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EXECUTIVE SUMMARY

¢KAd 3JdzARIFYyOS R20dzYSyid RA&OdzaasSa GKS ARSI
structures and how it can be imbedded in the design alahping process, from conception
through to construction. The guidance examines the opportunities, benefits and policy
drivers for incorporating ecological enhancements where hard coastal structures are being
considered, examines entry points for incorpng these considerations in the planning

process, and outlines which stakeholders need to be involved at each stage.

Wl NRQ adNHzOGdzZNSE Ay (GKAa 3JIdzZARFyOS NBTSNA
analogous to natural intertidal rocky shore straga (i.e. rock, stone and concrete),
particularly in terms of material properties such as hardn&sgse can be coastal structures

to minimise erosion and/or flood risk, or coastal infrastructure such as harbours and ports.
Hard structures are therefordhought to have the greatest potential for ecological
enhancement for species characteristic of intertidal rocky shore compared to structures built

from softer or more corrosive materials such as timber or metal.

Climate change (sea level rise and incesastorminess) means that hard structures will
need to be built in some places if current levels of protection to people, property and
businesses are to be maintained. The transformation of coastal areas for economic reasons
(including for port and harboumctivities, and for tourism) also means that artificial
structures will continue to be built along our shorelines. This is met with ecological concerns,
because artificial structures do not typically provide the same habitat types, or support the
same diersity of plants andnimals as natulaocky shores. They may, however, provide a
greater range of habitats than structures for which ecological enhancement is not

considered.

As a result, there is strong legislative pressure to minimise the environmiempalcts of
structures where they are built and, increasingly, to enhance for ecology wherever possible.
There is, however, virtually no existing guidance on how ecological enhancements can be
incorporated in coastal planning, or the kinds of enhancemeibas that have been tested

and implemented around the world. This guidance consolidates existing information on
ecological enhancement of hard coastal structures, and demonstrates how ecological

enhancement can both support, and be a requirement of,glening process.
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While case studies and examples are used throughout, the guidance does not aim to provide
detailed designs for specific enhancement options; the limited amount of existing research
means that this must be considered on a chyease bas. Instead, the guidance provides

a background on the principals of ecological enhancement in the intertidal zone, illustrated
with examples from ofgoing research and operational trials. Policy and legislative tools
supporting the delivery of ecologicainleancements are also discussed. How ecological
enhancement can be embedded at each of the key planning stageplgreing, planning,
detailed design and tendering, construction, and poshstruction stages) is outlined, along
with some practical suggaens based on previous experience. Importantly, the guidance

considers the business case for including ecological enhancements in coastal planning.

A QUICK REFERENCE GUIDE i Where to find key information

I

Stepby-step process guide:

Stage & Post construction and monitoring
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1. INTRODUCTND

Coastal areas are valued for their
environmental and economic importanc ariLthe majority of cases

They provide many functions including hard coastaktructures

protection from storms andlooding, and :
are poor ecological

havelandscape and aestheti@lue
surrogates ér natural

Predicted sa levelrise and an increasen rocky shore®d ¢

the intensity, severity and frequency o

storms, will increase the risk of flooding and erosion to people, homes and
businesses, which must be appropriately managed. Managing cdéstding and
erosion risk is a multidisciplinary challenge fonany graips of people including
engineers, biologists, economisaad politicians Physical pressures on the coastline,

the fragile nature ofts habitats, and the wide range of stakeholdanterested in the

coast make management especially challenging

1.3. Buildinghard structures
is essential in some
locations for flood
protection and erosion
control at the coast
Structures  such as
walls  jetties and

pontoons are also

: ; S needed fo valuable
Congeete slipway, CapeCornwall port and  harbour

activities These structuresand their associated maintenarmc activitiescan have
ecological impactsboth positive andhegative and temporary and prolongedFigure

1).

Pagel of 66



Including Ecological Enhancement in Coastal Structu FINAL v3.C

SHORT TERNW

LONG TERM

~

¢ Needfor structural defence identified
(unacceptable flood and erosion risk)

coastal regeneration (industry, tourism)
e Designs must adhere to planning regulatio
(e.g. EIA, PPG20)
Good Ecological Potential/Maxim
Ecol@ical Potential/no deterioration (WFID

PLANNING & DESIG e Economical and social justification for
PHASE D

Loss of existing habitat and (T,P)
associated benthos

Disruption of local seabed habitat (T , T)
Noise and vilation disturbance (T,T

(particularly for birds and fish) )

<
Periodic disturbance of floraand (t , T)
fauna colonising the structure

/. Disruption of natural processes (t })

(e.g. sediment transport)

e New hard intertidal habitat; higher (%, P)
biodiversity compared to pre
existing soft sediment habitat /
lower biodiversity compared to
natural rocky shore habitat

e Juvenile communities dominate; (t , T)
stable adult communities limited

e Sediment accumulation around (t,P)
structures and associated loss of
benthic invertebrates

e Structures provide new foraging/ (+,P)

\ nursery habitat fo birds and fish /

a D)

e Modification of natural dispersal; (%, P)

facilitation of invasive species,

facilitation of range shift response

to climate change
e Increase in economic and social (%, P)
use of the coast (e.g. port/harbou
facilities, tourism)

/

LOCAL

D
<
5
O
e

\_

KEY:
Direction of impactnegative { ), positive (+), both negative and positiwg (
Persistence of impademporary (T), prolonged (P)

Figurel: Environmental considerations during the planning and design, construction, maintenance
and operational phases of coastal structures (developed from OSPAR 2009).

Page? of 66
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1.4.

1.5.

In  many cases hard

structures are poor ecological

surrogates for naturakocky
shore$"®, often supporting
few dominant, opportunistic

species such as ephemeral

green algae.In addition to
changing the type of

substratum  available for |

= =
colonisation ¢ee Section 2, An unenhanced concrete wall, Applede, Devon

structures also influence the surrounding environment by altering the wave climate
and modifying ®dimentation. These broader ecological considerations are beyond
the scope of this reportbut need to be consideredh the ecological assessment

undertaken as parof any new scheme and in replacement of existing structures.

Importantly, the need to bild new hard structures and upgrade existing oneso
maintain current levels of protection in the face of climate charagel for economic
growthl™*® means that future

alteration anddisturbanceof the
L . 4 = .
a- LI NI A Odzt | coastwill be unavoidablé&**3,

integrating the idea of _ :
1.6. Environmental im@acts must be

‘cological enhancemei considered during  planning,

in the design and planning design, construction, maintenance

processfrom conception and operation of coastal
structures, and avoided wherever

possiblé“**. This can be difficult

through to constructios

becauseconstruction will always
involve somedisturbance of habitat@nd changes irthe physicalcharacteristics of
the environment®. Designing and testing ways to improve taeological valuef
structures where they have to be bui#t thereforea research priority’. A particular
OKIFftSyaS Aa Ay leBobdldaliiehancEmenfknSthe désigi and? F

planning process, from conception through to construction.

Page3 of 66
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1.7.

1.8.

There is an increasing amount of research being done to understand the impacts of
structures on animals and plaffts as wellasthe wider natural environment. How

the design of structuresnight be manipulated for ecological gais also being
studied® ™. This work is summarised in SectioriTgpically, oastal structuresare
designed with a particular function in mind, whether for flood defence or for access
to the sea for example. Designisguctures thatare Yhulti-functionakX; so that they

are of value foiboth industry, society anécology as well as fulfilling their primary

function ¢ is less common (seRox 1),

EcologicaEnhancementhave not geerally been considereth engineering designs
due to a lack of guidance for coastal managers and engin€his.is partly because
this is a relatively new area of researdip-to-date guidanceis neededon the
evidence and drivers (both science and pglityat support enhancement, the kinds

of simple enhancement designs that are currently being tested globally, and how
enhancements can get approved as part of coastal development waéishelp

meet planning requirements.

Paged of 66
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BOX 1ulti-fouMhct i onal 6 coast al struct u

e Structures are built to do a particular joB, K SA NJ WLINA Y I N
might be flood protection and erosion control, or to allow industrial an
commercial activities to happen. Structures can also provide oth
additional functions for people and the environment including ne
habitat, and offeing amenity and educational value.

A good example adcologicallymulti-
functional structures is neashore

rock rubble breakwaters. These a
primarily built to reduce wave energ

and retain beach sediment, but ce

also function as artificial reefs the
support fish and economicall
valuable species like lobsters. The
artificial habitats can also provid

rock pooling opportunities, or eve |

be used to improve surfing conditior

to support local tourisit?.

Ecological enhancement is therefore one or@ant aspect of achieving
ecologically multifunctional coastal structures. Alongside the primar

function of a structure, these additional functions can be consider:

during the planning and design process to maximise the social, econc

andor environmental value of the structure.

-

Pageb of 66
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1.1. ThisDocument

1.9. This document gives an overview @irrent understanding of coastal structures as
habitats, and the scientific basis and policy drivers underpinning their enhate
(Section 2. Examples of the kinds of enhancements being tested are giverthéut
guidance aims to provide a quick guide to enhancensntisy 2 4 I WNB OA LIS
enhancement optionsin most cases enhancements need to designed on a case

by-case basisinstead, thisguidance

gives a stegy-step guide foincluding Gl f2y3an RS &¢
ecological enhancement in the o o

_ _ facilitating colonisabn of
planning and design of coastal

developments more broadly, from structures offers other
|dent|fy|ng an opportunity to post beneﬁts, inCIUdin@eSthetiC

build monitoring(Sections 3 and 4) value anda means of gaining

1.10. The guidance is intended for use public support and meeting

within the Environment AgencyEA) planning conditions.
maritime District Councils partner

government organisations (e.g. Natural England or Countryside Council for Wales)
and other interesed parties (e.g. Local Authority planners, the Marine Management
Organisation and developerd)ithin the EAthe guidancewill be cascaded tteams

at head offte, in regions and areamcludng staff involved in capital schemes and
implementation of the Water Framework Directive (WFIS)rategic Flood Risk
Planners, Regional Habitat Creation Coordinators and asset managers, engmeers
Panning Liai®on officers The guidancewill also be of interest tandividuals and

organisations involved coastal development works, including contractors,

environmental consultants and coastal landowners.

e S

' Lyme Regis, Photo: A Hallett -~

Page6 of 66
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1.11. The guidance is divided intodr main sections:

Section 1 Introduction (this section)

Provides an introduction to the requirement and purpose of ¢juedanceand the

intended audience.
e Section 2: Current Knowledge State

Provides a brief review of existing guidance, ecological enhancement designs
currently beng tested around the world, and policy drivers which support the

delivery of ecological enhancements.

e Section 3: An Overview of Including Ecological Enhancements in the Planning,

Design and Build Process

Puts ecological enhancements into the planning cghend outlines where it is

possible to onsider enhancement in each stagkethe planning process.

e Section 4: Guidance on Including Ecological Enhancements in the Planning,

Design and Build Process

Sep-by-step guidanceon where and how enhancements mag lincorporatedin

pre-planning/feasibility planning and posplanning stage of developments.

8-Year old
Harbour wall,
lifracombe,

Devon

Page7 of 66
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1.2. What is ecologicaénhancement?

1.12. Ecological shancementdoes notseek toachieve complete rereation of natural
condition?” but instead aims to improve th& O2 f 2 3 A Oloff a stligtde f A (i &
already being built for other purposés.

1.13. Enhancement need nailwaysbe assciated with a particular development activity
or past impat (unlike offset mechanisms for exampfd) However, typically
enhancement is undertaken to achieve a measureable conservation outcome where
structures have to be built, and where soft altern&ts are not appropriate (see

Section2.3). Enhancements may also be built in to new build or remedial works to

compensate for any negativg 7

impacts of structures built
elsewhere Enhancements can

also be built ito part, rather

than all of a new structure, tofi 5
Ccreate  appropriate  nichelg
-

habitats within coastal i

developments.

1.14. Alongside ecological gaing
facilitating colonisation of The hstoric Old Quay at Newlyn, Cornwall
structures offers social benefits, including educational and aesthetic value, and a
mears of gaining public support and meeting planning condifidhsSome of the
species that grow on structures may also provide engineering and heritage value by
reducingpotentially deteriorative weathering proces$€€®. The plants and animals
that growon structures offer a range @cosystem servicaacluding the provision of
foodstuffs (e.g. musseldobsterg, environmental regulation (e.g. wave dissipation),
cultural enhancement (e.g. aesthetics) and the creation of habitat for other species

(e.g.sea horse&y".

Page8 of 66
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1.15.

1.16.

1.17.

These are many ways

structures can be enhanced fof
ecology. This includes_r__’*_ :
maximising the physical
complexity of the structure, or|.
designing bespoke ecological"
niche  enhancements  for| '._-
specific  species. In  thi§ -
guidance general ecological X
enhancemenf) is used to
describe measures aimed a
providing overall benefits for|
ecology. ®ecific ecological

enhancemenf) is used for

measures targeting specifig

species or habitat niches. A mix of material types at West Bay, Dorset

General ecological enhancemergbnsiders theenvironmental condions offered by

a structurewhen built but does notnecessarilyinvolve direct modification of the
design specifically for ecological gaideneralenhancement might include arranging
boulders in rock rubble groynes to maximise void sffceselectingconstruction
materials withrougher surfacesjsing a mix of materiais the design, opositioning

a structure lower in the tidal frami®. Generalecological enhancement offers the
greatest opportunities when the drivers and resourcesdpecific enhacement (see
below) are limited;this might include the absence of a planning requirement or

limited budget,andtechnical knowledge and time constraints

Specific ecological enhancemertn be undertaken agpart of the original design,
such as building imock pools in vertical walfd, or retrofitting niches after
construction™® (Figure 2). As well as being more technically challenging, specific
ecological enhancement requires understanding of the factors influencing local
eology and, if targeting particular specigthe specific habitat requirementsf the

target organism at all lifstage$§™.

Page of 66
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provide shade and
retain water at low tide [

Figure 2: Incorporating

specific habitat niches
during construction of
a new estuary wall at

Shaldon, Devon.

1.18. Ecological benefits can also occur unintentionally. A hard structure may provide new
surfaces for colonisation in severalggraded environments regardless of its design
9 Placing rock rubble in font of a vertical seawall for wave dissipation will increase

the range of habitat niches available to intertidal organiéthsNatural weathering

and erosion of limestone rockver long timescales can also create beneficial habitat

complexity®®. These kinds of ecological gains may not be specifically planned for, but

recognising where they occur and monitoring how they function is important for

informing the design obther Yenerakand WpecifiQ@ Sy Kl yOSYSy (ia o a2

of general and specific enhancement are given in Section 2 of this guidance.

1.19. On Plymouth Breakwater0Dton concrete wave breaker blocksve been placedn
the seaward sidd¢o dissipate wave energy. Thebéocks have depressions used to
transport and lift the blocks into plac@lthough purely an artefact of construction,
these features retain water at low tide and create rockpool habiagure 3a-b®Y.
Natural weathering of tB breakwater over time has also enhanced surface texture

leading to positive ecological outcomésgure3c-d® 3%

Pagel0of 66
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T—“ artifi cial pools @

Figure3: The primary function of concrete breakers on Plymouth Brealter is wave
dissipation (a) engineging artefacts (depressionsioles for used for positioning) also
function as habitats (b and c)yeathering of limestone can also create valuable water

retaining microhabitatsover decades and centuries (d). (PhotosJdckson, M. Coombes)

1.20. In some instances, it may neither be advisable nor desirable to undertake ecological
enhancements, although enhancement should always be considered. This might
include areas where there is a higher than normal risk of invasiveespesuch as
container port$?. Nonnative, invasive species can have substantial ecological
impacts, and may displace native species or change environmental conditions. Where
invasive species are considered a potential threaparticular materials, suaice
finishes and treatments (e.g. very smooth, hard materials and antifouling coatings)
could be used to limit colonisati&i *34. In such instanceslternative types of

enhancement should be considered, or compensatory habitat created elselithere

1.21. The potential opportunities and feasibility of habitat enhancement will be site
specific, depending on several factors including the supply of organisms from the
local species pool, the tide level at which the structure is to be placed, and the local

wawe and sediment regime.

Pagell of 66
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2.1

2.2.

2.3.

2.4.

2. CURRENT KNOWLEDGE

2.1. Factors influencing intertidal ecologgn structures

The ecology associated wit

artificial structures is often
compared to natural rock
shores as they are consideref |
the nearest natural
equivalent§”. Rocky shore
research is

important to help

identify [

could be manipulated for

»
K J L % '+ "
¢ » 9 ik
€ '3 ""&.?’ A o
Als R - M Haded -— -

ecological gain. Diverse rockpool community on a natural rocky shor

The main factor influencing ecological communities on natural shores and structures
is pasition within the tidal frameln the irtertidal zone species experience periods

that are marine and periods that are essentially terrestrial. This places limits on what
species can survive at different tidal heights depending on their tolerance to heat and

desiccation, and creates a charactéidgonationof specie§®>".

Waves also influence ecology. Waves can cause scour, circulate water, and disturb or
deposit sediment which can directly disturb animals and plants or limit feEfing
Wave energy varies around the coast depending on landl regional weather (i.e.
wind) conditions, wave fetch (the distance over the sea the wind has travelled), and
the slope of the shore or structuf. Physical conditions experienced by organisms
can therefore be very different on wasvaxposed and wavsheltered parts of
structures, so different species will be able to colonise particular areas while others

may be exclude.

Rocky habitats and structures madergftural rock or concrete boulders and blocks
provide biological richness compared to flita Y2 2 6 KQ 06 SRNR O]l I YR

to the range ofmicrohabitats such as overhangs, crevices, caves, pools and damp
Pagel?2 of 66
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areast*3¥. Rock type and texture also influence water drainage and ponding, which

can be important for micrelimatic conditions. Aiese features provideefuge for

animals and plants from waves, predation, heat and desiccation stress. How
LIK&&AAOIft& O2YLX Stabitht comnpleXift 2O SK A84 =1 (ESINIESYR=
on ecolog§”3¥. Complex habitats (i.e. rough) offer more moigabitats than simple

(i.e. flat and smooth) surfaces. This means that the number of different species that

can colonise and survive on complex surfaces is usually Higher

2.5. On artificial structures, the presence of refuge habitat (crevices, pgo®yves etc.)
will increase the number of species that grow on th@figure 4)*". Importantly,
different species, and different lifstages of species (e.g. larvae and adults), have
specific habitat preferences. Habitat comptgxat different spatial scales (whether a

millimetre scale pit or a centimetre scale hole) is therefore important for healthy,

diverse and productive ecological communitt&g’.

Figure4:

- Rough and physically
complex materials
(e.g. quarried rock)
can provide habitat
niches and refuge for
a range of animals

¢ and plants when useg
¢ in coastal
engineering.

2.6. Understanding of these different factors is helping to identify design features of
artificial structures that currently limiecology, and how they can be modified to

improve conditions for colonising organisms.

Pagel3of 66
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2.7.

2.8.

2.2. Existing guidance andoelogical enhancementrials

Enhancement options aradreasingly being considered in engineering destggufe

5). The Manual on the Use of Rock in Hydraulic Enginedithgives some broad
consideration such aposition of the structure within the tidal frame, alongside
specific suggestionkke incorporating crevices. In contrast, the revised Manual on
the Use of Conrete in Maritime Engineeriddf! gives no specific consideration of

ecological enhancement, but does refer to ongoing research on this topic.

crgoecrios G / Mo ugq o,
Maritj,
Concr ete EIW p:az;’/ginee”n&
s‘\ Coasta] " Sulde
ru
R Ctures
ooy

°°"C'e{e in

Figureb:

There issome, but limited guidance on consideriregological

enhancements in the planning and design of coastal structure

The EU DELOS Projestviv.delos.unibo.i}

examined existing coastal defenc GEKSNB A& Wi
structures in Europe and produced th

most comprehensive guidance f potential for influencing
environmental considerations [ ecological communities
engineering design to dat€*. DELO developing on artificial
highlights the importance of habita structures by simple

heterogeneity (habitat complexity) the modifications to

ability of water to pond at low tideand 8 VAAY &8 & NR V3

the influence of tine (i.e. age on the
types of ecological communities found on

structures® (Box2).

Pagel4 of 66
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BOX 2: Environmental Design of Low Crested Structures (DELOS)

e The DELOS project showed how differdasign features of hard coast:
structuresinfluence ecology, including:
A the position of the structure within the tidal frame;

the spatial arrangement and distanbetween structures
distance from the shore;

length of the structure;

proportion of submerged verses emerged elements;

the type of material used;

the porosity of the structure (e.@aps betweerboulders);
A frequency of maintenance works.

These factors should be considered when planning new structure
minimise impact on existing habitats, and maximise the ecoloc

potential of the new structure.

A rock rubble groyne,
Douglas, Isle of Man

(Photo: R. Thompson)

The DELOS project concluded that it is possible to modify strisctare
enhanceecologywithin the limits set by therimaryengineering function.
Enhancenents can therefore be used to maximise second

management end pointse(g.Box1), including:

A The provision of habitats to support living resources for exploitat
of food (such as shellfish and fish);

A The provision of habitats recreational (e.g. amg) snorkelling) or
educational (e.g. rock pooling or ornithology) activities;
The provision of habitats to support endangered or rare species
and rocky substrate assemblages for servation or mitigation

Pagel5 of 66
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2.9. ¢ K Estudty Edge3project developed

guidance on enhancing and makin = @mﬁn“mmq

W
/

ecologists and engineers. The guidan/ v" ,".?’M
,t”‘ LN

positive  ©ntributions to estuarine

environments, involving a team o

W

outlines opportunities and constraints fo I
supporting wildlife, improving public Estuary Edges:

Ecological Design Guidance

access and educatingeople about the

importance ofestuaries Box3).

BOX 3: Estuary Edges

¢ KS W9 & dzl NeBexporedfSul €atedaite® @& Besigns for estuarin

environments and the ecological gains that could be achieved:

Plants are used for loAgrm protection from erosion,
and aim to mimic natural systems, but may be
designs inappropriate in dlsituations.

The ecological value of such designs is closest to th
of a natural tidal bank.

Bioengineered

Plants contribute significantly to the design but hard
engineering elements are also used for stability.
The ecologicalalue of such designs can approach tt
of a natural bank.

Biotechnically
engineered designs

These designs are mainly artificial, with ecological
elements added on.

The ecological value of such designs varies widely,
can be high.

Structurally
engineered designs

These designs are used when there is too much wa
energy for ecology, other than seaweed and expost
tolerant invertebrates.

The ecological value of such designs is generally
negligible.

Hard engineerig

For more details and example designs see:
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2.10.

2.11.

Given the limited number of operational trials and scientific studies globally, it is not
currently possible to provide specific design adv¥areecological enhancement$his
guidance does not aim to speci
which enhancemets to adopt at
a given locationpbut a summary
of known examples taling
enhancemerg for hard coastal
structures isgiven in Appendix

B. The examplesillustrate the

kinds of modications that may [

>

be considered during the Eigyre7: Artificial pools in a vertical sandstone

planning and design process wall, Sydney Harbour, Australia
(Photo: G. Chapman, EICC, University of Sydne

Sane selected examplesare

discussedelow.

Including habitat niches in
structures: Increasing surfacef

heterogeneity andincorporating

niches in structures can improveaeE

B ooh, W

potential. Examples inctle < St 2op 20

L . Figure6: Using artifical niches (hole24x 10 mm)
designing in pools to retain water to enahanceliimpet stockson a basalt seawall,
at low tide, such as those used in S0 Roque, Portugal(Photo: G. Marting.

Sydney Harbour, Austral{&igure7)!”! and the Shaldon and Ringmore Tidal Defence
Scheme, UKFgure 2 above and Appendix B, or by making modifications post
construction. In Portugal, microhabitats (holes) added to a vertical seawall enhanced
stocks of an over exploited limpet species, and also influenced their spatial
distribution Figure 6)*. In Seate, Washington, USA, a pilot study has been
commissioned by the City of Seattle where the University of Washington designed a
series of precast test panelswith different structural modifications which are

currently being monitored (seAppendix B.
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2.12. Manipulating fine-scalesurface texture:Rough materials are generally better than
smooth for ecology. Rougher materials may be selected for construction (e.g.
choosing the roughest rocks from a quarry for rubble structures or for cladding walls
etc.) or, altenatively, materials can be textured artificially. There is increasing
evidence to suggest thadrtificial texturing can influence the rate of colonisation
when placed in the sed&or example, studiegestingtexturing ofmarine concrete in
Cornwall, UKKigure8), have shown that a brushed surfatexture (created when

the concrete is curing)an significantly increase barnacle colonisation rated.

200 A Brushed

150 A

Plain-cast
100 -+
Exposed aggregate

Barnacle Abubndance (no.)

U
o
1

Smoothed

0 5 10 15 20 25 30 35

Time {days)
Figure8: Manipulating barnacle colonisation usirfine-scale texturing of marine concret&’.

2.13. Collaborative projects with contractors and materials suppliers are now needed to
examine the practical options and economic implications of incorporating texture
manipulation in structure designs. There may fgrticular opportunities here with
respect to precast concrete structures. For example, a PhD project funded by the EU
European Social Fund and Combined Universities in Cornwall, with Ladds Concrete
Limited as the primary business partner, is commenaemgdctober 2011. It will
investigate the potential for designing ecological enhancements into-cpst
concrete designsising texture as well as the aesthetic and suiéic outcomes of

this kind of manipulation.
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2.3. Cost of enhancements relative to total pyect costs

2.14. Evaluatingthe additional cost of includingcologicalenhancements as part of flood
risk management projectis of central importancef they are to be justifiedThis is
especially the case where there are no policy or legislative drivegsiring
enhancement.This can be done simply as the percentage¢hef enhancement cost
relative to total project cost. Whilst a more idepth costbenefit analysis is
preferable, this is not
currently possibldor the very
limited number of operabnal
trials to date. Such an A
evaluation is given below for
two operational enhancement §
trials, the EA funded scheme
at Shaldon, Devon and the

seawalls trial in Seattle,

Washington(see Appendix B

_ Testing habitat enhancementis Seattle, Washington
for further details of these (Photo: C. Lewy).

schemes).

2.15. For the Shaldon and Ringmofiedal Defence Scheméhe total project costwas
£6.5m, andrequired ecological enlmcements to be incorporated ithe final design.
An experimental trial was designed to test various enhancements (see case study in
Appendix B following effortsfrom in-house EA staff, contractors responsible for
overseeing the build phase (Atkins), external EIA consultants (Treweek Environmental
Consultants), masons and specialist academic researchers (Universities of Exeter and
Plymouth). Theestimated cost of creatinthe trial was£20K this represent€.3% of
the total scheme costHalf of the enhancement costs were provided by the EA, and
the Universities were able tgrovide the additional funding aan outcome of a
research project jointly funded by th&A and Great Western Researcl(see:

www.exeter.ac.uk/coastaldefencesbiodiversitaccessed June 2011The University of

Plymouh is undertakingurther ecological monitoringt the siteas part of donger

term, EUfunded project.
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2.16.

2.17.

2.18.

2.19.

TheBeattle{ S| & projdctasies.qgoogle.com/a/uw.edu/seattiseawaliproject/design

accessed June 20)Ltvas designed as pilot study of ecological enhancement options
to support aplanning application by the City of S for a replacement seawall (see
Appendix B. The pilot study was usedo test designs for the final projectneet
conservation targetshelp win public supportandaid securing planning appwal and
additional funding The total cost of the pilot stydepresented only0.2% of the total
project budget (Noble, pers. comm. 2010).

These examplesuggest that enhancingan beaffordable.There are also additional
benefits that are difficult to price. In bothof the cases abovefor example,the
ecological enhancements helped secure planning approval where there were

predicted ecological impacts and limited

options forother mitigations.

Where enhancement is trialled o
implemented operationally, additiona
fundingis needed to enabléetailed cost
benefit analysis alongside longterm
monitoring of ecological gains. Thusill
help further demonstrate the value
(financialy) of ecological enhancement

The Economics of Ecosystems a

www.teebweb.org

Biodiversity study (TEEB)for example,
emphasisesthe concept of ecosystenvaluation as a aid to decisioAmaking.
Companies must anticipate that ecosystem valuation maitomemore consistently

incorporated into public policies, regulations, and political decisions.

The objectives of theUN Convention on Biological Diversi@BD 2010 put strong
demands on government authorities and business to measure and report their
actions to conserveand sustainably use and share the benefits of ecosystems and
biodiversity. In the UK, the coalition government is pursuing an agendartagtsee
biodiversity offsetting and potentially payments of ecosystem services mainstreamed
into local policy requirements. If implemented this should support the financial

incentives for incorporating ecological enhancementlard coastal structures.
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2.4. Legislation, Policy and Planning Todiipporing Enhancement

2.20. There are many pieces of legislation gmalicy instruments that support or require
ecologich enhancement. National o
and local level initiatives G/ 2yarRSNAY 3

commitments, good practice an enhancements in planning

technical standars also support the and design offers

design and testing ofnhancement opportunities to meet these

options. These are summarise 01 Gdzi 2 NE  NBIj

below and listedn AppendixC

European Law

2.21. In Europe, thaVater Framework Directivé WFD, 2000/60/EC) outlinesnservation
requirements for 8 waterbodies includingorts, harbours and defended coastlines.
It requires that waterbodies achievgood ecological statusand that development

activities do not lead to deterioration or prevent the required status being achieved.

2.22. Where waterbodies have been significantly al@t@rough human activities (termed
WKSF @At & Y2RATASRQgdood igdol8gicalfolientzal thiS Rcluded I ( dza
some coastlines with existing hard defence structufidgere is also a requirement to
prevent deterioration where possibléConsideringmitigation throughthe planning
process offers the opportunity to meet these requirements where new structures
where they have to be built, and provides a tool for developers to gain licensing and

development consentBox4).

BOX 4: WFD Mitigation Measures Manual

To help meet the requirenmgs of the WFD, the EA has produced guidance
Yhitigation measure® G KI G Oly KSfLI] | OKAS@S

ecological potential. Measures most relevant to hard coastal structures inc
modifying or enhancing the structure for ecolo@ye. ecological enhancementnd

managing and restoring the intertidal zone. The manual is available online at:
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2.23. The EuropeanHabitats Directive
(1992/43/EC) andBirds Directive -
(1979/409/EC)also support the

protection, enhancement and ﬁ{ﬁi}
restoration of biodiversity**Y. {\3 ﬁ

Where plans and projects are {:{ {?
expected to impact? b I (i dzNJ:

sites and (in the UK)Ramsar
sites,an Appropriate Assessment N A T U R A 2 O O O

(AA) is required to identifjavoidance ad mitigation measureslf this cannot be
achieved a complex set of steps must be followed, includprgving absence of
alternatives, demonstrating overriding reasons of public interemtd securing
compensatory habitatif approval is to be gaineld?. Including enhancement
measures to support policy requirements throughout the planning and design phases

of new developments offers opportunities to avoid these complications.

2.24. TheEnvironmemial Impact Assessmen{EIA) Directive (85/337/EEC and 97/11/EEC)
and Strategic Environmental AssessmerfSEA) Directive (2001/42/EQgquire
assessient of all environmental consequences pfojects (including at the coast)
before any construction commenseAlternatives must be considered, anteasures
to prevent or reduceadverse environmental effects must be outlif&d These two
Directives therefore provide a key opportunity for including ecological enhancement

In new coastal structures early in theaphing process.

2.25. TheMarine Strategy Framework Directiv008/56/EChalsorequires member states
to achieve'®ood Environmental Stat(n European seas by 2020. In addition to
AaSUGAY3 SY@ANBYYSyYyllf GFNAHSOGA YR a2y A2
required to ensure good statu§’ for which general and specifiecological

enhancementsnay be appropriatevhere new structures need to bbuilt.

2.26. The UK is alsoommitted to reducing the current rate of loss of biodiversity under
the International Covention on Biological Diversity (CEP) Under the CBD COP10,

biodiversity values must be incorporated into all planning processes, to address the
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2.27.

Aspectf the Act of relevance to hard coastal structures include:

the MCZ.

The objectives and policies of the relevant marine plan (when available) st

\ are mutually supportive.

underlying causes of biodiversity loss and to reduce the degradation of natural

habitats; eological enhacement can assist meeting these requirements.

UKPrimary Legislation & Statutory Regulations

TheMarine and Coastal Access A2009introduced a new framework for planning
FYR YIFyYyl3Ay3 FFOGAGAGASA Ay GKS YINRYS
commiment to clean, healthy, safe, productive and biologically diverse oceans and
sea'. The Actwill have a significant impact on the way biodiversity and the use of
our seasand coast are managed, and supports the delivery of good environmental
and ecologeal status under the Marine Strategy Framework Directive and the WFD
(Box5).

BOX 5: Marine and Coastal Access Act 2009

¢ A new marine planning framework comprised of aNdtine Policy Statement
(MPS) and a series wfarine plans

The creation oftte Marine Management OrganisatioMMO) to deliver marine
planning and licensing in England. In Wales, the Welsh Government will leac
marine management and regulation;

Creation of newMarine Conservation dnes(MCZs) which together with
European Marine &s will form a representative network of Marine Protected
Areas (MPAS)

Marine activities, including coastal defence works, must comply with ma
plans (or the MPS prior to plans being developed). If structures are also wit

MCZ, ecological enhanoents may help meet the conservations objectives

be inspected when considering design of ecology enhancements to er
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2.28.

2.29.

2.30.

The Natural Environment and Rural Communities A2006 (NERLimposes a duty
on public lmdies and Local Authorities to conserve biodiversitshich includes
restoring or emancing a population or habitaThe dutytherefore extends bgond
conservingexisting biodiversityto include carrying out andupporting actionsto

restore or enhancecology

Under the Countryside and Rights of Way AcR000 (CROW) biodiversity
conservation is given a statutory basis, requiring government departments to take
positive steps to further the conservatiorof listed species and habitats;
enhancement is included under the definition of conservation adopted by tite A
Furthermore, he Biodiversity Strategy for Englan(R002)a i 4t Sa G KIF § WwO2
planning, development and regenerati@hould have minimal adverse impacts on

biodiversity ancshouldS Yy K y OS A0 6KSNB LI2aarotSQo

UK Biodiversity and Planning Policy

In England, lanning auhorities must adhere td’lanning Policy Statement@PPSs)
and the former Planning Policy Guidance Notes (PR@$anning permissionand
licences are to be obtained; these require potentrapacts of planning decisions on

biodiversity and geological eservation to be fully consider&d:

e PPS9Biodiversity and Geological Conservation)

states that new development should be refused
permission where significant environmental
harm cannot be preveed, adequately

mitigated, or compeisated for. PPS9 also
stipulates that biological and geological diversi

are conserved and enhanced where possible.

e PPG20(Coastal Planning) anBPS25Development and

Flood Risk) provide additionasupport for including

enhancements in coastal developnts.

e Itis also worth noting that in the near future the current PPS planning system will

be incorporated into a National Planning Policy Framework.
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2.31. In Wales,Technical Advisory Note§TANS) support
planning and developmendecisions.TAN 5(Nature
Congrvation and Planning), TAN 14 (Coastal
Planning) andrAN 15(Development and Flood Risk)
call for consideration of ecological and environmental
impacts in the planning process, including the

creation and maintenance of conservation sit8s

Good Practie and Technical Standards

2.32. The EA takes a best practice approach to the integration of environmental
enhancements wherever possible. It interprets the duties under the Environment Act
(1995) through internal guidance. For EIAs, for example, the EA spehéieall
projects should consider opportunisefor environmental enhancement for all

Internal Works and Activiti&gl.

2.33. The word¥ S y K | afidds$r@nyms for iis commonin the governments@uide to
Good Practice accompanying PPy R {uiti&ce YobLocal Authorities on
Implementing the Biodiversity DuBalso states thatopportunities for biodiversity

enhancement should be actively soujfit

2.34. Otherdrivers for including ecological enhancents includeraising publi awareness
and acceptance afiew developmens, improving success with planning applications
and increasing chances of securing additional funding. In the Seattle Seawalls project
for example (seppendixB for details) a pilot study of enhancement optiongas

used to support applicatiohy the City of Seattle for a new seawall.
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3.1

3.2.

3.3.

3. INCLUDING ECOLOGIEAHANCEMENTS
PLANNING: M OVERVIEW

Proposers of new hard coastal structuresist adhere toplanning guidelines and
other applicable legislation (Section 2 abovdjhe planning prass involves a

number of sequential stages that

provide a usefulframework within

GCKS LI FYyYyAy:=
which ecological enhancements c involves a number of

be considered, as shown Figure9. ) )
sequential steps which

Ecological ~enhancement may provide a useful operational

considered at several points in t framework within which

planning pocess for new structure :
ecological enhancements

Oy ©6S 0O2yahik

or when maintenance, repair
replacement of existing structures |
needed. For exampleat the pre
planning/feasbility stageof a project (f&ges 12 in Section 4) construction materials
may be decided when scientific evidenceof the influence of material type and

texture on ecologicabutcomescan beused to inform decisions.

Table 1 outlines highlevel general enhancement recommendations for each
opportunity identified at the diffeent planningstages Section 4orovides a more in

depth discussion of each of these steps.

M,,m

kol 7
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Figure9: Stages of the planning process which ecological enahcnement can be embedded.




















































































