time consuming, requiring data collection
processing. However, extensive data shoufalready
have been collected through water @y/water
resource monitoring on riverine ié.so resource
requirements may be reduced:

Only those associated with riverine systems. Useful Eor\

Many macro-invertebrate species show a clumped

distribution across a site in relation to the distribution
of meso-habitats. Standard sampling techniques have
been designed to compensate for this distribution, by
covering all meso-habitats present and sampling each

The scoring or ranking of Macro-invertebrate habitat present with an effort that is proportional to its
assemblages on the ba@ heir sensitivity to changes  occurrence. Consequently a single sampling technique
in the environment, es a useful means of usually provides a representative sample for a site.
identifying or pr the effects of environmental

A variety of sampling techniques are employed for
collecting macro-invertebrates, the most widely used
being the ‘kick sample’ using a hand net. Other
techniques include benthic grabs, emergence traps and
drift samplers. The last three methods are highly
species/habitat specific and are not designed for
general macro-invertebrate sampling. Further
information on standard Environment Agency sampling
& techniques can be obtained from Procedure for

Abstraction may impact on the macro-invertebrate collecting and analysing river macro invertebrate

community by reducing the dilution of pollutants, orby ~ samples, Report no. BT001, Issue 2.0, (Environment
Agency, 1999).

stress. Biotic {ic®s, such as River Habitat Survey
e pUseful means of identifying the effect

spn invertebrate communities. Other indices
suaj jological Monitoring Working Party (BMWP)

o I Average Score Per Taxa (ASPT) are primarily
esiBned to assess organic pollution in a river,
'\%though these indices may also respond to flow
variation.

Environment Agency in partnership with Natural England and Countryside Council for Wales Understanding water for wildlife
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Method description

A number of biotic indices have been developed to
assess water quality, which are based on the number
and sensitivity of different macro-invertebrate taxa. In
the UK the most widely used of these indices is the
BMWP score. This scores each macro-invertebrate
family present between 1 and 10, depending upon their
perceived susceptibility to organic pollution. The most
sensitive families, for example mayflies and stoneflies,
are given the highest scores. The BMWP score is the
total score for all families presentin a sample.

If this score is divided by the total number of BMWP
scoring taxa present in a sample, the Average Score Per
Taxon (ASPT) is calculated. The ASPT has been found to
be less influenced by the season or sample size than
the BMWP score, and consequently provides a better
indicator of water quality over a wide range of
conditions. BMWP, and to a lesser extent ASPT, are
influenced by habitat quality, and therefore this must
be considered within any interpretation.

River Invertebrate Prediction And Classification System
(RIVPACS) has been developed to evaluate
environmental stress (water quality) as reflected in
invertebrate communities. RIVPACS has two distinct
components:

1. It offers site-specific predictions of the macro- \
invertebrate fauna based on environmental featureb
and provides an indication of the fauna that

expected at a site in the absence of environ

stress (comparison of the ‘expected’ faun h%he
fauna observed at a site is the basis for a DWlogical
assessment);

2. ltincludes a system for locati
biological quality withinan
sites, using macro-invertéirates.

s of high
classification of

The prediction syste ilt on a classification of
running water siteg. e are 35 classification groups
based on the r@nvertebrate fauna recorded at 614

high quallty nce sites distributed throughout

have corded at the reference sites. New sites of
hi gical quality can be placed within the existing
sit ssification

¢ %recent development in the use of macro-invertebrate

\)

assemblages to monitor environmental change, is the
development of the Lotic-invertebrate Index for Flow
Evaluation (LIFE) methodology. Different taxa have been
shown to have different flow sensitivities, which are
categorised as follows:

Environment Agency in partnership with Natural England and Countryside Council for Wales

| Rapid

I Moderate/fast
[l Slow/sluggish

IV Flowing/standing
V Standing

VI Drought resistant

(Note ; Flow is used in the hydrological sense, to refer
river discharge, measured in volume/time. The LIF
score flow group weightings relate to perceived E‘L
sensitivity to high/low velocity and silt/coarse %
substrata. In-river velocity is a product of bot
(discharge) and channel structure/habi

abundance
ow scores for
produce an

score). Higher
LIFE scores.

The index additionally considers the
of individual taxa, thus for a give
the represented taxa are combi
overall weighted average (t
antecedal flows produce N

RIVPACS predictiops, aldggside historic observed data,
provide a means %h classifying the sensitivity of a
site and standggdisi™g hydroecological information by
means of to expected LIFE ratios. The analysis
of LIFE agaégauged flow data, provide a means of
assesgia site over time and inferring the impact of

&ltlon multivariate analysis tools may be used in

ological studies to provide a highly valuable way of
linking observed changes in communities (either
spatially or temporally) with environmental trends,
where historic data exists or where large data sets have
been collated.

Sensitivity

Aquatic invertebrates provide an extremely useful
indicator of water quality and water quantity. Habitat
quality can be inferred from biotic scores, but indices
are not typically used as a habitat indicator. However,
care needs to taken when using biotic indices as they
may reflect the effect of a number of influences. For
example an upland site may yield a low ASPT score
because of a recent reduction in water quality (which
may be linked to low flow) or because substrate
compaction has occurred or a combination of the two.
LIFE scores are a little bit more robust, but care also
needs to be adopted when assessing data generated in
this way. Consequently biotic indices may need to be
considered with water quality, water quantity and RHS
data when assessing cause and effect mechanisms.

In this context, recent work by CEH (Dunbar et al 2006)
has shown strong links between habitat modification
and LIFE score, with more modified sites having lower

Understanding water for wildlife
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LIFE scores and a steeper slope of response of LIFE to
flow. These findings may have far reaching implications
for river management in the future.

LIFE scores are a key element of the Environmental
Weighting component of the Resource Assessment and
Management Framework. It may therefore follow that
RAM is a useful tool to use alongside macro-
invertebrate data.

Care needs to be taken when interpreting macro-
invertebrate data, as at some sites the
macroinvertebrate community appears to respond to the
previous years summer flow and not the current year.

Application

As previously discussed, the relatively sedentary nature
of benthic macro-invertebrates and the fact that they
are sensitive to changes in environmental quality, mean
that they are useful ecological indicators. The frequency
at which the Environment Agency collects invertebrate

samples means that data can only be used to detect
trends over relatively long timescales, i.e. year on year
and seasonal trends. Extensive historic data generally
exists and can be used to assess the impact of low
flows/abstraction.

As noted, LIFE scores may be used, in combination with
otherindices, to examine the effects of flow changes

the macro-invertebrate assemblage. RIVPACS allo
predicted LIFE scores to be generated for sites bag%
certain morphological characteristics. Although{pese
predictions should be treated with caution, t@
provide a useful mechanism for assessiﬁ@ ects of

proposed abstractions, and the revie ting
consents and authorisations.

K
3
Ny

Further information

AQ
O

Wright ) F, Furse M T and Symes K L (1997). ‘Practical sessio@%’ACs /I, Institute of Freshwater Ecology,

Wareham, Dorset.
CoxRetal (1997). ‘RIVPACS Il — User Manual’, Inst|§
a

Murray-Bligh ] AD (1997). ‘Procedure for co[[e
Freshwater Ecology, Wareham, Dorset.

Freshwater Ecology, Wareham, Dorset.

nalysing macroinvertebrate samples’, Institute of

Extence CA, Balbi D M and Chadd R P (1@Rlverﬂowmdexmg using British benthic macro-invertebrates: A

framework for setting hydroecologica
Clarke RT (2003) Investigation o
Environment Agency R&D Tech#
Clarke RT, DunbarM | (2

SC990015/SR

Dunbar M}, Youn
flow pressure

eport W6-044/TR1

Environment Agency in partnership with Natural England and Countryside Council for Wales

bjectives’, Regul. Rivers: Res. Mgmt. 15: 543-574.
ationship between the LIFE index and RIVPACS: Putting LIFE into RIVPACS.

) Producing generalised LIFE response curves. Environment Agency Science report

ellerV (2006) Distinguishing the relative importance of environmental data underpinning
ment. Environment Agency R&D report. In press.

Understanding water for wildlife
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4.6 Assessment method summaries

MORECS/MOSES

Summary

Type of system where applied
All water body types (river catchments, lakes
and wetlands).

Applicability to groundwater or surface water
Surface water and groundwater.

Standard applications

Site or catchment water balance assessments. Input
time series or starting conditions for hydrological
modelling (e.g. recharge or rainfall runoff models).

Ecological data requirements

None as such BUT can use the resulting impact
estimates within the RAM framework in order to compare
flows against ecologically based river flow objectives.

Applicability to European interest features
Interest features associated with regimes
identified above.

Resource requirement
Standard outputs are available so resource
requirements are minimal.

MORECS

MORECS (the Meteorological Office Rainfall ‘é?
Evaporation Calculation System) operate@ 0 km
grid square basis across the UK. The podelMuns on a
daily timestep to produce weekly a nthly

estimates of a number of water components

(e.g. rainfall, actual evaporatjo ective rainfall).

Climatic information from’%etwork of stations is used

to calculate potential @ration (PE) including;
sunshine; temperat ind speed; vapour pressure;
W Mes for different vegetation/land
Montieth Soil Extraction Model is
Jculate actual evaporation for three
XRsdk of soil type (High, Medium and Low Water
{d ﬁ» y) and a wide range of different crop types
@i ing bare soil).

. %Nide variation of outputs are available from the
Q\ ORECS model covering three soil types and a variety

of vegetation and land use types. Of particular use
are outputs for Grass and Real Land Use. The main
outputs are:

e Soil Moisture Deficit (SMD), an indicator of the
dryness of the soil at 09:00 on each day

Environment Agency in partnership with Natural England and Countryside Council for Wales
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e Actual Evaporation (AE)
¢ Hydrologically Effective Rainfall (HER) or Effective
Rainfall (ER)

Data is calculated from 1961 to present.

MOSES

MOSES (Met. Office Surface Exchange Sc operates
on a5 km grid square basis across th western
Europe at an hourly timestep. The i s¥re direct from
the Met Office’s Numerical Weatk Qﬂediction (NWP)
model. Radar rainfall and othgf™e¥§notely sensed inputs
are used instead of clim @- on data. The MOSES
model is considered séhe art by the Met Office

and will eventuall MORECS.

Avast range of pro s are available from the MOSES
model at an r@ and daily resolution. These include
snow melt | evaporation and subsurface runoff
for ex oil Moisture Deficit is available but is not
an ﬁ output from the MOSES model.

et Office has been running the MOSES model for a

ple of years but it is not yet a commercially available
product as MORECS currently is.

Outputs for the MOSES and MORECS models are not
directly comparable given the inherent differences in
model formulation, input datasets and the spatial and
temporal resolutions.

Uses of MORECS/MOSES data
Uses of the MORECS/MOSES data are outlined below;

e Asa broad estimate of ER inputs to a wetland site. This
may need to be revised to account for local variations
in rainfall as a result of topographical considerations.

* To assess evaporation demands (open water and
specific land use) on a site, which can be compared
with estimates of inflow (from surface or
groundwater). The data can then be used to assess
whether the site has the potential to become
stressed in water balance terms.

e Asaninputinto arainfall runoff model. PE data and
locally derived rainfall estimates can be used in the
model to estimate river flow, rapid runoff, interflow
and recharge to groundwater.

e As adirect inputinto a soil moisture / recharge model
to calculate ER for use with groundwater models.

Understanding water for wildlife
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Further information

Entec, 2001; Strategy for Groundwater Investigations and Modelling; Potential Evaporation Analysis Methodology,
for Anglian Region Environment Agency.

Entec, 2000; Strategy for Groundwater Investigations and Modelling; Rainfall Analysis Methodology for Anglian
Region ‘Strategy’ Project;

X\

Essary, R., Best, R. & Cox, P., 2001; MOSES 2.2 Technical Documentation. Hadley Centre Technical Note 30, N\(LQ

Office, 30pp.
Monteith, J L, 1973; Principles of Environmental Physics; Edward Arnold; London. é

MORECS, 1982; The Meteorological Office Rainfall and Evaporation Calculation System: Q
MORECS (July 1981). Hydrological Memorandum 45.

MORECS, 1996; The Meteorological Office Rainfall and Evaporation Calculation System: @
MORECS version 2.0 (1995).

Penman H L, 1948; Natural evaporation from open water, bare soil and grass, Proc. @c. London, A193, 120-
146.

WS Atkins, 2001; Environment Agency — R&D; A Review of Techniques oprp%(y rology in Low Flow
Investigations; Technical Report W6-057/TR; Sheet 3 — Rainfall & Evaporation lysis.

Environment Agency in partnership with Natural England and Countryside Council for Wales Understanding water for wildlife
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4.6 Assessment method summaries

Rainfall — runoff modelling

Summary

Type of system where applied
River catchments, inflows to lakes or online reservoirs
and freshwater inputs to estuaries.

Applicability to groundwater or surface water

Surface water and groundwater where the requirement
is to produce time series for a aquifer unit (effective
rainfall) or catchment (river flow). Some models can
produce recharge and baseflow time series. Where
information is required on flows and levels over a
wider area a distributed approach may be required.
Please refer to the Method Summary for Distributed
Groundwater Modelling.

Hydrological data requirements
The inputs to rainfall runoff models are time series
(areally averaged or spatially distributed) of:

e Precipitation
¢ Potential Evaporation.

Other input time series can include:

e Abstractions (surface & groundwater)
e Discharges (surface & groundwater)
e Observed flow at calibration point(s).

Calibration parameters can be based upon '@
characteristics of the following: $
e CatchmentArea 9

e Land Use types
The type of mode etermine the scale at which

e Soils
e Geology
this informatio, ed.

e Topography
e Channel characterisgfc

Ecological dgt

None. C)

Ca&od be used on its own?
Ye assess/illustrate the inputs, outputs and

equirements

. %orage changes in the water body. This assessment

\)

eeds to be combined with an ecological assessment
to determine whether changes in any of the water
balance components impact on the ecological feature
at the site.

Applicability to European interest features
Interest Features associated with regimes identified
above.

Environment Agency in partnership with Natural England and Countryside Council for Wales
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Resource requirement
Depends upon nature and complexity of modelling

undertaken.

Uses of rainfall runoff modelling
Rainfall runoff models are used by hydrologists
resource planners, engineers and others (CA
Conceptual Rainfall Runoff Model, Technjc
& Software Manual for Catchod v4.03,

Agency, 2005) to:

extend existing time-series fl ords (backwards
istoric periods of

or forwards in time) to incl
closed gauging station

drought or flooding, o @
record up to date;
infill gaps whergapart 8 a gauging station record is

unavailable, d erformance or data transfer
problems ogdgmporary closure eg during
refurbis Q
estimat e-series flow data at ungauged sites, if
flo timates for calibration data can be made with

Q%nce;

ate natural flows at gauged artificially-

influenced sites, by calibrating the model with
observed surface and groundwater abstractions and
discharges;
provide recharge time series for groundwater models.

Natural or artificially-influenced river flows, whether
simulated or measured or a combination, are used for a
variety of applications (CATCHMOD, Conceptual Rainfall
Runoff Model, Technical User Guide & Software Manual
for Catchod v4.03, Enviroment Agency, 2005) to:

assess the impact of existing or proposed individual
abstractions or discharges on river flow;

assess the impact of different potential abstraction
or discharge regimes;

set abstraction licensing policies (through the
Environment Agency’s Catchment Abstraction
Management Strategies — CAMS);

estimate natural time-series of flow at a gauged
location and transpose to ungauged locations;
assess how water resource systems (surface and
groundwater abstractions and reservoir control
operations) behave under historic drought or flood
conditions — to plan to meet water resource demands
and set oramend the complex flow-dependent
control conditions;

forecast future water resource availability under
different rainfall scenarios e.g. the impact of 60%
rainfall over the next 6 months on river flow;

Understanding water for wildlife
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e assess the potential impact of climate change on
rivers and reservoir inflow sequences e.g. using
factors to produce scenario rainfall and PE series;

e calibrate real-time flood forecasting models off-line;
¢ calibrate flood estimates (flow and volume) feeding
flood inundation and impact design studies (e.g.

100-year flood mapping);

e feed water quality and ecological impact
assessments and policy making.

The use of rainfall runoff models needs to be
proportionate to the objectives of the project, in some
cases a more complex approach may be needed while
in others a simpler approach could be used.

Types of rainfall runoff model
In general rainfall runoff models used in water
resources fall into two broad conceptual categories:

e ‘Lumped’ Models;
e ‘Distributed component’ Models.

Single event models and linear transfer models have
not been included in this document but are used in
conjunction with the types of model above in flood risk
management.

‘Lumped’ Models

‘Lumped’ Models generally incorporate a number of
stores and functions to represent movement of water
fluxes may be estimated for the soil zone(s) and
number of groundwater zones. The total moﬁ@
hydrograph, depending on the model can b \% ed
into different types of response, typicall@f ow,
inter-flow and rapid runoff.

Some of the main models comm@d in water
resources include: $

CATCHMOD: This is the ENgironMent Agency’s rainfall

runoff model and curreé&e most used within water
resources. Its main @ S

into, through and out of a catchment. Typically, storE&

are that the model:

® uses 3 conce ores representing soil moisture,
upper and catchment storage;
e hasa @gical zone structure which allows the
e run in parallel on up to 10 hydrologically
N zones (based on geology, topography or land

The individual calibration of the zones allows water
to pass through the stores at different rates;

e has a simple structure with only 5 physically-
meaningful parameters per hydrological zone, with
consistent meanings between zones. This makes the
model easy to understand and restrict parameters to
realistic values;

Environment Agency in partnership with Natural England and Countryside Council for Wales

e isapplicable to both baseflow dominated and flashy
response catchments;

e caninclude abstractions from groundwater and river
sources, and discharges to river;

e Rainfall, PE and artificial influence inputs may be
zone-specific or common;

e (Can be run at daily, hourly or 15 minute time
intervals;

e has an optional channel routing (translation an%
attenuation) module for sub-daily mode.

e Does not allow auto-calibration of parame
ensure user understanding and parame
but manual changes are easily and r

implemented;
Ex @ adsheet to third
[w&onment Agency.

Model): This model

ism,

The model is available as an
parties to purchase from the

HYSIM (Hydrological Sim
was originally develop on Manley and Severn

Trent Water Auth HY3IM incorporates a five store
model which enab he combination of rapid runoff,

interflow an flow components. The model uses
22 param Which can be automatically optimised.
It also facilefes routing and can be undertaken for

tinal and ponded river channels as well as

con
i@n ed reservoirs. Large river basins can be
% ed into sub-catchments. The model is no longer
de

ly used in the Environment Agency. If you wish to
use this model, please contact the Water Resources
Helpdesk so that the Hydrology and Hydrometry Policy
team can discuss your needs.

IHACRES (Identification of unit Hydrographs And
Component flows from Rainfall, Evaporation and
Streamflow data): This is an Australian model which
can produce both rapid and slow response
components. The model is not widely used in the
Environment Agency. If you wish to use this model,
please contact the Water Resources Helpdesk so that
the Hydrology and Hydrometry Policy team can discuss
your needs.

MIKE-11 Rainfall-Runoff module: This model utilises four
stores to represent responses from snow, the surface,
the root zone and groundwater. It can model artificial
influences and sub catchments. The model is relatively
data and parameter intensive and cannot be used
without other MIKE-11 modules. There is a perception
that the model does perform well in groundwater
dominated catchments with both high and variable
aquifer transmissivities. Transmissibility is the rate of
flow of water through the aquifer. MIKE 11 is not widely
used in water resources but it is used in a small number
of catchments in Anglian Region for flood forecasting.

Understanding water for wildlife
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Additional models, such as the Stanford Watershed
Model and the HEC HMS Model are available but are
not used within the Environment Agency.

‘Distributed Component’ Models

These models describe each component of the
hydrological cycle through complex mathematical
equations. They are more resource intensive than
‘lumped’ models in terms of data requirements and the
ability to successfully calibrate them. They require time
series input data and calibration parameters for each
grid point of the model, which can have a significant
number of nodes on the finer gridded models. These
models may be appropriate for certain designated sites
where water movement is very complex but rely on the
development of a conceptual understanding of the site
through water balance assessments. It may also be
appropriate to consider hydraulic models (ISIS, MIKE11
or more complex 2D and 3D models) in these terms.

MIKE-SHE: Developed by the Danish Hydraulic Institute,
this model provides a very detailed ‘physically’ based
hydrological modelling procedure potentially suitable
for all types of catchments. The model enables
integrated simulations of riverflow, subsurface
(saturated and unsaturated) flow and over land flow.
These models require a great amount of data input and
can be challenging to calibrate.

prototype as that used to develop

MIKE-SHE and has been further developed t’&%;
University of Newcastle Upon Tyne as pri
research tool.

4R coupled with MODFLOW: MODFLOW is a well
recognised and distributed groundwater model code
developed by the USGS (US Geological Survey) and
used for groundwater resource assessments. 4R is an
interface developed by Entec to work in conjunction
with MODFLOW. It provides a ‘physically’ based model
for apportioning effective rainfall to rapid runoff,
interflow and groundwater recharge (this component
provides the recharge input to MODFLOW,) a routi
mechanism for integrating runoff, interflow and
baseflow (output from MODFLOW) and spati
accreting riverflow. %

Special consideration may be requi rthe
modelling of flows in river syste ch transect
lowlands and are ponded, su ose in the East
Anglian fens and Somer t@ls.

Modelling Lowland/Ponded River SE®Q

These river systems, s es referred to as
‘Highland Carrier% ustially embanked and held at
retention levels. levels are; invariably higher
than surroun lowland drainage system levels
which ten&mumped; and, much of the
surroundin®#nd levels. Along such embanked

streteeNsome degree of seepage is likely to occur and
thi be ‘lost’:

@fthe lowland drainage system does not drain to (or
SHE-TRAN: This model is essentially based on the 56&

is pumped back in) the source river; or,
e in summer, where such leakage may go to meet local
‘riparian’ demands.

In these circumstances careful selection of a distributed
component model or hydraulic model will be required.

Further information

Atkins W 'S, 2001; A Re
Naturalisation Envir

Barker ] A, Kinni

s’&

QM Techniques of Applied Hydrology in Low Flow Investigations; Sheet 12 — Flow

X\

eview of Water Resource Assessment Methods and Licensing Practices in Fenland Areas.
Agency — NGLC Project Ref. NC/01/63.

*
\%xvironment Agency, 2005; CATCHMOD, Conceptual Rainfall Runoff Model, Technical User Guide & Software
Manual for Catchmod v4.03.

Manley, R.E, 2003, HYSIM User Guide and Reference Manual.

\
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4.6 Assessment method summaries

River Habitat Surveys (RHS)

Summary

Type of system where applied
Riverine — headwaters to tidal limit

Applicability to groundwater or surface water
Surface waters only

Hydrological data requirements
None

Ecological data requirements

River bank and channel morphological data collected
for 500m reaches together with data on riparian and
floodplain land use and map data. Incidental species
data also recorded.

Can method be used on its own?

Yes, but best used in association with data collected
using other techniques. A national database allows
complex assessments to be carried out by comparing
data with other sites.

Applicability to European interest features

Applicable for riverine interest features, where it may be

possible to identify habitat interactions/relationshi:s.\

Resource requirement

The survey takes approximately 1 hour to cov@
Rapid data input and standard reports have

developed for easy data extraction. Habit atity and

habitat modification scores are automatic
calculated in the database.

River Corridors, which include th r, its banks and
the adjacent land, may be s using a variety of
different techniques to id&ify and quantify the
habitats that are presegt. RjVer Habitat Survey is a
technique that has dopted routinely in recent
years througho d, Scotland and Wales. The
technique inyg®eMthe collection of a range of
morphologi nd use and habitat data along 500 m
sections Qf ver, the site data subsequently being
COEE @ with a national database comprising data

fri er 15 000 sites.

%e large baseline data set used for carrying out
nalyses makes RHS an extremely useful evaluation
tool. RHS is currently undergoing further development
to improve its applicability over a range of functions.

Environment Agency in partnership with Natural England and Countryside Council for Wales

Background

River Habitat Survey (RHS) is a technique used to
assess the physical structure of freshwater streams
rivers based on a standard 500 m length sample uhit
Although the technique does not require specia@
geomorphological or botanical expertise, it d@
require the consistent recognition of fea din
the assessment. For this reason all sur %ﬂave to be
accredited if the surveys are carried @Environment
Agency, Natural England, CCW or@, rifthe results
are to be entered onto the natj tabase.

Method descrinp
RHS involves a w versurvey of a 500 m section of

river bank, record%rious bank-side and in-channel
habitat featu sing a standard recording form. At 50

m interval ghout the survey section ‘spot checks’
are carried We: each spot check comprises an
ass t of flow types, physical features, vegetation

st , land use and vegetation types. There is also
portunity at the end of the survey to identify any
tures present that were not picked up during the
spot checks. There is also a requirement to record
various channel dimensions together with background
map-based information.

The National RHS database is a repository of RHS data
held by the Environment Agency, comprising more
than15 000 sites across the UK. The data in the
database can be used to compare habitat parameters
from similar rivers nationwide, allowing an assessment
to be made of the the habitat quality and habitat
modification of a particular river. RHS methods have
recently been reviewed and an updated methodology
(RHS 2003) is now available.

A complementary module for RHS has been developed
to collect detailed geomorphological and floodplain
data. The methods for this were finalised in Nov 2005,
pilot testing is currently being investigated.

Application

The national RHS database is continuously developing as
more and more sites are completed and added to the
database. This provides a significant quantity of baseline
data from which sitespecific analyses can be made.

Understanding water for wildlife
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For each river system RHS can be used to carry out an possible mitigation of these pressures if necessary.

evaluation of habitat suitability for fish communities, Other applications being developed as ‘bolt-ons’ to

using key parameters such as substrate and flow type. RHS include floodplain and geomorphological

Previous analyses have been carried out by the components to the standard RHS methodology.

Environment Agency on other river systems, for example

the River Lune for salmonid fish. Analyses have also Sensitivity «
been carried out to identify other habitat associations, \

such as water vole on the River Arun in Sussex, and a The RHS methodology includes the outline evaluationQ

pilot study on coarse fish communities in Midlands. of various habitat characteristics with a focus on
patterns of erosion, deposition and geomorphology.
ntify

RHS could be applled to the analysis of habitat quallty Consequent[y the methodo[ogy can be usedtoi

for any of the species interest features or their the presence of combinations of features tha
individual life stages, in those reaches considered to be considered to be desirable for a particul es.
affected by water resource operations. Survey data However, the methodology is not carrj With
would be gathered for a representative range of sites sufficient resolution to allow an an o be made of
and the various inchannel features, such as substrate the extent of useable habitat wi section of

type and flow type, could be compared to reference watercourse. &

sites elsewhere within the catchment and nationally.
Using these data in combination with ecological survey
data, it should be possible to identify:

A major weakness of the
includes very little dat

RHS system is that it
e flow regime or species

distribution/informn coverage within the channel,
e optimal habitats for certain species or life stages; i.e. depth, width, elocity. Flow types do, however,
* optimal habitats poorly utilised by certain species or  give an apprafiMgtion to froude1 number which can be

life stages; used to co assess flow diversity. Additionally, the
* sub-optimal habitat. new RHS G&Mmorphology and Floodplain Module will

re detailed data in relation to flow and
dimensions. It may be possible to overcome
eYow-related weakness by combining the technique
th flow accretion profiles to relate habitat features to
the flow regime.

Where optimal habitat has been identified which is
poorly utilised by a certain species, further

investigations may be required to identify the causal
factor, e.g. substrate quality or poor water quality. &

Habitat Management Tools (HMTs) are in the pr&ﬁg
e

being developed for some riverine Ha.bitats D'\‘ . Applicability

species such as bullhead (Cottus gobio (L. s will

provide statistical models of habitat suit§ty for In order to determine the effects of abstraction it may
Species and communities. The aim wé to be pOSSible to use RHS to |dent|fy habitats that are
characterise habitat requirement cies and likely to be at risk through changes in the flow regime,
communities in terms of meas arameters from  €.8. side bars, riffles, wetlands.

the RHS database, and_ from k|.10Wle.dge derlv.ed However, it is more likely that the technique will be of
from literature. They will help to identify potential

most value when used alongside other methodologies,

such as Resource Assessment and Management (RAM).

pressures acting on sp¥¢ies and communities that may
lead to a state of un@u able condition allowing for

NS
Furthe@'mation
‘Rib itat Survey — Field Survey Guidance Manual’ (2003) published by the Environment Agency.
‘Rive®”Habitat Quality’ (1998), Environment Agency, Bristol.

*
\%iver Habitats in England and Wales — A National Overview’ (1996) published by the Environment Agency.
& RHS National Centre, Environment Agency, Warrington.

1 The Froude number (Fr) is used by hydraulic engineers to describe types of flow. Fr can be thought of as the ratio of kinetic energy to potential energy. Frvalues »1

describe shooting flow; Frvalues <1 describe tranquil flow.

Environment Agency in partnership with Natural England and Countryside Council for Wales Understanding water for wildlife
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4.6 Assessment method summaries

River flows

Summary Availability of river flow data

Type of system where applied Within the Environment Agency, river flow data is

River flow data is normally directly applicable to riverine  available from the National Archive — WISKI. This is
systems but may also be fundamental to all surface accessible from Area/Regional offices. Environmer(L
water fed systems including lakes; estuaries and tidal Environment Agency Area Hydrometric Register
embayments. For groundwater fed systems, river flow Operational Drought Monitoring Reports (cov, he
data may help characterise the inflow into (or residual droughts of the early and mid 1990’s) a eports
flow from) a wetland system. may provide additional river flow data.

Applicability to groundwater or surface water As well as the Environment Agenc otential

Of direct relevance to surface water fed systems but sources of River Flows data incl

21?{:”[1550,[2?) importantin some groundwater fed e (Centre for Ecology and H 08y (CEH, see also the
y ) Hydrometric Regist tistics reports).

Standard applications e British Waterwa S

Hydrological monitoring and conceptualisation. e \Water Compan s water and sewage effluent

Conceptualisation requires various types of data undertakers

manipulation and interpretation to assist the process. e Environm pact Assessments for site-specific

Applicability to European interest features scheme@ fo.r |r.1v‘est|.gat|ons anq operations)

siti€s specialising in hydrological or

Interest Features associated with regimes identified * ;Jm

ed research
above.

Resource requirement

surement of river flows
River Flows data monitoring and processing is a tim?\

River flows are measured continuously (every 15
minutes) at gauging stations. There are several types of

River flows are collected for a var, @ gauging station including:

reasons including: e weirs or flumes
e ultra-sonic

e for Environment Agency Water Res es and Flood e electromagnetic
Defence (including flood warni ctional e adapted sluice (or other river) structures which are

activities L primarily intended for river control purposes
* dueto obligations on %L olderstoundertake o ot ral bed control sites which have rated sections
flow monitoring, typi \ (empirical stage — discharge calibration)

consuming and costly undertaking.

— Water Compani
dischargers

othermajor users of wateror  at yitra-sonic and electromagnetic gauging stations

river flow is measured directly. At weirs, flumes and
rated sections, flow is calculated from the
measurement of river depth or head/stage. Conversion
from stage to flow is determined through a stage —

ors of water management schemes. discharge relationship.

o érequirement of large civil engineering schemes
%such as, impoundments/reservoirs, channel
\ diversions and interbasin transfers.

Environment Agency in partnership with Natural England and Countryside Council for Wales Understanding water for wildlife
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Further information

Environment Agency, Anglian Region; Strategy for Groundwater Investigations and Modelling; Analysis and

Interpretation of Riverflow Data; Entec; December 2000.

Environment Agency, Anglian Region; Strategy for Groundwater Investigations and Modelling; Linking Baseflow «
Recession Analysis with Initial Hydraulic and Geometric Parameterisation of Aquifers; Entec; January 2001. \

Environment Agency — R&D; A Review of Techniques of Applied Hydrology in Low Flow Investigations; Technicq, Q
Report W6-057/TR; Various Method Sheets; W S Atkins; 2001.

Environment Agency in partnership with Natural England and Countryside Council for Wales Understanding water for wildlife
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4.6 Assessment method summaries

Species abundance and distribution data

Summary

Type of system where applied
All aquatic and terrestrial systems.

Applicability to groundwater or surface water
Sites influenced by groundwater and surface water.

Hydrological data requirements

Flow, level, rainfall, groundwater (borehole) data etc
may be linked to abundance and distribution to explain
variance.

Ecological data requirements

Appropriate methodologies need to be employed to
collect survey data. Survey programmes need to
consider the number of samples required to generate
useful data.

Can method be used on its own?

No — needs to be interpreted against other
environmental data to explain variability in abundance
and distribution. Historical data required to identify
trends.

Applicability to European interest features
Highly applicable if appropriate, targeted survey
technique used.

. *
Resource requirement

Experienced/qualified surveyors required.

An important first step in understand%(;e
relationship between species and itat(s) in
which they are found is identifyi (&distribution and
abundance of those species: in a pristine system,
species will vary in abun(&c’e between sites, this
variability being attribufa 0 a range of factors
including water qua bitat quality, competition,
food availabilit ion and disease. Understanding
the reasons cies vary in abundance and
distributiors Jsitical if the effects of abstraction are to
be accur@ predicted, and this can only be achieved

thre u@arefully designed survey work or analysis of
iy

data if available.
%though there is obvious value in collecting
Istribution and abundance data for the European
interest features present at a site, a lot of useful
information can be obtained by looking at other
species, particularly those with a known sensitivity to
changes in environmental conditions e.g. many

N

Environment Agency in partnership with Natural England and Countryside Council for Wales

freshwater invertebrate species. The sensitivity of
certain species to different environmental conditions
means that their presence is often indicative of a
certain habitat type or quality. Consequently the

presence or absence of chosen indicator species c%

used to assess the suitability of a habitat to supQrt

particular European interest features.
Background a

Historically, species-specific surv have been
collected for SACs and SPAs b% e of organisations,
including the Environmept ¢y, Natural England, the
Wildlife Trusts, and lo ist groups. Sites of
European importance a¥\g generally well studied, with
certain species, s s otter, crayfish and great
crested newt, gene being well recorded. However,
other species{s§h as invertebrates and bryophytes,
have prob en under-recorded.

The vQ\of survey data is dependent on a number of
fa Nincluding the accurate recording of data,
I0n, surveyor, method, site conditions, together
some form of quality control. In most cases this
will entail the validation of the surveyors’ technical
competence.

The value of data is also linked to the purpose for which
those data are to be used. For example, a single
appropriately timed site survey would be adequate to
establish presence or absence of certain species, such
as macrophytes and some invertebrates. However, the
success of such a survey may be dependent on the
seasonal timing of the survey, weather conditions etc.
For other species, such as great crested newt, a single
survey may be insufficient to establish presence, and
multiple visits may be required. It should be noted that
presence/absence surveys would not be very
informative in isolation for appropriate assessments
carried out under the Conservation (Natural Habitats
&c.) Regulations 1994, and may need to be
complemented with other survey work.

If the objective of a survey is to establish the status of a
population (i.e. stable, improving or declining), multiple
surveys will be required over a specified time period.
For short-lived species the survey period may only need
to be relatively short, whereas for long-lived species a
much longer temporal data set may be required,
possibly extending over many years. To link water

Understanding water for wildlife
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quantity / abstraction to species abundance and
diversity, the period of monitoring must include a
representative range of water levels or flows. The
greater the temporal extent of the data, the more robust
the analysis is likely to be when examining trends
linked to environmental change.

Method description

Survey design may vary considerably depending upon
the species or habitat that is being targeted, and the
site where the surveys are to take place. Consequently
survey design should consider a number of factors
including:

e Geographical extent of the survey area (whole SAC or
SPA or a component habitat)

Weather conditions

Season and time of day

Sampling methodology, e.g. observation, trapping
Site selection

Survey objectives, e.g. presence/absence,
abundance, population trends

e Sampling frequency

e Recording of supporting environmental variables

There are a number of survey techniques that are
currently accepted as the standard data collection
methods for various taxonomic groups and habitat

types. These are summarised in Table 1.
Application \Q
As highlighted above surveys may be us@mde

data for a range of purposes, mcludln

e To determine presence/absen
e To establish status, i.e. stab!eé mng orimproving

e To assess recruitment, age structure and growth
rates in a population

e To assess population change due to emigration,
immigration or mortality

e To provide a measure of habitat quality or suitability

In the context of determining the likely effect of

abstraction on species and habitats, it is important thQ

surveys are designed to meet the requirements of
site being assessed.

Sensitivity

In order to generate useful, technically
there is a need to select an appropri
methodology and to design the S
incorporating appropriate spa
coverage.

Some species have v% ic habitat or water quality
requirements, angss0 suNey data can readily be linked
to changes in hab uallty Other species are much
more toleranmange of environmental conditions,

which pote akes it more difficult to link
dlstrlbutlo d abundance to habitat variability.

Ulti @the value of survey data lies in the ability to
&them to other data, e.g. macroinvertebrates and

quality/quantity (RIVPACS/LIFE); salmon and

rogramme
temporal survey

%w/habltat (HABSCORE). River Habitat Survey may be

used to link habitat quality with species presence or
abundance data, as the database contains information
on a wide range of habitat variables across a large
number of sites.

Additional mfo@

abird Group.

nd Evans J, (1998). Bird Monitoring Methods, RSPB, BTO, WWT,

1999). Ecological Census Techniques, Cambridge University Press. (Refer to Table 2).

for Assessment: ‘Hydrological Requirements of Habitats & Species’ Assessment Method Summary

Gu a@ :
M«é/nvertebrate Biotic Indices

)
N

Environment Agency in partnership with Natural England and Countryside Council for Wales
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Table 1 Selection of survey technique for SAC/SPA species and habitats species survey method habitat survey method

Species

Survey method

Habitat Survey method

Allis shad

Electrofishing;catch data;
hydroacoustics; LIFE in
UK rivers methodology

Alkaline fens National Vegetation Classification

Atlantic salmon

Electrofishing; catch data;
LIFE in UK rivers methodology
fish counter; redd counts;
smolt traps

Alluvial forests National Vegetation Cla55|f|cat|0

‘1/

Barbastelle

Barbastelle forest survey (BCT)
- tailored bat detector survey

Alpine pioneer formations of
the Carician bicolorisatrofuscae

National Vege @ssmcatlon

Birds of lowland freshwaters
and their margins

WeBS low tide and high tide
counts (marine); species
specific observation surveys

Atlantic salt meadow N%@getation Classification
toPe mapping

QG

Birds of lowland wet grassland

Species-specific observation
surveys

Blanket bog

A
@ National Vegetation Classification

Brook lamprey

Electrofishing

O
Bog woodlan

National Vegetation Classification

Bullhead

Electrofishing; Kick sampling
bycatch;

National Vegetation Classification

Creeping marshwort

N\
Speuesspecmcsurv S 6 Coastal lagoons

National Vegetation Classification

Desmoulin’s whorl snail

Species- spec@\

Depressions on peat substrates National Vegetation Classification

Fen orchid Speci ic surveys Estuaries National Vegetation Classification
: /biotope mapping
‘

Floating water plantain

Species-specific surveys; MTR

survey; WFD lake macrophyte survey

Hard oligo-mesotrophic waters National Vegetation Classification

<

Geyer’s whorl snail

Species-specific surveys

Humid dune slacks National Vegetation Classification

Great crest@

Bottle trapping; torchlight
surveys; netting; egg search

Inland salt meadow National Vegetation Classification

Species-specific surveys

Large shallow inlets and bays National Vegetation Classification

/biotope mapping

Marsh saxifrage

Species-specific surveys

Mediterranean temporary ponds  National Vegetation Classification

Narrow-mouthed whorl snail

Species-specific surveys

Molinia meadows National Vegetation Classification

Environment Agency in partnership with Natural England and Countryside Council for Wales
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Table 1 Selection of survey technique for SAC/SPA species and habitats species survey method habitat survey method (cont.)

Species Survey Method Habitat Survey Method

Otter Vincent Wildlife Trust methodology; Mudflats and sandflats National Vegetation Classification
LIFE in UK rivers /biotope mapping

Pearl mussel Species-specific surveys; Natural dystrophic lakes National Vegetation Classification
LIFE in UK rivers and ponds

Petalwort Species-specific surveys Natural eutrophic lakes

A J
National Vegetation Classijg# atioV
/Predictive System for? etrics

River lamprey

Electrofishing; LIFE in UK rivers

Northern wet heath

National Vege, Qassiﬁcation

Round-mouthed whorl snail

Species-specific surveys

Oligotrophic to mesotrophic
standing waters

Nati etation Classification
/ tive System for Multimetrics

O

Sea Lamprey

Electrofishing; LIFE in UK rivers

Oligotrophic waters of
sandy plains

N4

edational Vegetation Classification

Slender green feather moss

Species-specific surveys

Raised bogs Q
e\

National Vegetation Classification

Southern damselfly

Species-specific surveys; kick
sampling (larvae); LIFE in UK rivers

Salicor nd other annuals
coloy d and sand

National Vegetation Classification
/biotope mapping

A‘
Spined loach Electrofishing; Kick sampling rtina swards National Vegetation Classification
bycatch; EA spined loach su& /biotope mapping
Twaite shad Temperate wet heath National Vegetation Classification

Electrofishing; LIFBi@
N\

White-clawed crayfish

Kick sampling&; substrate
search; t%ght surveys;
trappisma in UK rivers

Transition mires

National Vegetation Classification

N

\®

Watercourses of the plain to
montane levels with Ranunculion
fluitantis and Callitricho-
batrachion vegetation

National Vegetation Classification
/Mean Trophic Rank

Environment Agency in partnership with Natural England and Countryside Council for Wales
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At sites without a gauging station, one off, individual
river flows measurements (‘spot’ flow measurements)
are taken by:

e Current metering (mechanical or other)
e Rising air bubble technique

e Floats

e Dilution gauging

Processing river flow data

Archiving raw river flow measurement data follows well-
established formal processes. Measurements of river
stage taken at 15 minute intervals are converted to
flow, quality assured and archived. Flows are normally
presented as a daily mean.

To in-fill gaps in river flow data, record interpolation,
possibly aided by correlation, can be used for very short
gaps (say < 7 days). Otherwise guidance given in the
Method Summary for Rainfall - Runoff Modelling
should be referred to for extending river flow data
records or infilling more significant data gaps.

Presenting river flow data

Daily Mean Flows (DMFs) are normally displayed as a
time series hydrograph. It can be useful to present more
than one hydrograph on one plot to demonstrate
seasonal differences in response, identify trends or
demonstrate the effects of catchment geology i.e. §
baseflow or surface runoff dominated catchm . Daily
mean flows can also be presented as flow p'\ e
exceedence graphs or flow duration curve

DMF’s are commonly summarised asgmgnthly and
annual values (mean, max & min) %re used to
calculate the catchment Base Fl ex (BFl) —the
relative proportions of total f at comes from
baseflow. Another comm&se Is to calculate extreme
minima or maxima (an above/below a
threshold).

Verifying

e checked through comparison with
angt friver flow data to ensure that the
re& ip between the two sites remain the same.
Thi%e@n be done with a Double Mass Plot. Double mass
alysis, tests the consistency of the record at a station
y comparing its accumulated annual runoff with the
concurrent accumulated runoff for a group of similar
nearby stations. Any significant variations in the
relationship should reveal any periods of potentially
suspect data or unexpected influences on one of the
data sets.

Environment Agency in partnership with Natural England and Countryside Council for Wales

River flow data analyses
Some of the most common type of analysis include:

* Flow normalisation (reducing flow records to |/s/km’
or similar) which is useful in making yield
comparisons between catchments or to compare
catchments of different size or geology for example. \
e Baseflow recession analysis, where the relative Q

contribution of groundwater and surface water ir(L
individual river flow events is calculated to he{0

improve our understanding of the processegpWNlved.
¢ Flow Naturalisation (see Method Sum e@ow
Naturalisation).
e Flow Accretion Diagrams. Where rtoss in flow
along the course of a river can wn as a long
profile. To aid interpretatio rofiles should

show positions of tribyta
discharges; and, pQssi

stractions;
drogeological controls.

River Flows data igen im®dortant means of calibrating
hydrological mod ee separate Method Summaries

for both Rainfa#he= Runoff Modelling and Distributed
Groundwa elling).

Ap tion to wetland sites

er (or spring) flow regime into a wetland site may

@,very important to the characterisation of the site and

e requirement of the Interest Features.

If low flows are considered critical to the favourable
hydrological condition then attention should be given
to an assessment of low flow regimes and factors which
may impact that regime such as abstraction.

If high/flood flows are critical, such as in washland
sites, then focus should be given to factors which may
impact the favourable inundation of the site. In this
instance, it is very probable that issues such as changes
in landuse will have more affects on river flows than
licensed abstractions.

In order to undertake the required assessments for the
Review of Consents the following will need to be
included:

® Flow hydrograph (time series) plots.
e Flow percentile exceedence tables or graphs.
e Tabular seasonal and/or monthly flow statistics.

There are other analytical and interpretative
hydrological techniques that can be applied to river
flow data that may be used to inform Review of
Consents studies. These techniques are addressed
within the relevant Method Summaries.

Understanding water for wildlife
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Table 2 Information sources for standard survey techniques

Taxonomic grou Survey methodology Reference
p

General LIFE in UK rivers methodologies A full range of Life in UK Rivers publications

can be ordered from:
The Enquiry Service
Natural England

X\

Plants/habitats J NCC Phase 1 and 2 habitat surveys ‘Handbook for Phase 1 habitat survey’ JN Q
National Vegetation Classification (1993);’British Plant Communities —
Mean Trophic Rank Volumes 1 -5’ Rodwell (2000); ‘Mean &ophic
Rank — A User’s Manual’ EA Techni@ rtE38
Invertebrates 3 minute kick sampling ‘RIVPACS Il — User Man | (1997)
Agency Guidelines
\\¢)
Mammals Survey of field signs (otter) ‘Otter and rjg %tat management’ EA (1999)
Bat detector surveys Bat Con Trust
(htt bats.org.uk/)
ol
Birds WeBS low tide and high tide counts for Qsh Trust for Ornithology
wintering birds; species-specific surve: (http://www.bto.org/survey/webs/)
7
Amphibians Bottle trapping/torching/ne ‘Great crested newt mitigation guidelines’
English Nature (2001)
Fish Electrofishin @ Environment Agency guidelines/work
Hydroacoustg tivity counter instructions Environment Agency R&D
Fish tr, (http://publications.environment-agency.gov.uk
Cagc@gler and net) /epages/eapublications.storefront)
4
Environment Agency in partnership with Natural England and Countryside Council for Wales Understanding water for wildlife
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4.6 Assessment method summaries

Trophic status assessments

Summary

Type of system where applied
Riverine.

Applicability to groundwater or surface water
Flowing surface waters only.

Hydrological data requirements
None.

Ecological data requirements
Macrophyte or diatom data collected using standard
survey methodologies.

Can method be used on its own?
No — used to assess trophic status so needs to be
evaluated in association with flow and water quality data.

Applicability to European interest features

Useful for evaluating secondary effects of flow changes
on water quality. Supplementary data only. Should only
be used where linked concerns exist regarding water
quality and potential impact of abstraction.

Resource requirement
Time consuming requiring data collection and

processing. Data may already exist from Urban Was\&

Water Treatment Directive (UWWTD) studies.‘ Q
%fom

The Mean Trophic Rank (MTR) and the Trop

Index (TDI) have been developed to provi alitative
assessments of whether a site is impgeted by
eutrophication or has undergone & in trophic
status. Such changes may occur ctly as a result of
abstraction, which may lead ced dilution and
increased residence time’%p;oint or diffuse source
inputs. MTR and TDI s!‘@ nly be used to compare
the trophic status o@ ically similar sites.

MEAN TRO RANK

Backgr,

Mean ¢ Rank (MTR) is a technique used to assess

th Ic status of freshwater streams and rivers
a on a standard 100 m length sample unit. The
hnique requires specialist botanical expertise to

identify a range of macrophyte species, each of which
has been ranked according to their nutrient sensitivity.

Environment Agency in partnership with Natural England and Countryside Council for Wales

Method description

MTR involves a detailed botanical survey and
assessment of the physical character ofa 100 m
section of river bank. All macrophytes present are (L
recorded, together with an estimate of percenta

cover. Macrophyte species are assigned a nu, i
between 1 and 10 on the basis of their t

nutrient enrichment. These values are ltiplied
by the covervalue scores foreach s a mean
value calculated and multiplied b provide

the MTR.

Scores for sites are then t@ted on the basis that
scores greater than 6$likely to be eutrophic,
scores less than re b¥dly damaged either by
nutrient enrichmZ%xicity or physical degradation,
and scores in-fm{ween are eutrophic or at risk of
becoming&ic. The MTR score is influenced by
habitat ty d therefore it is most useful to interpret
the s longside physically similar sites of known
hi er quality. Initially MTR was only used to study
jal changes within a reach, with a change in MTR
re of 15% considered to be significant. Therefore

consideration needs to be given to the use of MTR on
temporal scale.

Application

MTR has principally been developed to assist in the
designation of ‘sensitive reaches’ under the Urban
Waste Water Treatment Directive. However, the ability to
characterise watercourses in this way is considered to
be useful supplementary information when assessing
the direct and indirect effects of abstractions on
European interest features, but only where concerns
exist regarding the interaction of WQ and abstraction
impacts.

Sensitivity

The calculation of MTR scores involves the scoring of
over 130 different taxa, all of which have been
attributed a score between 1 and 10 to reflect their
sensitivity to nutrient enrichment.

Consequently the technique can be applied across a

Understanding water for wildlife
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range of stream and river types, but may be influenced
by variability between surveyors and habitat variability.
In addition there may be some natural background
variation in MTR depending upon the survey season
and the physical comparability of sites, however, the
methodology is designed to minimise this variation.

Applicability

In order to determine the effects of abstraction it may
be possible to use MTR to identify sites at risk from
eutrophication. Abstraction in or near such sites may
reduce dilution volumes, further compounding the

effects of nutrient enrichment. This technique may be
directly applicable to some SAC interest features,
however, it is more likely that it will be of general value
in characterising watercourses. The method should only
be considered where abstraction and water quality are
considered to be inter-linked. Ideally there should be a
minimum of 1 survey over 3 years for useful
interpretation to be carried out.

S

Further information

\®
I
S

EA R&D ‘Mean Trophic Rank — A User’s Manual’ Technical Report E38. O
EA R&D ‘Assessment of the trophic status of rivers using macrophytes: Eva[uation%n Trophic Rank’ Technical

Report E39.

EA R&D ‘Assessment of the trophic status of rivers using macrophytes: S@rnng documentation for the

evaluation of Mean Trophic Rank’ Technical Report E1/i694/1.

TROPHIC DIATOM INDEX
Introduction

As with Mean Trophic Rank, the Trophic Diatom Indt&

was developed to assist in the monitoring of rj
response to the requirements of the Urban W ater
Treatment Directive. The method uses be& tatom
communities to assess water quality, wit rticular
emphasis on nutrient enrichment. Tr@sc status is
derived on the basis of the taxa ithin a
sample, with certain taxa bei@ sensitive than
others to nutrient enrichrpent™QI'does not really define
trophic status, but allo rg&ggmparison to be made

spatially between sitesgn®to make the conclusion that
one site is more enr than another.

Method d ption

Benthic (@é'm films are collected from either natural or
arta{ ubstrates within the sample site, each site
co@;mg a 10 m reach of river. The favoured method,

in teéfms of ease, is to use natural substrates, as
%ﬁﬁcial substrates require multiple site visits. Slides of
the diatom sample are analysed in the laboratory and
the taxa present identified, together with an estimate of
relative abundance. The Index is then calculated from
the data gathered.

Environment Agency in partnership with Natural England and Countryside Council for Wales

O

itation

A
@with MTR, TDI has principally been developed to
3

sistin the designation of ‘sensitive reaches’ under
the Urban Waste Water Treatment Directive. However,
the ability to characterise watercourses in this way is
considered to be useful supplementary information
when assessing the direct and indirect effects of
abstractions on European interest features. As with
MTR, TDI should only be considered where abstraction
and water quality concerns are inter-linked.

Sensitivity

The TDI has been developed using 86 taxa that are
sensitive to nutrient status. Each individual taxon is
assigned a value between 1 (favoured by low nutrient
concentrations) and 5 (favoured by very high nutrient
concentrations), with TDI values ranging from 0
(indicating very low nutrient concentrations) to 100
(indicating very high nutrient concentrations). The
method is therefore applicable to the assessment of
trophic status, but has no proven application for
assessing flow derogation per se.

Understanding water for wildlife
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Applicability

TDl is considered to be an alternative to or
complementary to MTR, when determining the effects of
nutrient enrichment as a result of abstraction.
Abstraction in or near European sites may reduce
dilution volumes, further compounding the effects of
nutrient enrichment. This technique may be directly
applicable to some SAC interest features, however, it is
more likely that it will be of general value in
characterising watercourses.

Further information
Trophic diatom index Project Number 0618.

The Trophic Diatom Index: A User’'s Manual Reference Number TR E2.

Note:

New ecological status classification tools, using macrophytes and diatoms,

of the Water Framework Directive, and these will be in use from 2007 onwards®
improved and refined versions of the existing MTR and TDI methods, ba

as such will probably be widely adopted for assessment of nutrient in@

Environment Agency in partnership with Natural England and Countryside Council for Wales

%)
OA

been developed for the purposes
ese new tools are essentially
more extensive data analyses, and

Understanding water for wildlife
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4.6 Assessment method summaries

Water balance assessment

Summary

Type of system where applied
River catchments, lakes & wetlands.

Applicability to groundwater or surface water
Surface water and groundwater.

Hydrological data requirements

To reach a conceptual understanding of a water body
there is a need to assess its water balance. This is a
volumetric assessment of the inputs, outputs and the
changes in storage of the water body.

The main components of the natural water balance
which can be measured or estimated are:

e Precipitation (rainfall/snowfall)

e Evaporation (including transpiration)
e Effective Rainfall

e Soil Moisture

e Water or groundwater level

e Riverflow and other outflows.

Water balances also need to consider artificial
influences (AI’s) including:

e Abstractions

e Discharges Q
¢ Mains/sewer leakage ’\\,

e Water transfers.

Other data which may support a wat@lance
assessmentincludes:

e Topographical catchment (@[;n
e Groundwater catchmengt, def™ition from groundwater

level contours
e Aquifer storage a

Ecological d

None.

Can Q’oe used on its own?

Ye ess/illustrate the inputs, outputs and storage
S

ch in the water body. This assessment needs to be

nSmissivity values

irements

. %mbined with an ecological assessment to determine

\)

ether changes in any of the water balance

components impact on the ecological features at the site.

Applicability to European interest features
Interest features associated with regimes identified
in the previous questions identified above.

Environment Agency in partnership with Natural England and Countryside Council for Wales

S

Resource requirement
Can be scaled depending on the level of assessment
required.

Water balance assessments
Water balance assessments can be used to: \

e Quantify or estimate the main inflows@ows and
changes in storage in a particular waleNpbdy. Over a
period of time the water balanc e¥sment can
determine the sustainability @Mater body in
terms of whether inflows g &=§ fact, balanced by
outflows and changes$ Bge.

e Estimate one ofth%nents of the water balance
which has not heen m®asured or assessed. In this
case, inflows iater body (i.e lake) can be
estimated time from the measurement of the
change | age in the water body (i.e lake level),
and the@lows from the water body (i.e
ab. tion, or compensation flow or spill).

i ly for Habitats Directive Review of Consents
purposes, the assessment should focus upon the
signated site, or that part of it where the designated

ecological features are located (e.g. if the wetland
feature is fed by groundwater discharge, the water
balance may exclude inputs from surface water runoff
to adjacent ditches). To fulfil the RoC objectives the
water balance assessment should consider:

e ‘natural’ conditions (no artificial influences of
abstractions or discharge);

e ‘recentactual’ conditions (abstractions and
discharges as they are currently and have been in the
recent past)

e ‘licensed’ conditions (abstractions assuming full
licensed uptake and appropriate discharges).

The timestep at which water balance assessments are
undertaken is often determined by the resolution of the
estimated or measured data available and by its
intended use. This could range from a daily, monthly or
yearly (usually a water year i.e. 15t October to 30th
September, to minimise changes in storage) timestep
to long term average values. Typically water balance
assessments of designated sites may focus on a
representative year and upon a dry year.

Consistent units should be used to quantify all inflows,
outflows and changes in storage. These can be
expressed as Ml/d or mm.

Understanding water for wildlife
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Methodology

A water balance must be formulated on the foundations
of a sound conceptual model that describes the
processes involved in the movement of water through
the catchment. Like any good conceptual model, it may
be subject to refinement and improvement as
understanding develops. It is sensible to look at the
water balance of each water body type separately if the
designated site is dependent on more than one. For
example, a water balance for a particular wetland,
aquifer type (e.g. shallow drift gravel and deeper chalk)
or river catchment. The conceptual model should assist
in determining which discrete water bodies require a
water balance assessment.

Components of a water balance may include:

Inflows

* Precipitation (rainfall/snowfall)

e Effective Rainfall (surface and subsurface/recharge)

e Effluent discharges

¢ Qutflows from the water bodies (e.g. based on
estimates of recharge to groundwater catchment
areas, or based on simple calculations of hydraulic
gradient and confining layer permeability
assumptions)

e Mains/sewer leakage

e Water transfers

.\\\6

Changes in storage over the wat ce penod can be
assessed for each water bod king at changes in:

Groundwater levels,
Soil moisture defigi
Riverflows

Lake levels @

Outflows

e Evaporation (including transpiration)
Riverflow

Inflows to other water bodies
Abstractions

Water transfers

When assessing licensed surface water and groundwater

abstraction impacts on a water balance it is important to
consider the licence constraint conditions written on the
licence, as these may include cessation clauses to limit
low flow impacts. It is also essential that the

consumptiveness of the abstraction is taken into account

in terms of the water locally returned to the catchment,
and that the impacts of other discharges not locally
associated with an abstraction (e.g. sewage treat
works) are also included. The Environment Agengy’s
‘Good practice in flow naturalisation’ and ‘RA {
Framework’ provide more details. %

Visualising the water bala

Results can be expressed graphi
water body in a number of w

or each separate

fluxes

® as maps contai@equivalent recharge circles around

abstraction sou
more detai

. The ‘RAM framework’ provides
illustrated in Figure 1)

® asa pie@r of typical inflows/outflows to the site (as
n

|llu Figure 2). Determining percentage

tions of artificial influences (in particular
&ractmns) will help determine the magnitude of
eir impacts upon the water balance.

ese illustrations can be produced for a representative

year, a dry year, or a long term average for natural, recent

actual and fully licensed conditions.

Uses

Water balance assessments focus on quantifying the most
important component(s) of the designated feature and the
impact on this of licensed abstractions and consented
discharges. Once changes have been quantified further
analysis will be required to assess how these may translate
into habitat parameters (such as water depth, wetted
perimeter and flow velocity) and whether these are
responsible for an adverse ecological impact.

r information

%andard hydrological text books

ntec, 2002, ‘Resource Assessment and Management Framework — Report and User Manual — Version 3’ R&D

Manual W6-066M Version 3, for the Environment Agency.

Environment Agency (2001); Good Practice in Flow Naturalisation by Decomposition (Version 2); National

Hydrology Group April 2001 (Revised 15 June 2001).

Environment Agency (2005), Toolkit for flow naturalisation V1.0; December 2005

Environment Agency in partnership with Natural England and Countryside Council for Wales
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4.6 Assessment method summaries

Groundwater levels

Summary

Type of system where applied
Groundwater Fed Wetlands. May also be relevant to
headwater locations on riverine systems.

Applicability to groundwater or surface water

Only of direct relevance to groundwater fed systems. In
special circumstances Groundwater fed wetlands may
include coastal as well as inland sites.

Standard applications

Hydrogeological monitoring and conceptualisation with
the latter usually requiring various types of data
manipulation and interpretation to assist the process.

Applicability to European interest features
Interest Features associated with regimes identified
above.

Resource requirement

Groundwater level data monitoring is fundamental to
the water resource function of the Environment Agency.
Site specific groundwater level data are also required
forthe Environment Agency’s Waste Management
(Landfill Licensing) function and occasionally for flo
defence schemes or conditionally for certain
operational schemes. Groundwater level data
monitoring and processing is a time consum‘%p
costly undertaking.

Groundwater level data are momtore
reasons including:

e Environment Agency Wate@g ces and Waste

Management function
¢ |n connection with S 32/3 pumping tests which
are typically unde nto support an application for
a new/varied ater abstraction licence;
o Environmen@y Groundwater Investigation
i d operational monitoring

requwem@
obligai
e Oblj s on Consent holders to undertake

ing typically including Water Companies (or
r major users of water); landfill operators;
mining/quarrying operators; and operators of water
management schemes; and
¢ |n connection with large civil engineering schemes

involving earthworks groundwater level monitoring
may well be required such as for tunnelling, large
cuttings, impoundments/reservoirs and dewatering
operations.

ra variety of

Environment Agency in partnership with Natural England and Countryside Council for Wales

As well as the Environment Agency other potential
sources of groundwater level data include:

e British Geological Survey (through well records etc Q
e County Councils (through Mineral Planning and

Highways functions).

e Site specific schemes (both for investigati d
operations). In this respect allied Envjgo, |
Impact Assessments may provide a uide to

potential data availability.
e Universities specialising in hyd
research fields.

ogical or allied

Groundwater level monit rl@nay be undertaken using
a number of facilities

e Purpose constr%ml oDservation boreholes and/or
piezometers
e Utilising alﬁ?}oned abstraction wells, boreholes,
d

mine s adits.
e Via ca ons penetrating beyond the water table.
o re\groundwater naturally emanates to the surface

prings or seeps.

@eundwater levels are typically monitored:

e By means of an electrical contact dipper for
occasional spot readings down boreholes or
piezometers.

e Via gauge board installations in excavations orin
discrete springs for occasional spot readings.

e By means of ‘continuous’ monitoring made via a
sensor and recorder. Traditionally, these included
floats suspended over a pully driving an autographic
recorder. Typically, they now incorporate either a shaft
encoder (float/pully driven) or pressure transducer
sensor coupled to a data logging device.

e Where artesian groundwater levels are encountered
heads may be recorded using a pressure gauge or
manometer.

Background

The processing of raw monitoring data to a formal
archive will normally include a number of quality checks
such as:

e Levels within expected range;

e Difference since last recording within anticipated
range or change in level (up or down) is as
anticipated;

e Type of recording device as anticipated; and some
form of verification.

Understanding water for wildlife

< Section divider

Assessment method summaries: Groundwater levels 4.6



The standard processing and presentation for
groundwater levels is to prepare them singly as a time
series hydrograph. In some instances two or more
groundwater level hydrographs may be shown on one
plot to reveal trend comparisons or changes to
response (such as in a pumping test).

e Atransect of piezometers (or boreholes) across a
wetland site may reveal local variations in
piezometric level and these can be compared to site
topography to provide a spatial picture of depth to
water table across the site. In addition, the variation
in water levels across the transect may potentially

allow hydraulic relationships to be drawn with on-
site features (such as springs) or off-site stresses
(such as from abstractions or tidal effects etc).

¢ |n some instances discrete time series groun
level data recorded at or close to a wetland,&
reveal a specific response attributable t
individual abstraction operation (or
stress). This may be especially no@e where the
abstraction is subject to distin oral variations

(such as significant seasonal; irnal variations in
abstraction rate). Where m ly steady state

Groundwater levels are also commonly plotted spatially \

and represented as a contoured plot for a specific time.
Such plots are used to help interpret:

e Groundwater flow paths.

e Groundwater flow gradients.

e Groundwater capture zones to an abstraction or
discharge.

Groundwater level data are essential to help inform the
hydrogeological characterisation of aquifer systems.
Singly these data show level response to natural and
artificial recharge and discharge (including abstraction
driven) processes/mechanisms. In conjunction with
other data (particularly discharge and/or abstraction)
level data can be used to interpret standard hydraulic
properties of aquifers including transmissivity and
storativity (or specific yield).

abstractions are sus cause animpacton a
site, purpose desig ts (often referred to as
‘Signal Tests’) e Undertaken to disrupt or alter
the steady stateNgp#traction pattern so as to generate
the potentLQw a variation in groundwater level
monitor@n he site. In this way ‘Signal Tests’ may
prove va le for identifying hydrological
c *ab&eristics at a site as well as indicating the

sPble scale of impacts.

ere sufficient groundwater level data are

monitored at a designated wetland site the
information should, when combined with

Application to wetlands

Groundwater level data may help in the characterisation

and assessment of wetland sites in a number of E \

important, and sometimes fundamental, ways

including: topographic and ecological data for the site, help
. . \“ confirm whether or not favourable hydrological
* Asufficient network of groundwater level ¢ Tay conditions are achieved relative to the specific water
enable the groundwater capture zone ing

) resource requirements of the Interest Features.
groundwater flow to the site to be

compiling and interpreting a gr.

fined through
ter level

contour plot.
e Anest of piezometers (or bq@nles) into
successional geologic&cériz ns underlying a

wetland site should@ veal if the hydraulic
potential for grou er flow is upward

(discharging) ard (recharging) or neutral.

Furt ifformation

En ent Agency, Anglian Region; Strategy for Groundwater Investigations and Modelling; Interpretation of
Growdwater Levels; Entec; August 2000.

)
N
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4.6 Assessment method summaries

Numerical groundwater modelling

Summary

Type of system where applied
Rivers, lakes & wetlands.

Applicability to groundwater or surface water

Worth considering where seasonal or geographically
localised impacts of groundwater abstraction are
important. For example, modelling changes in
groundwater levels, groundwater flows into wetlands or
lakes or baseflow to rivers.

Hydrological data requirements

A conceptual understanding of natural groundwater
recharge, flow and discharge and abstraction impact
mechanisms which is appropriate to the level of
assessment and includes the water body supporting
the ecological feature plus all potentially impacting
abstractions. This depends on collating, integrating and
understanding a range of meteorological, geological,
topographical, river flow, groundwater level and
hydrochemical information. Aquifer boundaries and
hydraulic parameters for groundwater flow, storage and
interaction with streams/rivers. Historic recharge and
abstraction estimates plus observed groundwater \
levels and river/stream flow estimates (for historic (b
steady state calibration). Fully licensed and r t
actual groundwater abstraction rate assumpjs r
predicting licensed impacts compared witi ral’

(zero abstraction) scenario.

Ecological data requirements 9

None, however, to draw a conc!?@om the
to

modelling results regarding ical effects, targeted
& emonstrate ecological

@its own?

alimpact assessments,

elling will usually be used as part of a
wider st uding ecological studies and options
ap ra&’e wider study will set environmental
oub which will determine the scope of the

m ing work.

ecological data are requi
change.

Can method be u
Within hydro-e,
groundwater

%conceptual model taking account of the water supply

mechanisms critical to the ecology is required before
modelling (see conceptual model technique sheet). For
wetlands, model results should be prepared in
consultation with ecologists and impacts assessed with
reference to hydro-ecological guidelines which define
the favourable water level or flow regime required by
the wetland features. For rivers, results should be

Environment Agency in partnership with Natural England and Countryside Council for Wales

compared with the Resource Assessment &
Management (RAM) Framework or Natural England -

Favourable condition Table (FCT) -based RiverFlow
Obijectives. Q
Applicability to European interest features (L
Standard hydrogeological assessment techn@

which can be applied for any location/w% tcan

only be interpreted in terms of potential gical
effects’ if combined with other technj )
Resource requirement @

A ‘simple’ numerical model tos&& er groundwater

abstraction impacts @ d may be built and
within a few weeks. A

oN gy
used to give indicativéx

more complex mogel of Narger catchment can take a
few years and coral hundred thousand pounds.
Figures 1 an lude modelled groundwater level
output su osed on a hydro-ecological water level
regimepreSefption for a wetland feature, and modelled

watqMQamnce output showing variations in flows into
q@t of a wetland, respectively.

(éackground

A numerical groundwater model is used to understand
and quantify the groundwater flow system to ensure that
an adequate balance between recharge (water entering
the aquifer) and abstraction (water being pumped out of
the aquifer) is maintained. A model usually simulates
the spatial distribution of groundwater recharge, flow
and discharge across a grid of ‘cells’ representing the
aquifer and river network and can also show how
groundwater levels and flows change with time in
response to recharge and abstraction stresses. Such a
model can provide the ‘best available’ tool to assess the
impacts of groundwater abstraction on river baseflow,
spring flow, drain flow or groundwater levels.
Predictions of both recent actual and fully licensed
impacts can be made using a model which has been
credibly calibrated against historic records of river flow
and groundwater level variations. These predictions can
focus on critical drought, average or high groundwater
level periods as appropriate.

However, distributed groundwater models can also take
much time and money to build and will only ever be as
good as the information and conceptual understanding
upon which they are based. Before building such a
model it is always worth trying other, simpler
approaches, as described on separate summary sheets:

Understanding water for wildlife
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e Conceptual understanding;

e Simple water balance approaches;

e Radial flow based drawdown methods, together with
licence accumulation diagrams;

e |GARF; and/or

e The RAM Framework.

Regional
groundwater

Accuracy modelling studies

IGARF and other
investigative tools

Cost

For the purposes of any hydroecological investigation it is

essential to work with ecologists to ‘translate’ the output
from any groundwater model into a format which is
relevant to the ecological interest features on the site. It

is important to separately consider whether the predicted

impacts will result in an adverse ecological effect.
For example:

e modelled groundwater levels at a wetland cell
representing the piezometric head (in m AOD) within
the main aquifer may have to be ‘translated’ to
indicate the behaviour of the near surface watert
(in m bgl) and to allow this to be compared wit
prescribed water level regime for a ‘wet g@x
feature on the site itself. The duration an Yﬁ{ ency
of changes in groundwater levels in re@$to the
growing season need to be consideged.

e Seasonal changes in the directi %
groundwater flows need to b
Maintenance of flushing fl to a wetland, oran
upward hydraulic gradignt m& be critical to some
vegetation interest f; . The frequency, duration
and timing of any@%t reversals is also

important.
e The duratio@ency and timing of any reductions
r

in basefl ivers and lakes.

M&@escription

g a ‘source — pathway — receptor’ model, the

Fo
. ast step is to establish an appropriate level of

\)

nceptual understanding. This will include some
simple water balances and an appreciation of the
sources of impact (e.g. pumping by groundwater and
surface water licensed abstractions), flow mechanisms
(pathways) and vulnerability mechanisms of the
designated ecological features (receptors).

Once a conceptual understanding has been developed,
numerical groundwater modelling may be used. Itis a
specialist activity to be undertaken by groundwater
professionals. It is important to keep the numerical
model as simple a representation of the conceptual
model as is credibly possible in order to avoid having
too many, or inappropriate, model parameters. This
may lead to unrealistic expectations/aspirations fort
model results.

Calibration and validation of the distributed mo@
against observation data acts to test and inc
confidence in the conceptual model. DuN

development of the distributed modeli e
necessary to revisit and modify the ptual model

before continuing. :

Model layers @)

A single layer model prdag the capability to
incorporate recha%on rol by rivers and drains,
regional gradients,Sé#rage and abstractions. It also
permits spati iations in aquifer transmissivity or
specific yi@n e incorporated. This will permit time

hages in groundwater discharge rates to be
in®d and may be adequate for some rivers and
s which are generally considered to be in good
ulic connection with the underlying aquifer.

;owever, in the presence of significant drift deposits

such a model may not provide an adequate simulation
of changes in water level near the surface of a wetland.
It may also be difficult to compare the predictions of the
model with the results of field observations if these
comprise only levels. Furthermore, even where the
geology beneath a wetland is apparently simple, with
no drift and good connection to the underlying aquifer,
there is often some degree of layering, possibly related
to fissure flow within the aquifer itself. In these
situations pumping signals may travel greater distances
whilst near surface drawdown is less marked. For these
reasons it is unlikely that a single layer model would
provide an adequate representation of many wetlands,
where two layers or more may be required.

A model with two layers in the vicinity of a wetland
permits vertical gradients in the wetland to be defined,
and provides a basis for more realistic simulation of
heads in the wetland. The effect of horizontal/vertical
anisotropy in the regional aquifer can be modelled by
changing vertical conductance terms. The results are
more readily comparable with those from field
investigations, leading to more confidence in the
appropriateness of the model calibration.

Environment Agency in partnership with Natural England and Countryside Council for Wales Understanding water for wildlife
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Figure 2 Components of modelling water budget and modelling groundwater levels

Components of the modelling water budget for a groundwater fed fen between Aug 1996 and Aug 1999

Start date: 1st Aug 96
End date: 1st Aug 99
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Numerical model design, construction
and refinement

Boundaries of the modelled area should be defined
from the conceptual model including its piezometric
surface map. In order to adequately consider the
impacts of abstractions on both the site of interest and
other surface water features, and to allow comparison
of output against river flow gauges which may not be
local to the site, it is likely that the boundaries will have
to be set at some distance away from the site. Models
are thus likely to be at the sub-catchment or small
regional scale, rather than finely focussed on the
designated site itself.

Steady state simulations may be useful in the early
stages of model development and validation but, if
consideration of critical low flow periods is required,
the model should be refined through comparison with
available data in transient mode. It should incorporate
historic actual abstractions and meteorology for this
purpose — in most cases a monthly stress period should
be adequate.

The purpose of constructing the numerical model is to
demonstrate the impact of groundwater abstractions
using a simplified but credible representation of the
‘source, pathway, receptor’ understanding presented in
the conceptual model (see separate summary).
Although it is important to show that the model
representation is reasonable, it is strongly
recommended that the model is used to revieN
impacts of abstraction from a very early st \l S
development — well before it might be c ed to be

robustly calibrated according to gen ractice in the
development of a groundwater m&nning ‘no
abstraction’ and ‘fully licensed, & ction’ scenarios
and reviewing the results wil@!o highlight any
errors in model constructR& and will provide an early
estimate of the possib gnitude of impacts, thereby

indicating the likely and benefits of further time
spentin refine

ng the impact of consented
ter abstractions

In , predicted impact is defined as the difference
etW€en calculated model behaviour in the absence of
nsented activities, and in the presence of consented
activities. More confidence exists in the calculated
difference, than in the absolute values. The intention is
to review consented abstractions, therefore the
scenarios should examine all licensed abstractions at
maximum consented rates regardless of whether or not

Environment Agency in partnership with Natural England and Countryside Council for Wales

&%m

this can be taken using the installed pumps, pipes etc.

The sequence of steps will thus be to establish a
relatively rapid dynamic calibration using actual
abstraction data, to produce from this a ‘no abstraction
baseline’ by turning off all abstractions, and then to
calculate impact by turning on all abstractions at the
licensed rate. If an impact is demonstrated (see belo

— Presentation and Review of Model Output), then V\Q
additional work is necessary to identify the abstrac%
causing the impact, and the approximate propogion

)

output

the impact caused.

Presentation and review of

Model output should be presentegPp;

e Demonstrate that the sim 'ﬁ&model representation
of the designated site; tchment and
groundwater abstra%wpacts are credible; and

e Predict the imppets ofMully licensed groundwater
abstraction. CaNprd¥ion should be demonstrated by

areal and tipsg series plots of water level, by time

series @ow data where available, and by

statisti mmaries of both levels and flows.

f, whole model area, subcatchments drawn to flow

Dyn @odel flow budget output can also be helpful
;ges, and the cells representing the designated site

Ways to present hydrological impacts and review their
hydro-ecological significance against the feature
prescriptions should be discussed with ecologists from
the Environment Agency and Natural England early on
in the model development process. Options include:

e Annual cycle plots of depth to groundwater level
(with a single year range on which values from all
years are plotted) including: the monthly tolerance
ranges suggested by the hydroecological
prescriptions for the ‘most sensitive feature’; any
observed depths to water from near surface
piezometers on the site; simulated depths to water
from the no abstraction and full licensed runs, an
example is shown on Figure 1;

e Time series plots of both no abstraction and fully
licensed abstraction scenarios on groundwater levels
and drain or river discharge flows, and of the
difference between them. Time series plots of
wetland drain discharge flows simulated by the full
licensed scenario as a percentage of those from the
no abstraction scenario may also be helpful;

e |evel-duration, river flow-duration, and drain or

Understanding water for wildlife
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spring flow-duration curves for both scenarios, with
tabulated differences at key percentiles — particularly
the 95 percentile which is commonly as a low flow
parameter for rivers; and

e Indicative drawdown maps at key times (e.g.
selected drought years) focusing on the uppermost
layer of the model.

In many cases, the ecological effect of the impact
produced will not be clear cut and assessment of the
significance of the effect will require discussion with
the Environment Agency and Natural England.

In some cases it may be possible that the depth to water
ranges predicted for the ‘no abstraction’ scenario lie
outside the tolerances suggested for ecological features
present on the site. If existing monitored depths to water
plot within the tolerance range, such ‘no abstraction’
predictions may imply that the actual existence of these
ecological features is in part related to the current
groundwater abstraction stresses. However, both ‘no
abstraction’ and ‘fully licensed’ scenario predictions
should be viewed with some caution as they may take
the model beyond its historically calibrated range and
groundwater — surface water interaction mechanisms
may not be reliably simulated.

Uses

Groundwater models have been used for many years as

part of investigations into low river flow alleviation or

wetland restoration projects (e.g. the Wylye model on

the Hampshire Avon SAC and the model used for

relocation of the Redgrave abstraction as part of Fen \
restoration in Suffolk). There has been a recent increa

in their application to groundwater abstraction im Q
issues for Habitats Directive assessments (e.g. the%
Itchen SAC, the Bourne/Upper Avon SAC, many

wetlands in East Anglia). But it is importantt@

remember that all of these studies also HQ

significant collection and analysis of tric data
and field evidence. &

Without such evidence, and the @ured process
required to produce a conc nderstanding of the
system which is agreed b Egmin stakeholders
(especially the EnvirongemMtAgency, the water
companies/abstr%: hd Natural England), a
distributed numer odel may be a misleading and
costly distracifo

Furthermo Ilthough the existence of a credible and
model should take much of the argument out
ogical impact predictions (i.e. stream flow
ion, water table drawdown etc), uncertainties
arding the effects of these impacts on the ecology

[ still have to be grappled with.

S\

Further information

Guidance for the Appropriate Assess
Groundwater Fed Wetlands. Entec,

Manual of Notes on Groundw,
Centre.

Environment Agency in partnership with Natural England and Countryside Council for Wales

&
%\6

t of Impacts from Licensed Abstractions on the Hydrological Regime of
cal Note for Environment Agency Anglian Region.

odelling, Environment Agency National Groundwater & Contaminated Land

Understanding water for wildlife

< Section divider

Assessment method summaries: Numerical groundwater modelling 4.6



4.6 Assessment method summaries

Groundwater abstraction drawdown
methods (based on radial flow A
assumptions) ‘19\

Summary Resource requirement &
Once conceptual understanding, aquifer par. S
Type of system where applied and abstraction data are collated, simplg ss’
Groundwater Fed Wetlands. application of analytical solutions like antush
Applicability to groundwater or surface water or Neuman can provide aquifer draw@stimates
Application of

To assess groundwater abstraction drawdown impacts ~ and associated LADs within a few% .

related to Licensed or Recent Actual pumping rates. more sophisticated technique g to determine
near surface water table rm in response to

Hydrological data requirements pumping signals dee quifer (e.g. layered

Conceptual understanding of relationship between radial flow modelling) 2ke a few days.

abstraction (‘source’), aquifer and drift layering

(‘pathway’) and near surface wetland water table Figure 1 shows al ive analyses and models for the
(‘target’). Assessment of historic groundwater level and ~ Prediction of down due to groundwater abstraction
groundwater abstraction time series relationships, including g antush (leaky aquifer) and Neuman
including signal or pumping test results, plus (unconfin uifer) approaches. Figure 2 shows a
appreciation of other factors influencing groundwater moreh¥lved layered radial flow model (to predict
levels (e.g. site drainage, riparian evapotranspiration). dr n at shallower depths).

Hydraulic parameters for predictive impact analysis,
currently licensed groundwater abstraction location &ckground

(relative to the wetland), pumping rates (!lcensed a Wetland ecological features may be sensitive to
recent actual) and seasonal limits, pumping d

. changes in the shallow water table regime resulting
and recharge assumptions. ‘\ from groundwater abstraction drawdown impacts. A key
§ part of Review of consents (RoC) Appropriate
wn Predictions Assessments for groundwater fed wetlands therefore
of hydro- includes estimation of drawdown impacts, relative to a
ions forwetland  natural baseline, associated both with current rates of
elines for Lowland abstraction and with fully licensed abstraction. These

Ecological data requirements

None as such BUT can compare draw
with observed water levels in the ¢
ecological water level regime pr
features. See Ecohydrologica

Wetland Plant Commun/t on Bhvironment Agency estimates must be based on a sound conceptual

website. understanding of the relationships between the open or
Q screened section of abstraction borehole where the

Can method be use its own?

stress is applied (the ‘source’), the aquifer and any drift
layers through which the signal must be transmitted
(the ‘pathway’) and the ecological feature dependent

Must have a co model first, then can usefully
be applied t undwater abstractions (GWABS)
within 5 wetland at once and combined with

. . . on the shallow water table depth regime (the
Licenc ulation Diagram (LAD) format output to ‘receptor’). This source — pathway — receptor type of
tal ‘in-combination’ drawdown predictions, ; P y P P

P N . conceptual model for Habitats Directive assessments is
pl contribution of each abstraction to the whole. - . .

- , . I described in a separate sheet. They must also maximise
ut further ecological ‘effect’ interpretation will still be o . .
. . . the use of any monitoring evidence of abstraction

quired to determine adverse effect for Habitats

related drawdown (e.g. from comparison of historic

& Directive sites. abstraction rate changes and water level fluctuations,
Applicability to European interest features from pumping tests carried out during licence
Standard hydrogeological techniques which can be determination, or from more recent ‘signal tests’ on
applied to any wetland or location — only relevant to operational sources.

those wetland Habitat Directive (HD) features which
depend on a groundwater level regime.

Environment Agency in partnership with Natural England and Countryside Council for Wales Understanding water for wildlife
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However, in order to assess the impacts of full licence
uptake, predictive techniques are likely to be required.
A wide range of approaches can be attempted from
simplistic confined aquifer analytical solutions (e.g.
Theis), to more complex leaky or unconfined aquifer
assumptions (e.g. Hantush or Neuman), layered radial
flow numerical models or distributed numerical
models. Distributed numerical models are described in
a separate sheet. This sheet focuses on analytical and
numerical radial flow approaches which can be applied
to determine drawdown impacts from all of the licensed
abstractions within a given radius of the wetland (e.g.
within 5 km). The output from these analyses are most
effectively represented in Licence Accumulation
Diagrams (LADs) which are also described on a
separate sheet.

Time and parameter requirements for these radial flow
based techniques increase as they become more
sophisticated and a progressive screening approach is
recommended. Simple analyses should be tried first
(e.g. Theis) on the understanding that they should
represent conservative, precautionary estimates of
drawdown. More complexity can then be introduced to
better represent the conceptual model until the site is
either clearly moved forward to the next RoC stage (on
the basis that a significant drawdown impact is likely),
or dropped from the process (because the total
drawdown is predicted to be less than agreed
thresholds). In some cases significant uncertaint
remain which further, more sophisticated ana
not remove — these sites will also be moved
together with recommendations for furth
investigations or monitoring to impro%on dence.

&g Theis, Hantush
or Neuman)

An initial screenlng s ent of drawdown at the
wetland associate all the surrounding
groundwater a@mns can be made using the Theis
equation. Thi st readily achieved by collating all
the abstr |cence information in a spreadsheet
(includi ations, licence numbers, annual limits,

as istributions of abstraction stress between
m location licences which are conservative with

Method description

Analytical Drawdown Estj

. %spect to the wetland itself, etc.) together with the

\)

eis function and aquifer parameter assumptions. Use
of the ‘Aquifer Win32’ radial flow analysis package is
also an appropriate alternative. The drawdown from
each abstraction can be calculated based on both the
licensed annual abstraction rate and the daily maximum
limit with aquifer parameters Tand S specified as

Environment Agency in partnership with Natural England and Countryside Council for Wales

uniform but subject to sensitivity across a very broad
range of values, e.g. after an assumed pumping period
of 200 days (a ‘long period’ without recharge).

Theis calculations of drawdown in the pumped and
confined aquifer, with no recharge, based on a daily
maximum abstraction rate and based on aquifer
parameters on the outer bounds of credible ranges ar
deemed worse case. They are then assumed to res
conservative over-estimates of the drawdown whic%

would actually occur near the ground surface ofe
wetland. This is particularly the case when c@ring
water level impacts in the upper, unconl@
discharging layer of a layered Drift-aqui tem which
is typical of many wetlands. &

For wetlands where analytical n@therthan Theis
are deemed to be more appr, (but still relatively
simple) then alternative \m/vn calculations can be
made. It must be stres an appropriate conceptual
model of the site iﬁb hed to inform aquifer
parameters used i ulations. This might also involve
the use ofspn@gheets or packages such as Aquifer Win
32 to esti confined aquifer (Neuman) or leaky

aquifer (Ha h) drawdown and then simply assuming
supemoNion of these impacts at the wetland.
presents ‘one step beyond’ the Theis
ulations and it is recommended that the same time

\ eriod (e.g. 200 day) is assumed but that abstraction

rate and main aquifer parameter assumptions are more
credible than the extremes previously adopted. In all
cases it is expected that the predicted drawdown
(which is still in the pumped aquifer rather than any
overlying layer) will be less for the leaky aquifer than
the Theis estimates and, in some cases, may fall below
the total combined drawdown threshold chosen to
represent a ‘negligible impact’.

If drawdown at the site can be demonstrated to be
sufficiently small, the hypothesis of impact can be
rejected. If the site is unconfined, ‘sufficiently small’ is
likely to be defined with respect to the natural variation
of water level in the wetland considering the assumed
tolerance of the features present, if data are available. If
the site is leaky, it is more likely that the hydrology of
the wetland is defined by the hydraulic gradient causing
leakage, than by the absolute level of the piezometric
surface. In this case, ‘sufficiently small’ will need to be
evaluated with respect to the known range in gradient.
It will be particularly significant if the drawdown is
sufficient to change the sign of the gradient whereas
the existence of a consistent upward gradient under
high artesian pressure might suggest a strongly
restricted pathway and negligible potential impacts.

Understanding water for wildlife
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A 10cm drawdown threshold has been generally
adopted for Stage 2 Assessments (as this was
recommended in TRAG as a default value). However, a
more cautious 5 c¢cm drawdown threshold is
recommended in TRAG for fen/mire communities. These
thresholds may also provide an appropriate screen for
Stage 3, although this needs to be agreed with Natural
England/CCW (where appropriate) and the Environment
Agency —more specific thresholds for different features
may need to be considered, based on their tolerance in
different seasons or months, as evident in the hydro-
ecological prescriptions. As this level of simple analysis
is precautionary relative to subsequent, more
sophisticated, layered approaches, it is reasonable to
review results against the chosen threshold and, if
appropriate, use them to justify a statement of ‘no
adverse effect’ without further work.

In addition to calculation of a total drawdown at the site
through superposition, the contributions from each
abstraction can be tabulated and plotted in revised
LADs. It may also be useful to map the results as a
series of overlapping 5 c¢m drawdown circles, drawn
around each source — the Aquifer Win32 analysis will
generate a drawdown map as an alternative.

Application of these approaches should take a few hours
only for each site, including the provision of some time to

investigate the sensitivity of the final answer to a vari y\
of credible assumptions regarding aquifer parameter

Layered, Radial Flow Model Drawdown Estirgaj@
If the simple approaches described above ins& hat
possible abstraction impacts may be abo eed
threshold levels, the application of mgge sophisticated
radial flow models should be consi These models
will provide an estimate of draw an upper,
unpumped aquifer, in respon straction stresses
applied to a lower layer —geconC®ptual arrangement
which is of relevance tc&ﬁnfthe wetlands under
consideration. How N is important to note that they
will not take acco e near-surface influences of
ditch orriverd /recharge boundaries which will
tend to redyc amplitude of both seasonal and
abstracti@n ted water level fluctuations. In this
easonable to consider the resulting
estimates as conservative relative to a

al flow model which includes these boundaries.

)
N

Environment Agency in partnership with Natural England and Countryside Council for Wales

Aversion of MODFLOW transformed to operate on radial
flow assumptions can be applied (or any other
appropriate radial groundwater flow model). In many
cases it is likely that a three layer model (possibly
representing pumped aquifer — aquiclude — wetland
aquifer, depending on the conceptual model) should be
adequate for the level of analysis. The thickness and
parameterisation of the layers and the conductance
between them should be derived from the data

integration and conceptual understanding and
informed by previous analytical approaches. with
these approaches a prediction of the radi ce -
drawdown curve can be made for all lay, uming

200 days abstraction with no rechargg

The radial flow model may then @e run once for
each of the main aquifers frorm&ic abstraction
occurs, with the resultingdi ce — drawdown curve
copied into a spreads re it is used to determine
the drawdown in the upPgr wetland layer due to each
abstraction in tur@ed on distance from the wetland
and scaled acgqrdingto abstraction rate.

Once agai robable that the upper, wetland layer
drawdown mates from such models will be smaller
tha Qimpliﬁed leaky single layer analysis

@u ly carried out. As before these drawdown

ictions for the wetland layer should be compared
ainst the same threshold values and hydro-ecological

prescriptions to determine whether a statement of ‘no
adverse’ effect can be justified or whether further

appropriate analysis (possibly using time variant
distributed models) is required.

Application of the radial flow modelling approach
should be based on the aquifer parameters found to
suggest the largest credible drawdown estimates in
previous analytical sensitivity analysis. By choosing
such conservative parameter combinations, the need
for extensive sensitivity analysis using the radial flow
model can be minimised so that results should be
obtainable within a day.

Uses

Apply these techniques where the ecological feature is
dependent on a shallow water table ‘depth to water’
regime which may be impacted by groundwater
abstraction i.e. groundwater fed wetlands.

Understanding water for wildlife
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Further information and references

Local hydrogeologist with experience in developing ideas and conceptual models using disparate data. Entec have
developed spreadsheets to streamline all of these analyses for application to Anglian groundwater fed wetlands.
Entec would be happy for these to be adapted for use more generally across the country although this would
require further resources possibly with associated training. Calculations should be carried out by persons with
hydrogeological knowledge to avoid misapplication of the spreadsheets, preferably with experience of the

X\

particular aquifer in question. (LQ

Standard pumping test analysis texts (e.g. Krusemann & de Ridder). K
User Manual for Aquifer win32. @

Environment Agency Internal Document; Habitats Directive Stage 2 Review — Water Resource Authgs ns;
‘Practical Advice for Agency Water Resource Staff Version 2; March 2001.

Environment Agency in partnership with Natural England and Countryside Council for Wales Understanding water for wildlife
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Figure 1 Simple analytical models for Hantush and Neuman
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1 T=220m2/d

S =0.0005
Sy =0.15

)
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Figure 2 Three layer numerical redical flow model
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4.6 Assessment method summaries

Conceptualisation for Habitats
Directive Appropriate Assessments

Note: this approach can be tailored to suit any hydro-ecological investigation

irrespective of the legislative driver

Summary

Type of system where applied
All.

Applicability to groundwater or surface water
Surface water and groundwater.

Hydrological data requirements

Integration of a wide variety of hydrological,
hydrogeological, water quality, and meteorological data
to develop an understanding of water supply and quality
influences on the water dependent site concerned.
Information should also be gathered on the size and
location of artificial influences (abstractions &
discharges) thought to affect the water supply to the site.

Data needed may include rainfall & evaporation, or
MORECS/MOSES hydrologically effective rainfall,
recharge, abstractions and discharges, local geolog
topographic or groundwater level contours, megs

river flow hydrographs, groundwater level h\gd\a phs,
water quality distribution, river flow accretio \é .

Ecological data requirements
Habitat type and species data. Habit e NVC survey

data, or other vegetation mappin % d show the
extent of particular communiti erest. Target notes
may provide some qualitative rmation on the

condition of the communy nd the presence/absence
of positive and/or ntaé*i etndicator species.

Survey data for p r species will provide an
overview of th ribution, abundance and
conservatio@ S.

There pecies/habitats pages within section 2
thiﬁ ent will help develop an understanding of

erability and sensitivity of ecological features to

th
. %anges in water supply. Hydro-ecological prescriptions

n then start to be established.

Can method be used on its own?

Establishing a sound conceptual characterisation is a
vital first step for any Appropriate Assessment or other
hydro-ecological assessment technique.
Conceptualisation should be refined iteratively
throughout the process.

Environment Agency in partnership with Natural England and Countryside Council for Wales

Applicability to European interest features
Applies to them all.

Resource requirement :
Can be very quick and based on e
elicitation/brainstorming or can @sed on analysis
and integration of large vol data. Resource

requirements will be det partly by available
information, current u nding and the status of

the site under invﬁatl n.
Figure 1 is a copcept™al cross section drawn through

the River ItchQSAC to show mechanisms of
groundwa traction impacts on river flows.

B und

pre-requisite to applying any assessment it is
sential to establish a sound conceptual
understanding of:

e the natural water supply and water quality regime of
the site;

e the way in which this has been modified by the
actual influences of Environment Agency granted
consents;

e the extent to which these impacts might be
exacerbated if the consented activities were to
increase to their maximum allowable limits; and

e the other factors which may also influence the
designated ecological features.

The aim of a Habitat’s Directive Appropriate
Assessment is to ascertain there will be no adverse
effect on the integrity of the European site.

The ‘source-pathway-receptor’ paradigm is
recommended as the framework for developing
conceptual models to support Appropriate
Assessments, which in this context becomes ‘consent-
mechanism-ecosystem’ approach. An adverse impact
can exist only if there is a consent (given), a vulnerable
ecosystem, and a mechanism by which the consent can
effect the ecosystem. The presence of a vulnerable
ecosystem is a given at most (but not all) sites, and
therefore the thrust of demonstrating no impact will lie
in demonstrating either that there is no mechanism, or

Understanding water for wildlife
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that the hydrological or water quality impact via such a
mechanism is negligible (or not significant).

A robust determination is required based on a sound
conceptualisation of the mechanisms involved, but a
degree of pragmatism is also imposed by constraints of
available data, as well as by time and resources. Full
understanding of most of the sites concerned is unlikely
to be possible from the available dataset.
Determinations may be conservative, but not
unreasonably so. An impact that is too small to detect
can be discounted under triviality.

Within these constraints, methods of calculating impact
should take sufficient account of the site conceptual
model to be defensible, and should assess the effect of
simplifications made, demonstrating either explicitly or
by reference that these simplifications are conservative
with respect to calculating impact.

Itis unlikely that any determination of impact will be the
final statement on the matter.

However, any determination of no significant impact or
adverse effect will be a final statement.

A useful principle is that simple approaches should be
tried first, but that if the possibility of impact cannot be
eliminated, then more complex approaches may be
tried. The work is complete once:

e jtis clear eitherthat there is negligible or none
significant impact; OR, Q

e thatthereis a possible impact, the size OP% has
been determined and apportioned to th ing
consents; OR

e thatitisimpossible to prove given resent state of
knowledge that there is no imp&zh is by default
a determination that there@ ible impact).

Thus if, after ‘more compMgx’ asSessments, risk of

impact still cannot be d, the site will be carried

forward to where fur, ‘mailed studies of remedial

actions may be n

Method

Conce odels may be developed at a variety of
sc degrees of sophistication, based on
e data analysis or more rapid expert elicitation.

iption

ex
. ahe following summary description is an EXAMPLE

ich focuses on trying to understand the effects of
groundwater abstraction (‘source’) drawdown and flow
impacts, as propagated through the intervening aquifer
(‘pathway’), on the shallow water table and drain
system of a wetland habitat (‘receptor’). It is hoped that
the reader will be able to make analogies with other
types of Review of Consent problems.

Environment Agency in partnership with Natural England and Countryside Council for Wales

&‘?f

Data collation and integration

Collate information on the current ‘sources’ around the
wetland which may be causing impacts:

e.g. licensed and unlicensed abstraction locations
within 5 km of the site, historical, current and licensed

rates of pumping including (for the largest) depths of
screened or open sections. Q
Collate information to provide an understanding ofth
‘pathways’ from the sources to the near surfaceg
wetland: e.g. geological layering, historic res s of

groundwater levels to changes in abstra d
recharge stresses (including the resul ‘signal’
or pumping tests), aquifer properti izontal and

vertical layering)and hydroche%

Collate information to provib nderstanding of the
designated ecological fea - the ‘targets’ for the
analysis: e.g. distributityg,
mechanisms.

undance and vulnerability

Collate informgaign on the other, ‘non-consented factors’
which may influence the ecological features: e.g.
site draina hysical habitat management etc.

S@tic maps and sections

are plans and hydrogeological cross-sections
cluding source, pathway and target and illustrating
the main features including:

e the main watercourses;

e the locations of consented abstractions and
discharges from groundwater and surface water and
any protected rights (these will be shown in plan,
with key abstractions in section as appropriate);

e sections through the main wetlands;

e sections through other points of interest such as
springs, IDB drains, etc.

The area considered should be large enough to include
all consents expected to affect the site.

The plans should identify the rough line of cross-sections.

The preparation of the working plans and cross-
sections should be viewed as a way of facilitating three-
dimensional visualisation of the hydrological system.
The schematic cross-sections should draw together on
one diagram details of the following:

e the geological framework, including the shallow
geology and any Quaternary deposits;

e anindication of topography;

e factors affecting groundwater recharge;

e controls on surface water levels, e.g. ditches, rivers
and IDB drains and their sluices should be identified
and tied in to sections;

Understanding water for wildlife
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¢ |ocation of ecological features;

e sections through public water supply or spray
irrigation boreholes as appropriate showing the
position of the open section so abstraction horizons
are established and an indication of transmissivity
and storage characteristics of the deposits;

e anindication of the behaviour of groundwater levels
within the area and for the different geological units
represented by the schematic cross-section, or an
indication of how we anticipate the piezometric levels
at different depths are behaving both naturally and in
response to hydrochemistry — we need to gain an
understanding of the horizontal and the vertical flows;

e anindication of the hydrochemistry; and

e anindication of the flows and factors which control
surface water levels in watercourses.

The cross-sections should indicate the hypothesised
flow of water from the ground surface through the
unsaturated and saturated aquifer system within and
across the boundaries of the hydrological domains. The
unsaturated and saturated zone flow processes should
be indicated, with emphasis on the dominant
processes within any domain. The degree of surface
water/groundwater interaction should be given
particular consideration. From the available field
evidence, and from our previous experience, what do
we think the processes are?

Basically, what are the inflows and the outflows, wh
are the pathways along which water will flow, a
pathways are abstraction horizons likely to be\&' ing?

Assessment of vulnerability m nisms
For effective analysis of hydrologi %ct there must
be an assessment of how impac rise at the
ecological level. Key parame e one or more of:

e \Water level regime; \

e \Water flow regime octty or volumetric rate); and
e Water quality r

&erstanding and

A al understanding of the groundwater and
suffade water flow system should be drawn from the

Concept
uncert

\

schematic maps, sections, and water balances with
particular reference to the hydroecological vulnerability
mechanisms and ‘source — pathway — target’ philosophy.

This understanding should extend beyond the wetland
to identify other surface water features which are also
thought to be dependant on groundwater discharge and
may therefore also be impacted by groundwater
abstraction.

The limits of the current conceptual understandkﬁgb

major uncertainties should be indicated. @
These uncertainties may include geolog'&Q
uncertainties. The extreme plausible ¢ al model
leading to the greatest impact shoul@entiﬁed and
defended with robust argument. | an
identification cannot be mad efended, sensitivity

testing will be needed at lstage to demonstrate a
conservative assess ation, refinement and
development are enSl components of the
conceptual mode%)rocess.

Applicaan
A concgptu odel of the type described above can be
app®d t® make quantitative assessments of impact

C ing to a variety of techniques which are

rately described (including water balance

sessments, groundwater level drawdown estimates,
Impacts from Groundwater abstraction on River Flows
(IGARF) type assessments, distributed groundwater
models etc).

Sensitivity

Conceptual models need to be tested quantitatively to
understand how sensitive they may be to assumptions
which are inevitably required in the face of conceptual
or parameter uncertainty.

Applicability

Some form of conceptual description should be
possible and essential for any Appropriate Assessment.

N
<Q Further information

Ecohydrological Guidelines for Lowland Wetland Plant Communities
‘Resource Assessment and Management Framework — Report and User Manual — Version 3’ (2002), R&D Manual
W6-066M Version 3, published by Entec on behalf of the Environment Agency.

Various Environment Agency documents (particularly from the NGWCLC including the IGARF Manual).

Environment Agency in partnership with Natural England and Countryside Council for Wales
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4.6 Assessment method summaries

Flood inundation modelling

Summary

Type of system where applied

Riverine or Estuarine. Consider also for assessment of
flood flows and flood storage within Reservoirs/Lakes,
Embayments and natural or artificial Flood Washlands.

Applicability to groundwater or surface water

The technique can be used to estimate flow volumes
and velocities, extent, depths and duration of flooding
in flood washlands, depths of flow within rivers and
associated floodplains under flood conditions of
varying probability. More complex 2D models can be
used within extensive floodplains and estuaries while
3D models are usually only used in large estuaries.

Hydrological data requirements

These depend on the type and complexity of the model.
All models will require data on channel topography (or
estuary bathymetry), and channel roughness. Flood
flows can be estimated using Flood Estimation
Handbook (FEH) techniques while tidal levels can be
estimated from extreme tidal datasets.

Ecological data requirements

None, although more sophisticated techniques are &

evolving to model natural river regimes |nclud|
vegetated channels.

Can method be used on its own? \

It needs to be combined with Flood Estima®»n methods

and some form of Digital Elevation (DEM) where
large out-of-bank flows are forec

Applicability to European int eatures

This method relates primaMy to wet grassland sites
(usually designated for §eNbTrd species) where depths
and duration of wint ing are of concern, or
washlands wher evel management under extreme
flow conditio uired. Flood and tidal modelling is

also applic coastal sites where habitats may be
vulnerabl§ tgpincreased levels or flow velocities.

Re

requirement
s upon nature and complexity of modelling

%udertaken

\)

Background

Flood inundation modelling provides a methodology for
estimating flood flows, velocities and depths of flow in
rivers and associated floodplains under flood
conditions as well as depths and durations of flooding

Environment Agency in partnership with Natural England and Countryside Council for Wales

in washlands. Coastal and estuarial models can be
combined with coastal process models to estimate

impacts on coastal and estuarial habitats, as well as \
transitional wetlands. (L
Increasingly such models are also being used ’to*a

investigate hydrological impacts under clima nge

using sensitivity analysis (e.g. increasing f ws by
20%).

The level of sophistication applied O@lling can
vary widely depending upon the Ic application
and the time/budget availabl making the

assessment. Flood mod e subdivided into the

following categories:

e 1D models (e.%-R S, MIKE 11, ISIS) — typically
used for river m ling where floodplains are

reasonabl ained, although may be applied in a

quasi-zg to simulate complex floodplain

hydrguli

els (e.g. MIKE 21, DIVAST) — becoming more

used and applicable to situations where

odplains are very wide and in wide estuaries or
embayments.

* 3D models (e.g. MIKE 3, TRIVAST) — require a
significant input of resources and are more normally
used for research purposes.

Models can be run in steady-state or time variant mode.
Steady-state models are used where a single simulated
flow and corresponding water level are required. They
take no account of storage effects or time-variant
boundary conditions such as tidal cycles. As a result
flood extents may be conservative and are usually used
where a quick precautionary assessment is required for
little financial or temporal outlay. Where storage effects
are significant or time-variant effects such as duration
and variation in level are important then time variant or
hydrodynamic models are used.

General data requirements
General data requirements for flood modelling include:

e estimate of flood peak flows or flood hydrographs; in
tidal regimes this would also include extreme tidal
levels and tidal cycles (see below);

e evaluation of river geometry or estuarial bathymetry
and associated surface roughness for input into
channel hydraulics; and

Understanding water for wildlife
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e some form of Digital Terrain Model (DTM) or Digital
Elevation Model (DEM) covering the floodplain onto
which predicted flood levels can be mapped to
predict flood extents under floods of varying
magnitude and/or temporal characteristics.

Flood estimation

Flood estimation can be carried out on un-gauged and
gauged catchments using flood estimation techniques
based on the Flood Estimation Handbook (FEH). Where
gauged records exist statistical analysis can be carried
out using series of annual maxima or peaks over
threshold (POT) to estimate peak flows. An alternative
approach uses rainfall-runoff methods to generate flood
hydrographs. For ungauged sites or sites where there
are insufficient observed data, methods exist to pool
data from ‘pooling groups’ of gauged sites in nearby or
hydrologically similar catchments.

In estuarial situations it may be necessary to assess
extreme levels based on a combination of tidal
conditions and extreme flood flows. This is normally
carried out using joint probability techniques.

1D hydrodynamic models
* HEC-RAS

— Steady and unsteady 1D flood flow simulation i \
river networks. Produced in the US by the Army6

Corps of Engineers, widely used partlcular
smaller consultancies.

— Website: http://www.hec.usace. army!$k

software/hec-ras/hecras-hecras.ht
e MIKE 11
— Steady and unsteady 1D floo %imulation in
river networks. Also simul diment and water
by DHI Software, and

quality. Produced in De
widely used around world. Has an integrated

rainfall-runoff sim@ , including FEH methods.
— Website: http: 4 dhisoftware.com/mike11/

e |SIS
— Steady teady 1D flood flow simulation in
river s. Also simulates sediment and water
qua¥tyyProduced in the UK by HR Wallingford

(@p. Has an integrated rainfall-runoff
Qmulation, including FEH methods.
—Website: http://www.wallingfordsoftware.com/
'\% products/isis.asp

Environment Agency in partnership with Natural England and Countryside Council for Wales

2D hydrodynamic models

e MIKE 21

— Unsteady 2D simulation of rivers, estuaries and
coastal waters. Also simulates sediment, water
quality and waves. Produced in Denmark by DHI
Software.

— Website: http://www.dhisoftware.com/mike21/

e DIVAST (Depth-Integrated Velocities and Solute

Transport)

— Unsteady 2D flow and contaminant transp
estuarine/coastal model. Produced by t
Environmental Water Managementﬂ@
Centre (at Cardiff University).

— Website: http://www.cf.ac.uk
esearch/water/2.1/2.1.1.

3D hydrodynamic @ls

e MIKE 3

- Unsteady B@Iation of rivers, lakes, estuaries,
bays, coastal ers and seas. Takes into account

density Qions, bathymetry, meteorology, tidal
eleva nd currents. Produced in Denmark by
DA{ Software.

—\¥ebBite: http://www.dhisoftware.com/mike3/
L @AST

— Unsteady 3D simulation of hydrodynamics (3D
extension of DIVAST, see above). Makes a
hydrostatic assumption in the vertical plane.

— Website: http://www.cf.ac.uk/engin/
research/water/2.1/2.1.1.6/erdf2.1.1.6.html

Link to sediment transport/coastal
process models

Flood inundation models can be linked to sediment
transport models and various packages are available,
often as additional modules within an overall modelling
package. Examples include MIKE 11, MIKE 21, MIKE 3,
ISIS, DIVAST and TRIVAST.

Understanding water for wildlife
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4.6 Assessment method summaries

Lidar terrain mapping

Summary an integrated on-board Global Positioning (GPS) and an «
. Inertial Navigation (INS) system. Areas are generally \

Type of system where applied flown in winter when there is less ground cover.
A method of obtaining topographic data which is Q
applicable to site characterisation and as an aid tothe ~ The outputis in the form of contours and terrain (L
interpretation of hydrological impacts into effects. models, which can be:
Applicability to site e Digital Elevation Model (DEM) representingjig
Relevant to interest features associated with regimes topographic surface and includes feafieS\ptch as
identified above. buildings, trees etc (often referred tter).

o e Digital Terrain Model (DTM) repres®at™wg the ground
Standard applications surface. It is processed by filt Ut the ‘clutter
Topographic data are integral to the water resource from the DEM.
function of the Environment Agency, in particular flood
plain and drainage mapping, coastal zone monitoring, There are currently three ds of filtering the data to
flood risk analysis, hydraulic and groundwater remove features and v on. In order of increasing
modelling and monitoring. sensitivity these Q
Resource requirement * Automatic (gQperally used);
Relatively inexpensive process requiring airborne laser ¢ Semi-auja(Nted/ supervised (on request);
scanning and subsequent truthing and filtering. In * TerrascaQ (s required).
many cases more costs effective than high-resolution The levations are acquired at 1 mor2 m spatial
ground based topographic survey. re8tidN, to a vertical (z) accuracy of Y0.15 m or even

~

m depending on plane altitude, and a plan (x &

Introduction E %ccuracy of better than 1/2000 x altitude.

LIDAR (Light Detection and Ranging), also known Independent ground truthing commenced in 2000 and
airborne laser scanning, is a relatively new re@ now each polygon is automatically ground truthed
’ ¢

sensing technique for cost-effective topogra \ rrain when flown.

mapping. Itis ideally suited for mapping ive Data is available at a variety of postings between 0.5 —
areas where accurate elevation data gge rapmily 2m although data at 0.15m posting is occasionally
required. % captured in areas where higher detail is required to

The Environment Agency, Infoter\g,&fd Ordnance identify smaller features

Survey are together promoti technique. It was The Environment Agency can provide the data as a

first flown by the Environi? ot Agency in 1998 and is series of tiles, either 5 x 5 km or 2 x 2 km, and these are
rapidly developing wit antimprovementin available on CD as both DEM and DTM models. They can

methods of data ac
instance, new g
from 2000 n

gtfon and processing. For be processed in ARCView using spatial analyst to

nt has meant that sites flown produce high-resolution topographic surfaces in plan,
r have the ‘white space’ problem section, and 3D.

tPn of the laser pulses by water and

tarma

Application

M d Description Applications include:

d e system operates on a principal similar to radar in * Flood plain and dr.am'age mapping;
\that a laser ranger (ALTM — airborne laser terrain ° Coasta! Zone m0|'1|tor|ng;
@ mapper) transmits a series of pulses, these are * Flood r|§k analy5|.s;
reflected back from the ground and used to measure * Hydraulic modfelln?g;
the distance between the ground and the aircraft. The * Landform monitoring;
aircraft fixes its position to coincide with each pulse by * Forestry management;

Environment Agency in partnership with Natural England and Countryside Council for Wales Understanding water for wildlife
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e Landfill site assessment; Research is on-going into methods of improving the
e Pipeline routing; product, its accuracy, and its use in conjunction with
e Cartography. othertechniques, such as digital photogrammetry,

The main advantage is that the method can be used to
map areas of difficult terrain where accurate elevations
are rapidly required by remote sensing and under most
weather conditions.

image analysis, synthetic aperture radar (SAR) and
land-form profiles.

Further information
Environment Agency: Science Enterprise Centre, Twerton.
Ordnance Survey website (www.ordnancesurvey.co.uk).

Infoterra website (www.infoterra-global.com).

Environment Agency in partnership with Natural England and Countryside Council for Wales
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4.6 Assessment method summaries

Topographic surveys

Summary

Type of regime where applied

A method of obtaining topographic data which is
generally applicable to site characterisation and as an aid
to the interpretation of hydrological impacts into effects.

Applicability to site
Relevant to interest features associated with regimes
identified above.

Standard applications

Topographic data are integral to the water resource
function of the Environment Agency, in particular flood
plain and drainage mapping, coastal zone monitoring,
flood risk analysis, hydraulic and groundwater
modelling and monitoring.

Resource requirement
Time consuming but relatively cheap process requiring
data collection and processing.

Introduction

Atopographical survey is used to spatially locate any %
 Ken

point or series of points for position and height by
defining the x and y co-ordinates (easting and north
and z direction (elevation) in relative or absol eMis.
These surveys used to be carried out using X lite
and staff and the Ordnance Survey (0S) @ ark
system, which was based on a series of obS®rvations
dating back to the 1700s. However. as declared
redundant in 2002 due to inherenf #ccuracies and

surveys are now done using th@aQloBal Positioning
System (GPS) and a serie§<f' lectronic stations set

up around the country.Q

require a migi
conjunct@/lth the OS Active GPS Network. Secondary
st

(E c®) ations are established with a minimum of
1 'S observation tied in to the local E1 station.
. artiary (E3) stations are then established using GPS

K (real-time kinematic) in some 5 to 10 minutes for
local control.

e The Environment Agency recommends the following
spacings:

e LinearSurveys: E1 station every 5 km, E2 stations every
1 km, and E3 as section controls between the E2s.

Environment Agency in partnership with Natural England and Countryside Council for Wales

Area Surveys: An E1 station will give a coverage of 2.5
km in all directions, which equates to the distance of
the radio telemetry links on the GPS equipment. E2 a

E3 stations are at similar spacing described for the, PQ
linear surveys. (L

Further readings are then taken using a GPSr, r
and antenna on a pole and automatical '@d to
real time co-ordinates by reference to a | station.
In places where there is inadequate coverage,
such as woods, readings are obtaj sing spirit level
and staff and closing back (clos p) onto the
nearest control station.

The data are then proﬁ;o produce ETRS89

geodectic co-ordiQes, ich are currently transformed

to OSGB36 via O and to ODN (Ordnance Datum
Newlyn) via O 0Z.The order of accuracy of the 2002
co-ordinat version is:

rorin plan (x & y) of the OSTNO2
mation is 0.10 m; and
ard error in height (z) of the 0SGM02

surveying methods utilising virtual base stations
e.g. SmartNet are facilitating cheaper and quicker
surveys. In addition they are reducing the requirements
for E2 and E3 stations as measurements to E2
accuracy’s can be made in a matter of a few seconds.

As more active stations are set up by the OS and its
partners, surveying with virtual base stations will
become the norm

Application

The data form part of the fundamental information
database for characterisation of any single point or site
and fixes its spatial location in the continuum in either
relative or absolute terms, depending on the datum.

The results have many varied applications. In the
environmental field measurements on boreholes,
gaugeboards, weirs, and dams are often used to relate
water levels between these features and determine
hydraulic gradients. Profiling is another common usage
in the design of water-retention or measuring
structures, such as dams and weirs, and for ecological
and geological mapping. These data can also be
contoured to produce topographical and piezometric
plans as part of the broader picture.

Understanding water for wildlife
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Further information

Environment Agency National Standard Contract and Specification for Surveying Services, Version 2.2 (and
subsequent amendments).

Environment Agency in partnership with Natural England and Countryside Council for Wales Understanding water for wildlife
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4.6 Assessment method summaries

Resource Assessment and
Management (RAM) framework

Note: This method summary relates to RAM V.3 and will be superseded by RAM V.4 '\

in March 2008. (19

Resource requirement K
Time consuming, requiring collation am&ng of
(generally) voluminous datasets. How derthe
CAMS programme, necessary data s&become

increasingly established.

Figures 1 and 2 show the flg tion curve analysis,
which lies at the heart o$ rm River AP resource

Summary

Type of system where applied
Riverine (potentially as a stand alone screening tool).

Components from RAM can also be used to assist
assessments for other (non riverine) hydrological
domains.

assessment, and an e of an accretion profile
which can be use impYove understanding of the
distribution of ab ion and discharge impacts in

between Rive@essment Points (Aps).
S

The Resou essment and Management Framework
curremrovides the most appropriate tool for

Applicability to groundwater or surface waters

Surface water and groundwater abstraction impacts on
river flows — at a sub-catchment ‘screening scale’ (Flow
Duration Curve (FDC) analysis in CAMSLedger.xls and
daily flow hydrographs in RivDay.xls), plus detailed
accretion profiling where required (in AccProf.xls). Also
within RAM the Aquifer Response Function can be used
to assist in initial characterisation of groundwater fed
habitats served by large recharge capture areas.

esti ng the amount of surface water available within
for abstraction relative to the ecological
@uwements of the watercourse, and for quantifying the

Hydrological data requirements t\ censed and Recent Actual abstraction and discharge

Natural flow duration curves for a number of si
gauged flow data, licensed & recent actual ap tidn
and discharge datasets (CAMSLedger), daily \S low
hydrographs (RivDay), spot flow survey dg§\

natural flow output from Lowflows 2020 (AcCProf).

impacts on river flows (including groundwater and
surface water consents). It can also provide an
assessment of predicted recharge and discharge rates
from any aquifers at a sub-catchment scale (e.g. aquifers
draining to large coastal wetlands) and therefore be
used to help characterise certain groundwater fed sites
and assess impacts related to groundwater abstraction.
However, the RAM Framework is not considered a

Ecological data requirements
Benchmark macro-invertebrat acrophyte data,
plus assessments of physica tat and fisheries.

Used within the Environ [ Weighting (EW) System
to derive River Flow Qb¥gctWes (RFO) and assess actual
ecological departur the benchmark.
on its own?
mains) — may require comparison
flow targets (e.g. those determined by

with oth@
Na& and/CCW), in addition to the

Can method b
Yes (for rivegin

En entally Weighted - River Flow Objectives (EW
RFOS¥derived within RAM Framework.

*
\%}plicability to european interest features
Mainly those associated with riverine systems; care

required when interpreting data due to method
sensitivity. See separate report on applicability
(Environment Agency; 2003).

Environment Agency in partnership with Natural England and Countryside Council for Wales

suitable tool for evaluating local groundwater balances
(e.g. in the vicinity of smaller inland wetlands) as the
capture zones to such sites are often subject to
significant temporal/seasonal variations and/or main
aquifer interaction with the near surface is complicated
by the near surface (drift) geology to the extent that the
methods utilised in the RAM Framework are sometimes
not considered appropriate.

The method, which applies to riverine systems with or
without a groundwater influence, uses naturalised flow
data as a benchmark to define ecologically desirable
flow regimes on a reach-by-reach basis in the
catchment, depending on the sensitivity of the ecology
within the reach to abstraction related flow reductions.
The ecologically desirable flows are compared with
estimates of actual flows and flows predicted for fully

Understanding water for wildlife
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S

licensed uptake to indicate the abstraction status of
each reach. Care should be taken when applying the
Environmental Weighting system (which is a component
of the RAM Framework) to particularly sensitive species
and habitats, as the sub-catchment resolution of the
system may not be sufficient to achieve the desired
level of confidence for Habitats Directive purposes.

Background

The river flow Resource Assessment and Management
Framework compares the ecologically desirable flow in
a river system with the denaturalised flows predicted
for recent actual or fully licensed abstraction scenarios.
This is achieved in five main stages:

e The natural flow regime at a number of locations
(‘assessment points’) is established by, for example,
use of Low Flows 2000, naturalising gauged flow
based on abstraction and discharge data, or
modelling;

¢ The sensitivity to abstraction related flow reductions
(the ‘environmental weighting band’) for each
assessment point is determined based on four
ecological indicators: physical habitat, macrophytes,
macro-invertebrates and fisheries;

e A minimum ecologically desirable flow regime (the
‘river flow objective’ — RFO) is hung from the natural
flow duration curve based on the environmental
weighting band. The more sensitive the ecosyste
the closer the ecological RFO is to the natur

The appropriateness of the RAM Framewao FO
for Habitat’s Directive purposes (in com n with
Natural England’s ‘within 10% of natu * default

Favourable Conditions Table Targe%s been subject
to separate review (Environme cy; 2003);

e The natural flow is denaturali r’%application of
the abstraction and disch ataset to produce an
estimate of what the flOWregime currently is based
on recent actual ab ion and discharge impacts,
and what it woul if'all abstractions were
increased to censed rates. Where the recent

actual flo er than RFO over much of the lower
flow ra reach may be given an ‘over-
abs > status. If this is the case only for the

scenario flow, the reach may be deemed
-licensed’. Where not over-licensed RAM

provides an indication of surplus water above the
RFO, which may be available for further abstraction
licensing abstraction; and

e The denaturalised recent actual flow should be
compared to gauged flow data to check that the
assumptions underlying the natural flow regime and
assigned influences for abstraction and discharge
appear credible.

Environment Agency in partnership with Natural England and Countryside Council for Wales

The RAM Framework EW system includes a further
‘ground truth’ check to investigate whether those
reaches deemed to by ‘over-abstracted’ are showing
signs of actual ecological stress.

How far away from the ‘benchmark’ or natural status are
they, and, if ecological integrity appears to be impaired
on the basis of monitoring data, is this due to the

water quality or physical channel modifications).

X\

effects of flow reduction, or other factors (e.g. poor(LQ

The groundwater component of the RAM Fra Kk
uses estimates of recharge and discharge jped
with aquifer properties data to evaluate straction
status of groundwater bodies, WhiCh@SO bein
various degrees of surplus, over-li orover-
abstracted. Empirical evidence ndwater
problems or local techniqu galso be applied as
part of the groundwatert ese groundwater
resource analysis may ome value for the
assessment of G\Iﬁwe land habitats dependent on
groundwater disc served by large recharge capture
zones. In fac ponents from RAM are being used in
ongoing H&l’)irective Review of Consents

assessmenweAfor the North Norfolk Coast.

RAM Framework was designed for application
within the Agency’s Catchment Abstraction
Management Strategy process and is supported by

some spreadsheet tools:

e CAMSLedger: flow duration curve analysis at River
Assessment Points (APs), plus groundwater resource
assessment for groundwater management units
(GWMUs);

e RivDay: Daily river flow hydrograph analysis at
‘critical’ River APs;

e AccProf: River flow accretion profile analysis to
identify abstraction impacts between River APs;

e GWMon: Monthly groundwater outflow analysis for
critical GWMUs.

Itis useful as a screening tool for identifying
abstraction impacts and where water may or may not be
available for further licensing at a sub-catchment scale.
It can be used as an initial screening tool for new
licences, but does not negate the need for a detailed
local appraisal of any licence application and its effect
on local water features and other water users to be
undertaken.

Understanding water for wildlife
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Although the accretion profile options will also be
helpful in identifying smaller scale river reaches which
are critically flow depleted the RAM Framework should
be applied with caution when assessing effects on
European habitats and species at this scale, as it is
designed to be used as a screening tool. It provides a
useful method of assessing impacts on these features
but other techniques are also likely to be required for
further analysis.

Data requirements

The RAM Framework is generally data intensive -

it requires collection of considerable hydrological,
ecological and abstraction and discharge data. Data
requirements may be reduced by focusing efforts

on major artificial influences or particularly sensitive
river reaches.

Typical data required for riverine analysis include
natural flow duration curves (Low Flows 2000,
modelling etc), licensed quantities and actual

abstraction data, discharge data (typically in the form of

actual or consented dry weather flows). Many of these
data are fairly readily available from existing
Environment Agency databases although abstraction
and discharge information often requires significant
manipulation before input into the RAM Framework

spreadsheets. For the groundwater assessment E \

estimates of recharge, aquifer properties, and other
groundwater parameters may be used, depending on
the resolution of the resource assessment required. In
some cases potentially useful datasets, for example
abstraction returns, may be flawed or unavailable and
simple but justifiable estimates must be made using,
for example, uptake factors.

The RAM spreadsheets limit the number of River

assessment points in any given river system to 20,%
a

guidance suggests that the minimum catchmen%
assessment point should be of the order of 5

(although accretion profiles may be exte\@ ther

upstream if required). @
ﬁe is as a high level

Applicability

The RAM Framework’s inten
screening methodolo option of more

detailed river flow accr&on profiling where required. It
can indicate whe%re Is the potential for ecological
impact or where a ction may be increased without

adversely afog the ecosystem. Further investigation

would be d on a site specific, more detailed,
level t me whether an interest feature (of a
Habj |rect|ve site for example) is impacted by over

ction and what changes are required to
uately mitigate effects.

0\\Q

Further Information

‘Resource Assessment and Managemgt Framework — Report and User Manual - Version 3’ (2002), R&D Manual

W6-066M Version 3, published by,
(Environment Agency; 2003) R

n behalf of the Environment Agency.

mework; An Appraisal of the EW System for Assessing Impacts on Habitats

Directive Interest Features{ti tly in Draft); Entec; December 2002.

o)

Environment Agency in partnership with Natural England and Countryside Council for Wales
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Figure 1 River AP resource assessment process (a), and example of long term flow duration curve analysis

a)

b)

)
N

Environmental

Weighting Band

Long Term Flow
Duration Curve

‘Natural’ FDC

Upstream Licensed (or

Recent Actual)

Impacts plus

Unlicensed Flow Needs

Iterate, Refine & Select Historic Years to Illustrate Resource

—> EW | UNC [ INTbetween | TAKE
Band | (% of |thresholds for| (% of
Flow Q95) variability INT)
Sensitivity 1123
Very High VH | 15 |0.2] 03[05] 15%
High H 5-10 | 0.2] 03] 0.6| 25%
Moderate M 10-15( 0.2| 0.4
Low L 15-25
Very Low VL | 25-30
Other ?

‘Natural’ or ‘Benchmark’

Abstraction & Discharge

Table for Ecological RFOs
Based On EW Band

f

Licensable ‘unconstrained’
abstraction impacts as % of
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—

low flows)
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successive flow thresholds
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(to protect flow variability)

De-naturalisation
Process
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Figure 1.7

Over Licensed

oL

Over Abstracted

NWA

Environment Agency in partnership with Natural England and Countryside Council for Wales

No Water Available 'Water Available

= TAKE 3
(Licensable
Proportion of INT 3)
B TAKE 2
(Licensable
Proportion of INT 2)
B TAKE 1
(Licensable
Proportion of INT 1)
™ UNC (Licensable
Without Flow
Constraints)

Low Flow Resource Availability Status

based on the lowest %ile where the

Scenario FDC (blue) crosses under the

River Flow Objective FDC (green)
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4.6 Assessment method summaries

Risk Assessment protocol

of the probability, or frequency, of occurrence of a
defined hazard (through the source-pathway-recepto
mechanism) and the magnitude of the consequen

the occurrence. Following this principle, a ‘risk matFix]i
required which can be used to ascribe values oft
potential risk based upon the perceived

Summary As noted in the DETR guidelines, ‘risk’ is a combination \«

Type of regime where applied

The Risk Assessment protocol is intended to provide a
risk assessment framework for any form of
Environmental Impact. As such itis applicable to all
regimes relevant to RoC.

Applicability to sites

. ) 1 Required under Regulation 50 of the ation
The protocol provides a framework allowing

(Natural Habitats &c.) Regulations 1

hydrological impact (at the receptor) to be translated

into hydro-ecological effect to the Interest Features. This (or a similar) approach is r @ or each
category of consents to be rev However, in

Standard Applications addition the review proc hould also:

All forms of Environmental Impact Assessment.
e Be iterative and take\Qn creased refinement

Resource requirement ' through the st@o process.
The RI.Sk Assessment protocol can not be undertakenin o consideri impac m consents both singly and in-
isolation. combmah@emembering that the combined effect
Sites require; characterisation (hydrologically and froma I" of impacts maybe significant
ecologically); evaluation of hydrological impact; whegea individual impact/effect evaluated for
determination (or knowledge) of the water resource S 6 activities/functions may not be considered
requirements (and sensitivity) of the Interest Features; $i icant) with the in-combination assessment
before the Risk Assessment can be undertaken. % vering both:

— a group of single type consents (i.e. abstraction
Introduction 6 licences); . o

— a mixture of consent types (i.e. a multi-functional
The risk assessment procedure suggested for assessment).
Review of Consents (RoC)1, and in routine e e Consider related management strategies such as:
Determination, is one which broadly foll e — CAMS for abstraction licences;
protocol given in the ‘Guidelines for Ffgronmental Risk — Catchment Flood Management Plans for flood
Assessment and Management’ prQ&I by the DETR defence;
(2000). It is considered difficu ulate a — Target River Quality Objectives which govern/
procedure that is highly defirf§¢ey particularly in the influence discharge (water quality related)
early stages of the RoC pré§ess. The method should be consents;
precautionary (particul@v ere major uncertainty is — Shoreline Management Plans which influence
involved) and shoul@Mgttally aim to: coastal sea defence and environmental regimes;

— Future assessments which will be required (and

e Assistin th ication of sites at which there is ]
clearly mj risk and which can therefore be are being planned) for the Water Framework
elimin om the RoC process. Directive.

ding upon the stage in the RoC process The Risk Assessment methodology is highlighted as

ﬂ g follows in a Stage 2 Case Example undertaken for the
in the early stages of RoC identify the need for Nene Washes below.

further investigations/assessments at those sites . .
The possible effects on the water supply to the site

considered to be at significant risk; or, o2 )

_ at latter stages of the RoC process identify the were initially ranked according to the nature and
activities which are considered to give rise to magnitude of the hydrological impact as summarised
significant risk on the site necessitating some opposite.
action to be undertaken to mitigate (or further
clarify) the situation.

Environment Agency in partnership with Natural England and Countryside Council for Wales Understanding water for wildlife
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Ranking description of potential hydrological impacts

Ranking Description of potential hydrological impacts

HIGH L1 Major reduction (i.e. well above HST) in wetland groundwater levels due to
one or more individual licensed abstractions.

1 Major reduction in wetland groundwater levels as a result of combined \«

abstraction from multiple licensed abstractions

F1 Major interception of surface water and/or groundwater flow to the weﬁ%g

Q1 Major reduction in the quality of water supply to the wetland \
MEDIUM L2 Moderate reduction (i.e. around HST) in wetland groundw; @ls due to

one or more individual licensed abstractions

licensed abstractions

2 Reduction in groundwater levels due to combinei @s of multiple

F2 Reduction in surface water and/or groun ow to the wetland
Q2 Licensed abstraction will lead toaeducteon in the quality of the water
supply to the wetland
LOW L3 Very Low reduction (i.e.\@low HST) in wetland groundwater levels. The
response to pumping b vidual abstractions is unlikely to be observed,
but a general red in groundwater levels may occur due to cumulative
effects of pu$ m multiple licences.
3 Very low r@ n in groundwater levels due to combined effects of multiple
actions

lice eQ
F3 & erception of surface water and/or groundwater flow to the wetland

>

Q3 E\ or change in the quality of the water supply to the wetland.

These rankings were conver’f&@s'sessments of The likelihood of occurrence of risk is ranked as follows:

potential ‘hydro-ecologicgl based on Certain, High, Medium, Low, Very Low, Negligible, Not

considerations of the fre ter dependence of the key Known

European interests and@rvulnerability to the ’

hydrological impact@Atgis these potential effects which ~ The ratings of Risk that are used in the resulting
are combined wg elihood of occurrence within the assessment were as follows:

risk matrix to &§ne overall risk.

e High, Medium, Low (classed as significant)

The Magif of the Potential Effect is ranked as e Very Low, Negligible (classed as not significant)
fol able 1): e |fthe risk is not known (then the likely default is that
Hi edium, Low, Very Low, Negligible, it should be classed as significant).

)
N

Environment Agency in partnership with Natural England and Countryside Council for Wales Understanding water for wildlife
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Table 1 Risk matrix

Magnitude of
potential effect
HIGH Low Medium High High High \/\
MEDIUM Low Low Medium High High (19
LOW Very low Low Low Medium @
VERY LOW Negligible Very low Low Low :Pow
A
NEGLIGIBLE Negligible Negligible Negligible Negligible Negligible
Likelihood of VERY LOW LOW MEDIUM ‘ CERTAIN
occurence

The Level of Confidence in the assessment also need to

be ranked as follows:
High
large quantity of good qualitydata.

Medium
amount of data, but these are of go

quality and are directly releva b

Low Only a limited amount o allty

data are available. Con I s on site
have been inferred data from
other sites in the .

No relevant re available.

Potential risk resultin@ﬂcensed abstractions
The potential risk to ne Washes as a result of

Environment Age ter Resources licensed

Very Low

sed upon the potential hydrological

im . . .
in&rates expert judgement of:

)
N

Environment Agency in partnership with Natural England and Countryside Council for Wales

The assessment has been based on a

The assessment is based on a limited

escribed in the previous section. In addition it

©

e the fres rtependence of the site’s key
ecologi terests (European features);
e th ificance of specific hydrological components
ce and/or groundwater) to the site;

ulnerability of the ecological interests to
ydrological change/impact.

When undertaking this assessment, particular attention
is given to situations where the original hydrological
impact ranking is ‘Low’, to see if this should be
translated to a ‘Very Low’ or Guidance for Assessment:
‘Hydrological Requirements of Habitats & Species’ Page
5 of 6 ‘Negligible’ hydroecological effect on the Risk
matrix, as this can be a key factor in deciding whether
or not a site progresses to the next stage of the RoC
process.

Understanding water for wildlife
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Table 2 Potential risk due to Environment Agency licensed abstractions and strategic water resources management (extract from
Stage 2 assessment for the Nene Washes)

Hazard Nature and Potential impact Likelihood of Consequent risk to Level of confidence
magnitude of on the overall occurrence European features
potential effects water supply (preliminary assessment only)
on the water supply  to site

to the site

Mortons Leam Q
and the Washes q

Licensed surface F2 (S) Medium (S) Low(S) Low(S) High(S) K
water abstractions  F2(W) Medium (W) Medium(W) ©) Mediu ()
Non Licensed F1(S) High(S) Low(S) Medium?*(S) H@
surface water
abstractions
2.

Strategic catchment  F2(S) (S 6.1) Medium (S) Low?(S) Low?(S) o SU High(S)
management

O
Licensed surface L2, F3 (S56.3.1) Medium Low Low Medium
water abstractions

! Controlled by the Lower Nene Summer Operating Policy
’The strategic Wansford mcf limits effects and overall abstraction/discharge effects contribi:;:@/ely to the low-flow regime of the Nene at Orton.

(S) Summer Effect controlled by Operating Policy

(W) Winter Effect possibly attributed to AWS Wansford abstraction. EQ

It must be noted that the risk assessment presented in&

Table 2 relates only to the conditions prevailing wh
the relevant assessment was prepared. The po
risk that may result from any future abstractip

variations) must be assessed independentl d
when such changes arise.

The likelihood of occurrence takes in count any
mitigating factors that may oper duce the
potential impact on the site. T [ of Confidence
that has been attributed defin®the degree to which

these factors are knowb
The broad methodo ggested for assessment of

ariverine domai out schematically in Figure 1.
This identifieg #geNndertaking of assessments for both:

raction licences; and,

e group
- jonal consents.

® mu

Th ess also highlights the possibility of
incOTPorating an auditing process, regarding the
*
\J@ne

equacy of assessment both for ongoing and future

eds, within the RoC process.

Environment Agency in partnership with Natural England and Countryside Council for Wales Understanding water for wildlife
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5 Case studies

5.1 Introduction

5.2  Case studies
— The River ltchen
— Rutland Water
— East Walton Common
— Great Cressingham Fen
— Portholme Meadow
—The Nene Washes
— The Stour Estuary
— Gibraltar Point
— The North Norfolk Coast

— The Wash
1
s
Environment AN
Agency B

Cyngor Cefn Gwlad Cymru
Countryside Council for Wales
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5. Case studies

studies to date to inform impact assessments
(including; interpretation and site characterisation
aids; water quality assessments; and, hydrological
impact assessments;) for these selected case exarfp
is summarised in Table 5.2.

The list of case example assessments and the
hydrological domains to which they belong is outlined
in Table 5.1. (It is intended that these will be added to
and revised on a regular basis as more information
becomes available).

Table 5.1 Selected case examples @
2.

5.1 Introduction The range of assessment methods undertaken in «

. . \ ¥4

Hydrological sub-domain case example A

O\
\J

Riverine River Itchen

Lake/Reservoir Rutland Water

Lowland Valley Fen East Walton Common

Lowland Valley Fen Great Cressing@n

Natural Flood Plain Portholme l\m

Controlled Washland The Nene W. S

Estuarine The Sifur¥stuary

Extreme Tidal - Humid Dune Slacks Gi oint

Marine Transition & Inter-tidal orth Norfolk Coast

e Wash

Tidal Embayment \

&\

Environment Agency in partnership with Natural England and Countryside Council for Wales Understanding water for wildlife
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Case studies Table 5.2 Case examples given for selected hydro-ecological sub-domains
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Understanding water for wildlife

Environment Agency in partnership with Natural England and Countryside Council for Wales

Table 5.2 Case examples given for selected hydro-ecological sub-domains 5.1

Case studies
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5.2 Case study

Ecology
Riverine SAC (and fringing Wetland)
309.26 ha

River Itchen ¢SAC

Otter

Salmon

Bullhead

Brook Lamprey

Crayfish

Rananculus (Water Crowfoot)
Southern Damselfly

Fringing Wetlands

Desmoulin’s Whorlsnail
Fen Habitats

Wet Grasslands

Bog Woodlands

9

The essential geology of ’& catchment is Chalk

with Tertiary deposits i wer (southern) section of
the catchment. Flow chen is ground water
dominated with r nly having any significance in

areas covered @ary deposits and also through
drainage@ tions in urban areas such as

Water resources

See Schematic Figure overleaf.

Winches Alresford.

Th@er is essentially spring fed from the Chalk aquifer
e wetland areas depend upon aquifer-river-flood

’\%ain interaction and artificial water management too.

\>

The general conceptualisation for the site is considered
to be very good.

Environment Agency in partnership with Natural England and Countryside Council for Wales

S

resources

Relationship between ecology and wateQ

Riverine SAC: There are reasonably clear. ical
requirements set out for many of the In eatures.
It should be noted that these requirig’@equally
comprise quality and geomorpho regimes as well
as those related to quantlty ( ﬁ e, velocity and
level). Additionally, the onal (sustainable)
dimension is very imp, ta he Itchen with effluent
discharges, land use, | rainage and river
management hav%mparable significance to the
favourable conditi f the riverine domain as

abstractions.€h&habitat is dependant upon the river
flow regim@ h is ground water dominated.

Frin %etland: The hydrological regime of the
fri etland is more directly dependant upon the
d water table regime and local water
nagement, rather than the direct quantity regime of
the River Itchen and tributaries.

What are the potential effects on the site
and how are they evaluated

A standard RAM assessment for the River Itchen shows
that actual gauged flows, measured at Highbridge and
Allbrook, fall significantly below the 'target' river flow
objectives evaluated using the Environmental
Weighting method. If abstractions and discharges were
to develop to full consented limits this 'deficiency’
would be even more marked as revealed on the RAM
output extract. The predominant abstraction
development in the catchment is made from the Chalk
aquifer particularly for PWS and the RAM results reveal
significant flow depletions, compared to the
naturalised regime, for the river. Comparable results
derived from Distributed Ground water Modelling for
the ltchen (developed using MODFLOW) reveal, when
compared to the modelled naturalised flow regime,
33% and 43% reductions in flow at the Q95 for
scenarios which represent the present actual and
potential (fully licensed) abstraction regimes
respectively. All the RAM and Ground water Model
results described above make due allowance for
residual effluent returns to the river.

Understanding water for wildlife
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Hydrological impacts to the flow regime of the Itchen
have not been translated into an assessment of
ecological effects within this case study but a series of
investigations and assessments were commissioned for
the appropriate assessment. These assessments are
not merely restricted to requirements under the HD RoC
but are also driven by the AMP-NEP (and are therefore
considering non European designated Interest Features
too) as well as aiming to satisfy the holistic/sustainable
approach underpinning the Water Framework Directive
requiring a multi-functional approach for impact
assessment and future improved management of this
site.

Potential risk (Indicative only) due to Environment Agency licensed abstractions

Hazard Nature and Potential impact
(River Itchen magnitude of on the overall
and fringing potential effects water supply
wetlands) on the water supply

River Itchen ¢SAC Flow Low?!

SW Abstractions

River Itchen cSAC Flow High e
GW Abstractions 6

*
Fringing Wetland Flow Very \
SW Abstractions $

Fringing Wetland Flow ium Low
GW Abstractions

@wions are non consumptive made for fish farms.

! The most significant surface wa%

Likelihood of
occurrence

Con nt risk to Level of confidence
Euro features
@minary assessment only)

Medium SQ Low Medium

High High
Very low Low
Low Medium

Environment Agency in partnership with Natural England and Countryside Council for Wales

Understanding water for wildlife
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Conceptual understanding of the Impact of groundwater ab

River Itchen steering group proposals at
scoping stage

A scoping report was complied by Halcrow (dated Oct.
2000) which set out a three phase programme of work
summarised as follows:

Hydrogeological SI and conceptual model
refinement.

Review/analyse hydrological data.

Recharge and ground water model development.
Review existing water quality data and potential
modelling requirements.

Define Target species and Favourable Condition
status.

Review fisheries and related study requirements.
Assess potential/actual substrate issues (particularly
siltation).

Review past/present river operations and consult
riparian owners.

Review land use/management information.
Review ecological modelling requirements and
approach.

Investigate wetland components of site.
Establish general protocols including QA.

‘\\Q
Groundwater Carrier
abstraction

-
.....
.....

Buried channel
with low
permeability fill
(very localised)

Environment Agency in partnership with Natural England and Countryside Council for Wales

2

e Ground water model.

e River (hydraulic) model.

e \Water quality model.

e Fish migration model.

e Ecologically based interpretation and asses
e Consultation/Reporting.

research). @
O
©
OQ
$§\

ns on river flows

Main channel Navigation
High flow, wide, low,
flushed bed, well
connected to gravels
and chalk

Uniform, clean

gravels well
connected to chalk

sment.

X\

P

e Develop sustainable management strateg®| ns.
e Consultations.

e Reporting (including recommenda@@f

urther

Groundwater

Understanding water for wildlife
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Figure 1. Assessment points, catchments and surface and groundwater abstractions
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Figure 2. APS Itchen — Highbridge & Allbrook Q
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5.2 Case study

Rutland Water

Stage 2 Assessments (and Stage 3 Proposals)

Site description

Rutland Water is a man-made pump storage reservoir
that was created in 1975 when the Gwash Valley was
dammed. Rutland water was designated as a SSSl in
1981, principally as a result of supporting exceptional
numbers and diversity of passage and wintering
waterfowl. Habitats within the SSSl include open water,
islands, mudflats, lagoons, reedswamp, pastures,
meadows, scrub and mature woodland.

Ecology

Area of SSSI
1,540 ha

SPA features
Regularly occurring migratory bird species of
international importance:

e wintering gadwall
e wintering shoveler

Assemblage qualification: A wetland of International
importance:

e by regularly supporting greater than 20,000
waterfowl during winter .

Existing ecological monitoring $
No formal regular monitoring of habita.s, bd®occasional

monitoring of macrophytes. Regul itoring of
macro-invertebrates. ?b»

Bird counts are carried out a
Wetland Bird Survey (We

as part of the
Core Counts.

Water resourc

Geology $
Most of Rutign¥\Water is underlain by the Whitby

Mudstong. Lincolnshire Limestone and and the
No th@ n Sand also occur.

Ex surface water and ground water monitoring
. %ater levels (absolute and percentage fill) and
\ straction volumes are recorded by AWS

Source(s) of water supply

The inputs to Rutland Water are: flow from the upstream
catchment; abstraction from the River Welland at Tinwell;
abstraction from the River Nene at Wansford, and direct
rainfall. By far the largest input comes from abstraction.

Environment Agency in partnership with Natural England and Countryside Council for Wales

S

the site

High. Hydrologically the inputs, outputs and proce%
at Rutland water are relatively simple.

Relationship between ecology&ater
resources

Relationship between european f s and water
supply \éa
Relationship Between Europ tures and Water
Supply SPA: The SPA qual ird species require the
following habitats: opeMater with shallow margins;
stable littoral inve%zte and macrophyte communities;
and open grasslan wetland habitats around the
shoreline. Thaflodgtion and extent of these habitats is
dictated m y the current water management regime
e rés€rvoir, which comprises pump storage and
(supply) operations.

Level of confidence in the conceptual understanding b

cal bird count data for the reservoir shows that
population grew rapidly following commissioning of
e reservoir, and has remained relatively stable ever
since (within year-to-year fluctuations). There is no
evidence that the current management regime is having
a detrimental effect on the bird assemblage or any of
the individual species present.

The current management regime results in the seasonal
draw-down of reservoir water levels. The effect of this is
to create an impoverished flora and fauna within the
littoral zone (based on the high water mark). High
nutrient levels in the reservoir are thought to compound
these effects by affecting macrophyte and algal diversity
and abundance. However, the significance of these
effects on the bird assemblage is not fully understood.

Do any european features have a specific requirement
for ground water
No.

Are any of the features supported by ground water
inputs
No. Rutland Water is a pump storage reservoir.

Understanding water for wildlife
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What are the potential effects on the site

The potential risk to Rutland Water as a result of the
AWS abstractions at Wansford, Tinwell and Rutland
Water is shown in Table 1. The potential impact of
surface water abstraction on Rutland Water and the
likelihood of this impact occurring, have been ranked
as High on the basis that the existing abstraction
regime allows regular and sustained draw-down to
occur within the reservoir. Both draw-down and refilling
may lead to relatively rapid changes in water level that
exceed the rate of invertebrate movement and/or
macrophyte growth. Linked to this some deterioration
in water quality is likely, particularly as the reservoir is
eutrophic and regularly suffers algal blooms.

The level of risk is considered to be Medium as,
although there is no evidence to suggest that the
current operating regime is impacting upon the birds
present, this is probably the consequence of
inadequate monitoring. Bird count data suggest that
populations of individual species are generally stable,

Table 1 Potential risk to Rutland Water due to AWS abstractions

following an initial rapid increase after the completion
of the reservoir. Although the bird population appears
to be relatively stable, it is unclear how this reflects the
general health of the habitat supporting those birds.
The ecological interactions occurring at Rutland Water
are complicated by the fact that water levels, and hence
the littoral zone, fluctuate throughout the year. This,
together with a high nutrient burden which affects
macrophyte and algal abundance and distribution
results in a system that is constantly changing.
The level of Confidence is considered to be %\
Low/Medium as very little data are avail e
effect of draw-down on the prey speci exploited
by the birds. Consequently it is poss@t the current
regime may be impacting on thef résource used by
the birds, resulting in a gradu clinein prey

availability. This may magif selfas a gradual
decline in the bird po hat is currently masked

by the natural vari@ilit the populations present.

)

Potential impact Likeli §

Hazard Nature and Consequent risk Level of confidence
magnitude of on the overall oc to european features
potential water supply ( (preliminary assessment only)

AWS F1. The abstractions High. The wa 6Nledium Medium/High. Habitat/prey ~ Low/Medium

abstractions provide the majority of

abstractions¥&ge
water to the site and

managed &
control how it is released dicta@ water

leyels an®chemistry

% reservoir change.

supporting interest features
are impacted by operational
regime, however, significance
of this is not fully understood.

Ny

Stage 3 Propose oing work

At the present ti @ian Water Services are unable
to abstract the@(ensed amount as there is
insufficient c ity at Wing Water Treatment Works.
AWS are Iing to increase the capacity of this WTW,
and thg ed to the commissioning of a series of

En ntal Impact Assessment for the proposed
sc . Although some results have been published,

. arther work is in progress and areas of additional

\)

search have been identified.

Although there is no evidence that the current operating
regime is having a negative effect on the bird
assemblage, limited data are available on the condition
of the habitat supporting those birds. Further research
is recommended as follows:

Environment Agency in partnership with Natural England and Countryside Council for Wales

e Aninvestigation of how macro-invertebrates and
macrophytes respond to changes in the water level,
with consideration given to the duration and speed
of draw-down events and the speed of refilling.

e Aninvestigation of bird behaviour focussing on the
identification of feeding areas and food sources. This
should include an assessment of new feeding sites
as water levels within the reservoir change
throughout the year.

This research will allow the impact of draw-down on
invertebrate and plant populations to be assessed,
together with the recovery of these populations
following refilling of the reservoir.

Understanding water for wildlife
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Figure 1 Rutland Water SPA
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Figure 2 Simplifed conceptual schematic of Rutland water system
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5.2 Case study

East Walton Common

Stage 2 Ongoing (& Stage 3 Assessments)

Site description

Combination of 2 distinct but nearby sites (East Walton
and Adcock's Common) with similar physical and
ecological characteristics.

Ecology

Area of SSSI
62.9 ha (49.7 ha for East Walton and 13.2 ha for
Adcock's Comon)

SAC features
Alkaline fens (M9, M13);

Habitats for the population of Desmoulin's whorl snail
(Vertigo moulinsiana);

Alluvial forests with Alnus glutinosa and Fraxinus
excelsior (W6);

Calcareous fens with Cladium mariscus and species of
the Caricion davallianae (S2 and S25);

Molinia meadows on calcareous, peaty or clayey-silt-
laden-soils (M24); and

Semi-natural dry-grasslands and scrubland fac
calcareous substrates (CG2). *\

&

SPA features
e N/A

Existing ecological monitoring
Wetland plant communities s as part of Valley
Fen Survey (1993). Location und depressions
were mapped using GPS MOO. Plant species lists
have been produced iﬁ@o during compilation of a
Millennium Report fi € site, but communities were
not identified o ed.

Invertebratg s
surveys i

angd pfEN
inf

ies lists have been compiled from

, undertaken for the Millennium Report,
data. The birds on site were surveyed
throughout 2000.

@ater resources

See schematic figure overleaf.

Geology

Superficial sands/clays: variable(3 m thick)
Lower Chalk absent to 30 m thick
Gault Clay ~10 m thick

Upper Chalk

Environment Agency in partnership with Natural England and Countryside Council for Wales

Existing surface water and ground water monitoring
2 Gaugeboards installed in depression ponds. No
monitoring at Adcock's Common.

2 piezometers installed by HSl'in 1996 neart &stern
perimeter of the East Walton site and comp nto
the Chalk and superficial deposits.

Source(s) of water supply $
@ ergences from

The site is supported by springs
the Chalk strata. &

Regionally the superficia its and Chalk are
hydraulically continuo®g-™ally the situation is
complex and dict by ™inorvariations in lithology
which causes vari y of water levels across the site.

Level of conf@e in the conceptual understanding
of the site
Modepagg. A reasonable record is available for ground
wat %itoring piezometers in the eastern part of the
alton site. No data are available for the Adcocks'
mon site although the hydrogeology is comparable.

There is a case for more detailed measurements to
understand local variations.

Relationship between ecology and
water resources

Relationship between european features and

water supply

The alkaline fen, calcareous fen and habitats that
support Desmoulins whorl snail all require high water
tables maintained throughout the summer and are
vulnerable if subjected to relatively small reductions.
Alder woodland requires at least winter-wet conditions
but can tolerate more variation. M24 requires a
moderate water level and is less critically affected by
variations but is still vulnerable to drying in the longer
term. Semi-natural dry grasslands require rainfall and
do not need high water levels.

Do any european features have a specific requirement
for ground water

SAC: Yes. M13 is critically dependent upon the supply
of base-rich ground water.

Understanding water for wildlife
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Are any of the features supported by
ground water inputs

Yes; The dominant supply to the alkaline fen,
calcareous fen, alder woodland and habitats that
support Desmoulin's whorl snail is ground water.

What are the potential effects on the site

Conceptual model of water supply

The hydrological regime at East Walton is shown
schematically in the Figure overleaf. Both the East
Walton and Adcocks components of the site can be
considered as ground water fed by springs and
seepages resulting from the lateral flow of Chalk ground
water from the east of the sites. Both sites are located
on the edge of the Chalk which is underlain by the Gault
Clay aquiclude. Overlying sandy drift deposits,

generally, are in hydraulic continuity with the Chalk
although the location of springs at East Walton appears
to correlate with the Chalk/drift boundary.

Impacts from surface water abstractions
There are no surface abstractions that are considered to
present a risk to the site.

Impact from ground water abstractions

X\

Estimated drawdowns have been made using AQU(ﬁbQ

WIN32 and the Neuman method assuming 200 days
without recharge. The resulting values are wit '%e
range 0.5 and 1.0 m, with the greater drgw, @
occurring at Adcock's Common rathert ast
Walton Common. This level of potent@yact is
considered significant although u inties with the
assumptions which underpin ﬁ ssmentin

comparison to the true hydr, gical regime for the
site must be borne in mi 6

Potential risk due to Environment Agency licensed abstractions and strategic water reso@wanagement

Hazard Nature and Potential hydro- Likelihood of Qequent risk Level of confidence
magnitude of ecological effect occurrence Oo interest features
potential (preliminary assessment only)
hydrological
impacts
Surface water River flows N/A &4 N/A High
abstractions
Ground water GW levels & flows) High Low

abstractions

H|gh$\ Medium

Stage 3 Proposals $

Appropriate assessme S|dered essential for the
site and Baseline i |n ations/assessments
recommended ar ed below:

Part 1. Revie rmissions

anding of the ground water system

Improved €

and im @ssessment of ground water licences.

Paéé:logical, water quality and level surveys

° ogical survey to confirm the nature, extent and
com position of alder woodland, calcareous grassland
and habitats that support Desmoulin's whorl snail.
(Should be undertaken by Natural England).

e Monitor near-surface water-levels, via dipwells, in the
most sensitive communities (M9?, M13, S2 and S25).

Environment Agency in partnership with Natural England and Countryside Council for Wales

e Vegetation monitoring of plots located adjacent to
the dipwells.

e Topographic survey.

¢ |nvestigations to understand the localised lithologies
and structure of the geomorphological features that
characterise the site.

e Water quality sampling of the depression ponds to
establish the source of the water. This information
would also feed into the condition monitoring for the
sensitive fen features on site.

e Determine the datum of the existing gaugeboard
(TF91/119).

Understanding water for wildlife
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Part 3. Installation of monitoring equipment

The risk assessment will be revisited and refined as new

e Installation of 2 piezometers (with loggers) into the data are obtained and decisions made about the most

Chalk and gravels strata at Adcock's Common. appropriate course of action:
e Adaptation of existing structure to a flow gauge on
East Walton.
e |nstallation of data loggers at existing piezometers
(TF71/116 and TF71/117) and gaugeboard

¢ i.e. whetherthere are sufficient data to complete
Stage 3 (appropriate assessment) and Stage 4
(decision to affirm, amend or revoke licences)

(TF71/118). All of the recommendations for fieldwork and further Q
e |nstallation of gaugeboards in ground depressions at  studies may be subject to review and modification@s
different levels further work is progressed and reviewed.

Figure 1 Drawdown analysis of ground water abstractions within 5km of the East Walton and Adcock’s common
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Figure 2 Schematic of the key hydrological systems at East Walton
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5.2 Case study

Great Cressingham Fen

Stage 2 Ongoing (planned Stage 3 Assessments)

Ecology

Site type
Valley Fen

Area of SSSI
13.7 ha

SAC features
Norfolk Valley Fens cSAC:

e Alkaline Fens (M13);

e (alcareous fens with Cladium mariscus and species
of the Caricion davallianae (525c); and

e Molinia meadows on calcareous, peaty or clayey-silt
laden soils (M24).

SPA features

N/A

Water resources

See schematic figures overleaf

Geology/hydrogeology
Peat and Clay (central and eastern part of site)

Source(s) of water supply

The site is ground water fed by springs/see

the Chalk aquifer via granular alluvial de@ urface
inputs are from rainfall and limited rajgfall generated
runoff.

The eastern part of the site flo mes of high water
level although it is not know her this is due to
inundation from the Riv issey or backing up of water
draining from the fen.

Level of confiden
understanding§i
Medium

e conceptual

R ip between ecology and water
r ces

lationship between european features and water
pply
M13 requires permanently high water levels. Other SAC
features (represented by S25c and M24) prefer generally
lower levels and are able to tolerate greater fluctuation.

Environment Agency in partnership with Natural England and Countryside Council for Wales

Do any european features have a specific requiremen
for ground water

Yes — M13 critically dependent upon water from th(L
Chalk aquifer

Are any of the features supported by groun:@w

inputs
Yes — S25c and M24 both supported
levels although not specifically de

What are the potentiﬁexects on the site

nd water
efit on it.

Ground water

Great Cressinghamfen N\fed by Chalk ground water

that emerges into orth part of the fen as springs
h

and seepages gt the™Site margins or where ponds and

Chalk/Drift water table. There is a

effect spring discharge of surrounding licensed
%ter abstractions associated with both public

%upply and spray irrigation. In this instance,
@a icted drawdown has been assessed in Stage 3

sing the AQUIFER WIN32 program, the Hantush
appl|cat|on a Radial-MODFLOW 2D model as well fully
distributed 2 and 4 layer ground water MODFLOW
models to represent the 'leaky/semi-confined'
conditions. These assessments supersede Stage 2
evaluations based on a Theis methodology assuming
uniform flow through a homogeneous porous medium,
and which does not allow for recharge, layering or other
local geological or hydrological variants.

Surface water

There are no inflows to the fen directly via surface
watercourses and rainfall generated runoff to the site is
likely to be limited. However at times of high water levels,
the southeastern corner of the fen may be susceptible to
difficulties regarding drainage out from the fen and
possible flooding. The fen drains the to River Wissey, but
the effect of near-by river stage elevation on the degree of
fen flooding has not been ascertained.

The fen is susceptible to changes in rainfall and
evaporation as these become manifest as changes in
direct precipitation on the wetland and as changes to
ground water levels in the underlying Chalk aquifer.
Consideration of available meteorological and ground

Understanding water for wildlife
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water level data has shown that ground water levels in
the fen fall significantly during time of low rainfall
resulting in springs and seepages drying up several
times since 1989. However, these problems may have
been exacerbated by increased local ground water
abstractions. The observed magnitude of change in
ground water levels suggests that the fen may also be

Potential risk due to Environment Agency licensed abstractions as assessed at the end of stage 2

vulnerable to increased density of drains — i.e. which
may lead to further draining of the shallow fen deposits
and consequently to lower water levels within the
central part of the fen.

N\

Le@(onfidence

Hazard Nature and Potential impact Likelihood of Consequent risk

magnitude of on the overall occurrence to european features

potential water supply (preliminary assessment onl

\Z)

Licensed surface Reduction in flow Low Low Low Q Very Low
water abstractions  to the wetland (F2)

Minor change

water quality (Q3) %
Licensed ground Major reduction High Medium Low

-water abstractions  (i.e. well above HST)
in wetland ground water

levels (L1, C1)

Major interception of
flow to the wetland (F1)

o

rk
e end

Stage 3 Proposed/ongoin
(recommendations mad
of stage 2)

Appropriate assessmen sidered essential for the

site but this should rtaken in an integrated way
as outlined below;

A. Baselinei v@tions
1) Further s@ racterisation by undertaking detailed
gical investigations under the AMP3

@ nvironmental Programme and by other
Ed parties (e.g. Natural England and local

ébs ctors). These to include:
*
\ Ecological Investigation and Monitoring —

clarification on the possible loss of species, further
vegetation monitoring including determining the
mobility of the peat raft beneath the Sphagnum

Environment Agency in partnership with Natural England and Countryside Council for Wales

areas, defining existing water levels and fluctuations
to determine sensitivity to additional change,
undertaking a topographic 'spot height' survey to
ascertain the relationship between ground surface,
seepage/spring discharges and water levels and
determining the role of the River Wissey in the
support of fen water levels

e Hydrological Monitoring — increasing the number and
distribution of existing monitoring locations
(boreholes and gaugeboards), in particular to assess
the hydrological impact of abstraction at the fen from
the AWS North Pickenham and South Pickenham
Estates sources.

Understanding water for wildlife
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2) Further conceptual inderstanding by:

¢ Integrating hydrological data (including new data
gathered since Stage 2) to support a hypothesised
view of flow from the underlying Chalk aquifer to the
ground surface through the unsaturated and
saturated aquifer system within and across the
boundaries of the hydrological domains. The
dominant processes should be emphasised within
each domain.

e Undertaking a 'natural' water budget, i.e. as the site
would naturally be in the absence of any abstractions
or discharges. The budget to be estimated based on
both long term average and dry year conditions (e.g.
1976). Results to be used as part of the initial
assessment of possible flow impacts.

3) Assessment of possible flow reduction impacts by:

e Retaining simple conservative drawdown estimates
at the fen, but by employing a more appropriate
analytical approach than Theis, such as
superposition of the Hantush analytical solution (i.e.
for leaky aquifers).

e The further application of layered, radial flow model
drawdown estimates to take account of the near-
surface influences of ditch and/or river drainage
boundaries which will tend to reduce the amplitude
of both seasonal and abstraction related water level
fluctuations.

e The application of simple transient two layer 6

distributed ground water flow models to p.r%’
better details of changes in water level ne \

e Considering the use of a multi-layer or@
conceptual model, given that the dggree 8f aquifer
property layering at Great Cressi Fen is

considered sufficiently compl;

Environment Agency in partnership with Natural England and Countryside Council for Wales

To use this information to assess impact/mitigation of
ground water abstractions on the site. These to include
scenarios without abstraction, under recent and fully
licensed abstraction conditions as well as individual
assessments for those abstractions that have been
identified as having a potentially significant
hydrological impact (i.e. those that exceed the
Hydrologically Effective Threshold (HST), eitheras a
single abstraction or in combination with others).

4) Further clarification required of appropriate
for the site, but primarily based on hydrologj
prescriptions for M13 and M24 ecologi es.

Ongoing review of the Appropriate A@\ent (and
Risk Assessments) should be und@ n with

progression of Baseline Investi

rget

Understanding water for wildlife
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Figure 2 Cross section indicating locations of significant abstractions and proposed monitoring installations

AWS North Pickenham Sourcs
Licence B/33/48"° g1 20
Proposed Piezomater Mest
Proposed Piezometer Nest
Sowth Pickenham Estales
Abstraction [TFB0/181) Licence B/33/48/"g/208

3

TFB0/148
TR80Ma7
TFB0I072

Environment Agency in partnership with Natural England and Countryside Council for Wales

Piezomeater Nest

Understanding water for wildlife
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5.2 Case study

Ecology (section 3)
Lowland hay meadow
104 ha

Portholme c¢SAC

Lowland hay meadow
N/A

Flora surveyed in 1997 and 1999. No other monitoring
undertaken.
Water resources

See Schematic Figure overleaf.

The hydrogeology of the site comprises a shallow gr, &
drift aquifer. This is believed to be recharged b
water from the River Great Ouse upstream ofy
Godmanchester Sluice, where levels are ret
sluice as well as indigenous recharge fro

Surface water has a direct input &stem intimes
of flood. Water from the Alco@ ook and River
Great Ouse spills onto thg sit€NNljacent to the
watercourses. Other in&mlude ground water

il

possibly enhanced % tion from the river.

The general@c@ptualisation of the site is considered

adequatdtoginderstand and rank the hydrologically
relée@ues which detrimentally affect the site.

y the
fall.

S
N

Environment Agency in partnership with Natural England and Countryside Council for Wales

X\

Relationship between ecology and wateQ

resources (L
SAC: An appropriate water level regime,%@!d

through a DEFRA funded project and li ta from
Portholme is presented below:

Winter — December to February; tables oscillate
between the soil surface and th of 40 cm with

occasional inundations water (2to 4 days in
duration).

Spring — March tm; water levels fall gradually to
about 60cm belo n field level by the end of May.

Summer — to*August; water tables often continue
tofallto b 100 cm from the surface, where soil
condy@Nity begins to limit evaporative losses.

the water table is deep, the vegetation

s well supplied with water by virtue of the high
ilable water content of the deep alluvial soils to
which the community is restricted.

Autumn — September to November; water levels should
rise back to within 40 cm of the surface.

SPA: N/A

What are the potential effects on the site

The hydrological system controlling the wetland regime
at Portholme is shown schematically in the Figure
overleaf. Spillage to the site can occur under flood
conditions. Under normal or low flow conditions,
surface water in the Bedford Ouse is held at a retained
level upstream of Godmanchester Sluice. The surface
water is then infiltrating the shallow gravel aquifer, and
recharging ground water within site.

Understanding water for wildlife
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The Offord abstraction and those made from the
There is one major abstraction licence within 5 km and Bedford Ouse further upstream may contribute to poor
upstream of the Portholme site made by AWS at Offord water quality but this is primarily influenced by point

used as the substantial source of input to Gratham effluent and diffuse discharges to the river elevating

Reservoir. Cessation clauses on licensed operations sanitary and nutrient levels.

prevent any effect under low flow conditions but under «
high and average conditions there is the potential for The impact from licensed ground water abstractions \

appreciable flow reduction. However, the direct
hydrological impact on the site is buffered, in river level
terms, by the operation of various control structures
around the site.

have been considered within a 5 km of the site usin
model software AQUIFER WIN32. These analyses were

conducted using both Neuman and Hantush met{iods
and assuming no recharge over 200 days. Th S

suggest no discernable drawdown at the%

Potential risk due to Environment Agency licensed abstractions and strategic water resources manageme!Q

of potential -ecological Effect occurrence to europ res

hydrological (preliminary ¥gessment only)
impacts %
Surface water River flows Low Low OQ High

abstractions

Surface water River quality Low-Medium Unkno Probably low Low

abstractions olo¥ range
K edium

Ground water Ground water Levels Negligible \ Low Negligible High

Hazard Nature and magnitude Potential hydro Likelihood of ConsequenE’sO Level of confidence

abstractions ¢

&

Stage 3 Proposals @,9

e Update of the 1997 NVC survey.
A'ppropriate assessment is c"@red essentialforthe o Annual monitoring of the fritillary and other criteria
site and Baseline mves.tlws assessments identified for definition of favourable condition.
recommended are OUt@ low: e Collection of baseline data to allow a nutrient budget
@ for the site to be undertaken.

* Review ofw@ality in watercourses surrgunding The Risk assessment should be revisited and refined as
Portholm% espect to deposition of particulate ey data are obtained and decisions made about the

rlutrie ‘ngflood event's.T‘he impact of UNWTD 1, 5ct appropriate course of action:
im ation on eutrophication effects on the
: eat Ouse should also be considered. (i.e. proceed to Stage 3 (appropriate assessment) and
o %al causes of RE3 failure to Alconbury Brook. And ~ Stage 4 where the decision is made to affirm, amend or
. %action taken to solve the issues. revoke licences).
Further monitoring of dipwells for both level and Nutrient analysis of soil and hay is required to
& water quality and extension of the dipwell networkto  jetermine the susceptibility of the site to nutrient

characterise the whole site. deposition.

Environment Agency in partnership with Natural England and Countryside Council for Wales Understanding water for wildlife
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Figure 1 River structure around Portholme

e

lﬁ- ¥ .EMI.!I.F,HNDI:‘_

= T e

o

7

" W‘#ﬂ\.
i .
g,

N\
T 0 T v By O P o . ] ur w ey w0 B
el 1 Le xir - information not available
E 5551 Boundary 2 BraWgpto qck - dischar_ge at 20m3/sec . Lock opens at *}iischarge —-65m?/sec
3 *:, n Mill House Sluice — open when Brampton Lock is open - ] g e
“ood cSACArea 4 ﬁ pton Sluice — open when Brampton Lock is open

®¥lmanchester Lock — discharge at 20m?*/sec. Lock opens at * discharge — 70m?/sec
=" Mainrivers 6 ®Godmanchester Sluice — main and mill channel main sluice — retention level of 9.05m ODn
opens at 9.08m ODN mill sluice open when main sluice is open.

7 Godmanchester side weirs information not available
8 Weirs information not available
< , 9 Garkies Mill Sluices retention level 9.14m ODN

* Discharge corresponds to the discharge at Offord

Environment Agency in partnership with Natural England and Countryside Council for Wales Understanding water for wildlife
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5.2 Case study

The Nene Washes

Stage 2 Ongoing (planned Stage 3 Assessments)

Ecology

Site type
Washland & Moreton’s Leam

Area of SSSI
1310 ha

SAC features
Nene Washes cSAC

e Spined loach.

SPA features
Nene Washes SPA

Wigeon

Teal

Garganey

Gadwall

Black-tailed godwit

Shoveler

Pintail

Species contributing to the wintering

assemblage.Internationally important waterfowl 6

assemblage: greater than 20 000 waterfowl. Q

Geology/hydrogeology

The geology of the site comprise ble drift
overlying Jurassic clays. Grou@ter is thought to
be of moderate significar%tfont e western part of the
sites generally associa@ sand and gravel (River
Terrace Gravel).

Source(s) of w@pply
The site is s% primarily from the River Nene via

Moreton . Flood inflows are achieved when
Stang luice is opened and water spills into the
W ummer inflows are achieved via slacker

in

Water resources

See schematic figure overleaf.

reton’s Leam is also supplied by indigenous
dramage from a small catchment, although supplies in
summer are believed to be minimal.

Level of confidence in the conceptual
understanding site
The general conceptualisation for the site is considered

Environment Agency in partnership with Natural England and Countryside Council for Wales

adequate to understand and rank the hydrologically
related issues which detrimentally affect the site.

Relationship between ecology and K(J/
resources

Relationship between european featur @water
supply &

SAC: Spined loach can tolerate po

may thrive in the absence of oth g&es that cannot
tolerate it. However the specj u|res macrophytes for
cover and an abundant fo ply which is more likely
to be presentin good ateri.e. low phosphorus
and sanitary dete , high oxygen content. The
species is poorly a d to high flow rates.

SPA: The SP, %ies have varying water level
requireme e requirements of the food sources

howeyegalso need to be met. Whilst the Wash
gras Qcan tolerate winter flooding, spring flooding
i esirable and can lead to the loss of the fine-

quality and

@ved grasses such as creeping bent Agrostis

olonifera. The ditch flora requires high levels of low
nutrient status water, ideally with a P level <0.1mg/l.
Spring flooding adversely affects the breeding success
of the waders in particular, as the nests get flooded.

Do any european features have a specific requirement
for ground water
SAC: No

SPA: No

Are any of the features supported by ground water
inputs
No

What are the potential effects on the site

The western half of the Nene Washes are underlain by a
Drift Gravels aquifer and there is potentially drawndown
due to surrounding licensed ground water abstractions
and dewatering operations associated with mineral
extraction works. In this instance, predicted drawdown
was assessed using the AQUIFER WIN32 program and
the Neuman application to represent unconfined
conditions.

Understanding water for wildlife
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Surface water flows to the Nene Washes derived from Another key issue for the site is the high nutrient status
the River Nene can be potentially compromised in: of the River Nene. The situation has recently improved
e Winter; particularly by large scale abstractions for through implementation of the UWWTD but improved
PWS, which can reduce the incidence (reliability and  levels are still likely to compromise the condition of the
magnitude) of seasonal flooding to the site. Thiswas  site. The present situation is influenced both by point
considered by looking at potential effects to a discharges (mainly from STWs) and diffuse sources. «
marginal and specific flood event that may have \
given rise to limited flooding in the Washes without Q
the effect of PWS abstractions. (L
e Summer; particularly by large scale non-licensed
abstractions from the lower Nene. This threat is K
generally controlled by the Environment Agency @
through implementation of a Summer Operating Q
Policy for the lower River Nene which aims to @
guarantee security of supply to the site and suppress
usage by competing interests during periods of low A@
flow when total demands exceed water availability.
However, implementation of the Policy relies upon O
co-operation. This was considered by closely looking
at the Summer Operating Policy and considering it's @
theoretical performance against various flow regimes

for the Summer. Q

Potential risk due to Environment Agency licensed abstractions tegic water resources management
Hazard Nature and Potential im ikelihood of Consequent risk Level of confidence
(Moreton’s Leam magnitude of on the ov occurrence to european features

(preliminary assessment only)

and the Washes) potential effects water sub

on the water supply §
Licensed surface Flow (S) @lm ) Low! (S) Low! (S) High
water abstractions @

$ High (S) Low! (S) Medium? (S) High (S)

Non licensed surface Flow (S)
water abstractions \

management

&
Strategic catchmen&@ Medium (S) Low? (S) Low? (S) High (S)
Licensed gr@mvel & Flow Medium (Level) Low Low Medium
ti

-water ah 3 Low (Flow)

led by the Lower Nene summer operating policy

* e strategic Wansford MCF limits effects and overall abstraction/discharge effects contribute positively to the low-flow regime of the Nene at Orton.
Summer effect controlled by operating policy
& (W) Winter effect possibly attributed to AWS Wansford abstraction.
Environment Agency in partnership with Natural England and Countryside Council for Wales Understanding water for wildlife
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Stage 3 Proposed/ongoing work.

B. Assessment and development of revised Integrated

. . . ) management
Appropriate assessment is considered essential forthe o pariodic Review of summer operating policy for the
site but this should be undertaken in an integrated way Lower River (and consideration toward positive use
as outlined below: of discharge from Flag Fen (Peterborough) STW).

A. Baseline investigations

e Possible implementation of controlled winter

e Further clarification required of appropriate targets flooding to the Washes.

for the site. ¢ Implementation of channel maintenance practices
sympathetic to spined loach.

e Assess impact/mitigation of ground water

Q’\

abstractions (licensed and none licensed) on the * Possible schemes to further reduce phosphorys
site. concentrations in the Nene (or on the site),
e Assess impact of AWS Wansford abstraction on Ongoing review of the appropriate asse zgnd risk

Winter flooding regime/reliability of Washes.

i > ) i assessments) should be undertaken wj
¢ Investigate various flood defence issues (Rings End of baseline investigations and devel

gression
nt of revised

Sluice & siltation control on tidal Nene) and impact integrated management. It is antj d that revisions
tosite. ' _ of ongoing monitoring will be ag& egral requirement of
e Review significance of UWWTD implementation to revised management. Any i uction of controlled

phosphorus concentrations in the Nene. flooding must be cong
* Investigate local catchmentissues giving rise to RE3  The flood defence :i net

failure in Moreton’s Leam.
e Acquire available assessments and on-going

Hanson to help inform future RoC assessments.

Washes must not

an integrated manor.
and operation of the
mpromised.

monitoring from Bradley Fen extraction operation by Q

e Undertake detailed on-site hydrological

investigations under the AMP3 National EQ

Environmental Programme.
e Undertake flow naturalisation studies for the Lower @

Nene. \
e |nvestigate water balance for site. 6

e |nvestigate nutrient budget for site. ®
*

Environment Agency in partnership with Natural England and Countryside Council for Wales
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5.2 Case study

The Stour Estuary

Stage 2 Assessments

Site description
A coastal plain estuary, i.e. a flooded pre-existing valley
formed during the Holocene transgression.

Ecology

Area of SSSI
2150 ha

SAC features
Not applicable

SPA features
Annex 1 bird species of international importance:

¢ hen harrier; and
e golden plover (No longer qualifies).

Migratory bird species of international importance:
dark-bellied brent geese (No longer qualifies)
dunlin

redshank

ringed plover
shelduck
turnstone

grey plover

pintail

black tailed godwit

>

<
\\\b
e

Existing ecological monitoring
No regular monitoring of habitgt\t&ees place. The
Environment Agency carries iMited benthic
invertebrate sampling wjtf\p the estuary. Bird counts

are carried out annual art of the Wetland Bird
Survey (WeBS) Core@n S.

Internationally important waterfowl

Water resqiXxces

Geology
Glagi
wi

gaand Gravel Drift underlain by Red Crag,
on Clay underlying the estuary.

isting surface water and ground water monitoring
me spot flow gauging on lower estuary inputs and
the main channel

Source(s) of water supply
Freshwater inputs from small channel inputs and main
river channel

Environment Agency in partnership with Natural England and Countryside Council for Wales

Level of confidence in the conceptual understanding
of the site
Medium

Relationship between ecology an@tter
resources

Relationship between european fea@xd
water supply @

SPA: The SPA qualifying bird Sm equire the
following habitats: saltmar unities; intertidal
mudflats and sandflats; ell, sand and gravel
shores. The location am¥extent of these habitats is
dictated mainly b@&ta processes, i.e. sea levelrise,
land tilt, wave acti ediment deposition.

At the pres (me it is unclear whether or not birds use

freshwate ws within the estuary in preference to

otherQQtats. It is possible that birds do prefer areas

adj to freshwater inputs for a number of activities
s feeding, drinking, preening and loafing.

e distribution of saltmarsh plant species within the
estuary appears to be primarily influenced by the height
of sediments in relation to sea levels rather than
changes in salinity.

Invertebrate abundance similarly appears to be
independent of salinity, with the most productive areas
of mudflat being located in those areas where the
influence of freshwater is likely to be minimal.

Do any European features have a specific requirement
for ground water.

SAC: Not applicable
SPA: No

Are any of the features supported by

ground water inputs

No. Ground water seepages do occur along the
shoreline of the estuary but these are small and do not
appear to be supporting any of the European sub-
features present. Ground water does provide base flow
to the streams within the catchment which ultimately
discharge into the estuary.

Understanding water for wildlife
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Potential risk due to Environment Agency licensed abstractions

Hazard Nature and Potential impact Likelihood of Consequent risk Level of confidence
magnitude of on the overall occurrence to interest features
potential effects on  water supply (preliminary assessment only)
the water supply «

Surface water Major interception High High Medium Medium Q
abstractions of surface water (L

and/or ground water

flow to the wetland \

Ground water Major interception High Medium Medium
abstractions of surface water
and/or ground water

flow to the wetland : @

Uncertainties Stage 3 Propgsed Mn-going work

Two studies by Ravenscroft et al (1997) and Ravenscroft Proposed ecolggica®™monitoring

(1998) suggest that there is an association between The research %\/enscroﬂ etal (1997) and

some species of waterfowl and freshwater flows. Ravenscro 8) have highlighted the need for
Ravenscroft observed that some species tended to furthepsgsearch into the importance of freshwater
congregate around discrete channelled freshwater flows  inp @stuarine systems for waders and wildfowl.
in larger numbers than expected when the small area I&§AD®ggested that further research is carried out and
involved was considered. One of the estuaries included surveys should:

e be carried out on a number of different estuaries and
at a number of areas within each to increase the
sample size from that in the research carried out by
Ravenscroft;

® be carried out at different times of day, states of the
tide and weather conditions to determine whether
there is any relationship between these and usage of
areas adjacent to freshwater flows;

e Record at the same time within freshwater flow areas
and comparable areas of mudflat the number of each

freshwater flows: 9 species and the activity of birds.
¢ Increased nutrie t to mudflats leading to . .
Assuming that birds do congregate around freshwater

within the 1998 study was the Stour, and shelduck, \
wigeon, pintail, grey plover, redshank, curlew and b

bellied brent geese all showed statistically gre
densities close to flows when compared with

a number of hypotheses to ex
be demonstrating a prefe

WQwhy birds may
areas with

increased .bl prey species; inflows in significant numbers, further research into why

* Increased Yo detritus providing a food source this happens is required. Investigations may include:
forinv r¢es, thereby increasing their biomass; ’ ’

e ImproWedfeeding conditions (wetness of mudflats, e invertebrate sampling to identify any differences in

jion of mud freezing); species assemblage and abundance between
o ges in salinity favouring euryhaline freshwater flow areas and surrounding mudflats;
. % invertebrates; e assessment of flora in the vicinity of freshwater
\ Shelter provided by channels. inflows, in particular algae; and
Q e salinity measurements to identify extent of
& freshwater influence, possibly including interstitial
salinity.
Environment Agency in partnership with Natural England and Countryside Council for Wales Understanding water for wildlife
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Proposed hydrological monitoring

Although the main River Stour is relatively well gauged,
there is little data available to indicate what volume of
freshwater enters the estuary directly. Limited flow
gauging at all discrete discharge points to the estuary
would provide a useful estimate of freshwater discharge
volumes. Installation of piezometers in the Crag and
Sands and Gravels and/or ground water modelling
would improve understanding of ground water
contribution to river flows and diffuse ground water
contribution direct to the estuary. However, the
collection of this data is only considered necessary if a
clear link is established between bird assemblages and
freshwater flows.

Figure 1 Schematic representation of the hydrological system of Stour estuary

\\WM
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Figure 2 Stour estuary SSSI
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5.2 Case study

Gibraltar Point

Stage 2 Assessments (and Stage 3 Proposals)

Site description

Gibraltar Point SSSI supports a full transition of coastal
habitats ranging from mudflats to mature sand dunes.
Other habitats included within the site include
saltmarsh, freshwater marsh and open pools,
containing either fresh or brackish water. The site is
principally valued for the range of coastal habitats
supported, and the fauna associated with them,
particularly wintering and passage waterfowl and
breeding little tern.

Ecology

Site type
Coastal

Area of SSSI
581ha

c¢SAC interest features
The Wash and North Norfolk Coast cSAC:

e Atlantic salt meadows;

e Large shallow inlets and bays;

e Mediterranean and thermo-Atlantic halophilou
scrubs (Sarcocornetea fruticosi); . x

e Mudflats and sandflats not covered by se % at
low tide; and $

e Salicornia and other annuals colonjsing Mud and
sand. é

Saltfleetby-Theddlethorpe Du Gibraltar Point

cSAC:

e Embryonic shifting @

oreline with Ammophila

e Fixed Dune erbaceous vegetation (grey

Shifting dunes alonm h
arenaria (ws% );

slacks; and
Hippophae rhamnoides.

S erest features

nnex 1 species of international importance:

¢ wintering bar-tailed godwit;
e breeding little tern.

Environment Agency in partnership with Natural England and Countryside Council for Wales
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Migratory bird species of international importance:

e grey plover;
e knot.

Internationally important waterfowl assembl@\
greater than 20 000 waterfowl. Q
Existing ecological monitoring

A number of ecological monitorin eys are carried
out and these include birds su part of the
Wetland Bird Survey (WeBS) ommon Bird Census
(CBO), fixed quadrat veg surveys in Freshwater
Marsh and natterjack rveys.

Water resoun@

Geology
e Thin bl

Tergmgton Beds;
o Tﬁ%ve overlaying extensive fluvio-glacial sands

ands deposits possibly overlying

gravels;
e above rest uncomfortably over Lower Cretaceous
rocks.

Existing surface water and ground water monitoring
Operational monitoring of selected surface waters on-
site by Lincolnshire Wildlife Trust (LWT).

The Golf Club to the north of the site undertake some
water level and salinity monitoring associated with their
ground water abstraction.

LWT also undertake further hydrometric monitoring
associated with their plans to extend the reserve
westward towards Jacksons/Croft Marsh.

e The Freshwater Marsh is served by indigenous,
highly localised, surface drainage and ground water
derived from rainfall runoff and recharge to (or very
close to) the site.;

e Intertidal areas receive residual drainage from the
Freshwater Marsh to the north and indigenous runoff
but are primarily influenced by diurnal tidal inflow
and occasionally, for very large tides, these inflows
inundate the marshes

Understanding water for wildlife
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Level of confidence in the conceptual understanding of

the site

e The broad understanding of site hydrology is
moderately understood but details are scarce,
particularly for the Freshwater Marsh area, and
therefore, the baseline ground water regime and
interaction with pumped, IDB controlled, drainage to
the west for this area are poorly understood

Relationship between ecology and water
resources

Relationship between european features and water
supply

The Wash and North Norfolk Coast cSAC:

The interest features are primarily influenced by coastal
processes and largely independent of freshwater
influences within the intertidal areas of Gibraltar Point
SSSI.

Saltfleetby-Theddlethorpe Dunes and

Gibraltar Point cSAC:

The interest features consist of a series of sand dune
types and vegetation generally adapted to drought
conditions and not dependent on freshwater flows. The
exception to this are the humid dune slack areas of the
site. Freshwater inputs to the sand dune system of
Gibraltar Point are local and indigenous. Therefore, LWT
carry out management aimed at retaining water thro
the summer months in an area known as the Fresh
Marsh. However, ground water abstraction ca

by Seacroft golf course to maintain their gred

give rise to sufficient drawdown in these@ cause
saline intrusion into some of the dune slacareas of

Freshwater Marsh, with the possibili affecting
hin these

species composition and abund &
areas. é
Gibraltar Point SPA: 5\5

The interest features re@e range of intertidal (and
extreme tidal) habit@ t these do not have
significant fresh ependence. Tenuous links for
ve been postulated in estuarine
creeks supplied by freshwater but

S In relation to the site are not considered

these re@ i
to Ee i Icantly impacted.

)
N

Environment Agency in partnership with Natural England and Countryside Council for Wales

What are the potential effects on the site

The principal area of the European designated site
considered sensitive to the freshwater hydrological
regime is the Freshwater Marsh zone. This zone is
served by indigenous drainage which is managed by
LWT to achieve a desired quantity and quality regime for
the site. This zone is potentially vulnerable to saline
intrusion by both surface and ground water
conveyance. The former is controlled through a serie
ponds and a lagoon by means of sluicing. The fri§gh
ground water zone is believed to have very li
thickness and could be vulnerable to imN:;?under
extreme drought or inappropriate opesft regimes.
Additional water level manageme | WT, of water
bodies immediately west of the i cluding the
Freshwater Marsh), is believ uffer the site from
potential hydrological i Such impacts could
potentially arise as a pump drained
operations/management®Noy the IDB for the Cow Bank
Drain which may O ﬂwise lower ground water levels at

the site.

The lntertl Qs of the site are primarily fed by tidal
water, |ted freshwater input from Wainfleet

Hav t estuarine portion of the River Steeping) and
Q@two minor flows which drain from the sand dune
m

. Intertidal areas of the site are not considered

%nerable to any potential impacts to the freshwater

component from the River Steeping. The only issues
considered to be of potential concern to the site is
whether water quality in Wainfleet Haven is
detrimentally impacted by discharge, abstraction or any
other operation affecting the River Steeping. This is not
thought to be the case with the tidal river achieving a
water quality compliant with a RE2 target.

The preliminary impact assessment indicates that there
is a possible risk to ground water salinity regimes at the
Freshwater Marsh from a local abstraction made by the
Golf Club to the north of the site. The other possible
effect considered worthy of further investigation is to
check that IDB management/operations do not cause
ground water level drawdown to the site. The precise
effect on the Freshwater Marsh is difficult to quantify
because the baseline hydrological regime for the site is
not well known. Therefore further investigations of the
site and adjacent operations are proposed to reduce
uncertainty and enable a more robust assessment.

Understanding water for wildlife
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Potential risk due to Environment Agency licensed abstractions and strategic water resources management

X\

Hazard Nature and Potential Hydro- Likelihood of Consequent risk Level of confidence

magnitude of ecological effect occurrence to European features

potential (preliminary assessment only)
Surface Water R. Steeping quality Low Very low Very low High
Abstractions (negligible) (]Q
Ground water Level regime Very Low/ (negligible) Low Very low Medium \
Abstractions (negligible) @

Quality regime Medium Low (? But very Low (? Possibly stibly

uncertain) medium) W)
(%)}
Stage 3 PI’OpOSEllS — Signal testing of gro @ter abstraction effects
on the Freshwate area of the site

Appropriate Assessment is considered essential for the
site and Baseline investigations/assessments
recommended are outlined below:

flora of the h

dune slack areas may be

— Botanical m%n o confirm the status of the

necessary.

e Further Baseline Hydrological Investigations of
Freshwater Marsh component of site.

e Assess impact of Golf Club ground water abstractions
on the site.

* Assessimpact (if any) of IDB drainage on site.

e Site Specific Surveys E &

new d
und

— Detailed hydrological and water quality
investigation of ground water and surface
regime across the Freshwater Marsh and ing
beyond. This review would define mor, xlsely
the scope of specific Sl including pi ter and
data logger installations plus allgfopographic

levelling of key datums. @

Environment Agency in partnership with Natural England and Countryside Council for Wales

The Risk A

sment will be revisited and refined as

are obtained and further assessments

n.

Understanding water for wildlife
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Schemative of key hydological systems at Gibraltar Point
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Schematic of assumed hydrogeological controls at Gibraltar Poin
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- &(\
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5.2 Case study

The North Norfolk Coast

Stage 2 Ongoing (planned Stage 3 Assessments)

Ecology

Site type
Coastal

Area of SSSI
7700 ha

SAC features
The Wash and North Norfolk Coast cSAC:

e Atlantic salt meadows (which includes tidal
reedbeds);

e large shallow inlets and bays;

e Mediterranean and thermo-Atlantic halophilous
scrubs (Sarcocornetea fruticosi);

e Mudflats and sandflats not covered by seawater at
low tide;

e Common seal;

e Salicornia and other annuals colonising mud
and sand; and

e Sandbanks which are slightly covered by seawater

all of the time. \

Additional proposed interest:
e (Coastal Lagoons

The North Norfolk Coast cSAC:

Coastal lagoons; i

Fixed Dunes with herbaceous ve @n (grey dunes);
Embryonic shifting dunes; 6’
Humid dune slacks; §
Mediterranean and th antic halophilous
scrubs (Sarcocornetgg COSi);

Perennial vegetatj stony banks; and

e Shifting dune the shoreline with Ammophila

arenaria (w unes).

Addition

sed interest:

e QOftf
° ort

A features
nex 1 species of international importance:

e wintering and breeding avocet;
e wintering and breeding bittern;
e breeding common tern;

e breeding little tern;

e breeding roseate tern;

Environment Agency in partnership with Natural England and Countryside Council for Wales

breeding sandwich tern;
breeding Mediterranean gull;
breeding marsh harrier;
wintering bar-tailed godwit;
wintering golden plover;
wintering ruff;

wintering hen harrier; and
breeding little tern.

Migratory bird species of intem limportance:

e wintering pink-footed o@
e wintering pintail; a

e wintering wigeo
Internationally im%ant waterfowl assemblage:

e greater thaQOOO waterfowl.

Watenyresources
G %ydrogeology
eology of the site comprises variable marsh drift

erlying sands & gravels on a Chalk platform with the
landward margin of the marshes generally demarked by
a palaeo cliff-line cut into the Chalk. The Marsh deposits
generally comprise variable accretional Holocene
deposits typically made up of salt marsh silts and clays
but also including variable quantities of peat and sands
and gravels. Seaward of the marshes sand dune
deposits and sand/shingle beach and ridge deposits are
significant. Beyond areas of inter-tidal salt marsh mud
and sand banks are widespread. Ground water enters
much of the coastal marshes, particularly to the west of
the site, directly from the Chalk aquifer. Further west,
Chalk confinement by boulder clay together with
increased drift sands and gravels means that drift
aquifers have more significance.

Source(s) of water supply

In addition to direct ground water supply of the coastal
marshes estuarine components of the site are supplied
by rivers draining to the North Norfolk Coastal site and
from west to east include;.R. Hun; R. Burn; Wells Harbour
Stream (a very minor system); R. Stiffkey; and, R. Glaven.
Essentially these rivers have Chalk baseflow dominated
regimes but in the case of the Stiffkey and Glaven drift
sands and gravels have hydrological significance too.

Understanding water for wildlife
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Hydrological division of site

The site has been divided into 10 discrete zones to help
with the characterisation and assessment (see Figure 1
enclosed).

Level of confidence in the conceptual

understanding site

The general conceptualisation for the site is considered
adequate to understand and rank the hydrologically
related issues which detrimentally affect the site but
local detail along the coast is quite variable.

Relationship between ecology and water
resources

Relationship between european features and water
supply

See Table 1 for the distribution of interest features
across the zone receptors.

The hydrology of the North Norfolk Coast needs to be
considered in a Regional context. In summary, the
following can be concluded:

e The principal rivers include the Hun, Burn, Stiffkey
and Glaven (Zones 1, 3, 7 and 9 respectively) all of
which are baseflow dominated rivers principally
influenced by the Chalk aquifer. The Hun and Burn
have minor surface water abstraction/discharge
influences in terms of quantity but the equivalent
influences for the Stiffkey and Glaven are relatlveb
greater. Investigations have revealed thatf

Stiffkey and Glaven groundwater abstract
more significant impact on flow reglmt& is due
in part to large abstractions for public rsupply.

Water quality is good in the Burn tiffkey (and
thought also to be soin the o data are
readily available here) but& he Glaven, and all
rivers are enriched witR hig trient levels.

e The small river syste lls Harbour Stream (Zone
5) is also believe bit a Chalk ground water
dominated flo albeit of relatively minor
proportlons are V|rtually no data on quantity of
quality for |nor river system. The small size of

gests that this inflow is of no

mic significance to the tidal Wells Harbour

l. It should also be noted that the quantity

ent input to Wells Harbour Channel from the
. local sewage treatment works is likely to be far

Q\ greater than the minor stream inflow.

e Extensive ground water capture zones, essentially

defined for the Chalk aquifer, are thought to exist
supplying freshwater to coastal areas. Inflows to
Zone 2 (Thornham to Deepdale Marshes) may also be
enhanced by deeper ground water outflow from the
Burn catchment (Zone 3). The principal areas of
ground water outflow believed to supply freshwater
to habitats in reclaimed marshes and freshwater
influenced salt marshes include:
— Part of Zone 1 to Holme NNR.
— Zone 2 (Thornham to Deepdale) supplyi K
freshened salt marsh (supporting tid and
freshwater grazing marshes.

— Zone 4 (Wells West Bank) fresh@razing
marshes.
With current knowledge it is @smle to

distinguish those parts 3 (Burn) which
supply freshwaterto t |med grazing marsh
areas of both Burnh ton and Burnham Overy
but some relat small portion of discharge is
believed to flo ese areas.

Relatively r ground water discharges are
believe@ and supply freshwater to both Zone

8 (Morst alt Marsh and Blakeney Freshes) and

V4 Cley/Salthouse Marshes. The relatively
éo ground water outflows to these Zones are

de up by discharges from both Chalk and gravel

@aquifers. The significance of the inferred outflows to

Morston Salt Marsh is not currently known (or indeed
corroborated by any field evidence). The ground
water inputs to Blakeney Freshes (reclaimed grazing
marsh) are thought to be of some significance
although the major inflow, in quantity terms, comes
in as a diversion from the River Glaven at Cley.

There is believed to be no freshwater discharge to
Zone 7 (Warham to Stiffkey Salt Marshes) and this is
inferred from both hydrogeological conceptualisation
and field evidence which indicates no freshening of
marine waters in this Zone.

Environment Agency in partnership with Natural England and Countryside Council for Wales Understanding water for wildlife
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Impact assessment

based on hydrological impact assessment using RAM
aquifer response function and consideration of
theoretical drought yields (see Table 2). Figure 1 shows
extent of capture zones and licensed abstractions.

Surface water abstraction licences
Is the site hydraulically connected to:

River Estuaries
Yes (Hun, Burn, Wells Harbour Stream, Stiffkey and
Glaven)

Local marsh drainage systems

Yes (the Freshwater (reclaimed) Grazing Marshes are
intersected by IDB controlled drains some of which are
spring fed by the Chalk)

Are there existing licensed abstractions within the
contributory surface water catchments to the site?
Yes

River Estuaries
Yes (but none on the R. Burn)

Local marsh drainage systems
Yes

If Yes, to what extent does this affect water supply to
the site (at the current licensed quantity)

Ground water abstraction licences

If yes, what is the likely impact on the overall water
supply to the site

Coastal Marsh Zones

Varies from negligible (Zone 6) to Medium (Zone 2).

Estuarine Zones
Varies from Negligible (Hun and Burn to Medium
(Stiffkey and Glaven)

Coastal Marsh Zones

X\

To what extent could this affect european features(LQ

Varies from negligible (Zone 6) to Medium (Z@%.

Estuarine Zones

Varies from Low (Hun and Burn) to Me Qtiffkey
and Glaven) @

Q)éo
QOQ
R

Risk is considered to range from negligible to mediua.&

Is the site hydraulically connected to underly Q
aquifers? S\K'

Yes
Do ground waters significantly contr@ to river flow

input to estuaries? @.
Yes §
How important is the grodQd water component in the
overall supply of waterfouYopean features?
Coastal Marsh Zone@
Varies from very | ne 6) to medium (Zone 2).
Estuarine Zo
to medium although the dependence

Inthera
on fre&r for the interest features is not presently
web stood

ground water water supply to the site likely to be

st
%lected by existing ground water abstractions (at the

*
Q\ current licensed quantity)
& Yes

Environment Agency in partnership with Natural England and Countryside Council for Wales
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Potential risks and level of confidence in the assessment

Environment Agency water resources consents

Zone Source of risk Potential risk to european features Level of confidence
Zone 1 Hun (including Holme NNR)

GW abstractions Low Low

SW abstractions Negligible Medium Q

All abstractions Low Low (L
Zone 2 Thornham to Deepdale Marshes \

GW abstractions Medium Low @

SW abstractions Very Low m

All abstractions Medium

-

Zone 3 Burn (including Burnham Norton & Overy) Q

GW abstractions Low A Medium

SW abstractions Negligible High

All abstractions Low %O Medium
Zone 4 Wells West Bank

GW abstractions Negligible @ Low

SW abstractions Negligible Low

All abstractions Very low Q Low

N

Zone 5 Wells Harbour & Salt Marsh
GW abstractions
SW abstractions
All abstractions

Low Q Low
Medi @ Low

Low

Zone 6 Warham to Stiffkey Salt Marshes

6egligible

GW abstractions Medium
SW abstractions o ® Negligible High
All abstractions Negligible Medium
O
Zone7 Stiffkey Estuary ®
GW abstractions 6 Low — Medium Low
SW abstractions Low Low
All abstractions @ High Low
Zone 8 Morston S Mm Blakeney Freshes
GW abst &' Low Medium
SW tions Low Low — Medium
‘K tions Low — Medium Medium
g
Zone 9 %en Estuary
QGW abstractions Medium Low
0 SW abstractions Low Low
All abstractions High Low

Zon Cley/Salthouse Marshes
GW abstractions

SW abstractions

All abstractions

Low — Medium
Very Low High
Low — Medium

Low — Medium

Low — Medium

Environment Agency in partnership with Natural England and Countryside Council for Wales
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Further investigations required under review of
consents

Are further hydrological and/or ecological
investigations required to define the impact of
Environment Agency consents?

Yes

Water resources abstraction licences?
Yes

Water quality discharge consents?
Yes

Waste management licences?
Possibly

Flood defence management?
Yes

IDB drainage

Probably not! Natural England aim to seek new land
use/ management agreements in areas of arable land
which conflict with favourable regimes in freshwater
grazing marshes

Natural England

Yes — Investigation/guidance on management of Marsh

Drains and on the unlicensed transfer onto the SSSI
from the Glaven into Blakeney Freshes.
If yes, what?

Part 1. Appropriate assessment Q
e Appropriate assessment of selected abstﬁé' is

recommended. The 1st step suggested i ext

stage of appropriate assessment invo refining;
the spatial distribution of interest res and
s (where

defining their freshwater requi %
possible) and getting a mor ti

of actual freshwater feeds
and better quantifyin
more generally. If t
indicate a signifi
investigations®a

ve assessment
tain salt marshes
water inflows to the site
sessments continue to
Isk to the site more targeted
e required to better define the
egime of coastal marsh systems

hydrogeol
and thg 'éise interaction with chalk ground water.

Ass @onts should be co-ordinated with

W Pibly co-ordinated through the SMP.

rt 2. Further investigations

Ecological Investigation:

e The significance of an increase in salinity of the water

entering those saline lagoons which have a
significant freshwater input;

Environment Agency in partnership with Natural England and Countryside Council for Wales

ents under flood defence and water quality

e Water balance relationships within humid dune

Hydrological and Hydrochemical Investi

Par

O

slacks to define the water level requirements of the
feature;

The relationship between salinity and vegetation
community of grazing marshes, as well as the
relationship between grazing marsh invertebrate
community composition and salinity;

The relationship between freshwater flows across
intertidal areas (mudflats and also in tidal cree
and the distribution of benthic invertebrates gnd
wintering birds. {

Water quality monitoring for the Riv
Hydrological Desk Studies bringin®t
from; abstraction licence appli impact

assessments and monitori ngoing Regional

studies (Entec); ongoi @research (Green); SMP
related studies; an@ ring /assessments
associated with,the oNgoing Cley-Salthouse sea
defence schen%ese studies will define if further
monitoring g@d/ormodelling are required.
Estuarine d&sk%tudies reviewing availability of
hydrod @ ic and ecological data.

ther findings

IMstallations and specialist surveys

ecommendations include;

uantity and quality monitoring of the Hun and Wells
Harbour Stream;
Flow accretion surveys of the Burn (below Burnham
gauge) and the Catchwater Drain (Zone 10);
Reconnaissance and gauging of significant springs in
Zones 1,2,3 and 8;
Salinity monitoring and gauging of freshened tidal
creeks in Zone 2;
Salinity monitoring to identify if any freshening
occurs to tidal creeks in Zones 3, 5, and 8;
Gauging of the Glaven diversion into Blakeney
Freshes;
Down hole logging of selected boreholes in and
around Zone 2 to ascertain if deep ground water flow
occurs in the chalk and may be associated with
possible direct flow to sea;
Reconnaissance and surveying of boreholes installed
on Cley/Salthouse Marshes for investigations
associated with the tidal flood defence scheme to
include:
— Ground water level monitoring
- Depth/salinity profiling to characterise the ground

water salinity regime for the site.

Understanding water for wildlife
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Table 1 Distribution of european features in relation to ground water capture/outflow zones

North Norfolk Coast cSAC 1 2 3

Zone
5

Coastal lagoons
Humid dune slacks

Otter (probably associated v? ? V7
predominantly with river
channels and drains)

Petalwort ?

v?

/?

Wash and North Norfolk 1 2 3
Coast cSAC

Zone

10

Atlantic salt meadows v v
(refers in this table
to tidal reedbed)

Mudflats and sandflats not ? ? ?
covered by seawater at low

tide (of relevance because

of the possible interaction

between freshwater and the

benthic invertebrate fauna

consumed by birds)

>
Other habitats 1 2 3 x& 5

10

Creeks carrying freshwater v v Vi Q
through saltmarsh ¢

Freshwater reedbed v 4 $

Freshwater/brackish v v v
grazing marshes and

associated ditches :@

9
N

Environment Agency in partnership with Natural England and Countryside Council for Wales
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5.2 Case study

The Wash

Undertaken/planned investigations

Ecology

Site type
Coastal

Area of SSSI
63,135 ha

SAC features
The Wash and North Norfolk Coast cSAC:

e Atlantic salt meadows;

e Large shallow inlets and bays;

e Mediterranean and thermo-Atlantic halophilous
scrubs (Sarcocornetea fruticosi);

e Mudflats and sandflats not covered by seawater at
low tide;

e Common seal (Phoca vitulina);

e Salicornia and other annuals colonising mud and
sand; and

e Sandbanks which are slightly covered by seawater all
the time.

Additional proposed interest includes; Coastal lago 9&
Lutra Lutra (otter); and, Biogenic reefs 6

SPA features . \?
This site qualifies under Article 4.1 ofthe@& for

the following species listed on Annex [:

e During the breeding season; Comr%Tern Sterna
hirundo; Little Tern Sterna albif% nd Marsh
Harrier Circus aeruginosus.

e Overwinter; Avocet Recur
Godwit Limosa lappogt

a avosetta; Bar-tailed
olden Plover Pluvialis

Environment Agency in partnership with Natural England and Countryside Council for Wales

Water resources

See Figure overleaf.

Geology/geopmorpholgy

The solid geology of the Wash comprises Jurafgfg Clays

to the south and Cretaceous deposits to Qo .In
he

general, the solid geology is hidden b

seabed sediments and does not o in the Wash.
The drift sediments distribution § plex, being made
up of tidally redistributed Hol e deposits

comprising intertidal an @dalmuds, sands and
gravels. The seafloor éely flat throughout much
of the area, genergdly lessthan 20m below Chart
Datum. However,% is an elongated, steep sided

depression thaiextends from the Lynn Deeps of the
Washto S ote to the north east of the Wash.

Existing suM#Ce water and ground water monitoring
ground water monitoring that is directly

to the Wash.

levels across the Wash are monitored at several
cations by the Environment Agency, ports and other
organisations. Special investigations have also been
undertaken of tidal currents and offshore wave
characteristics.

In general, river flows to the Wash are not gauged at the
tidal limits and flow estimates need to be scaled using
appropriate available data and adjusted to allow for key
influences and contributions downstream of gauges.

Source(s) of water supply

Intertidal areas are primarily influenced by diurnal tidal
inflow and occasionally, for very large tides, these
inflows inundate the marshes.

Principal riverine inputs- Witham, Welland, Nene and
Ouse. The latter being the largest. Other relatively minor
inputs include those from smaller rivers (Steeping,
Wolferton/Ingol and Heacham) and several minor
inputs from IDB controlled drainage areas.

Understanding water for wildlife

< Section divider

5.2

Case studies Case study examples: The Wash



S

Level of confidence in the conceptual

understanding of the site

The broad hydro-dynamics of the Wash and the relative
significance of marine/tidal v fluvial processes are
adequately understood. Fluvial effects on salinity
distributions are reasonably understood but the links
between fluvially influenced sediment distribution and
river flows are poorly understood.

Relationship between ecology and water
resources

Relationship between european features and water
supply

The Wash and North Norfolk Coast c¢SAC: The interest
features are primarily influenced by coastal processes
which affect a variety of environmental conditions such
as the height of sediments in relation to sea levels and
salinity. However, all of the vegetation communities are
dominated by halophytic species and though
freshwater influences salinity, any effects are likely to
be very localised due to the small size of the inputs and

the incised nature of the channels. Common seals haul-

out on sandy beaches to rest, pup and suckle and have
no specific requirement for freshwater flows in
intertidal areas. It is considered that freshwater inputs
have very little effect on the cSAC interest features that
occur within intertidal areas of The Wash, and limite
effect on subtidal features. Recent research has
suggested that a number of species of waterfo
preferentially use areas around freshwater f
the Wash freshwater inputs arise from the e

Ouse, the Welland and the Witham. Bird ™ ution in
the Wash does not appear to be corr d to these
areas; the detailed studies to de te this are

lacking.

his site to birds is

ot considered to be a

g the abundance of

fying species. Breeding terns
and feed on small fish in shallow
therefore have no specific

coastal watgr
require freshwater. The main influence on the
us@ ertidal areas by most SPA qualifying birds

The value of freshwater flggs‘o
likely to be negligible i

major factor in deterps
distribution of SP,
nest on shinglefr

is ¢ be the availability of invertebrate food.
In brate abundance appears to be largely
Mdependent of freshwater input, with the most
productive areas of mudflat being located in areas
where the influence of freshwater is likely to be
minimal.

Environment Agency in partnership with Natural England and Countryside Council for Wales

\

What are the potential effects on the site

There is considered to be no direct connection of
significance between ground water and the Wash.
Ground water and related abstractions are indirectly of
importance because of baseflow contributions to
riverflows and related impacts from ground water
development.

X\

Riverflows are the primary freshwater input to the \/%:
ha

(particularly from the Ouse, Nene, Welland and gt
The significance of these inflows to the ecolo
Features) of the site is not precisely kno i
links suggested between these inputs
Interest Features both in terms of pr
drinking/preening habitats and th influences on
the invertebrate food source. FQ er related
influences on the habitat ar 0'tikely to be more
significantly controlle ts on salinity regime
and riverine influences 8g sedimentation in the Wash.
Identification and@uate understanding of the
Source-Pathway-Re®e#tor mechanism is further
complicated ése the freshwater regime may be of
secondary@ tiary) importance as controlling factors
on thegssoctations to these Interest Features. Tidal
imatic variability, flood defence (tidal and
and water pollution loading potentially having
significance than direct quantity related impacts

m abstractions on riverflow. On this basis, total
riverflows to the Wash have been estimated for both
actual and 'naturalised' flow conditions and the main
abstraction operations (both licensed and non-licensed)
identified which contribute to flow impacts which could
potentially affect the site (see figure showing flows
expressed as a percentile exceedence graph).

Understanding water for wildlife
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Potential risk due to Environment Agency licensed abstractions and strategic water resources management

Hazard Nature and Potential impact Likelihood of
(Moreton’s Leam magnitude of on the overall occurrence
and the Washes) potential effects water supply

on the water supply

Consequent risk to

European features
(preliminary assessment only)

Level of confidence

Licensed Water Flow & Sediment (med.) Medium Low-medium
Abstractions & Quality (low)
Non Licensed Surface  Flow & Sediment (low)  Low Low

Water Abstractions

Low-medium Low

Low

Recommendations

Further investigations required under review of
consents

Are further hydrological and/or ecological
investigations required to define the impact of
Environment Agency consents?

Water resources abstraction licences?

e Preening/drinking link for birdlife

e Desk study to re-examine possible link between Q
invertebrates and flow using impacts on salinity and $

sediment as a surrogate indicator.

e Nutrient Budget assessments
e Eco-toxicological (including in comblnatlon
assessments

Water quality discharge consents? E \

Environment Agency in partnership with Natural England and Countryside Council for Wales
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Figure 1. Rivers draining to the Wash
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Figure 2. Percentile exceedence for freshwater river flows (standard) into the Wash (1991 — 1997)
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7. Glossary of abbreviations

ccw
CEH
cSAC
SAC

Interest features

JNCC

LIFE projects

R&D

source — pathway - receptor
mechanism/concept

SPA
SSSI
RSA
BAP

PSA

Countryside Council for Wales

Centre for Ecology and Hydrology

Candidate for Special Area of Conservation under the Habitats Directive
Special Area of Conservation under the Habitats Directive

(also referred to as European interest features or European fe

2y

the

atur
common term for the range of qualifying habitats and species @he Habitats
Directive (or Habitats Regulations in England and Wales)

Joint Nature Conservation Committee (serving the n
Regulatory Authorities for England, Wales, Scot@

Constitute a series of EU funded projects ai
requirements for interest features at UK@(

Research and development

(See Section 3.4 for descri

Special Protection u

O
N

Site ofSpeci@ Tic Interest
*

Restoring xmable Abstraction

Bio@sity Action Plan

¢ Service Agreement

Environment Agency in partnership with Natural England and Countryside Council for Wales

nature conservation
Northern Ireland)

testabllshlng the conservation

er the Wild Birds Directive

Understanding water for wildlife
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Would you like to find out more about us, ,<\

or about your environment? A
2

Then call us on ({\Q

08708 506 506 (Mon-Fri 5-6) O&

email @%

enquiries@environmentggency.gov.uk

or visit our website &Q
WWW. enwronmen@&%ency gov.uk

incident hotli ?OO 80 70 60 (24hrs)
floodline O\ 88 1188
O

Partner ¢ ct details
Natur land Northminster House, Peterborough PE1 1UA

C léf&/side Council for Wales Maes-y-Ffynnon,
PsiArhosgarnedd, Bangor, Gwynedd LL57 2DW

>

& &% Environment first: If you need to print this pdf publication,
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