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Glossary
Acronym / term Description
AERU UH Agriculture and Environment Research Unit
BIA Baseline Impact Assessment
C Carbon
CAP Common Agricultural Policy
CFC Cross Feature Calibration
CICES Common International Classification of Ecosystem Services
EC Eurgoean Commission
EFA Ecological Focus Area
EU European Union
FDI Feature Diversity Index
FIA Functional Impact Assessment
ha Hectare
JRC Joint Research Centre
GAEC Good Agricultural and Environmental Condition
MEA Millennium Ecosystem Assessment
MS Member State
N Nitrogen
OSR Oilseed rape
QRAF Quality and Relevance Assessment Framework
SMR Statutory Management Requirement
SRC Short Rotation Coppice
UH University of Hertfordshire
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Executive summary

Farming has a significant role to play in the delivery of a number of desirablenoegcancluding ecosystem
services and biodiversity. Regardless of past-agrironmental policy and its intentionshere are still
ongoingecologicaproblemsthat need attentionasdemonstrated by the decline in populations of birds and
mammals acrosthe EU. The introduction of Ecological Focus Areas (EFAS) on the farm has potential to deliver
tangible environmental improvements. However, it is also recognised that the extent of such improvements,
and so the success of the policy, will ultimately deppen the specific EFA elements a famselects as well

as the particular characteristics of the holding. To address this issue the JRC commissioned a project to
develop a software tool to help farmers select EFA elements that can deliver the optimairenental
benefits considering the farms site specific characteristics and the pragmatic requirements of ensuring that
the EFA solution overall are realistic in terms of farm management. Therdougmain tasks to the project:

an extensive literature régw; impact assessment; software development; and testing of the software
application.This document constitutes the final report for this project (Ref. JRC/IPR/2014/H.4/0022/NC). It
provides a description of the approach taken, a synthesis of the know/ledl{ated and a description of the
outputs that have emerged, including the prototype software that has been developed

The literature review involved collating the scientific evidence that forms the foundation for the software
tool. Over 350 papers, repz and guides were collated and reviewed, resulting in synthesis provided herein,
which is structured using the 19 individual EFA elements specified in the legislation. Although the synthesis
itself was a valuable output from the project, it was not ifoan that could be used to support the software

tool. Thus the objective of the second task was to convert this knowledge into a form thattmouliised

within the software

The impact assessment task analysed the knowledge synthesised in the §ieshsthconverted it into a set

of guidelines, criteria and rules that could be embedded in the core database that underpins the software.
There were no established techniques available that could be used to undertake this task, so a bespoke
approach had tde developed, albeit utilising established frameworks where possible. For example, the
Common International Classification of Ecosystem Services (CICES) was used as the basis for the ecosysterr
service impact categories. A bespoke scoring system was @eeklavhich althougtrelatively simple,
distilled a lot of complex, and data intensive, parameters. The potential impact of each EFA feature on
ecosystem services, biodiversity and management was determined. Then for each degtact, a set of
paramders (and classes within those parameters) were determined, which affect the relative significance of
the impact of that feature on the specified impact. For example, the parameter 'soil texture' with classes of
coarse, medium, mediutfine, fine, and venfine, will affect the impact on soil erosion, thus these classes
were used to derive different impact scores (in combination with other parameters). In so doing, when the
user of the EFA software describes their farm and features using such paramésaigiit possible to derive

a potential impact score that is relevant for that farm. There were two approaches to the scoring of impacts:
guantitative (using metanodelling) and qualitative (using a risk factor approach). The quantitative approach
was a moe objective means to determine the scores, but it could only be undertaken for a few ecosystem
service impacts (due to modelling limitations). Consequently, the majority of the scoring was done using the
gualitative approach. Currently there are a totél230 featureimpact combinations that have been created

in the core the database. These are characterised using 138 different parameters containing 708 parameter
classes.

The software developed is known as the EFA calculator. It is a standalone Wingiestiam that has been

created using MS Visual Studio 2010 with the core database developed using MS Access. The software is
freely available to download from the webt{ps://sitem.herts.ac.uk/aeru/efa). The user downloads a setup

file which then installs the application locally on the PC. The software has three key functions: to calculate
the contribution of different farm features to meeting the 5% EFA target (including checking implementation
rules); to calculate the potential impact of different features on ecosystem services, biodiversity and
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management; and to steer farmers towards features which offer the greatest potential benefits (with respect
to minimising burdens and maximising benefits) wih any tool that attempts to make an assessment of
potential environmental impacts the knowledge it is attempting to capture and communicate is inherently
complex, which works against the criterion of designing a 'simple to use' to tool. To overconssukisthe

design philosophy from the outset was to provide the user with options to customise the tool to the level of
detail they require. Therefore the user can decide to have 'basic’ settings, or activate more advanced options
to increase the level afetail to a level they desire. Using the basic settings the software only displays the
necessary detail to undertake the core function of calculating the 5% EFA target. The impact assessment is
still undertaken in the background, but the user is not prasd with the detailed data input that is used to
increase the accuracy of the impact assessment. In the advanced mode the user can obtain more accurate
assessment of impacts, but this requires more data to be entered.

The software has undergone two phasd#gesting: functionality testing and testing with hypothetical farm

data. The first phase has been an ongoing task and involves checking for faults, errors and bugs; validity
testing; usability (ease of use, support and help, interpretation and reatigpiiesting of the installation
routine; and performance and stability tests. The second phase was split into two parts and involved setting
up hypothetical farm data to run through the software. The first part used simple case study farms to test all
EFAelements activated in each Member State (32 in total including regions) to ensure all combinations
functioned correctly. The second part involved creating 25 detailed scenarios, based on real locations, in 16
Member States. As well as providing a testitté software, the detailed scenarios also generated some
interesting findings, in particular that for the majority of the 25 farms, their existing features would not be
enough to reach the 5% EFA target, and thus they would need to create new featutes fan.

There is little doubthat this was an ambitious project to undertake in a relatively short period of time. A
substantial amount of work has been undertaken and some practical outputs developed. However, it is
important to acknowledge that the tdois a prototype, has strengths and weaknesses, and scope for
development in the future. Firstly, there is scope to improve the knowledge base. Scientific understanding is
continually growing and evolving and thus we need to acknowledge this evolutioerawe that it is
reflected in the tools and information that are made available to farmers across the EU. In terms of ecosystem
service impacts, there scope to make improvements with respect to understanding impacts on provision of
water, biomass and engy; global climate regulation by reduction of greenhouse gas concentrations; flood
protection and other cultural services. For biodiversity, this project has reinforced the need to find a common
and/or established framework for assessing impacts on bigsitye and within this project thersscope for
greater harmonisation across the different features with regard to impact categories used, albeit this is partly
reflection of the inconsistencies in the scientific evidence. For management, difficultiesewmrgenced in
gaining evidence specifically on the management implications of EFA features. Assessments were largely
confined to crude evaluations of the potential impact on labour. Consequently there is considerable scope
for improvement for this impaatategory.

Theprototype EFA calculator software that has emerged from this project has scope to be developed in the
future. Feedback from users will be important to steer any future developments and it would also be valuable
to ground truth the tool, i.eto see how well the outputs from the tool match up to what is observed on the
ground. The tool has been designed for farmers and farm advisors to use, although tharatteore likely

to be the main users. It should also be acknowledged that inaihg term, widespread adoption of this tool

(and others of a similar nature) ideally needs to be achieved in cooperation with commercial software
companies. Seamless integration with existing management activities and software applications will aid the
process of integrating environmental issues into the decision making processes of agricultural businesses,
thus increasing the scope for widespread improvements in environmental performance.
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Executive summary (French)

L'agriculture a un réle important ager dans la prestation d'un certain nombre de résultats souhaitables, y
compris les services eécosystémiques et la biodiversité. Indépendamment de la politique agro
environnementale passée et de ses intentions, il y a encore des problemes écologiquesrmuou
nécessitent attention, démontré par le déclin des populations d'oiseaux et de mammiferes a travers I'UE.
L'introduction de Surfaces d'intérét écologique (SIE) a la ferme a le potentiel d'apporter des améliorations
tangibles pour I'environnement. Cepdant, il est également reconnu que lI'ampleur de ces améliorations, et
R2yO S &4dz008a& RS I LRftAGALdzZSES RSLISYRNI Sy FAy
agriculteur sélectionne ainsi que les caractéristiques particulieres de sa fermneréd3oudre ce probleme,

le CCR a commandé un projet pour développer un outil logiciel pour aider les agriculteurs a sélectionner les
éléments de SIE qui peuvent fournir les avantages environnementaux optimaux, compte tenu des
caractéristiques spécifiquates fermes du site et les exigences pragmatiques de veiller a ce que le choix de
SIE soit globalement réaliste en termes de gestion. Le projet consistait de quatre taches principales: une
revue approfondi de la littérature; évaluation de limpact; dévelepgnt de logiciel; et le test de
I'application logicielle. Ce document constitue le rapport final pour ce projet (Réf. JRC / IPR /2014 /H.4/
0022 / NC). Il fournit une description de I'approche adoptée, une synthése des connaissances rassemblées et
une description des résultats du projet, y compris le logiciel prototype qui a été développé.

La revue de la littérature a impliqué rassembler les preuves scientifiques qui pourraient constituer le
fondement de l'outil logiciel. Plus de 350 documents, rappettguides ont été agrégés et examinés,
résultant dans la synthése fournie ici, qui est structurée selon les 19 éléments des SIE individuels précisés
RFya fF f2A® alftaNB S FILAG ljdzS tF aeydaKsfar®atl Ad L
qui pouvait étre utilisé pour le fondement de I'outil logiciel. Ainsi, lI'objectif de la deuxiéme tache a consisté

a transformer ces résultats en un format qui pouvait étre utilisé dans le logiciel.

La tAche d'évaluation de Iimpact a donc consissé df QF y I f 84S RS& NBadzZ GFaGda RS
un ensemble de lignes directrices, critéres et régles qui pourraient étre intégrés dans la base de données
étayant le logiciel. Il n'y avait pas de techniques établies qui pouvaient étre utitiséesntreprendre cette

tache, donc une approche sur mesure a di étre développée, utilisant toutefois des cadres établis lorsque
OQSiGlIAlG LRR&a&arAotSd t I N SESYLX ST I [/t aaAFTAOLIGAZY
a été utilisée comm base pour les catégories d'impact des services écosystémiques. Un systéme de notation
a été développé sur mesure; bien que relativement simple, il a raffiné beaucoup de paramétres de données
complexes et intensives. L'impact potentiel de chaque SlEsselvices écosystémiques, la biodiversité et

la gestion a été déterminé. Ensuite, pour chague fonction d'impact, un ensemble de paramétres (et de classes
au sein de ces parameétres) ont été déterminés, qui affectent I'importance relative de l'impacttde ce
fonction sur l'impact spécifié. Par exemple, le paramétre «texture du sol» avec les classes de: grossier,
moyen, moyerfine, fine et trés fine, affectera I'impact sur I'érosion des sols, donc ces classes ont été utilisées
pour dériver différents scored'impact (en combinaison avec d'autres parameétres). Ce faisant, lorsque
l'utilisateur du logiciel décrit sa ferme et ses caractéristiques en se servant de ces parametres, il est alors
possible de dériver un score d'impact potentiel pertinent. Il y avaiixdméthodes pour la notation des
impacts: quantitative (métanodélisation) et qualitative (utilisant une approche de facteur de risque). La
méthode quantitative était une approche plus objective pour déterminer les scores, mais pouvait seulement
étre utilisée pour quelques impacts de service écosystémique (en raison des limitations de la modélisation).
Par conséquent, la majorité de la notation a été réalisée avec la méthode qualitative. Il y a couramment un
total de 230 combinaisonRS F2y Ol A 23hs IR Basey dal dOrinéesk Ces combinaisons sont
OF N OGSNRAAaAaSSa LI N fQdziAftAalriAz2y RS moy LI NFYSGIGNBa

Le logiciel qui a été créé peut étre considéré comme la calculatrice dé¢s QIE.a & dzy'S | LILIX A Ol G
Windows qui a é créée en utilisant MS Visual Studio 2010, et la base de données a été développée grace a
MS Access. Le logiciel est librement disponible au téléchargement sur le site web
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(https://sitem.herts.ac.uk/aeru/efa). L'utilisateur télécharge un fichier de capfration et installe ensuite
I'application localement sur son ordinateur. Le logiciel dispose de trois fonatiéazalculer la contribution

des différentes caractéristiques agricoles pour répondre a la cible 5% de SIE (y compris la vérification des
ref S& RS YA a Salcdey limpzdzCpditEntieT des différentes caractéristiques sur les services
écosystémiques, la biodiversité et la gestion; et orienter les agriculteurs vers des fonctionnalités qui offrent
potentiellement les plus grands avantag@sl'égard de minimiser les charges et maximiser les bénéfices).

I 2YYS LRdzNJ G2 dzi 2 de$s inpacty aemironietghtad pdetislg) le dorddes qu'il tente

RS OFLIWGSNI SG RS O2YYdzyAljdzSNJ a2y LI Mareg telcazdeBtionO 2 Y LI
RUdzy 2dziAf WaAYLX S t dziAfAAaSNDRDD t 2dzNJ ddz2NXY 2y i SN OS
RS F2dNYyANI £ fUdziAf A&l 0SdzNJ RSa 2LJiA2ya L2 dzNJ LISNA
davoirdespar¥f 8 G NS&a RS o6l aSx 2dz RQFOGABSNI RSa 2LJiA2ya LI
selon le niveau de détail désiré. En utilisant les parameétres de ledsgiciel affiche uniquement les détails
nécessaires pour procéder a la fonction de basealeul de I'objectif de 5% de SIE. L'évaluation d'impact est
quand méme réalisée a larriéte)t | y> YI Aa fUdziAfAal GSdz2NI yQS&adG LI & |
RSGIATESS NBldzAiaS LRdzNJ I dzZ3YSYy SN | (tithd &vanaéks2 Yy R S
fUdzGAE Aal G§SdzNJ LISdzi 200GSYANI dzyS S@lFftdz GA2y LI} dza L
données.

Le logiciel a subi deux phases de tests: des tests de fonctionnalité, et des tests utilisant des données agricoles
hypothétiques. La premiére phase a été une tache en cours et consistait a vérifier pour les fautes de logiciel,
les erreurs et les bogues informatiques; test de validité; utilisabilité (facilité d'utilisation, de soutien et d'aide,
l'interprétation et la lisibilité) tests sur la routine de l'installation; et tests de performance et de stabilité. La
RSdzEASYS LKIaAS || SGiS RAOAASS Sy RSdzE LI NIASE Si O
vérifier le logiciel. La premiére partie a utilisé de simpBsspour tester toutes les exploitations agricoles de

SIE dans chaque Etat membre (32 en total, y compris les régions) pour confirmer que toutes les combinaisons
T2y OUiA2yYylIASYyld O2NNBOGSYSyidiod [ RSdAzEAS Y&éslslrt A S O
lieux réels dans 16 Etats membres. Ainsi que de fournir un test du logiciel, les scénarios détaillés ont
également produit des résultats intéressants, en particulier que pour la majorité des 25 fermes, leurs
fonctionnalités existantes ne seait pas suffisantes pour atteindre I'objectif de 5% de SIE, et ils auraient
donc besoin de créer de nouvelles fonctionnalités.

Lf &F LSdz RS R2dziS 1jdzS OQSGFAG ' YOAGASdzZE RUSYy (G NBLI
courte. Une quantitémportante de travail a été entreprise et quelques résultats de recherche pratiques ont

été produits.Cependant, il est important de reconnaitre que l'outil est un prototype, avec ses forces et ses
FIrAof SaasSax S 1jdzQAf L2 eémerd d. TeuSdabotdIl Mk doiSibididadicier RS |
la base de connaissarxe

La compréhension scientifique ne cesse de croitre et d'évoluer, et donc nous devons reconnaitre cette
évolution et veiller a ce que cela se refléte dans les outils et lesniations qui sont mises a la disposition
des agriculteurs a travers 'UE

En termes d'impacts sur les services écosystémiques, il est possible de faire des améliorations en ce qui
concerne la compréhension des impacts sur I'approvisionnement en eau, deriadse et de I'énergie; la
régulation du climat mondial par la réduction des concentrations de gaz a effet de serre; protection contre
les inondations et d'autres services cultur@&sur la biodiversité, ce projet a renforcé la nécessité de trouver

un calre commun et / ou mis en place pour évaluer les impacts sur la biodiversité, et le projet a démontré

j dzQAf & | LX FOS LJIdzNJ dzyS LJX dza 3IAINI YRS KIFNX2yAal (A:
d'impacts utilisées, mais cela est en partiedftet des incohérences dans les preuves scientifigdase qui
O2yOSNYyS tF 3ISaidArazys Af | SGS RAFFAOAELS RQ20iGSYyAN

caractéristiques de SIE. Les évaluations ont été largement confinéesualigations grossieres de l'impact
potentiel sur le travail. Par conséquent, il existe des possibilités considérables d'amélioration pour cette
catégorie d'impact.
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[ S £23A0ASE LINRG2Ge LIS WOl f OdzA I GNROS RSlaveldppéol@s |j dzA
commentaires des utilisateurs seront importants pour diriger les développements futurs et il serait
également bénéfique de mesurer la réalité de terrain de l'outil, & savoir, comment les résultats de I'outil
correspondent & ce qui est obs@ sur le terrain] 42 dzi At + SGS O2yoedz LI2dzNJ f Qc
conseillers agricoles, bien que ces derniers soient plus susceptibles d'étre les principaux utilisateurs. 1l devrait
également étre admis que dans le long terme, l'adoption géhékad SS RS OSG 2dziAt 0Si
similaire) devrait idéalement étre réalisée en coopération avec des entreprises de logiciels commerciaux.
L'intégration transparente avec les activités de gestion et des applications logicielles existantesafatglite
processus d'intégration de décisions environnementales avec la prise de décision des entreprises agricoles,
augmentant ainsi les possibilités d'amélioration générale geetéormance environnementale.
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1.0. Introduction

1.1. Background

EcologicaFocus Areas (EFAs) have been introdugggart of the so called 'greeningieasures of the
Common Agricultural Policy (CARYrder to "safeguard and improve biodiversity on farms" (EC, 201®&y
wereformally established under Regulation (EU) No 130%3 adopted in December 2013, with the relevant
rules being laid down in Article 46 (EC, 20Taple 1.1 lists the 19 EFA elements that are currently available.

Table 1.1: EFA elements

EFA element

Land lying fallow

Terraces

Hedges or wooded strip

Isolated trees

Trees in line

Trees in groups and field copses

Field margins

Ponds

Ditches

10.  Traditional stone walls

11.  Other landscape features under GAEC or SMR

12.  Buffer strips

13.  Hectares of agroforestry

14.  Strips of eligible hectares alongést edges NO PRODUCTION
15.  Strips of eligible hectares along forest edg®$lTH PRODUCTION
16.  Areas with short rotation coppice

17.  Afforested areas

18.  Areas with catch crops or green cover

19.  Areas with nitrogen fixing crops

OO (No| g WM

Member Statesanselect (actiate) the elementghat they wish to be applicable within the area for which

they are the competent authority, so not all will be available throughout the EU. Farms (with an arable area
15ha or more) then have to select EEFfom those activated in their Maber State and these need to
account 5% by area of the total arable land declared (which includes fallow land, temporary grassland and
crop land, but does not include permanent grassland or crops). A number of the elements aboatsonay
have conversion aiior weighting factors intended either to convert featureet measured by area (e.g.
linear features) intoto equivalent areas (conversion), or to reflect the greaberlesser than average
biodiversity benefits of certaialements(weighting) Consequerny determining the EFA area of a farm is not
alwaysas simple as direct measurement in hecwre

The introduction of EFAs on the farm has potential to deliver tangible environmental improvements.
However, it is also recognised that the extent of such inaproents will ultimately depend on the specific

EFA elements a farm selects as well as the particular characteristics of the holding. Consequently, JRC
commissioned a project to develop a software tool that aims to help farmers select EFA elements that can
deliver the optimal environmental benefit considering, if possible, the farms site specific characteristics and
the pragmatic requirements of ensuring that the EFA solution overall and the specific EFA elements selected
are realistic in terms of managemead control.
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1.2. Aims and objectives

The overall aim of this projegtasto develop and test a software tool that aims to help farmers identify the
most ecologically sound and pragmatic solution for implementing the EFAs on their farm. The tool will
provide an estimate of how each choice made contributes to improved farm environmental performance
and enhanced ecosystem services taking into account the ease of management and control.

More specifically individual objectivegere:

1. To conduct an extensive kmtedge and literature review for all the different EFA elements in order to
define their contribution to (a) biodiversity maintenance and enhancement and (b) the provision and
enhancement of ecosystem services taking account of various characteristicasisibe, location,
connectivity etc.

2. To design and develop a simple software tool that will support farmers calculate their 5% EFA and include
various user functions for ranking potential solutions in terms of their contribution to biodiversity,
ecosystenservices and the ease of management and control.

3. To assess the functionality and usability of the developed tool and pilot it using data for 40 theoretical
farms. The theoretical farms will cover a range of common farming types in the EU and be gdgspatial
positioned in a range of different Member States to account for climatic and topographical
considerations.

1.3. Methodology, tasks and activities
The project consisted for 4 key tasks:

1. Literature review: Collating and synthesising knowledge on the tsfigcEFA elements on ecosystem
services, biodiversity and management.

2. Impact assessment: structuring the collated knowledge and establishment of impact criteria and
guidelines.

3. Software development: creation of software application and its associateddatadase.

Testing: Testing of the software application, including functionality testing and testing using hygaithet

scenarios/case study farms, and refining of the software based on feedback.

B

Figure 1.1 shows the flow of these tasks and Table 1.2 stiewvime line of when they were undertaken

and also shows the planned schedule compared to the actual time line that eméeFgedoroject started

with the literature review which resulted in the eviden@nd this largely ran to schedule. The evidence wa
synthesised and this formed the bulk of the interim report (submitted 19 March 2015) and is also presented
herein (Section 2). This evidence was tlaralysed in Task 2 (impact assessment) and structured into a
format that can underpin the EFA softwafsee Section 3)This process took longer than originally
anticipated partly due to the quantity of evidence gathered, but also because it needed to develop alongside
the development of the software and core databa$be development of the softwar@ ask3) started at

the outset of the project, even though it was dependent on the completion of Tasks 1 and 2. This is because
some of the software could be put in place prior to the development and population of the core database.
The testing of the softwareT@sk 4) started earlier than originally scheduled. As the software development
began early in the project, a p#lpha (untested) version of the software was available earlier than originally
anticipated, thus this was made available for testing. Theriggirocess was then an ongoing process till the
end of the project.
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Figurel.l: Overview of the approach

Table 1.2: Project timeline

Task 2: Impact assessment

Task 3: Software development

Task 4: Testing

Planned

Actual -

A number of meetings (video conferences) between the project team (UH) and the JRC were held throughout
the project including:

1 21 January 2018Vlonth 1) Kick-off meeting: To clarify and confirm the aims and objectives of the project
and discuss the specification for the EFA software.

1 27 March 2015Month 3} Interim meeting: To discuss the interim report and the-pipha versiorof
the software.
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1 24 September015(Month 9) Final meeting: To discuss the software and completion of this report.

A workshop was also held (at JRC, Ispra, Italy) on 10 JungM6hgh 6). This workshop included three
external exprts, as well as staffom JRC anthe project team. The approach to the project was presented
and discussed and a Beta version of the software adggsonstrated The feedback from the workshop was
valuable and was used to refine and improve the approach and the software.
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2.0. Literature review on the effects of EFA elements

2.1. Introduction

The objectivehis taskwasto undertake a literature review to identify knowledge that will help characterise
the different EFA elements in terms of their effects on ecosystem servimaiydrsity and management
(ease of implementation, management and control). This knowledge will thétnamsformed into a set of
criteria and guidelinesSection 3 that will underpin the EFA Calculator tool and enable it to qualify and
approximate thepotential impact of each EFA element.

A detailed description of the approach to the literature review (similar to a review protocol) is provided in
Annex AThesectiors belowsynthesisdhe findings from the literature reviewlhe review is separated ot

two subsections. The firssub-section is structuredy eachindividualEFA elementThis includes a brief
description of each elemenincluding a summary of the specification details that have been provided to date
by JRCThe secondub-section takesa wholelandscape perspectiweith the acknowledgement that many
benefits, especially for biodiversity, can only be maximised by accounting for the whole landscape, i.e. the
combination of different elements, rather than the simple existence of EFA elsni2ume to the nature of

topic, there is inevitably some discussion on the effects of EFA elements in the context of the wider landscape
within Sectior2.2, but this is more explicitly explored in Sectiaf.

2.2. Individual EFA elements

2.2.1. Fallow land

Title: Land lying fallow

Description: This is land on which there shall be no agricultural production.
No. of MS activated 30
Dimension limits: Other than Hungary, which specifies a minimum size of land lying fallow of

ha, no other dimensionrtiits are specified by any MS.

Implementation rules:  Various rules which vary with MS including: minimum fallow perititéng of
fallow periodswhether pesticides and fertilisers are allowed; voluntary seec
of wild flower mixtures; rules on previowsops; control noxious weeds and
invasive speciesindmaintaining land in a condition suitable for agricultural
production

The value of bare or sparsely vegetated soil to pollinator species tends to be provision of nest sites for solitary
bees (Roulstoi& Goodell, 2011; Wuellner, 1999). A number of MS permit the sowing orgm mixtures

on fallow land. Where these are specifically formulated for pollinators, for example as previously used under
Environmental Stewardship in the UK (Natural England3R@iere is potential to enhance pollinator
abundance. Carveéit al (2007) found that different mixture compositions enhanced different pollinator
groups, although the precise impact may be subject to the surrounding landscape and habitat types (Heard
etal., 2007). Combinations of sown nectar and pollen plants (four agricultural legume and four grass species)
attracted greater numbers of bumblebees than areas allowed to regenerate naturally or sown with grass
mixtures alone. Legumes (also applicableStotion 2.2.18) attracted the greatest number of bumblebee
species, and had the most rapid positive impact. Plant species diversity within sown mixtures appears to be
a key requirement. A native wildflower mixture of 21 species provided the longest pericdntihuous
flowering, coupled with resource provision early in the season. These two factors have been highlighted by

1 When counting the number of Member States this inclu@edgium Flanders Belgium Walonig UK Englang UK
Northern Ireland UK Sotland andUK Walesas individual Member States.
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Goulsoret al. (2005) as critical in the enhancement and maintenance of bumblebee populations due to the
risk that any gap in floweringuding the spring and summer poses to the starvation and loss of the colony.
Generalist hemparasitic plants are senparasitic plants that help prevent dominance by any one plant
species and perform an important function in the maintenance plant specdiessity (Joshet al. 2000).

Their inclusion in a mixture of perennial legumes increased the diversity of invertebrates, pollinators and
predatory arthropods (Pywetdt al., 2011). The maintenance of predatory arthropod populations (e.g. carabid
beetles)has implications for pest control.

Carabid (ground) beetles may act as beneficial insects, consuming both pest prey and weed seeds (Kromp,
1999). Luff (1994) concludes that crop cover is a key variable in determining their presence or absence within
a given area, and that thelecrease in soil humidity associated with bare exposed soil is detrimental to the
survival of carabid larvae, increasing mortality during the early life phase and decreasing adult numbers. The
impact of annual cultivation was also d@ical factor, however Luff (1994) does not comment on the potential
impact of long term fallow without cultivation. Kromp (1999) states that tillage and insecticide and herbicide
applications reduce carabid species diversity and abundance, due to beth wixicity, mechanical damage

and the removal of hibernation sites associated with ground cover. In a comparison of boundary features,
the greatest numbers of carabids occurred in an undisturbed, five year old strip where succession was
allowed to proced uninterrupted. Numbers were greater than a two year old deliberately sown wildflower
strip, and an annually cultivated area with natural regeneration. The presence of vegetation cover and the
frequency of cultivation are key underlying factors, with weedt systems considered to act as potential
refuges. Hoverflies (Syriphids) are predatory at the larval stage (Gblleyna, 2000). Their presence in
agricultural areas may be enhanced by the planting of species such as phRbel@l{a tanacetifolig
mustard Brassica juncdaand fennel Foeniculum vulgade(Loveiet al. 1993). These plant species attract
adult females who then lay their eggs, positioning the larvae within the target area. Longer term fallow with
ground cover was most beneficial torahid populations. Ground cover may be manipulated with different
species mixtures within designated fallow areas. They will be beneficial to various groups of naturally
occurring predator (or pollinators) depending on the species composition and theeineghat it requires
re-establishment.

Many studies that assess the impact of fallow soils on soil erosion have been undertaken in response to land
abandonment and certain crop types (e.g.eyiards) where bare soils exist for a significant proportiothef

year. Avoidance of zero vegetation cover is a key factor however the magnitude of impact is spatially variable,
with a number of location specific factors contributing to soil erosion rates in combination with no plant
cover:

1 Fallow soils on negligiblgradients may be susceptible to wind erosion where there is limited ground
cover (Lopeet al., 2002).

1 Water erosion from fallow soils on steep gradients resulted in soil losses of up to 10 times that on lower
gradients (Garci®uizet al., 1995), althoul Bieneset al. (1996) report losses from fallow soils caused
by extreme rainfall events up to 50 times greater compared to land with a bartgycover.

GarciaRuiz (2010) report that alternating fallow periods with cultivation increases the risk efgsibn due

to the prevention of natural succession, and that continuity of land within fallow needs to be maintained
without soil disturbance to allow vegetation growth and succession to proceed. Extreme rainfall events in
combination with bare soil imndkately post crop sowing in early winter caused rilling (Cas$all, 1999),
mostly in the same location each year (Valcaetell., 2003).

RuizFlafioet al. (1992) consider that the colonisation of bare ground by native plants has a significant
mitigation role in runoff and sediment reduction on sloping ground but there also needed to be sufficient
rainfall to allow plant growth. This may be a potential issue in areas susceptible to drought such as southern
Spain. Increased plant cover enhances soibhoigy matter content which was correlated with improved
infiltration rates and reduced surface flow. Erosion rates were reduced further with the development of

18



GUIDANCE AND TOOLSWUPPORT FARMERSAKING AWARE DECISS@W '
ECOLOGICAOCURARES FNALREPORT Hertfordshire

dense shrub communities in later successional phases (Lashraa, 2006a,b). Gyssekst al. (2005)
distinguish the above or below ground components of vegetation in their importance in preventing different
types of erosion. Splash and interrill erosion were prevented by above ground vegetation and maintenance
of adequate surface cover, while rilhé ephemeral gully erosion were mitigated by the presence of an
extensive plant root system in addition to surface vegetation cover. This has implications for sown mixtures
on fallow land where plants may be selected based on their leaf area and/or rstensy

The underlying soil geology also exerts an influence on the vulnerability of soils to erosion, largely in part due
to their influence on the natural regeneration of vegetation. On calcareous soils, the development of an
extensive native plant coverag achieved quickly (RomeRiaz., 2003) and erosion rates reduced to ones
comparable with those measured on natural or seratural habitats. Soils with a high sodium content and
limited permeability have unstable aggregates resulting in the formatica sifrface crust when left bare,

this also inhibits natural plant colonization and increases the risk of erosion (R&erp2003; Lesschen

al.,, 2007). Sutsurface runoff also occurs through cracks in the soil, resulting in the formation of gullies.
Where rainfall and natural plant colonisation is potentially limited, the soils have poor structure and low
organic matter content, correlated with low infiltration rates and a higher risk of surfacefffugnairest

al., 2006).

Unsown fallow areas tentth have a low but potentially specialised associated fauna and flora, which may be
rare. The overall species richness of invertebrates tends to be lower where soils are bare (Luff, 1994) however
rarities with specialist habitat requirements for disturbatd have been recorded in fallow agricultural land.
Notable rare (Red Data Book) specialist invertebrate species of open disturbed environments are cited by
Schnitter (1994) in Germany includibtarpalus zabroidesAmara littoreaand A. municipalisIn a gmilar

theme, rare arable flora such as the ground piAguga chamaepitysand fineleaved fumitory Fumaria
parviflora) require areas of bare but frequently cultivated soils (Plantlife, 2000&83&illfield, 2007). At the

higher trophic levels, Suar&eoaneet al. (2002) assess the impact of land abandonment in Spain on bird
populations and make a general distinction of habitat preference between birds indigenous to northern
Europe and those in the south (Mediterranean species). A greater number aéspethe Mediterranean

region preferred open land, conducive with fallow areas, while the northern species preferred later
successional stages (scrub and woodland). A number of species in northern Europe do however exhibit a
preference for bare soils armpen areas, for example the skylatdguda arvensjs(Wilsonet al., 1997).

2.2.2. Terraces

Title: Terraces

Description: Terraces are a series of flat areas formed on sloping land, resembling a ser
steps. They can be limited to features that aretpcted by GAEC 7 depending
on the Member State.

No. of MS activated: 8

Dimension limits: Minimum height specifiegvaries withMS 0.5¢ 3m

Implementation rules:  None other than in Hungary where terraces must be maintained in such a w
that their drainage capacity is not affected, and controls are put in place to a
the risk of silting up and gully formation. It is also forbidden to significantly a
the structure of the land except for certain agricultural reasons, including the
constructionof banks and irrigation facilities associated with the production @
rice.

Terrace cultivation, or terrace farming, is one of the oldest types of land and water resource management
for largescale farming and a common feature in Mediterranean landscapesapproach converts hill sides

into stepped linear units of relatively flat ground thus allowing farming to be conducted on strongly sloped
landowner and helps improve profitability. With respect to the management of terraces they are costly to
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establishand can represent a large capital investment which is expected to remain in place for a very long
time (Bevan & Conolly, 2012).

One of the principal advantages of terrace cultivation is that it can protect the teraess soil from overly

rapid erosion. The terraced approach aims to reduce the velocity of water runoff and thereby soil erosion by
breaking the length of the slope that runoff has availabilerraces usually reduce sheet and rill erosion
between terraces and trap part of the eroded soil by deposition. The benefit of this deposition in reducing
soil deterioration from erosion depends upon both the amount of deposition and terrace spacirgr(&os
Highfill, 1983).

Terraced land not only redus¢he rate of soilerosionbut can also trap and hold rainwater. This allows for

the cultivation of wagr-intensive crops, such as rice, in these areas. Terracing creates flat spaces for crops
and canals for water to flow between these areas. Water collected in the terraces can then be absorbed into
the soil and utilised by the crop. A study undertaken hgwet al. (1999) showed that terracing reduced
runoff in a contoured potato field by as much as 150mm of rainfall equivalent and thereby increased soll
moisture for crop growth and improved yields. This is supported begtlali (2011) who conducted aistly

of terraces in western China and found that the structures store and retain significantly more water than
surrounding slopes promoting a more favourable environment for crops.

Terraces vary considerably in shape, complexity and in the degree of lmvegtment required, as well as

in the topography and climatic conditions under which they are used. Their ubiquity, variability, and
importance for agricultural productivity have motivated a range of studies designed to understand them
better both as cultiral and ecological features however most of these have been undertaken in areas unlike
those that prevail in Europe (e.g. Evans, 1990; Dunning & Beach, 1954; Beven & Conolly, 2012) and so their
relevancy in the context of this study is questionable. Theome published literature regarding the flora
associated with abandoned terraces. For example, Beataal. (2013) found that recently abandoned
terraces in Antikythera, Greece had been recolonized by a relatively rich, low herbaceous flora while longe
abandoned terraces wergypically populated by more scrubby vegetatiofhe ecological benefit of stone

walls, which can form part of terraces, is covered in Section 2.2.10.

2.2.3. Hedges or wooded strips

Title: Hedges or wooded strips

Description: The® are hedges or strips of woodland that do not exceed the maximum wic
specified(see below) They can be limited to features that are protected by
GAEC 7, SMR 2 or SMR 3 depending on the Member State.

No. of MS activated: 16

Dimension limits: Maximum wdth specified, varies with MS: 2 to 30 minimum length of 10m
is also stipulated in Germany.

Implementation rules:  None

Where hedgerows are connected to other wildlife areas (e.g. woodlands, margins, ditches etc.) their value
for nesting habitat andoraging for pollinators and biodiversity generally is significant but at its greatest when
the hedge is composed of a diversity of species. Research undertaken over a long period of time has
categorically showed the overall importance of hedgerows astéabior plants (Richards, 1928; Helliwell,
1975; Mountfordet al., 1994; Morandin & Kremen, 2013), breeding birds (Yahner, 198n@or, 1987;
Parishet al.,, 1994 & 1995), small mammals (Boda&inklin, 1988) and invertebrates (Lewis, 1969).

Cranmeret al. (2012) observed bumblebg®ombusspp.)flight behaviour along hedges and other linear
features and found that these influenced the flight direction of visiting bees. Bumblebees were much more
likely to fly along the hedgerow than across adjacent dped. As a consequence benefits such as significant
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enhancements in pollinator activity, pollen receipt and set seeds were observed. Crahalg2012) also
concluded that overall hedgerow connectivity in a landscape is important to bumblebee movement
therefore to plants that require pollinator bumblebee servicése connectivity of habitat patches was much
more important that the attractiveness of the patches in terms of habitat and foraging opportunities.
Connected patches were visited signifitgmmore frequently by bumblebees than isolated patches and
pollinator abundance increased as the number of connections per patch increased. Generally plants in
habitat patches with four or five connections produced betweed3% more seeds than similarapts in
isolated patches. However, scientific opinion is not wholly conclusive as Hunter (2002) undertook a literature
review and concluded that pollinating bees are more concerned with quality than to area or fragmentation
although these issues are alsogortant. The authors found that floral diversity was the most important
factor.

Morandin & Kremen (2013) showed that a hedgerow comprised of diverse plants, shrubs and trees as well
as deadwood provided a number of biodiversity benefits. Flaraness irnthe hedgerow in terms of both
total-richness and insegiollinated plant richness are both important for birds, mammals and insects
(Morandin & Kremen, 2013; Shacklefatlal., 2013; Wratteret al., 2012). Woltoret al. (2013) agree and
emphasised the importance of hedges incorporating both trees and a dense shrub layer. The authors found
that 60% of species (which included butterflies, birds and bats) visiting the hedge are dapendhe tree

layer and 56% are dependent on the shrub element of thegeegither alone or in combination with other
hedge components. Overall the majority (65%) of species are dependent on more than one hedge
component, with over a third (35%) being dependent on three or more. However, for species with a restricted
distribution, over half (57%) were shown to be dependent on just one component. The great majority (81%)
of species with a widespread distribution need a diverse hedge structure. In a study of the local distributions
of large moths Mercket al. (2009) found that pesence of hedgerow trees had a large positive impact on
the abundance and diversity of moths. Hedges without trees supported samtific smaller moth
populations.

Related to this is work is a study undertaken by Hinsley and Bellamy (2000) that soidghntify the most
important factors positively affecting the species richness and abundance in hedgerows. They concluded that
the size of the hedge in terms of its height, width and overall volume and the presence and abundance of
trees were all significanA lack of trees will result in fewer bird nesting opportunities (Spatks., 1996).

The greater the hedge volume the greater area there is to support plant species diversity and this will also
mean more berries for forage. However, large hedges dosni all bird species and birds tend to prefer
hedges that most closely match their natural preferred habitats. For example, woodland species may live in
the hedge itself and will prefer hedges with a strong tree presence. Whereas hedges closelydiokest t
habitats such as margins and headlands will be preferred by game birds. This study supports the findings of
earlier work conducted by Sparlet al. (1996) who identified ustantial differences in hedge height
preferences across different bird spes. Woodland species tend to prefer taller trees and hedgerows. Bird
species associated with scrub land prefer those with intermediate height. Open country species preferred
grassy or scrub type boundariddinsley and Bellamy (2000) highlight the faettthood ground cover at the

base of the hedge is equally important and that this will &&oease bird species richness.

Deadwood provides nesting opportunities for bees but as new hedgerows are unlikely to have an abundance
of deadwood it is the older ore established ones that provide the most benefit in this respect. Diverse
hedgerows will attract a greater diversity of pollinators. Hinsley and Bellamy (2000) found that the presence
of wellgrown, dead and decaying trees is beneficial to many specmsding nest holes, foraging and
perches thus supporting the view that older established (but well managed) hedges will have a greater value
to biodiversity than new hedges. Invertebrates such as spiders, ground beetles and hoverflies are often found
in large quantities in hedge bottoms (TBP, 2002) where deadwood residue accumulates.

In a review of bat distribution covering 315 studies Bougéesl. (2011) assessed the value of hedgerows in
terms of width, tree density, the presence and proximity of wated woodland. The authors found that the
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incidence of bats was significantly affected by tree density and the proximity of woodland. The more trees
present the greater the population and diversity of bats visitiBgugheyet al. (2011) also found that ¢

benefits of hedgerow trees to biodiversifyre closely linked to their use of and dependency on different
species on the tree canopy. For example, rodent species found in hedgerows are generally unaffected by the
density of hedgerow trees as they spendshtime in the undergroth and lower areas of the hedge,
whereas the abundance and diversity of birds, bats and larger moth speitidse affected by density of
hedgerow trees.

The importance of flowering plants in hedgerows for pollinators is higldadybyy many authors. Rare native

bees have been shown to be more common on hedgerow flowers than on weedy, unmanaged sites
(Morandin & Kremen, 2013). Hannon & Sisk (2009) investigated the value of hedgerows as foraging habitat
for bees (albeit in the USAha concluded that they are an attractive foraging habitat for native bees
especially in early summer when flowering species are more abundant.

The significance of flowering plants on pollinator abundance and diversity was considered in the context of
‘massflowering crops(such as oilseed rape, linseed and beans) by several authors. Hardey(2011)
concluded thatmass flowering cropglay an important role in bumblebee conservation and in maintaining
pollination services in arable crops. Twice agnbumble bees were identified visiting flowers in hedgerows
close to'mass flowering cropgompared to other crops (e.g. wheat). However, the effect was found to be
short-lived and not bee species specific. Mass flowering crops only enhance pollieatices to native plant
species during the crop flowering period and so will probably not have a great effect on conserving bee
populations. This emphasises the importance of flowering plants in the hedgerow (Hannon & Sisk, 2009;
Hunter, 2002). Le Féoet al. (2013) undertook a study to consider solitary bee abundance and species
richness and in particular the role of sendtural habitats including hedgerowsyass flowering cropgi.e.

oilseed rape- OSR) and other crops. The study concluded that O8R f&ongly determine the spatial
distribution of solitary bees mainly because of the early flowering of the OSR crop which coincides with the
emergence of solitary bees, a view supported by Wrateal. (2012).

Menzet al. (2011) reviewed a number ofuglies and concluded that the needs of local species in terms of
plant-pollinator interactions should be carefully considered when restoring hedges and othenatmal
areas. Pollinator colonisation and persistence in restored natural areas requitdbéhecological needs of
pollinators are met either entirely within the restoration site or within foraging distance of it.

Whilst not an EFA element per sgreen laneshave come under increasing study in recent years. Green
lanes can be best described linear landscape features comprised of a relatively narrow 4nagkor grass

strip or margin bounded by hedgerows (or walls or ditches) on both kideder to be eligible for EFA, each
element g.g.hedgerows ditches, field marginsh the greendne would need to adjacent to arable land (i.e.

the 'green lane' would have arable land on each siE&pelements arranged in this manneould provide

added ecological benefits. Studies have shown that these features are particularly valuable fte. iaili
example, an observational survey undertaken by Croxbral (2002) found that far more bees were
recorded in the green lanes (1935) compared with those in field margins (392). It was suggested by the
authors that this was due to the greater abwarte of flowers in the green lane. Significant differences were
seen between the enclosed area inside the green lanes and the more exposed field margin hedges (i.e. a
single hedge on wide side of the margin) for both the total number of bumblebees artdtdienumber of

bees. In a later study (Croxtenal.,2005) the vascular flora and butterfly fauna of green lanes was compared
with that of singe hedged tracks and grass verges. It found that green lanes supported >30% more diverse
flora in a 200m transe that the other linear features. In addition a greater number of butterflies were
identified in the green lanes, which was thought to be due to the greater abundance of flowering plants that
could support butterfly larva. Doveat al. (2000) reached sirda@r conclusions in a study investigating the
importance of linear features to butterflies. They found that the interior of the green lane had lower wind
speeds and more bramble nectar resources than a single hedgerow or grass bank. &Valkg2005)
undertook a review of the benefits of green lanes to bird population and species diversity. They found that
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bird abundance, and species richness was greater in green [rmapared to a standardhedgerow.
Significantly more birds and a greater diversity wereorded in the inner area than on the outside of the
'lan€. Seventeen of theighteenmost abundant bird species recorded in this study were found to occur in
greater numbers in green lanes rather than in single hedgerows; for half of these specié$aitende was
significant. Walkeet al.(2005) also found that the hedge width as well as surrounding land use affected bird
species and populations found inside the lane. Alley cropping, where crops are grown in relatively narrow
strips between trees otall hedges on either side is discussed in Se@i@rb

In addition to the hedgerow value described herein relating mainly to biodiversity there are other benefits
relating to soil erosion, acting as a pollution barrier and offering considerable redadtionoise (Fan§

Ling, 2003; Forman & Baudry, 1984; Baudry, 2000; Pimental, 1992). Forman and Baudry (1984)
suggested that hedgerows exert a major control of many landscape ftusgsoving flows of animals, birds,
plants and insects and dampieg windspeed, evapotranspiration, soil desiccation, soil erosion and nutrient
run-off. Baudryet al. (2000) discuss the broader social value of hedgerows including their provision of wood
for heating, cooking and timber and theiesthetic and culturalaiue.

Literature relating to the use of natural barriers such as hedgerows to mitigate pesticide drift was
investigated by Ucar and Hall (2001). The authors concluded that properly designed hedges for this purpose
are effective in reducing drift and prottieg nontarget areas, sensitive features, crops and people. However,
the complex wind flow near hedges and other tall natural features, such as tree lines, is governed by the local
climate and topography and this makes it difficult for recommendationsviodbreak design to be made.
However, important factors were reported to be hedgerow height, length, vegetation density and
composition and orientation, as shape and dimensions will greatly affect the aerodynamics of the windbreak.
Height is the parametemost frequently considered as critical as sheltering efficiency is related to the hedge
height. Hedges will give a sheltering effect over a distance of 15 times the height upwind and 60 times the
height downwind (Rider, 1952). However, density (also tetwegetation porosity) is also important. Dense
hedgerows act like a wall and force the wind and so the pesticide drift over the top (Scletvattz1995;
Hagenet al., 1971) decreasing the wind shelter effect. In contrast a very porous hedge willtaéaomind

and the drift to pass through it whilst still deflecting some over the top. A medium dense windbreak offers
the best protectionSimilarly Forman and Baudry (1984) determined that field microclimate downwind of a
hedgerow is modified for around XBnes the hedgerow height for evaporation and 28 times the height for
wind speed.

It may be perceived that the greater demands on hedgerow management the greater the cost in terms of
resources and financial implications However, positive management amskogation of hedgerows does

not necessarily mean more work for the land manager. Staleyl. (2012) undertook a long term study to
consider the effects of various management options on the abundance of flower and berry resources for
pollinators, insectsmammals and birds. They concluded that uncut hedges provide more flowers and berries
than cut hedges. Hedgerow cutting reduced the number of flowers by up to 75% and the biomass of berries
available over winter by up to 83% compared to monitored uncuges.Reducing the cutting frequency

from every year to every three years resulted in 2.1 times more flowers and a 3.4 times greater berry mass
over five years. Cutting every two years had an intermediate effect on flower and berry abundance, but the
increase in biomass of berries depended on cutting in winter rather than autumn. Within the United Kingdom
the most popular agrenvironment scheme option is cutting every two years (32% of English managed
hedgerow length). If these hedges were managed und#émee year cutting regime instead, Staleyal.

(2012) estimated that the biomass of berries would increase by about 40%, resulting in a substantial benefit
for pollinators and other wildlife.

In their review, Hinsley and Bellamy (2000) concluded thatiduedgerow management has costs and is
unlikely to be applied widely without support. However, with respect to hedgadermanagemernitis
generally considered to be better for birds thavermanagemernit Typically, large, wide, bushy hedges
support abaut 19 different species of bird whilst tidy, frequently mechanically cut hedges support only about
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8 breeding species (TBP, 2002). A slightly later study considering the effects of land use and agricultural
management found that very there were relativégw bird species on intensively managed sites compared

to sites that were abandoned or underanaged especially where there was a high tree hedge density
(Woodhouseet al., 2005).

There are some practical considerations for hedgerow management that maaggcmanagement time.

For example the establishment of new emergent trees within hedgerows creates additional costs and
workloads to land managers as they impede mechanical trimming and increase shading of adjacent crops
(Bougheyet al., 2011).

2.2.4. Isolated trees

Title: Isolated trees

Description: These are single trees following the dimension limits below. They can be lim
to features that are protected by GAEC 7, SMR 2 or SMR 3 depending on t
Member State.

No. of MS activated: 13

Dimension lints: Crown diameter minimum of 4nMSs may include trees recognised by them ¢
valuable landscape features with a crown diameter below 4 meters.

Implementation rules:  None

Many authors believe that isolated and scattered trees unconnected to other halith have limited value

to biodiversity and ecosystem services. Their value is enhanced if they are part of a network of habitats across
the farm landscape providing ‘atepping stone from one patch of habitat to another. However, not all
researchers gree and suggest that the ecological importance of single trees should not be underestimated.
Several authors highlight the range of ecosystem functions isolated trees provide at the local scale, not least
their biodiversity value (e.g. Mannirgg al., 200; Gibbonst al, 2008). Fischeet al. (2010) discusses the
disproportionate value of scattered, isolated trees and point out their decline in agricultural landscapes
worldwide. Whilst Gibbongt al. (2008) described isolated mature trees as ecologidaifyortant due to

their low abundance and identified their value in providing habitat for sHaging plants. A wide range of
species including birds, mammals and arthropods, depend on trees, isolated (or otherwise) as a food
resource, shelter and/or nestg site (Manninget al., 2006; Trewgt al., 2004).0ld remnant trees i.e. those

that have not been removed for one reason or another whilst others around them have, provide particular
value to wildlife. These types of trees often contain basal hollowiswdre used by roosting bats and nesting

birds and small as well as climbing mammals albeit these creatures often prefer the basal areas of such trees
(Mazurek & Zielinski, 2004).

Demarset al (2010) found that landscape context was unimportant in prgatichow often birds used an
isolated tree. They found that tree architecture, in particular tree size, and tree cover in the surrounding
landscape were the best predictors of bird use of isolated remnant trees. The authors demonstrated that
individual trees contributed to landscapkevel conservation of bird diversity, acting as keystone habitat
structures by providing critical resources for species that could not persist in otherwise traglezsdtural

fields.

Gibbonset al.(2008) discuss the value sihgle mature trees for providing other valuable ecosystem services
including shade for stock and wildlife and as a buffer against soil a¢idaystudy conducted by Olivet al.

(2006) it was shown that there were significant differences in the abk®gas of terrestrial invertebrates

under isolated trees compared with surrounding grazed pastures. This in part was due to the greater soil
fertility, lower pH and litter layer beneath trees. Litter depth and complexity iskmellvn to be an important
influence on grounehctive and soil invertebrate assemblages (Huhta, 1976; Uetz, 1979). This is true for trees
generally (e.g. groups and lines of trees) but is especially valuable in a landscape where trees are sparse.
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Several studies have demonstrated thalue of scattered trees for soil fertility. Soil fertility (in terms of
extractable phosphorus, total nitrogen and organic carbon) tend to be relatively high beneath a tree canopy
due to decaying tree leaf accumulation and animal litdroth from livesbck and wildlife (Manningt al,

2006; Wilson, 2002; Olivext al., 2006). This enhanced nutrient status can be beneficial to a range of plant
species including the regeneration of trees. A study undertaken by Grahain (2003) investigated the
influence of three Eucalyptus species on surface soil properties at both stocked and unstocked sites,
collecting soil and litter samples at intervals up to twice the canopy radius away from the tree Thmk.
study showed soils under two of the Eucalyptus spedie melliodoraand E. viminalis had higher pH
(decreased acidity) and increased carbon and phosphorus concentrations close to the tree trunk irrespective
of grazing. Soils under the third typ. (caliginosphad similar patterns of carbon and phosphehut more
variable acidity patterns. Spatial patterns in soil pH were associated with the ash alkalinity of the tree litter,
indicating litter as a source of alkalinity addition to the soil surface and an acid amelioration capacity of
Eucalyptus trees.

Individual trees provide a distinct microclimate and refuge to a wide range of wildlife species. In terms of the
micro-climate they create, it is usually cooler and damper beneath a tree than in the more exposed
landscape. Stem flow, water uptake through tieet system from below and around the tree, and increased
infiltration of water into the soil further enhance the concentration of water near a given tree, especially in
otherwise dry environments (Vetaas, 1992; Eldridge & Freudenberger, 2005). Tre&raoster significant
guantities of water downward to dry soil layers when surface soil layers become wet following rain. Amounts
of water stored at depth are not likely to be significant for drought avoidance by plants. However, downward
transfer of watemrmay be important to plant establishment and the reduction of waterlogging in certain soil
types (Burgesst al., 2001). Whilst these benefits are increased in proportion to the number of trees present,
individual trees still offer significant benefits.

It should be noted that in a landscape where there is already a significant number of isolated / scattered
trees the value of adding one more will be limitddanninget al. (2006) argue that it is precisely because
isolated / scattered trees are not part aflarge consolidated patch, that their local and landscape effects are
more pronounced. A study by Fisclatral. (2010) supports this conclusion. The authors considered bird and
bat populations on a large number of survey sites (n=108, edwhifl size)n relation to tree density. The
value of individual trees to both species was highest when tree density was low. On the sites without trees
bird richness doubled with the presence of the first tree dimel presence of & treestrebled bat richness
andincreasedbat activityby a factor of 100. Thereafter, the marginal effect of additional trees on birds and
bats diminished rapidly.
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2.2.5. Trees in line

Title: Trees in line

Description: These are trees in a line following the dimension limits beldweyTican be
limited to features that are protected by GAEC 7, SMR 2 or SMR 3 dependit
the Member State.

No. of MS activated: 16

Dimension limits: Crown diameter minimum of 4m, space between crowns must be 5m ar less
MSs may include trees recognisegithem as valuable landscape features with
crown diameter below 4 metergn Hungary, trees in a line should be at least ¢
meters long.

Implementation rules:  None

Lines of trees are a frequent feature in European landscapes (McNaughtn1989). fiey are planted
predominately for the shelter they provide from wind and strong sunlight, to provide boundary distinction,
to dampen noise and hide undesirable features. They also offer a range of biodiversity and ecosystem
services. Whilst many of theserefits are common with those associated with trees in both hedgerows and
existing in isolation (see Sectioh2.3and?2.2.4) there are other benefits that tree lines offer specifically.

In common with all trees biodiversity use them for habitat, foragd ahelter. They can help form corridors
providing safe passage from one habitat to another. As is the case with hedgerows, bats prefer to fly
alongside tree lines rather than across open figBlsugheyet al,, 2011; TBP, 2002). One of the important
factors governing the value of a tree line for biodiversity is the age of the trees which in turn will be related
to the foliage densityJerzy(2004) undertook a study to consider the effect of a shelterbelts age, the presence
or absence of tree litter and thepecific composition of the tree line. It was found that the abundance,
biomass and diversity of wintering insects increase with the age of the shelterbelt. It typically ¢akgsads

for a shelterbelt to reach values comparable or even higher thanethgpical for 10Q150 years old
shelterbelts. The study also found that developing a large basal layer of herbaceous vegetation and selecting
fast growing trees improved the conditions for oweintering insects as this increased the formation of a
litter layer.Jerzy(2004) estimated that the treeline ovavintered ten times as many insects than adjacent
open fields. This sheltering effect is beneficial to biodiversity but is also beneficial to crops and provides
shelter to livestock.

Longterm studies undrtaken in Poland demonstrated the importance of tree shelterbelts as places of
refuge for a wide diversity and abundance of fauna (Ryszkostsii, 2002). Studies from elsewhere in
Europe and further afield agree with this conclusion and confirm thedtipesrole of shelterbelts for
biodiversity in the agricultural landscape (Paoletti & Lorenzoni 1989; Paoletti 2002) as places favourable for
overwintering and survival of often beneficial species éDad. 1988; Gangé& Llewellyn 1989; Wratten 1998)
andas barriers obstructing the penetration of crops by harmful species (Prevost & Wes}, 1990

In addition to biodiversity benefits, tree lines offer a range of other ecosystem services. There have also been
studies that have sought to identify the benefit ioee shelterbelts on agricultural land for reducing flood

risk. A study of this nature reported by Cargidlbl.(2004) demonstrated that strategically placed, small scale
planting of tree lines for shelter can be used to improve the infiltration cépatiextensive areas of grazed
permanent pasture and so they could contribute towards reducingaffireven when present as a small
proportion of the land cover.

Another benefit is their ability to reduce soil loss from wind erosion (Jose, 2009). Piraeatg]1992) and

others (e.g. Skidmore, 1986; Jose, 2009) describe tree windbreaks as an effective erosion control technique.
Bicknell (1991) describe tree line windbreaks as providing a moretésngsolution to wind erosion rather

than shortterm manayement decisions such as cover cropping. The author also points out that tree
windbreaks, by protecting soils from wind erosion, have an indirect value in the treatment of water repellent
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soils. Deep cultivation is one of the methods that can overcomemwageellence. This technique is not often

used because soils with water repellence are highly susceptible to wind erosion. In addition, recent studies
have suggested that extreme events, such as droughts and prolonged dry spells, under climate change could
increase the water repellency of soils. In the lgagn, this could reduce the capacity of soils to sequester
carbon (EC, 2011) hence the planting of trees may improve soil carbon sequestration as well as that of the
tree biomass. Studies have shown tlia¢ potential of trees to sequester soil carbon increases with species
richness and tree density. These factors also deliver the greatest biodiversity value (Jose, 2009).

Literature relating to the use of natural barriers such as tree lines to mitigateége drift was investigated

by Ucar and Hall (2001). The authors concluded that properly designed tree wind barriers are effective in
reducing drift and protecting notarget areas, sensitive features, crops and people but the complex wind
flow near tal natural features, such as tree lines, is governed by the local climate and topography and this
makes it difficult for recommendations for windbreak design to be made. However, important factors were
reported to be tree height, length, canopy density axminposition and orientatioras shape and dimensions

will greatly affect the aerodynamics of the windbreak aodsequentlyits effectiveness at reducing pesticide

drift. Height is the parameter most frequently considered as critical as sheltering efficienelated to the
treeline height. The tree line will give a sheltering effect over a distance of 15 times the height upwind and
60 times the height downwind (Rider, 1952). However, density (also termed vegetation porosity) is also
important. Dense tredoliage, especially when coupled with dense vegetation at the trunk base, will act like
a wall and force the wind and so the pesticide drift over the top decreasing the wind shelter effect (Schwartz
et al, 1995; Hageet al., 1971). In contrast a very pmus tree line will allow the wind and the drift to pass
through it whilst still deflecting some over the top. A medium dense winalbfers the best protection.

Bicknell (1991) describe management problems related to establishing windbreaks on oltlestaldished
agricultural land. Positioning the windbreak in the right location can often be difficult due to other
established features. However, once established there is littleagament cost.

The noise reduction effect offered by tree belts has &lsen studied (Fang & Ling, 2003; Jose, 2009; Harris
& Cohn, 1985). They found factors important for noise reduction include visibility, width, height and length
of the tree belts and found that the greater the biomass density the greater the noise reduefiect.
Foliage density, height, length and width of tree belts are the most effective factors in reducing noise rather
than leaf size and branching characteristics. In addition, tree belts are an aesthetiedongnd relatively

low cost means of hidg undesirable landscape features (Kuwanal., 2001).

Like green lanes (sefection 2.2.3), tree alleys have also been studied in recent years. These can be best
described as linear landscape features comprised of a relatively narrowiriagkgrass tsp or margin
bounded by lines of trees on both side. In many instances these linear tree arrangements do not have narrow
grass or road tracks in the centre but are used for cropping (alley cropping). Alley cropping is reported to be
a valuable approachiareas prone to soil erosion as the teg@ovide shelter (Quinkensteiat al., 2009;

Kang, 199Y. There are additional benefits in that the tree roots help increase water infiltration. The trees
also create a cooler microclimate over the crops and sobzamaluable in dry areas (Quinkensteinal,

2009; Tsonkovat al., 2012. In addition tree litter adds organic matter and nutrients and so improves the
soil fertility (USDA, 2012; Kang, 1997; Tsonlaival, 2012). Studies have also shown that thegeet of
features are particularly valuable for wildlife albeit most of it has considered hedgerows rather than
specifically trees (segection2.2.3) (e.g. Croxtoret al, 2002; Walkeet al., 2005; Kang, 1997; Tsonkasta

al., 2012). In one three year sty that did specifically consider tree alleys Seddoal. (2008) found that

after the three years several benefits had been noted. General site condition in terms of soil fertility and in
the noncropped tree edges there was higher plant species richtiessin comparable traditionally farmed

sites which improved structure, composition and so its ecological value. In Europe alley cropping systems
which integrate strips of short rotation coppices into conventional agricultural fields are receiving ingreas
attention. These systems can be used for crops and woody biomass production at the same time, enabling
farmers to diversify the provision of market goods (Tsonketval., 2012).
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2.2.6. Trees in groups and field copses

‘Tile: ~ Treesingroups and fiepses

Description: There are trees in group, where trees are connected by overlapping crown ¢
following the dimension limits below. They can be limited to features that are
protected by GAEC 7, SMR 2 or SMR 3 depending on the Member State.

No. of MS activated: 18

Dimension limits: Maximum area specified, varies with MS: 0.2 to 0.3haVallonia, the width
must be greater than 10m. In Germany, areas less than 50m? are excluded.
Croatia, areas less than 100m? are excluded.

Implementation rules:  None

Field copses can be described as areas largely overgrown with groups of trees and / or woody shrubs and
plants which are not used for agricultural productidimese tree and shrubbery arrangements offer many of

the same types of biodiversity and egstem services benefits that hedgerows (see Secfidh3),
woodlands and trees in a line (see Secldah5) offer. Indeed, very little research specific to groups of trees

and field copses exist, it being generally accepted that the benefits of theas aiél be akin to that of a

dense hedgerow and woodland. Copses are often integrated into hedgerow length providing a continuity of
habitats. When midield they are important stepping stones for mammals, birds and pollinators to navigate
across the fieldnd provide shlter and habitat for wildlife.

These areas can provide shelter, shade, habitat and food for wildlife. They can also redubemmdoil
erosion and help reduce both the amount and rate of runoff into watercourses, thus contributingotb fl
prevention measures in susceptible areas (see Se2tif).

Well placed wooded areas can also enhance wildlife habitats and collectively form networks of woodland
that allow plants and animals to expand their existing habitat. A study by @sh&f1993) found that there

was a relationship between species richness and woodland area, isolation and shape. Small wooded areas
could be species rich in both plants and growvaelling arthropods. Another study sought to identify the
influence of wood areasolation and management of small mammals (Fitzgibbon, 1993). The study used grey
squirrels(Sciurus carolinengias the indicator species and the focus was mainly on protecting newly planted
trees from damage. However, the study found that small mansmadre most likely to use large rather than

small wooded areas and preferred small areas if they were close to larger woods and/or dense hedgerows.
Therefore it further supports the value of habitat camtivity of the farm landscape.

Vanhinsbergtet al. (2002) examined the effects of woodland management and structure on the presence,
abundance and species richness of birds in 65 farm woodlands of various sizes and shapes created under
agrienvironment schemes in southern and central England. Over 50ettfbird species were recorded in

the woodlands in winter and breeding seasons. The geographical location, area, age and conifer content of
the woodland, nature of the surrounding farmland and adjoining field boundaries, and the use of herbicides
affectedthe occurrence of individual species at the sites. Species richness was positively associated with
woodland area and sites connected to hedgerows with trees had more species than sites connected to
treeless hedgerows. Smaller woodlands tended to suppaneater overall abundance of birds than larger
woodlands. Overall bird abundance and species richness was higher along field boundaries such as
hedgerows and walls or ditches with scattered trees than in the farm woodlands. The latter, however,
supported agreater overall abundance and number of species of birds than surrounding cropland. The
authors suggested that the creation of small farm woodlands provides habitat for several bird species that
are currently declining and is a valuable tool for promotimgl diversity. To maximise bird diversity, the
planting of small woodlands should coincide with the preservation of existing woodlands, trees, and
hedgerows.
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Due to the relatively small size of copses and tree groups there is a limit on the diveasitgnafs and plants

that can be supported. For nesting birds and bats suitable tree cavities for nesting and roosting will be limited
although on sites where conservation is actively managed opportunities can be enhanced by the appropriate
siting of bat andird boxes (Meddingst al., 2011).

2.2.7. Field margins

Title: Field margins

Description: These are a margin along a field boundary following the dimension limits be
They can be limited to features that are protected by GAEC 7, SMR 2 or SM
dependng on the Member State.

No. of MS activated: 17

Dimension limits: Maximum and minimum width, varies with MS: 1 to 20m

Implementation rules:  In Germanyand Hungarythey must be predominantly covered with grassy an
herbaceous plants, be adjacent to bla land and have no agricultural
production. In Sweden field margins must be uncultivated on arable land, sh
be maintained at least until the harvest of the main crop, and cannot be situ
on or contiguous to areas with land laying fallow.

Field magins are an integral part of Europdowland agricultureThey are best described as the area of land
between the crops and the field boundary and are considered to provide a vital habitat for plants, birds,
mammals and insects. Many farmland speciesehakeclined over recent years due to agricultural
intensification, so arable field margins provide vital havens for these species. A considerable amount of
research has been undertaken to understand and evaluate the value field margins offer to biodmedsity
other ecosystem services.

A study undertaken by Korpeéd al. (2013) investigated how field margins rich in wild flowers (wild flower
strips) could help mitigate biodiversity loss on the farm. The study focused on pollination services (using
bumblebee abundance as a surrogate indicator) apkcies diversitysing the total species richness of
bumblebees, butterflies and moths was used as an indicator. Results from the study showed thatittbwer
margins offered benefits for pollination as bumbleba&ieundance increased strongly in the first two years
following establishment and stabilised from year three. Species diversity followed the same pattern,
increasing significantly for first two years, then stabilised from year three. Broader conservatiefithe
guantified by using habitat specialist butterflies as surrogate indicator, increased more slowly and the real
benefits were not seen until year three. The benefits seen in all areas were independent of experimentally
varied strip properties such avape, wild flower composition, and placement, the same benefits being seen
for open field parcel edges, between cropping fields, next to a foredtlad middle of a field parcel.

The occurrence of pollinating insects in field margins with different tedigm was studied in field
experiments conducted by Lagerkidfal. (2003) whereby the communities of pollinating insects in reclaimed
field margins were compared with those of a margin with a naturally diverse flora and an adjacent pasture.
The study foad that sown leguminous plants added to the reclaimed margins were very attractive to most
insect groups, especially pollinators. Butterflies were found in all vegetation types. It was concluded that
flowering plants with field margins can give highly pesieffects. Positive management and conservation

of field margins and hedgerows will increase the abundance and diversity of pollinators (Stanley & Stout,
2013)

In a similar study that looked at the plant composition of field margins in terms of theértebrate
biodiversity, Meelket al., (2002) compared five types of field margimopped; sown with a tussocky grass
mix; sown with a grass and wildflower mix; split margirs§ocky grass adjacent to hedge and grass and
wildflower next to crop) and natral regeneration. The study found that each margin type had a distinct
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vegetation profile by their first midummer. The cropped margin was the least favoured in invertebrates
with the other margin types containing double or more numbers of invertebrates a similar area. Only

one species, the carabMebria brevicolliswas trapped in higher numbers in the cropped treatment than on
any sown margin, and then only in autumn. With respect to the other four margin types preferences
depended on the invertetate type. As would be expect the pollinators and flying insects preferred those
margins containing flowers and Harvestmen in autumn rejected the natural regeneration margin in favour of
any sown treatment. The study findings clearly demonstrated that sielth margins can rapidly produce
substantial biodiversity benefits on arable land, with the resulting fauna influenced by the type of field margin
created.

Many bird species also make good use of field margins for foraging. An observational studyfarflgird

habitat selection on lowland mixed farmland, in relation to underlying invertebrate and vegetation
characteristics was undertaken by Dougtasl. (2009). The study used breeding yellowhamm&mmberiza
citronelld as the indicator specie§.he study identified a clear seasonal shift in the relative use of field
margins and cereal crops. Margins were used less than crops in late summer despite high invertebrate
abundance relative to cereals. Vegetation height was much higher in late summer thugtjest the lack of

use by the birds at this time was related to height reducing food accessibility. When the margins were cut
the use of the cut patches by the birds increased. The authors concluded that the provision of invertebrate
rich field marginss important for farmland birds but their value will be reduced if they areaut.

A review by Vickergt al. (2009) considered how field margins can be best managed to provide a rich source
of food for farmland birds. The authors made a number of caichs.Grassy strips tend to be limited in the

bird food resources they offer but potentially supply grass seeds and, depending on the complexity of the
sward structure, a range of arthropods. If strips are selectively managed and perennial forbs arecadded
grass mixture this will provide a more diverse plant and invertebrate food resources for birds. The availability
of seeds and invertebrates on uncropped margins is strongly influenced by management, particularly cutting,
cultivation and herbicide useCropped margins with reduced chemical inputs and wild bird cover crops can
provide relatively high food resources compared with a conventionally managed crop. However, resources
are only present until harvest, their plant communities are relatively poararthropod abundance is usually
lower than in uncropped margins. The best winter food supplies for birds will be provided by options that
create seeetich habitats in winter. The best summer food supplies will be provided by options that create a
structurally and floristically diverse sward. The least valuable margin in terms of food resources is a grass
only strip. On an arefor-area basis, field margins will potentially produce food resources for birds more cost
effectively than whole farm practicesish as organic farming, though the value of margins will depend on
their management and the diversity of margin types at a farm sd@deause no single margin type can
provide the optimum yearound food supply, different types of margins and indeed défe types of
habitats, such as hedgerows, should be incorporated at the farm level, but appropriate management is
needed to deliver their benefits.

Some researchers have investigated the value of field margins for enhancing beneficial insects and so
improve natural pest management of crops. For example, a population study investigated if the benefits of
field margins established for conservation of northern bobwhite g{@alinus virginianysextended to the
enhancement of biological pest control in addatfields (Olson &acker2007). The densities of a selection

of insect species and the predation and parasitism rates of insect pest species were measuredaimdfirst
secondyear field margins established for bobwhite quail as well as in an adjao&onhacrop. The study
demonstrated that field margins designed to specifically benefit one select species may be unsuitable for
providing other ecological services. By making small adjustments in the vegetative composition of these field
margins to ensur@ more diverse structure, such as adding early season npodducing plants, it may be
feasible to combine biodiversity and pesintrol benefits and thereby optiree the overall ecological
services to be gained. The findings of this study are similtiase of another conducted by Smitt al.

(2008) that the greatest biodiversity benefits of field margins were seen if the margin is managed to target
certain species groups, such as farmland birds and pollinators. The authors also considered whiisffect
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management approach might have on soil fauna. They found that soil biodiversity was greater in the field
margin than in the crop. Within the margins, management had a significant effect on soil macrofauna.
Scarified plots had lower populations andsaliversity of Isopods. The species composition of scarifi¢sl p

was similar to crop plots.

Management of field margins helps define the benefits these areas have for biodiversity. Several studies
reviewed herein considered the interactions between fledd margin and broader agricultural activities and
functions. Marshall and Moonen (2002) found that agricultural functions such as the application of fertilisers
and pesticides had strong effects on the field margin flora and the broader biodiversitg afargin may
influence the other species on the farm especially farmland birds. However, the authors found that the
benefits were not all positiveFor example, strong populations of some plants may spread into crops
becoming field weeds. In addition, mggns are also attractive to a variety of insects not all of which are
beneficial and this may have implications fbe pest management activities.

An early study undertaken by De Snoo (1999) sought to identify the biodiversity benefits of reduciriggestic
drift on field margins and found that the presence and abundance of plants associated with arable farming
increased substantially in the unsprayed edges, as did the flora value of the vegetation. The impact on epigeic
soil invertebrates was relativetyinor. However, there was a pronounced effect on phytophage insects. The
number of visits to the unsprayed edges by insectivorous birds also increased.

Musterset al. (2009) investigated the benefits of taking field margins out of intensive cultivatiensiTioy

found that newly established grass margins are less speciethan field boundaries with a long history,
justifying the expectation that field margins, if properly managed and given time and appropriate seed
sources, could develop into relatiyedpeciesich vegetation. The study also found that plant species richness

of the field margins increased in the years following establishment over a period of four years. Over the four
year period shifts in species composition were recorded indicatidgcaease in soil nitrogen. The most
striking result was the marked increase in the plant species richness of the adjacent ditch banks in the five
years following creation of the margins.

2.2.8. Ponds
Title: Ponds
Description: These are ponds that meet tltgmension limits below. Member States may

decide that a strip with riparian vegetation along the water with a width of up
10 meters is included in the size of the pond. Member States may also esta
criteria to ensure that ponds are of natural vaJuaking into account the role
that natural ponds play for the conservation of habitats and species. They c:
limited to features that are protected by GAEC 7, SMR 2 or SMR 3 dependit
the Member State.

No. of MS activated: 12

Dimension limits: Maximum and minimum area specified, varies with MS: 0.01 to 0.5ha

Implementation rules:  Reservoirs made of concrete or plastic shall not be considered EFA.

There is no globally recognised definition of precisely what constitutes a, @tmbugh in the UKfor
example ponds are often defined as a permanent or seasonal waterbodies betweératd® ha in surface
area(Freshwater Habitats Trust, n.dAs a result the term encompasses waterbodies with a wide range of
surface areas, depths and origins (natusad manmadg (European Pond Conservation Network, 2008).
What is not in doubt however, is that there are a very large number of such bodies across Eurepample

the UKhas400,000 (0.0022 ha), France 1 million (<0.5 ha) and Denmark just undejo020(0.015 ha)

such waterbodies (European Pond Conservation Network, 2008). Consequently, they account for a
considerable percentage of the available standing waters. 97 % of discretgtanding waterbodies in the
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UK and therefore have significanheironmental potential, despite significant loss of this habitat in some
countries over the past centuryvith 50-90 % not being unusug@European Pond Conservation Network,
2008).

In biodiversity terms, ponds are an extremely important habitat or groupaditats, having been shown to
support both a greater number of species and in many cases rare spéuidsding amphibians,
macroinvertebrates, macrophytes, etthan many other aquatic habitatsuch asiversandlakes(Biggset

al., 2005; Nicolett al., 2007; Biggs, 2007; Davigtsal., 2008; Céréghino etl., 2008). Natural pond systems

are characterised by the wide range of habitats they provide, including a variety of surface areas, deep open
waters, shallow shorelines, open and shaded banksnsuped, floating and emergent vegetation, and so

on, meaning that they are both individually and within a geographical area structurally and ecologically varied
(Céréghino eal., 2014; Daviest al.,, 2008). Equally, ponds provide for a range of succeakstages, with a
life-cycle which naturally encompasses a gradual filling with sediment from the surrounding catchment,
shallowing and eventually dryinglbeit that the period over which this may occur will vary from site to site,
and all stages in thiprocess have their own biodiversity signatures, none of which are intrinsically more
valuable than othersalthough some may be rar¢Biggset al., 2005). Even ponds which to the untrained

eye possess littlgaluemay be of importane tobiodiversity. Nowere is this more evident than in the case

of temporary ponds, which for a significant part of the year may dry up altogether, such that their importance
is easily overlooked making them highly susceptible to damage and/or loss. Nevertheless, they are now
recognised as being of considerable importance, particylaithough not exclusivelyin Mediterranean
regions (Nicoleat el,, 2004). The harsh environment they present may be a barrier to many species, and this
often results in them possessing loweesges richness than permanent waterbodies; however, it also leaves
the door open for rare species which would otherwise be outcompeted in a permanently flooded situation
(Céréghincet al,, 2008; Nicolett al, 2004). As a result, Mediterranean temporagnps are a Natura 2000
habitat (Ruiz, 2008), and are included as a Priority Habitat for the EU under the auspices of the Habitats
Directive (Oertlet al.,, 2005).

In addition, and despite having been viewed as such by some past researchers, ponds ram ftagifg
isolated habitatislands set in a sea of dry lan@iggset al., 1994, 2000). Indeed, they interact extensively
with the aquatic and terrestrial environments which surround them (Cérégetral.,, 2014; Miraclest al.,
2010; Biggst al,, 2000) The role of ponds and pond networks is discussed further in SezBon

Ponds also have an important role to play in the delivery of a wide range of other ecosystem services
(Céréghincet al, 2014, 2008), including those related to water quality, flondnagement and climate
change mitigation and adaptation. In particular, they Ganorrectly managededuce the contamination of
downstream waterbodies with nepoint source pollutants, including some which are of great significance
with respect to agculture, such as sediments and nutrients (Miraeteal,, 2010; Céréghinet al., 2014;
Ockenderet al,, 2014). Some catchment models have suggested that small waterbodies could remove 50
60% of phosphorus and 4220% of nitrogen, without any additional rasures being added (IGER, 2002; Biggs,
2007; Braskerud, 2002a, 2002b), although they are probably best integrated with other meagwiess

buffer strips(Ewaldet al., 2012; Natural England, 2010; IGER, 2002). In doing so they could have a significant
impact on local water quality, although at the scale of very large catchments it may be impossible to provide
sufficient ponds to have a significant water quality impact (Pasal, 2012). The key factors in determining

a pond systems suitability for decing nompoint source pollution include vegetation type, water
temperature (seasonably variable) and residence time, which is itself dependent on climate and catchment
pond ratig although recommendations for this in the literature are very varigBR, 2002), with a series

of ponds being likely to be more effective than a single waterbody (IGER, 2002).

In terms of climate change mitigation, ponds may (due to their vast number) sequester considerable amounts
of carbon, with a 500 Apond capable of satestering 1000 k& yr* (Miracleet al., 2010; Céréghinet al.,,

2014). However, this benefit may be offset somewhat by emissions of, for examplealtbbugh there is
evidence that this can be reduced by ensuring a high level of aquatic plant coiere@ial., 2011). As far

32



GUIDANCE AND TOOLSWUPPORT FARMERSAKING AWARE DECISSQN
ECOLOGICAOCURRES HNALREPORT

as climate change adaptation is concerned, a sufficiently dense network of ponds may provide a means by
which aquatic organisme.g. amphibiansmight move to new habitats in response to changes in climate
(Biggs, 2007). In tersnof flood managementwhich climate change may cause to be an increasingly
important issue in some parts of Europe, strategically located ponds may be utilised to attenuad# run
events, with significant implications for catchment flood risk (Biggs/ 2G@r example, it has been estimated

that (in England) the installation of 10,00¢ km of pond storage would be able to absorb all the runoff
resulting from typical heavy rainfall events within that area (Cérégeiral,, 2014 and Biggs, 2007).

Cleaty not all of these ecosystem services are wholly compatie examplethe importance of clean water

for pond biodiversitys highlighted by a number of authe (e.g. Natural England, 2010)sasnething which

may not always be compatible with the gadilusing them to clean up ngpoint source pollution, although
examples do exist of the two being done simultaneously. using sequences of ponds which become
progressively cleandBiggs, 2007). Equally, some sources suggest that ponds used to redlutiem may
become nutrient rich, and potentially become a source of pollution in their own right, necessitating dredging
of polluted sediments (IGER, 2002), something else which may not be compatible with the needs of
biodiversity. Nevertheless, it ise@r from the above examples that despite their limited individual size, farm
ponds (like many others) have an important role to play in the delivery of a number of desirable
environmental outcomes, if they are appropriately managed.

Although pond biodiverty is in part controlled by natural site specific factors beyond the scope of
anthropogenic management, including climatic and biogeographic location, and elevation (Cétghiino
2014), there is much which can be done to maximise environmental hen€fir example, it has been
demonstrated that what is central to their conservation value is the varied nature of the habitats they provide
(Davieset al., 2008), and consequently, many management guidelines focus on the provision of as natural as
possibé structures €.g. Pond Conservation, nid.Although hard and fast quantifiable rules for the
creation/management of ponds are difficult to establish, a number of basic principles are evident from the
published literature often based on observed statistil relationships, many of which contradict the
established wisdom of decades (Biggsal., 1994). It is worth noting at this point however, that patterns
which hold true in lowland environments may or may not be consistent with those found in alpitietaca
Hindenet al. (2005) for example found that although some relationships followed the same trend in both
altitudinal belts e.g. there was a positive relationship between pH and Odonata richness, others gained or
lost importance with altitude, or ineked had a positive relationship with biodiversity measures at altitude
and a negative relationship in lowland areasy. conductivity, or vice versa. Neverthelesshumber of
properties have been demonstrated to play a role in determining pond biodiyenscluding:

Hydroperiod

Sze, although there is evidence that this may have little importance for most sp@0ieli et al,, 2002)
Vegetated areawhich may be a better indicator than si@eeet al., 1997)

Water quality

The level of connectivity beteen ponds and other ponds/aquatic habitats (Céréglahal., 2008)

=A =4 =4 =4 =9

The extent to which these apply will vary between species and groups of species €0airfl002). In the

case of hydroperiodor example, it used to be the established wisdom thangs should not be allowed to

dry up and that stable water depth should be maintained wherever possible. However, this ignored the now
widely recognised value of temporary ponds, and the fact that the seasonal drawdown zone has been shown
to be one of therichest a site may possess, with a number of spegeadicularly plantsevolved to take
advantage of an environment that progressively dries out (Willi@nhsal, 1999). Consequently, this
recommendations no longer prevalent in management guidelinbsjng replaced by the need to maintain

a natural hydroperiodd.g. Bigget al., 200J). Similarly, pond management guidelines often suggested that
ponds should be dredged to prevent them becoming chocked with vegetation and/or silt, when in discussed
aboveall ponds are to some extent transitory bodies, with a naturaldifele all parts of which are valuable,

and which inevitably includes siltation and gradual shallowing and drying (Bighs1&t94). Consequently,
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unless rates of siltation have becomausually high, it may be better to allow ponds to evolve, and instead
focus on aredbased management regimes (see below). The same goes to some extent for shédthgs

often cited as being detrimental to pond biodivergBiggset al., 1994, 200} since so long as this is kept to

a reasonable level (Gest al, 1997) it can in fact be beneficial in increasing biodiverstiter all many
natural ponds will hee existed in afforested areag/{lliamset al., 1999. Macrophyte species richness has

for example been shown to increase with the proportion of the margin shaded, up to a maximum of 22% for
emergent plants and 30% for floating/submerged plants (€eal, 1997). In addition, stocking of ponds

with desirable species is often unnecessary (Hwhaal., 2012) and potentially undesirabl&ocking with

fish, for example may negatively impact on numbers of Odonata due to predafdeeet al, 1997), if new

ponds are sited within the vicinity of suitable natural repopulation sources, indeedpoemis have been
shown to be colonised quickly and may contain a greater range of spewikgling rare speciesperhaps
favouring those more suited to a less established environment than those established for a greater period of
time (Geeet al,, 1997;Williamset al,, 2008).Clearly then, it may be that the level of management required

for any individual pond may not be as intensive as might once have been assumed, instead more holistic
catchmentbasedmanagement may be appropriate (as discussed ini@e2i3).

Many exsting ponds in agricultural areas have been installed for reasons other than environmental
managementfor example to provide yedong irrigation water. Some of these may therefore have been
constructed with artificial substrates (plastr concrete), and such systems tend to have a significantly lower
number of zooplankton species than mdmatural ponds (Miraclest al., 2010), with knock on implications

for higher species, and may be structurally simplistic, providing limited hagittbility for some species.

For example, Ferreira and Baja (2013) found that artificial irrigation ponds could offer little scope for
amphibian conservation, due to their dissimilarity with the natural temporary waterbodies of the region.
More sympatheically designed manmade ponds need not be considered as being fundamentally different
to naturalponds(Céréghinaet al., 2014; Sebastia®onzalezt al,, 2010); indeed there is evidence that pond
biodiversity is more strongly controlled by ecological psses with may affect any type of ponth creating

new pondsfor biodiversity therefore, care should be taken to replicate in as far as practical natural pond
shape and structure, so as to maximise the variety of environmental niches, and ensure satzitae for

target species. Although it should be stressed that care is needed to ensure that pond creatioft doesn
destroy valuable prexisting habitats (Biggd al, 1994).

Temporary ponds have particular pressures and maintenance needs reflectingréimsitory nature (Biggs

et al, 2001; Dimitriouet al,, 2006, Nicoleet al, 2007). As already noted, temporary ponds are especially
vulnerable to damage or loss, by for example, overgrazing which damages the natural plant assemblage,
either through ivestock eating the vegetation, or through them excessively trampling the ground (Dimitriou
et al,, 2006). Equally however, intensive agriculture often lowers local watdes e.g. though deliberate
drainage or abstraction of for irrigation, reducingetperiod for which the pond may be flooded, or the extent

of that flooding, and often results in pond sites receiving additions of nutrients and/or pesticides (Dimitriou
et al,, 2006). Although all management requires site specific emphasis, key to tregeraent of temporary

ponds is the maintenance of a natural hydroperiod which allows for winter flooding and summer drying
(Dimitriou et al, 2006). Consequently, interfering with pond morphology, for example by altering or
deepening the bed should be aved, particularly in the dry season as this may result in the loss of wild plant
seeds and macroinvertebrates (Dimitrietial, 2006). Equally, it may be necessary to keep some livestock
away from the pond area even when dry, so as to minimise the danfegenay cause, although if invasive
plant species are a problem grazing by appropriately chosen livestock may in fact be beneficial. Indeed,
mechanical and/or chemical intervention may be necessary in some cases €Balg<2001), although it
should alvays be done with considerable care. Other amendmesiish as topping up from neighbouring
watercourses, which as well as amending the hydroperiod maya#itse pollutants on to the siteshould be
avoidedif possible instead opting for dess is moreapproach to management (Biggsal.,, 2001).
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2.2.9. Ditches
Title: Ditches
Description: These are ditches, including open watercourses for the purpose of irrigation

drainage, that meet the dimension limits below. They can be limited to featu
that are protected by GAEC 7, SMR 2 or SMR 3 depending on the Member
No. of MS activated: 15
Dimension limits: Maximum width specified, varies with MS12m
Implementation rules:  Channels with walls of concrete shall not be considered EFA.

Ditches arananmade or severely altered watercourses, often characterised by marked temporal fluctuations
in water depth, sometimes including periods of complete drying (Herzon & Helenius, 2008); beyond that
however, they can vary considerably in both their physicale and other physical properties. Some open
field drains for example, maye little more than 20cm wide and dry except during periods of precipitation
and/or snow melt, whilst main drains may exceed 10m in width and constantly have at least some water
content (Herzon & Helenius, 2008). They can also be structurally quite complex, consisting of an aquatic
component which is often relatively shallow, an underlying substrate, a bare earth or vegetated bank and
often some form of wider margin, although thize of these components varies considerably both spatially
and in some case temporally (Herzon & Helenius, 2008). Nevertheless, despite their artificial characteristics,
within intensively farmed landscapes, ditches can replace lost natural aquatic feaauré may be one of

the few remaining biodiversity resources (Blomgwsal,, 2003), which in some cases at least can support
considerable biodiversity, including species of conservation value (Clarke, 2014). This however, is easily
threatened by presses such as the use of herbicides and other pesticides too close to the top of the bank,
damage by grazing livestock, nutrient enrichment through fertilizer applications in the local area, and falling
water levels as a result of continued land drainagen(ifageet al.,, 2002).

In terms of aquatic biodiversity, the biological communities associated with ditches can be expected to vary
from those of other waterbodies as a result of their being linear features, with high edge ratios, and therefore
subject to a intensive exchange of matter and biological organisms between themselves and the
surrounding terrestrial environment (Herzon & Helenius, 20B@)\wever, vihat is equally important is that
ditches often have different characteristics to other waterbodieshie area, allowing for the development

of different ecological communities (Armitage al, 2002). Consequently where comparisons with the
biodiversity of other aquatic features exist they tend favourable, suggesting that ditches, despite often being
manmade features make a valuable contribution to the overall biodiversity of agricultural landscapes
(Armitageet al,, 2002). In Finland for example, ditches which take the form of canalised natural streams (i.e.
generally wet), have nevertheless been foundsupport spawning grounds for Brown trowdlmo truttg

(Herzon & Helenius, 2008). Whilst frogs and newts have been found to benefit from ditches which
periodically dry out, since such systems tend to exclude the predatory fish which can take a Heany to
juveniles, yet they are still of assistance in facilitating movement across the agricultural landscape (Herzon &
Helenius, 2008). Ditches can also be useful habitats for threatened crayfish, particularly if they are associated
with overhanging vegetamn and there is clean water, although it has to be acknowledged that this is
uncommon in many agricultural areas (Herzon & Helenius, 2008). As far as aquatic flora is concerned, ditches
are characterised by regular management followed by recolonizatiohgaadual change, leading to spatial

and temporal variability in plant community composition and structure (Herzon & Helenius, 2008). Indeed,
this is an important property of such environments, since the different stages of hydroseral succession
support dfferent communities of invertebrates, and therefore have value in their own right (Herzon &
Helenius, 2008), and it is human intervention that ensures the continued presence of such a diversity of
habitats.

In addition, ditch systems (which include thenkaetc.) support a considerable diversity of terrestrial flora
and fauna. For mammals, such as mice, voles, wateraraleotter for example, ditch areas provide cover
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from predators, corridors for movement and feeding habitat (Herzon & Helenius, 208INE farmland

bird species richness has been shown to relate well to the heterogeneity of farmland habits, something to
which ditches and their surrounds contribute significantly (Herzon & Helenius, 2008). They are particularly
useful in terms of the mvision of damp soil for probing feeders, permanent water for aquatic invertebrate
foods, sparsely vegetated areas to allow access to soil invertebrates, rank emergent vegetation for nesting,
and bush/tree groups for nesting and/or serving as singing po#tszon & Helenius, 2008). On a smaller
scale ditch banks/margins support invertebrate communities, the structure of which is dependent on the
vegetation present (e.g. the presence or absence of nectar producing plants and successional stage), as well
as general site characteristics such as aspect, protection from wind and availability of shade (Herzon &
Helenius, 2008). Such properties for example make ditches, hydrologically unsuitable for species such as
dragonflies (Herzon & Helenius, 2008).

In terms d terrestrial flora, ditches support a greater diversity of plants than either cropped areas or sown
field margins; although most species are relatively common and carbalfmuind elsewhere on the farm
(Herzon & Helenius, 2008). In addition, such envitents generally favour species tolerant of high nutrient
status and common herbicides, which can lead to a reduction in plant biodiversity in favour of those species
capable of taking advantage of a nutrient rich environmemtd thusoutcompeing speciedetter suited to

low nutrient status environments, and thereby colonise new areas (Blomgpéd: 2003). As a result, some

of the species present may be considered weeds (Herzon & Helenius, BB@&ver, work carried out in

the Netherlands has showmat species previously common in wetland areas, grasslands and dry hayfields,
but which now have high conservation value, may now only be found in ditch banks (Herzon & Helenius,
2008). In general, a greater diversity of plant species can be found inbditits associated with grasslands
than croplands (Clarke, 2014), although there are some which are less tolerant of grazing and which may
therefore be more commonly associated with cropped areas (Herzon & Helenius, 2008).

As many species (e.g. invertebraléhave limited scope for dispersal, being located close to other ditches
and aquatic habitats is important for controlling a waterbodies species composition, as are its water quality
and dissolved oxygen status (Herzon & Helenius, 2008). For examplestaties have indicated that the

lack of suitably local recolonization sources, can be used to explain the fact that the management of ditch
banks to enhance plant species diversity, a popular element in theeagiionment schemes of some
countries, hasn some cases failed to deliver the expected biodiversity benefits (vaneDik, 2014;
Geertsema & Sprangers, 2002). However, many ditches are connected to larger (often natural) waterbodies,
and as such may themselves serve as important refuges frenintpacts associated with high flow and
pollution events, and pathways for recolonization dispersal, allowing the wider aquatic environment to
recover from those disturbances (Clarke, 2014; vanddigt., 2014).

Ditches also play a role in a number d@her ecosystem services including water regulation and quality
management, and crop pollination and biological forms of pest control through the species communities they
support (see aboveHerzon & Helenius, 2008). As far as water is concerned, thdiyafi@cihe accelerated
transfer of water away from agricultural land, and in so doing may inadvertently act as conduits for the
movement of pollutants such as nutrients and pesticides, into receiving waters (Herzon & Helenius, 2008).
Equally however, thegan lead to the retention of flow, and consequently aid in the removal of such
pollutants through mechanisms such asiméltration in marginal and/or aquatic vegetation and sediment,
and enhanced solar degradation (Herzon & Helenius, 2008). Key howether water quality characteristics

of agricultural ditchesare the mechanisms associated with the movement of the fine sediments (which tend
to bemore prevalent in ditches than stream environments) to which phosphorus tends to be adsorbed, either
becase it was carried into the drainage system on that sediment, or because of subsequent adsorption to
ditch sediments (Shoret al, 2015). As such, the potential for phosphorus to be transported to receiving
waters is a function of the potential for sedimemovement, which is in turn controlled ke physical
characteristicof the ditch(Shoreet al,, 2015). Shoret al. (2015) in their study of farmland ditches in the
Republic of Ireland for example, classified waterbodies based on a combination cfltipeir(gradient) and
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catchment area, with those ditches with steeper gradients (high rates of flow) and draining larger areas
(having greater levels discharge) being prone to greater sediment and phosphorus transport.

This process can however, be amendbych number of within ditch processes, with implications for the way

in which ditches are managed so as to maximise ecosystem benefits and mimimidsas The development

of ditch soils, where a soil is defined as being capable of supporting rooted plgiorm horizons as opposed

to poorly structured loose sediments, has been identified as a potential mechanism for the removal of aquatic
pollutants (Needelmaret al., 2007). This includes, but is not limited to, phosphorus, due to its tendency to
be sedment bound; however this nutrient can move between particulate and soluble forms, depending on
the conditions prevalent at a site (Needelmetral., 2007). For example, periodic oxidation of ditch soils and
sediments through drying out, may result in tipeecipitation of iron minerals with a high phosphorus
sorption capacity, whereas processes which increase water retention, may inadvertently lead to a decrease
in the phosphorus sorption capacity of bed sediments, through the reduction of iron fromrits fE€*) to

its more soluble ferrous (Fg form (Needelmaret al, 2007). In addition, the presence of sulphates, which

in agricultural systems may come from sources such as poultry manure, may reduce phosphorus retention,
since in highly anaerobic ditcsoils, they may be microbiologically reduced to produce sulphides which then
tend to preferentially bind to iron, resulting in the release of previously bound phosphorus into solution and
reducing subsequent phosphorus adsorption capacity (Needebhal 2007). However, this may be offset

by a reduction in the solubility of ferrous minerals leading to their retention when they would otherwise be
lost (Needelmaret al,, 2007). In contrast, low concentrations of sulphides may however, be beneficial in
terms of binding heavy metals, and preventing their downstream movement (Neededtnaly 2007), if
preventing their movement into other habitats is seen as beneficial, even if this results in their build up within
ditches themselves.

It should be remembeiethat most ditches have been installed for the purposes of improving drainage, and
are therefore managed to maintain that function, including keeping water levels relatively low and the
regular clearance of vegetation, something which can be to the detrirto biodiversity, lowering a dit¢h
conservation value (Twislt al., 2003; Clarke, 2014). Nevertheless, some approaches to management are
liable to be more or less damaging than others. Tweiskl. (2003) for example, found that as well as a
reducedfrequency of ditch management being associated with higher aquatic plant diversity, the removal of
vegetation using a mowing drum had a more damaging effect on emergent plants than other forms of
mechanical removal, whilst dredging using a suction pipepm®sed to a pushovel also led to reduced
diversity. This latter case was contrary to expectations, since suction pipes generally remove less vegetation
with the sediment and might therefore be expected to be less damaging; however, this is thoughtite b

to the increased damage associated with the jshibvel actually favouring pioneer species, which can then
take advantage of cleared sites (Twatlkal.2003). Equally, clearing too late in the year was found to be more
damaging than doing it in theummer, possibly due to the fact that early clearance allowed for a degree of
vegetative recovery prior to the winter period (Twiskal., 2003).However,in generalthe quality of ditch
environments is a function ahe following(Clarke, 2014; Herzon l&elenius, 2008):

9 Geographical context: for example being in former wetland locations where there is an underlying
biodiversity pool.

Physical structure: including the diversity of mitrabitats present, and the crosectional form.
Composition and struare of vegetation: successional stages, submerged/floating/emergent plants.
Water quality: good quality water improves ecological value.

Water availability: hydroperiod, depth, flow rate.

= =4 =4 =4

These characteristics are of course themselves a function of gipeghand size, as well as the surrounding
agricultural and natural environment (Herzon & Helenius, 2008). It is clear from this list however, that there
are a number of ways in which these can be managed to the benefit of ditch biodiversity, with synpathet
management aiming to produce a range of water depths, bank profiles, and so on (Clarke, 2014). For
biodiversity value to be maximised, good quality management is required, for example by halting the
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hydroseral succession at a point where there is sefiicopen water to allow for a varied macroinvertebrate
community structure (Armitaget al, 2002). In peat areas, low ditch water levels favour common plant
species, so it has been suggested by some authors, that raising water levels may be an efiemtisef
improving plant biodiversity status (Twiskal, 2003). Similarly, ditch banks may be managed in such a way
as to benefit biodiversity by ensuring that cutting is timed so as to maximise the opportunity for seed setting,
which in turn produces greater available seed resource for dispersal, aiding in ditch bank restoration (Leng
et al, 2011).

In terms of actions which may prevent the movement of phosphorus from ditch networks into receiving
natural or semnatural waters, there are a number mfanagement actions which may retard the movement

of fine sediments, and therefore the pollutants attached to them (Skebid., 2015). In ditches with relatively
shallow gradients for example, there is a significant opportunity for the retention of ssdénsuch that

their periodic removal may be advisable (Shetal., 2015; Clarke, 2014). It is a concern with using ditches
as a mechanism for sediment/phosphorus removal that, much as in the case of constructed wetlands,
nutrient removal may reduce ovedime (Mooreet al,, 2010), and the accumulated material may become a
source of contamination under high flow conditions. Some ditch sediments have been shown to accumulate
concentrations of mobile phosphorus fractions similar to those found in eutrojhies, and these may
subsequently prove a threat to aquatic biodiversity both within a ditch and its receiving waters (Hill &
Robinson, 2012), particularly where material is rapidly mobilised by flood waters. Sediment removal
minimises the likelihood of ik happening, although removing fine sediments from the channel also means
that they are no longer available for adsorbing phosphorus from the water column and as discussed above,
there could be negative consequences for biodiversity (Sabat, 2015; Moreet al, 2010). Such negative
impacts could however, be reduced by ensuring that dredging is restricted to the summer, when there is less
phosphorus in the water column and fish have finished spawning and incubating eggsdSaiqra015).
Ditches m which there is a moderate potential for sediment retention should be managed so as to minimise
mobilisation through, for example, the encouragement of vegetative growth (Neededtnan 2007). It has

to be acknowledged however that such actions may b®entirely compatible with drainage (the primary

role of most ditches), and steps may need to be taken to minimise any negative impacts in this respect,
including the control of woody vegetation (Shageal., 2015). It may also be possible to amend af&n
design so as to either reduce flow rates or the likelihood of erosion through overland flow abr015;

Smith, 2009). Where water tables are deep for example, ditch deepening/widening may reduce the velocity
of flow and therefore the abilityad mobilise sediments, whilst where water tables are high the same actions
may lower the water table and reduce overland flow, although it could also increase flow rates é¢6hbre

2015; Smith, 2009). In ditches where there is limited scope for sedinetarition however, it may be more
appropriate to manage the catchment in such a way as to minimise nutrient entry into the ditch in the first
place (Shoret al., 2015), although there is clearly an argument for doing this anyway.

For nitrogen, as well asome of the above actions potentially having an impact, it may be possible to use
low-grade weirs or other mechanisms which increase water retention, to provide the conditions suitable for
denitrification to occur (Krogeet al, 2014). Such systems inase hydraulic (and therefore chemical)
residence times, whilst increasing water holding capacity, such that the anaerobic conditions required for
denitrification may be more prevalent (Krogeral,, 2014). However, there is some evidence that the success
of such systems decreases with time such that intermittent clearing may be required (letéeer2014);

and asdiscussed above there may be negative implications for phosphorus retention. Excessive nutrients,
including nitrogen, may also be removed thgh judicious weed cutting, although as in the case of dredging,
the material removed must be disposed of in such a way as the nutrient contemdt is1 danger of
subsequently reentering the system. In all cases however, unless the supply of nutriend&dioes is
reduced, then water quality is unlikely to be improved in the kogrgn, and species favoured by high nutrient
levels will remain. Indeed, some authors have suggested that once such species have colonised an area, they
may persist for some coitgerable time even if nutrient levels reduce to a point at which their initial
colonisation would have been unlikely (Blomgestl, 2003; Needelmast al.,, 2007).
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2.2.10. Traditional stone walls

‘Tile: ~~ Traditonal stonewals

Description: These are sine walls that meet the dimension limits below. They can be limi
to features that are protected by GAEC 7, SMR 2 or SMR 3 depending on tf
Member State.

No. of MS activated: 7

Dimension limits: Maximum and minimum width and height specified, varieiwiS:Width: 0.25
to 4m, Height: 0.3 to 5min Germany there is a minimum length of 5m.

Implementation rules:  None

Dry stone walls are often dominant field boundaries where rocky outcrops are common, the soil is thin and
the climate is too harsh for hegrows, but some lowland, more fertile regions atswewalls, often with an

earth bank at the bottom. In some parts of Europe, stone wall field boundaries are common features of
agricultural landscapes, yet unlike other linear features (e.g. hedgerowsjespite their prominence there

has been very little published peesviewed literature relating their impact on biodiversity and ecosystem
services.

A review by Collier (2013) described boundary stone walls as novel ecosystems. The review provides good
summaries of various studies describing the flora found on old urban walls and old stone buildings and
theorises, in the absence of hard data, that field boundary walls must be equally rich. Another review
undertaken by Frances (2011) considers the devalemt of urban wall ecology, highlighting the key
characteristics of walls that have been found to influence their ability to support species, with a focus on
higher plants. The author concludes that such walls can be surprisingly diverse in the ecojogypihert.

Holland (1972) investigated the vascular plant diversity of stone walls in rural areas of western Ireland. A
total of 133 different species were identified in a survey area of approximately 338@hknhich 165ten

metre lengths of wall were eamined. A mean of 14.2 plant species per 10m length was determined. The
study found the diversity was richest facing nedhast and away from water. Walls in exposed coastal area
had the least species richness. The research suggested that plant spdtiessidepends on the aspect and
degree of exposure (Baet al., 1995).

Often the first plant species to colonise stone walls are lichens. Once established lichens are likely to persist
on the wall almost permanently providing the environment is to thi&iny. Lichens are pollution sensitive

and so prefer mild climates and clean air. Lichens provide a food source for a variety of insects and molluscs.
A study undertaken by Baet al. (1995) showed a strong correlation between the presence of lichens (i.e
Aspicilia calcareeand the local populations density of a tree sradléa perversa Similarly, a study by Baur

and Baur (2006) examined habitat preferences of the si@ilo(drina clientawhich also showed the
preference of stones and walls companedh limestone pavements and the authors proposed the reason

for this as the absare of lichens on the limestone.

Survey papers, accumulated by the Dry Stone Walling Association of Great Britain (DSWA, 2007), show that
traditional stone walls due providearied and valuable habitat for a wide range of fauna and flora, in part

due to the microclimate that exists close to the wall surfdoeharsh climates where trees and hedgerows

are scarce, stone walls can act as perches for birds, plucking statidrsdfeof-prey and holes and gaps in

the wall are attractive roosting places for bats (DSWA, 2007

In terms of management dry stone walls are best for biodiversity if left relatively undisturbed. However, as
walls decay and become totally derelict theyddsoth their economic and their ecological valéederelict

wall is not stockproof and does not provide shade or shelter. In addition, derelict walls tend to be overrun
by bramble and bracken which will cadbmpete other plant species. As a consequemesgects, birds and
mammal populations which feed on the broad range of fauna in a-senalict wall are also driven away.
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However, over restored walls will not reach their maximum ecological value until they have had time to
weather and mature. Thereforence established dry stone walls require little in terms of management other
than the occasional spot repair (EC, 2012). Over restored walls may lose their biodiversity value until they
have beerthrough a process of maturity.

2.2.11. Other landscape features

Title: Other landscape features under GAEC or SMR

Description: These are other landscape features that may be protected by GAEC 7, SMF
SMR 3 (see below for details).

No. of MS activated: 10

Dimension limits: None

Implementation rules:  None

This EFA element covers other landscape features, that are covered by GAEC 7, SMR 2 and SMR 3, but whick
do not necessarily fall into the features above. Tableshows the other landscape features (GAEC and SMR)
that have been selected by Member Statelso have activated this EFA element.

Table2.1: Other landscape features selected by Member States

Member State | Other landscape featuredescription

Denmark Protected ancient monument&GAEC7)

Finland Protected trees, natural monumen{&AEC7)

Germany Wetlands, ponds, biotope€GAEC7)

Hungary Protected ancient monuments (cumanian moundfadoofsYGAEC7)
Ireland Protected archaeological sit¢6AEC7)

Italy Activated, but 0 description on other landscape features

Latvia Protected stones, trees andee alley GAEC7)

Malta Vegetatedslopes- Garrigue(GAEC7, SMR3)

Portugal Landscape features linked to rice cultivati@AEC7, SMR2, SMR3)
UK Northern Ireland | Protected archaeological sit¢6AEC7)

The evidence fothe impact ofponds wetlandstreesand tree alley$iave been collatedh previous sections
(Section2.2.3-9). Biotopes listed for Germany in Tab1, have been interpreted generically as habitats

(i.e. based on the CORINE biotopes (EEA, 2014) and the EUNIS habitat classificatid@1&apA and
therefore are not being considered a specific feature or EFA element for review within this project. Landscape
features linked to rice cultivation in Portugal relate to linear elements associated with rice cultivation plots,
including drainge andirrigation ditches and bunds (as translated from Portuguese in the data supplied by
JRC). The evidence for thdsesbeen collated ira previous sectiongection2.2.9).

Consequently, there are only two main features that are not covered in theroseetions ancient
monuments andarchaeological sites (in a number of Member Stgtasg Garrigugin Malta). These are
reviewed below.

Ancient monumentsand archaeological sites

Ancient monuments and archaeological sites can cover a broad range ofdeditam the'find spot of a

single object to the upstanding remains of internationally important monuments. They can be both above
and below ground and can include prehistoric standing stones, burial mounds, earthworks, through to the
many types of medieal site such as castles, monasteries, abandoned farmsteads and vilaggssites can

be quite fragile and can be damaged by any significant ground disturbance, because this displaces vulnerable
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features (such as ditches and walls) and finds (such #srpand bone), and once lost these sites are
irreplaceable.

The inclusion of ancient monuments and archaeological sites as EFA elements has a clear impact with respect
cultural ecosystem servicefor example cultural heritage, educational, aesthetispiritual value (Acreman

et al., 2011;HernandezMorcillo et al., 2013; Tengberget al., 2012) There may also be other benefits
associated with management activities or restrictions to protect archaeological sites. For example,
archaeological sites underable land may be subject to reducddpth or norinversion cultivation. As well

as protecting the site, this may also reduce energy/fuel used for cultivation and thus reduce greenhouse gas
emissions (CALU, 2007). For sites under grass, livestock mamagemeduce poaching, compaction and

soil erosion will protect archaeological sites and have benefits for soil protection, greenhouse gas emissions
and nitrate leachingMachefertet al., 2003.

Garrigue in Malta

Garrigue(sometimes spelt gariguéy typical ofkarstic rocky areas of limestori8chembri, 1993)opulated
by resilient low lying shrubs and aromatic plants which grow in the shallow soil pockets. Agricultural land is
commonly surrounded by this type of habitat and garrigue outcrops often appihin cultivated areas.

Figure 2.1a: Garrigue witBuphorbia Figure 2.1b: Garrigue in Malta
(Source: MEPA, 2015) (SourcePortelli, 2010

There are many subtypes of garrigue, including the Mediterranean Thynlhymus capitatys the
Mediterranean eath Erica mutlifiord, the Maltese SpurgeE(iphorbia melitensjsthe Maltese Fleabane
(Chiliadenus boccorjeand many othersMaritime garigue, present on gently sloping rocky areas, is
characterised by the Golden Samphileu{a crithmoidey the Sea &nphire Crithmum maritimurpand the
Maltese Sea Lavendetinonium melitens)SMEPA, 2015)igure2.1 shows exampkeof Garrigue There

are also structural differences between high and low garrigues. Low garrigues are characterised-by low
growing bushegless than 0.5m high), while large bushes of up to 1m in height dominate in high garrigues.
Anthyllisgarrigue(dominated by the Shrubby Kidney VetcAnthyllis hermannigecan occur as both low

and high varieties, while an important type of high gareigsithat dominated by the Tree spurdeuphorbia
dendroide$, which normally occurs on steep rocky ground (MEPA, 2@l5)believed that these shrubs
produce aromatic oils and other chemicals which leach into the soil and prevent the growth of athes pl

in the vicinity, especially annuals. This results in characteristic open spaces of garigue areas (Portelli, 2010).

Many endemic and rare species thrive in garrigue habitat, such as the Maltese Spider Qyaiigs(
melitensi$ and the Maltese Shrev)(ocidura sicula calyp3dMEPA, 2015and it provides food and habitat
for other species such as bats (Baron, 208mgils (Filfla Door SnaiLampedusa imitatrixMaltese Door
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Snail- Lampedusa melitensis | YR (G KS Dt | -NJodhdidedaghdaps)2NBSAPY 2052%ind a
multitude of insect species and various indigenous wall lizards, the most common one being the Maltese Wall
Lizard Podarcis filfolensis maltenyid he flowers of garigue shrubs are an important source of nectar which

is colleted by bees to form honey. Malta has been well known for its thyme honey and it is believed that the
name Melita is derived from the Greek word for honey (Portelli, 2080h of the garigue has disappeared,

with significant areas built upon, covered waghil and converted into fields, or planted with trees. There are
now fewer thyme bushes for bees to visit with a consequential loss in the production of thyme honey
(Portelli, 2010).It can also be easily damaged through agricultural practices such dsrdatamation,
overgrazing and the use of PPPs.

Clearly garrigue has an importamte for biodiversity conservation, as illustrated by the species it is known
to support.The benefit of garrigue for ecosystem services (beyond biodiversiigds cleanyith little if any
literature of the topic, other than the inherent link between biodiversity conservation and cultural ecosystem
services such as landscapsthetic and tourism benefits, and possibly pollination with respect to the
population of bees ath production honey mentioned above.

2.2.12. Buffer strips

Title: Buffer strips

Description: These are strips of land and vegetation between production areas and the
feature to be buffered, such as a watercourse. Timejude the buffer strips
along watecourses required under GAEC 1, SMR 1 or SMR 10 as well as ot
buffer strips, and meet the dimension limits beloVihere shall be no agriculture
production on buffer strips. By way of derogation from the no production
requirement, Member States may allayvazing or cutting, provided that the
buffer strip remains distinguishable from adjacent agricultural land.

No. of MS activated: 20

Dimension limits: Maximum and minimum widths are specifiaghichvary with MS, and in some
instancesvarywith whether the buffer strip is implemeted under GAEC1, SMR
or SMR10 or not (other buffer strips).

Implementation rules:  In some instances the following may be specified: whether a strip of riparian
vegetation is required; whether grazingutting or cultivationis dlowed;
whethernon-harvestable wilebird seed mixes and nectar sourazm be sown;
and whether the use of pesticides and fertilisers is allowed.

In agricultural terms, buffer strips are zones of uncropped vegetation at the boundary between farmland and
surface waters (Barling & Moore, 1994; Blackwell,, 1999), and such areas have been associated with the
delivery of a number of environmental benefits, including bank stabilisation, habitat provision and the
improvement of water quality (Barling & Mo®, 1994; Blackwedt al, 1999). Nevertheless, it is in the latter
case, a role in which they have been deliberately employed since at least the 1960s (Barling & Moore, 1994),
that most emphasis has been placed, with other benefits generally being viesvad added bonus (Barling

& Moore, 1994). In this context, buffer strips have been attributed with benefits in relation to the protection

of waterbodies from a number of pollutants, both dissolved and particulate (i.e. sediment and sediment
bound).

As fa as sediment transport is concerned, this is in part reduced as a result of the extensive root systems
which may be associated with buffer strips, since these hold soils together and increase infjltratitivey

reduce overland flowlLovell & Sullivan200§, thereby reducing erosion.dwever, the key process is that
associated with the trapping of sediments being carried in overland flow, so as to prevent their subsequent
entry into a waterbody (Barling & Moore, 1994; Udsimppa & Jauhiainen, 2010phis occurs most
efficiently when flow rates are sufficiently low as to ensure that the vegetation in the buffer strip doesn
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become submerged, and where it enters the buffer strip approximately uniformly across its {dogtised

flow will often lead b buffers being brached, and effectively ignore@®érling & Moore, 1994). However,
buffer strip performance declines significantly as sediment particle size reduces, such that there is an inverse
relationship between the length of a grass filter requiggd particle size (Barling & Moore, 1994). Barling &
Moore (1994), for example, identified the optimal trapping distances for sands, silts and clay3ng bem

and 122m respectively (for an overland flow rate of 1.02 litres'sed). This has potentlly serious
implications for the trapping of those pollutants most often associated with fine sediment particles, including
most notably phosphorus, which tends to be preferentially attached to fine particles (i.e. clays), since buffer
strips may be bettetraps (in percentage terms) of sediment in general than sediment bound nutrients
(Barling & Moore, 1994; Kagt al., 2009). It is also unfortunate that the period of maximum delivery of
sediment and therefore sediment associated pollutanterresponds @ the period of minimum efficacy of
buffer strip performance (winter), when there is reduced vegetation growth, reduced infiltration and high
water tables (Kagt al., 2009).

Buffer strips (both grassed and vegetated) can also be effective in removiotydautrients, with some
studies suggesting that removal rates for nitrogen, phosphorus and potassium, can all be over 90% within 3
4 m of a buffer strip (Barling & Moore, 1994). In general however, it is in terms of nitrogen that most work
has been dongand the effectiveness of buffers strips in dealing with this nutrient has been found to be
extremely variable, with both considerable benefits andlmkgefits being reported in the literature (Kay

al., 2009; Leedslarrisonet al,, 1999; Lovell & Sirkhn, 2006). The reasons for this would appear to be that
performance is highly dependent on site specific properties such as those related to soil, climate, vegetation
cover, physical dimensions, sediment properties and local land management practigest @a 2009;
LeedsHarrisonet al, 1999; Blackwe#t al., 1999). Work carried out in the UK for example, revealed that in
the studied catchments, buffer strips did not substantially reduce watercourseNNBvels, something
which was thought to be aa result of the presence of bypass flow paths (e.g. field drains) rendering the
buffers ineffective (LeedBlarrisonet al,, 1999; Blackweltt al, 1999; Kagt al, 2009). Consequently, it is
clear that for such buffers to be effective, the hydrologythed strip must be conducive to denitrification
and/or plant uptake (the two main processes by which nitrogen is remeveagbdsHarrisonet al,, 1999);
something which requires long percolation times sa@sead to saturationand therefore the anaerobic
conditions in which denitrification can take place suitable energy source for anaerobic bacteria (the
presence of plants may achieve thiahd long retention times within the buffer so as to allow time for
denitrification to occur (LeedBlarrisonet a., 1999). It may also be beneficial if there is an impermeable layer
close to the surface, so as to ensure that subsurface flow is within reach of the root system (Hill, 1996),
although some authors have found that within the riparian buffer strip zonapetranspiration (when
sufficiently high) can be effective in inducing draw up of water from depth, allowing a greater level of flow
interception, and therefore nitrogen removalthan might otherwise be possible (Balestrétial, 2011).
Clearly howeverthese properties are unlikely to occur everywhere, so the merits of each potential buffer
strip location must be considered on a site by site basis (LEadgsonet al., 1999), but there is sufficient
evidence to suggest that under suitable conditiosisch as in flat catchments where the rate of water flow
between the field and watercourse is relatively slow (Balesginal., 2011), nitrogen removal can be
significant, at least on a local scale, although catchment scale effectiveness is much lefisasleqal,

2009). Given that ideal conditions cannot be guaranteed to exist at all times however, it is cleanfteat b
strips for pollutant control should only be considered as a secondary measure, after the minimisation of
source generationBarlirg & Moore, 1994

Other pollutants for which buffer strip may prove beneficial include pesticides and microbiological
contaminants such as faecal coliforms (é€gcol). In the latter case, buffers have been shown to be an
effective barrier to the contammiation of surface waters adjacent to grazed land and/or that receiving
applications manure or slurry, although effectiveness reduces significantly as overland flow increases (Tate
et al, 2006). In relation to pesticides, there are a number of studiesesig that buffer strips can have a
significant impact on the fate of such chemicals in the environment, principally by immobilising them for long
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enough for degradation to occur, although the empirical evidence as to their precise effectiveness ds limite
(Kayet al., 2009). Nevertheless, that which is available suggests that strongly sorbed chemicals (i.e. those
attached to sediment particles) may be immobilised within the first few metres of a buffer (such that
additional width is of no particular ben&f whilst more hydrophilic substances display a linear relationship
between buffer width and chemical immobilisation, such that buffer width becomes much more important
and the effectiveness of buffer strips in their removal more limited (Lovell & &ull2006; Kagt al., 2009).

Beyond their potential water quality benefits, the main environmental property attributed to buffer strips
relates to their ability to improve biodiversity within the agricultural landscape. It is clear that the amount of
uncrgpped land present in intensively farmed areas has declined significantly in recent decades, and it has
been suggested that this has been a factor in the observed declines in farmland biodiversity (Jatefsson
2013; Coleet al,, 2012). Consequently uffer strips have been put forward as part of the solution to this
problem, on the basis that they result in an increase in the availability of uncropped habitat and in the
diversity of that habitat across the landscape, although there are limited stualiedable to provide
empirical evidence for this (Josefssetnal, 2013; Colest al,, 2012). Nevertheless, a number of the studies
which are available, do lend support to the biodiversity benefits offered by buffer strips,faitbxample
Josefssonet al. (2013) demonstrating their impact on skylafRlauda arvensjsnumbers and the
invertebrates they feed anin arable landscapes, and Maisonneuve and Rioux (2001) demonstrating their
benefit for small mammals and herpetofaunal diversity. As well agighrey uncropped habitat, buffer strips

can benefit terrestrial biodiversity by, for example, providing a sanctuary from predation (e.g. on small
mammals) and/or ifield operations, or by providing vital corridors for movement between otherwise
unlinked fabitat areas, reducing levels of habitat fragmentation (Lovell & Sullivan, 2006eiCalle2012).
Additionally, they can be of benefit to aquatic biodiversity through mechanmmbas the provision of
shading reducing water temperatures, increasingssblved oxygen concentrations and limiting primary
production, and supplementing available food sources through the vegetative matter which may fall in
(Barling & Moore, 1994; Lovell & Sullivan, 2006). However, features such as buffer strips are neailynive
beneficial for biodiversityand perhaps it should not be expected that they would be, with Fuentes
Montemayoret al. (2011) for example, demonstrating that thealong with field margins, hedgerows and
speciesrich grasslandgdid not benefit pipigrelle bats(Pipistrellus pipistrellydn the area they studied in
Scotland.

Recommended buffer strip widths for nutrient removal vary considerably, being anything bevaad

200m, no doubt at least in part as a result of their impact being highlyientrand site specific, although
most are for something in the range ofls m (Kayet al, 2009). Research suggests that the majority of
nitrogen capture for example, oars in the first 8m (Kayet al, 2009). Similar widths are reported in the
literature for pesticide removal, generally beingthe range of 20m, and it has been demonstrated by
some authors that buffers with relatively large catchment area to buffer area ratios (e.g. 30:1) are just as
effective as those with smaller ratios (e.g. 15:Ik) terms of biodiversity, the ideal size is likely to be
dependent on the species which they are intended to beneiibeit that taking additional land out of
intensive agricultural production mig be expected to be beneficialthough in reality thex has been a lack

of research into the widths required for biodiversity purposes (@blal., 2012). In practice therefore, the
optimum width of a buffer strip should be a compromise between the width required for the reduction of
diffuse pollution, the hility of the buffer to serve as a habitat in its own right and the costs incurred in
installing and managing the buffer and through taking land out of production @ale 2012). As a result
however, it is likely that many buffer strip schemes maldiabrt of the ideal suggested by some academic
sources. It has been suggested for example, that for water quality protectiorerkaiffps should be at least

25m and perhaps 16200m (or more) widewhich iswell in excess of those promoted by agrivimnment
schemes, such that at the catchment scale, they may in theory have to encompass an impractically large
proportion of the catchment to be of significant benefit (Davetsal, 2009). Indeed, this has led some
authors to question the wisdom of focugj on buffer stripsat least in elation to aquatic biodiversifywith
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Davieset al. (2008, 2009) pointing to the fact that in their studies they found that water quality was unlikely
to be of good quality if intensive agriculture exceededs®9 of the atchment.

However, there are things that can be done in terms of buffer management which may improve their ability
to deliver the ecosystem servicasd biodiversity provision we desire of therim general, the biodiversity
benefits of buffers strips canebincreased if they are planned with biodiversity in middspite this often

being viewed as an indirect benefiitovell & Sullivan, 2006). This includes planting a mixtupkaot species,

and including woody plants is likely to be more beneficial timstalling a purely grassed buffer stripogell

& Sullivan, 2006 Equally, the usefulness of buffer strips as corridors for the movement of fauna is dependent
on their length and width being appropriate for the relevant species, although there igjlietitative data

as to what that should ba_6vell & Sullivan, 2008Buffer management may also be essential if the maximum
pollutant removal performance is to be achieved, since where strips become compacted due to the effects
of vehicle movement (buffestrips, much like other field margins, are often viewed as a convenient routes
for movement around the farm) and/or livestock, levels of infiltration can be reduced (Lovell & Sullivan, 2006)
leading to excessive levels of overland flow. Equally, thesimeal removal of excess sediment may be
necessaryparticularly if pollutants such as phosphorus build tgoprevent buffers themselves becoming
subsequent sources of both sediments and their associated pollutants (Lovell & Sullivan, 2006). This has been
highlighted in the literature as a potential weakness with the potential to threaten the sustainability of buffer
strip efficacy i.e. they may end up becoming sources of sediment and/or soluble phosplioous!l &
Sullivan, 2006; Kaat al., 2009; Uuskamppa & Jauhiainen, 2010). In addition, work in Finland, for example,
has suggested that in unmowed vegetated buffer strips, the hyildof plant residues enhances the
phosphorus status of surface soils, enhancing losses of dissolved P, particulzlgpning (Uuskamppa &
Jauhiainen, 2010). As a consequence the removal of vegetation may be necessary, albeit that this may not
be wholly compatible with the needs of biodiversity.

2.2.13. Agroforestry

‘Tile: ~~ Hectares ofagroforesty

Description: This § arable land (that is eligible for the basic payment scheme or the singls
area payment scheme) that combines production from trees and crops and/
livestock at the same time, e.g. intercropping.

No. of MS activated: 12

Dimension limits: None

Implemertation rules:  None

Some of the benefits of agroforestry are also covered under other EFA elements, such as hedges, tree alleys,
trees in a line, forest edges and short rotation coppice (Sections-@.8r&l 2.2.1415). This section focuses
more of the inegration of trees and agricultural production on the same unit of land.

Burgess (1999) repatia mixed impact on crop pest populations associated with agroforeSngin aphids
(Sitobion avenagin barley, and pea and bean wee@iténa sppand pea migde Contarinia pigiin pea crops
declined.Slug populations and thripJljysanopteraincreasedThe decline in certain pests was attributed

to the presence of permanent areas within the cultivated crop offering potential to enhance beneficial
naturally acurring predators, reducing overall pest pressure, although this is reported by Hellaaid
(1999; 2005) as being dependent on sufficient ground cover being established and maintained on the soll
surface. This is illustrated by the implementation of, é&xample,;beetle banksin the UK under Entry Level
Stewardship (Natural England, 201B)xet al. (1995) report that although beneficial insects are enhanced
by the presence of trees within cultivated areas, suitable hibernation areas (tussockygdassrbaceous
vegetation) need to be present at the base of the tree litasther, because such species need to utilise
both the crop and the tree planted area in order to exert an impact on crop pest populations, they are
essentially ecotone species@benefit most from a high edge to area ratio i.e. thin tree lines.
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The introduction of perennial crops, decreased tillage frequency and the establishment of a permanent root
system is reported to reduce the risk of soil erogjbangevelct al., 2012).The deposition of leaf litter and

the decay of root material benefits C sequestration (Fallebal., 2004) and potentially improves soil water
infiltration rates which reduce surface water runff (Dimitriou et al. 2012; Kahlest al., 2007).Reduced
surface runoff and deeper rooting systems decrease the risk of nitrate and phosphorous entering
groundwater (Langeveld, 2018emoval of nitrate leached beyond the rooting zone of many arable crops
by the deeper roots of tree species permits recycling viarakgion and eventual deposition via leaf litter
(Nair, 2011)Particular benefit may be realised on sandy soils, where nitrate retention ability is limited (Nair
and Graetz, 2004) or adjacent to riparian areas to interceptaffifSchultzt al.,, 2009).Erosion mitigation

is maximised where a surface cover of gré@sexamplejs maintained at the base of the trees and bare soll

is avoided (Phillips, 1989), conducive with the enhancement of beneficial species (ldobhni999, 2005).
Ideally, a spcies adapted to partial shade, reflecting conditions beneath the tree canopy, should be
established (Digt al., 1995).There is also potential for the mixture to be manipulated to enhance pollinators
for example(e.g. seesection 2.2.18)Schroth and Mciely (2011) highlight the need to consider appropriate
tree mixtures, with different rooting strategies and temporal nutrient requirements that maximise the
complementarity effect (coexistence of species exploiting different resources) of the speciastpvékere
planted as a line of trees perpendicular to prevailing winds, agroforestry areas may function as shelterbelts
(Brandle& Kort, 1991) that reduce the risk of wind erosion, especially during stages in the cropping cycle
when there is limited ground@over (Lépezt al., 2002).Pesticide drift may also be intercepted in more
mature stands with a higher canopy. Le ldmwu (1993) discuss the potential benefits of agroforestry at
broader spatial scales, with their introduction as low input extensivetzeyt systems to prevent land
degradation in the Mediterranean region.

A key benefit to the presence of trees on biodiversity within areas dominated by cultivatioarding to
Langevelat al. (2012), Nair (2011) and Smith and Watson (20&1he increae in structural diversity at the

field scale, and the creation of a habitat mosaic and improved connectivity of habitat fragments at the
landscape scal@he implementation of agroforestry areas as the linear features preferred Bt Bix1995)

offers potential for them to act as a wildlife corridors, allowing the movement of populations between what
would otherwise be isolated habitats (Hilgt al., 2006).A review by Burgess (1999) identifies that both
silvoarable and silvopastural systems improvth@pod and bird diversityand silvoarable systemalso
improve small mammal diversityrhis has potential benefits for insectivorous and predatory bird species
(Sage, 1996)A number of species are known to utilise corridors within agricultural landscagpme of
which, such as the Red Data Book listed great crested newttius crestatusexist as metgopulations,

and require dispersal between multiple ponds and habitat fragments within a given area to ensure overall
population survival (Oldharet al. 2000).The use of agroforestry areas as buffer strips adjacent to wetland
areas reduces the risk of nutrient raff (Dimitriou et al. 2012; Kahleet al., 2007) and eutrophication
(Johnston and Dawson, 2005; Sméhal., 1999; Withers and Lord, 2002nd any associated loss of
biodiversity within water bodies (Dudge@ al., 2006).

2.2.14. Strips along forest edges

This section covers two EFA elements: strips along forest edges with (i) no production and (ii) with production.
Given the similarity ofttese two EFA elements, the literature for these two elements has been reviewed as
a single element.

Title: Strips of eligible hectares along forest edgé PRODUCTION

Description: These are strips along forest edges where there is no agricultural gtioduand
which meet the dimension limits below. Member States may allow grazing o
cutting, provided the strip remains distinguishable from adjacent agricultural
land.

No. of MS activated: 11
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Dimension limits: 1to 10m

Implementation rules:  None

Description: These are strips along forest edges where there is agricultural production ar
which meet the dimension limits below.

No. of MS activated: 8

Dimension limits: 1to 10m

Implementation rules:  In some instances the following may be specified: whether pesticides and
fertiliser are allowed to be used; and whether grazing or cutting is allowed.

In an agricultural context, the forest or woodland edge is the transition zone, doeepbetween the
woodland interior and cropped or grazed land (Fry & Satéxlin, 1997). Within modern intensive farming
systems, even though there may have been significant planting of farm woodland, the boundary between
woodland and agricultural lankdas generally become sharper and more defined, with a clear demarcation
line often existing between the two land use types, and true edge habitat almost disappearing (Fry & Sarlov
Herlin, 1997). However, some European countries have been promoting wodidlasd edge management,

with a view to improving biodiversity and/or recreational (aesthetic) value (Sarlév Herlin, 2001).

In biodiversity terms, ecotones (including woodland edges) are generally considered to be more species rich
than either of the habiit types they separate, as a result of containing members from the habitats on either
side of them, as well as some ecotone specialists (Fry & Sdeidin, 1997). In part thiedge effectis a

result of the fact that woodland edges are often associatgétth characteristics which, despite being related

to the habitats on either side, are sufficiently different to support unique communities of plants and animals,
for example by receiving greater sunlight and being drier, warmer and windier than the foogsr, yet

more humid, shaded and protected from the wind than agricultural fields (Fry & Saedwn, 1997). Equally
however, the conditions found in forest edges, lead to a greater number of rhadats than can be found

within the body of the foest itself. Ouinet al. (2015) for example, found that the number of tree
microhabitats (patches of bark loss, cracks, sap runs and epiphytes) can be significantly greater in such
locations, due to a combination of factors including, a higher tree deasitytrees having a larger diameter

than in the forest proper as a result of taking advantage of the increased light and nutrient levels available at
woodland edges (Ouiet al., 2015).

Good quality, structurally diverse, woodland edges, fulfil a numbeoles which benefit biodiversity, many

of which are similar to those performed by good quality hedgerows, including their obvious role in the
provision of sites for breeding and foraging, shelter and dispersal corridors for a range of wildlife (Fry &
Sarlar-Herlin, 1997). A number of studies have concluded that for farmland birds for example, the more
structurally diverse a woodland edge is, the greater the diversity, richness and abundance of species present
is likely to be (Dydat al., 2009; Fry & Sarléderlin, 1997), with the same applying specifically to breeding
birds, despite the increased likelihood of predation (Sarlév Herlin, 2001). Similarly, several invertebrate
groups, including butterflies, bumblebees and beetles, utilise the tall herbacesgetation on the field

ward side of the edge zone, as a source of either nectar or overwintering habitat, whilst a complex
architecture favours web producing spiders (Defra, n.d.; Fry & SHedn, 1997).

In addition however, modern farms are highly rhanised, chemically enhanced environments, which may
threaten both plant and animal species sensitive to such activities. Woodland edges therefore, can serve as
either short or longterm refuges from this potentially damaging activity (Fry & Saréxlin, 1997). The

former may be the case in relation to birds and mammals seeking a refuge from mechanical activities such
as harvesting, whilst the latter may be better applied to plant species sensitive to fertilisers and/or herbicides,
including some which pwvide a vital food source for local fauna (Fry & SaHévlin, 1997). Therefore, such
habitats may serve as refuges for species which would otherwise have become locally extinct, but which as

a7



GUIDANCE AND TOOLSWUPPORT FARMERSAKING AWARE DECISSQN
ECOLOGICAOCURRES HNALREPORT

a result are available to recolonize other areas once suitabfelitions are available (Fry & Sariéerlin,
1997).

As essentially linear features between two other habitats, one role attributed to woodland edges, albeit that
evidence is limited (Fry & Sarlélerlin, 1997), is in the provision of corridors for thewvement of species
around the rural landscape, and in that sense their spatial linkages are important, with habitats such as
woodland edges and hedges having a combined role to play (Fry &-Salitv, 1997). SarléMerlin and Fry
(2000) for example founduch connectedness was important in the patterns of dispersal of woody plants
from forest woodland edges, if their seeds were animal distributed. Whilst other authors have pointed to the
fact that hedgerow species are more similar to those found in wowtiedges than those in the woodland
centre (McColliret al., 2000), meaning that a good quality woodland edge zone is important in terms of the
overall connectedness of habitats, with woodlands without such edges being less beneficial.

Finally, woodland egkes act as a buffer, protecting the woodland proper from the damaging effects
associated with modern agricultural practices, such as pesticide and nutrient drift, as well as more natural
processes such as those associated with wind and light penetratisoriag the essential characteristics of
woodland are preserved (DARD, n.d.; Fry & Saflénin, 1997). In this respect, they may prove valuable,
since some authors (e.g. Widlt al, 2005) have suggested that arable agriculture can lead to elevated
nitrogen levels penetrating 100m or more into areas of ancient woodland, resulting in inadvertent changes
to ground flora (Williet al, 2005). Similarly other authors have pointed to the possible damage caused by
ammonia deposition close to intensive livestamits (Pitcairret al., 1998, 2002), and by pesticide drift (Jobin

et al, 1997).

As well as being important for biodiversity, woodland edges traditionally perform a number of other
ecosystem services, although some are beyond the immediate focus oprtbject. These include, for
example, a direct role in the provision of human foods such as blackberries and other fruit, the small scale
provision of wood, as well as an aesthetic role in relation to the provision of amenity resources (Fry & Sarlév
Herlin 1997). They also benefit agricultural production through the provision of three key services. Firstly, as
a result of providing habitat for a wide range of invertebrate species, they can maintain a significant pool of
natural predators of agricultural s, with a number of species being found in high densities in woodland
edges in the spring, allowing for their movement out into the field, with benefits in terms of both crop
damage and pesticide usage (Fry & SaH@vlin, 1997). In addition, many intebrates found in woodland
edges serve as pollinators, and are therefore essential for both the health of agricultural/horticultural
production and the functioning of wider ecological systems (Defra, n.d.). Finally, being more densely
vegetated than woodlad proper, they are a key component in the use of woodland as windbreaks (Fry &
SarlévHerlin, 1997).

Through the appropriate management of woodland edges, it is possible to maximise the ecological benefits
afforded by both new and existing woodland eddey( & SarltnHerlin, 1997). In general, it is considered
important in woodland edge management to ensure a structurally diverse habitat, with multiple layers of
dense vegetation moving gradually, over some metres, from woodland to open farmland, indodegof
shrub and herbaceous vegetation (Dyataal., 2009; Fry & Sarléderlin, 1997). Similarly, structural diversity

at the scale of the local landscape will also serve to maximise overall biodiversity value (Fry & &airgv
1997) However, guidehes for woodland edges contain few hard and fast management rules, although there
are some clear rules of thumb. These include having sloped gdgeshere vegetation becomes shorter as
you move from woodland to farmlan@ry & SarldHerlin, 1997), ideed woodland edges can be combined
with a field margin/buffer strip, effectively extending the woodland edge ecotone further out into the field,
and providing even greater diversity of species and habitats (Géaede 2011; Defra, n.jl(AlsoseeSections

2.2.7 and 2.2.12 It is also recommended that a woodland edge should have a curvilinear form, although this
isn't always compatible with agricultural practices, and all edge forms should be appropriate for the region
in which the feature is being deloped (Fry & SarléMerlin, 1997). Indeed thers noconsensus as to how
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wide the edge zone should be, in part because this needs to be regionally appropriate, with most sources
suggesting it should be as wide as possible (Fry & Sdddin, 1997).

Asfar as the vegetation itself is concerned, as well as ideally being quite dense anthyreriid, species can

be selected with biodiversity in mind, for example by ensuring the presence of pollen baring species such as
(in the UK) willows like the goat Maiw and blackthorn, as well as wild cherries, crab apples, hawthorn and
rowan (Defra, n.d.), although the choice should reflect local conditions and native species. It may also be
necessary to control some plant types including brackens and brambleughtmefore doing so it has to be

borne in mind that these species too may have considerable conservation value, despite often being viewed
as a problem (Blakesley & Buckley, 2010). There may however, be circumstances in which the maintenance
of dense vegettion within the woodland edge may not be appropriate, due to the need to deliver a regionally
appropriate form, since open woodland is common in some areas, and may be a requirement of some
valuable species of, for example, birds (Clazkal., 2011; Blkesley & Buckley, 2010). One way of achieving

this is through the use of grazing or browsing livestock to clear some vegetation, but this must be done with
great care, since livestock can supress the development of saplings, and remove excessive gedatidn/eg
(Clarkeet al, 2011, Blakesley & Buckley, 2010). Through preferegteding, they may also remove some
palatable species more than other less palatable such as gorse, changing the makeup of the plant community
(Clarkeet al, 2011).

2.2.15. Short rotation coppice

Title: Areas with short rotation coppice

Description: These are areas used for the production of biomass in the form of sbiation
coppice. Member States shall establish a list of species that can be used for
purpose, to enablselection of species that are most suitable from an ecolog
perspective (thereby excluding species that are clearly not indigenous). The
of mineral fertiliser and plant protection products will vary with Member State

No. of MS activated: 23

Dimension limits: None

Implementation rules:  Species specified, varies with MS. Restrictions on the use of mineral fertilise
plant protection productions, varies with MB. Flanders there is a maximum
harvest cycle of 8 years.

A number of studies thatssess the overall impact of SRC on biodiversity make reference to pollinators but
provide limited detail. Willow SRCs are stated by Langewetdal (2012) to have a positive impact on
honeybees although they do not provide an explanatiSmith and Watsn (2011) highlight that many
flowering plants are unable to grow in the understorey of the more mature phases of SRC due to shading.
Despite this, they conclude that there is no notable impact on bees, or other potential pollinators such as
butterflies. They do however note a potential negative impact on species beneficial for pest control in
agricultural land, namely carabid beetles, due in part to the lack of vegetation cover on the soil surface.

The lack of vegetation present on the soil surface makease surface rwoff and the movement of soll
particles, a potential indicator of soil erosion risk and nutrient (nitrate and phosphorous) loss to adjacent
water bodies (Dimitriotet al., 2009; Busch, 2009Vhere SRC is introduced onto existing cultidadeable

land, an increase in soil bulk density may be observed due to the topsoil no longer being cullibhatedis

also potential for enhanced C sequestration from the deposition of leaf litter and the decay of root material
(Falloonet al., 2004).This may improve soil infiltration (Dimitrioet al. 2012), coupled with reduced risk of
surface ruroff (Kahleet al., 2007) Langeveldet al. (2012) and Kot al. (1998) conclude that in SRC overall,

soil erosion is reducedlhe perennial cropping systedecreases tillage frequency, the permanent root
system physically binds the soil particles, and increased water consumption by the crop maintains soils below
water field capacity for longeiThe authors note that the bare ground beneath SRC staiada limited
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sediment trapping capacity, although this may be mitigated by the addition of grass buffer strips to the
perimeter (Phillips, 1989)Greatest soil erosion risk in SRC is immediately -pastest but before
establishment of the following crop, whetmare soil exists in combination with limited ground or canopy
cover. There is also potential damage to soil structure from harvesting operations (Armstrong, 1999),
particularly on heavier fine particulate soils with poor drainablis risk is increasedrtber by harvesting

during winter periods in order to maximise crop yield and avoid negative impacts on breedindShiridse

and subsurface soil compaction risk may be greatly increased, coupled with the risk of damage to existing
field drains.

Short rdation coppice is reported to improve water quality, with decreased nitrate and pesticides in
groundwater, along with a decline in flood risk (Langeveld, 2Bishetet al., 2011). The impact of SRC on
phosphate in the groundwater is less conclusive, witagreement among authors (for example Langeveld,
2012;Nisbetet al., 2011).Inputs of pesticide tend to be limited to the need for weed control during early
phases of establishmeniN{sbetet al,, 2011). As such, the deterioration of water quality RCSdue to
pesticide use is considered to be reduced relative to arable cropped agriculturalL@amhnceet al. (1984)

cite the additional benefit of intercepting both aerial pesticide drift and that bound to sediment.

Supplementary inorganic fertilisepplied to SRC is less than to arable crdfiskfetet al., 2011).Nitrogen
fertiliser application in the first year of establishment does not benefit crop growth but may increase surface
run-off of nitrate (Heilman& Norby, 1998)As such, it is not typédly applied to the first or second rotation
crops, with N contained within atmospheric ammonia deposition and nutrient runoff from neighbouring
agricultural land being deemed sufficientigbet et al, 2011).Where adherence tdgood practicé is
followed, nitrate concentrations in the groundwater are estimated to be reduced by a factor 20 compared
to arable cropping (Dimitriowet al, 2012 SchmidiwWalter & Lamersdorf 2012. Aronssonet al., 2000)
provide an example of supplementary N applied at 153 kgt N but nitrate loss from below the root zone

in SRC continuing to remain lolaordet al. (2007) conclude that the risk of nitrate leaching from SRC was
likely to be minimalAn analysis of mean annual leaching losses from agricultural fields ovee-§@ais by
Langevelckt al. (2012) found leaching from different crops as followmter cereals (40 kg ha 1), oilseed
rape (48 kg N ha 1), potatoes (66 kg N ha 1) and woodland (17 kg NMaadiand was reported to vary
between 0 and 24 kg N ha * yain# that levels from SRC crops would be comparaiééiman and Norby
(1998) and Nyakatawet al. (2006)suggest that the rapid assimilation and potential depletion of nutrients
from soils might be exploited to target planting of SRC on areas on slagliafgy dt risk to erosion or ruaff

and the protection ofiparian zones i.e. forbiogeochemical barriersLongterm studies by (Ryszkowski

al., 1999) found that woodland strips reduced N+wiififrom adjacent agricultural fields and removed surplus
nutrients from the ruroff in a filtering capacity (Coopet al., 1987; Schultet al., 1995) Willow (Salixspp.)
poplar(Populusspp.)and eucalyptugEucalyptuspp.)are named specifically by Sugieteal. (2008) as being
highly efficient at removig nitrate, phosphorus and potassiurhangeveldet al. (2012) reach rather
contradictory conclusions regarding phosphorous, stating that concentrations of phosphate increase slightly
with a small deterioration of water quayit

A number of authors consideéhat there is a lowering of the groundwater table associated with SRC crops,
due to a decline in water percolation from increased rainfall interception and assimilation by the crop,
increased transpiration rates (500 mm per year for SRC poplar, compad&@890 mm for ash and beech
woodland), resulting in a decline in groundwater recharge (Schwiilter & Lamersdorf, 2012Recharge

was estimated to be reduced an average 50% in the final year before cutting relative to grass, although losses
declined wlen averaged over the entire three or four year cutting cycle (etadll., 1996). This has two
potential impacts on water qualityA potential detrimental impact of SRC on nitrate levels in groundwater
may arise not from leaching but where annual rainfalllow which, coupled with increased water
consumption by the crop, can result in a concentration effect (Catlal, 2002). Nitrate concentrations in
groundwater under SRC crops in low rainfall areas were found to be similar to those from arable land.
Recommendations to avoid growing SRC in Nitrate Vulnerable Zones where annual rainfall is below 650mm
are given by The Forests & Water Guideliffesrestry Commission, 2003} second potential detrimental
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effect is increased localised deposition of atmiospc N as ammonia relative to arable land, due to the
presence of an elevated canopy, although this may be more of an issue in short rotation forestry where the
canopy may be higher and consists of evergreen tree species (Forestry Commission, 2003)od&lszd
atmospheric deposition occurs, it may increase the risk of nutrient enrichment of local surface Wéters.
rapid growth of SRC and assimilation of soil N however, renders it of limited vulnerability to(Nddssn

& Norby, 1998 Nyakataweet al., 2006).

A review of impacts on biodiversity by Lavedteal. (2012) note a general overall positive impact on what
they consider to be two main categories of assessment: plant species (phytodiversity) and breeding bird
species (zoodiversity), thoughey acknowledge that there is limited information on the length of time taken

for the benefits to be realisedhey attribute the improvement to an increase in the structural diversity of
the landscape relative to arable crops through the creation ofikitat mosaic effectOther reviews, for
example Smith and Watson (2011), extend their analysis beyond plants and birds to include other groups
such as bryophytes, invertebrates and mammals.

Plant species are categorised by Lavelleal. (2012) into indiator communities comprised of species
representative of woodland, ruderal habitat, grassland and arable [Bmely note an increase in the diversity

of all plant species from the representative habitat types, especially grassland species (a factor of 17
increase), but no impact on the abundance of endangered speties.increase in the mean number of
species (described dsommon) associated with particular habitats was grassland species (0.6 to 10.1),
woodland species (0 to 5.2), ruderal species (28.19 and arable (2.4 to 3.8)he increase noted for arable
species is contradictory to the conclusions of Persgal (1989) and Kirby (1993) who cite the reduction in
light penetrating the canopy and shading the soil as having a negative impact ciesspé open arable
habitats. Their distribution was restricted to gaps in the canopy, or the boundary of the SRC crop in the
ecotone, where two contrasting habitats and species that utilise both habitat types may be present (Baum
et al., 2009).The extentof the ecotone is dependent on edge effect and surface to perimeter fagesson

et al. (1989) and Kirby (1993) also document an increase in rare species, citing the exarAgms®annua
Centaurea cyanyg&uphorbia platyphylloand Scandix pectemeneris.

Pittsepp (2004) noted a beneficial impact on soil microorganisms and soil fauna due to the potential
separation of the soil into distinct zones or horizons under SRC associated with the removal of tillage and
deposition of leaf litter, compared tithe more uniform upper soil layers of arable laggecies such as willow
(Salixspp.) alder (Alnusspp.) poplar (Populusspp.) and eucalyptugEucalyptusspp.) are able to form
symbiotic mycorrhizal associations of two types (ectomycorrhizas and endorhigas) simultaneously,
increasing the diversity of fungi within the soil beneath SRC ci@pdsepp 2004). Other soil dwelling
groups, hamely worms, are also reported to benefit from SRC, due to the decreased mechanical damage from
tillage, the increaed soil moisture associated with no tillage and shading of the canopy, and the increase in
deposition of organic material as leaf litter (Hubbatcal,, 1999; Whalen, 2004).

Compared to arable land in isolation, SRC supports a greater diversity oklmaget species, with diptera

and arachnids named specifically by Sagel (2006).Specialist species, such as the waved carpet moth
(Hydrelia sylvatpof alder(Alnusspp.) are also added to the overall species richness of an area where SRC is
present.This increase is attributed to the greater vertical diversity, the longer cropping cycle, and increased
habitat stability and continuityAt the early stages of cropping cycle a greater variety of herbivores and
phytophage invertebrate species are supmatt and this increases species diversity at the higher trophic
levels (Oxbrough, 2010Further, SRC does not typically receive applications of insecticide, although it may
be applied occasionally to treat willow beetle outbreak¥ompared to mature woodfa however, it
supports fewer species (Oxbrough, 2010) due to the lack of older mature trees, the associated reduction in
microhabitat diversity (dead wood, gaps in the canopy) and the duration of time for which they have been
available for colonisation bylifferent species.Oxbrough (2010) cites species with limited dispersal
capabilities that are likely to be absent from newly established crops, they also mention a decline in diversity
and the potential loss and subsequent absence of such species anthef @ach cropping cyclé number
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of arachnid species were recorded during the first cropping cycle but were removed thanvest then

failed to recolonie during the second and following crop cycl8pecies diversity is considered lower than
woodlands. Where gaps exist in the woodland canopy and sunlight is able to penetrate (largely absent in SRC
crops), thermophilous (warmth liking) species can coexist within a relatively small area with species that
prefer cooler, shaded condition3he absence ofleadwood in SRC means they are also unsuitable for
saproxylic invertebrate species.

An assessment of changes in breeding bird populations associated with SRC by Langév@ial2) found

an overall increase in the number of species from 10 to 37, athahe precise impact depended on feeding
requirements (seed or insectivore) (Berg, 2002; Hanowski, 1997), and habitat (whether species of open areas,
shrub, forest, tall ruderal or reed areas and ecotorngtanowski, 1997 further variable was the agmnd
structure of the SRC crop, since height may vary from below 1m when recently harvested up to 8m when
fully grown.In summary:

1 Woodland and shrub species were found to benefit the most from the introduction of SRC into areas
dominated by arable croppim(Lavelleet al. 2012) however Coateand Say (1999) and Andersenal.
(2004) found that this was subject to feeding strate@yanivorous birds may not benefit due to the
decline of understorey plant species and their seed production capayitpdlard birds that require
mature trees or dead wood (e.g. nuthatch) are unlikely to benefit due to the relative immaturity of the
SRC when it is harvested (Sage, 1998). The species that tend to benefit are the insectivores that forage
within leaf litter (e.g. lackbirds and thrushes).

1 Hedgerow species or those that prefer early development phases of woodland and coppice are likely to
benefit from SRC (Andersenal., 2004).

1 Ecotone species and those associated with ruderal habitats and reeds were found dg éeak(2012)
to increase from three to five species when SRC was introduced to arable dominatedTdrsagas
attributed to the enhancement of vertical structure

Lavelleet al. (2012) concluded that SRC will have a negligible impact on the numbainefable (Red Data
Book) species, with those that increase in abundance being mainly common and widespread species.
Andersonet al. (200%) concur in part with this conclusion, and refer to widespread species such as wren
(Troglodytes troglodytés blaclbird (Turdus merula robin (Erithacus rubeculaand chaffinch(Fringilla
coeleb3. They do however, also note the positive impacts on species regardddgher conservation
concern including the reed buntingEmberiza schoenicluand song thrusk{Turdus philomelos They also

cite the value of the ecotone habitat for vulnerable species such as the yellowhafEmeéeriza citronella

cirl bunting(Emberiza cirlysand corn buntingEmberiza calandjaThe linear edge effect provided by the
SRG arabletransition provides, according to Sage (1996) ideal habitat for small mammals and hunting areas
for birds of prey, making specific reference to owlfie impact on rare specialist bird species of open
agricultural land, for example the skyldiauda arvesig and corn bunting is unlikely to be favourable, with

the area only being potentially suitable during the first year of the rotation (Sage, IR@6positive impact

on small mammals is noted as beneficial to birds of prey by Sage (199¢¢r mammis such as deer are
considered by Lavellet al. (2012) to also have potential to benefit from the enhanced structural diversity of
the area.
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2.2.16. Afforested areas

‘Tile: ~ Afforestedareas

Description: Afforested areas (planted woodland) thatre previously supported under rura
development schemes (Regulation 1307/2013)

No. of MS activated: 15

Dimension limits: None

Implementation rules:  None

Within the context of this work, afforestatiorefers to planted woodland that was previously supported
under rural development schemes. Generally, the term afforestation is applied to hurdaoed conversion

of land to forest that has not been forested for a period of at least 50 years, with the term reforestation being
applied when the usforested periodis of less than 50 years (Bredemeier & Dohrenbusch, 2004y
European countries have ambitious plans for the amount of afforestation which will occur over the next few
decades, with the aim of meeting a number of environmental goals, but particulanlsetielated to
biodiversity and climate change mitigation. The Republic of Ireland for example, has set a target of bringing
the total level of forest cover up from 10% to 17% by 2030 (O'Driscoll, 2013), which at the time of setting
required planting at aate of 20,000 ha yr(Buscardcet al,, 2008), although so far they are lagging behind
that target (O'Driscoll, 2013).

Despite the artificial nature of planted forests and woodlands, some studies have found there to be evidence
that such environments calne of considerable benefit to a number of species of flora and fauna, including
some of conservation value (Brockerheff al, 2008). Consequently, the afforestation of abandoned or
marginal agricultural land is seen as an important tool for the recraatind/or restoration of forest
ecosystems in a number of countries (Lazd#nial,, 2005). Their value is in part thought to be a consequence

of the varied structure, and therefore range of ecological niches, found within forested areas, allowing them
to support a diverse ecology (Bredemeier & Dohrenbusch, 2004). In general, older stands of trees provide a
better habitat for forest species than younger stands, because of the greater horizontal and vertical diversity
in structure which develops with age,ghincreased availability of dead wood, light levels becoming more
appropriate for forest vegetation, soils that are enriched with organic matter and nutrients, and the fact that
as a greater number of forest species colonise an area the scope forspagies facilitation increases
(Bredemeier & Dohrenbusch, 2004; Brockerteifal, 2008). However, although, in many parts of Europe
the natural vegetative cover would be that of some form of forest, it may take a long time to get to that point
through natual succession alone, with plenty of scope for the development of less desirable environments
in the meantime, and with the potential for anthropogenic barriers to prevent natural succession from
reaching its ultimate conclusion (Brockerheffal,, 2008).Fortunately however, there is evidence that the
judicious establishment of plantation forests can expedite this process (Brockeshaff 2008), giving
natural processes a head start.

In addition, as is the case with a number of the ecological featlisezissed in this report, the biodiversity
benefits of afforestation are determined not only by the characteristics of individual areas of planted forest
and/or woodland, but also by landscape scale issues, and consequently the full scope for biodligaedity

is likely to be achieved only if changes are made in light of a knowledge of the context within which planted
forests will be set. Plantation forests have, for example, the ability either to supplement the existing provision
of this type of habitawithin an area or to complement that provision by providing something which would
otherwise be missing from the landscape (Brockerleofél., 2008). They can serve to connect previously
fragmented habitats, or when planted alongside natural woodlandravide a buffer for that habitat from
external influences, such as pesticide and/or nutrient drift (Brockerdtodd., 2008).

However, afforestation is far from universally considered to be the biodiversity benefit that the above
sources would seem to sggst (Brockerhofét al, 2008), although this is in part due to the way in which
some studies assess success or failure. It is widely accepted that the biodiversity value of planted forests is
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unlikely to be as great as that of natural forests (althoupk tnagnitude of the differences can vary
considerably), since they have lower levels of structural diversity (Brockerhaff 2008). Nevertheless, it

is against this natural benchmark that some studies choose to judge the success or failure ofaifborest
programmes, even though it is probably unsound to do so within a context in which afforestation is occurring
on land which had previously been in agricultural production, rather than as a result of the felling of natural
forest (Brockerhofet al,, 2008). A more reasonable evaluation can perhaps be made through a comparison
with the biodiversity of the land in its prafforestation state (i.e. as agricultural land), and against this
planted forests compare more favourably (Brockertatfél, 2008), &hough there are still plenty of studies
which conclude that the overall changes brought about by afforestation may not be beneficial (at least for
some species groups), even when assessed against this less stringent baseline.

The doubts over the ecologitvalue of afforestation are in part down to the fact that even in agricultural
areas, preexisting habitats may have biodiversity value in their own right. Matthetwval. (2002) for
example, suggest that the gains in terms of forest bird species mdyenas$ great as the losses of farmland
species, something they put down to the farmland areas likely to be of most benefit to birds (i.e. marginal
areas) also being those most likely to be converted to forest (Matttetves, 2002). Similarly, Alrababah

al. (2007) found that the afforestation of grassland in semd environments resulted in reduced plant
diversity. The same authors also noted the importance of a marked change in species composition (Alrababah
et al,, 2007), something which is probalitybe expected, and may well be desired. Similarly, Elmarsattir

al. (2008) found composition change to be the main characteristic of change for birds, surface invertebrates
and vascular plants, with little or no reduction in species richness, whilgt &nd soil invertebrates actually
increased in species richness. Clearly then, the biodiversity benefits or otherwise of programmes of
afforestation, are likely to be a function of a number of spatially variable and species variable factors, and
care neds to be taken to avoid damaging valuable -présting biotypes through afforestation process
(Bredemeier & Dohrenbusch, 2004). Key questions to be answered in determining the biodiversity benefits
or otherwise of a particular afforestation scheme rel&gBrockerhoffet al., 2008):

1 The previous land use: intensively managed farmland is likely to present a lower baseline state than
extensive forms of agriculture.

1 Any other land uses which could be implemented: even if afforestation proves to be of thémefe

may be more beneficial changes which could have been made.

The tree species are planted.

The age of the stand.

How and for what the land is being managed: see below for the conflicts between biodiversity

management, climate change mitigation andad product production.

1 The impact on other forest areas: at a broader scale (and probably beyond the scope of the current
project) planted forest could reduce the pressure on natural forest for the provision of resources such
timber.

= =4 =4

In addition to the pssible benefits for biodiversity, forests are planted to fulfil a number of other ecosystem
services, or indeed in attempt to achieve multiple benefits. Chief amongst these (other than the provision of
wood products itself) is carbon sequestration. Photahlesis is a major form of carbon removal from the
atmosphere, such that on a global scale sequestration may account for up to twice as much carbon transfer
each year as deforestation (Broadmeadow & Matthews, 2003). It is perhaps unsurprising then,ethat th
important role which foresbased carbon sequestration may play in climate change mitigation has been
recognised (Broadmeadow & Matthews, 2003), and there is considerable interest in the use of afforestation
as a means of achieving this goal (Matthewal., 2002; Plantinga & Wu, 2003). Estimates based on bottom

up studies (obtaining global estimates by working up from regional studies) have suggested that at a cost of
up to $100 tCeeqg! (generally considered to be economically viable) forebtiged miigation could
sequester 1.31.2 GtC@eq yr! by 2030, indeed, around half this could be achieved at a cost of under $20
tCQeq! (Nabuurset al, 2007). Global (toplown) models suggest that at the same cdst 2030
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sequestration rates could be as highl&8 GtCeeq yr, although there is reason to suggest that this may
be an overestimate (Nabuuet al., 2007).Howeverit is clear thatforestry has significantly potentiable in
climate change mitigation.

Considerable carbon storage is achieved thiotige above ground biomass store associated with forest
environments, but the importance of other stores, such as leaf litter, brash and soils, many of which can
themselves be considerable in size, should not be overlo@ezhdmeadow & Matthews, 2003prest soils

in particular, can contain more carbon than the vegetation growing in them, although this may be skewed a
little by the fact that some of the studies on which this assessment is based, examined forests which had
been planted on upland peat ssjl which therefore had prexisting high organic matter contents
(Broadmeadow & Matthews, 2003)levertheless, forest vegetation leads to a bwifdof soil organic matter

to a point which is dependent on the balance between the rates of accumulationoasdthrough decay

and respiration), such that forest soils do generally have higher organic matter contents than those under
other, more intensive forms of land use, and managing them may be essential for maximising overall carbon
storage (Broadmeadow & aithews, 2003). It should also be noted however, that the planting of trees on
peat soils, may have negative impacts on carbon storage, since when such soils are drained either for or by
forestry, considerable oxidation may occur, resulting in signifitessges to the atmosphere (Broadmeadow

& Matthews, 2003), although this is complicated somewhatdryexamplethe fact that although emissions

of methane may increase when peat lands are drained) Emissions may decrease (Broadmeadow &
Matthews, 2003).

Forest management is characterised by long periods (often decades) of gradual carbon sequestration
followed by relatively brief periods of rapid carbon release (Read., 2009) this latter period being driven
mainly by disturbance of the land duringrvesting and/or replanting (Nabuuret al,, 2007). Mature stands

tend to reach an approximate equilibrium between carbon sequestration and loss, and it is at this stage that
the size of the forest carbon store is maximised (Broadmeadow & Matthews, 200%)ever, in
commercially managed forests, the cycles of tree development and harvest, have the effect of keeping an
area in a constant state of carbon accretion, since equilibrium is never reached (Bredemeier & Dohrenbusch,
2004). For the maximum benefii be achieved therefore, it is necessary to carefully balance the overall size
of the forest store, and the rate of carbon accumulation.

Afforestation also has implications for those ecosystem services related to water resources, runoff and
erosion. It ha been estimated that through a combination of increased interception and greater uptake from
the soil by vegetation, forest planting can have a significant impact on both surface runoff and infiltration to
groundwaters, with both positive and negative iligations (Allen and Chapman, 2001). Benefits include a
reduction in the erosive potential of surface flows and reduced peak discharges and flood risk in surface
waters. However, there is evidence that the overall impact on the surface hydrology of ancaittls unlikely

to be significant unless the level of afforestatishigh, although localised impacts may be considerable (van
Dijk & Keenan, 2007; Trabucebal.,, 2008). Drawbacks meanwhile, include reduced surface watefltow

levels with implicatns for aquatic biodiversity, reduced input to reservoirs used for water supply and/or
hydropower, and a reduction in the availability of groundwater resources (Fatley, 2005; Allen and
Chapman, 2001; Wattenbaddt al., 2007). This is exacerbated the fact that levels of interception are
higher in the sort of fast growing coniferous forest likely to be planted for commercial exploitation, than in
broadleaved forests (Allen and Chapman, 2001). Nevertheless, there are examples in the literatuoh in whi
afforestation increased groundwater recharge as a result of the improvements that are induced in infiltration
(Allen and Chapman, 2001; van Dijk & Keenan, 2007). As far as water quality is concerned, forest planting can
result in both acidification anaditrification, in part due to the fact that trees are efficient scavengers of
atmospheric pollutants (e.g. $ONG and/or NH), but the addition of considerable quantities of acidic,
nitrogen rich organic matter in the form of leaf litter is also an intaot factor (Allen and Chapman, 2001).
Thereare however, some cases of wdlsigned afforestation being shown to result in the reduced transport

of pollutants such as sediment and nutrients to surface waters (van Dijk & Keenan, 2007; Plantinga & Wu,
2003.
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Achieving multiple goals through afforestation, is far from straightforward, since there may be conflicts
between the management procedures required to maximise the various benefits. Some auibors
example, have pointed to the fact that although timranagement of existing forests for carbon sequestration

is unlikely to have a negative impact on biodiversity, the sort of incentives offered for afforestation for carbon
sequestration, are likely to result in the over planting of fast growing alien spéoge those with a greater
production potential), and that this could be detrimental for biodiversity (Caparrés & Jacquemont, 2003). It
is also true, that simply implementing a programme of afforestation might not have the desired results in
terms of taget biodiversity, with Lazdinist al. (2005) for example, identifying that the availability of key
habitats may not increase in proportion to the overall increase in forested area. This led them to suggest that
where there is a desire to improve the htdiifor target species (in their case of birds) then a proactive
approach to management for specific shlbtats may be beneficial, and that to do this the expertise of
ecological specialists should be included in the planning of afforestation prograthamtinist al., 2005).

In terms of practical management therefore, the primary goal of a forest or woodland must be kept in mind,
and not allobjectiveswill be wholly compatible. Although within the context of this work this may be
environmental benefs, in many other cases it may be timber or fuel production, which will impact on the
extent to which biodiversity and other environmental goals can be catered for within management protocols
(Brockerhoffet al., 2008). For example, intensively managed $tse in which the use of monocultures,
drainage, nutrient application and mechanical operations are common, are likely to be of lower biodiversity
value than more natural stands (Brockerheff al, 2008). However, if the assessment is made that
afforestaion could prove beneficial to biodiversity, there a number of management principles which should
be borne in mind, since the general aim should be to achieve a diversity of structure, habitat and food plants
(for fauna), together with landscape scale coativty and continuity of management (Clar&eal,, 2011).

The first, and perhaps most obvious thing to consider, is the tree species to be planted, as these must be
regionally appropriate; but in addition, it has been identified that the planting oferde mixture of species
increases the range of available habitats, for other plants and animals (Brockettad{f2008). However,

this may have implications for commercial management if a very diverse mixture is adopted, and both
commercial timber prodction and climate change mitigation may require the growth of relatively fast
growing species, which may limit choice. Intensive land management practices should also be avoided if
possible, particularly during the establishment phase, since these case ceansiderable damage to
herbaceous vegetation and/or woody debris, both of which are valuable biodiversity resources in their own
right (Brockerhofet al, 2008). Wider planting of trees and/or heavy thinning can also be beneficial through
the provisionof a better light environment for herbaceous and other ground vegetation (Brockeehaf,

2008). It is also necessary to consider the age at which trees will be harvested (if at all), since as noted above
older stands (i.e. those with a longer rotatitength) tend to be of greater biodiversity value (Brockerkeoff

al., 2008), although their ability to sequester carbon may diminish as a stand reaches maturity and a state of
equilibrium is approached (Broadmeadow & Matthews, 2003). Finally, sincanldedape scale context in
which forests/woodlands exists is important for their overall biodiversity value, this should be considered at
the planning stage, the aim being to provide a structural diversity at this scale too, as well as connectedness
betweenhabitat areas (Brockerhoét al., 2008).
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2.2.17. Catch crops or green cover

Title: Areas with catch crops or green cover

Description: These are areas of crops grown with the objective of preventing the loss of
nutrients from the soil and/or providinground/green cover. Member States
shall set up the list of mixtures of crop species to be used and the period for
sowing of catch crops or green cover, and may establish additional conditior
notably with regard to production methods. The period todst by Member
States shall not extend after 1 October. Areas under catch crops or green c(
shall not include areas under winter crops which are sown in autumn norma
for harvesting or for grazing.

No. of MS activated: 21

Dimension limits: None

Implementation rules:  Speciesand species mixturesindersowingpreceding cropsperiod for sowing,
presene in field, input restrictiongnd other conditions are specified, varies
with MS.

Catch crops offer potential to remove surplogrogen (N) from within the soil during fallow periods (e.g.
preceding a spring sown crop) and decrease nitrates{NQ@ss via leaching or surface raff (Silgram&
Harrison, 1998)in addition, phosphorous (P) loss via surfaceoffrand soil erosion may also be mitigated
due to theinterception of rainfall and dissipation of kinetic energfichreduces the velocity of surface run
off, and decreases sedimentatididabneyet al, 2001) The prevention of entry of NDand BGs into
watercourses has a positive impact onteaquality through prevention of eutrophication (Johnstén
Dawson, 2005; Smitkt al, 1999; Withers& Lord, 2002).The overall benefit depends on a number of
variables.At the broad spatial scale, Dabney al. (2001) conclude that catch crops functioptimally in
warmer climates with high precipitation, highlighting that inedrclimates, for example the Mediterranean
region, there may be competition with the crop for wathr.cooler climates such as those in northern Europe
where the crop may be dhe edge of its optimal geographic range with respect to temperature, they may
suppress early crop growth.

At smaller spatial scales, soil type is a key driver that determines the pathway that nutrients may enter
watercourse, and the impact of cover cropZeely draining sandy soils are most vulnerable to loss via
leaching (Smitlet al., 1996).According to Silgram and Harrison (1998), the inclusion of a winter cover crop
on sandy soils in northern Europe preceding a spring sown cereal potentially deci@skeaching by 25

¢ 50 kg N hayr?. Similarly, Shepherd (1999) assessed the impact of three types of catch crop, forage rape
(Brassica napyswinter rye Gecal cereajeand Dutch white turnipBrassica rapg over an 8 year period on

N leaching repd that N loss was reduced by a mean 25 kg-NMa' per growing season in sugar beet and
potato crops.Staver and Brinsfield (1998) found that a catch crop of rye sown immediatehhposgst of

zero tilled corn decreased N loss by 80% compared to baiteduring the winter Groundwater nitrate
concentrations declined from 320 mg N £ to <5 mg N £ after 7 years continuous use of cover crops.
Nitrate leaching from a crop rotation with graskver green manure without catch crops was, according to
Askegaard (2005)04 kg N h yr*! on coarse sand, 54 kg N*hgr*! on loamy sand and 35 kg N°hgir*! on

sandy loamThis was reduced by between 30 and 38%, equivalent#43dg N h& yr** on sandy soil in the
presence of a catch crop with lower reductions on the other s@ésyln acontinuous 19 year trial in a
coastal temperate climate on coarse sand soil and sandy loam comparing spring barley preceded by a
perennial ryegrasd.flium perenngcatch crop, ploughed during either the autumn or sprivgller-Hansen

and Djurhws (1997) found that the presence afcatch crop decreased leaching on both soéed
conventional or minimum tillageoy a mean 189 kg N@N ha! per growing season. It was most effective
when removed in the spring while autumn tillage increased lgachn sandy loam but not coarse samtie
precise amount is subject to further variables such as annual precipitation and seasonal variation in, for
example, excess winter rainfall (the quantity of water intercepted by the soil after it has reached field
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capacity), determined by the geographic location and year under analtgisent loss and erosion events

peak during the winter and early spring in response to a combination of high precipitation and limited crop
cover to assimilate mobilised nutrient€ljambers Garwood, 2000)To be effective, rapid establishment

and coverage of the soil surface to ensure presence by the catch crop during this period of vulnerability is
necessaryThis is influenced by the type of catch crop, and the sowing date.

A nunber of crop species and their potential for use as catch crops have been evalDatetkyet al. (2001)

report that grass or brassica cover crops when grown as a single species mix are more effective at removing
N than legume crops, however both are mefgective when grown in a mixture with legumeédcLenaghen

et al. (1996) found that a ryegrass catch crop reduced N leaching from 33 k¢ dth liere soil (control) to

2.5 kg N ha. Both ryegrass and ryecorSécale cerealear. Rapaki) were more effeed than winter field
beans Vicia fabg and lupinsl{upinus augusifolius). The use of field (or faba) beans as a catch crop has been
subject to criticism by a number of authors, mainly due to its limited ability to establish ground cover and the
N rich esidues that increase the risk of N leaching upon rem@esSaction2.2.18) Yeoet al. (2014) concur

that the most effective species are rye (due to its rapid growth during early growth stages) witn@%%o
removal of nitrate relative to the basek for early (September) and late (November) planting respectively.
This is followed by barley, a crop that establisasgong root system during the winter, with a 5&¥d38%
removal of nitrate, then wheat (41%nd27% nitrate removal)Yeoet al. (204) point out that early planting

is essential to maximise the benefit of catch crops, and predict that for every 30 days additional time the
cover crop spends growing, nitrate loss is decreased by approximately 2! K¢y/itgon (2012) found that a
clovercrop sown in September doubles infiltration compared to conventional tillage, reducing the risk of
surface ruroff and soil erosion but does place emphasis on the benefit of using cover crops in the long term
and the time taken for full benefits to be reésgd i.e. a minimum of 5 yearBhis concurs with the findings of
Staver and Brinsfield (1998) who report significant impacts on groundwater N concentrations after 7 years
of continuous cover cropsAskegaard (201ligentified the management of the crop drsoil during the
autumn as the main factor driving nitrate leaching with nitrate leaching (smallest to largest): catch crop
present in autumn and winter (mean 20 kg N'ha cover of weeds/volunteers (mean BN ha') <post
stubble cultivation (mean 55 kg N'fjaNitrate leaching increase was correlated with the number of autumn
soil cultivations.

In southern Europe the impact of cover crops focuses more on the ptieveof soil erosion and surface run

off, particularly in vieyards that may often be situated on steeply sloping marginal |@adiaRuiz, 201Q)

Crop type, as described previously for nitrate leaching, is a significant variable in determining thkk over
effectivenessRuizColmenero (2013ssessed the impact of cover crops on soil erosion in vineyards supplied
by rainwater in central Spai®oil erosion was lower in crops with a permanent cover of purple false brome
(Brachypodium distachydn(0.78 tha?! yr') and spring cut winter rye (1.27 t hayrl) compared to
conventional tillage (5.88 t hayr?'). The underlying mechanism attributed to this decrease is a greater
abundance of large pore spaces that improve filtration rates by up to 45% sotheith cover crops relative

to tillage. Marqueset al. (2010) examined the presence of purple false brdBmachypodium distachygn

and winter rye(Secal cereajeon soil erosion rates in response to low and high intensity rainfall events in
semiarid Mediterranean systemsThe rates of erosion in traditional tilled crops were five times greater
compared to a cover crop under low intensity rainfall, however this increased to a magnitude of 30 times
greater under high rainfall intensity rainfallilled ows lost an average of 1.1 g%yr? compared with 62

and 70 g mt yrtin rows planted with cover crops of winter rye and purple false brome respectBeti.
authors agreed that purple false brome was the more effective cover crop, an observatioer fsugpported

by RuizColmeneroet al. (2011) who assessed the impact of four cover crops on soil erosion in Sicilian
vineyards.All four cover crops reduced reoff and erosion in comparison to tillage, but by different rates in
the following sequence (mobsto least effective): permanent cover consisting drple false brome
(Brachypodium distachy®(68-93% reduction in soil loss compared to conventional tillage); bédesdeum
vulgare (mean 82% reduction), winter ry&ecal cerea)gdmean 57% reductiy) and natural regeneration
(34% reduction)RuizColmenercet al. (2011) highlight the compromise between maximising the decrease
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in run-off while minimising the impact on crop yielach treatment was also compared with or without a
cut in the spring taletermine optimal scenarios to maximise roff reduction but minimise impact on yield.
They devised average runoff coefficients (a loweraotfrcoefficient represents lower ruoff) as follows: 5%

for tilled soil, 0.9% for permanent covers and 1.4%cliarcover.Under permanent cover there was a 40%
associated yield reduction, under natural regeneration a 44% yield reduction, but when barley or rye was cut
in the spring, there was a negligible yield reductidm investigation of the impact of six coverop
treatments on soil erosion in an irrigated vineyard by Nowral. (2011) also found that each cover crop
reduced runroff and erosion in comparison to tillage, but again the quantity was dependent on crop type
and, more critically, a combination amixture of speciesThey established the following sequence (most to
least effective)V. faba/ Vicia sativa-75%),T. durum/ V. sativa(-70%),Trifolium subterraneumFestuca
rubra/ Lolium perenné-66%),T. subterraneunt F. rubra/ Festuca ovinand Triticum durum(-56%),Vicia

faba (-40% soil loss compared to tillagd)single species mix of faba bean was deemed least effective of the
species examined, similar to the findings of (McLenagdteal., 1996).The efficiency is increased however,

at least in this example, when present as a mixture with other species.

Most studies evaluate catch crops as a means of reducing nutrient loss to the enviroriRidadie and
.SNHBHaAaUNIY o6uHnmoO S@Fftdz GSR GKS A YLI Oicropasasolrcé @K O N.
phosphorous in response to plant destruction, albeit as simulated frédeae cycles under glasshouse
conditions. This aimed to be representative of potential environmental variables in the most northerly
European climatesthe leachin@f P from plant material grown in clay soil was, as identified for preventing
nitrate leaching and soil erosion, dependent on the species used, with greatest quantities measured from
chicory Cichorium intybus(2.6 kg h&) > ryegrasélolium perennp(2.3 kg h&') > oilseed radistRaphanus
sativusL.)(2.2 kg h&) > honey herlfPhacelia tanacetifoli@enth)(1.3 kg h&). The authors concluded that
there is the potential for a proportion of P to be released from catch crop residues that will be \higneya

loss to the environment and that soil texture and type of catch crop has a potential impact on the quantity
of P entering watercourses in the cooler regions of Europe, although a significant proportion will be retained
by the soil itself.

The benetis of cover crops to biodiversity are includedTihomsors (2014)review of cover crops most
suitable for the enhancement of avian biodiversityalso comments on the advantages and disadvantages
associated with crop management and the practicalitieshafir cultivation. The crops, their benefit to
resident farmland birds and their management are summarised as follows:

1 Sorghum /dwarf grain sorghum (famiRoaceae, Sorghum bicoJoallows control of broadleaved weeds
but no livestock feed value; suscépe to cold, wet summers

1 Millet (familyPoaceae, Setaria sppsuitable for game and small birds; red millet early seed shed, white
millet later (Jan); not suitable for heavy, wet soils

I Kale (familyBrassicaceae, Brassica oleraceauitable for game andmall birds; lasts 2 years; may be
hard to establish and is susceptible to flea beetle attack

i Triticale (familyPoaceae, Triticosecalesuitable for a wide range bird species through to late winter;
grows well in poor soils, requires limited supplementanyrients, good as part ahixture

1 Quinoa (familyAmaranthaceae, Chenopodium quinoaasily grown, suitable as a mixture but provides
limited cover and does not last beyond December

1 Sunflower (familyAsteraceae, Helianthus annyjusuitable for game ansimall birds; ideal as a mixture;
disadvantage provides limited cover

1 Fodder radish (familyBrassicaceae, Raphanus satjvusuitable for a wide range bird species, rapid
growth, ideal in a mixture, seeds slow to ripen so availability late in year; patecdimpetitive
dominance over other species in the mixture

Wilson (2012) and Kaspat al. (2008) discuss the benefits of pest and weed control associated with cover
crops.Weed control may be instigated by the cover crop, depending on species, viaghsaalf chemicals
that supress the growth of other plants, a process known as allelop&thgciexited specifically to offer
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potential to supress autumn germinating annual weed species include the Brassicas oilseeiRautisimus
sativusL.) orientalmustard (Brassica junc@aand forage radisliRaphanus sativysPest control may be
achieved indirectly through the augmentation of beneficial naturally occurring pest pred&over crops

may provide winter refugia for predatory beetles such as Casabldch allows the beetles to enter the crop
early in the year before the pest has the opportunity to increase in number (Hadaald 1999; 2005)The
provision of a nectar source in the spring and summer encourages adult hoverflies (Syriphidsy thente
crop and lay their egg3hese then develop into predatory larvae which again, offer potential to supress pest
numbers.Certain cover crops of the mustard family are cited to have potential nematicidal properties (Kaspar
et al., 2008) A further refaence to the crop disease reduction potential of brassicas is also made by Kaspar
et al. (2008) although the study does not identify which diseases specifiéallyjmprovement to soil
conditionsand enhancement of soil macro and migymganismsthrough the return of additional biomass
upon destruction of the cover crop is cited by Dabeéwl. (2001) toincrease crop vigour and health, and
reduce crop susceptibility to pests and diseases

The inclusion of a cover crop requires an additional sowing ojoerandan operation to remove it again
during the late winter or early spring, a potential issue where machinery needs to access heavier soils while
wet (Moller-Hansen& Djurhuus, 1997)although such soils tend not to be at risk to nitrate leachigday

in autumn harvest also renders a cover crop impractical due to the requirement to sow it as early as possible
to be effective (Wilson , 2012; Yebal., 2014) Establishment may also require an initial intensive seedbed
preparation e.g. destoning (Wison, 2012)Cover crop mixtures with different rooting profiles (e.g. tap roots

to break up the soil, others to add organic matter or fix N) are deemed to be more beneficial than a single
species mix. Kaspat al. (2008)recommends the use of oat, winterheat, barley, triticale, and winter rye

since they grow rapidly in cool weather, are frost hardy and low ddet.authors also suggest the potential

use of nonfrost hardy varieties as an alternative to removal by shallow tillage or herbicide in tivgspr
where they assimilate a proportion of the surplus N during the autumn, and are then destroyed by cold
weather during the winterThis option would eliminate the risk posed by entering problematic soils.

2.2.18. Nitrogen fixing crops

Description: These are areas of crops, such as legumes, that fix nitrogen from the atmos
into the soil. Members states will specify a list of species that can be grown
(considered as contributing to the objective of improvingddersity). Those
crops shall be present during the growing season. Member States may estal
additional conditions notably with regard to production methods. Member
States shall establish rules on where nitrogmng crops qualifying as ecologia
focus area may be grown. These rules shall take into account the need to m
the objectives of Directive 91/676/EEC and Directive 2000/60/EC, given the
potential of nitrogenfixing crops to increase the risk of nitrogen leaching in th

autumn.
No. of MS agvated: 31
Dimension limits: None

Implementation rules:  Species specified, varies with MS. Other conditions include: mandatory sow,
and/or cultivation period, mandatory followp crop/fallow, conditions for
ploughing, cutting, grazing, conditions/praition of fertilisers or pesticides,
threshold for NFC as EFA, neighbouring elemg@nts field margia are required
in Scotland)and varies with MS.

Nitrogen fixing crops listed for use in EFAs include faba Béaia fabg, pea Pisum spp alfalfa Medicagq,
lupin Lupinu$ and cloverTrifolium) (faba bean and clover are also reviewedaation 2.2.17. The value of
a particular plant species to pollinators depends in part, on the morphology of the flower combined with size
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of the pollinating inset and morphological adaptations to, for example, the mouthparts (Gouétaal.,

2005). A review by Kirk and Howes (2012) summarises the value of individual flowering plant species to bees,
including bumblebees (as a function of morphological adaptatiosngue length), honeybees and solitary

bees. The value of potential species for selection within EFAs are summarised as follows:

1 Red clover Trifolium pratensgis especially suitable for long tongued bumblebee species, although they

are also suitabledr short tongued species. It will be utilised by honeybees but is not as valuable a

resource as white clovef (ifolium repeng

White clover is suitable for a range of bumblebee species, both short and long tongued, and honeybees.

Both clover species argcknowledged as having potential value to solitary bees although there is greater

uncertainty due to lack of data

9 Held or faba bean\icia fabid is suitable for both short and long tongued bumblebee species, honeybees
and solitary bees.dpke and Nemede(2010) acknowledge the potential for faba beans to provide nectar
for bumble bees with specific reference to long tongued spe@esnpus pascuoruand B. hortorun)
able to reach the nectar directly from the corolla but that they may be subject to nesrtawval without
pollination by short tongued bumblebee species that pierce the base of the flower to feed. This also
allows honeybees to gain access.

1 Pea Pisum sppwith specific reference to garden peRigium sativunconsidered to be of negligible
value to bees, with only occasional visits to flowers observed

1 Alfalfa Medicagq also known as Lucernblédicago sativais attractive to long tongued bumblebees,
especially the common carder beBgmbus pascuorujrand solitary bees such as the blue maser b
(Osmia caerulescensalthough less so to honeybees and short tongued bumblebee species

1 Lupin (upinu$ with reference to three species: white lupihupinus albus blue lupin Kupinus
angustifoliug and yellow lupinl{upinus luteus attractive to hmeybees and short tongued bumblebee
species, less so to long tongued bumblebees and solitary bees. The long flowering petin6 ofetks
is beneficial however there is some uncertainty regarding the quantity of nectar produced

=A =

Within the EFA elementuidelines clover is grouped as a single entity, no differentiation is made between
individual species (red or white), where a potential difference in value may exist to different pollinator
groups.

The impact of N fixing crops on water quality is influehbg the species grown, with faba be@ficia faba

in particular subject to a number of analyses in whidmas been identifiechs a potential risk to increasing
nitrate leaching within a crop rotation. Entrup and Stemann (1960hd that between 116140 kg ha of

nitrate may be leached during a winter wheat crop following faba beans, mainly due toathid
mineralisation of high N content residues péstrvest(Jensenret al, 2010) Faba beans have theighest
dependence on Nixation for growth (the fix the greatest quantity of N) compared to other grain legumes
from temperate climatesJenseret al., 2010).As such, they do not extract residual nitrate from the sail,
increasing theiskof accumulation of soil nitratelustus and Kdpke (1995) atste theirweak allorhizal tap

root system (a root that penetrates the soil vertically and has horizontal secondary roots) coupled with low
root density and rooting depth, as features of the crop that increases the risk of nitrate leaching when it is
grown as a single species midensenet al. (2010)conclude that preventive measures.g. catch crops,
intercropping, or minimum or zero tillagare necessary to minimise potential detrimental impacts on water
quality. Jensenret al. (2010) present aexampleof faba beanundersownwith cocks-foot grass Dactylis
glomeratg or winter ryegrass immediately after sowing or emergence, where soil nitrate is reduced from
144 kg ha to 32-72 kg hd, coupled with a negligible impact on yield. Contrary to the recemdations of
Jenseret al. (2010),Kopke and Nemecek (2010jte faba beans as potentially problematic option to use

with minimal tillage due to its poor competitive ability with weeds. They sugbesitise of intercropping, or
deeprooting brassicas im catch crop capacity instead with spring oats and spring barley found to be
effective as intercrops, reducing nitrate leaching by6B%6 and 4%9% respectively. Maize, when positioned

so that the maize / faba bean root zones overlap either partiallyoonpletely, increased surplus N uptake
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by 20%.Aufhammer (1992¥ound that winter rapeseedBrassica napys barley (Hordeum vulgargand
ryegrasgLolium perennkas catch crops all reduced N loss but that their effectiveness depended on the faba
bean growvth stage when sown, and the extent of its canopy cover developngawing during the flowering
period was not recommended due to the spatially variable cover crop establishment.

The impact of clovefTrifoliumspp.)on nitrate loss while actively growing derived from a combination of
studies on grassland and leys on cultivated land. Cettlal. (1992) report losses of-24 kg N ha from
ryegrass fertilised with 15200 kg N hd and 633 kg N ha from an unfertilised ryegrass / white clover
pasturerespectively after 3 years. Stopesal (2002) found leaching of nitrate to be similar between the
grass/clover ley of an organic rotation (45 kg N)hdongterm grassland in receipt of <200 kg N'l{d4 kg

N hat) and a grass ley under conventionaamagement (50 kg N Hx A number of studies focus on nitrate
concentrations postemoval by incorporation, when much of the nitrate is released from the mineralisation

of organic N derived from the residues (Macdoneatdil., 1989). This is a common themunning through

the impact on water quality of the Hfixing crops permitted within EFAs other than faba bean, and the
associated risk to environmental loss via leaching. The timing of the removal of a grass/clover ley and the
type of crops that follow & a key factor according to Djurhuus and Olsen (1997). N leaching from a
grass/clover ley followed by a winter wheat crop, then either spring barley or winter rye was variable,
between 384 kg N ha yrt in response to 15@50 kg N ha of supplementary NLeaching was reduced,
especially on coarse sand soils when the ley was removed in spring compared to late autumn, and when the
second crop after removal of the-fikking crop was winter rye compared to spring barlBye winter rye crop
avoided a fallow priod during the winterKasparet al. (2008) assessed these of legumes as cover crops

and, although they accumulate less N during the winter, they will assimilate surplus N if present. When N is
present, clover does not fix N, rather it assimilatesdeal N within the soil.

Nitrate leaching may continue from leguminous crops, the quantity while the crop is growing relative-to non
legumes grown undégood practicévaries depending on the crop, its ability to establish ground cover and
the rooting sysem. Alfalfa(Medicagq, if allowed to grow for more than one year may produce potentially
deep rooting systems (Mathert al., 1975) that permits removal of residual soil nitrate to a depth of 1.8m
after 1 years growth, increased to 3.6m after 2 year® ifilclusion of alfalfa within a rotation of continuous
corn reduced nitrate leaching during crop growth from&bkg N ha during the previous corn crop, to 9 kg

N ha' (Toth & Fox, 1998). In a similar manner to othesfiking crops, the release of nitiea from the
mineralisation of root and shoot material followed its destruction by glyphosate, when 75 kg IRathate

was measured by Kavdit al. (2005).Thetiming of the removal of the Nixing crop and the type of crop that
follows is critical in imimising nitrate loss at this stage. The loss of nitrate during the growth of lupin crops
(Lupinusspp.)was found to be higher, although not significantly, than from ryegrass, mustard and ryecorn in
a study in New Zealand (McLenagtedral., 1996). It wa however, significantly less than faba bean and an
unsown control. Although reported as a possible cause of increased N leaEhitngp& Stemann, 1990;
Jensenet al. 2010; Kopke & Nemecek, 201)) faba bean and its tap rooted system may improve soil
infiltration however KWpke and Nemecek (2010) consider the evidence at the time of writing as inconclusive
due to apparent low percent root penetration on compacted soils compared to safflower, lupins and peas.
The use of Austrian winter pe® . (sativum arver& as a green manure in a rotation consisting of winter
wheat and spring pe@{sium sativunwas reported by Reganold (1987) to increase soil organic matter levels
and decrease topsoil erosion by 16cm over a 38 year period compared to a rotation witheumpact on

N loss is not reported by Reganold (1987) although Haugddiatdenet al. (2003) found no significant
difference in cumulative NQleaching between barley, pea and a baffma intercrop 18 months after their
removal.

Kopke and Nemecek (20) note the susceptibility of faba bean to weed infestation and the opportunity to
reduce this susceptibility through the use of species mixtures. Intercropping with spring barley or wheat
reduced weed density and weed biomass compared to faba bean twap élso has positive implications

for reducing the risk of nitrate leachindgjinnet al. (2013) found that weed suppression in clover crops was
also more effective when part of a grass mixture. Lupin is reported by Kruidhaff (2008) as a poor
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competitor with weeds, exerting little suppressive effect while growing but some allelopathic impact is
observed post incorporation of residues, although this is not as great as lucerne or winter oilseed rape. The
allelopathic impact of alfalfa was found byuhg and Miller (1995) to be highly species specific. Both
germination and seedling growth ofbutilon theophrastiwere inhibited, and seedling growth of
Chenopodium albumAmaranthus retroflexusand Digitaria sanguinalissuppressed in response to the
applcation of alfalfa extract. Crop pathogens may be affectedfixiNg crops after their incorporation, the
precise impact of which is dependent on the species of crop (Coeikih 2002). Although not directly
applicable to the growth phase of thefixing crop, it has implications for their potential removal and/of re
establishment. The widespread soil pathodgeythium responsible for the rot of seeds and roots, and the
'‘damping off of seedlings, was found to increase after the incorporation of comwstch {icia sativaand
crimson clover Trifolium incarnatun but declined after green pedisum sativum (Conklinet al. 2002).
Austrian winter pea may supress Verticillium wileticillium dahliag (Ochiaet al. 2008). Another soil borne
pathogen Gclerotinia mindrinfects both lettuce crops and winter pea (Kodtal., 1997) but does not infect
faba bean(or oilseed radish or barlgy

2.3. Whole landscape perspective

Section2.2 considered the biodiversity and ecosystem services value of eadltydar EFA element in
isolation. However, iis evident that the value of habitats can only be maximised if there is good connectivity
between habitats on the farm and the farm level landscape structure is heterogeneous (Morandin & Kremen,
2013; Bentoret al., 2003; Woltoret al., 2013; Menzt al, 2011; Hunter, 2002; Shacklefoed al., 2013;
Baileyet al., 2007; Le Coewt al., 2002). These two issues appéabe of equal or greateémportancethan

the value of any single habitat in isolation.

Farmlam heterogeneity, meaning where there are different fields connected by a variety otrupped
habitats (e.g. woodlands, ponds, wetlands etc.) and wildlife corridors (i.e. linear features such as hedges,
walls and tree lines), aids species abundance,rsiitye and persistence as well as helping to manage
predatory-prey interactions (Hunter, 2002; Baileyal., 2007). For example a positive relationship between

the abundance of butterflies and farmland heterogeneity has been identified particularly atcfogteater

than 5 km in diameter (Bentoet al., 2003). Similarly Hinsley and Belamy (2000) found that hedgerows do
not serve bird populations well in isolated patches. Connectivity between patches was vitally important.
Wolton et al. (2013) reported thaithere is good evidence for the importance of habitat connectivity to
vertebrates, as navigational aids and for commuting between breeding and foraging sites. There is, however,
comparatively little evidence that connected linear features such as hedgeaogvimportant corridors for
mammal dispersal.

Whilst hedgerows can serve as a valuable corridor facilitating the movement of fauna from one habitat to
another and so broadening distribution hedgerows do not always act in this way when it comes téfiora.
early paper by Helliwell (1975) reports a study of the distribution of vascular plant species in hedgerows and
concluded that woodland plant species did not spread easily throughout the hedgerow network.

As mentioned in Sectioh2.8, ponds alsmterad extensively with the aquatic and terrestrial environments
which surround them (Céréghiret al, 2014; Miracleet al,, 2010; Biggst al, 2000). Emerging insects for
example, may go on to utilise the surrounding geographical area during their adultdesgite being
aquatic whilst immature, are therefore both influenced by the properties of that area, and in providing a
valuable food source (e.g. for birds, bats, et€éréghincet al, 2014; Kalda, 2015) have a significant impact

on nonaquatic biodiersity. Equally, other groups (such as amphibians) may use ponds as both habitats per
se (i.e. for breeding), and as vital steppsignes for movement around the landscape and/or as refuges for
the recolonzation of the wider environment, particularly vhiin in areas where other suitable habitat may

be limited (i.e. intensively farmed landscapdsicoletet al., 2007). This connectivity to their surroundings
however, means that the ecological value of ponds is prone to damage through processes ocdthiimg w
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their catchments, including those specifically related to intensive agricultural production, such as nutrient
enrichment, pesticide contamination, sedimentation (as a result of elevated rates of erosion), water
abstraction and/or direct damage byédistock (Biggst al., 2005; Nicolett al., 2007; Céréghinet al.,, 2008;
Miracleet al, 2010). Indeed, the small size of ponds makes them particularly vulnerable to damage, since
the scope for impact buffering through, for example, dilution of pollutaig®xtremely limited.

It has also now become clear that pond networks (i.e. ponds sufficiently close together to be linked such that
organisms may move between them) are extremely important (Miratk. 2010), allowing as they do for

the movement ofspecies between them, and for the provision of a range of habitats to the overall benefit
of species diversity (Ribeigt al., 2011). It has, for example, been noted that although large ponds generally
contain a greater number of species than equivalemal ponds, a network of varying small ponds may
contain more (and a greater variety) than a large pond with the same surface area @Daitli2002). A
fundamental characteristic of natural pond systems, is a variety of pond types and sizes, pravidiey

range of habitats, and species moving between ponds at different points in thedylife or in response to
environmental (e.g. climatic) pressures (Jeffries, 2005). In so doing, their capacity for adaptation is increased,
which given the scope fodamage (short or long term) to pond environments posed by natural and
anthropogenic processes, increases their lomgn chances of survival. Ensuring that species have the
environments they require (particularly in light of relative unknowns such asati change impacts) is
difficult, so it has been suggested that we should concentrate on ensuring that a network of ponds (albeit
not physically linked) with different properties exists, thereby providing species with the opportunity to take
care of themslves (Jeffries, 2005).

Equal consideration should also be given to the surrounding terrestrial habitats, since the importance of
water quality is now widely recognised (e.g. Natural England, 2010); indeed some sources suggest that a
waterbody may only remin in good condition until agricultural land exceeds58946 of its catchment,
something which is likely to be very common in many parts of the EU (Detvads 2008, 2009). Where
particular species are to be targeted (e.g. Great crested n@wituruscrestatug then a holistic, landscape
scale, approach becomes even more important, as it is necessary to ensure that all the required habitats
(both aquatic and terrestrial) are present, and that they are sufficieletiypnected to allow for species

needs preferably targeting areas in which there is the maximum chance of success (e.g. close to colonisation
sources in clean catchment®kannapet al,, 2009). Even related species however, may have very different
needs and be influenced by factors occurringdifferent scales. Raebel al. (2012) for example, identified

that dragonflies(Anisopteraspp) were influenced by landscape variables at a radius of around 1600 m,
whereas their less mobile relatives the damselflies were influenced at a smallet0D0t radius scale;
something they suggested might make current conservation policies (often implemented verydoeally

pond and its immediate surrounds) more beneficial to damselflies than dragonflies. It is fortunate then, that
the small scale of any pond catchments (which contrasts markedly with those for many other waterbodies

¢ Davieset al, 2008), means that the potential for the protection of ponds through agricultural de
intensification, may be relatively high (Biggsal, 2005; Céréghinet al., 2008).

There may also be interactions and connectivity issues to be considered between cropped areas and
landscape features. As described in above (Secfiahd and 2.2.15 to )&reas of fallowshortrotation

coppice, afforested areasatch/cover crops and nitrogen fixing cropgor example, all have a number of
potential benefits (and burdens in some instances) for biodiversity and ecosystem services. In some instances
there may be synergies or trad#fs with the functional impact of otheahdscape features. As such a holistic
perspective may beecessaryo enhance or maximise the synergies and minimise the t@ftle This may

be in respect of the combinations of EFA elements (spatially and temporally on a farm) and their design and
managenent.
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3.0. Impact assessment (establishment of criteria and
guidelines)

3.1. Introduction

The objective was to define criteria, rules and guidelines that will facilitate the comparison of different EFA
elements within the EFA calculator with respect teithperformance in relation to positive and negative
impacts on ecosystem services, biodiversity and management, in the context of a specific farm and
environment. Much of the information and data required to make this assessment was collated and
synthesigd in the literature review (Section 2). However, this information was unstructured and not
harmonised, thus is not in a form that could be directly used to underpin the EFA calculator software. In order
to convert the information into a form that can besed in the calculator an impact assessment framework
was required, and once the framework was established the information collated and synthesised in the
literature review (Section 2) could be processed.

Annex C describes the work that was undertaken teefigp the impact assessment framework. This section
describes the framework that has been developed to process the information in the literature review (Section
2) and provides an overview of the impact criteria, rules and guidelines that have emergeddare

used to underpin the EFA calculator software.

3.2. The impact assessment framework

3.2.1. Introduction
There are three components to the assessment framework:

91 EFA elements and farm features
1 Impact categories
1 Parameters and parameter classes

EachEFA element has one or more farm features, and each feature has one or more potential positive and
negative impacts on ecosystem services, biodiversity and management. Each potential impact is quantified
using scoring system (see Section 3.2.5), and paemand parameter classes are used to determine
variations in potential impact.

3.2.2. EFA elements and farm features

In Section 2, each individual EFA element was reviewed. However, during the development of the impact
assessment framework it became apeat that some EFA elements consist of two or more farm features,

and it is these features that are assessed using the impact assessment framework. For example, in Scotland,
the EFA element 'Field margins' can just be a vegetated strip of land, butatszaimclude a 2m wide ditch

and a 3m wide hedge (Scottish Government, 2014). Vegetated strips, hedges and ditches are all features in
themselves, and each can have its impact assessed individually (as opposed to assessing the impact of a field
margin as wole). Consequently the impact of the EFA element is determined by the selection of the features
that make up that element.

The features are (many of which directly correlate with EFA elements):

1 Agroforestry 1 Land strips (adjacent/parallel to water)
1 Ancient monuments 1 Land strips (other)
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Ancient stones
Archaeologicasites

Catch crops or green cover
Ditches

Fallow land

Garrigue

Hedges or wooded strips
Isolated trees

= =4 -8 -8 a8 _a_a_°

Table 3.1 shows how the features relate to EFA elements (note: this can vary between Member States, thus

Table 3.1 is a summary for the whole of Europe).

Table 3.1: EFA Element features

E R L

Natural monuments
Nitrogen fixing crops
Ponds

Short rotation coppice
Terraces

Traditional stoe walls
Trees in line
Woodland

EFA Element Feature

Fallow land

Fallov land

Terraces

Terraces

Hedges or wooded strips

Hedges or wooded strips

Isolated trees

Isolated trees

Trees in line

Trees in line

Trees in groups and field copses

Woodland

Field margins

Land strips (adjacent/parallel to water)

Land strips (other)

Hedges or wooded strips

Ditches
Ponds Ponds

Land strips (adjacent/parallel to water)
Ditches Ditches

Traditional stone walls

Traditional stone walls

Other landscape features

Ancient monuments

Ancient stones

Archaeological sites

Garrigue

Hedges or wooded strips

Isolated trees

Natural monuments

Ponds

Terraces

Buffer strips (GAEC1, SMR1 or SMR10)

Land strips (adjacent/parallel to water)

Buffer strips (Other)

Land strips (other)

Agroforestry

Agroforestry

Strips along forest edgeBlQ PRODUCTION)

Land strips (other)

Strips along forest edges (WITH PRODUCTION)

Land strips (other)

Short rotation coppice

Short rotation coppice

Afforested areas

Woodland

Catch crops or green cover

Catch crops or green cover

Nitrogen fixing crops

Nitrogen fixing crops
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3.2.3. Impact categories
There are three 'top level' impact categori@s specified in the project tender specification document)

1 Ecosystem services: pollination, pest control, water quality control and soil erosion covered as a
minimum, but others have also been added where information exists

9 Biodiversity: maintenance and enhancement

1 Management: ease of implementation, management and control

As described in Annex C, there is an impact hierarchy for each of these top level impactiestdemr
ecosystem services, the Common International Classification of Ecosystem Services (CICES) system (Haines
Young & Potschin, 2013) has been used. The CICES structure has been followed, with the addition of 'Nitrate
leaching' and 'Phosphate reoff' as subclasses under 'Chemical condition of freshwaters', to account for the
different nature of these effects in relation to this ecosystem service.

For biodiversity, the European Nature Information System (EUNIS) species groups (EEA, 2015b) gs a startin
point, on the basis that these will aid interpretation in the software. The same hierarchy as ecosystem
services (Section > Division > Group > Class) has been used, albeit there are no impact categories at the class
level. The classification evolved d®timpact assessment proceeded, with species/groups created as they
were found in literature (from Section 2).

For management, there is a more simple set of categories, designed to capture the potential burden on farm
management. The same hierarchy as gstsm services (Section > Division > Group > Class) has been used,
but as the number of impact categories is limited the hierarchy only goes down to the Section level.

3.2.4. Parameters and parameter classes

For each featurémpact combination the impacsiscored (see Section 3.2.5 and Section 3.3 for examples)
using a set of parameters and parameter classes. A parameter is an attribute associated with the feature, e.g.
soil texture, which when changed can result in a difference in the impact. Classiesasith parameter have

been determined in order to assign different impact values for different conditions for each parameter.
Classes can be qualitative or quantitative, with the latter usually consisting of bands, e.g. class 1 = 0 to 10;
class 2 = 11 t80, etc. These parameters and classes have largely been derived from the literature (Section
2).

There are currently 138 parameters, with a total of 702 classes. Annex E lists all the parameters and
parameter classes that have been used. The combinatiompfcts and parameters for each feature
effectively forms an impact matrix. The impact matrices for each feature are shown in Section 3.3.

3.2.5. Scoring impacts
3.2.5.1. Introduction

All the impacts have been scored on a scalel6d to +100. The negat and positive values are used to
reflect whether the impact is positive or negative, and then the score is used to reflect the relative impact of
the feature in relation to the impact.

There are two approaches to scoring impacts (see Figure 3.1):

1 Approad 1: a quantitative approach, which draws upon metadelling. A score is awarded for each
possible combination of parameters, e.g. using Figure 3RGA= 10; A~H = 15; A~I = 10.
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1 Approach 2: a qualitative approach, which is similar a risk factaioaph, where by scores are awarded

for each class, then the scores for the classes selected are summed and weighted for each parameter,

e.g. using Figure 3.1: Impact B would score 5 for Class <Fatidr Class N, and these would then be
summed using theveightings (W) for Parameters 7 and 9 (resulting in overall scor22pfdue to the

greater weight given for Parameter 7).

I LILINR | OK

Feature X

Impact A

I LILINER | O

I_I_I

Paramete Parameter

Class A Class D

Class E

Class B

Class F

Paramete
7 (W:100)

Parameter

Class G Class J

®)

Class K

Class H )

Class L
(100)

1
i
i
i

Figure 3.1: Overview of scoring concept

Paramete

9 (W:50)

Class M
(-100)

Class N
(-75)

Class O
(-50)

Each approach is described in detail below (Sections 3.2.5.2 & 3.Ea&d8)feature is scored for an impact

at the appropriate level in the impact hierarchy as can be determined from the literature. Thus for very
specific impacts this is normally done at the class or group level. For example, ditches have impacts on
Aesthetic sevices; Chemical condition of freshwaters; Flood protection; and Pollination and seed dispersal.
The impacts are then aggregated (see Section 3.2.6) to derive the impact for division and section level impact
categories, and also the top level impact catege. Table 3.2 shows an example of this aggregation hierarchy
for the ditches example mentioned above.

Table 3.2: Example of impact aggregation hierarchy: Ditchessystem services

ectio D 0 oup a
Regulation & ‘Mediation of flows Liquid flows Flood protection
Maintenance |Maintenance of physical, |Lifecycle maintenance, habitPollination and seed dispers
chemical, biological and gene pool protection
conditions Water conditions Chemical condition of
freshwaters
Cultural Physical and tellectual Intellectual and Aesthetic
interactions with biota, representative interactions
ecosystems, and land
/seascapes
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3.2.5.2. Quantitative (meta-model) approach
The quantitative approach has been used for a limited number of impact assessmentdingcl

Provision of water for as a material

Provision of water for nutrition

Flood protection

Global climate regulation by reduction of greenhouse gas concentrations
Nitrate leaching

Phosphate ruroff

Mass stabilisation and control of soil erosion

= =4 =4 =4 =8 -4 =4

Models o quantified data were used to derive quantities of water, carbon, nitrate, phosphate and soil for all
the possible combinations of the relevant associated parameters. These values are then converted onto the
scale 0f100 to +100 using a calibration tablBable 3.3 shows an extract of this data (as it is not practical to
display all 375 combinations here) for the impact of fallow land on mass stabilisation and control of soil
erosion. Table 3.4 shows the calibration data that have been used to covertitgtiaa data on tonne of

soil erosion per year ontel00 to +100 scale (note: all the data are negative as it is a case minimising a
negative impact).

Table 3.3: Impact of fallow land on mass stabilisation and control of soil erosion (data extract)

Slope ] Soil texture ] Annual rainfall ‘ Ground cover (fallow) ‘ Value
Flat Coarse Very high (>765 mm) None (bare soil) -1.1
Moderate | Coarse Very high (>765 mm) None (bare soil) -6.3
Steep Coarse Very high (>765 mm) None (bare soil) -26.3
Flat Medium Very high (>765m) None (bare soil) -2.8
Moderate | Medium Very high (>765 mm) None (bare soil) -17
Steep Medium Very high (>765 mm) None (bare soil) -71
Flat Medium fine Very high (>765 mm) None (bare soil) -4
Moderate | Medium fine Very high (>765 mm) None (bare soil) -24
Steep Medium fine Very high (>765 mm) None (bare soil) -100
Flat Fine Very high (>765 mm) None (bare soil) -3.1
Moderate | Fine Very high (>765 mm) None (bare soil) -18.6
Steep Fine Very high (>765 mm) None (bare soil) -77.4
Flat Very fine Very hidp (>765 mm) None (bare soil) -1.6
Moderate | Very fine Very high (>765 mm) None (bare soil) -9.3
Steep Very fine Very high (>765 mm) None (bare soil) -38.8
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Table 3.4: Calibration data for mass stabilisation and control of soil erosion

-100 to-51 >100
-50 to-46 91 to 100
-45 to-41 81 to 90
-40 to-36 71 to 80
-351t0-31 61to 70
-30 to-26 51 to 60
-25t0-21 41 to 50
-20 to-16 31 to 40
-15to-11 21 t0 30
-10to-6 11t0 20
-5t0-0.5 1to 10
-04t00 0

The same calibrain data has been used for all features that have these impacts. As such, the feature with
the greatest impact formed the basis for the range in the calibration. By using the same calibration data, the
impact of each feature is directly comparable.

3.2.5.3. Qualitative (risk factor) approach

The qualitative approach has been used for the majority of feaiumgacts. There are two variations of the
approach:

1 Automated: Where scores are awarded for each parameter class and each parameter is given a weight
to account for the relative significance of that parameter, thus an overall score for any particular
combination of parameter classes can be automatically calculated (using Equation 3.1).

1 Manual: Where all possible combinations of parameter classes are gedeaatl then each combination
is awarded a score. This approach is used when a particular parameter or parameter class changes the
impact score in way which cannot be accounted for using class scores and parameter weights, for
example if a parameter classgwitches the impact from positive to negative, or where a parameter class
has an overriding effect such as limiting any potential impact.

The automated approach uses Equation 3.1 to determine the overall impact score. Each parameter is given
a weighting letween 0 and 100 and each class is given a score betvi@hand +100. When the classes
have been selected, the score for each class is then weighted using the parameter weight as a proportion of
the sum of all the parameter weights, resulting in an olleseore between100 and +100.

04 N Ok | B Ga didé i Q

5 [Equation 3.1]

Table 3.5 shows the parameter weights and class scores that have been assigned for the impact of fallow
land on reptiles.
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Table 3.5: Parameter weights and class scores for the impact of fallow land on reptiles

Parameter | Weight | Class | Score |
Adjacent vegetation 100 Large area (>1ha) of rough grassland, scrub, hedges or 100
structure woodland
Small area (¥ha) of rough grassland, scrub, hedges or 67
woodland
Short closely grazed grassland or arable crops 10
Large areas of bare ground 0
Adjacent wildlife 100 Diverse and complete linear features 100
corridors Uniform linear features with gaps 50
No linear features 0
Ground cover 100 None (bare soil) 0
(fallow) Natural regeneration 67
Sown bird seed mix 5
Sown wildflower 35
Sown grass only 67
South aspect 100 >75% faces south 100
50-75% faces south 67
25-50% faces south 25
<25% faces south 0
Topography 100 Banks, ridges, hollows or hummocks 100
Mostly uniform 0

As described above, in some instances the automated approach to calculating the score is not appropriate.
In these instances a more manual technique has been takée manual technique is similar to the
guantitative (metamodel) approach (see Section 3.2.5.2) in that all possible combinations of parameter
classes need to be assigned a score. This method has been applied for the following features and impacts:

Hedges or wooded strips and Trees in line

9 Pesticide drift
1 Filtration/sequestration by flora and fauna

Terraces

9 Aesthetic services
1 Provision of water for as a material
i Mass stabilisation and control of soil erosion

Traditional stone walls

Fungi

Invertebrates: Bes

Invertebrates: Beetles (carabids)

Invertebrates: Butterflies and moths

Invertebrates: Dragonflies and damselflies (Odonata)
Invertebrates: Hoverflies and hoppers

Invertebrates: Pollinating invertebrates

Small mammals (mice, shrews, voles)

Terrestrial phnts: Ferns

= =4 =4 =4 =4 =4 -8 -8 =9
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9 Terrestrial plants: Mosses and liverworts

For example, the impact of terraces on mass stabilisation and control of soil erosion has four parameters:
Soil texture; Annual rainfall; Gradient; and Terraces are regularly maintained. The lat&mpdes Yes/No
classes. If Yes is selected, terraces are given a positive impact for mass stabilisation and control of soil erosion.
However, if No is selected, then the score is inversed and a negative impact is awarded (on the basis that
terraces which a not maintained can result in increased soil erosion, whereas those which are maintained
will reduce soil erosion).

Finally, a disadvantage of the qualitative approach is that the scores that emerge from the process for
different features for the same inget are not directly comparablethey areonly relative for comparing the
potential impact of the same feature with different attributes (parameter classes). To overcome this issue an
additional level of calibration has been developed, known as CrossirEe@alibration (CFC). The CFC
provides a facility to increase/decrease the relative importance of different features for each impact. In many
instances this information may not be known, so the CFC is set to 1 for all features, but in other instances it
may be known and/or an estimate can be made for the relative importance of one feature compared to
another. Table 3.6 shows the CFC for reptiles, where an attempt has been made to differentiate the
importance of the features for reptiles.

Table 3.6: Crossehture calibration for reptiles

EFA Element CFC Weight

Agroforestry 0.5
Ancient stones 0.3
Catch crops or green cover 0.5
Fallow land 0.7
Garrigue 1

Isolated trees 0.7
Land strips (adjacent/parallel to water) 0.7
Land strips (other) 0.7
Nitrogen fxing crops 0.5
Short rotation coppice 0.5
Terraces 0.8
Traditional stone walls 1

3.2.6. Aggregation techniques

In order to facilitate the communication of impacts within the software, a means of aggregation is required.
The aim is to simplify data aridformation to aid decision making whilst not losing important detail or
transparency. In this instance it is about aggregating information up the 'Section > Division > Group > Class'
hierarchy.

Two approaches were explored: (i) all impacts for eachawgpllimpact are summed regardless of level; (ii)
impacts are averaged up the hierarchy. The second approach was favoured, as the first results in bias, with
higher scores for those impact categories which have a larger number @figsions, groups andasses.

With respect to the selected methodology, firstly, positive and negative impacts are averaged and aggregated
separately. This is to avoid potential negative impacts becoming hidden by being 'cancelled out' by positive
scores (and vice versa). Sedbn a weighting can be applied to the averaging/aggregation process. By default
they are all set to 100, but the user (within the settings section of the softgaee Section 8) can adjust
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these if they wish to increase/decrease the importance of pawticular impact category. For example, the

user may wish decrease the weight attached to cultural ecosystem services (compared to provisioning and
regulation and maintenance services); or they may wish to focus on enhancing biodiversity for birds. Finall
the aggregation process starts at the class level (orctats in the case of ecosystem services) and then
works up the hierarchy. As impacts have been scored at different levels the averaging process takes account
of scores awarded directly to an imgtacategory and any sutategories (which may themselves have sub
categories). Thus the aggregation process starts at the bottom and then works up the hierarchy transferring
the aggregated data at each level to the next level. The average is calculaitedsasn of the impact scores

on the impact category itself and the scores for the-sabegories, and then divides the total sabtegories

plus one (thus accounting for the impact category and itscatkgories). The aggregation process potentially
resuts in 6 values, i.e. positive and negative values for ecosystem services, biodiversity and management.

3.2.7. Additional ranking impact categories

Within the EFA calculator software there is a facility to rank farm features (see Se@jioin 4he contekof

creating new features for EFA, based on their potential impact. This uses the scoring system described above
to rank features that could be created on the farm. The user can accept the default criteria to rank the
features, which are the top level impt categories of ecosystem services, biodiversity and management, or
they can select custom criteria (a combination of any impact categories). There are also two prototype
ranking criteria that user can invoke (using the options and settings). These are:

1 Land taken out of production
9 Feature diversity index (FDI)

The land taken out of production criterion is relatively simple. If the feature being created removes land from
agricultural production then it is awarded a negative score<1L@0), and if it des not remove the land from
the production then it scores zero. The features that potentially remove land from production are:

Ditches

Fallow land

Garrigue

Hedges or wooded strips
Isolated trees

Land strips (adjacent/parallel to water)
Land strips (other)
Ponds

Traditional stone walls
Trees in line

Woodland

=8 =4 =8 =8 =8 -8 —a a8 o o

The second additional criterion, the feature diversity index (FDI), is a slightly more complex assessment. The
basic hypothesis is that the overall benefit of the farm to biodiversity will increasethatidiversity of
features present on the farm. To account for this the software calculates the FDI for each feature as shown
in Equation 3.2:

"000 p [Equation 3.2]

If the feature does not exist on the farm then it scores a maximum FDI of 1. If it already exists, then area of
what exists will be taken into accouint proportion to all the other features on the farm, i.e. if it is a large

area then the FDI will be low and if it a small area then the FDI will be high. The FDI is then used as the basis
for the ranking of the feature.
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3.3. Overview of feature-impacts (criteria and guidelines)

3.3.1. Agroforestry

Table 3.7: Impact matrix for agroforestry

Ecosystem services Biodiversity

Mass stabilisation and control of §
\voles)

erosion
Phosphate ruroff

Nitrate leaching

< |Pest control

< [Pollination and seed dispersal
< |Amphibiars

< |Birds of prey

< |Flowering plants

< [Insectivorous birds

< |Pollinating invertebrates

< |Reptiles

< [Seed eating birds

< [Small mammals (mice, shrews,
< |Soil surface invertebrates

< [Bats

Adjacent vegetation structure

<

Adjacent water bodiesuglity

Adjacent wildlife corridors \% \% \% \ \% \% \% \% \% \% \% \Y

Agroforestry species Y \% \Y \Y \Y Y \% Y Y \Y \Y \Y \Y \Y \%

Annual rainfall \ \Y \%

Distribution density of adjacent
. \% \%
water bodies

Field size \

Old trees or buildings present with
\Y
1 km2

Slope \% \%

Soil texture \% \Y \%

South aspect Y,

Topography \%

Adjacent vegetation structure

Structurally diverse habitat such as rough giasd, scrub, hedgerow or woodland in close proximity
provides favourable habitat to many species of fauna. Such habitat provides a favourable habitat to
amphibians during the terrestrial phase of their lifecycle (where immediately adjacent to ponds)2@IRG,
Bakeret al,, 2011; Oldhanet al., 2000); a favourable foraging habitat to reptiles (with the exception of
woodland), especially where small patches of bare ground are also present (Brady and Phillips, 2012; Edgar
et al, 2010; HCT, 2007; Wright ambhker, 2011); and will enhance flowering plant species diversity
(Langeveldet al, 2012). This habitat declines in suitability with a decrease in structure, for example
frequently cut vegetation maintained at a low height; where large areas of bare gudraly disturbed

ground are present; or, in the case of reptiles, where succession has proceeded to establish mature woodland
with cooler microclimates (Brady and Phillips, 2012).
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Adjacent water bodies quality

Clear water, with abundant aquatic invertelbe communities and submerged aquatic plants indicates water
conditions favourable to amphibians (ARG, 2010; Bekal, 2011; Oldharet al., 2000). A decline in quality

is indicated by increasing discoloticen and a decline in aquatic invertebrate digity and aquatic plant
presence.

Adjacent wildlife corridors

Diverse, quality hedgerow or linear features with dense structurally diverse vegetation provide: hibernation
sites for small mammals and insects (thus supporting their predators) (Hollancu#n@Q00; Pfiffner and

Luka, 2000; Thomas and Marshall, 1999); perches; sources of seed; increased flowering plant species diversity
and resources for pollinating insects (Hannon & Sisk, 2009; Hunter, 2002); potential habitat for night flying
insects (asurce of food for bats) (BCT, 2013; JNCC, 2001); and enhanced dispersal and connectivity of habitat
fragments (Hiltyet al., 2006). Those adjacent to ponds, optimise the potential for amphibian dispersal
between (ARG, 2010; Bakaral., 2011; Oldharet al., 2000) and may also be utilised by reptiles (Wright and
Baker, 2011). Many species of bats demonstrate a preference to fly along linear features such as hedgerows
where they function as 'commuting habitats' (JNCC, 2001). These qualities are reduceddeitiease in

hedge structure and the presence of gaps.

Agroforestry species

The flowers of deciduous trees may provide a source of nectar and pollen for insects, esfadiialpp

(willow) andTilia spp (lime) (Kirk and Howes, 2012). Natural regetieraof wildflowers in the understory

of deciduous plantations may increase wildflower diversity (Langetell, 2012) and also favour pollinating
invertebrates (Hannon & Sisk, 2009; Hunter, 2002). Where the development of tussocky grasses occurs, it
will provide potential nest sites for some species of bumblebee, or potentially increase the presence of small
mammal nests that may also be utilised by bumblebees (Fussell and Corbet, 1992; Kells and Goulson, 2003;
Lyeet al., 2009); and good winter covend hibernation sites are provided for surface active insect predators

of crop pests (Holland and Luff, 2000; Pfiffner and Luka, 2000; Thomas and Marshall, 1999). The limited
cultivation and reestablishment frequency also favours predatory insect poputatio

Agroforestry species enhance the structural diversity of the habitat. This, coupled with a decrease in tillage
frequency and the potential for the development of tussocky grasses in the understory, enhances the
suitability of the habitat to amphibiarduring the terrestrial phase of their lifecycle (ARG, 2010; Betkal,

2011; Oldharret al., 2000).The enhanced numbers of surface active invertebrates (Holland and Luff, 2000;
Pfiffner and Luka, 2000; Thomas and Marshall, 1999) increases insectikotbnembers and insectivorous

and grass eating small mammal species (Kells and Goulson, 20@8;ally2009).. The fruit of species such

as holly [lex spp, crab appleNlalus spp, wild cherry Prunus sppand yew Taxus sppare a potential food

source for seed eating birds. The flowers of deciduous trees, espesaikyspp(willow) andTilia spp (lime)

provide a source of nectar and pollen for flying insects (Kirk and Howes, 2012), that are a source of food for
bats (JNCC, 2001; BCT, 2013) arddtivorous birds. The enhanced structural diversity of the habitat may

be of benefit to reptiles during the early phases of establishment (Brady and Phillips, 2012). The shading
produced by mature plantations, especially in coniferous species, doesaomite a favourable habitat for
reptiles.

Nitrate leaching is reduced compared to arable cropping (Langeteld 2012). Supplementary nitrogen is

not applied and tillage frequency is reduced. This decreases the rate of mineralisation and releasge nit
from organic matter. A permanent and deeper rooting system utilises the nitrogen within nitrate more
effectively than that of an arable crop, rendering it unavailable to leaching (Nair, 2011; Nair and Graetz,
2004).
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Both coniferous and deciduous wdadd significantly reduce the risk of soil erosion and surfaceoftinf
phosphate (Dimitriowet al 2012; Kahlet al., 2007; Langeveldt al., 2012). This increases with increased
maturity and ground cover.

Annual rainfall

An increase in annual rainfajenerally corresponds to an increased risk of nitrate leaching (Shidh,
1996), surface ruoff and surface erosion (Dimitricet al. 2012; Kahlet al., 2007; Langevelet al., 2012).

Distribution density of adjacent water bodies

The presence of otlr suitable water bodies in close proximity, not isolated by, for example, roads enhances
the potential for movement of amphibians between them and decreases the risk of localised extinction
should loss of an individual water body occur (ARG, 2010; Olditaah, 2000). The potential benefit
increases with increased water body density within the surrounding area.

Ponds provide an additional source of insects active in the evening and at night, such as mosquitos, a source
of food for bats (JNCC, 2001).

Fieldsize

Several predatory insect species hibernate in field margins (Holland and Luff, 2000; Pfiffner and Luka, 2000;
Thomas and Marshall, 1999). A small field size favours movement of these species from the boundaries into
more central cropped areas.

Old trees or buildings present within 1 km?

Trees with crevices, holes or loose bark provide day roosts for bats (Forestry Commission, 2005; JNCC, 2001).
Old buildings may also contain potential points of entry and suitable roost sites (JNCC, 2001).

Slope

An ingease in slope gradient increases the risk of surfaceoftiand soil erosion (Bienes al., 1996; Garcia
Ruizet al., 1995).

Soil texture

Course soil textures, for example those with a high proportion of sand, are vulnerable to nitrate leaching
(Smithet al., 1996). The risk is lower for soils with an increasingly greater proportion of smaller particle sizes
such as clays.

Soils with a high proportion of silt are more vulnerable to surface erosion and phosphatgfriinan clay
soils whose patrticles amore tightly bound, or the coarser sand soils that drain more freely (van der Knijff
et al., 2000).

South aspect

A southern aspect favours reptiles as it allows basking for longer periods throughout the day, including when
air temperatures are lower (Brgdand Phillips, 2012; Edgatral., 2010).

Topography

Complex topography provides areas exposed to sun and shade at different times of the day, important for
effective thermoregulation in reptiles (Brady and Phillips, 2012; Eelgalr, 2010).
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3.3.2. Ancient monuments

Table 3.8: Impact matrix for ancient monuments

Ecosystem services Management
%]
]
Q
2
[]
(%]
[
[%] >
() =
o 3
2 3
S °
@ 8
= )
=
2 g 5
7 = 8
o} () [
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Feature has infrastructure for visitors \% \Y
Feature is a significant component in the local landscap \Y
Number of visitors \%

Feature is a significant component in the local landscape

Where ancient monuments are a significant feature of a local area their aesthetic significance can increase
and this will add to the areas cultural heritage.

Number of vsitors
High numbers of visitors to ancient monuments can be viewed as indicator of their cultural value.
Feature has infrastructure for visitors

Infrastructure for visitors to ancient monuments may enhance their cultural value. Ancient monuments on
agricdtural land require careful management and this can add to labour requirements. Such areas are best
left in permanent pasture or wide margins left around the area to prevent cultivation damage.
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3.3.3. Ancient stones

Table 3.9: Impact matrix for ancient@nes

Ecosystem services | Biodiversity Mgt.
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Adjacent vegetation structure \
Adjacent wildlife corridors
Annual rainfall \% Vv
Featue has infrastructure for visitors \% Y,
Feature is a significant component in the local landscap \%
Lichens present \
Number of visitors \%
South aspect \

Adjacent vegetation structure

Structurally diverse successional habiaich as rough grassland and scrub provides favourable habitat to
reptiles. This habitat declines in suitability with a decrease in structure, for example frequently cut vegetation
maintained at a low height, or where succession has proceeded to estatditire woodland with cooler
microclimates.

Adjacent wildlife corridors

Diverse, quality hedgerow or linear features with dense structurally diverse vegetation facilitates the
potential for reptile dispersal. Movement between and into ponds is reduced witlecrease in hedge
structure, and the presence of gaps.

Annual rainfall

Ancient stones which have higher levels of moisture, e.g. from higher rainfall, are more favourable for fungi
and mosses and liverworts.

Feature has infrastructure for visitors

Infrastructure for visitors to ancient stones may enhance their cultural value. Ancient stones on agricultural
land require careful management and this can add to labour requirements. Such areas are best left in
permanent pasture or wide margins left around theea to prevent cultivation damage.
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Feature is a significant component in the local landscape

Where ancient stones are a significant feature of a local area their aesthetic significance can increase and
also add to the areas cultural heritage.

Lichens pesent

Snail populations tend to increase when lichens are present.

Number of visitors

High numbers of visitors to ancient stones can be viewed as indicator of their cultural value.
South aspect

A southern aspect favours reptiles as it allows baskingfaydr periods throughout the day, including when
air temperatures are lower.

3.3.4. Archaeological sites

Table 3.10: Impact matrix for archaeological sites

Ecosystem services Management
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Feature fas infrastructure for visitors \Y \
Feature is a significant component in the local landscap Y,
Number of visitors \

Feature is a significant component in the local landscape

Where archaeological sites are a significant feature of a local areaatbgtinetic significance can increase
and this will add to the areas cultural heritage.

Number of visitors
High numbers of visitors to archaeological sites can be viewed as indicator of their cultural value.
Feature has infrastructure for visitors

Infrastructure for visitors to archaeological sites may enhance their cultural value. Archaeological sites on
agricultural land require careful management and this can add to labour requirements. Such areas are best
left in permanent pasture or wide margins lefioand the area to prevent cultivation damage.
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3.3.5. Catch crops or green cover

Table 3.11: Impact matrix for catch crops or green cover

Ecosystem services Biodiversity
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Adjacent vegetation structure \% \% \% \% \ \% \% \Y \Y

Adjacent water bodies quality Y

Adjacent wildlife corridors Y, Y, Vv Vv \% Vv Y, \% \%

Annual rainfall \% \% \%

CC species groups 1 \% \% \% \% \% \% \% \ \% \% \% \%

CC species groups 2 \% \% \% \% \% \% \% \ \% \% \% \%

Distribution density of adjacent

. \%

water bodies

Field size Y,

Old trees or buildings present with

1 km2

Slope \% \%

Soil texture Y, Y, Y,

South aspect \%

Topography Vv

Adjacent vegetation structure

Structurally diverse habitat such as rough grassland, scrutigemrew or woodland in close proximity
provides favourable habitat to many species of fauna. Such habitat provides a favourable habitat to
amphibians during the terrestrial phase of their lifecycle (where immediately adjacent to ponds) (ARG, 2010;
Bakeret al., 2011; Oldhanet al,, 2000); a favourable foraging habitat to reptiles (with the exception of
woodland), especially where small patches of bare ground are also present (Brady and Phillips, 2012; Edgar
et al, 2010; HCT, 2007; Wright and Baker, 201hy will enhance flowering plant species diversity
(Langeveldet al., 2012). This habitat declines in suitability with a decrease in structure, for example
frequently cut vegetation maintained at a low height; where large areas of bare or frequently didturb
ground are present; or, in the case of reptiles, where succession has proceeded to establish mature woodland
with cooler microclimates (Brady and Phillips, 2012).
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Adjacent water bodies quality

Clear water, with abundant aquatic invertebrate commurstad submerged aquatic plants indicates water
conditions favourable to amphibians (ARG, 2010; Bekal, 2011; Oldharet al., 2000). A decline in quality
is indicated by increasing discolouration, and a decline in aquatic invertebrate diversity ahgrelsence.

Adjacent wildlife corridors

Diverse, quality hedgerow or linear features with dense structurally diverse vegetation provide: hibernation
sites for small mammals and insects (thus supporting their predators) (Holland and Luff, 2000; Pfdfner an
Luka, 2000; Thomas and Marshall, 1999); perches; sources of seed; increased flowering plant species diversity
and resources for pollinating insects (Hannon & Sisk, 2009; Hunter, 2002); potential habitat for night flying
insects (a source of food for ba@CT, 2013; INCC, 2001); and enhanced dispersal and connectivity of habitat
fragments (Hiltyet al., 2006). Those adjacent to ponds, optimise the potential for amphibian dispersal
between ponds (ARG, 2010; Baletral,, 2011; Oldhanet al,, 2000) and maylso be utilised by reptiles

(Wright and Baker, 2011). Many species of bats demonstrate a preference to fly along linear features such as
hedgerows where they function as ‘commuting habitats' (JNCC, 2001). These qualities are reduced with a
decrease in hége structure and the presence of gaps.

Annual rainfall

An increase in annual rainfall generally corresponds to an increased risk of nitrate leachinge{Sahjth
1996), surface ruoff and surface erosion (Dimitricet al. 2012; Kahlet al., 2007; Langveldet al., 2012).

CC species groups 1

Species that utilise more nitrogen during the autumn, for example winter oilseed or forage Begesica
napug (Defra, 2010), or species that rapidly establish extensive roots, such as winter cereals of widch wint
rye (Secal cerea)ds a good example (Shepherd, 1999), are effective at removing nitrogen from the soil and
reducing the risk of leaching during the winter, especially on soils with a high percent sand content.
Maintenance of ground surface cover dugithe winter reduces the risk of soil erosion, phosphate-otfn

and sedimentatior(Dabneyet al., 2001).

All species may provide some shelter during the winter to soil surface active predatory beetles (ldblland
al., 1999; 2005) compared to bare soiltaltigh the impact is likely to be small. All species have a limited
effect on amphibians, birds of prey, insectivorous birds, seed eating birds, small mammals, reptiles, and
flowering plants when present as winter cover crops.

CC species groups 2

Two speas groups with different nutrient requirements and rooting systems are likely to utilise more soll
nitrogen during the autumn and winter due to differences in plant functional type and nutrient resource
exploitation (Finret al., 2013). Maintenance of growd surface cover during the winter reduces the risk of
soil erosion, phosphate ruoff and sedimentatior{Dabneyet al., 2001).

All species may provide some shelter during the winter to soil surface active predatory beetles (ldblland
al., 1999; 2005) copared to bare soil although the impact is likely to be sn#dllspecies have a limited
effect on amphibians, birds of prey, insectivorous birds, seed eating birds, small mammals, reptiles, and
flowering plants when present as winter cover crops.
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Distribution density of adjacent water bodies

The presence of other suitable water bodies in close proximity, not isolated by, for example, roads enhances
the potential for movement of amphibians between them and decreases the risk of localised extinction
shoul loss of an individual water body occur (ARG, 2010; Oldéaal., 2000). The potential benefit
increases with increased water body density within the surrounding area.

Ponds provide an additional source of insects active in the evening and at nighfssomdsquitos, a source
of food for bats (JNCC, 2001).

Field size

Several predatory insect species hibernate in field margins (Holland and Luff, 2000; Pfiffner and Luka, 2000;
Thomas and Marshall, 1999). A small field size favours movement of these $pmuidise boundaries into
more central cropped areas.

Old trees or buildings present within 1 km2

Trees with crevices, holes or loose bark provide day roosts for bats (Forestry Commission, 2005; JNCC, 2001).
Old buildings may also contain potential poinfentry and suitable roost sites (JNCC, 2001).

Slope

An increase in slope gradient increases the risk of surfaceffiand soil erosion (Bienes al., 1996; Garcia
Ruizet al., 1995).

Soil texture

Course soil textures, for example those with a highppirtion of sand, are vulnerable to nitrate leaching
(Smithet al., 1996). The risk is lower for soils with an increasingly greater proportion of smaller particle sizes
such as clays.

Soils with a high proportion of silt are more vulnerable to surface emoand phosphate ruoff than clay
soils whose particles are more tightly bound, or the coarser sand soils that drain more freely (van der Knijff
et al., 2000).

South aspect

A southern aspect favours reptiles as it allows basking for longer periods tloouidie day, including when
air temperatures are lower (Brady and Phillips, 2012; Edpat, 2010).

Topography

Complex topography provides areas exposed to sun and shade at different times of the day, important for
effective thermoregulation in reptile@Brady and Phillips, 2012; Edgaml., 2010).
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3.3.6. Ditches

Table 3.12: Impact matrix for ditches

Ecosystem services Biodiversity Mgt.
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Areas of open water \
Bank vegetation cutting perd Y,
Clearing ditch vegetation frequend \% Vv \% \%
Disposal of cut weeds \Y, Y, \
Disposal of dredged sediment \% \% \%
Distance to closest source of wild
\% Vv
plants
Ditch vegetation cleance v
equipment
Ditches are a traditional feature of v
local area
Dredging machine \%
Dredging of ditch sediments \ \ V
Form of the bank \% Y Y, Y,
General flow rate in ditch \%
General nutrient status \% \%
High sulphate soil additions \
Intermittent periods of ditch drying \Y
Livestock access to ditch bank \ \%
Lowgrade weirs/small dams in dit \%
Nurr_1ber of connected aquatic Vv v v v v v
habitats
Number of connected terrestrial
. . \% Vv
linear habitats
Overhanging vegetation on the bg Vv
Presence of kulitch vegetation \%
Time ofdredging \%
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Ecosystem services Biodiversity Mgt.
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Water status \% \%
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Areas of open water

Halting hydroseral succession at a point where therestill sufficient open water to allow or a varied
macroinvertebtate community can be beneficial in supporting a varied aquatic invertebrate community
(Armitageet al., 2003).

Bank vegetation cutting period
Cutting should be timed so as to allow for sesetting in bank plants (Lerad al,, 2011).
Clearing ditch vegetation frequency

Surface water drainage systems such as ditches and culverts aim to drain excess surface water away from
the land, before water levels put property, roads, land, people andetharonment at risk of flooding. If the
system of ditches and culverts is maintained to a good standard, any flooding is only likely to affect the
floodplain. Surface water drainage systems can provide storage in addition to allowing the flow of water, so
maintenance is vital to ensure this storage capacity is maintained. Less frequent clearance is associated with
better aquatic plant diversity (Twisét al, 2003); however, although clearance can be detrimental to
biodiversity (Twislet al., 2003; Clarke2014) regular management can be beneficial for plant biodiversity by
maintaining a variety of successional stages in the landscape (Herzon & Helenius, 2008; Atralte2203).

The above is therefore a balance. More frequent clearing ditch vegetatibmerease labour costs.

Disposal of cut weeds

Removing cut vegetation can improve the aesthetic value of ditches. Where weed cutting occurs, the
vegetative material contains nutrients; therefore, safe removal from the area may also remove those
nutrients. Removing ditch cuttings will increase labour costs.

Disposal of dredged sediment

Removing dredged sediment can improve the aesthetic value of ditches. Where periodic dredging occurs to
remove sediments, that sediment may contain nutrients (i.e. P);etoee safe removal from the area may
also remove those nutrients. Removing ditch dredgings will increase labour costs.
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Distance to closest source of wild plants

A seed source within 25m may be beneficial in supporting colonisation (Geertsema & Spradgers;an
Dijket al, 2014).

Ditch vegetation clearance equipment

The type of cleaning machine used (mowidrgm, mowingbasket or ditchscoop), has been shown to be
significantly related to the species number/value of emergent vegetation (Tetiak, 2003). The mowing

drum is worst (species number = 18.8, species value = 43.3) than the rHoagket or ditchscoop (species
number = 21, species value = 46.4). Value is used here, and the ditch scoop value should be the default where
no further informatio is provided (Twis&t al., 2003).

Ditches are a traditional feature of local area
Where ditches are a traditional feature of a local area their aesthetic significance can increase.
Dredging machine

Dredging machinery has an impact on plant diversityh wie Pulshovel being the best and the Suction pipe
the worst (Twislet al, 2003).

Dredging of ditch sediments

Surface water drainage systems such as ditches and culverts aim to drain excess surface water away from
the land, before water levels put prepty, roads, land, people and the environment at risk of flooding. If the
system of ditches and culverts is maintained to a good standard, any flooding is only likely to affect the
floodplain. Surface water drainage systems can provide storage in aduitaowing the flow of water, so
maintenance is vital to ensure this storage capacity is maintained. Periodic dredging removes polluted
sediments (i.e. P) (Shoet al, 2015, Clarke, 2014), which if left may become a pollutant source (Hill &
Robinson, 202; Mooreet al,, 2010). However, excessive dredging removes the fine sediments available for

P adsorption (Smith, 2009). More frequent ditch dredging will increase labour costs.

Form of the bank

Banks should have a gentle gradient to maximise biodivepsitgfits.

General flow rate in ditch

Lower flow rates reduce the ability to mobilise polluted sediments (Sabat, 2015; Smith, 2009).
General nutrient status

High nutrient status reduces plant diversity (Blomgeisal., 2003), and faunal diversitg strongly related
to floral diversity (Armitaget al., 2003).

High sulphate soil additions

The presence of sulphates (e.g. from poultry manure) may decrease P sorption (thus mobilising it)
(Needelmaret al., 2007).

Intermittent periods of ditch drying

Processes which result in periodic drying out may precipitate minerals with a high P sorption capacity (i.e.
reduce downstream contamination) (Needelmeinal., 2007).
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Livestock access to ditch bank

Grazing too close to the banks edge may damage biodiydisitnitageet al., 2003), and may lead to water
contamination.

Low-grade weirs/small dams in ditch

Low grade weirs in ditches can increase water retention, and provide conditions suitable for denitrification
(Smith, 2009; Krogeat al., 2014); however, termittent clearing may be required (Krégeral., 2014).

Number of connected aquatic habitats

The more connections there are to other aquatic habitats the greater the scope-émaaisation. Generally
the more connected aquatic habitats are the graateeir aesthetic value.

Number of connected terrestrial linear habitats

The greater the number of connected terrestrial linear habitats the greater the benefit for small mammals.
Generally the more connected terrestrial habitats are the greater theirratit value.

Overhanging vegetation on the bank

Overhanging vegetation can be good for crayfish (Herzon & Helenius, 2008).

Presence of irditch vegetation

In-ditch vegetation can increase sediment (and Phosphorus) retention (Needelinan2007).
Time d dredging

Dredging in the summer may reduce the negative impacts associated with fine sediments no longer being
available for P adsorption, as at this time there is less P in the water column lady&015).

Vegetation clearance period

In northern Eirope the cleaning period was shown to be related to emergent vegetation diversity, where
Julymid-September (46.4), mi€eptemberOctober (44.3) (both nature value for emergent watjfference

=-2.1) (Twisket al, 2003). SeptembeDctober is the defatll(Twisket al, 2003). However this has been
amended a little as exact months may vary around Europe, based on the statement that Autumn clearance
is worse than summer clearance as this leaves less time for recovery prior to winter €T alisk003).

Water status

Periodic drying reduces pressures on amphibians from predatory fish and conversely permanently wet
ditches are better for fish (Herzon & Helenius, 2008).

Waterbody depth

In addition to food, honey bees and other pollinators gather water forinsmoling the inside of the nest

on hot days. Honeybees also use water to dilute the honey when they feed it to the larvae. The presence of
a water supply on the farm close to habitat will be beneficial as bees will spend less time collecting water and
more time gathering nectar. However, where water is deep they have a habit of drowning so the provision
of shallow water is valuable.
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Years since dredging

Less frequent dredging may be beneficial for plants (Tetisk, 2003).

3.3.7. Fallow land

Table 313: Impact matrix for fallow land

Ecosystem services Biodiversity

Mass stabilisation and control of §

erosion
Insectivorousirds

Nitrate leaching
Phosphate ruroff

voles)

< |Pest control

< [Pollination and seed dispersal
< |Amphibians

< |Bats

< |Birds of prey

< |Flowering plants

< |Pollinating invertebrates

< |Reptiles

< [Seed eating birds

< |Small mammals (mice, shrews,
< |Soil surface invertebrates

<

Adjacent vegetation structure

<

Adjacent water bodies quality

Adjacent wildlife corridors Y, Y, Y, \% Vv Vv Vv Vv Y, Y, Y, \%

Annual rainfall \Y \Y \%

Distribution density of adjacent
. \ \Y
water bodies

Field size \%

Ground cover (fallow) \% \% \% \% \% \% \% \% \% \% \% \% \% \% \

Old trees or buildings present with
\%
1 km2

Slope \% Y,

Soil texture \% \Y \

South aspect Y,

Topography \%

Adjacent vegetation structure

Structurally diverse habitat such as rough grassland, scrub, hedgerow or woodland in closetyroximi
provides favourable habitat. Such habitat provides a favourable habitat to amphibians during the terrestrial
phase of their lifecycle (where immediately adjacent to ponds); a favourable habitat to reptiles; and will
enhance flowering plant species digéy. This habitat declines in suitability with a decrease in structure, for
example frequently cut vegetation maintained at a low height; where large areas of bare or frequently
disturbed ground are present; or where succession has proceeded to estatalishe woodland with cooler
microclimates.
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Adjacent water bodies quality

Clear water, with abundant aquatic invertebrate communities and submerged aquatic plants indicates water
conditions favourable to amphibians. A decline in quality is indicated dngasing discolouration, and a
decline in aquatic invertebrate diversity and plant presence.

Adjacent wildlife corridors

Diverse, quality hedgerow or linear features with dense structurally diverse vegetation provide: hibernation
sites for small mammals dninsects (thus supporting their predators); perches; sources of seed; increase
flowering plant species diversity; potential habitat for night flying insects (a source of food for bats); and
enhance dispersal and connect habitat fragments. Those adjacepbmds, optimise the potential for
amphibian dispersal between. Many species of bats demonstrate a preference to fly along linear features
such as hedgerows. These qualities are reduced with a decrease in hedge structure and the presence of gaps.

Annual minfall

An increase in annual rainfall generally corresponds to an increased risk of nitrate leaching, suraite run
and surface erosion.

Distribution density of adjacent water bodies

The presence of other suitable water bodies in close proximity, otated by, for example, roads enhances

the potential for movement of amphibians between them and decreases the risk of localised extinction
should loss of an individual water body occur. The potential benefit increases with increased water body
density witin the surrounding area.

Ponds provide an additional source of insects active in the evening and at night, such as mosquitos, a source
of food for bats.

Ground cover

Tussocky grasses within sown grass mixtures and mixtures with flowering plants prot@hdigb nest sites

for some species of bumblebee, or the presence of small mammal nests that may also be utilised by
bumblebees; favourable habitat for insects, and insectivorous birds and small mammals (a potential food
source for birds of prey); good mier cover and hibernation sites for a number of insect species (source of
food for insectivorous birds) and surface active insect predators of crop pests; suitable foraging areas; and
nest sites, and a source of food for grass eating and insectivoroasespé& he limited cultivation and +e
establishment frequency favours predator populations. Mixtures that require more frequent tillage, or areas
where bare ground persists are not as favourable to predators although they will be present. Frequent tillage
decreases habitat favourability.

Mixtures that contain appropriate flowering plants potentially attract pollinating insects (source of food for
insectivorous birds). Wild bird seed mixtures are designed specifically to provide a source of food for seed
eating birds. Sown grass or wildflower mixtures, or natural regeneration may contain small seeded plant
species that are also suitable. Wildflower mixtures that contain species with a long corolla and light flower
colour are favourable to moths, moths provideource of food to bats that feed at night. A greater frequency

of tillage, for example the annual establishment of wild bird seed mixture, decreases habitat favourability.

Bare soil does not represent quality habitat for amphibians. Habitat qualityhiarered by the presence of
vegetation that enhances structural diversity, such as tussocky grasses in a sown grass mixture with minimal
cutting, or natural regeneration once the vegetation has become established. Bare soil provides potential
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basking areaof reptiles but must be located in close proximity to vegetated areas that provide shelter and
shade, large areas of purely bare ground do not provide favourable habitat.

Natural regeneration may offer potential for the growth of arable flora that wilb &svour pollinating
invertebrates. Natural regeneration favours the development of rare arable flora from the local seedbank.
Sown wildflower mixtures also provide a source of flowering plants, determined by the mixture content.

Old trees or buildings preent within 1 km2

Trees with crevices, holes or loose bark provide day roosts for bats. Old buildings may also contain potential
points of entry and suitable roost sites.

Slope

An increase in slope gradient increases the risk of surfaceffiand soil eosion.
Soil texture

Coarser soils have greater capacity for infiltration and sediment trapping.
South aspect

A southern aspect favours reptiles as it allows basking for longer periods throughout the day, including when
air temperatures are lower.

Topograpty

Complex topography provides areas exposed to sun and shade at different times of the day.

3.3.8. Garrigue

Table 3.14: Impact matrix for garrigue

Ecosystem services|Biodiversity

< [Pollination and seed dispersal

< [Flowering plants
< |Invertebrates

< |[Mammals

< |[Reptles

Buffer strip adjacent

Buffer strip adjacent

Where garrigue is adjacent to agricultural land it would benefit from being protected with buffer strips.
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3.3.9. Hedges or wooded strips

Table 3.15: Impact matrix for hedges or wooded strips

Ecosystem services Biodiversity Mgt.

Aesthetic services
Filtration/sequestration by flora an
Mediation of smell/noise/visual
Pest control

Pesticide drift

Pollination and seed dispersal
Bees

Birds

Butterflies and moths
Farmland birds

Fowering plants

Invertebrates

Mammals

Mosses and liverworts
Scrubland birds

\Woodland birds

Labour

< |Bats

Adjacent trees and woodland

<
<
<
<
<

Deadwood present

Density of hedgerow trees \% \% vV |V Y,

Distribution densiy of adjacent
. \
water bodies

Floral diversity Y vV |V vV |V

Ground cover at base of hedge Vv

Hedge height \% \% \ \% \ \% \%

Hedgerow cutting frequency Vv \Y Vv \Y

Hedgerow cutting season Vv \

Hedgerow is part of a green lane | V vV |V Vv

Hedges are a traditional feature o
local area

Mature trees with basal hollows \Y

Number of other habitats
connected to hedge

Pesticides sprayed on adjacent fiq \% \%

Porosity \% \% \% \%

Sensitive features downwind \%

Water bodies downwind \%

Adjacent trees and woodland
The incidence of bats is significantly increhbg the proximity of woodland.
Deadwood present

The presence of wetirown, dead and decaying trees is beneficial to many species including pollinators, and
provides nest holes, foraging and perches. Invertebrates such as spiders, ground beetles aflieshaver
often found in large quantities in hedge bottoms where deadwood residue accumulates. Deadwood provides
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nesting opportunities for bees. The presence of deadwood can enhance the habitat for mosses and
liverworts.

Density of hedgerow trees

The abundnce and diversity of birds will be affected by density of hedgerow trees. The presence of
hedgerow trees has a large positive impact on the abundance and diversity of moths. Hedges without trees
support significantly smaller moth populations. 60% of sge¢including butterflies) visiting the hedge are
dependent on the tree layer. The abundance and diversity of larger moth species will be affected by density
of hedgerow trees. Bats visiting hedges are dependent on the tree layer. The incidence o$igaifidsintly
affected by tree densitythe more trees present the greater the population and diversity of bats visiting. A
moderate number of hedgerow trees can increase the aesthetic value. The number of hedgerows trees can
increase labour costs for thmanagement of the trees and also by slowing hedge cutting.

Distribution density of adjacent water bodies

Ponds provide an additional source of insects active in the evening and at night, such as mosquitos, a source
of food for bats.

Floral diversity

Flord diversity is one of the most important factors for pollination. Diverse hedgerows will attract a greater
diversity of pollinators. Flordachness in the hedgerow, in terms of both tetadhness and insegiollinated
plant richness, is important for bisdinsects and mammals.

Ground cover at base of hedge
Good ground cover at the base of the hedge will increase bird species richness.
Hedge height

Tall hedgerows offer the greatest benefit for trapping pests, and most effective in reducing pesticide drift
and protecting nortarget areas, including water bodies. Tall hedgerows offer the greatest benefit for
mediating smell, noise and visual impacts. Farmland bird species tend to prefer shorter trees and
hedgerows/grassy or scrub type boundaries. Scrublardl dpecies tend to prefer trees and hedgerows of
intermediate height. Woodland bird species tend to prefer taller trees and hedgerows.

Hedgerow cutting frequency

Uncut hedges provide more flowers and berries than cut hedges. Typically, large wide, higéy sigpport

twice as many species of birds than tidy, frequently mechanically cut hedges. Hedgerow cutting reduces the
number of flowers and the biomass of berries available over winter. More frequent cutting of hedgerows will
increase labour costs.

Hedgeow cutting season

Cutting should be undertaken in the winter, and avoided during the spring and summer. Cutting in winter
can increase in biomass of berries.

Hedgerow is part of a green lane

Bird abundance and species richness is greater in green lamgmoed to standard hedgerows. Significantly
more birds and a greater diversity are found in the inner area than on the outside of the lane. Bird species
are found to occur in greater numbers in green lanes rather than in single hedgerows. There tends to be
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greater number of butterflies in green lanes. Hedgerows that form part of a green land have added ecological
benefits, including greater abundance of flowers and more diverse flora. Where hedges are part of a green
lane their aesthetic significance cartiaase.

Hedges are a traditional feature of local area

Where hedges are a traditional feature of a local area their aesthetic significance can increase.
Mature trees with basal hollows

Older trees with basal hollows provide a more suitable habitat for emasd liverworts.

Number of other habitats connected to hedge

Hedgerow connectivity in a landscape is important to bumblebee movement and therefore to plants that
require pollinator bumblebee services. Hedgerow connectivity in a landscape is importhntrtblebee
movement and therefore to plants that require pollinator bumblebee services. Generally the more connected
habitats the greater the aesthetic value.

Pesticides sprayed on adjacent field

If pesticides are not sprayed on the adjacent field, therréhis no role for the hedge for reducing pesticide
drift.

Porosity

Hedgerows with low porosity offer the greatest benefit for trapping pests. Hedgerows with moderate
porosity are the most effective in reducing pesticide drift and protecting-tanget area, including water
bodies. Hedgerows with low porosity offer the greatest benefit for mediating smell, noise and visual impacts.

Sensitive features downwind

If there are no sensitive features downwind from the hedge, then its benefit with respect to mingrthe
effects of pesticide drift are minimal.

Water bodies downwind

If there are no water bodies downwind from the hedge then its benefit, with respect to minimising the
effects of pesticide drift and consequent impact on water quality, are minimal.
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3.3.10. Isolated trees

Table 3.16: Impact matrix for isolated trees

Ecosystem services |Biodiversity
%]
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Adjacent trees anevoodland \%
Adjacent vegetation structure \Y \%
Adjacent water bodies quality Y,
Adjacent wildlife corridors \Y \% \%
Deadwood present \% Y,
Distribution density of adjacent
. \% \Y
water bodies
Ground under canopy isittivated \ \ \%
Mature trees with basal hollows Y, \% Vv \% Y, \%
South aspect \%
Tree maintenance period \% Vv \%
Veteran/ancient trees \Y \ \%

Adjacent trees and woodland

The local and landscape effects of isolated trees on birdsreare pronounced when they are not part of a
consolidated patch of trees and woodland.

Adjacent vegetation structure

Structurally diverse habitat such as rough grassland, scrub, hedgerow or woodland in close proximity
provides favourable habitat. Such hegh provides a favourable habitat to amphibians during the terrestrial
phase of their lifecycle (where immediately adjacent to ponds); a favourable habitat to reptiles; and will
enhance flowering plant species diversity. This habitat declines in suitatiiln a decrease in structure, for
example frequently cut vegetation maintained at a low height; where large areas of bare or frequently
disturbed ground are present; or where succession has proceeded to establish mature woodland with cooler
microclimates.

Adjacent water bodies quality

Clear water, with abundant aquatic invertebrate communities and submerged aquatic plants indicates water
conditions favourable to amphibians. A decline in quality is indicated by increasing discolouration, and a
decline inaquatic invertebrate diversity and plant presence.
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Adjacent wildlife corridors

Diverse, quality hedgerow or linear features with dense structurally diverse vegetation provide: hibernation
sites for small mammals and insects (thus supporting their predatpesches; sources of seed; increase
flowering plant species diversity; potential habitat for night flying insects (a source of food for bats); and
enhance dispersal and connect habitat fragments. Those adjacent to ponds, optimise the potential for
amphibdan dispersal between. Many species of bats demonstrate a preference to fly along linear features
such as hedgerows. These qualities are reduced with a decrease in hedge structure and the presence of gaps.

Deadwood present

Invertebrates such as spiders,ognd beetles and hoverflies are often found in large quantities where
deadwood residue accumulates. The presence of deadwood can enhance the habitat for mosses and
liverworts.

Distribution density of adjacent water bodies

The presence of other suitable vemtbodies in close proximity, not isolated by, for example, roads enhances
the potential for movement of amphibians between them and decreases the risk of localised extinction
should loss of an individual water body occur. The potential benefit increaitesngreased water body
density within the surrounding area.

Ponds provide an additional source of insects active in the evening and at night, such as mosquitos, a source
of food for bats.

Ground under canopy is cultivated

The ground under the canopy akks is best for invertebrates, flowering plants and mosses and liverworts
if left uncultivated.

Mature trees with basal hollows

Older trees with basal hollows provide a more suitable habitat for amphibians, birds, invertebrates, bats,
reptiles and mosseand liverworts.

South aspect

A southern aspect favours reptiles as it allows basking for longer periods throughout the day, including when
air temperatures are lower.

Tree maintenance period

Maintenance of trees is best avoided in the first half of theryeapecially January to March for bats and
plants, and April to June for birds.

Veteran/ancient trees

Veteran or ancient trees can have historical value, aesthetic value and add to the cultural heritage of the
area. Veteran or ancient trees provide a mesduable habitat for flowering plants.
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3.3.11. Land strips (adjacent/parallel to water)

Table 3.17: Impact matrix for land strips (adjacent/parallel to water)

Ecosystem services Biodiversity

Filtration/sequestration by flora and fauna
Mass stabilisabn and control of sq
Microbial/pathogen ruroff
Nitrogen runoff

Pesticide drift

Phosphate ruroff

Sediment bound pesticides
Soluble pesticide ruoff
Insectivorous bids

< [Birds of prey

< |Flowering plants

< |Pollinating invertebrates

< |Reptiles

< |Seed eating birds

< |Small mammals (mice, shrews,
< |Soil surface invertebrates

<

< |Pollination and seed dispersal

< |Amphibians
< [Bats

Adjacent vegetation structure

<

Adjacent water bodies quality

Adjacent wildlife cordors \% V|V I|IVI|V ]|V ]|V | V|V ]|V]|V

Buffer width \ \% \% \% \ \% \% \%

Depth of impermeable layer
beneath buffer strip

Distribution density of adjacent
. \% \%
water bodies

Erosion risk in catchment \ \ \Y \%

Field managed to reduce erosion vV |V \% Y

Ground cover \Y VIV I V| V]|V ]|V ]|V |V ]|V]|V

Hydraulic conductivity of the soil V|V |V \ vV |V

Mean annual precipitation vV |V \% vV |V

Old trees or buildings present witf
\Y
1 km?

Removal of accumulated pollutant \% \%

Risk of overland flow becoming
concentrated

Slope vV |V \Y \%

Soil texture vV |V \ \%

South aspect \%

Subsurface drains under buffer
strip

Topography \%

Vegetation density vV |V \ Vv

Vegetation height \% \%
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Adjacent vegetation structure

Structurally diverse habitat such as rough grasd| scrub, hedgerow or woodland in close proximity
provides a favourable habitat for amphibians during the terrestrial phase of their lifecycle (where
immediately adjacent to ponds); a favourable habitat for reptiles; and will enhance flowering plamspec
diversity. This habitat declines in suitability with a decrease in structure, for example frequently cut
vegetation maintained at a low height; where large areas of bare or frequently disturbed ground are present;
or where succession has proceeded stablish mature woodland with cooler microclimates.

Adjacent water bodies quality

Clear water, with abundant aquatic invertebrate communities and submerged aquatic plants indicates water
conditions favourable for amphibians. A decline in quality is indatdy increasing discolouration, and a
decline in aquatic invertebrate diversity and plant presence.

Adjacent wildlife corridors

Diverse, quality hedgerow or linear features with dense structurally diverse vegetation provide: hibernation
sites for small mamals and insects (thus supporting their predators); perches; sources of seed; increased
flowering plant species diversity; potential habitat for night flying insects (a source of food for bats); and
enhance dispersal and connect habitat fragments. Thadjacant to ponds, optimise the potential for
amphibian dispersal between habitats. Many species of bats demonstrate a preference for flying along linear
features such as hedgerows. These qualities are reduced with a decrease in hedge structure ane@tice pres

of gaps.

Buffer width

The impact on pesticide drift increases with buffer width due to greater opportunities for filtration by
vegetation. The impact on surface runoff increases with buffer width due to greater opportunities for
infiltration and scopdor filtration by vegetation.

Depth of impermeable layer beneath buffer strip

A shallow impermeable layer may provide a confining zone resulting in increased N removal, as this prevents
infiltrate from passing below the depth of roots and organic matidd¢lon & Hill, 2004).

Distribution density of adjacent water bodies

The presence of other suitable water bodies in close proximity, not isolated by, for example, roads, enhances
the potential for movement of amphibians between them and decreases the fisticalised extinction
should loss of an individual water body occur. The potential benefit increases with increased water body
density within the surrounding area.

Ponds provide an additional source of insects active in the evening and at night, suchmqstas, a source
of food for bats.

Erosion risk in catchment

Buffer strips may become overwhelmed in the event of excessive sediment delivery, so there is a risk that
they may become less effective in locations where soil erosion is high.
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Field managedo reduce erosion

Buffer strips may become overwhelmed in the event of excessive sediment delivery, so there is a risk that
they may become less effective in locations where soil erosion is high. This can be mitigated if the adjacent
field is managed toaduce the risk of soil erosion.

Ground cover

Tussocky grasses within sown grass mixtures and mixtures with flowering plants provide: potential nest sites
for some species of bumblebee, or the presence of small mammal nests that may also be utilised by
bumbebees; favourable habitat for insects, and insectivorous birds and small mammals (a potential food
source for birds of prey); good winter cover and hibernation sites for a number of insect species (source of
food for insectivorous birds) and surface aetimsect predators of crop pests; suitable foraging areas; and
nest sites, and a source of food for grass eating and insectivorous species. The limited cultivation and re
establishment frequency favours predator populations. Mixtures that require moreséettillage, or areas

where bare ground persists are not as favourable to predators although they will be present. Frequent tillage
decreases habitat favourability.

Mixtures that contain appropriate flowering plants potentially attract pollinating insésirce of food for
insectivorous birds). Wild bird seed mixtures are designed specifically to provide a source of food for seed
eating birds. Sown grass or wildflower mixtures, or natural regeneration may contain small seeded plant
species that are alssuitable. Wildflower mixtures that contain species with a long corolla and light flower
colour are favourable to moths, moths provide a source of food for bats that feed at night. A greater
frequency of tillage, for example the annual establishment of witd seed mixture, decreases habitat
favourability.

Bare soil does not represent quality habitat for amphibians. Habitat quality is enhanced by the presence of
vegetation that enhances structural diversity, such as tussocky grasses in a sown grasswitkxtaigimal
cutting, or natural regeneration once the vegetation has become established. Bare soil provides potential
basking areas for reptiles but must be located in close proximity to vegetated areas that provide shelter and
shade, large areas of puyebare ground do not provide favourable habitat.

Natural regeneration may offer potential for the growth of arable flora that will also favour pollinating
invertebrates. Natural regeneration favours the development of rare arable flora from the locabaded
Sown wildflower mixtures also provide a source of flowering plants, determined by the mixture content.

Hydraulic conductivity of the saill

One of the most important factors for reducing overland flow is the vertical hydraulic conductivity of the soil,
as greater conductivity allows for greater infiltration, reducing pollution by water borne pollutants.

Mean annual precipitation

Buffer strips may be more effective under lower rainfall conditions as antecedent moisture content is
important in determininghe scope for further infiltration.

Old trees or buildings present within 1 km?

Trees with crevices, holes or loose bark provide day roosts for bats. Old buildings may also contain potential
points of entry and suitable roost sites.
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Removal of accumulad pollutants

Accumulated pollutants should be removed from the buffer strip to ensure they do not reach a level where
they can become a pollutant source, thus negating the effect of the buffer strip. Phosphorus may build up to
the point at which it reache a threshold and, more importantly, biological action makes more of the
phosphorus soluble leaving it available for leaching (Stetted., 2009; UusKamppa & Jauhiainen, 2010).

Risk of overland flow becoming concentrated

Overland flow concentration lfe concentration of flow into rills or other flow paths) reduces the laminar
flow needed for maximum buffer performance.

Slope

On gentler slopes flow rate is reduced and therefore infiltration increased (MG@ogeneet al, 2010).
Soil texture

Coarser sits have greater capacity for infiltration and sediment trapping.

South aspect

A southern aspect favours reptiles as it allows basking for longer periods throughout the day, including when
air temperatures are lower.

Subsurface drains under buffer strip

The presence of suburface drains may increase the concentration of N (Bhatédrali, 2009) and pesticides
in drainage.

Topography
Complex topography provides areas exposed to sun and shade at different times of the day.
Vegetation density

Dense vegetabn provides a greater barrier to overland flow (and the pollutants it carries) than more sparsely
populated buffer strips, reducing flow velocity and increasing time for infiltration (Ktuek, 2005).

Vegetation height

Spray drift deposition beyond ap-free no-spray buffers decreases with increasing height of the vegetation
in the buffer strip (Reichenberget al., 2007).
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3.3.12. Land strips (other)

Table 3.18: Impact matrix for land strips (other)

Eco. Ser|Biodiversity
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Adjacent vegetation structure \% \ \ \% \ \% \% \% \% \Y \%
Adjacent waer bodies quality \%
Adjacent wildlife corridors Y, \% \% Y, \% Vv \% Vv Y, \% Y,
Distribution density of adjacent
. \ \%
water bodies
Ground cover Y \% \% \Y \% Y \% Y Y, \% Y,
Old trees or buildings present with
\%
1 km2
South aspect \%
Topography Y

Adjacent vegetation structure

Structurally diverse habitat such as rough grassland, scrub, hedgerow or woodland in close proximity
provides favourable habitat. Such habitat provides a favourable habitat to amphibians duritegrésstrial

phase of their lifecycle (where immediately adjacent to ponds); a favourable habitat to reptiles; and will
enhance flowering plant species diversity. This habitat declines in suitability with a decrease in structure, for
example frequently cuvegetation maintained at a low height; where large areas of bare or frequently
disturbed ground are present; or where succession has proceeded to establish mature woodland with cooler
microclimates.

Adjacent water bodies quality

Clear water, with abundargiquatic invertebrate communities and submerged aquatic plants indicates water
conditions favourable to amphibians. A decline in quality is indicated by increasing discolouration, and a
decline in aquatic invertebrate diversity and plant presence.

Adjacentwildlife corridors

Diverse, quality hedgerow or linear features with dense structurally diverse vegetation provide: hibernation
sites for small mammals and insects (thus supporting their predators); perches; sources of seed; increase
flowering plant spe@s diversity; potential habitat for night flying insects (a source of food for bats); and
enhance dispersal and connect habitat fragments. Those adjacent to ponds, optimise the potential for
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amphibian dispersal between. Many species of bats demonstratef@nence to fly along linear features
such as hedgerows. These qualities are reduced with a decrease in hedge structure and the presence of gaps.

Distribution density of adjacent water bodies

The presence of other suitable water bodies in close proximdtjsolated by, for example, roads enhances

the potential for movement of amphibians between them and decreases the risk of localised extinction
should loss of an individual water body occur. The potential benefit increases with increased water body
densty within the surrounding area.

Ponds provide an additional source of insects active in the evening and at night, such as mosquitos, a source
of food for bats.

Ground cover

Tussocky grasses within sown grass mixtures and mixtures with flowering plavithepimotential nest sites

for some species of bumblebee, or the presence of small mammal nests that may also be utilised by
bumblebees; favourable habitat for insects, and insectivorous birds and small mammals (a potential food
source for birds of preygood winter cover and hibernation sites for a number of insect species (source of
food for insectivorous birds) and surface active insect predators of crop pests; suitable foraging areas; and
nest sites, and a source of food for grass eating and insectigaspecies. The limited cultivation and re
establishment frequency favours predator populations. Mixtures that require more frequent tillage, or areas
where bare ground persists are not as favourable to predators although they will be present. Frelpgat ti
decreases habitat favourability.

Mixtures that contain appropriate flowering plants potentially attract pollinating insects (source of food for
insectivorous birds). Wild bird seed mixtures are designed specifically to provide a source of foalifor se
eating birds. Sown grass or wildflower mixtures, or natural regeneration may contain small seeded plant
species that are also suitable. Wildflower mixtures that contain species with a long corolla and light flower
colour are favourable to moths, mothsqvide a source of food to bats that feed at night. A greater frequency

of tillage, for example the annual establishment of wild bird seed mixture, decreases habitat favourability.

Bare soil does not represent quality habitat for amphibians. Habitat guialiénhanced by the presence of
vegetation that enhances structural diversity, such as tussocky grasses in a sown grass mixture with minimal
cutting, or natural regeneration once the vegetation has become established. Bare soil provides potential
baskingareas for reptiles but must be located in close proximity to vegetated areas that provide shelter and
shade, large areas of purely bare ground do not provide favourable habitat.

Natural regeneration may offer potential for the growth of arable flora thall aiso favour pollinating
invertebrates. Natural regeneration favours the development of rare arable flora from the local seedbank.
Sown wildflower mixtures also provide a source of flowering plants, determined by the mixture content.

Old trees or buildngs present within 1 km?

Trees with crevices, holes or loose bark provide day roosts for bats. Old buildings may also contain potential
points of entry and suitable roost sites.

South aspect

A southern aspect favours reptiles as it allows basking for lopgggods throughout the day, including when
air temperatures are lower.

100



GUIDANCE AND TOOLSIPPORT FARMERSAKING AWARE DECISSGIN ' H
Hertfordshire

ECOLOGICAOCURRES HNALREPORT

Topography

Complex topography provides areas exposed to sun and shade at different times of the day.

3.3.13. Natural monuments

Table 3.19: Impact matrix for natural monuments

Ecosgtem services

< |Aesthetic services

Feature is a significant componen
in the local landscape

Feature is a significant component in the local landscape

Where natural monuments are a significant feature of a local area their aesthetic significancereasén

3.3.14. Nitrogen fixing crops

Table 3.20: Impact matrix for nitrogen fixing crops

Ecosystem services Biodiversity
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Annual rainfall \% \ \%

Distribution density of adjacent

; \ \Y

water bodies

Field size \Y

Nitrogen fixing crop species \% \% \% \% \% \% \% \% \% \Y \Y \Y \Y \Y \%
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Adjacent vegetation structure

Structurally diverse habitat such asugh grassland, scrub, hedgerow or woodland in close proximity
provides favourable habitat to many species of fauna. Such habitat provides a favourable habitat to
amphibians during the terrestrial phase of their lifecycle (where immediately adjacewninds) (ARG, 2010;
Bakeret al,, 2011; Oldhanet al., 2000); a favourable foraging habitat to reptiles (with the exception of
woodland), especially where small patches of bare ground are also present (Brady and Phillips, 2012; Edgar
et al, 2010; HCT, 200%\Vright and Baker, 2011); and will enhance flowering plant species diversity
(Langeveldet al, 2012). This habitat declines in suitability with a decrease in structure, for example
frequently cut vegetation maintained at a low height; where large areasaoé or frequently disturbed

ground are present; or, in the case of reptiles, where succession has proceeded to establish mature woodland
with cooler microclimates (Brady and Phillips, 2012).

Adjacent water bodies quality

Clear water, with abundant aquatinvertebrate communities and submerged aquatic plants indicates water
conditions favourable to amphibians (ARG, 2010; Bekat, 2011; Oldharet al., 2000). A decline in quality

is indicated by increasing discolouration, and a decline in aquatict@brate diversity and aquatic plant
presence.

Adjacent wildlife corridors

Diverse, quality hedgerow or linear features with dense structurally diverse vegetation provide: hibernation
sites for small mammals and insects (thus supporting their predatordlaftdoand Luff, 2000; Pfiffner and

Luka, 2000; Thomas and Marshall, 1999); perches; sources of seed; increased flowering plant species diversity
and resources for pollinating insects (Hannon & Sisk, 2009; Hunter, 2002); potential habitat for night flying
insects (a source of food for bats) (BCT, 2013; INCC, 2001); and enhanced dispersal and connectivity of habitat
fragments (Hiltyet al, 2006). Those adjacent to ponds, optimise the potential for amphibian dispersal
between ponds (ARG, 2010; Baletral., 2011; Oldhamet al., 2000) and may also be utilised by reptiles
(Wright and Baker, 2011). Many species of bats demonstrate a preference to fly along linear features such as
hedgerows where they function as '‘commuting habitats' (JNCC, 2001). These qaaditresiuced with a
decrease in hedge structure and the presence of gaps.
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Annual rainfall

An increase in annual rainfall generally corresponds to an increased risk of nitrate leachingefSahjth
1996), surface ruoff and surface erosion (Dimitricet a. 2012; Kahlet al., 2007; Langevelet al., 2012).

Distribution density of adjacent water bodies

The presence of other suitable water bodies in close proximity, not isolated by, for example, roads enhances
the potential for movement of amphibians betwedghem and decreases the risk of localised extinction
should loss of an individual water body occur (ARG, 2010; Olditamh, 2000). The potential benefit
increases with increased water body density within the surrounding area.

Ponds provide an additionaburce of insects active in the evening and at night, such as mosquitos, a source
of food for bats (JNCC, 2001).

Field size

Several predatory insect species hibernate in field margins (Holland and Luff, 2000; Pfiffner and Luka, 2000;
Thomas and Marshall999). A small field size favours movement of these species from the boundaries into
more central cropped areas.

Nitrogen fixing crop species

A decrease in cultivation frequency reduces the quantity of nitrogen returned to the soil within plant residues
via mineralisation (Franzluebbeet al., 1999; Silgram and Shepherd, 1999), and reduces the risk of soil
erosion (Franzluebbemst al.,, 1999; van der Knijff, 2000) and phosphate loss in surfaceffui@uintonet

al., 1999). Species that may only requieestablishment and tillage every few years, suchL.agis spp.
(Birds foottrefoil) or Anthyllis(Kidney vetch), have a lower risk of nitrate leaching, soil erosion and phosphate
run-off.

Vicia faba(Faba bean)Lotus spp(Birds foottrefoil) and Trifolum spp.(Clover species) are of value to
pollinating insects, for example bees (Kirk and Howe, 20d@ké&kand Nemecek, 2010). They are favoured

by solitary bees, short and long tongued bumblebees and honeybees. Species €licbrapgChickpea)

and Glycine spp(Soybean) may act as a potential food source for seed eating birds (Hanson and Mason,
1985). Species with a long corolla and light flower colour are potentially favourable to moths, and moths
provide a source of food to bats that feed at night {B2013). Suitable foraging areas for amphibians and
reptiles are provided by structurally diverse habitats with, for example, tussocky grasses (ARG, 2010; Brady
and Phillips, 2012; Oldhaet al., 2000). Bare soil provides potential basking areas forlespkiut must be
located in close proximity to vegetated areas that provide shelter and shade, large areas of purely bare
ground do not provide favourable habitat (Brady and Phillips, 2012). A single species sown crop will be of low
floral diversity.

A greder frequency of tillage decreases habitat favourability to many soil surface active invertebrates,
including predatory beetles. Benefit is provided by species that may only requesgablishment and tillage
every few years for exampleotus spp(Birdsfoot-trefoil), Anthyllis(Kidney vetch) andrifolium spp(Clover
species).

Old trees or buildings present within 1 km?

Trees with crevices, holes or loose bark provide day roosts for bats (Forestry Commission, 2005; JNCC, 2001).
Old buildings may alsmntain potential points of entry and suitable roost sites (JNCC, 2001).
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Slope

An increase in slope gradient increases the risk of surfaceffiand soil erosion (Bienes al., 1996; Garcia
Ruizet al., 1995).

Soil texture

Course soil textures, for emgple those with a high proportion of sand, are vulnerable to nitrate leaching
(Smithet al., 1996). The risk is lower for soils with an increasingly greater proportion of smaller particle sizes
such as clays.

Soils with a high proportion of silt are morelrerable to surface erosion and phosphate +ififi than clay
soils whose particles are more tightly bound, or the coarser sand soils that drain more freely (van der Knijff
et al., 2000).

South aspect

A southern aspect favours reptiles as it allows baskintpnger periods throughout the day, including when
air temperatures are lower (Brady and Phillips, 2012; Edgat, 2010).

Topography

Complex topography provides areas exposed to sun and shade at different times of the day, important for
effective trermoregulation in reptiles (Brady and Phillips, 2012; Edgat., 2010).

3.3.15. Ponds

Table 3.21: Impact matrix for ponds

Ecosystem service|Biodiversity
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Mean annual temperature Y,
Natural water table and Y
hydroperiod maintained
Number of ponds present Y \Y Y \Y
Pond cathment land use Y, \% \Y
Pond catchment proportion Y
agriculture
Pond is part of a series \% \% \% \%
Pond shape \% Y, Vv \%
Pond size \Y \ \ \% \Y
Pond stocked with fish Y, Y,
Pond substree \% \Y
Pond water source Vv
Proximity to other aquatic habitatg Y, Vv Vv \%
Variety of neighbouring ponds \% Y Y \Y
Waterbody depth Y, Y, \%

Aquatic vegetation cover

Generally, the greater the agtic vegetation cover, the better. The exception is for fish, which often require
at least some open water.

Are sediments removed by dredging

Accumulated ponds sediments may act as a pollutant source (e.g. for P) unless intermittently removed;
however, dedging also has negative impacts on biodiversity.

Average retention time

Nutrient (and other pollutant) removal is greatest in systems with long retention times, allowing time for
biological, chemical and physical processes to occur.
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Buffer strip adjacen

Buffer strips benefit biodiversity in a number of ways, through ensuring clean water, and providing habitat.
In particular, Odonata may use buffer vegetation to aid emergence and to perch.

Ducks present

The presence of ducks increases pressure on agplatits, with negative implications for Odonata species.
Feature is a significant component in the local landscape

Where ponds are a significant feature of a local area their aesthetic significance can increase.

Form of the bank

A number of species benefibm gently sloping banks, including wading birds (which require a muddy shore),
some invertebrates (e.g. for breeding), emergent plants and some mammals (e.g. water vole).

Level of shading by bank vegetation

Some shading by bank vegetation may be beradfior biodiversity, but this may peak between 20% and
30% shading.

Mean annual temperature

The removal on nutrients from surface waters, much of which is driven by the action of aquatic plants, is
greater in warmer conditions.

Natural water table and hydoperiod maintained

Maintaining a natural water table and hydroperiod is beneficial for biodiversity. A natural water table and
degree of water level fluctuation, is an essential part of maintaining pond habitats, preventing excessive
drying, allowing fosome drying, and providing an adequate draw down zone.

Number of ponds present

Biodiversity can benefit from the creation of a network of ponds, in some instances, several ponds may
contain greater biodiversity than a single pond of equivalent size. A aumfbponds together may have
more aesthetic value that one or two isolated ponds.

Pond catchment land use

Ponds are heavily influenced by land use in their (usually) small catchments (e.g. there is little scope for
dilution of pollutants), such that astensity of agricultural production goes up, so does the potential impact
on biodiversity.

Pond catchment proportion agriculture

Some evidence suggests that biodiversity is unlikely to be good if there is more t&%@8griculture in a
catchment, and tts may be much lower for arable agriculture (Da@eal., 2008), such that the impact on
biodiversity can be interpreted as increasing with the amount of agriculture present. With farm ponds with
relatively small catchments, it can probably be assumed tivhan/industrial development will have a
negligible impact in most cases.
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Pond is part of a series

Where a series of ponds are used, water quality can be improved to a greater extent than in a single
waterbody. Consequently the lower ponds may supgorhore healthy biodiversity than those early in the
chain. A series of ponds may have more aesthetic value than single isolated ponds.

Pond shape

An irregularly shaped bank may result in microtopography, small puddles, and areas of wet mud, to the
benefit of some species. Irregular shaped ponds tend to have more aesthetic value as they appear more
natural.

Pond size

Larger ponds increase retention time, which aids the removal of pollutants and thus improves water quality.
Larger ponds tend to have greategrefits for biodiversity.

Pond stocked with fish
Generally, fish stocking (particularly if with nnative species) increases the pressure on natural biodiversity.
Pond substrate

Evidence suggests that a natural substrate provides a better basis fordaitiv Unnatural ponds may
contain some invertebrates, birds, etc., but are more limited than more natural ponds. Natural ponds tend
to have more aesthetic value.

Pond water source

Clean water is essential for high quality pond biodiversity. In generaigpfed by an inflow may be impacted
by pollutants and/or invasive species, groundwater is often relatively clean, whilst surface flow can be either
clean or polluted depending on the land use in the catchment.

Proximity to other aquatic habitats

Much pord biodiversity also utilises other aquatic habitats (rivers, ditches, lakes, etc.) therefore close
proximity to such habitats aids colonisation and movement through the landscape.

Variety of neighbouring ponds

Maximum benefit is usually derived from a netk of ponds which represent different successional stages
(i.e. depths, sizes, etc.). A number of variable ponds may have more aesthetic value than a group of very
similar ponds.

Waterbody depth

A variety of water depths is generally advisable for biodie, due to the ability to support a varied
community of emergent, submerged and floating vegetation. Fish often require at least some deeper water.
In addition to food, honey bees and other pollinators gather water for use in cooling the inside aéghe n

on hot days. Honeybees also use water to dilute the honey when they feed it to the larvae. The presence of
a water supply on the farm close to habitat will be beneficial as bees will spend less time collecting water and
more time gathering nectar. Hower, where water is deep they have a habit of drowning so the provision

of shallow water is valuable.
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3.3.16. Short rotation coppice

Table 3.22: Impact matrix for short rotation coppice

Ecosystem services Biodiversity

Mass stabilisation and control othJ

erosion
Phosphate ruroff

Nitrate leaching

voles)

< |Pest control

< [Pollination and seed dispersal
< |Amphibians

< |Bats

< |Birds of prey

< |Flowering plants

< |Insectivorous birds

< |Pollinating invertebrates

< |Reptiles

< [Seed eating birds

< |Small mammals (mice, shrews,
< |Soil surfce invertebrates

Adjacent vegetation structure

<

Adjacent water bodies quality

Adjacent wildlife corridors Y, Y, Y, \% Vv Vv Vv Vv Y, Y, Y, \%

Annual rainfall \% \ \%

Distribution density of adjacent
water badies

Field size \%

Old trees or buildings present with
1 km?

Short rotation coppice species \% \% Y Y Y Y \% Y Y Y Y Y, Y, Y, \%

Slope \% Y,

Soil texture \% \ \

South aspect Y,

Topography \%

Adjacent vegetation structure

Structurally diverse habitat such as rough grassland, scrub, hedgerow or woodland in close proximity
provides favourable habitat to many species of fauna. Such habitat provides a favouraltat habi
amphibians during the terrestrial phase of their lifecycle (where immediately adjacent to ponds) (ARG, 2010;
Bakeret al.,, 2011; Oldhanet al., 2000); a favourable foraging habitat to reptiles (with the exception of
woodland), especially where smakitches of bare ground are also present (Brady and Phillips, 2012; Edgar
et al, 2010; HCT, 2007; Wright and Baker, 2011); and will enhance flowering plant species diversity
(Langeveldet al, 2012). This habitat declines in suitability with a decreasstriacture, for example
frequently cut vegetation maintained at a low height; where large areas of bare or frequently disturbed
ground are present; or, in the case of reptiles, where succession has proceeded to establish mature woodland
with cooler microdmates (Brady and Phillips, 2012).

Adjacent water bodies quality

Clear water, with abundant aquatic invertebrate communities and submerged aquatic plants indicates water
conditions favourable to amphibians (ARG, 2010; Bekat, 2011; Oldharet al., 20(). A decline in quality
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is indicated by increasing discolouration, and a decline in aquatic invertebrate diversity and aquatic plant
presence.

Adjacent wildlife corridors

Diverse, quality hedgerow or linear features with dense structurally diverse végetatovide: hibernation

sites for small mammals and insects (thus supporting their predators) (Holland and Luff, 2000; Pfiffner and
Luka, 2000; Thomas and Marshall, 1999); perches; sources of seed; increased flowering plant species diversity
and resourcegor pollinating insects (Hannon & Sisk, 2009; Hunter, 2002); potential habitat for night flying
insects (a source of food for bats) (BCT, 2013; INCC, 2001); and enhanced dispersal and connectivity of habitat
fragments (Hiltyet al., 2006). Those adjacemd ponds, optimise the potential for amphibian dispersal
between (ARG, 2010; Bakatral., 2011; Oldhanet al., 2000) and may also be utilised by reptiles (Wright and
Baker, 2011). Many species of bats demonstrate a preference to fly along linear feataheas hedgerows

where they function as 'commuting habitats' (JNCC, 2001). These qualities are reduced with a decrease in
hedge structure and the presence of gaps.

Annual rainfall

An increase in annual rainfall generally corresponds to an increasedfnslaie leaching (Smitlet al.,
1996), surface ruoff and surface erosion (Dimitricet al. 2012; Kahlet al., 2007; Langevelet al., 2012).

Distribution density of adjacent water bodies

The presence of other suitable water bodies in close proximdyjsolated by, for example, roads enhances
the potential for movement of amphibians between them and decreases the risk of localised extinction
should loss of an individual water body occur (ARG, 2010; Olditaah, 2000). The potential benefit
increase with increased water body density within the surrounding area.

Ponds provide an additional source of insects active in the evening and at night, such as mosquitos, a source
of food for bats (JNCC, 2001).

Field size

Several predatory insect species hibain field margins (Holland and Luff, 2000; Pfiffner and Luka, 2000;
Thomas and Marshall, 1999). A small field size favours movement of these species from the boundaries into
more central cropped areas.

Old trees or buildings present within 1 km?2

Trees vith crevices, holes or loose bark provide day roosts for bats (Forestry Commission, 2005; JNCC, 2001).
Old buildings may also contain potential points of entry and suitable roost sites (JNCC, 2001).

Short rotation coppice species

The flowers of short rotadn coppice species may provide a source of nectar and pollen for insects, especially
Salix spp{willow), Prunus spp(wild cherry) andilia spp(lime) (Kirk and Howes, 2012). Natural regeneration

of wildflowers in the understory of deciduous plantat®may increase wildflower diversity (Langewetdl.,

2012) and also favour pollinating invertebrates (Hannon & Sisk, 2009; Hunter, 2002). Where the development
of tussocky grasses occurs, it will provide potential nest sites for some species of bumblepetntially
increase the presence of small mammal nests that may also be utilised by bumblebees (Fussell and Corbet,
1992; Kells and Goulson, 2003; leyeal., 2009); and good winter cover and hibernation sites are provided

for surface active insectredators of crop pests (Holland and Luff, 2000; Pfiffner and Luka, 2000; Thomas and
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Marshall, 1999). The limited cultivation and-establishment frequency also favours predatory insect
populations.

Short rotation coppice species enhance the structuraédiiy of the habitat. This, coupled with a decrease

in tillage frequency and the potential for the development of tussocky grasses in the understory, enhances
the suitability of the habitat to amphibians during the terrestrial phase of their lifecycl& (2810; Bakest

al.,, 2011; Oldhanet al.,, 2000).The enhanced numbers of surface active invertebrates (Holland and Luff,
2000; Pfiffner and Luka, 2000; Thomas and Marshall, 1999) increases insectivorous bird numbers and
insectivorous and grass eating dhmaammal species (Kells and Goulson, 2003gLgé, 2009).. The fruit of
species such as rowa8drbus sppand wild cherryRrunus sppare a potential food source for seed eating
birds. The flowers of deciduous trees, especialyix spp(willow) and Tilia spp (lime) provide a source of
nectar and pollen for flying insects (Kirk and Howes, 2012), that are a source of food for bats (JNCC, 2001;
BCT, 2013) and insectivorous birds. The enhanced structural diversity of the habitat may be of benefit to
reptiles during the early phases of establishment (Brady and Phillips, 2012). The shading produced by later
growth stages desnot provide a favourable habitat for reptiles.

Nitrate leaching is reduced compared to arable cropping (Langeteld 2012) Supplementary nitrogen is

not applied and tillage frequency is reduced. This decreases the rate of mineralisation and release of nitrogen
from organic matter. A permanent and deeper rooting system utilises the nitrogen within nitrate more
effectively thanthat of an arable crop, rendering it unavailable to leaching (Nair, 2011; Nair and Graetz,
2004).

Soil erosion and surface roff of phosphate is usually reduced due to reduced tillage frequency (Dimitriou
et al. 2012; Kahleet al., 2007; Langeveldt al., 2012). This increases with increased maturity and ground
cover.

Slope

An increase in slope gradient increases the risk of surfaceffiand soil erosion (Bienes al., 1996; Garcia
Ruizet al., 1995).

Soil texture

Course soil textures, for example g®with a high proportion of sand, are vulnerable to nitrate leaching
(Smithet al., 1996). The risk is lower for soils with an increasingly greater proportion of smaller particle sizes
such as clays.

Soils with a high proportion of silt are more vulnegbd surface erosion and phosphate roff than clay
soils whose particles are more tightly bound, or the coarser sand soils that drain more freely (van der Knijff
et al., 2000).

South aspect

A southern aspect favours reptiles as it allows basking foelopgriods throughout the day, including when
air temperatures are lower (Brady and Phillips, 2012; Edpat, 2010).

Topography

Complex topography provides areas exposed to sun and shade at different times of the day, important for
effective thermoreglation in reptiles (Brady and Phillips, 2012; Edgaal., 2010).
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3.3.17. Terraces

Table 3.23: Impact matrix for terraces

Ecosystem services Biodiversity Management
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Soiltexture \% Vv
South aspect \%
Terraces are regularly maintained \% \% Vv \Y
Topography \%

Adjacent vegetation structure

Structurally diverse successional habitat such as rough grassland and scrub provides favourable habitat to
reptiles. This habitt declines in suitability with a decrease in structure, for example frequently cut vegetation
maintained at a low height, or where succession has proceeded to establish mature woodland with cooler
microclimates.

Adjacent wildlife corridors

Diverse, qualit hedgerow or linear features with dense structurally diverse vegetation facilitates the
potential for reptile dispersal. Movement between and into ponds is reduced with a decrease in hedge
structure, and the presence of gaps.

Annual rainfall

The greaterte rainfall, the greater the scope for water retention and provision. Locations with high annual
rainfall have the greatest risk of soil erosion (in combination with other factors).
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Gradient

Land that has a high gradient is likely to benefit the mostfterraces with respect to water provision (in
combination with other factors). Land that has a high gradient has the highest risk of soil erosion (in
combination with other factors). Higher gradients favour reptiles as it allows basking for longer periods
throughout the day, including when air temperatures are lower. The aesthetic value of terraces is likely to
increase with gradient.

Ground cover

Suitable foraging areas are provided by structurally diverse habitats with, for example, tussocky grasses. Bar
soil provides potential basking areas for reptiles but must be located in close proximity to vegetated areas
that provide shelter and shade, large areas of purely bare ground do not provide favourable habitat. Frequent
tillage decreases habitat favourdiby.

Terraces are a traditional feature of local area

Where terraces are a traditional feature of a local area their aesthetic significance can increase and they add
to the areas natural heritage value.

Regional water stress

The function of terraces to tain and provide water to crops can be most valuable in regions where there is
water stress.

Soil texture

Terraces are most effective at trapping and holding rain and irrigation water on medium fine, medium and
coarse soils. On fine and very fine soilshwibor drainage flooding may occur. Medium fine and fine sail
textures have the greatest risk of soil erosion (in combination with other factors).

South aspect

A southern aspect favours reptiles as it allows basking for longer periods throughout thedliaging when
air temperatures are lower.

Terraces are regularly maintained

If terraces are not regularly maintained, they may not retain water efficiently. Terraces can considerably

reduce soil loss due to water erosion if they are well planned, correatigtructed and properly maintained.

If not maintained they can encourage land degradation. The aesthetic value of terraces is likely to be higher
if are regularly maintained. Without maintenance their aesthetic value may decrease. Regularly maintaining
terraces will increase labour costs.

Topography

Complex topography provides areas exposed to sun and shade at different times of the day which favours
reptiles.
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3.3.19. Traditional stone walls

Table 3.24: Impact matrix for traditional stone walls

E. Ser|Biodiversity
g
=
(%] []
Q2 £
= » [
o | 2 5 2| g g
£ | 5 g S | 5 E
@ m s | 3 5 2 Q =
o h=l £ ° < o S o
S k= o | g ° 2 g <
s IS c S c — c I
2 5 a s ] g = g
o S e | L3 @ ® 2 @
g 8 €| 58 s | 2| g|8|8|E
£ o | = 0 o) S§ 2 5 | o @ 2 | | 5 | 59 2
81 | 8| 2|58 5| 5|23 |5|8|s5|8|ey¢8
< | | o |&d|a@a | a9 | 2| F |5 |5S|adlee|obd 6
Adjacent trees and woodland \%
Adjacent vegetation structure
Adjacent wildlife corridors Y,
Age of wall (time since vivi|iv]|v|v|iv|iv]iv]|v]|v|v|v]v]|v]yv
construction/repair)
Annual rainfall \% Y Y
Condition of wall \% \% Y, Y, Y, Y, \% Vv Vv Vv Vv Y, Y, Y, \%
Lichens present \4
South aspect Y,
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Adjacent trees and woodland

Stonewalls have more value to birds when there is an absence of trees and woodland in the surrounding
area.

Adjacent vegetation structure

Structurally divese successional habitat such as rough grassland and scrub provides favourable habitat to
reptiles. This habitat declines in suitability with a decrease in structure, for example frequently cut vegetation
maintained at a low height, or where succession paxeeded to establish mature woodland with cooler
microclimates.

Adjacent wildlife corridors

Diverse, quality hedgerow or linear features with dense structurally diverse vegetation facilitates the
potential for reptile dispersal. Movement between and irponds is reduced with a decrease in hedge
structure, and the presence of gaps.
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Age of wall (time since construction/repair)

Stonewalls that have been undisturbed for a long time are best for biodiversity. Older stonewalls are more
favourable for fungi andhosses and liverworts, especially if they contain organic substrate, e.g. dust, wind
blown soil, decaying plant matter. Stonewalls that are old, weathered and well established in the landscape
tend to be more aesthetically appealing and will add greatdue to the areas natural heritage.

Annual rainfall

Stonewalls which have higher levels of moisture, e.g. from higher rainfall, are more favourable for fungi,
ferns, and mosses and liverworts.

Condition of wall

Stonewalls in good condition are best for thiversity. Stonewalls that are in a good state of repair are more
favourable for fungi and mosses and liverworts. Stonewalls that are in a good state of repair tend to be more
aesthetically appealing and will add greater value to the areas natural heritage

Lichens present
Snail populations tend to increase when lichens are present.
South aspect

A southern aspect favours reptiles as it allows basking for longer periods throughout the day, including when
air temperatures are lower.

Stonewall has a nortHacing side
Stonewalls which have shaded areas (i.e. north facing) are more favourable for ferns.
Stonewall material

The type of stone is a major determinant of the type of plant community found on walls. Limestone walls
usually have a relatively rich floraciuding ferns and lichens, than walls constructed of other materials.

Stonewalls are a traditional feature of local area
Where stonewalls are a traditional feature of a local area their aesthetic significance can increase.
Typical stone wall maintenancequiod

Maintenance is best undertaken in August to October, to avoid nesting periods for birds.
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3.3.20. Trees in line

Table 3.25: Impact matrix for trees in line

Ecosystem services Biodiversity
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Porosity \% \% Y Y
Sensitive features downwind \%
Shelterbelt height \% \% Y \Y
Tree species Y,
Water bodies downwind \Y;

Pesticides spray@ on adjacent field

If pesticides are not sprayed on the adjacent field, then there is no role for the hedge for reducing pesticide
drift.

Porosity

Trees with a dense canopy can act as a barrier to flying pests. Shelterbelts with moderate canopy porosity
are the most effective in reducing pesticide drift and protecting #tamet areas including water bodies.
Shelterbelts with low porosity offer the greatest benefit for mediating smell, noise and visual impacts.

Sensitive features downwind

If there are no ensitive features downwind from the shelterbelt, then its benefit with respect to minimising
the effects of pesticide drift are minimal.

Shelterbelt height

Tall trees can act as a barrier to flying pests. Tall shelterbelts are the most effective in ggukstinide drift
and protecting nortarget areas including water bodies. Tall shelterbelts offer the greatest benefit for
mediating smell, noise and visual impacts.

Tree species

Native tree species are best for local biodiversity.
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Water bodies downwind

If there are no water bodies downwind from the shelterbelt, then its benefit with respect to minimising the
effects of pesticide drift and consequent impact on water quality are minimal.

3.3.21. Woodland

Table 3.26: Impact matrix for woodland
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Annual rainfall
An increase in annual rainfall generally corresponds to an increased risk of surface eraosion.
Buffering capady of soils & rocks

Soils with a moderate to high buffering capacity have a greater benefit for water quality, and those with a
low capacity can have a negative impact.

Diversity of tree species

For fungi there is some evidence that diversity is a functibthe diversity of host tree species, although
other factors may also play a role (Humphe#yal,, 2002). A diversity of tree species is likely to have greater
aesthetic value than a monoculture.

Ecological zone

The ecological zone will affect the grdwpotential of the woodland and thus the amount of carbon it can
sequester from the atmosphere. In Europe, Temperate oceanic forest has the greatest potential and Boreal
mountain the lowest.
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Feature is a significant component in the local landscape

Wherewoodlands are a significant feature of a local area their aesthetic significance can increase.
Ground cover (in woods)

The absence of vegetation increases the risk of surface erosion.

Herbaceous vegetation in woodland edge

Herbaceous vegetation providesand source for butterflies, bumblebees, hoverflies and an avietering
habitat for beetles.

Level of grazing

A limited (low) amount of grazing helps to maintain some open ground, and increases the diversity of plants
present (with knock on effects father groups).

Level of structural variability

A varied structure can be of benefit to numerous species. A woodland with a highly varied structure is likely
to have greater aesthetic value than a woodland with limited structure.

Local area context

Increasng woodland/forest in a largely agricultural area will increase habitat diversity, but doing so in a
largely forested area may reduce it (Zanehal,, 2007).

Mean annual precipitation

Where rainfall is high there is scope for greater reduction in watddyand thus a greater impact on water
provision. Where rainfall is high there is the greatest potential for woodlands to reduce water flows and thus
contribute toward reducing the risk of flooding in the catchment. An increase in annual rainfall dgneral
corresponds to an increased risk of soil erosion.

Number of connected terrestrial linear habitats
Connected woody habitats, such as hedges, are important for mammals and plants.
Presence of fruit bearing plants

The presence of fruit bearing plants ispiontant as a food source for birds, mammals (Sarlov Herlin & Fry,
2000), and invertebrates (Fry & Salderlin, 1997).

Presence of open spaces

The presence of open spaces aids in maintaining a proportion ofgartessional habitat as well as a greater
diversity of habitats. A woodland with open spaces is likely to have a greater aesthetic value than a woodland
with few of no open spaces.

Presence of pollen bearing plants

Pollen bearing species have been found to be important for invertebrates (Sarltiw &é&ry, 2000), whilst
guidance on maintaining woodlands for pollinators identifies that they are important for thigup of
invertebrates.
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Previous land use

Previous land use will affect the amount of carbon that can be sequestered in the dosyraliie land having
the greatest potential to sequester carbon.

Proximity to other woodland/forest areas

The greater the proximity to other woodland/forest areas the greater the benefit for numerous woodland
species (Lazdinet al., 2005).

Regional waterstress

Any reductions in water yield from woodland are of most significance in regions where there is water stress.
Risk of acid deposition

The higher the risk of acid deposition, the greater the risk to water quality.

Risk of N deposition

The higher theisk of N deposition, the greater the risk to water quality.

Slope

An increase in slope gradient increases the risk of soil erosion.

Soil texture

Soils with a high proportion of silt are more vulnerable to surface erosion than clay soils whose pasicles ar
more tightly bound, or the coarser sandy soils that drain more freely.

Tree species

Planting fast growing exotic species may have a negative impact on biodiversity (Plantinga & Wu, 2003).
Native species are likely to have greater aesthetic value witheasto a natural landscape than exotic
species.

Woodland age (years)

Older woodlands have the greatest potential to reduce water yield and thus impact upon the provision of
water (Farleyet al, 2005). Older woodlands have the greatest potential to redweger flows and thus
contribute towards reducing the risk of flooding in the catchment.

There is evidence that older stands support more natural forest ecosystems than younger ones (Brockerhoff
et al, 2008). Older woodlands are likely to have greatetlass value than new woodlands.

Woodland commercially harvested

Harvesting woodlands (and subsequent planting with young trees) can reduce nitrate leaching Ba&trup
& Gundersen, 2004). Felling and replanting can increase soil erosion.
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Woodland edgeprofile

A woodland with a 3 stepped edge is likely to have greater aesthetic value than a woodland with only 1 or 2
steps (SarloHerlin & Fry, 2000). A complex structure (with more steps) is beneficial to birds and web
producing spiders (Fry & Sarléledin, 1997).

Woodland edge shape

A less straight edge, preferably with softness to the edge (i.e. some gaps/shrubby vegetation) provides a
diversity of habitats at the large landscape scale (Sarlév Herlin, 2001). Woodlands that have a curved and
variable edje are likely to have a greater aesthetic value than woodlands that have straight and uniform
edges.

Woodland edge vegetation density

Dense vegetation provides greater habitat diversity and protection for biodiversity. There is some evidence
that people find open forest edges more visually appealing than densely vegetated edges as it allows a view
into the forest. It also allows access.

Woodland edge width

The incidence of plants distributed by animals (birds and mammals) is greater in wider forest edge zon
(SarlovHerlin & Fry, 2000).

Woodland location

When woodlands are located within fields they can provide vital stepping stones for pollinators to navigate
across the field.

Woodland type

Coniferous woodland has the greatest potential to reduce watddydad thus impact upon the provision of
water (Sahin & Hall, 1996), and thus also contribute towards reducing the risk of flooding the catchment. The
type of woodland affects the amount of carbon that can be sequestered from the atmosphere, with
coniferous woodland having the greatest potential. The scavenging of atmospheric pollutants is a key source
of acid deposition (acidification of surface and groundwaters), with conifers being better scavengers than
other tree types, thus having a greater negatingact of water quality.
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4.0. The EFA calculator software

4.1. Introduction and overview

The EFA calculator software is a standalone Windows application that has been developed using Microsoft
Visual Studio 2010, with an underpinning core database dpedlaising Microsoft Access. The application

is designed to work on Windows 7 or higher and requires the .NET framework to be installed on the PC (if
this is not installed, the EFA installation package will download and install it). The software hastleree c
functions:

91 Primary function: To calculate the contribution of different farm features to meeting the 5% EFA target
(including checking implementation rules).

I Secondary function: To calculate the potential impact of different features on ecosystencesgrvi
biodiversity and management.

1 Tertiary function: To steer farmers towards features which offer the greatest potential benefits (with
respect to minimising burdens and maximising benefits).

The software is freely available to download from the whtips://sitem.herts.ac.uk/aeru/efa). The user
downloads a setup file which then installs the application locally on the PC. The software includes facilities
to check for updates to the software and core dadae, and in the case of the latter it can automatically
download and install new versions of the database when they are released.

In order to perform the core functions, the software has 8 main graphical user interfaces, each of which has
its own detailedunctions. These interfaces are:

1. The welcome screera central interface from which the other parts of the application are accessed.

2. The new file creation wizardan interface designed to speed up the creation of new files, especially for
novice users.

3. The land and feature managethe main interface for data entry, where the user creates and describes
the features they have on the farm and/or might create to meet the EFA target.

4. The EFA assessment screéme interface for allocating farm features as ERBAd thus calculating their
contribution to the 5% target (including compliance with any implementation rules), and thus
determining progress towards the target.

5. The new feature ranking toolan interface accessible from the land and feature manager aWd EF
assessment screens, that allows users to rank features that could be created on the farm against a set of
criteria.

6. The report builder:an interface that allows users to build reports using the data they have entered,
assessments made, and any analy$ed have been undertaken.

7. The settings and options centren interface that provides the user with some basic tools to customise
the appearance and behaviour of the software.

8. The 'Show Me' help centrea set of annotated videos that demonstrate how to tise software.

Figure 4.1 provides an over of these interfaces and how they interact with each other. Each interface is
described in detail below.
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Figure 4.1: Overview of the interfaces in the EFA software

Like many other windows applications, the EFlsudator software works by the user creating a file for their
farm. This file is then used to store data about the farm and its features, allocation of features as EFAs and
data associated with the impact assessment that is performed on the features.

4.2. Welcome screen

The welcome screen is the interface that opens when the user starts the software (see Figure 4.2). Other
than the new feature ranking tool, all the other interfaces and functions can be accessed from this screen.

Upon first use the user ifiswn 4 items on the welcome screen:

1 The navigation key

9 Guidance on getting started

1 Alist of files that have been opened

1 The current software and core database version
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This provides an collection of annotated videos dsmonstrating how to us the software.

e navigation key)
Getting started:

1. Firstly, create a reation wizard); or open an existing file.
2. Then open the er and add some groups and features.

3. Then open the 1t screes d and features will be listed on the left and EFA elements relevant to your country will be listed on the right.

4. Enter the the farm (in hectares) at the top of the screen.

5. You can then create combinations of land/features and EFA elements.

6. This can be done in multiple ways (i) by dragging and dropping from the lists into the grid in the centre; (i) selecting a row on the grid and double diicking on land/feature (or group) or EFA

element; (i) dicking on the Add button on the respective tool bar.

Progress towards the 5% target is shown below the grid, along with any alerts for issues with the EFA assessment.

Suggested options for EFAs are also shown on the second tab, with access to the new feature ranking and creation tool which helps select features that will address specific impacts/issues.

Reports can be constructed using the report builder. The report builder provides tools to create reports, further analysis of impacts and facilities to export data.

10. Finally, you can explore information about EFA elements in the EFA explorer. Simply select an EFA element on the left to view the information (you can view information for different countries
by selecting the relevant flag in the bottom left of the screen).

oaN

For further help, annotated video demonstrations of the software are available in the ‘Show Me' Help Centre. (hide this text)

M No file open

Figure 4.2: The welcome screen interface

The navigation key and getting started teahde hidden by the user once they are familiar with the software
(they can be reactivated again on the Help menu and in the options and settings). The list of recent files and
software version information are always displayed.

The navigation key shows #tle icons that are used on buttons for navigating around the software along
with a short description of what they do. As well as providing a key, clicking on the icons in the key also
performs the same function as click on the button in the toolbar.

The @tting started text provides a brief 10 step guide on using the software. Clicking on the hyperlinks within
the text will activate the associated functions/interfaces. Hyperlinks with a dotted underline provide links to
definitions, e.g. arable area. Thetting started text is designed to be very concise, with more detailed help
provided in the Show Me help centre.

The list of recent files provides a quick means of opening previous files. Clicking on the link displayed will
open the file is the same way asing the open file dialog on the File menu or toolbar. The list of recent files

is also shown in a menu format as suwenu items on the File menu. This is also the case on the land and
feature manager, EFA assessment and report builder screens.

4.3. New file creation wizard

The new file creation wizard is a step by step tool to help users create and setup a new file for their farm. It
is possible to create a completely blank file (using the New EFA file on the File menu or toolbar) and this will
create dfile using the default Member State selected in the settings and options. The new file creation wizard
also creates an EFA file, but in the process allows the user to select some basic setup options for the file; add
features (excluding data describing g®features); and add data that applies to the whole farm (e.g. climate
parameters). There are up to four steps to the wizard:

Step 1: OptionsFigure 4.3 shows the first step of the new file creation wizard. The user needs to select a file
name using thérowse button (just like any other Windows application); enter the arable area for the farm
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(which is used to determine the EFA target); select the Member State in which the farm is based; whether
lists within the software (i.e. EFA elements, features apdcies) are restricted to those specified by the
Member State or the full list is to be shown; the level of detail to be shown (basic settings restrict the amount
of data to be entered to the minimum required); what data to use for impact scoring (whenge exists);

and whether to group features together or present them in a single list. These options can be changed by
typing into the relevant cell and/or double clicking on the cell and selecting from the drop down box.

[ £#A Calculator (Beta Version: 1008) = o8] 8
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V@90 E B

Navigation key: Recent files:

N e —————— e
'\ New file creation wizard

X it o it o]
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For further help, annotated video demonstrations of the software are available in the ‘Show Me' Help Centre.
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o file open

Figure 4.3: Step 1 of the nevild creation wizard

Step 2: FeaturegFigure 4.4 shows the second step of the wizard. The user is presented with a list of features
that may exist on the farm (this list may be restricted to only those relevant to EFAs activated in the Member
State if thisvas selected in the options in Step 1). The user enters the number of each feature that they want
to create for the farm. This can be features that already exist, features that will be created, or both. Guidance
text is presented on the right (when thearsclicks on a feature in the grid) to describe what the feature is
and what constitutes an individual feature (i.e. usually that it is a distinct feature that is distinguishable from
other adjacent features). Details on the requirements for eligibilitam&EFA in the Member State are also
shown in the guidance.
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Figure 4.4: Step 2 of the new file creation wizard

Step 3: Whole farm parameterd-igure 4.5 shows the third step of the wizard. The user is presented with a
list of parameters that could poterally be applied to the whole farm (e.g. annual rainfall). Clicking on each
parameter displays guidance on the right about that parameter and the options available. The user can select
values for relevant parameters (and leave them blank where they arestetant) by double clicking on the

cell and selecting from the drop down box. The whole farm data will be used as default values when entering
data for each feature (in the land and feature manager), thus speeding up the data entry process. In the
setting and options, the user can decide whether to display all whole farm parameters on this screen or
restrict the list to only those that are relevant to the features they intend to create.
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Figure 4.5: Step 3 of the new file creation wizard

Step 4: Summanrand check Figure 4.6 shows the fourth and final step of the wizard. There is no data entry
on this screen. It simply allows users to review the data they have instructed the wizard to create. If the user
wishes to make some changes they can use the ‘®usVbutton to return to the previous steps to make any
changes. When the user is happy with the data, clicking on the 'Finish' button will create the file (note: no
file is created or any data saved, until the finish button is clicked).
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Figure 4.6: Ste@ of the new file creation wizard
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Upon completion of the wizard, the file is created and a summary of the file is now displayed on the welcome
screen. From here the user can choose to open the land and feature manager to edit the data for the features
(eg. their dimensions).

4.4. Land and feature manager (LFM)

4.4.1. Layout of the LFM

The land and feature manager (LFM) is the main interface for editing data in the software. It is where users
can add and delete land or features for the farm, edit the dataindividual features, and group features.
Figure 4.7 shows the basic layout of the LFM.
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Figure 4.7: Layout of the land and feature manager (LFM)

The land and features that have been created for the farm are listed on thetleft is in the form ofree

view (like Windows Explorer) to provide users with the flexibility to organise their data as they see fit. Groups
(the folder icon) can be created and then features within a group (alternatively just one group can be created
and all features listed whin that group). It is possible to create groups within groups and it is also possible
to 'drag and drop' groups or individual features into other groups. There is also anGhotp
function/button on the toolbar to facilitate rapid changes in groupinigsllows users to rgroup their land
features in one single group, a group for each type of feature, or by whether the features are new or existing
features.

When the user clicks on a group, all the land and features within that group are shown indhe the

centre of the screen (see Figure 4.8). When the user clicks on an individual feature, all the data for that
feature is shown in the grid in the centre of the screen (see Figure 4.9). The information panel (with guidance
and impact tabs) will bdisplayed below the grid (when in automatic mode) when viewing a group and will
be displayed on the right when viewing an individual feature. If users want the panel to always be displayed
below the grid (horizontal) or always to the right (vertical) ita® set this on the Options menu at the top
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of the screen. Users can edit the data (see Section 4.4.2) in the grid in the centre when in Group view or
Individual feature view.

i Options  Help
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Figure 4.8: LFM: Group edit view
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Figure 4.9: LFM: Feature edit view
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4.4.2. Editing feature data in the LFM

As described above, there are two views in which data can be edited, the Group or Individual feature view.
The editing procedure is the same in both views except in Group view the data is presented horizontally (and
you can dit the data for features side by side) and in Individual feature view the data are presented vertically.

Above the central grid there are two settings that can be changed that will affect data entry: Detail (Basic
and Advanced) and Features (RestrictedM$y and Full list). Selecting 'Basic' will only show the data items
that are required in order to do an EFA assessment, thus it keep data entry to a minimum. Selecting
'‘Advanced' will display the full list of data items (which is substantially more) &se tre used to refine the
impact assessment. If whole farm parameters have been entered some of these data items will be
prepopulated.

Not all data has to be entered (in the advanced mode), but the more that is entered the more accurate the
impact assesaent will be. In the event that not all data are entered, then a range of potential impact values
will exist for the feature. This is because in the absence of one or more data items one or more impact scores
(see Section 3.2.5) are unknown and consequyecein range from best case to worst case. In this situation

the software needs to know which value should be used. By default it is set to worst case (following the
precautionary principle), but it can be adjusted by the user. In the toolbar above thiegditd there is a

drop down list box for Impact values, from which the user can select: Best, Worst or Average case, and then
the software will use these values accordingly (this can also be set during the new file creation wizard).

Editing the data isalatively straightforward and is similar to MS Excel. Users can double click on a cell: for
guantitative data this will activate the cell and users can type into it, for qualitative data this will activate a
drop down list and the user can then make trs Bppear by clicking on and selecting an item on the list.
Alternatively users can single click on a cell and type directly in the cell, for quantitative data this will go
directly into the cell, and for qualitative data the first letter typed will seldw first item on the list that

starts with that letter.

Data can be saved by clicking on the Save button on the toolbar or the File menu. If the user leaves a group
or feature before saving the data they will be prompted to save the data. There isralsat@asave feature,

which can be activated on the Options menu. When Asdwe is activated, the data is saved each time a data
item is changed. This ensures that data is always saved, but it can make the data entry processthiower
reason why it isaoption that the user can switch on or off.

It is also possible to copy and paste individual features. To do this the user can select a feature, click on the
copy feature button in the toolbar and paste the feature either into the same group or a diffgreap, by
selecting a place in the try to paste it to (just like copying and pasting files in Windows). This will copy the
feature and create a new feature that includes all the data from the copied feature.

4.4.3. Editing whole farm parameters in the LFM

When using the new file creation wizard (see Section 4.3), the user can enter/select data for parameters that
apply to the whole farm. If the user wishes to edit this after creating the file, there is a function in the LFM
to do this. If the user selecthe top of the tree on the left, all the features are displayed in the centre of the
screen (See Figure 4.10). Above this display there is a hyperlink to edit the whole farm parameters.
Alternatively, selecting 'Whole farm parameters' on the Edit menlastivate the same function.
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Figure 4.10: LFM: Summary of land and features view

This will display step 3 of the new file creation wizard (see Figure 4.5), and the user can then edit the whole
farm parameter data accordingly. Upon saving the data, g&r will be asked if they wish to apply all whole
farm parameters to all the features (i.e. overwrite the existing data). Selecting yes will overwrite the data,
selecting no will save the parameters and use them as default values when creating new fdatheeaser
choses to overwrite the data for existing features, then this will invoke a routine to recalculate the impacts
for all the features (as the changes to the whole farm values may result in different impacts).

4.4.4. The information panel - guidance

The LFM has an information panel which can be displayed to the right or below the central grid (determined
by the user on the options menu). The information has two main tabs: Guidance and Impact, with the latter
having suktabs (see Section 4.4.5Nhd guidance tab is designed to support users when editing data. When
the editing grid is displayed (in group or individual feature view), when the user clicks on a cell within the grid
guidance text is displayed in the information panel. The guidancectenists of the following:

The title of the parameter selected
A description of the parameter / the data required
In the case of qualitative data, a list of the options that can be selected

In some instances further information is displayed in the forrhygferlinks to website
Notes on potential impacts

=A =4 =4 =8 =4

In relation to the notes on potential impacts, this displays text/guidance on the potential impacts that the
parameter selected may have an influence on (following the impact matrices shown in Sectiofihg.3).
purpose of this guidance is to raise the awareness of the user to the effect of different parameters on
different impacts. In some instances this may also steer users towards certain practices that may minimise
burdens or increase benefits, for examge cutting season and/or frequency of hedgerows.

130



GUIDANCE AND TOOLSWUPPORT FARMERSAKING AWARE DECISS@W P—— '
ECOLOGICAOCUPAREAS FNALREPORT Hertfordshire

4.4.5. The information panel - impact

The impact tab on the information panel has two gabs: Indicator bars and Icons. The Indicator bars tab
provides a simple overview of the impact of the farm featuselected (being the whole farm, a group or an
individual feature) with respect to the televel impact categories, i.e. ecosystem services, biodiversity and
management (see Figure 4.11).
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Figure 4.11: LFM: Impact: Indicator bars

The Icons tab providermore detailed overview of the potential impact of the selected farm features in the
form of impact icons, grouped into ecosystem services, biodiversity and management (see Figure 4.12).
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Figure 4.12: LFM: Impact: Indicator icons

The number of icons dispfed varies with the number of impacts associated with each feature, but also with
the level detail requested by the user (which can be set in the settings and options section of the software).
The impact icons are fully explained in Section 4.7.4. Therityapf the icons are sekixplanatory, especially

the biodiversity icons, but in the event they are not clear, hovering the mouse over the icon will display the
impact title (as tooltip text) and/or a key to the icons can be displayed by clicking dcotihé&ey hyperlink.

4.5. EFA assessment

4.5.1. The layout

The EFA assessment is the main 'calculator' part of the software. It provides users with a facility to construct
EFA assessments, which is essentially the list of EFAs (and associated land eegldeahe farm) that the

users intend to declare. As such it allows users to add and 'declare’ the features they have created, calculates
the EFA area of those features and thus reports on progress towards the 5% target

Similar to the LFM, the users landd features are presented on the top left side of the screen (see Figure
4.13) using the tree view structure. In the bottom left of the screen is a small report window which displays
basic details about any land or features that are selected in the tieg.\On the top right of the screen is

the list of EFA elements that have been activated in the Member State in which the users farm is based, and
below this in the bottom right of the screen is another small report window which displays details about the
EFA element that is selected in the list above. In the top middle part of the screen is a grid that displays the
currently selected EFA assessment. Each assessment is presented as a tab along the top of the grid. Below
the EFA assessment grid, are two rgpo'Progress and alerts', showing progress towards the 5% target and

any issues with respect to implementation rules; and 'Suggested additions’, which show potential features
that could be created/added to the EFA assessment to meet the EFA target.
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Figure 4.13: Layout of the EFA assessment screen

45.2. Creating an EFA assessment

Upon first opening the EFA assessment screen for the first time, a blank EFA assessment (Assessment 1) is
displayed. An EFA assessment requires the combination of EFA elemintse users data on land and
features. As described in Section 3.2.2, some EFA elements in some Member States can have more than one
feature associated with them, hence why EFA elements are separate entities to the land and features. There
are a few diferent ways in which you can add/combine EFA elements and farm land and features:

1. You can drag and drop a farm feature from the tree view on the left into a blank row in the EFA
assessment grid in the centre of the screen. The same process can also sy dehecting a blank row,
selecting a feature and then either double clicking on the feature or using the add button (green arrow)
on the toolbar between the features and grid. Upon adding the feature, if it is only associated with one
EFA element then th will be automatically combined. If it is associated with two or more EFA elements
then the user will be prompted to select the EFA element that the user wishes to declare for the feature
they are adding.

2. You can add groups of features in one go usimgstiime approach as described in point 1 above, but by
selecting a group instead of the feature in the tree view of land and features.

3. You can add all land and features to the assessment using the same approach as points 1 and 2 above,
except by selectinghte land and features at the top of the tree, and if using the toolbar to add them
instead the green arrow add button, use the 'Add everything' button.

4. Instead of adding features first, the user can add an EFA element first. This is done in the same way as
adding features except the user selects an EFA element from the list of the right, then does a drag and
drop, double click or uses the toolbar between the EFA elements and the grid. This effectively adds a
'‘blank’ EFA element to the assessment. The usertltan add land and features to an EFA element, by
dragging and dropping features onto it in the grid.
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The software always checks to see if a feature has been allocated to an EFA element and prevents it from
being allocated more than once. If the user $rie add a feature to second EFA element they will be informed
that it has already been allocated.

When the user clicks on the EFA element in the assessment grid, a second grid in the middle of the screen
(the feature grid) displays the type of featurestttan be applied to that EFA element, and also the name of

the features that have been allocated so far. Dragging a different feature (of the same type) onto an EFA
element that already has a feature allocated will replace that feature with the new one.

If the user wishes to delete features from an EFA element, this can be done by clicking on the 'Delete’ button
on the feature grid. This will clear this feature from the EFA element. If the user wishes to delete an EFA
element, then this can be done by &licg on the 'Delete’ button in the assessment grid. If the user wishes

to delete an entire assessment, this can be done clicking on the 'Delete Assessment' button in the toolbar
(one assessment has to be retained, so the last assessment present canredé¢teel

4.5.3. EFA rules that are checked

When adding land and features to the assessment a number of rules are checked to ensure that the feature
is valid. If it is not valid then this is flagged up to the user and the feature/EFA element is excluddaefro
calculation determining progress towards the target. The rules that are checked (which can vary with
Member State) include:

1. Whether the feature being added to the assessment is valid for any EFA element. If it is not, then the
software prevents it fom being added.

2. If the feature is being added to an EFA element (that has already been added to the grid), the software
will check to see if it is a valid feature for the EFA element, if it is not then the software prevents it from
being added.

3. Whether thelandscape feature being added is on or adjacent to arable land (this applies to Hedges or
wooded strips; Isolated trees; Trees in line; Trees in groups and field copses; Field margins; Ponds;
Ditches; Traditional stone walls; and Other landscape features)

4. Whether the feature contains any invalid parameters, for example if the substrate for ponds is concrete.

5. Whether the species selected for nitrogen fixing crops is valid.

6. Whether the species for short rotation coppice is valid.

7. Whether the species for celt/cover crops is valid.

8. Whether the number of species (and species groups) for catch crops is valid.

9. Whether all the required dimensions have been specified.

10. Whether the feature dimensions are valid.

In the event that a feature fails any of the rules 3@ the feature will be added to the assessment grid, but

it will not be included in the EFA target calculation. This then allows the user to open the LFM and adjust the
data where necessary, and then upon returning the EFA assessment this will thessessed to determine

if it now complies with the rules.

4.5.4. Progress and alerts

Below the assessment grid is a report that displays a progress bar showing progress towards the 5% target
as the user adds features to the assessment (see Figure 4.1d)eSs®n the bar is shown as follows:

1 Red = EFA that needs to be allocated to reach the 5% target
9 Dark green = Land and features allocated as EFA
1 Light green = EFA that has exceeded the 5% target, up to 5.5%
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(Note: the colours used on the progress bar barchanged in the settings and options, e.g. to facilitate
user who had colour blindness)
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Figure 4.14: EFA assessment: progress report

The progress bar goes up to 5.5% to encourage user to go beyond the 5% target and thus account for any
margin of errolin the users data. There is also a general encouragement within the software to do more than
5% where possible.

The progress report also shows the percentage of the arable area that is considered 'not in production' due
to being allocated to EFA, so thegars can take this into account in their decision making.

When a feature has been added to the assessment and has failed one or more of the implementation rules,
an alert is shown in the progress report explaining why the feature and associated EFA diaséeen
excluded. The user can then use these alerts to take corresponding action (i.e. either change the data or
remove the feature from the assessment.

4.5.5. Options for additions

Below the assessment grid on the 'Suggested additions' tab is a segaegart which lists additional EFA
elements that the user could consider creating as new features in order to reach the 5% target, along with
the area that would need to be created to reach the target (see Figure 4.15). The user has an option here to
usethe ranking tool (see Section 4.6) to determine which features it would be best to implement and/or view
any previous rankings.

135



GUIDANCE AND TOOLSWUPPORT FARMERSAKING AWARE DECISS@W P—— '
ECOLOGICAOCURARES FNALREPORT Hertfordshire

x Delete Assessment

gesment] e ? Liggfommnety)] e —
Fallow land x
[ Hedges or wooded sips
m | Nerogen foang crops
$ |Srot rotaion coppice
g
Woodand 3 | Feature Feature/Land _ See EFASze  Delete
Vioodend 5 || Hedges or wooded strps | Hedges or wooded st 7 | Lencth 222m: Width-2n 2220 Delete |
Ponds 1 Areas with catch crops or
Options for creating new EFA features green cover
Feature type: Ponds
Size: Area; 280m*
Catch crops aim to reduce losses of
Adding one of the following EFA elements would achieve the 5% target: iyl il rodiol
(dlick here for the new feature ranking and creation tool) growing on the land when there are no
main crops, Green cover crops are also
Features have been previously ranked, dick here to display ranked features. grown where there is no main
growing, and their main purpose is to
provide ground cover which can help
EFA Element Size manage soil erosion, soil fertility, soil
Fallow land 14500 m= qualty, water, weeds, pests and diseases.
Hedges or wooded strips 1450m Minimum area: 100m=
Buffer strips 1612m
Short rotation coppice 14500 m* Dates: To count as an EFA, catch crops
o e e e e
[Nitrogen foang crops 20715 m? hddgde
Dates: To count as an EFA in 2015, cover
crops must be established by 1 October
and retained until at least 15 January in
the following year.
o i
You must grow a minimum of 2 species
Progress & Alerts| Suggested additions from 2 different species groups -

= D:\WorkURC EFA\Theoretical farm scenarios\EFA files\19 Hillside Farm, England, UK.efa | Target: 33300m’ (5%) | Currently allocated: 18800m’ 28%)

Figure 4.15: EFA assessment: suggested options report

In the event that the 5% target has been reached, the areas of EF&meto implement to reach the target

are not shown. But the user is encouraged to implement more EFAs if possible and to use the ranking tool to
guide them.

4.6. New feature ranking tool

The new feature ranking tool is accessible from the LFM and EFgsass# screens. It designed to allow
users to identify new features that could be created on the farm in order to meet specific objectives. The
ranking criteria and process is described in Section 3.2.7. Figure 4.16 shows the layout of the tool. On the
right of the screen the user has a number of options that they can select. This includes selecting the criteria
they want to use for the ranking (the objectives they wish to meet) and options for what should be displayed.

In the toolbar along the top of thecgeen, are a drop down list of previously saved rankings and buttons to
add new rankings or delete existing ones.
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Select a previously calculated and saved ranking from the drop down list above, or click on the ‘Calculate' button below to display the first g
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Calculate

Guidance notes

The new feature ranking and creation tool is designed to provide a flexible means of identifying features that could be implemented on your
farm. This is done by using criteria as a basis for selecting features These criteria include:

+ Defauk (top-level: These are top-level impact cateqories used inthe software (e, ecosystem services, biodiversity and management).

You can also add additional top-level criteria of land taken out of production and the feature diversity index, in the oot of
the software,

« Auto-select: The software will select the S impact categories (sub-cateories within the top-level impact categories) that have the lowest
impact score based on the existing features on the farm. The idea here is that features selected using these criteria will help improve the
impact of the farm in relation to these low scoring areas.

« Custom: This option gives you complete freedom to select any criteria as a basis for selecting new features. You can search through the
sub-impact categories for ecosystem services, biodiversity and management and select those categories that you would like to use as
criteria. The software will then identify features that wil result in the best impact for this criteria indvidually and overall. Note, the more
criteria you select the more time it will take to run the ranking routine, so please bear this in mind when selecting multiple criteria.

‘There are some additional options that you can select for the ranking tool. These are:

« Show EFA features only: This will only rank/show new features that are eligible for EFA in the Member State in which your farm is located.

« Refine using whole farm data: This will refine ranking calculations using apy whole farm parameters that have been selected. This should
result n features that are more suted to your location 3ppearing higher p the rankings.

« Show overall ranking only: When two or more criteria have been selected, the ranking results will show the rankings for each criteria
it s ol ik 1TV el W e 1156 e i N (5. 5 M i ) Uy ot e

« Rank by best, average or worst case: When the software assesses each feature to determine its ranking, even with the option to ‘Refine
using whole farm data’ switched on there will be some parameters that are unknown for some features. In these instances a range of
potential impact values will exist. You therefore need to select which value you would like to use to rank the features. Base case will use
the most positive impact values; Worst case the most negative values; and Average case is the average between Best and Worst case.
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Figure 4.16: New feature ranking tool

The user firstly selects the type of criteria they want to use, using the list in the top right cbritlee event
they chose the custom option, they can then use the second and third lists to select the specific criteria they
want to use. In all instances, the criteria that are used are shown in the third list.

The user then has a number of options then choose for calculating and displaying rankings. These are:

T

Show EFA features onhyhis will restrict the list of features that are ranked to only those that can be
used in EFA elements that have been activated by the Member State. This can bevhseftihe user

is seeking to implement new features to meet their EFA target.

Refine using whole farm dataThis will use any whole farm parameter data that has been entered to
refine the calculation of the impact values that will be used for the rankitigisloption is not used, then
the full range of values for any feature will be used (thus making the choice of best, average or worst
case data result in greater differences).

Show overall ranking onlyThis will simplify the ranking display to show aemll ranking only. If this
option is not ticked the ranking for each criterion will be displayed.

Rank by best, average or worst casghis option determines what impact value to use in the ranking
that is displayed.

Once the user has selected the criteand options that they want to use, they then click on the 'Calculate’
button and the ranking will be calculated. This can take time in some instances, ranging from a few seconds
to a few mins depending on the number of criteria selected by the uset i@slves calculating the impact

of each feature on each criterion). Figure 4.17 shows an example of the ranking results that are produced by
the tool.
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Figure 4.17: New feature ranking tool: example ranking

Should the user wish to create any of thetig@s on the ranked list, clicking on the hyperlink in the list will
add the feature to the users land and features (in a new group). These can then be edited and amended by
the user in the LFM.

If the user wishes to create a new ranking, this is donelioking on the Add buttog the user then enters

a name for the ranking and performs the procedure above. Previously created and saved rankings can then
be displayed by selecting them from the drop down list box at the top of the screen. Saved rankiafgoca

be viewed within the report builder.

4.7. Report builder

4.7.1. Layout

The report builder provides a facility for the user to create reports, undertake additional analysis and export
data. The layout of the report builder interface is shown in Fegud8. The report options are displayed on

the right side of the screen with the report itself on the left. The options can be hidden using the button on
the toolbar between the options and the report and/or the width of the report can be adjusted bygirgg

and dropping the splitter between the two.

138



GUIDANCE AND TOOLSWUPPORT FARMERSAKING AWARE DECISS@NN
ECOLOGICAOCURRES HNALREPORT

University of
Hertfordtghgt ' H

- e a1 e

File  Help
™= B
=28

19 Hillside Farm, England, UK

Farm details
Country: UK - England
Arable area: 66.6 ha

Features

Group

Type of feature

Size

Hedges or wooded strips

Length: 437m; Width: 2m

Hedges or wooded strips

Length: 170m; Width: 2m

Hedges or wooded strips

Length: 244m; Width: 2m

Hedges or wooded strips
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Figure 4.18: Report builder: general layout

There are nine types of report that can be created (see Section 4.7.3) and these are displayed in the top right
list. Reports for individual features, groups, essments, etc. will activate the list in the middle on the right,
which allows users to select the feature, group, etc., for which a report is required. Each report has a range
of contents that can be included. These are shown in the list on the bottdrhafghe screen.

4.7.2. Creating reports

To create a report, the user simply selects the type of the report (see Section 4.7.3) they want to create. If
the report is for individual features, groups, assessments, etc., then the user selects which fgaiupg,

etc. they want the report for. The user then selects the contents of the report. This is done by ticking the
boxes in the contents list for the sections of the report they would like to display. The order of the contents
can also be amended, usirgetarrow buttons to the left of the contents list to move sections up or down as
needed. Clicking on the 'default settings' button (below the arrow buttons) will restore both the order and
selected sections to their original settings.

As each report optio is selected the corresponding report is generated and displayed. The report can then
be read on screen, printed (using the buttons on the toolbar at the top or using the File menu) and for some
of the tabular data it can be exported (see Section 4.7.5).

4.7.3. Reports available
There are currently nine reports that can be created. These are:

1. Whole farm:This will create a report that covers the whole farm (i.e. all the features on the farm). The
report includes options to display any whole farm parametégature summaries; overview of impacts;
impact icons (in three different views); and a table comparing the impact of existing to new features.

2. Individual group: This will create report for a selected group of features. This includes feature
summaries; ammverview of impacts; and impact icons (in three different views).
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3. Individual feature: This will create report for a selected individual feature. This includes a feature
summary; feature parameters; overview of impacts; impact icons (in three differensyjiand guidance
text on feature impacts.

4. EFA assessmenthis will create a report for a selected EFA assessment. This includes a simple table of
the declared EFAs; a detailed table of the declared EFAs (including the farm features associated with each
BFA); impact icons (in three different views); and a table comparing the potential impact two or more
EFA assessments.

5. Top level impactsThis will create a report for a selected top level impact category (i.e. ecosystem
services, biodiversity and managentenThe report is a table that lists all the farm features that
potentially have an impact on the selected top level impact category; the total impact expressed as
indicator bar; and the impact per hectare. The table can be sorted by any of the coluralisking on
the sort icons in the column headings. Thus allowing the user to sort the table to show, for example, the
feature that has the greatest impact.

6. Individual ecosystem service impacthis will create the same report as report 5, but for a sekkcte
ecosystem service impact category.

7. Individual biodiversity impactThis will create the same report as report 5, but for a selected biodiversity
impact category.

8. Individual management impactThis will create the same report as report 5, but for a seléct
management impact category.

9. New feature rankingsThis will create a report showing the ranked features that have been created and
saved using the new feature ranking tool (see Section 4.6).

All reports also have the option to include the file name d®ading, farm information (size and location)
and standard footer.

4.7.4. The impact icons

The communication of potential impacts of features is undertaken in the software using impact icons and
indicator bars alongside the icons. These provide a visuhbsaphical means of representing impacts. This

was deemed preferable to tables containing numbers as the actual impact scores (see Section 3.2.5) are not
very meaningful if they are presented in this way.

Impact icons exist for all impacts in the impaararchy (see Section 3.2.3 and Annex C). They key to all the
icons is shown in Tables 4.1, 4.2 and 4.3.

Table 4.1: Key to ecosystem service impact icons

Icon Plain English name
% Provisioning services

Regulation and Maintenance services

Cultural grvices
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Icon Plain English name
bha Provision of energy
.w}_ .

Maintenance of physical, chemical, biological conditions

Provision of materials

Mediation of flows

Mediation of waste, toxics and other nuisances

Nutrition

Physical and intellectual interactions with biotosystems, and lartdeascapes

Spiritual, symbolic and other interactions with biota, ecosystems, and/Eeascapes

Atmospheric composition and climate regulation

Intellectual and representative interactions

Lifecycle maintenance, habitat digene pool protection

Liquid flows

Mass flows
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%)
o
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Plain English name
Mediation by flora and fauna

Mediation by ecosystems

Pest and disease control

Provision of water for nutrition

Provision of water for as a material

RapK#F

Water conditions

=
o

([ B

Aesthetic service

Chemical condition of freshwaters

Disease control

Ul 4

Filtration/sequestration by flora and fauna

Flood protection

Global climate regulation by reduction of greenhouse gas concentrations

Heritage and cultural services
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Icon Plain English name
Mass stabilisatiomnd control of soil erosion

Mediation of smell/noise/visual impacts

Pest control

=
"
®

L
L]

Pollination and seed dispersal

L]

L]
L

5

[ -

Table 4.2: Key to biodiversity impact icons

Icon Plain English name

Amphibians

Birds: All

' Terrestrial plants: Conifers

Terestrial plants: Ferns

T Fish

»

Terrestrial plants: Flowering plants

“ Fungi

ﬁ Invertebrates: All
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University of
' H

Icon Plain English name

Mammals: All

Terrestrial plants: Mosses and liverworts

Reptiles

e

Mammals: Bats

)

Invertebrates: Butterflies and moths

Invertebrates: Beetle (canopy coleoptera)

Invertebrates: Beetles (carabids)

Invertebrates: Hoverflies and hoppers

Mammals: Small mammals (mice, shrews, voles)

4
e
o

5

Birds: Insectivorous birds

4

£

- Birds: Birds of prey

Birds: Seed eating birds

Invertebrates: Pollinang invertebrates
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University of
' H
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o
S

Plain English name

Invertebrates: Soil surface invertebrates

Invertebrates: Snails

Lichens

Biodiversity (general)

Invertebrates: Bees

Birds: Woodland birds

Birds: Scrubland birds

Birds: Farmland birds

Aquatic invertebrates: All

Aquatic invertebrates: Crustaceans

Terrestrial plants: All

EHF=AA> T HKR

Aquatic plants: All

Aquatic plants: Emergent aquatic plants

145



GUIDANCE AND TOOLSWUPPORT FARMERSAKING AWARE DECISS@W P—— '
ECOLOGICAOCURARES FNALREPORT Hertfordshire

Icon Plain English name
- Aquatic plants: Submerged and floating aquatic plants

<

Birds: Waders

Invertebrates: Dragonflies and damselflies (Odajat

Aquatic invertebrates: Molluscs

Arachnids

p

Table 4.2: Key to management impact icons

‘ Plain English name ‘
Labour

-

.|.|-|-|1 Frequency of tasks

B

Alongside each impact are two impact indicator bars. Figure 4.19 shows an example of an impact that has
both bars. These bars express the potential impact of the farm or selected group, feature, assessment, etc.
The red bar represents any negative impacts and the green bar any positive impacts (the colours used for the
bars can be changed in the settings apdions).

,‘.
Lig

Figure 4.19: Report builder: impact icon indicator bars

The size of the bar (i.e. the potential impact), is expressed in relation to a determined maximum value. This
maximum value will vary depending on what report has been selected. If thig done, and for example

all values were expressed based on the size of the whole farm, then in some instances impact values would
not register, as they would be too small in relation to the maximum, thus making the indicator bars useless.
The maximum Jae is determined as follows:

1  Whole farm (report 1):The sum of the area of all the features on the farm multiplied by the maximum
negative and positive impact values (k800 and +100).

146



GUIDANCE AND TOOLSWUPPORT FARMERSAKING AWARE DECISS@W ' H
ECOLOGICAOCURARES FNALREPORT Hertfordshire

9 Individual group (report 2)The sum of the area of all the featwén the selected group multiplied by
the maximum negative and positive impact values (180 and +100).

1 Individual feature (report 3)The area of the selected feature multiplied by the maximum negative and
positive impact values (i.e100 and +100).

1 EFA assessment (report 4yhe sum of the area of all the features in the selected EFA assessment
multiplied by the maximum negative and positive impact values-{i@ and +100).

The size of the indicator bar that is displayed alongside the icon iscideualated by retrieving the impact
score(s) based on the parameters entered by the user for each feature, and expressing this as a percentage
of the maximum value determined above.

The impact icons can be displayed in three different ways, as showguire&i4.20, 4.21 and 4.22.

Ecosystem services

‘J& J@ an 22 | WL

Figure 4.20: Report builder: impact icons (hierarchy view)

Ecosystem Services

»A.@ﬁﬁl X iA % a0, £ u’J'JJ% =
L@J "R Y, ST, 2O 2
2, &l

Figure 4.21: Report builder: impact icons (flat view)
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Ecosystem Services

Name Impact

Cultural -

Cultural > Physical and intellectual interactions with biota, ecosystems, and land-/seascapes [environmental settings] ‘-

Cultural > Physical and intellectual interactions with biota, ecosystems, and land-/seascapes [environmental settings] >
Intellectual and representative interactions L]

Cultural > Physical and intellectual interactions with biota, ecosystems, and land-/seascapes [environmental settings] >
Intellectual and representative interactions > Aesthetic ==}

Cultural > Physical and intellectual interactions with biota, ecosystems, and land-/seascapes [environmental settings] >
Intellectual and representative interactions > Heritage, cultural

Provisioning L]
Provisioning > Materials ’-
Provisioning > Materials > Water 2 ‘-
Provisioning > Nutrition ‘-
Provisioning > Nutrition > Water 1 ‘-
Regulation and Maintenance ’l

Regulation and Maintenance > Maintenance of physical, chemical, biological conditions “

Regulation and Maintenance > Maintenance of physical, chemical, biological conditions > Atmospheric composition and climate
regulation

Q¢ e SR Bt &

Figure 4.22: Report builder: impact icons (table view)

The hierarchy view shows the impacts using a tree sirecto display them based on the hierarchy of
impacts. This view allows users to visualise the hierarchy and thus how the impacts have been aggregated.
This view can require a large amount of space on the screen, making it difficult to view and poimein s
instances. The flat view is a more compact way of displaying the icons, so is useful to provide a quick view of
all the potential impacts. It will display all the icons for which there is a potential impact and to a level of
detail (i.e. how far downhe hierarchy) that is determined in the settings. However, it does hide the
aggregation process to some extent. Finally, the table view lists all the impact categories and presents the
indicator bars in a separate column and as horizontal bars. This @lievastual name of the impact category

to be displayed within the report, thus can aid interpretation. However, like the flat view, it does hide the
aggregation process to some extent.

4.7.5. Exporting data

On the right side of the screen there is a setdaib on the options, namely 'Export tools'. Currently there is
just one option here, which is to display data export options below tables in the report. Selecting this option
will display some additional icons below each table which contains data thadbe@&xported (see Figure
4.23).
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2Ep e

19 Hillside Farm, England, UK

Fepodtoois | Exwot toois
Nete: sl under development

7| Display data export options below tables in repot

Assessment 1

EFA element Size Features included

[Hedges or wooded strips 4370 [Hedges or wooded strips 1: Length: 437m; Width: 2m
Hedges or wooded strips 1700 Hedges or wooded strips 2: Length: 170m; Width: 2m
Hedges or wooded strips 2440 Hedges or wooded strips 3: Length: 244m; Width: 2m
[Hedges or wooded strips 3850 [Hedges or wooded strips 4: Length: 385m; Width: 2m
[Hedges or wooded strips 1630 [Hedges or wooded strips 5: Length: 163m; Width: 2m
Hedges or wooded strips 2550 [Hedges or wooded strips 6: Length: 259m; Width: 2m
[Hedges or wooded strips 2220 [Hedges or wooded strips 7: Length: 222m; Width: 2m
[Hedges or wooded strips 2810 [Hedges or wooded strips 8: Length: 281m; Width: 2m
[Hedges or wooded strips 1700 Hedges or wooded strips 9: Length: 170m; Width: 2m
[Hedges or wooded strips 1630 [Hedges or wooded strips 10: Length: 163m; Width: 2m
[Hedges or wooded strips 1110 Hedges or wooded strips 11: Length: 111m; Width: 2m
[Hedges or wooded strips 1330 Hedges or wooded strips 12: Length: 133m; Width: 2m
[Hedges or woo ded strips 2000 Hedges or woo ded strips 13: Length: 200m; Width: 2m
[Hedges or wooded strips 2000 [Hedges or wooded strips 14: Length: 200m; Width: 2m
[Hedges or wooded strips 1630 [Hedges or wooded strips 15: Length: 163m; Width: 2m
[Hedges or wooded strips 960 [Hedges or wooded strips 16: Length: 96m; Width: 2m
TOTAL 33970
EFA area 5.1%

01 s 0p pus Buping woooy [

Export options:

- el file el

= DA\WorkURC EFA\Theoretical farm scenarios\EFA files\19 Hillide Farm, England, Uk.efa

Figure 4.23: Report builder: data export options

Clicking on one of the icons below a table will prompt the user to save the data to a file. This can be to a CSV
file or an Excel spreadsheet (an xIsx file).

4.8. Settings and options

The settings and options screens, like many other Windows applications, allow the user to customise the look
and the behaviour of the software to better meet their own requirements. There are five sections to the
options and settings including:

General

Indicator bars and icons
Impact aggregation weights
Database

Ranking weightings

=A =4 =8 =8 =4

The 'General' section covers a range of miscellaneous settings. It includes default values, used when the user
creates a new file, including: the Member State; whettweshow full or restricted lists; and the level of detalil

(basic or advanced). It also has options to determine whether to show the splash screen at the start; whether
to display the getting starting text and navigation key on the welcome screen; whethsraw all whole

farm parameters in the new file wizard; and whether the Ag&we function is activated in the land and
feature manager. The user can also decide what size of icons to use in the top toolbar on some of the main
screens.

The 'Indicator barand icons' section provides the user with a number of facilities to change how the impact
indicator bars and icons are displayed. This includes changing the colours used on the indicator bars (which
aid colour blind users); the size of the icons displayetch can help users with respect to their screen size

and resolution); and the level of detail with respect impact icons (i.e. whether to display all icons down to
the class level or just those at the section levilus providing users with some cootrof the complexity of
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information displayed). Users can also set whether to use best, worst or average case data for the impact
assessment when a range of values exist.

The 'Impact aggregation weights' section provides users with a facility to changesifletings used in the
impact aggregation process (see Section 3.2.6). This facility is probably something that only very advanced
users may adjust. By default, all the weightings are equal (100), but if a user would like to place more
emphasis on a padilar impact they can decrease the weight of other impacts. For example, if they are more
interested in birds (under biodiversity) they may decrease the weight for all the other biodiversity impact
categories. Then when the biodiversity impact score isutaled (aggregated up from the lower impacts),

the overall score for biodiversity will be more sensitive to any impacts on birds. Figure 4.2.4 shows the
interface for editing the weightings. The user selects a top level impact category in the droplist the
toolbar. The impact hierarchy is then shown using a tree view. Clicking on an impact category in the tree view
will show any sutimpacts in the grid on the right, along with their weightings. These weightings can then be
edited. To restore defaulteightings click on the default settings button in the toolbar.

File Help
|

Navigation key: Recent files:

Impact aggregation weighis | Database | Ranking weightings

[+] EE2 weightings used when aggregating impacts:

. ng - 7 | Bodiversty (genera))
1 W Birds: Birds of prey
= This prd Temestrial plants
o iy
Open g f Aquatic plants 100
9 -.. & Brds: Seed esting bids

ide iy
Getting stal ‘* Birds: Woodiand birds
L =i ' bucs: Sonbiand brds
3. Then of
4. Enterd @ o P

6. This cal T Brds: Waders ) or EFA

For further help, annotated video demonstrations of the software are available in the ‘Show Me' Help Centre. (hide this text)

19 No file open

Figure 4.24: Settings and options: impact aggregation weights

The 'Database’ section provides a facility to check for and download any database updates. The version of
the core database ig date when it was last updated. The date of the version installed is displayed here (and
also on the welcome screen). If a new version is available it will be displayed here and a button enabled to
automatically download it.

The 'Ranking weightings' semti provides the user with a facility to set the weightings used for the top level
impact criteria (ecosystem services, biodiversity and management) when calculating an overall ranking in the
new feature ranking tool (see Section 4.6). When calculatingvtieeall ranking, the criteria can be weighted
equally (which they are by default) or the user may wish to increase the importance of one of the criteria
(e.g. by reducing the weight of the others). This section also allows the user to activate two adddjon

level ranking criteria (land taken out of production and the feature diversity iqdme Section 3.2.7).
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4.9. Show Me help centre

In order to make the software easier to use a Help system has been provided known as the 'Show Me help
centre'. The itle is derived from the fact that the centre consists of a number of annotated videos which
demonstrate how to use the softwaeK Sy OS G KS dzaSNJ ¢g2dZAZ R 6S FalAy3a U
effective means of help and support, than a written user manas the user can actually see the process on
the screen rather than having to interpret text.

Upon opening the help centre (which opens in the users internet browser), the user is presented with a list
of the help videos that are available. They thankcbn a video and this will start the demonstration. There
are built in controls to allow the user to pause, play, or navigate backwards and forwards in the video.

4.10. The core database and its administration

As mentioned in Section 4.1, the softwareste@acore MS Access database that underpins the software. This
database stores a variety of data and information, including:

1 Member States: A list of all the Member States covered by the software (32 in total, with 2 regions for
Belgium and 4 countries fohe UK).

1 EFA elements: A list of the EFA elements and data on which ones have been activated in each Member

State, including the units of measurement and any conversion and weighting factors.

EFA rules: Data that are used to support the rules that arekekeby the software (see Section 4.5.3).

Farm features: A core list of farm features that can be associated with the EFA elements, and data on

which features can be applied to which EFA element in each Member State.

1 Impact categories: A list of ecosysteandce, biodiversity and management impact categories and data
on the impact hierarchy.

1 Parameters and parameter classes: A list of parameters and parameter classes that are used to describe
the farm features, and data on which classes belong to whichnpetexs.

9 Impact scores: Data on the combination of farm features, impact categories and impact scores (see
Section 3.3).

= =4

Numerous other data items aralsostored in the database including definitions and some-recessed
data (designed to speed up thefsgare when run by users).

A bespoke interface has been developed to administer the core database. This performs a variety of functions
including:

1 Setting the activation status of each EFA element in each Member State, the units of measurement used
and anyconversion and weighting factors.

1 Creating new parameters and parameter classes and allocating classes to parameters.

1 Setting the default weighting values for impact aggregation.

1 Adding and editing impact scores for combinations of features, impacts araineters (using the two
different scoring approachessee Section 3.2.5).

1 Setting the rules with regard to the species that can be used for catch crops, short rotation coppice and

nitrogen fixing crops, including allocation of species into different jgsan different Member States.

Setting rules on dimension limits for different EFA elements in different Member States.

Setting which features can be used for different EFA elements in different Member States. This includes

determining which units of measement are needed to different features, and any specific dimension

rules for features that are part of an EFA (for example maximum widths for hedges and ditches that are

part of Field margin EFA in Scotland).

= =
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9 Setting rules for any invalid parameters. leaample, concrete or plastic substrate for ponds not being
allowed for the ponds EFA.

There are currently a number of functions and processes that are not facilitated by the administration
interface. These include:

i The addition of new Member States: Curtlgrthese need to be added by directly editing the MS Access
database.

1 The addition of new impact categories. Currently these need to be added by directly editing the MS
Access database, including setting up the data describing where the impact categaarsajn the
hierarchy.

91 Deleting of any parameters or classes. This can only be done by directly editing the MS Access database
(albeit there is no major need to delete parameters and classes as any obsolete ones can either be
ignored or reused when addinggw ones).

1 Allocation of catch crop species to groups (used for the impact assessment). The parameters CC species
groups 1 and 2 are used for the impact scoring, but users enter data for the two catch crop species they
grow. Thughe species need to belakcated to CC species groups 1 and 2, and currently this can only be
done by directly editing the MS Access database.
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5.0. Testing the EFA calculator software

5.1. Functionality testing

Functionality testing has been an ongoing process throughout theldpment of the software. It has
included:

1 Installation testing: This has involved checking that the installation processes (including downloading
updates) works properly in a range of common software/hardware environments (e.g. operating
platforms).

1 Faulttesting: The tool has been tested over a range of conditions under which it will be used. The
objective here has been to detect and repair any major defects and programming bugs that prevent the
software from correctly functioning.

1 Performance and stabily testing: Tests have been undertaken to ensure that the tool performs to a
satisfactory level in terms of its responsiveness stadbility by running the tool with large input data sets
so that it needs to cope with a high work load. This has includedsagig how quickly tasks are
performed and processed to ensure that occur within a reasonable time. In some instances this has
required changes to the distribution of processing so that it does not all occur in one go, and also allowing
some customisatiof the software by the user to meet their needs (for example, the development of
an option to manually or automatically save datthe latter ensures every change is saved as the user
proceeds, but can make data entry slower as the save routine is frngiguiavoked).

9 Validity testing The software has been tested with known input and output data. The process checked
that the correct data is being retrieved from the core database, it is being processed correctly, that it
responding correctly to the typefinputs and calculations made are correct.

1 Usability testing:We believe that to a large extent 'good' software should be intuitive and flow in a logical
and organised manner. This testing has included:

0 Ease of useThis has included, for example, an asseent of the tools navigation processes and
pathways and whether the right balance between uflexibility and inbuilt usercontrol has
been achieved.

0 Usefulness of embedded helpfhis has considered if the embedded data input checks are
adequate and wiking correctly. We have also evaluated the associated 'help videos' to see if
they are sufficiently informative and address all the areas where help may be required.

o Functionality:This has involved checks to evaluate if the tool has achieved its enctivbgeand
if the functions and facilities within the tool behave as the end user would expect. This has also
checked if the speed of operations is acceptable.

0 Interpretation and readability:This has involved an assessment of how easy it is to intefpeet t
tools outputs and guidance. This has included if the descriptive text used in the tool (on buttons,
functions, in the help videos, reports etc.) is understandable. For example, do they effectively
avoid the use of jargon, repetition, abbreviations awdnplex scientific language? We have also
checked that it isully compliant with level AA of the Web Content Accessibility Guide(ivas,
2008).

The functionality testing has largely been undertaken by the tool development team. However, there has
been ®me feedback on the tool provided by JRC (as versions have been released and made available as the
project has progressed) and a few external experts have also provided feedback on the tool (at the workshop
at JRC on 10 June 2015, and subsequently simcg.th
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5.2. Theoretical farm scenarios

5.2.1. Introduction

The second phase of testing, albeit this has run concurrently with the first phase, has involved testing the
software using a number of hypothetical farm scenarios and data sets. The scenariogéawplit into two
parts:

1. Simplified scenarios: 32 scenarios covering all Member States (including 2 regions in Belgium and 4
countries in the UK).
2. Detailed scenarios and analysis of the results: 25 scenarios in 16 Member States.

The simplified scenariogqvided a test of all EFA elements and associated features for all Member States,
ensuring that all were set up correctly in the database. The detailed scenarios provided a test of the software
using 'real world' data and thus provided an opportunity tglexe the outputs of the software, e.g. the
contribution of existing features to the 5% EFA target and the impact assessment data.

5.2.2. Simplified scenarios

The first part of the testing using hypothetical farms focused on testing the EFA softwareonging
hypothetical farm in each Member State (to ensure that those Member States not covered by the detailed
scenarios were tested).

The process of creating these hypothetical farms was simpler than the detailed case studies and involved the
following:

Seleting a random location within the Member State.

Using the average utilised agricultural area (UAA) for each Member State for 2010 (Eurostat, 2013) to

derive the arable area for the farm (see Table 5.1).

1 Creating 1 of each feature required for the EFA elet®activated in the Member State.

1 The size of each feature was set within the limits defined by the Member State and/or was set at a size
so that in total all the features accounted for ~5% of the arable area.

1 The EFA software settings were set to Basiconly minimum data was required) and an 'average case'

setting for the impact assessment.

)l
)l

Table 5.1: Simplified hypothetical case studies

D Arable area (n2)

1 Austria 19.2
2 Belgium- Flanders 31.7
3 Belgium- Walonia 31.7
4 Bulgaria 12.1
5 Croatia 5.6
6 Cyprus 3

7 Czech Republic 152.4
8 Denmark 62.9
9 Estonia 48
10 Finland 35.9
11 France 53.9
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ID Member State Arable area (ha)
12 Germany 55.8
13 Greece 4.8
14 Hungary 8.1
15 Ireland 35.7
16 Italy 7.9
17 Latvia 21.5
18 Lithuania 13.7
19 Luxembourg 59.6
20 Malta 0.9
21 Netherlands 25.9
22 Poland 9.6
23 Portugal 12
24 Romania 34
25 Slovakia 77.5
26 Slovenia 6.5
27 Spain 24
28 Sweden 43.1
29 UK- England 90.4
30 UK- Northern Ireland 90.4
31 UK- Scotland 90.4
32 UK¢ Wales 90.4

5.2.3. Detailed scenarios and analysis
5.2.3.1. Method

These scenarios have been constructed from real farm data (where possible); including farms from other
research projects (e.g. Tzilivakisal.,, 2010; Warneet al., 2010) and have been anonymised. Much of the
data colected for previous projects was on the agronomic practices of the farm, thus the majority of this
data is not applicable to the EFA calculator. Key data that is needed for the EFA software is the size of the
features on the farm, e.g. length of hedgerowsd associated parameters to describe them, e.g. number of
hedgerow trees or floral diversity. To derive this data a combination of Google Earth and Google maps has
been used. This allowed features to be identified from aerial photos. This was suppl&rienteme
instances with photographs of features (embedded in Google Earth) and/or using Google Street View where
available. Dimensions for features were derived using Google My Maps, which has basic GIS functions to
measure the length and area of featurelnh a few instances, local knowledge also supplemented the
information and data gathered for the farms. In a few instances, grassland farms were considered as arable
farms, in order to make them eligible for EE4rass fields were simply allocated asldedfields.

For each scenario, the following process/tasks were undertaken:

9 Existing features were identified, measured and assessed to determine their attributes.

1 Data entered into the EFA calculator software using the land and feature manager.

1 Creation d an EFA assessment, adding all EFA eligible features (to determine their contribution to the
5% EFA target).

1 Generation impact assessment overview text for existing features.
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1 Generation of ranked EFA elements (identified as options to increase the akfaAdffor EFA eligible
features only.

1 Generation of ranked EFA elements, but for all EFA features including those which are not eligible for EFA
in the Member State for the case study.

In relation to the last two tasks, the EFA calculator software allasessuto set their own ranking criteria.
However, in this the following criteria (and weightings) were used across all the case studies:

Ecosystem services (100)
Biodiversity (50)

Feature diversity index (50)
Management (50)

Land taken out of production (30

=A =4 =4 =4 =4

The weightings for the last 4 were reduced (from the default of 100) so that Biodiversity and Feature diversity
index (which both impact on biodiversity) combined have the same weight as Ecosystem services, and
likewise for Management and Land taken ofipproduction. So effectively the weightings are:

1 Ecosystem services (100)
1 Biodiversity (100) (Biodiversity: 50 and Feature diversity index: 50)
1 Management (100) (Management: 50 and Land taken out of production: 50)

Also, the features that are displayedtire rankings only include features that can be created as new features
and not those that can only be existing features, for example it is not possible to create new ancient stones.
Thus features such as these are excluded from the rankings, resultihg following possible list of new
features:

Agroforestry

Catch crops or green cover
Ditches

Fallow land

Hedges or wooded strips
Isolated trees

Land strips (adjacent/parallel to water)
Land strips (other)
Nitrogen fixing crops
Ponds

Short rotation coppice
Terraces

Traditional stone walls
Trees in line

Woodland

ERE N B I T B B B BB

In some instances not all the parameters could be completed for a feature, for example the timing of hedge
cutting or ditch clearing, as this was not known from previous data and/or could be detetrfrom the

aerial photography. In such instances these data field were left blank. As such the software will calculate the
impact based on the settings in the software (best, worst or average can be set). For these case studies an
average case setting waslected.

There are 25 hypothetical case studies in 16 Member States to provide a variety of climatic and topographic
scenarios. All the farms have more than 15 ha of arable land and are thus eligible for EFA. Table 5.2 shows
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the basic details of the casstudies; a summary of each case study is presented in Annex F; and
results/findings are summarised in Section 5.2.3.2.

Table 5.2: Detailed hypothetical case studies

D e e ale a e a Araple area cl
1 Croatia 585 565.2
2 Cyprus 67.3 64.3
3 Denmark 585 569.8
4 France 229 207.6
5 Germany 844 811

6 Germany 1033 999

7 Germany 85.1 83

8 Greece 36.8 36.6
9 Hungary 1690 1645
10 Ireland 20 20
11 Italy 92.7 85.5
12 Italy 44.9 31.9
13 Netherlands 109 105.8
14 Poland 66 60.7
15 Romania 1490 1487.1
16 Slovenia 357 302
17 Spain 753 647.9
18 Sweden 373 351.6
19 UK¢ England 77.3 66.6
20 UK¢ England 288 90.7
21 UK¢ England 266 94.4
22 UK¢ Scotland 93.2 80.9
23 UK¢ Scotland 112 105.4
24 UK¢ Scotland 113 101
25 UK¢ Scotland 488 284
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5.2.3.2. Results

Table 5.3 shows the existing features on the farms that have been included within each case study.

Table 5.3: Features covered by case studies
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1 | HR v v v v
2 | cy| v v v
3 | DK v Y, v v
4 | FR v v v v
5 | DE Y, v v
6 | DE Y, vV | v |V v vV | Vv
7 | DE vV | v
8 | GR| V v v Y,
9 | HU v v vV | v
10 | IE v Y,
1|17 vV | Vv v
12 |17 v v v
13 | NL v vV | v
14 | PL v v
15 | RO v Y,
16 | SI v v Y,
17 | ES Y,
18 | SE Y, vV | Vv v
19 | UKE VvV | Vv v Y,
20 | UKE Y, VvV | Vv v
21 | UKE Y, Y, v
22 | UKS Y, Y, v
23 | UKS Y, v Y, v
24 | UKS Y v
25 | UKS v Y, Y,
A nunber offeatures have not been covered:
I Ancient monuments T Nitrogen fixing crops

158



GUIDANCE AND TOOLSUPPORT FARMERSAKING AWARE DECISS@W
ECOLOGICAOCURRES HNALREPORT

University of
' H

1 Ancient stones
1 Catch crops
1 Natural monuments

9 Short rotation coppice
1 Terraces

Ancient monuments, Ancient stones and Natural monuments have not been identified on any of the case
study sites. With regard to catch crops and nitrogen fixing crops, it is not possible to determine if the farm
happens to grow these (and/or not possible to observe this from aerial photographs). Finally, none of the
farms had terraced land.

Table 5.4 preides an overview of the impact of the existing features. This is the aggregated score for the top
level impact categories (ecosystem services, biodiversity and management) for all the existing features on
each hypothetical farm, which are then categorisetb the following bands (for both positive and negative
values):

T Verylow 20 to 0 or 0 to 20)
T Low {40 to-21 or 21 to 40)
1 Moderate (60 to-41 or 41 to 60)

9 High ¢80 to-61 or 61 to 80)
1 Very high {100 to-81 or 81 to 100)

Table 5.4: Overview of thpotential impact of existing features

Ecosystem Biodiversity Management

services

Positive Negative Positive Negative Negative
1 HR Moderate None Moderate None Very low
2 CY Low Low Low None None
3 DK Moderate Moderate Moderate None Very low
4 FR Moderate Moderate Moderate None Very low
5 DE Moderate Moderate Moderate None Very low
6 DE Moderate Moderate Moderate Moderate Very low
7 DE Moderate Moderate Moderate Moderate None
8 GR | Very low Very low Low Low None
9 HU Low Low Moderate None Very low
10 1E FEER ' None Moderate None Very low
11 IT Moderate None Moderate Moderate Very low
12 IT Moderate Moderate Moderate None Very low
13 NL Moderate Moderate Moderate Moderate Very low
14 | PL | Moderate Moderate None None
15 RO Low None Moderate None Very low
16 Sl Moderate Moderate Moderate None Very low
17 | ES | Moderate Moderate High ' High | None
18 SE Low Low Low None Very low
19 UKE | Moderate Moderate Moderate Moderate Very low
20 UKE | Moderate None Moderate Moderate Very low
21 UKE Flglle]g) High High High Very low
22 UKS | Moderate Moderate Moderate None Very low
23 UKS | Low Low Very low None Very low
24| UKs None None
25 UKS | Moderate Moderate Moderate None Very low

Table 5.5 shows the contribution of existing features (aséediEFA elements) to each EFA element to the
5% target. Shaded cells illustrate that the EFA element has not been activated in the Member State. It also
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shows the percentage of the arable area that is effectively out of production due to the existingefeat
Note: this will not always correlate with the EFA target as some features do not take land out of production
and other features are weighted in the EFA calculation, whereas the land taken out of production is simply
the unweighted area of the land kan up by the features.

Table 5.5: Contribution of existing features to EFA target
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Table 5.5 shows that in many instances the existing features are not sufficient to meet the 5% EFA target.
Figure 5.1 shows this data graphically and lggits that only 5 of case studies exceeded the target with their
existing features. Of those farms that do not reach the target the average is 1.3% (with a mode of 0.4%).

5.5

5

4.5

4

w
o

w

EFA (%)

N
o

N
|

=
o
1

0.5 -

0' T T LI |
1 2 3 45 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25

Case study ID

Figure 5.1: Percent EFA provided by existing features in case studies

Consequentlyhese farms would need to explore implementing new features in order to meet that target.
The EFA calculator software has a facility to rank featuresSgeton 46) to steer users towards those that
would have the greatest benefit with respect to ecst®ms services, biodiversity and management and their
associated suimpact categories (depending on the criteria selected).

A common set of ranking criteria have been applied to each hypothetical case study and the ranking process
performed twice, firstlyfor just features related to EFA elements activated in the Member State, and secondly
for all features. The results of these ranking processes (in terms of the order) are shown in Tables 5.6 and
5.7.
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Table 5.6: Ranking of features (EFA only)
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Table 5.7: Ranking of features (All features)

® O O
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O a O d '® 0
® d d d ® O
® ® : C O O ® O = O O d e
O O v d G G O q V) d O
<] A A
1 HR 1 4 13 9 11 7 12 5 3 8 2 15 14 10 6
2 CY 6 4 11 13 9 8 14 5 2 10 1 3 15 12 7
3 DK 1 4 7 10 11 6 14 5 3 9 2 15 13 8 12
4 FR 1 4 11 12 8 6 13 7 3 9 2 15 5 10 14
5 DE 1 4 11 12 8 7 13 5 3 9 2 15 6 10 14
6 DE 1 4 10 9 8 6 13 5 3 7 2 15 14 11 12
7 DE 1 5 9 11 12 7 13 6 3 8 2 4 14 10 15
8 GR 3 4 10 14 7 6 13 5 2 9 1 15 12 11 8
9 HU 1 4 11 12 9 7 13 5 3 8 2 15 6 10 14
10 IE 1 4 11 10 12 7 13 5 3 8 2 14 15 9 6
11 IT 1 4 9 10 14 7 13 5 3 8 2 15 12 11 6
12 IT 1 5 11 12 6 14 8 4 7 3 2 13 10 15
13 NL 1 4 8 10 11 6 12 5 3 7 2 15 14 9 13
14 PL 1 4 11 12 5 7 13 8 3 9 2 15 6 10 14
15 RO 1 4 13 10 7 8 12 5 3 9 2 15 14 11 6
16 Sl 1 4 10 11 13 7 12 5 3 8 2 15 6 9 14
17 ES 1 4 9 11 7 6 12 5 3 8 2 15 13 10 14
18 SE 1 4 9 10 11 6 12 5 3 7 2 15 14 8 13
19 UKE 1 5 9 11 13 7 12 6 4 8 3 2 15 10 14
20 UKE 1 4 9 10 13 7 12 5 3 8 2 15 14 11 6
21 UKE 2 5 9 11 12 7 13 6 4 8 3 1 14 10 15
22 UKS 1 5 12 13 9 8 14 6 4 10 3 2 7 11 15
23 UKS 1 4 12 13 10 7 14 5 3 9 2 15 6 11 8
24 UKS 1 5 11 12 7 8 13 6 4 3 2 14 10 15
25 UKS 1 5 11 12 7 8 13 4 3 2 15 6 10 14

The data in Table 5.7 has been further processed to generate Figures S2Bamtiese use the mode of the

data in Table 5.7 to show the most commonly suggested ranking order (based on the criteria selected) of the
features. Figure 5.2 also shows the range in the rank of each feature and Figure 5.3 shows the range
expressed usingtandard deviation.
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Rank (mode)
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Agroforestry

Short rotation coppice

Nitrogen fixing crops

Catch crops or green cove

Land strips (other)

Hedges or wooded strips

Isolated trees

Ponds |
Ditches

Fallow land 1

Trees in line

Land strips (adjacent/parallel to water]

Traditional stone walls
Woodland
Terraces

Figure 5.2: Typical rank (mode) with range

Rank (mode)
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Agroforestry

Short rotation coppice

Nitrogen fixing crops

Catch crops or green cove

Land strips (other)

Hedges or wooded strip

Isolated trees

Ponds |
Ditches

Fallow land |

Trees in line

Land strips (adjacent/parallel to water_

Traditional stone walls
Woodland

Terraces

Figure 5.3: Typical rank (mode) with standard deviation (capped)
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Features which still involve production, such as agroforestry, N fixing crops and short rotation coppice are
tending to cone out at the top. This is probably because their ranking is increased by land taken out of

production criterion, whilst they also have benefits for biodiversity and ecosystem services, and as none of
the farms had these features, their rank with respecttie feature diversity index is also increased.

Features which take land out of production, but which have significant benefits for ecosystem and
biodiversity tend to fall into the middle rankings, albeit there are some significant variations in thdamank,
example for hedges and wooded strips, ditches, and traditional stone walls.

Woodland is second from bottom of rankings, albeit with significant variation. This is partly because it is
taking land out of production and also because many of the farmsbat areas of woodland already, and
consequently it scores a low rank of the feature diversity index.

Terraces are at the bottom of the rankings. This is partly an anomaly that arises because in many instances
terraces are not applicable, e.g. as the faaflat with little or no gradient. This anomaly is reflected in the
range, as Figure 5.2 shows that terraces are ranked at or near the top for some scenarios.
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6.0. Discussion

6.1. Introduction

There is little doubt this was an ambitious project to urtd&e in a relative short period of time (9 months).
However, despite this resource issue, the project has still produced some valuable and practical outputs
including a compilation of current knowledge on the potential impacts of EFAs; development bimpset
assessment techniques; and the development of a software application to support the implementation of
EFAs and the transfer of knowledge.

This section of the report reviews and discusses the approaches taken; the outputs that have been delivered,
and highlights the advances that have been made and the strengths of the approach, whilst acknowledging
weaknesses and identifying areas for improvement.

6.2. Review and critique of the approach

6.2.1. Introduction

The main purpose of the project was tovidop and test a software tool that aims to help farmers identify

the most ecologically sound and pragmatic solution for implementing the Ecological Focus Areas (EFAS) on
their farm. This included conducting an extensive knowledge and literature revieal the EFA elements

in order to define their potential impact on ecosystem services, biodiversity and management; converting
the findings from the review into a knowledge base that could support a software tool; and the development
and testing of the tob

A key challenge was, given the time available, to cover the breadth of EFA elements to a depth that was
sufficiently detailed to differentiate impacts (i.e. by defining the parameters and classes that potentially give
rise to different impactg see Setion 3.2.4). There is also an inherent tradi between the level of scientific

detail that is available and the requirement to develop a simple and easy to use software tool. There were
inevitably compromises and simplifications that needed to be made.

6.2.2. The literature review and synthesis of the knowledge

The first task involved collating the scientific evidence that would form the foundation of the software tool.
The bulk of this work was undertaken within a 3 month period at the start of the girage there was only

a short amount of time to gather and synthesise the evidence. Given more time, no doubt more evidence
could have been collated, however the intensive 3 month period did result in over 350 papers, reports and
guides being reviewed, raking in the synthesis provided in the interim report (Section 2). The review was
structured using the 19 individual EFA elements specified in the legislation. However, as described in Section
3.2.2, during the development of the impact assessment framewbbecame apparent that some EFA
elements consist of two or more farm features. In hindsight, it may have been advantageous to undertake
the review using the farm features as the basis of structuring the review. However, this was not detrimental
to the project as the majority of information required for the project to proceed had been gathered.

6.2.3. The impact assessment techniques

The objective of the next stage of the project was to analyse the knowledge synthesised in the first stage and
convert itinto a set of guidelines, criteria and rules that could be used to underpin the EFA calculator
software. There were two processes that needed to be undertaken to achieve this. Firstly, the development
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of impact assessment techniques and framework that wWobke used to appraise and structure the
knowledge gathered, and secondly, the application of those techniques.

The development of the impact assessment techniques and framework is described in detail in Section 3 and
Annex C. Given the time and resourceaikable the project focused on seeking to use established techniques
and frameworks. This was achieved to a limited extent, especially for ecosystem services by using the CICES
framework (Hainesfoung & Potschin, 2013), but for biodiversity and managenmntestablished or
common techniques and frameworks could be identified and/or were fit for purpose for this project,
especially with respect to biodiversity. As described in Annex C.4, the topic of biodiversity indicators and
metrics is huge; has been datied for many decades; there are many different contexts and purposes; and
little consensus on the best approach. Some tools and frameworks did offer potential but lacked sufficiently
detailed information that would allow then to be utilised in this prdje&n example of this is the Gaia
Biodiversity Yardstick developed by CLM (CLM, 2015) in the Netherlands and which is being integrated with
the Cool Farm Tool (Cool Farm Alliance, 2015; McCormiaek, 2014). This appears to use a scoring
approach to assss the performance of a farm in relation to biodiversity. However, there is little or no
information published on this technique in the scientific literature. To date, the approach taken, the degree
of peer review, and the overall robustness of the tecjug are not known and so its use within this tool
would not facilitate sufficient scientific transparency.

Another issue, which was explored during the development of the impact assessment framework, is that
different techniques for different impacts tertd have different metrics and units of measurement. Ideally

all the impacts should be measured and assessed using units relating to the impact itself (e.g. greenhouse
gas emissions, losses of nutrients, diversity of species, population of species,@teyeH it was apparent

at the outset of the project that given the breadth of features and impacts that needed to be covered, finding
a common way to handle multiple metrics and units was going to be difficult. The consequence, as with many
other similar projects, was that a bespoke score/index needed to be developed. The scoring system
developed (see Section 3.2.5) is relatively simple (albeit it does distil a lot of complex and data intensive
parameters) and could be regarded as subjective in some iostadue to the use of expert judgement.
However, at the same time its simplicity facilitated rapid development of the software and provides a
mechanism for 'fine tuning' the impact assessment. The scores went through several iterations as they were
adjusted during the development and testing of the software, and there is scope for this process to continue
in the future using feedback from users and possibly work to ground truth the tool (see Section 6.4). So
although the approach is not perfect, it is flebe and does provide a workable and upgradeable solution.

The work undertaken to allocate scores to the impacts was split into two approaches, quantitative (using
meta-modelling) and qualitative (using a risk factor approach). The majority of the scaamglane using

the qualitative approach (the quantitative was only used for some ecosystem service impacts). It could be
argued that all the impacts should have been assessed qualitatively, so that the approach was consistent.
This would have also overcorseme complex technical issues in the software with regard to data storage
and retrieval for the quantitative data. However, it is also considered that the -met@elling was worth

doing as it gave a reasonable indication of where different features sativelto each other for some
impacts, and provided a slightly more objective approach to assigning a score compared to those impacts
based on expert judgement alone. As such it was retained for this prototype.

The second phase of this work involved progagshe knowledge gathered in the first task using the impact
assessment framework, to derive the impacts, impact scores and parameters that affect the impacts for each
farm feature (see Section 3.3). This was a challenging task to undertake in a reldtortlspace of time and

there is certainly scope for improvements to be made (see Section 6.3 and 6.4). Additionally, this work was
being undertaken as the software was being developed. This meant that as the impact scores were being
added to the core dabase, a number of issues emerged which consequently required adjustments to how
the scoring process was done. For example, at the start of the scoring process, all combinations of parameters
for a featureimpact were generated and then scores were creldi® these combinations (this was the same
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for both the quantitative and qualitative approaches). However, for some of the qualitative scoring, the
number of parameters resulted in a large number of combinations requiring scoring (e.g. some feature
impact have over 100,000 combinations of parameter classes). This resulted in the size of the database
significantly increasing, processing time increasing to the extent it made the tool impractical to use, and in
some instances it was not even possible to @igghe grid to edit the data on the screen as it required too
much memory or would take 280 minutes to load. This consequently required a rethink on how the scoring
was done and resulted in an adjustment to the scoring process, with the introductitre dautomated'
approach to calculating the score (see Section 3.2.5.3). The full combination approach is now only undertaken
for the quantitative approach and where a manual approach is required for the qualitative approach.

6.2.4. Software development and testing

The software development started at the outset of the project. This was necessary given the time available
for the project. Some aspects could be implemented prior to the core database and knowledge being
collated, synthesised and structured. Wdugh the development started early, it was still ambitious to
develop a fully functioning software tool within 9 months. However, this has been achieved, albeit there is
scope to improve the software tool in places.

A number of core software tool functisnwere identified as being necessary early in the project schedule
and thus these could be developed while other tasks were being undertaken. Additionally, as soon as a basic
functioning tool was available (a pAdpha version) this was made availableR&¢CXacilitating early feedback.
Consequently, there was time to incorporate suggestions. Testing and revising the software tool was then an
ongoing process until the end of the project.

With regard to the testing tasks, there were two parts: functionabsting and testing using theoretical farm
scenarios. These two testing processes overlapped as the second part effectively provided an additional
functionality test by running 'real’ data through the software. The hypothetical farm scenarios involved
creaing 40+ farm scenarios. The original plan was to create these using data from farms that had been
studied in previous national and EU projects. Some of these were used, but many of the farms from previous
projects did not have the required data (e.g. soprevious projects focused on agronomic practices and
thus data on farm features had not been gathered). An additional issue was that data on the size of features
is required for the EFA calculator, and this was time consuming to gather and/or generatet{me than

had been originally anticipated). To overcome these issues the approach to the hypothetical farm testing was
split into two parts: simplified and detailed (see Section 5). The simplified scenarios tested all EFA elements
in all Member States32 in total (thus ensuring that all combinations functioned correctly) using completely
hypothetical data. The second phase then constructed 25 detailed scenarios in 16 Member States based on
real data derived from previous projects in some instances supghted using actual locations identified on
Google maps and Google Earth. Basic GIS functions were used to derive dimension data and aerial photos to
qualitatively describe the features. This detailed approach provided the means to run 'real' data tkineugh
software. It also highlighted some general issues with regard to the use of the tool which allowed it to be
further refined for the tasks it needed to perform. Overall the testing process worked well and it detected a
number of issues that were subsaently addressed.
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6.3. Review and critique of the outputs

6.3.1. Introduction

There are two key outputs from the project: the knowledge base that was collated and structured in the first
two tasks and the software that was developed as the delivery ielfidc that knowledge. The software
testing (including the hypothetical farm scenarios) can also be considered an output from the project.

6.3.2. The knowledge base
6.3.2.1. Introduction

The challenge here was to convert and structure the scientific aadtipal knowledge gathered from the

350+ publicationghat were reviewed (see Section 2 and Annex A for the coverage of the reintva
knowledge base thatould be used to support a simple and easy to use software application. This involved
determining the key potential impacts of each feature and the variables (parameters and classes) that
influence those impacts. Currently there are a total of 230 featomeact combinations (see Section 3.3) that

have been created in the core database. These areacharised using 138 different parameters containing

708 parameter classes. There is scope to increase the level of detail (number of parameters and classes)
describing the features and their associated impacts, but the outcome of this would be an increde

input demands, making it less practical, less simple and less easy to use. A balance had to be found between
providing enough detail to make the software responsive in terms of changes in impact from changes to
parameter classes, whilst not makitige software overly 'data hungry'. Additionally, in some instances, the
scientific evidence gathered in the first task was lacking for some features and impacts consequently resulting
in variable levels of detail (e.g. some featimgacts have one paramet with 2 or 3 classes, whilst others

have 10 parameters, each with 4 or 5 classes). This section explores some of this variability and thus highlights
some of the strengths and weaknesses in the knowledge base, especially with respect to the level of deta
covered for different features and impacts.

6.3.2.2. Strengths and weaknesses

Tables 6.1 and 6.2 provide an overview of the relative level of detail (basic (1), moderate (2) and advanced
(3) ¢ shaded cells are not applicable) that was available for ésature-impact combination for ecosystem
services and biodiversity respectively. There is no table for management impacts as there was only one
criterion (labour). It should be noted that the figures shown in Tables 6.1 and 6.2 are just a crude assessment
to provide a general indication of potential strengths and weaknesses, which are then explored below.
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Table 6.1: Analysis of knowledge base: ecosystem services

Features
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Impact categories L L] L] < v = - - Lol F|FF
Aesthetic services 1)1 1 2 2 1 1 2 2|2 2
Heritage and cultural services 111 1
Provision of water for as a materig
Provision of water for nutrition
Globd climate regulation by
reduction of greenhouse gas
concentrations
Pollination and seed dispersal 2 112 1|2 2
Pest control 2 3 2 1
Chemical condition of freshwaters 3
Microbial/pathogen runroff 3
Nitrate leaching 3 3 3
Nitrogen runoff 3
Pesticide drift 2 2
Phosphate ruroff 3 3 3 3
Sediment bound pesticides 3
Soluble pesticide ruoff 3
Flood protection 2
Ma_lss sta_lblllsatlon and control of 3 3 3 3
soil erosion
Filtration/sequestration by flora 1 1
and fauna
Mediation of smell/ngse/visual 1
impacts
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Table 6.2: Analysis of knowledge base: biodiversity

Features

Impact categories

Agroforestry

Ancient monuments

Ancient stones

Archaeological sites

Catch crops or green cover

Ditches

Fallow land

Garrigue

Hedgesor wooded strips

Isolated trees

Land strips (adjacent/paralle|

Land strips (other)

Natural monuments

Nitrogen fixing crops

Ponds

Short rotation coppice

Terraces

Traditional stone walls

Trees in line

Woodland

Amphibians

w

w

[

w

N

w

w

w

w

w

Aguatic plants: All

Aguatic plants: Emergent aquatic
plants

Aguatic plants: Submerged and
floating aquatic plants

Biodiversity (general)

Birds: All

Birds: Birds of prey

Birds: Farmland birds

Birds: Insectivorous birds

Birds: Scrubland birds

Birds: Seed eating birds

Birds: Waders

Birds: Woodland birds

Fish

Fungi

Invertebrates: All

Aquatic invertebrates: All

Aguatic invertérates: Crustaceang

Aguatic invertebrates: Molluscs

Arachnids

Invertebrates: Bees

Invertebrates: Beetles (canopy
coleoptera)

Invertebrates: Bedés (carabids)

Invertebrates: Butterflies and
moths

Invertebrates: Dragonflies and
damselflies (Odonata)

Invertebrates: Hoverflies and
hoppers

171






















































































































































































































































































































