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About Natural Resources Wales

We look after Wales’ environment so that it can look after nature, people and the
economy.

Our air, land, water, wildlife, plants and soil — our natural resources - provide us with
our basic needs, including food, energy, health and enjoyment.

When cared for in the right way, they can help us to reduce flooding, improve air
quality and provide materials for construction. They also provide a home for some
rare and beautiful wildlife and iconic landscapes we can enjoy and which boost the
economy.

But they are coming under increasing pressure — from climate change, from a
growing population and the need for energy production. We aim to find better
solutions to these challenges and create a more successful, healthy and resilient
Wales.
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Evidence at Natural Resources Wales

Natural Resources Wales is an evidence based organisation. We seek to ensure that
our strategy, decisions, operations and advice to Welsh Government and others are
underpinned by sound and quality-assured evidence. We recognise that it is critically
important to have a good understanding of our changing environment.

We will realise this vision by:

¢ Maintaining and developing the technical specialist skills of our staff;

e Securing our data and information;

e Having a well resourced proactive programme of evidence work;

e Continuing to review and add to our evidence to ensure it is fit for the challenges
facing us; and

e Communicating our evidence in an open and transparent way.
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Supporting evidence for Chapter 3
Introduction

This technical annex provides the evidence base to support the key messages
included in Chapter 3 of The State of Natural Resources Report. The headings and
numbering system used correspond to the sections in chapter 3, with the relevant
references included at the end of this document. This material has been brought
together from a great number of sources and contributors and compiled by technical
specialists within Natural Resources Wales.

Part A — Natural Resources
3.1.  Animals, plants and other organisms

In a report such as this it would be impossible to provide information on the extent,
status and condition of even a fraction of our fauna and flora (even if it were
available), but some examples where we have good long-term and reliable datasets
are presented here. The set of species groups presented here provides a good
overview of the status and trends of species across the taxonomic range, with a
reasonable probability of being able to report on them again in the future.

In addition, these species groups present examples of the range of protection
mechanisms that exist. Species that are threatened at the European level are
included in the Annexes of the Habitats Directive and Birds Directive. For example,
all the UK bat and cetacean species are included, along with both widespread and
very restricted species such as dormouse Muscardinus avellanarius and shore dock
Rumex rupestris. UK-level protection is afforded through the Schedules of the Wildlife
and Countryside Act 1981, and includes species such as adder Vipera berus,
Snowdon rainbow beetle Chrysolina cerealis, spiked speedwell Veronica spicata and
red squirrel Sciurus vulgaris.

Section 7 of the Environment (Wales) Act 2016 places on Welsh Ministers a
requirement to publish, review and revise lists of the species and habitats of principal
importance for maintaining and enhancing biodiversity in Wales. Section 7 replaces
the now repealed section 42 of the Natural Environment and Rural Communities Act
2006 and until the new section 7 list has been published, the Welsh Ministers have
adopted the list of species and habitats under the now repealed section 42 to act as
an interim list. This interim list has 557 priority species and 55 priority habitats, which
were originally selected for prioritised action based on their level of threat, the level of
responsibility in Wales for their populations, and the ability to carry out remedial
action to improve their status. These include species as diverse as slowworm Anguis
fragilis, hornet robber fly Asilus crabroniformis and long snouted seahorse
Hippocampus guttulatus. A full list of the interim Section 7 species and habitats can
be found on the Wales Biodiversity Partnership website?.

Extent

It is not possible to provide information on the extent of all species. Various Atlas
projects demonstrate the geographical extent or range of taxonomic groups with the
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addition of a clear temporal attribute. For example, The New Atlas of the British and
Irish Flora? shows changes in vascular plant distribution between 1962 and 2000,
whilst The Bird Atlas 2007-20113 covers the period from 1968 to 2011. The
availability of such long-term time series is a valuable tool in assessing the changing
patterns of species distribution.

Welsh marine waters contain a variety of habitats that support a diverse range of
species. Larger fish and shellfish species form the basis of commercial and
recreational fishing and some tourism related activities. It is important to realise that a
healthy marine environment is critical to deliver these ecosystem services and
benefits. There are numerous EU and national regulations controlling access to
commercial and recreational fishing opportunities with underpinning stock or landings
data. However this data is often incomplete or at an inappropriate scale to determine
accurate extent data in a Welsh context.

Condition

The protected site network in Wales includes the Natura 2000 sites of Special Areas
of Conservation (SACs) alongside Special Protection Areas (SPASs), in addition to the
national designations of National Nature Reserves (NNRs) and Sites of Special
Scientific Interest (SSSIs). All of these designations provide protection for a wide
variety of species and their habitats.

The 2013 reports on the Annexes of the Habitats Directive (‘Article 17 report’) and
Birds Directive (‘Article 12 report’), summarise the UK status and trends of the
selected habitats and species and are important evidence resources* ® 6 7. This
information is presented in Chapter 3.1 of SoNaRR.

Another way to prioritise action and report on species condition and trend is to look at
the International Union for Conservation of Nature (IUCN) red list criteria, which
determine those species that are under the most imminent threat of extinction.

The use of ‘red listing’ as a method of quantifying and comparing the threat of
extinction for a particular species has been well established and developed since the
early listings of large African mammals in the 1960s. This is a globally accepted way
of identifying species conservation priorities. The process is objective and based on
scientific information and can be applied at differing scales. The latest phase of the
project in the UK uses the 2012 IUCN criteria® (Glossary in Table 1). The red list
process takes account of population, range and trend data, and so provides a holistic
overview of the status of a species that can then be applied to many different
reporting and conservation needs.

Table 1 IUCN Red List Criteria Glossary

RE — Regionally Extinct

A taxon is Extinct when there is no reasonable doubt that the last individual has died. In
this review the last date for a record is set at 50 years before publication.

CR - Critically Endangered

A taxon is Critically Endangered when the best available evidence indicates that it meets
any of the criteria A to E for Critically Endangered.
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EN — Endangered

A taxon is Endangered when the best available evidence indicates that it meets any of
the criteria A to E for Endangered.

VU - Vulnerable

A taxon is Vulnerable when the best available evidence indicates that it meets any of the
criteria A to E for Vulnerable.

NT — Near Threatened

A taxon is Near Threatened when it has been evaluated against the criteria but does not
qualify for Critically Endangered, Endangered or Vulnerable now, but is close to
qualifying for or is likely to qualify for a threatened category in the near future.

LC — Least Concern

A taxon is Least Concern when it has been evaluated against the criteria and does not
qualify for Critically Endangered, Endangered, Vulnerable or Near Threatened.
Widespread and abundant taxa are included in this category.

DD - Data Deficient

A taxon is Data Deficient when there is inadequate information to make a direct, or
indirect, assessment of its risk of extinction based on its distribution and/or population
status. A taxon in this category may be well studied, and its biology well known, but
appropriate data on abundance and/or distribution are lacking. Data Deficient is therefore
not a category of threat. Listing of taxa in this category indicates that more information is
required and acknowledges the possibility that future research will show that threatened
classification is appropriate.

NE — Not Evaluated

A taxon is Not Evaluated when it is has not yet been evaluated against the criteria.

Plants
Wales has the benefit of several red list analyses for plant species (Figure 1).

Of the 1,467 species of vascular plant in Wales, 38 (2.5%) have become Extinct
since 1800, over 100 (7.7%) are Critically Endangered or Endangered and almost
10% are Vulnerable.

B Extinct
Critically Endangered
Endangered

H Vulnerable

B Near Threatened

M Least Concern

Source: Plantlife, 2008

Figure 1 Red list chart for Vascular plants in Wales®.
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Invertebrates

There are 44 species for which Wales has particular responsibility in Great Britain,
including arctic-alpine species at the southern edge of their range, endemic Sorbus
species, and specialists of the Atlantic fringe.

Our arable-associated flora is probably the most threatened group of plants in Wales,
with eight of the extinct species being typical of cultivated fields®. Arable plants have
been particularly affected by changes in cropping cycles, seed cleaning, and
conversion of mixed farming practices to grassland for grazing™®.

Table 2 shows the outputs from the completed invertebrate assessments in the UK
and the relevant figures for those species that occur in Wales. As with the plant red
lists, these analyses have been undertaken to inform conservation action and
protected site feature selection. The highest levels of threat (CR to VU) are shown as
red text. These species are most at risk with the potential to slip into the extinct
category (RE).
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Table 2 Invertebrate Red Lists compiled from NRW data. RE — Regionally extinct; CR — Critically endangered; EN — Endangered; VU —
Vulnerable; NT — Near Threatened; LC — Least Concern; DD — Data Deficient; NE — Not Evaluated

No. CR-VU
0,
Order Taxon Lz o e @ % threatened RE | CR species in
Review | species ((e138Y/V)] UK

No. CR-VU
species in
Wales

Coleoptera darkling beetles | 2014 11 9 19 3 1 111 6| 34
Coleoptera ground beetles in prep 369 12 3 10 19 16 45 13| 33 266 3| 19
Coleoptera leaf beetles 2014 283 13 3 7 17 12 36 10 5 208 7| 18
Coleoptera soldier beetles 2014 114 7 5 1 3 4 8 1 5 79 0| 17
Coleoptera water beetles 2010 391 9 5 4 9 23 36 10| 35 234 1| 80
Diptera Hoverflies 2014 282 5 0 4 3 6 13 0| 10 249 8 2
Diptera larger in prep

brachyceran 161 14 4 4 9 10 23 4| 11 120 2 1

flies
Diptera marsh flies in prep 305 5 2 7 2 6 15 4| 11 230 39 8
Ephemeroptera | Mayflies in prep 53 9 2 0 3 2 5 2 0 38 6 0
Hemiptera Shieldbugs in prep 69 10 3 4 2 1 7 1 0 50 0 9
Hemiptera water bugs in prep 93 4 0 1 0 3 4 1 4 79 2 4
Lepidoptera Butterflies 2010 62 31 4 2 8 9 19 11| 11 28 0 0
Odonata Dragonflies 2008 43 14 3 0 4 2 6 2 6 27 1 0
Orthoptera g:s:isefgsppers & | inprep 79 5 0 1 1 > 4 1 2 27 o 46
Plectoptera Stoneflies in prep 34 6 1 1 0 1 2 2 0 27 4 0
Trichoptera caddis flies in prep 197 9 0 6 3 8 17 7 6 154 19 1
Araneae Spiders in prep 664 17 3| 20 27 64 111 25| 24 490 11| 25
Mollusca slugs & snails 2014 205 9 0 4 2 13 19 5| 10 143 10 | 23
Myriapoda & Millipedes, in prep
Isopoda centipedes & 187 3 0 0 2 4 6 1 7 110 10 | 54

woodlice

TOTAL 3,771 193 | 47| 76 114 | 205 395 103 | 181 | 2,670 129 | 341
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Figure 2 Salmon river condition*?.

We have 23 principal Atlantic salmon rivers in Wales (including 3 cross-border
rivers), with all but two stocks (Severn and Glaslyn) currently assessed as ‘At Risk’ or
‘Probably at Risk’ of failing to achieve their Management Target in 2016 (Figure 3).

Salmon stock
performance in
Wales 2015

I Atrisk
D Probably at risk

Figure 3 Salmon stock Assessment 2015)**

www.naturalresourceswales.gov.uk Page 13



The latest assessment of salmon stocks indicates that most rivers in England and
Wales are in a depleted state. Their condition is unlikely to improve within the next 5
years!!. Figure 4 provides catch details for the Afon Tywi.

1000
900
800
700

600

500

40 B Tywi Release
30 m Tywi Retain
20

100 I

A & O O N O 9 & D
Q' O O NN NN N N
S S S S S S S S

o O O

o

Source: NRW
Figure 4 Afon Tywi Declared Salmon Rod Catch 12

The use of ‘Conservation Limits’ (CL) provides an objective reference point against
which to assess the status of salmon stocks in individual rivers. The quality and
guantity of accessible spawning and rearing areas affects the numbers of salmon a
river can produce, and consequently the catches that the stocks support. This is why,
in general, big rivers have larger catches and have correspondingly larger total
spawning requirements than small rivers. The CL represents the number of eggs that
must be deposited each year within a given catchment in order to conserve salmon
stocks in the future, and each river should have an optimum level of stock which the
CL seeks to protect. Figure 5 illustrates this process for the Afon Dyfi. The current
number of eggs being deposited puts stocks and the population condition at risk into
the future.
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Figure 5 Egg deposition estimates, Afon Dyfit3. The blue line represents the number of eggs
required to be deposited to sustain a healthy salmon stock. The black line represents the
80% trend line, with associated confidence limits.

The condition of other freshwater fish species can also be related to returns from
anglers, and consequently we have concerns about sea trout. There are 34 main sea
trout rivers in Wales of which 15 are assessed as ‘At Risk’ or ‘probably at Risk’,
although a number of rivers, mainly in North Wales, have improved in recent years?!?.

Estimates of European Eel Anguilla anguilla populations up to 20114 show that the
recruitment level of glass eels (the number of baby eel produced each year) was 1%
of levels before the 1980s. Despite a statistically significant increase in glass eel
recruitment since 2011, the abundance of eels at all the stages of their lifecycle
remains very low. NRW is aiming to improve its condition across Wales by the
application of the England & Wales Eel Regulations (2009) and leading on delivering,
with stakeholders, the Dee and West Wales Eel Management Plans?®.

Fin Fish and elasmobranchs

The International Council for the Exploration of the Sea (ICES) provides scientific
advice on commercially targeted fish stocks that are subject to Total Allowable Catch
(TACs) and quota under the Common Fisheries Policy (CFP). Each Member State
has an EU statutory obligation to collect data under the Data Collection Framework
(DCF) for species managed by the CFP. ICES collate this data into area- and stock-
specific reports for each species, resulting in multiple reports advising stock status.
These reports are utilised by the European Commission to allocate annual fishing
opportunities for each species within each sea area.

The quantity of fish available to catch is determined by a TAC, but a precautionary
reduction in TAC can be advised where data is lacking or if the previous year's TAC
was not caught. This may not necessarily be indicative of a stock in poor or declining
condition, but rather data deficiency. In addition, landings cannot be taken as an
indication of stock condition, as a number of factors including fishing effort, number of
vessels, price and discards may have an unevaluated impact. ICES have developed
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a new approach to data-limited fish stocks that enables the identification of upper
limits of sustainable fishing quotas based on biological information relating to the
sensitivity and abundance of species.

Catch data are reported for specific ICES areas, including those that overlap with the
Welsh inshore area, and are used to carry out annual stock condition assessments.
Assessments are at the scale of the Irish Sea, Celtic Sea and Bristol Channel ICES
areas (areas Vlla, Vllg and VIIf respectively), and although it is difficult to extract
information specifically for the Welsh inshore area, this often represents the best
available evidence!.

Establishing an accurate assessment of the state of fish populations specifically
within the Welsh inshore area is difficult due to data deficiencies and the highly
mobile nature of many species. The infrastructure in Wales, including limited first sale
market opportunities, makes it difficult to collect landing data for quota species.
Additionally, these species can also be subject to natural cycles and fluctuations over
periods of several years, influenced by a complex interrelationship of factors such as
climate change, reproductive success, predation and prey availability*6: 17-

Welsh Government have commissioned a project which assesses the impacts of
fishing on the wider ecosystem .The outputs from the Assessing Welsh Fisheries
Activities Project and the Welsh Government’s marine fisheries legislative review,
together with the marine fisheries related actions set out in the LIFE Natura 2000
Programme, will contribute valuable information on the sustainability of marine
fisheries activities and their locations in Welsh waters.

Shellfish

Scallop stocks in Welsh waters are subject to management under the Scallop Fishery
(Wales) (No. 2) Order 2010 and have recently undergone annual stock surveys in
Welsh waters!®. The condition of other shellfish stocks is under review, with
additionally sampling programmes underway to address data deficiencies. The most
important shellfish species in terms of economic value are not subject to TAC and
quota under the CFP, and so are not subject to ICES stock assessments. However,
there is an EU statutory duty to provide data pertaining to important shellfish species
that can lead to wider EU management. CEFAS will be conducting the stock
assessment analysis of these species on behalf of Welsh Government and also

provide stock assessments of the status of main shellfish stocks within UK waters!®:
20

Welsh Government are currently drafting a Data Collection Programme, which will
outline the approach that they will be taking to access their shellfish stocks and
manage, where possible, to MSY.

Mussel fisheries in the Menai Strait are dependent on annual cultivation of seed
stock to produce annual yields. The cockle fishery in the Burry Inlet has been subject
to mass atypical mortalities since 2002, with extensive research suggesting a
complex array of causal factors, including parasitic infection®. Although parasites
have also been detected in the Dee estuary, occasional die-offs there have been
attributed to overcrowded beds rather than parasitic infection.
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Agquaculture

In 2012, fin fish aquaculture in Wales produced predominantly rainbow trout
Oncorhynchus mykiss and bass Dicentrarchus labrax for human consumption or
release into the wild?2. Fin fish aquaculture production decreased from 790 tonnes in
2010 to 453 tonnes in in 201222, Welsh Government is committed to supporting the
sustainable growth of aquaculture and has plans to double Wales’ annual
aquaculture output for fin fish and shellfish production by 202023,

Marine Mammals

Around 20 species of marine mammal (18 species of cetacean and 2 species of seal)
have been recorded in Welsh waters since 199024, The conservation status of
harbour porpoise Phocoena phocoena, bottlenose dolphin Tursiops truncatus,
common dolphin Delphinus delphis and minke whale Balaenoptera acutorostrata
was reported as favourable in the Article 17 report. The status of Risso’s dolphin was
unknown due to lack of data*. Most research on cetaceans in Wales has focused on
bottlenose dolphins and harbour porpoise, and there has been some monitoring of
Risso's dolphins?® 2. Little is known about the biology, conservation and status of
other cetacean species in Welsh waters.

The grey seal Halichoerus grypus and the common (or harbour) seal Phoca vitulina
are the two resident seal species in the UK. There are a number of important grey
seal breeding sites in Pembrokeshire, the LIyn Peninsula and Anglesey?’: 28 2° put
there are no records of common seal breeding sites in Wales. The UK population of
grey seals as a whole is thought to be increasing®® as are numbers in well-monitored
Welsh colonies3.

Trends

Population trends are available for a number of taxonomic groupings where there are
long-term statistically robust recording and monitoring schemes which often
contribute to UK Indicators. Additionally, data is also available for those species for
which there is a statutory requirement to report. Table 3 presents a selection of
Welsh freshwater species data from the last report Habitats Directive Annex 1 in
2013 as an illustration of the type of data available.
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Table 3 Status of a selection of Habitats Directive Annex 1 species in Wales.

S — short-term trend; L — long-term trend. - Stable; A Increasing; W Decreasing

Grey cells - unknown; Greyed arrows - low confidence trend

Range Population

Quality

Otters have recovered well
from a population crash in
the 1960s caused by
Otter N Good persistent use of
Lutra lutra pesticides, and are now
once again widespread
throughout the country32
Medicinal leech ¥ ¥ Rare. All populations in
Hirudo medicinalis protected sites33,
Desmoulin’s whorl Relatively recently
snalil discovered (1998). Limited
Vertigo moulinsiana data34
Critically Endangered in
Wales and globally. Habitat
Freshwater pearl quality recorded as Bad.
mussel v > | Bad Article 17 metrics do not
Margar!t!fera reflect the endangered
margaritifera status of this species in
Wales®®
Southern damselfly All Welsh populations in
Coenagrion Vv Vv Moderate protected sites. Main issue
mercuriale is undergrazing>®
. Habitat assessed as
White-clawed moderate, with siltation,
crayfish . $ 7 Moderate disease, sheep dip and
Aus_tropotamobms invasive signal crayfish the
pallipes main issues®’.
Still widespread and the
largest populations are
Sea lampre protected. Although data
Petromygonymarinus Moderate are poor, not thought to be
under serious threat in
Wales38
Still widespread and very
common, probably under-
recorded. The largest
Brook lamprey . Moderate populations are protected.
Lampetra planeri Although data are poor, not
thought to be threatened in
Wales3®
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River lamprey
Lampetra fluviatilis

Moderate

Widespread and common
in Wales. The main threats

are obstructions to

migration“©.

Allis shad
Alosa alosa

Likely to benefit from
warming climate. The main
pressure is barriers to
migration, which have been
addressed by management

work*L,

Twaite shad
Alosa fallax

Good

Likely to benefit from
warming climate. The main
pressure is barriers to
migration, which have been
addressed by management

work*2,

Atlantic salmon
Salmo salar

Moderate

Populations have been
actively managed by
improving river
connectivity. Reductions in
exploitation by rod and net
fisheries have also
contributed. However,
salmon are very vulnerable
to climate change and
future decline seems

likely*3,

Grayling
Thymallus thymallus

Moderate

A very difficult species to
survey. Water quality is

likely to be the most

significant pressure®4.

Bullhead
Cottus gobio

Moderate

Still a common and
widespread species in
Wales, with no evidence of

decline®®.

Gwyniad
Coregonus lavaretus

Moderate

Only one population, in
Llyn Tegid. Vulnerable to
eutrophication and climate

change“®.

Trend information for the Section 7 species was last produced at the UK level in the
2008 report on the UKBAP priority species, most of which align with the Section 7
list. The results revealed that less than half were measured as having stable or
increasing trends (Figure 6). There have been no UK reports since that time to
assess if the situation has improved or not, but data are presented in the sections
below on a selection of taxonomic groups that have long-term monitoring
programmes and which include many of the Section 7 species.

In addition, the State of Nature Report 20164 presents trend data for the Section 7

species at a Wales level.
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Figure 6 UK single species action plan trends?*®

Butterflies

The UK Butterfly Monitoring Scheme (UKBMS) and Butterflies for the New
Millennium (BNM) provide us with robust data on the changing status and distribution
of our butterfly species at the UK level, forming part of the suite of UK Biodiversity
Indicators. Of the 42 species of butterfly in Wales, 16 are included in the Section 7
list of species and habitats of priority importance for biodiversity.

The latest State of the UK’s Butterflies*® reports on the long-term (since 1976) and
10-year analyses (2005-2014) of butterfly trends which provide further evidence of
the serious, long-term and ongoing decline of UK butterflies. 70% of species are
declining in occurrence (based on the BNM distribution data) and 57% declining in
abundance (based on the UKBMS) since 1976.

The long-term picture is that 76% of the UK resident and regular migratory species
declined in population or occurrence, or both, over the last 40 years. In contrast, 47%
of the species increased in one or both of those attributes. The short-term, ten-year
trends show that 47% of species decreased in occurrence and 52% of species
decreased in abundance.

While this indicates a partially improving situation, the declines of some threatened
species (e.g. marsh fritillary Euphydryas aurinia) show little signs of abating and
populations of some common species (e.g. gatekeeper Pyronia tithonus and small
skipper Thymelicus sylvestris) have dwindled in recent years. In contrast, species
that were previously more restricted have increased, including marbled white
Melanargia galathea.

The value of the long-term data analysis is highlighted by the continuing short-term
declines exhibited in response to the recent run of poor summer weather. The
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combined, all-species index declined by 6%, with generally below-average
populations for many species. In Wales, the specialist butterfly species showed a
decline in long-term trends and wider countryside species were stable. A fuller
analysis of Welsh butterfly data will be produced in due course, and the data that
emerge from the co-located habitat, pollinator and bird plots of the Glastir Monitoring
& Evaluation Programme (GMEP) will provide some information on the impact of
habitat extent and quality on butterfly populations®. This project is also generating
information on a range of pollinators including bees and hoverflies as well as
butterflies. The mean count of total numbers of pollinators recorded between 2013
and 2015, which ranges from 138 to 193 per 1 km square, will be put into the context
of habitat management condition and extent as the time series of samples extends®°.

Larger moths

There are 92 species of larger moths in Wales included in the Section 7 list of
species and habitats of priority importance for biodiversity. Data on status and trends
is provided by the Rothamsted Insect Survey (RIS- a national network of nightly run
moth traps since 1968 in England, Scotland and Wales) which has generated around
9 million records, and the National Moth Recording Scheme (NMRS) run since 2007
with over 15 million records®?.

The scheme covers some 900 species, with thousands of active recorders, and has
the potential to generate an enormous dataset of distribution. A similar scheme ran
from 1967 to 1982 (organised by the Biological Records Centre) and this provides
important historical data about moth distributions, against which we can assess
change. More than 100 micro and macro moths have been recorded for the first time
in the 20th century and a further 27 species have colonised since 2000,

Two thirds of 337 species of common and widespread larger moths declined over the
40 year study (1968-2007). 37% of the 337 species declined by at least 50%. One
third became more abundant with 53 species (16%) more than doubling their
population levels. Across the UK, the total abundance of larger moths declined
significantly by 28% during the 40-year period 1968-2007. Sixty-two macro- and
micro-moth species have become extinct during the 20th century and a further 4 may
be extinct.

The belted beauty Lycia zonaria appears to have become extinct in Wales, not
having been seen since 2012 at Morfa Conwy (its only station) despite dedicated
habitat management and translocations to other sites®2.

Bats

The 17 bat species in the UK are all protected under the Habitats Directive and the
Wildlife and Countryside Act and are listed in the Section 7 list of priority species in
Wales. As such, they are some of the most highly protected species in Wales. This
level of concern was prompted by the significant decline in bat species during the
1950-70s caused by direct persecution, poisoning from pesticides (e.g. wood worm
treatment in roost spaces) and destruction of their roosting sites. Banning toxic
chemicals and protecting bats and their roosts through legislation has resulted in
population recovery for the many species that are most associated with human
habitation.
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The National Bat Monitoring Programme (NBMP)>3 combines data from several
recording schemes; a field and waterway survey with bat detectors, hibernation
surveys, and roost counts at maternity roosts. NBMP has been running since 1997
and now provides data for the UK Bat Indicator using eight bat species: lesser
horseshoe bat Rhinolophus hipposideros, common pipistrelle Pipistrellus pipistrellus,
soprano pipistrelle Pipistrellus pygmaeus, Daubenton's bat Myotis daubentonii,
Natterer's bat Myotis natereri, serotine Eptesicus serotinus, and noctule, Nyctalus
noctula.

The 2015 results show that all species surveyed appear to be stable or increasing,
based on data from at least one of the survey methodologies. Species considered to
have increased in Great Britain since the baseline year are lesser horseshoe bat,
greater horseshoe bat Rhinolophus ferrumequinum, common pipistrelle and soprano
pipistrelle. It is also possible that Natterer's bat and Daubenton’s bat have increased,
but the statistics from hibernation and field surveys are contradictory. Species
considered to have been stable in Great Britain since the baseline year are noctule,
serotine, brown long-eared bat, Plecotus auritus and whiskered/Brandt's bat, Myotis
mystacinus/M.brandtii. However, sample sizes for serotine are relatively small,
therefore trends for this species may be difficult to detect. No species for which
population trends are available is considered to have declined significantly since the
baseline year.

Dormouse

Dormice are generally a species of high quality, well managed broadleaved
woodland with abundant hazel, bramble and honeysuckle and a well-structured shrub
and ground layer. They hibernate and are particularly susceptible to poor weather
conditions and shortages of food at crucial points in their life cycle. They are probably
always a low density species. In Wales, dormice also use thick, mature hedges for
breeding as well as linkages between woodland blocks, and they have been found in
habitats previously considered to be atypical such as scrub and along the edges of
coniferous plantations at quite high altitudes in north and west Wales.

The National Dormouse Monitoring Programme collates information on the presence
of dormice in artificial nest boxes around England and Wales which are visited up to
four times a year. The summary report for 2014 notes the changes in dormouse
populations based on nest box surveys since 1990, with over 94,000 records®*. Data
presented for south Wales and south west England show a continued decline in the
population index after some levelling out between 2001 and 2007. Individual site
monitoring results indicate a mixture of increases and decreases in populations for
sites across Wales over the last 14 years, with a particularly poor period between
2011 and 2013%4.

Terrestrial Birds

Terrestrial birds are one of the few species groups with a long-term robust evidence
resource derived from the data collected by the British Trust for Ornithology (BTO) in
its various schemes. These include the Breeding Bird Survey (BBS), the Ringing
Scheme and the Nest Record Scheme (NRS). The BTO, Royal Society for the
Protection of Birds (RSPB) and Wildfowl and Wetland Trust (WWT) produce the
‘State of UK Birds and Birds of Conservation Concern’ reports which provide the
evidence and analysis of status and trends that inform the UK Bird Indicators for
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seabirds, woodland, wetland and farmland species groups as well as for individual
species.

In addition there is a UK Migratory Bird Indicator produced for species which
overwinter in different climatological zones. There are sufficient data from Wales to
produce some figures at a country level which are used to inform the Welsh
Government Wild Bird Indicator.

The Indicator relates to two bird population indices. The widespread breeding bird
index (13 species of lowland farmland birds, 19 species of birds of farmed habitats,
and 29 species of woodland birds) and a measure of long-term range change (birds
of farmed habitats, woodland, urban and other). The most recent data show that
yellowhammer Emberiza citronella, linnet Carduelis cannabina, starling Sternus
vulgaris, and curlew Numenius arquata declined significantly in Wales between 1995
and 2010. Nine woodland species increased significantly and 2 decreased
significantly, with 8 species showing no significant change®. Concerns over the state
of UK breeding upland birds are reflected in figures for curlew (81% decline 1993-
2010) and golden plover Pluvialis apricaria (83% decline 1982-2007) in Birds of
Conservation Concern 4%, Wales now has the southernmost breeding population of
golden plover in Europe. Other upland fringe species such as black grouse Tetrao
tetrix have increased at some sites due to intense conservation management, but
their range has continued to diminish. There is a similar story for hen harriers Circus
cyaneus, as there has been a decline in illegal killing. Nightjar Caprimulgus
europaeus are increasing due to clearance of mature conifer plantations, but
continuous cover policy may reverse this.

Farmland bird populations in Wales are at a historic low following long-term declines
across western Europe. They are now relatively stable, albeit with signs of new
declines occurring over the last decade, especially among lowland species (Figure
7). Reasons for the recent changes have not been established, but they suggest that
large-scale agri-environment uptakes have failed to deliver the intended increases.
Mean count of total numbers of pollinators (butterflies, bees and hoverflies) ranged
from 138-193 per 1km? between 2013 and 2015%°. These numbers are likely to
reflect annual variation in weather and any directional relationship with management
including hedgerow extent or condition or other factors will become clearer as the
time series is extended®°.
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Figure 7 Summary indicator trends for farmland birds in Wales, derived from the
BTO/IJNCC/RSPB Breeding Bird Survey, both combined and divided into lowland and upland
species (BBS 2016)%7,%.

Seabirds

Wales’ rocky coastline and numerous islands provide important habitat for a number
of seabird species, with 20 species commonly found in Wales®® (Table 4). The
population trends of these species in the UK and Wales are summarised in the Joint
Nature Conservation Committee (JNCC) Seabird Monitoring Programme®°.

Auk species (guillemot, razorbill and puffin) have shown an increase in Wales,
however, puffin are a red listed species in the UK and assessed as Vulnerable on
the international red list®°. These assessments are mainly due to a massive decrease
in the puffin population in Iceland, where about half of the global population lives,
rather than any particular reflection of status in Welsh waters.

Wales has two internationally important sites for red-throated diver Gavia stellata,
and common scoter Melanitta nigra; Carmarthen Bay Special Protection Area (SPA)
and Liverpool Bay SPA.

Skokholm and Skomer SPA holds approximately 316,000 breeding pairs of Manx
shearwater®! representing over 50% of the global population, so it is imperative that
the islands remain free from rats and other mammalian predators.

Kittiwake, fulmar and shag have all decreased in Wales during the period 2000-2014
and these decreases are mirrored across the UK. This is most probably due to a
decrease in productivity relating to declines in the abundance of sand eel prey,
potentially due to climate effects.
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Table 4 Percentage decrease or increase in UK and Welsh seabirds

UK population | Wales population

Species change change
2000-2014 2000-2014

Guillemot Uria aalge +22% +69%
Razorbill Alca torda +6% +80%
Puffin Fratercula arctica* - +62%
Black guillemot Cepphus grille - -
Gannet Morus bassanus - +17%
Common tern Sterna hirundo -20% +20%
Arctic tern Sterna paradisaea +34% +108%
Sandwich tern Halasseus sandvicensis -3% +470%
Roseate tern Sterna dougallii* +127% 0
Little tern Sternula albifrons -9% +72%
Kittiwake Rissa tridactyla* -47% -41%
Fulmar Fulmarus glacialis -18% -16%
Greater black backed gull Larus marinus -6% +60%
Lesser black backed gull Larus fuscus -41% -35%
Herring gull Larus argentatus* -17% -13%
Black-headed gull Chroicocephalus ridibundus +102% -
Cormorant Phalacrocorax carbo -12% +15%
Shag Phalacrocorax aristotelis* -38% -24%
Manx shearwater Puffinus puffinus - -
Storm petrel Hydrobates pelagicus - -

- denotes insufficient data

* denotes red-listed species in the Birds of Conservation Concern 4 report®.

UK data are taken directly from the Seabird Population Trends and Causes of Change: 1986-2014
Report®8, Welsh data is compiled from the JNCC Seabird Monitoring Programme®>®

Waterbirds

Many species and populations of waterbirds take advantage of the UK's wetland
habitats and relatively mild winter climate. Welsh estuaries are hugely important for
non-breeding waterbirds. In colder winters an increased number of birds will seek
refuge in Wales and elsewhere in the UK. Milder weather conditions may affect
migration distance. Birds responding to changing weather conditions is resulting in a
shift of wintering ranges. This shift is referred to as ‘short-stopping’.

Data in Table 5 analysed from the latest Wetland Birds Survey (WeBS)®2 show that,
in Wales, a number of waterbirds that are of international and national importance
show mixed fortunes. Over the last 15 years, 9 species have declined and 10 species
increased®,
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Table 5 Trends (% changes) for a selection of wildfowl and wader species

Wales population 25 | Wales population 15 year
year change (1989/94 % change (1999/00 - Population

Species - 2009/14; 5 year peak 2009/14; 5 year peak status®s

mean) EER))

Wintering wader species

Oystercatcher

Haematopus ostralegus 1
Curlew Numenius

arquata -14
Dunlin Calidris alpina -35
Knot Calidris canutus 2
Redshank Tringa

tetanus 21
Grey plover Pluvialis

squatarola -29
Bar-tailed godwit

Limosa lapponica -36
Black-tailed godwit

Limosa limosa 15

Wintering wildfowl species

European white fronted
goose’ Anser albifrons
albifrons -86
Greenland white fronted
goose Anser albifrons

flavirostris -57

Bewicks swant Cygnus

columbianus -17

Shelduck Tadorna -5

tadorna 13

Pintail Anas acuta -43 -35

Shoveler Anas clypeata 215 10

Wigeon Anas penelope 39 3.6

Teal Anas crecca 22 9

Gadwall Anas strepera n/a n/a

Great crested grebe >600 198

Podiceps cristatus -
T These species winter almost exclusively on the English part of the Severn Estuary SPA. Data derived from
WeBS counts®3.

Freshwater fish

Trends in population data for juvenile Atlantic salmon Salmo salar and brown/sea
trout Salmo trutta can be assessed using a Bayesian statistical model. The data were
analysed using a linear model which fits a straight line to the data in order to
determine whether a trend (upwards or downwards) is present in fish numbers over
the timeframe.

Data have been analysed for the period 2005 to 2014, which represents the period
for which the surveys have been standardised and undertaken every year. Figure 8
and Figure 9 below display trends in juvenile fish numbers over this period (note log
scale).
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Figure 8 Juvenile salmon Salmo salar density on the Afon Dyfi's.

The data (Figure 8) show that the trend for juvenile salmon has remained stable
since 2005 on the Dyfi, with no significant increase or decrease trend (P = 0.6). This
site has a steady population of juvenile salmon, which is excellent when considering
the poor salmon runs which have been seen across the UK in 2013.
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Figure 9 Juvenile brown/sea trout Salmo trutta density on the Afon Dyfit3.
Similarly, although there is an apparent improvement in the trends for juvenile trout

populations on the Dyfi since 2005 (Figure 9), the result is not significant (P = 0.9),
but it follows a general improvement in sea trout catches throughout the country.
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Fin fish and elasmobranchs

Estimating trends is problematic due to the scale of fisheries assessments and the
lack of data for many species. Broadly speaking, Welsh landings of fish species have
declined over the years due to reductions in fishing opportunities and, additionally,
larger vessels have left the fleet as a result of decommissioning. Recreational fishing
also impacts fish stocks but assessing the catch and effort of this activity is very
difficult. Member states have statutory data collection duties under the DCF to collect
data on recreational fishing. This data is valuable in order to obtain an accurate
assessment of the overall fishing mortality of a particular stock or species. CEFAS
are collecting this data on behalf of Welsh Government. The European Commission
recognise the impact that recreational fishing can have on a species and have
introduced more stringent management measures as a resultt4.

Looking ahead, one of the main objectives of the reformed (2013) CFP is that all
species will be managed to Maximum Sustainable Yield. This is a phased process
and the target is to manage all commercial TAC and quota fish species to MSY by
2020.

Shellfish

In the absence of accurate assessments of shellfish stocks, landings data can
provide some insight into recent trends (Table 6). However, the data is subjective as
it does not give an indication of fishing effort. In addition, the impact of recreational
fishers’ catch and effort is also unknown.

Table 6 Weight and value of shellfish landings into Welsh ports from 2010 to 2014

- Quantity (1000 tonnes) Value (£ million)
i

P 2010 | 2011 | 2012 | 2013 | 2014 | 2010 | 2011 | 2012 | 2013 (2014
1.1 1 1 0.8 0.6 1.4 1.3 1.2 09| 0.6

Crabs

Lobsters 0.2 0.2 0.2 0.2 0.2 2.3 2.2 2.2 16| 1.8
Scallops 3.5 4.3 5.9 5.5 3.6 4.1 5 7.6 5/ 3.6
Whelks 5 3.8 4.6 5 4.4 3.3 2.5 3.1 36| 3.6
Shrimps and prawns 0.1

Other shellfish 0.1 0.1 0.1 0.1 0.1 0.3 0.4 0.5 05| 0.5
Total shellfish 10 94| 11.9| 11.6 9f| 11.6| 11.4| 14.8| 11.6|10.3
All data from MMO fisheries statistics®®.

1 Impacted by winter storms 2014.

Mussel production in 2012 was 8,999 tonnes and valued at £9 million, constituting
33% of the total UK shellfish aquaculture production by weight and 27% by value.
This production exceeded that of 2010 and 2011 but is broadly in line with previous
years’ production levels in excess of 8,000 tonnes. Cockle landings have fluctuated
since the mass mortalities began in 2002, with recorded landings at Burry Inlet
declining from an average of 2,901 tonnes per year between 1987 and 2001 (pre-
mortality) to 1,162 tonnes per year between 2002 and 2014. Landings from the Three
Rivers averaged 857 tonnes per year between 1987 and 2004, and 1,155 tonnes
from 2005 to 2014.
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3.2.  Air Quality

The quality of air in Wales has greatly improved since the 1970s, with statutory
emission control and a decreasing industrial base leading to a reduction in industrial
emissions. However, the nature of air pollution has changed: in 2010 the UK
Environment Audit Committee (EAC)®® reported that many parts of the UK (including
Wales) were continuing to breach the mandatory targets for nitrogen dioxide (NO2)
and particulate matter®’, concluding that air quality still poses a major threat to
human health and the natural environment. In February 2016 it was reported that
poor air quality in the UK is attributable for an additional 40,000 deaths per annum.
These costs add up to £20 billion a year®8.

Extent and Condition

The seven pollutants discussed are the most common pollutants encountered and
therefore have the greatest impact on human health and the environment. Legislative
drivers to monitor these pollutants (Air Quality Standards Regulations® and the Local
Air Quality Management regime under the Environment Act 19957° result in a great
deal of information being available as compared to other pollutants which are
encountered less often.

There are around forty Local Air Quality Management Areas in Wales (one for PM1o
and the rest for NO2)"* where air quality objective are not being achieved or are likely
not to be achieved.The location of the air quality monitors and current pollution levels
can be found on the website for Air Quality in Wales’.

Primary particulate matter

Primary particles are those emitted directly from a source. They include particles that
arise directly from combustion sources such as road vehicles and large industry, as
well as those generated by mechanical processes. Particulate matter is measured as
PMuo (larger particles) and PMzs (fine particles), the finer particles being more
hazardous to health.

The total emissions of PMio for 2013 for Wales was 11,000 tonnes. Residential
sources in Wales contributed 30% of total PM1o emissions®’, with iron and steel
production producing 14%, agriculture 11%, road transport 11% and electricity
production and oil refining industries a further 11%.The remainder comes from a
variety of small sources. Overall mean pollutant (PMz1o) concentrations in Cardiff
Centre have decreased from nearly 40 pg/m? in 1992 to below 20 pg/m?2in 2014
(Figure 10). PM1o concentrations have been monitored extensively and are well
understood.

No figures for the smaller fractions exist due to limited legislative drivers to measure
PMz2.5 emissions in the past. There is now an air quality limit for PM2.s and monitoring
has begun at several locations in Wales. As monitoring for this increases, it is likely to
show that action will be needed to reduce secondary formation of particles. This will
be challenging due to the complex formation pathways.
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Secondary particulate matter

One example of secondary particulate matter formation is through interactions
between ammonium nitrate from livestock farming and other pollutants. As agriculture
is the dominant source of ammonia emissions, tackling rural sources of ammonia will
help address the human health impacts of particulates in urban environments?,

Bioaerosols are particles of biological origin, such as bacteria, fungi and plant fibres,
also known as organic dust. They are often found in confined buildings e.g. poultry
sheds. Recent interest in bioaerosols has largely been due to the recognition that
exposure to biological agents in both occupational and residential indoor
environments is associated with a wide range of adverse health effects.

Secondary particles are not emitted directly from sources. Chemical interactions in
the atmosphere lead to the formation of substances which condense into the solid or
liquid phase, becoming particulate matter (PM). These reactions mainly involve
sulphur dioxide (SO2), nitrogen oxides (NOx), ammonium gas and Volatile Organic
Compounds (VOC).

Agriculture is a significant source of precursors for the secondary formation of
particulate matter®®. Whilst both red meat production and poultry production show no
significant long-term trend in increased production’* there are concentrations of
activity in some areas, such as dairy farming in Pembrokeshire and Carmarthenshire
and poultry production in Powys and Anglesey. This concentration could result in
local air quality pressure.

Any increase in the number or concentration of composting or intensive farming
activities around human habitation could increase the risk of adverse health impacts
from bioaerosols’™.
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Figure 10 Reduction in PMso Pollution Trends in Cardiff Centre since 1992, produced by
calculating monthly mean values from daily and hourly higher time resolution data’®.

Nitrogen oxides

Nitric oxide (NO) and nitrogen dioxide (NO2) are known as nitrogen oxides (NOx)
because they are rapidly inter-converted during the day. NOz2 is split by UV light to
produce NO and an oxygen (O) atom, which combines with molecular oxygen (O2) to
produce ozone (O3z). During the day, therefore, NO, NO2 and ozone exist in a quasi-
equilibrium which depends on the amount of sunlight. Eventually NO:2 is oxidised to
nitric acid (HNO3) vapour which is absorbed directly at ground level and is converted
into nitrate-containing particles, or dissolves in cloud droplets.

At night, different oxidation processes convert NOz2 to nitrates. Nitric acid is absorbed
on contact with surfaces (e.g. cloud droplets, soil, vegetation) but other nitrogen
oxides are removed slowly and may travel hundreds of kilometres before converting
to nitric acid or nitrates and deposited. The UK exports about three-quarters of its
emissions of NOx'".

Emissions of NOx have declined by 48% since 1990, mainly due to the fitting of
three-way catalysts in road transport vehicles. The decrease in nitrogen dioxide has
slowed down and recent figures (2012-2013)%” show a slight increase due to the
increase in coal-fired power generation. This increase should not be significant in the
long term.

The total emissions of nitrogen oxides (NOx) for Wales in 2013 was 91,000 tonnes
from all sources. This was 9% of the UK total®’.

The highest concentrations of NO2 are in large urban areas and adjacent to the
motorway network, reflecting the contribution traffic and urban activity make to poor
air quality. Typical annual mean concentrations in these areas can be in excess of 19
ng/m3 NO:2 (roughly equating to 10 ppb)’8. The annual mean limit for NO27°, to protect
human health, is 40 ug/m? and this was exceeded at five roadside locations in Wales
in 20152,

Sulphur dioxide

Sulphur dioxide (SO2 expressed as SOx) has long been recognised as a pollutant
because of its role, along with particulate matter, in forming winter-time smog.
Studies indicate that SOz causes nerve stimulation in the lining of the nose and throat
leading to irritation, coughing and a feeling of chest tightness, which may cause the
airways to narrow.

The UK is currently on track to meet the Gothenburg Protocol target in 2020.
Emissions will need to be reduced by a further 26% of the 2013 emission total to
meet this targetd’,

Since 1970, SO2 emissions have declined by 94%. In 2013, Wales SOz emissions
were 39,000 tonnes (10% of the UK total). Over 80% of the reduction seen since
1990 (Figure 11) is due to reductions from heavy industry and the fitting of Flue Gas
Desulphurisation (FGD) equipment at Coal fired power stations®”.
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Figure 11 Wales Sulphur Dioxide (SO_) Emissions by Source Sector®’

Fuel combustion accounted for more than 83% of Wales SO2 emissions in 2013. The
main source was the combustion of solid fuel, which has a high sulphur content
compared to other fuels. The introduction of low sulphur fuels for vehicle use has
reduced the amount of SOz in the urban environment®’.

CASE STUDY

Reducing SO2 emissions aids recovery of sausage beard lichen

The spectacular sausage beard lichen Usnea articulata was lost from mid Wales
by the early 20th century and was then only found at fewer than 15 sites in
Pembrokeshire and Gower. Over the last 10 years we have discovered more than
90 new populations, in Pembrokeshire, Carmarthenshire, Ceredigion, Breconshire
and Glamorgan. They extend as far east as the Onllwyn and Merthyr Tydfil areas,
where historic pollution would have meant that very few lichens could grow at all,
and have also been noted on the coalfield between Llanelli and Cross Hands.
Most of these new records have been made by observant NRW staff going about
their daily business, rather than targeted surveys. It is thought that slightly
reduced SOz pollution in Pembrokeshire allowed the remaining colonies to bulk-
up and begin sending aerial fragments eastwards to colonise other parts of South
Wales. The now cleaner air in these other areas has allowed the lichen to survive
and then spread onwards.

The main industrial sources of SO2 emissions in Wales are split between four
sectors, with 26% coming from oil refining?, 20% from electricity production for
residential purposes, 19% from iron and steel production and 17% from residential
sources®’.

The increases between 2012 and 2013 were due to increased coal burning at power
stations and increased iron and steel production. The downturn in the iron and steel
industry, the closure of an oil refinery and the UK government’s policy of phasing out
coal fired power stations, will mean a decrease in these emissions over time.

@ These are based on 2013 figures: the picture has now changed as a result of the closure of anoil refinery.
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Additional treatment of gases rich in sulphur (sour gases) and the introduction of new
limits on sulphur emissions in 2016 at an oil refinery will also result in a decrease in
the overall emissions in Wales.

Ecosystem impacts of Nitrogen and acid air pollution

When the amount of atmospheric deposition of these pollutants exceeds the critical
loads, it is considered that there is a risk of harmful effects to sensitive receptors
such as habitats or plants. Approximately 7,800km? of habitats in Wales are
considered to be sensitive to acid deposition, and 6,800km? sensitive to nitrogen
deposition (eutrophication), with much of this area sensitive to both.

The excess deposition above the critical load is referred to as the exceedance.
Decreasing pollutant deposition below the critical load is seen as a means of
preventing the risk of damage. Where exceedance remains, reductions in the
magnitude of exceedance may also benefit sensitive habitats and could favour some
species to return, especially those where conditions are only just unsuitable.
Atmospheric Nitrogen deposition at or just below critical loads may combine with
terrestrial sources (e.g. from diffuse water pollution) to cause significant enrichment
impacts.

The biggest adverse effect of NOx emissions on ecosystems is through their
contribution to total nitrogen deposition’®. Vulnerable habitats include upland heath
and grassland, woodland, freshwater wetlands, mountain, moorland and heaths, and
coastal margins. Direct effects of gaseous NOx may also have a negative impact in
areas close to sources (e.g. roadside verges).

Evidence from monitoring to date shows that emissions of SO2 from Wales’ largest
emitters is not having an adverse effect®?. This is due to dispersion characteristics
and subsequent low ground level concentrations. The role of SOz in secondary
particulate formation and the contribution to acid rain means that continued
reductions are desirable and are driven by the implementation of the Industrial
Emissions Directive®3,

The critical level for all vegetation types from the effects of NOx has been set to 30
ug/m3. There is substantial evidence to suggest that the effects of NO2 are much
more likely to be negative in the presence of equivalent concentrations of SOz, thus
lowering SO2 emissions from all sources remains important.

In Wales, the area of habitats with exceedance of critical loads for eutrophication has
decreased by less than 10% (98% to 90.3%) between 1995 and 2013, but the
magnitude of the average exceedance has declined by 44%, from 15.8 kg N ha!
year!in 1995 to 8.9 kg N ha! year! in 20138,

In Wales, the percentage area of habitats with exceedance of acidity critical loads
(see NOx) has decreased from 90% in 1995 to 74% in 2013. Over the same time
period the magnitude of the average acidity exceedance has reduced by 65% (from
1.36 keq ha! year? to 0.45 keq ha! year? 8,

www.naturalresourceswales.gov.uk Page 33



Future reporting

New critical loads are currently being developed. Aiming to prevent biodiversity
declining below a defined critical threshold, they will have considerable potential for
application at the national, regional and site-specific scales. Using site-specific data
would allow determination of which species are most at risk at a particular site, and
assessment of the possibility of mitigating some of the effects of nitrogen pollution
through appropriate management. Critical loads and exceedances based on this
biodiversity metric will provide a more realistic assessment of the combined effects of
nitrogen and sulphur on biodiversity in UK habitats or designated sites.

Ammonia

Ammonia (NHs) contributes to a number of different environmental issues including
acidification, nitrification and eutrophication. It also acts as a precursor to secondary
particulate matter, therefore contributing to health impacts. The atmospheric
chemistry of NHs means that it can react with other chemicals to produce particles
which can be removed from the atmosphere by rain, or to produce other ammonium
compounds, which can be transported long distances. As a result, NHs emissions
can impact at a highly localised level, as well as contributing to effects from long-
range pollutant transport’”.

Although emissions of ammonia have declined by 21% since 1990 (Figure 12), it
remains an issue. The level has plateaued in recent years and is expected to rise
slightly in future. In 2013 25,000 tonnes of ammonia was released in Wales, with
84% of this from agricultural sources.

The biggest single contributor of ammonia from agriculture is manure management.
The application of manure to land contributed 77% of the total agricultural ammonia
release in 2013%7. Cattle farming (dairy and non-dairy) is the dominant agricultural
contributor.
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Figure 12 Wales Ammonia (NH3z) Emissions by Source Sector®’
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Ozone

Many of the precursor gases that lead to ozone formation are released in urban
areas, e.g. from vehicle and industrial pollutants such as nitrogen dioxide. Ironically,
ozone concentrations are generally much lower in the urban environment, with the
maximum concentrations present in rural areas due to the reaction with sunlight.

Three sites in Wales exceed the Air Quality Standards’® objective for ozone (daily
mean 100 pug/m-3on more than 10 occasions).

Ozone (O3) is a secondary pollutant (i.e. it is not directly emitted into the
atmosphere). It forms when sunlight reacts with other pollutants such as oxides of
nitrogen and volatile organic compounds (VOCs). At high concentrations ozone
impacts upon human health by adversely affecting lung function and respiration. It
also directly damages crops and reduces yield, and degrades a number of building
materials. It has damaging impacts upon many plant communities. The critical
thresholds of ozone for effects on crops, forests and semi-natural vegetation are
widely exceeded across the UK'”.

Peak ozone concentrations have declined over the past 30 years’’. However, over
the same period, background concentrations have been steadily increasing across
northern Europe by about 0.2 pg/m? annually’”.

Concentrations can vary widely from year to year depending on environmental
conditions. In the stable, high pressure conditions of summer 2003 concentrations
were very high’’but in cool, wet and windy summers concentrations are much lower.
There has also been a slight seasonal shift in the ozone climate which has seen
summer peaks reduce but winter and spring concentrations increase’’. The daily
ozone climate in Wales is also affected by altitude. In lowland areas there is a
marked diurnal pattern with highest concentrations building during the day but
dropping away at night. In upland areas, such as Snowdonia, concentrations are
much more stable day and night.

CASE STUDY

Ozone, the Dr Jekyll and Mr Hyde of pollutants — ‘Good Guy/Bad Guy’

Ozone is found in two main zones around our planet. In the stratosphere (above
cloud level) it provides a shield that blocks harmful UV rays (the ‘good guy’). In the
troposphere (the lowest atmospheric level, generally below the tops of clouds down
to ground level), ozone causes all the issues discussed above — damaging plants
and buildings etc. (the ‘bad guy’).

During the 1980s and 1990s there was a lot of concern about stratospheric ozone
depletion (‘the ozone hole’). There is now evidence that this is repairing due to the
banning of certain chemicals such as chlorofluorocarbons (CFCs). Unfortunately,
evidence is also emerging that the chemicals used to replace CFCs,
hydrofluorocarbons (HFCs), also have a deleterious effect on stratospheric ozone,
and are a greenhouse gas. NASA have estimated that by 2050 HFCs may contribute
as much as 20% of what CO2 contributes to global warming.
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There is increasing interest in the role that ozone plays in affecting climate change.
Ozone’s impact on climate is mainly related to temperature: the more ozone in a
given volume of air, the more heat it can retain. Therefore, the more ozone in the
troposphere, the warmer it can get, thus ground level emissions of ozone contribute
to climate change.

Non-methane volatile organic compounds

Some organic compounds can differ widely in their chemical composition but are
often grouped under the label of Non-methane volatile organic compounds
(NMVOCs) as the majority display similar behaviour in the atmosphere. NMVOCs are
emitted to air as combustion products, as vapour arising from petrol and solvent use,
and from numerous other sources. Interest in NMVOC emissions has grown as their
role in the photochemical production of ozone has been appreciated. The diversity of
processes which emit NMVOCs is huge, covering not only many branches of
industry, but also transport, agriculture and domestic sources®®.

The two largest sources of NMVOC emissions in Wales (Figure 13) are the use of
solvents and other product use (43% of 2013 emissions), and extraction and
distribution of fossil fuels (18% of 2013 emissions). 13% of the NMVOC emissions
arise from combustion sources, the most significant of which is road transport.
Natural emissions of NMVOCs are not included in the UK emission figures. Total
VOC emissions for Wales in 2013 was 48,700 tonnes®’.
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Figure 13 Wales Emissions of Non-Methyl Volatile Organic Compounds by source sector®’

Carbon monoxide

Carbon monoxide (CO) arises from incomplete fuel-combustion and is of concern
mainly because of its effect on human health and its role in ozone formation in the
Earth’s lower atmosphere. It leads to a decreased uptake of oxygen by the lungs and
can lead to a range of symptoms as the concentration increases. Road transport, in
particular vehicles with petrol engines, is the largest source of carbon monoxide
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emissions, although domestic fires, the iron and steel sector, and industrial fuel
combustion are also significant”.

Since 1970 combustion-related emissions from the domestic and industrial sectors
have decreased by 90% and 49% respectively due to the decline in the use of solid
fuels in favour of gas and electricity®’. The banning of stubble burning® in 1993 in
England and Wales caused a sudden decline in emissions from the agricultural
sector. Over the period 1970-2013, emissions have decreased by 79%.

Emissions from road transport decreased by 91% between 1990 and 2013 as a
result of EU-wide emission standards (Figure 14). Road transport contributed around
70% of carbon monoxide emissions in 1990 compared to less than 30% in 2013¢”.
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Figure 14 Wales Emissions of Carbon Monoxide by source sector®’

In 2013, 260 kilo tonnes of carbon monoxide were released in Wales mainly from
industrial, domestic and transport sources. There are no direct health effects from
carbon monoxide at the background concentrations found currently in Wales®’
although, being an ozone precursor, there are secondary impacts from its release.

Lead

Exposure to high levels of lead concentrations in ambient air may result in toxic
biochemical effects on humans (e.g. adverse effects on the kidneys, gastrointestinal
tract, the joints and reproductive systems, and acute or chronic damage to the
nervous system), as well as affecting intellectual development in young children.
Emissions of lead have declined by 90% since 1990 (Figure 15). In 2013, the amount
of Lead released in Wales was around 0.01 tonnes®’.

Leaded fuel was totally phased out at the end of 1999, so industrial processes (in
particular the combustion of coal, and production of iron, steel and nonferrous
metals) now account for the vast majority of lead emissions in Wales (81% in
2013)%7. Regulating lead emissions from industrial sources, to meet the current
legislative requirements, will help improve human health and ecosystems.
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Figure 15 Welsh Emissions of Lead in air®’

Concentrations of lead rose between 2012 and 2013 in Wales, although the quantity
of lead released to the atmosphere is now less than 100 kg a year in Wales and is
not thought to be an issue in general terms. A study carried out in 20128” showed that
even at sites surrounding large industrial complexes concentrations were well below
the required values™®.

Dioxins and furans

Dioxins (polychlorinated dibenzo-p-dioxins) and furans (polychlorinated
dibenzofurans) are often simply referred to as 'dioxins'. They are a type of toxic
organic micro-pollutant, and are mainly produced as by-products of industrial
processes, but can also result from natural processes such as volcanic eruptions and
forest fires. They are formed due to incomplete combustion. Dioxins can arise from
any thermal process where chlorine is present in any form. Emissions of dioxins have
declined by 83% over the period 1990 to 2013%7. The main sources of dioxins in 2013
were domestic combustion of coal and wood, steelmaking, and the small scale
burning of waste material, e.g. on garden bonfires. There may be increased amounts
if there are large increases in the use of domestic burners and illegal waste
burning?®®.

One of the largest sources of dioxins emissions in the past has been waste
incineration. However, emissions from this source have fallen by 97% between 1990
and 2013, driven by the introduction of emission limit values and other control
standards. Municipal Solid Waste (MSW) incinerators not meeting these
requirements closed in the period leading up to December 1996, and emissions from
the sector were significantly reduced from then on. Emissions from plants burning
MSW or incinerating other wastes contributed less than 2% of UK dioxin emissions in
2013.
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Polycyclic Aromatic Hydrocarbons

Polycyclic aromatic hydrocarbons (PAHS) are a large group of persistent, organic
compounds that accumulate in people and animals and which have toxic and
carcinogenic effects. Lung cancer is most obviously linked to exposure to PAHs
through inhaled air®8. These pollutants can bio-accumulate and be passed up the
food chain, thus having health impacts as well as environmental impacts.

Benzene [a] Pyrene (B[a]P), a by-product of incomplete combustion, is used as a
‘marker’ for PAHs. The main sources of emissions of B[a]P in the UK are from
domestic coal and wood burning, industrial processes (e.g. coke production) and
fires (e.g. accidental, bonfires etc.)””.

In 2013, an exceedance was reported in the South Wales ZoneP. The level of 1 ng/m?3
of ambient air was exceeded due to domestic sources at one location (coal burning)
and industrial emissions at another. Further detailed modelling was able to show that
for the main source of B[a]P, an exceedance of the air quality standard was
unlikely®8,

Nickel

Inhalation of nickel can cause irritation to the nose and sinuses and can also lead to
the loss of sense of smell. Long-term exposure may lead to asthma or other
respiratory diseases. Cancer of the lungs, nose and sinuses as well as the larynx and
stomach has been attributed to exposure to nickel””.

Emissions of nickel have declined by 57% since 1990. In 2013, two zones in Wales
were reporting exceedances (the only UK exceedances). Both zones are affected by
the same sources. . The implication of this finding is that many small manufacturers
using nickel could be contributing to poor air quality; however, without local
monitoring it is unlikely to be noticed®.

Radioactivity

Radioactivity enters the environment (both air and water) from natural sources and
industrial processes (Figure 16). Regulated, routine discharges of small quantities of
radioactive waste to the air from industrial sources are made from a range of nuclear
(most commonly power stations) and non-nuclear¢ facilities in the UK. Wales has
three nuclear sites and a number of non-nuclear facilities, predominantly in the
medical sector, that use radioactive materials and dispose of radioactive wastes.
These are regulated by the environment agencies, including NRW, for activities in
Wales.

b For the purpose of EU compliance reporting against EU Directive 2004/107/EC, the UK is divided into 43 zones
termed agglomeration (large urban areas) and non-agglomeration zones. In 2013 two of the 43 zones in the UK
were reported to have exceeded the target value for nickel (one agglomeration and one non-agglomeration zone).
The affected zones were Swansea Urban Area (AZ) and South Wales (Non AZ).

¢ ‘Nuclear’ relates to sites with a Nuclear Site Licence which usually relates to power generation whilst ‘non-
nuclear’ relates to any other site, such as medical and industrial uses of radioactive elements.
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The Radioactivity in Food and the Environment (RIFE) annual report focuses on
discharges from human activities, not naturally occurring sources, and reports on an
extensive programme of food, dose rate and environmental monitoring in the
terrestrial and marine environment.

The 2014 monitoring programmes found that radiation doses from authorised
releases of radioactivity to people living around nuclear licensed sites were well
below the UK national and European dose limit of 1 millisievert? per year®.

Measurements of naturally occurring radioactivity, such as radon gas in homes, are
undertaken by Public Health England. Measurements are compared with the UK
Action Level set at 200 Becquerels per cubic metre (Bg/m3). As of July 2012 radon
measurements had been completed in around 17,700 Welsh homes, with 1,900
homes identified with a radon concentration at or above the Action Level. For the
majority of cases remediation was successful in reducing the radon level to below the
Action Level®™.

The UK average dose from natural radioactivity is 2.2 millisieverts per year, with a
range across different geographical locations from 1.5 and 7 millisieverts per year®2.
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Figure 16 Annual average dose of radioactive substances to the UK population®2,

Radioactive elements decay and emit radiation, a form of energy that can cause
damage to living tissues, increasing the risk of cancer®?. Any exposure to this type of
radiation is a potential risk to health. The exposure to people and the environment
from manufactured sources, however, is extremely small.

Radioactivity, whether naturally occurring or manufactured, can be taken up by plants
and animals with the result that it can enter the food chain.

d The rate that radiation is released from a source is measured in Becquerels. The estimate of effects
on a body from a received dose of radiation is measured in Sieverts.
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CASE STUDY
Regulated nuclear sites in Wales

e Trawsfynydd nuclear power station in North Wales ceased power generation in
1993 and is undergoing decommissioning. The total dose from all pathways
and sources (air, water, food) of radiation from the site have decreased. Dose
estimates from 2004 to 2014, for all sources at this site, range from 0.012 to
0.032 millisieverts per year.

e Woylfa nuclear power station on Anglesey ceased power generation in
December 2015 and will start defueling (removal of the nuclear fuel from the
reactors) in 2016 as part of a long decommissioning programme. Radioactive
discharges to air and water, reported in RIFE 20%°, decreased mainly due to
the end of power generation from one of its two reactors in 2012. Dose
estimates from 2004 to 2014, for all sources, range from <0.005 to 0.011
millisieverts with a downward trend, compared to the regulatory dose limit of 1
millisievert.

e The third nuclear site, in Cardiff, previously a manufacturer of radionuclides,
ceased operation in 2010. Discharges from the site have continued to decline
since this time and are now below the detection limit of 0.005 millisieverts.

Trends

As can be seen from the information and graphs above, the improvement in air
quality seen since 1990 has levelled off and in some cases the recent trends show a
slight reversal. The levels of pollutants released from all sources are expected to
continue to fall as abatement technology improves. However, there will be local
increases in air pollution from urbanisation, road traffic and intensification of
agriculture.

www.naturalresourceswales.gov.uk Page 41



3.3. Water Resources and Hydrological Processes — Freshwater and Marine

Water is central to our way of life. We rely on considerable quantities of water to
produce resources, transport our goods, provide recreational benefits and grow our
food. However, too much water in our river systems, during high rainfall events,
create risks to property and life through flooding.

This section looks at water as a resource, using evidence we hold on the impacts of
high or low flows of water in the hydrological system on other ecosystems, and
wellbeing. It discusses the key issues drawn from an analysis of trends and future
pressures.

Extent and Condition — Water Resources

The recently completed LIFE Natura 2000 Programme identified that changes to
hydraulic conditions had an impact on or were likely to have an impact on, 45 of 112
(40%) protected sites in Wales. Much of the habitat degradation seen within Natura
2000 rivers and their floodplains is linked to historical and current changes. Many
wetland sites suffer from barriers which can affect their natural hydrology (e.g.
historic railway/tram tracks on Fenn’s, Whixall, Bettisfield, Wem and Cadney Mosses
SAC), and altered water flows which, as well as impacting on hydrology, can also
lead to nutrient-rich water being diverted on to sites. Intensive land drainage,
agricultural changes and peat cutting can cause water to drain away from peat bogs
and lead to them drying out. This reduces the ability of wetlands to control flood
water and function as a carbon store. The upland and lowland lakes of Wales
designated under the Natura 2000 network are impacted by drainage, water
abstraction and changes in water levels which affect their habitat condition.

Currently we are in the process of changing around 10 abstraction licences in Wales
where there are significant risks that abstraction could damage important
conservation sites, including Natura 2000 sites and Sites of Special Scientific Interest
(SSSis). Following previous investigations, around 60 abstraction licences in Wales
have already been changed to protect Natura 2000 sites. Where changes could

not be implemented immediately we are working with licence holders to ensure
solutions are in place as soon as technically feasible.

As part of the implementation of the Water Framework Directive (WFD) a programme
of investigations has been targeted at water bodies failing their objectives, in order to
identify the main pressures and develop solutions. This information is summarised in
the updated River Basin Management Plans. In total 29 water bodies have been
identified as failing WFD objectives due to changes to flow and water levels resulting
from human activities.

Trends — Water Resources

Water availability

The current system of allocating water for abstraction through Abstraction Licences
was introduced back in the 1960s. It has proved an effective mechanism for
managing water resources over the last 50 years, but is unlikely to be able to cope in
its current form with the challenges posed by climate change and future population
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growth. In addition, some water abstractions which can pose a significant risk to
water status are currently exempt from requiring a licence.

There are currently around 1,200 abstraction licences in Wales, but there are around
another 500 abstractions that are above the volumetric limit of 20m?3 per day but
which are currently exempt from licensing. These abstractions are mainly used for
navigation purposes, dewatering of quarries or some types of irrigation, or are in
exempt areas for groundwater abstraction. Through the New Authorisations project,
the Welsh Government intends that these currently exempt activities will be brought
into the abstraction licensing system.

Whilst Wales is perceived to be water-rich, we are already facing challenges. For
example, in 7% of our water bodies water is only reliable for new consumptive
abstractions for 30% of the time.

In 2011 the Environment Agency published The Case for Change — current and
future water availability®3. The report sets out how the availability of water resources
in the future may be adversely affected by pressures associated with climate change
(UKCP09%), population increase, and changes in people’s behaviour. By the mid-
2050s the population of Wales is expected to increase by 10%, to approximately 3.4
million people®. The report was updated in 2013 but its conclusions remain largely
unchanged. Whilst recognising that quantifying water availability is complex, a
number of catchments across Wales are predicted to experience significant unmet
demands under many of the scenarios investigated.

To help address the implications of these future pressures, Welsh Government and
the Department for Environment, Food and Rural Affairs (Defra) are currently working
to reform the abstraction management system in Wales and England. In January this
year the Welsh Government published its response Defra’s consultation Making the
most of Every Drop, Reforming the Abstraction Management System?. The
response document sets out how the abstraction management system will evolve to
meet the challenges set out above, whilst still protecting the environment. The
reformed abstraction management system is likely to be implemented in the early
2020s.

Soil sealing

Our towns and cities are experiencing increasing rates of soil sealing as we build on
green spaces. This results in increased surface water run-off and associated diffuse
pollution, and changes to soil moisture, groundwater levels and flows in receiving
streams. When rainwater drainage enters sewers it puts increasing pressure on the
existing infrastructure.
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CASE STUDY
Impact of impermeable developments®’

Figure 17 Impermeable surfaces in a Cardiff suburb

The image on the left shows a Cardiff suburb in 1984. The grey areas are
impermeable surfaces and the drainage of the site is designed to accommodate
run-off from a 1-in-30 year return period storm. On the right is the same suburb in
2009. It shows (in red) the 20% increase in impermeable area through home
extensions, conservatories and paving of gardens. Despite this increase, the
drains remain unchanged. Due to these changes, and the increasing rainfall
predicted from our changing climate, sewer flows in Wales are projected to
increase by over 1% a year. Applying Sustainable Drainage (SuDs) techniques to
new developments will not address flooding on existing sites. To do this, SuDs
techniques need to be implemented on existing sites or the risk of surface water
and sewer flooding will inevitably rise.

Climate change

Analysis carried out to support the Water Resources Strategy for Wales® shows how
potential changes in rainfall, predicted as a result of climate change, could affect
average river flows across Wales, throughout the year, by 2050. By 2050 river flows
in winter may rise by 10-15%. However, river flows in the summer and early autumn
could reduce by over 50%, and as much as 80% in some places. These patterns
would result in a drop in the total annual average river flow of up to 15%.

In many Welsh rivers flows are particularly vulnerable to climate change because
they tend to rise and fall quickly in response to rainfall. The impacts of lower river
flows will extend beyond water resources. For example, reduced flows and
associated changes to water quality and temperature could impact on fish migration
and spawning, reducing the quality of inland fisheries in Wales. Increased flows
during winter may also increase pressure upon sewerage and drainage systems and
diffuse pollution.

Climate change may affect groundwater. By 2025 it is likely that groundwater
recharge will decrease, resulting in decreased dry weather river flows and a general
lowering of groundwater levels. This may have impacts on base-flow to rivers and
wetlands in dry periods, and small domestic and agricultural water supplies.
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Extent — Hydrological Processes

Hydrological processes are a key influence on marine ecosystems because they
create conditions for life and supporting systems. This includes transport systems for
food (both for human consumption and within the ecosystem), waste, nutrients,
sediments, front creation and so on. The waters of the Welsh inshore are strongly
influenced by oceanographic processes, with influxes of water from the Celtic Sea
and north from the continental shelf current. The Wales Marine Evidence Report®
describes the hydrological processes in Welsh waters in detail.

Condition — Hydrological Processes

Tidal range, tidal currents and sea levels

Tidal ranges on spring tides are generally high along the Welsh coast but vary
significantly, from less than 4 metres within Cardigan Bay to approximately 12 metres
in the Severn Estuary'®. Surges due to variations in atmospheric pressure can
significantly raise or depress the water surface with implications for coastal erosion,
sea defence integrity and coastal flooding.

During mean spring tides, tidal currents vary from 0.5 m/s to a peak of more than 2
m/st00,

Waves

Much of the Welsh coastline is open to the prevailing south-westerly winds, and
exposed locations can be subject to severe wave attack. Waves, therefore, make an
important contribution to coastal evolution and are the primary driver for longshore
sediment transport*,

Temperature

The UK’s position at the junction of two marine biogeographic regions, where cooler
water from the north meets warmer water from the south, contributes to marine
diversity. South Wales in particular experiences this overlap'®. A large tidal range
and strong tidal currents mean that most of Welsh waters are mixed, although some
seasonal thermal stratification occurs in deeper areas?.

Current sea surface temperatures in winter are 9-11°C, and in summer are 16-
1800102_

Salinity
In addition to the thermal stratification described above, saline stratification also
occurs in shallower estuarine areas,

The Atlantic Ocean is the main influence on salinity, with rainfall and evaporation
having a much smaller effect. Locally, variations are experienced due to the influx of
freshwater from rivers via estuaries. Generally salinity varies between 34 and 35.6
salinity units92,
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Coastal processes and management

Almost 28% of the coast has some form of artificial protection931%4 whilst 23.1% of
the Welsh coast is considered to be eroding!®®, with the potential to affect people,
properties and infrastructure. In addition, both erosion and coastal protection have
the potential to affect protected sites, although allowing dynamic processes to take
place is usually considered to be positive.

Flooding is not only a pressure on communities and built structures but also causes
impacts on the environment as was seen in the 2013-14 winter storms%.These
storms caused £8.1 million of damage to flood defence structures, in addition to the
financial costs associated with the approximately 300 properties that were flooded. It
is estimated that £2.96 billion of damage to properties was avoided as a result of
protection from defences?’.

Developments affecting hydrological processes

The gradual development of marine renewable technologies may already be
contributing to changes in hydrological processes. For example, some effects of
offshore wind turbine structures include reduction in tidal currents, increases in tidal
amplitude, and increases in vertical mixing which reduces seasonal stratification°®.

Trends — Hydrological Processes

Tidal range, tidal currents and sea levels

Sea level around the UK increased by approximately 1-3 mm per year during the 20™
century®. There is variance is sea-level change around the UK partly due to vertical
land movement from isostatic rebound following the last Ice Age, with the south of
the UK sinking while Scotland is rising.

Based on a medium emissions scenario, relative sea level rise projections for Cardiff,
compared with a 1990 baseline, indicate a rise of approximately 10 cm by 2020, 22
cm by 2050 and 44 cm by 2095'1°,

Waves

A review of storm frequency and intensity was undertaken following the winter
2013/14 storms!!l, This review found that whilst there did not appear to be an
increase in storm frequency, the intensity of strong winter cyclones had increased
since 1871. It was concluded that a more comprehensive study of storms affecting
the UK is needed to explore these findings in more detail, but that the current
evidence does suggest an increase in storminess!tt 112,

Simulations run as part of the UK Climate Projection 2009 (UKCPQ9) investigations
suggest that, in the future, the mean annual and winter maxima of significant wave
heights are generally expected to increase to the South West of the UK, including the
Welsh coastline!1©,

Temperature

Since the 1980s the sea surface temperature of the seas around the UK have risen
at a rate of about 0.2-0.6°C, and seven of the warmest years in UK coastal waters
since records began in 1870 have occurred in the last decade®!3.
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Whilst based on limited modelled outputs, sea-surface temperature increases of 2.5-
4°C are projected for the Celtic Sea and Irish Sea for the period 2070-20991°,

The changes to temperature and salinity are expected to have effects on mixing and
stratification'4. There is therefore significant potential for the climate change to lead
to an alteration in patterns of ocean circulation through the Irish Sea including Welsh
waters.

Salinity

Trends in the salinity of UK marine waters are less apparent, although the evidence
suggests a freshening to a minimum in the 1980s-1990s followed by a subsequent
increase in salinity*1% 115 116 However, in contrast to the relatively large increases in
temperature predicted for the Celtic Sea and Irish Sea by the late 21st century (2070-
2098), salinity changes in these regions are expected to be less than the rest of the
UK.

In estuaries, sea-level rise will increase the extent of saline intrusion and shift the
position of tidal limits upstream?.

Coastal processes and management

The trends in hydrological processes which include sea-level rise and increased
storminess are likely to increase the likelihood and consequences of coastal flooding
and erosion. For example, over the next 100 years, 2,126 properties are expected to
be at risk from coastal erosion. However, if Shoreline Management Plan policies,
which integrate the protection of habitats and people, are implemented this will
significantly reduce to 1457,

These trends will also affect other assets such as coast paths, roads and railways,
and also historic coastal landfill sites, which could become a serious source of
pollution.

Shoreline Management Plans for the coast of Wales set the preferred policy for
sustainable management of the shoreline position over the next 100 years and take
sea-level rise into account. If these plans are implemented, they predict a decline in
extent of intertidal and coastal habitats (mainly intertidal sand and mud and
saltmarsh) due to coastal squeeze- 118 119,120,

Developments affecting hydrological processes

Welsh waters are recognised for their potential contribution to renewable energy
through tidal range, tidal stream and wave energy devices!®. These developments
will support efforts to reduce carbon emissions and mitigate the effects of climate
change, but could also have effects on hydrological processes in addition to the
climate change effects described above.

Developments in the marine area have the potential to alter or diminish the available
tidal current and wave energy. For example, it has been demonstrated that tidal
stream turbines which extract even a small amount of energy from a tidal system can
lead to a significant effects on flows and sediment dynamics?!?t 122,
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Large scale developments (in particular tidal barrages and tidal lagoons) also have
the potential to alter tidal range, on either a local scale or, for some developments, on
a much wider scale. Some models of possible tidal barrage developments in the
Severn Estuary have predicted increases to mean high water levels of 0.2 to 0.3m
along the Welsh coast as far as the LIyn peninsula, and increases as far as the east
coast of Ireland!?3,

Summary

The combined effects of climate change and developments in the marine
environment could lead to significant changes in hydrological processes in Welsh
waters, with consequential effects on sediment transport, seabed, coastal and
estuarine morphology, and the associated habitats and species. These changes will
also influence consideration of measures for coastal management and adaptation.
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3.4. Soils
Extent

Soil in Wales is strongly influenced by climate (and altitude), vegetation, land use and
the underlying sediments or rocks. This gives rise to 10 major soil groups (of which
peat is one), all of which are present in Wales. In the widespread upland and lowland
areas, soils are a mixture of acidic, well drained soils and slowly permeable soils that
have impeded drainage.

Welsh soils are relatively unusual in a global context'?*. There is a scarcity of high
quality agricultural soils, with those considered to be the best and most fertile
accounting for no more than 7% of Wales’ land area.

Of the total extent of peat soils (soils with surface organic/peaty layer of245 cm thick)
(90,995 ha, equivalent to 4.3% of Wales’ land area), 75% is in upland areas and 25%
is in lowland areas'?*. Organo-mineral soils, which have an organic (peaty) surface
layer <0.4 m thick cover an additional area of 359,200 ha (17.3%)*?¢. Over 80% of
soil carbon stores in Wales are associated with upland and grassland soils*?’.

Soils provide Wales’ largest terrestrial ecosystem store of carbon, estimated at 410
million tonnes. Forest soil carbon stocks for Wales are estimated at 57 mt'?8, Peat
soils are particularly rich in carbon, containing around 157 mt over only 4.3% land
area of Wales!?®. These soil carbon stocks are larger under conifers compared to
those under broadleaves.

The total concentration of different elements in the soil — its geochemistry — has
implications for both human, animal and plant health. Their distribution and
concentrations®° can help determine whether, and the degree to which, soil may
have been contaminated by human activities.

In Wales, soils have been contaminated by past and present industrial processes or
activities. Where waste products or residues remain, these can sometimes pose an
environmental hazard but they can also support rare flora and fauna. The extent of
soils impacted by contamination to a level where it could pose a risk to human health
and the environment (including brown field sites) is unknown.

There is currently no statutory soil monitoring programme in Wales or the UK, and
there is a general lack of information on the national extent of, state and threats to
soils®??,

Condition

Peat soils

Most organic soils (peat soils) support ecosystems that are sensitive to pressures
from human activities; hence these soils are susceptible or vulnerable to degradation,
including carbon loss though oxidation and erosion**2. Only 30% of the Welsh peat
soil area is considered to be in ‘good condition’*?®> Around three quarters of peatland
are thought to have been impacted by one or more land-use activities. It is thought
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there are at least 3,000 km of drainage ditches on peatland in Wales, with two thirds
in the uplands and one third in the lowlands (excludes ditches in a forestry context).

There are 18,100 ha of deep peat in a forest land-use context with just under
11,000 ha of this under tree cover and 1,200 ha of this under active restoration.

Welsh peatlands are currently estimated to be generating anthropogenic emissions
of around 400 kt CO2-equivalents per year (equating to 7% of all Welsh transport-
related emissions) as a result of degradation from land use activities. This compares
to an estimated natural ‘reference’ condition of approximately 140 kt CO2-eq. yrt 125,

Erosion

It takes approximately 500 years to form 2.5 cm of topsoil under normal agricultural
conditions?3, and therefore soil should be treated as a finite and essentially non-
renewable resource®*. Shallow soils are generally less resilient to the impacts of
erosion compared to deeper soils.

Various forms of land use and land management can result in: soil erosion; loss of
soil condition, fertility and biodiversity; decreased carbon storage; lower water-
retention capacities; disruption of gas and nutrient cycles; and reduced degradation
of contaminants!34. Soil sealing (e.g. by roads, buildings, garden paving etc) can lead
to increased surface run-off and degradation or destruction of soils.

These impacts in turn affect the ability of soils to deliver the vital functions and
services required by society!?7. 135136, 137 There is a general lack of information on
how much of Wales’ soils are affected by development, soil-sealing and erosion.

Compaction

Around 10-15% of grassland fields (England and Wales) are thought to be affected
by severe soil compaction and poor soil condition*®. Poor soil condition is not
restricted to ‘improved’ grasslands as more ‘semi-improved’ grassland soils are in
poor condition. This indicates that poor soil structural condition may hinder plant
species diversity in some cases and enhance it in others.

Soil moisture, texture and structure also determine whether rainfall infiltrates soil or
runs off of it, which is important for regulation of surface water flows and flooding.
Soils containing low levels of organic matter are generally more susceptible to
compaction. A study carried out at the Pontbren group of farms showed that
infiltration rates were up to 60 times higher in tree-planted areas compared to
adjacent grazed areas'®.

Nitrogen & phosphorous

The dominant source of nitrous oxide (N20), accounting for >90% of N2O emissions
in Wales'?4, is from agricultural soils. Raised soil nitrogen levels have been
connected to changes in plant species in semi natural habitats*°. Around 90% of
sensitive habitat soils receive nutrient nitrogen deposition in excess of their critical
loads for eutrophication, i.e. an excess of nitrogen as a nutrient.
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NRW surveys report that 44% of the samples obtained from agricultural land
contained phosphate levels above the optimum level, which can cause problems with
water quality, indicating there is scope for improvement with nutrient management?42,

Acidification

Compared to Great Britain as a whole, Welsh soils are more acidic than in other
countries across most Broad Habitat types. The most acid soils in Wales in 2007
were those beneath upland coniferous woodland (pH 4.14), whilst soils beneath
enclosed farmland Broad Habitats were the least acid!4°. It is estimated that 74% of
acid-sensitive habitat soils receive acidic deposition in excess of their buffering
capacity4!,

Soil biodiversity

Macrofauna such as burrowing animals and earthworms are important factors in soil
nutrient cycling, fertility and structure. Soil mesofauna — those animals that are under
2 mm in size — are just as important, particularly for their role in soil fertility, breaking
down organic matter. There is no direct evidence for the condition of biodiversity in
Welsh soils'3,

Soil contamination

The UK Soil and Herbage Pollutant Survey!*® indicates that concentrations of copper,
lead, mercury, nickel, zinc and tin are higher in urban and industrial soils than rural
soils, in the main reflecting inputs from industry and transport. Countryside Survey
results indicate that concentrations of heavy metals in rural soils are generally below
regulatory limits!#4, Zinc poses the most significant risk to soil organisms, due to the
sensitivity to zinc of soil microorganisms responsible for nitrogen fixation (rhizobia)*.
Concentrations in grassland soils probably reflect sewage sludge applications, while
concentrations in organic soils suggest retention of pollutants from atmospheric
deposition#4,

Sites identified as Contaminated Land under Part 2A of the Environmental Protection
Act (1990) pose an unacceptable risk to human health and the environment. The
most common contaminants found on these sites were benzo(a)pyrene, lead and
arsenic, all of which were identified at over 60% of the sites.

Soil concentrations of polychlorinated biphenyls (also known as PCBs) in urban and
industrial areas of the UK are about 1.5 times those of soils in rural areas!*3,
Concentrations of total polycyclic aromatic hydrocarbons (or PAHs) and
benzo(a)pyrene in urban and industrial soils are around 5-7 times those in rural
areas. Across the UK, concentrations of dioxins in urban and industrial soils are 2-3
times greater than rural soils.

Trends

Soil loss and erosion

The total urban area of Wales is increasing#® but it is unknown how much of this
increase has resulted in loss or degradation of soils. Soil erosion has increased and
soil formation has been affected due to various human impacts!4’. An estimated 2.2
million tonnes of topsoil is eroded on an annual basis in the UK!#8, With low rates of
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soil formation, any soil loss above 1 tonne per hectare per year can be considered
irreversible over a time span of 50-100 years°.

Information on erosion of soils in Wales is very limited. Data show that erosion tends
to be highly episodic, and that rates can be high in response to specific land
management activities (e.g. ploughing, forest management activity)'?” where the risk
is not well managed, especially when combined with high rainfall events. Soil quality
has deteriorated over time!?’. The rate of change of soils in relation to compaction
and degradation in terms of structure is unquantified.

Dissolved organic carbon (DOC) concentrations in upland waters draining peaty soils
are high and have risen across the UK in the last 20-30 years'®%1%1  suggesting that
soil carbon stocks may be destabilising. The National Soil Inventory (NSI)%? reports
losses in topsoil carbon for England and Wales over the same period, but does not
discriminate for Wales specifically. NSI data reported that the largest rate of decline
in organic matter in topsoils in England and Wales was in peat soils, bog and upland
heath>3. However, the Countryside Survey and GMEP report no significant change
overall in soil carbon from 1978-2007 for topsoils in Wales, and also indicate no
change in soil carbon in improved grassland systems in Wales between 1978 and
2013. It is not known whether arable systems in Wales are maintaining soil carbon
levels. At the UK scale they are known to be in decline®4.

Soil monitoring by GMEP indicates no significant change in soil nitrogen
concentration across Wales as a whole between 1998 and 2007 or between 2007
and 2013%%4, There has been a 7.7% reduction (1995-2013) in the area of sensitive
habitat soils where critical loads for nitrogen have been exceeded'#l. Overall trends
in reduction are thought to be due to reduced nitrogen fertiliser use (particularly in
grasslands) and reduced numbers of livestock!?4,

GMEP data also indicate a stabilisation of the decline in soil phosphorus levels seen
in the Countryside Survey across all broad habitats. Overall there has been a decline
in phosphorus on improved land, but this is consistent with declines in fertiliser use
since the 1980s and actually moves the levels closer to those that should be
maintained for sustainable management. However, applying excess nutrients is still
occurring as indicated in areas where nutrient levels exceed crop and land capacity,
resulting in potential loss to the environment in the form of pollution.

In general, on a national scale, the pH of soils has been increasing across Wales as
soils recover from acidification from atmospheric deposition, and data from the
GMEP survey in 2013 are consistent with that. There is no evidence on trends in
relation to soil biodiversity. However, European-wide evidence suggests that
intensively managed systems are at greater risk of loss in soil biodiversity*>> and
many studies report soil biodiversity declines as a result of the conversion of land to
agriculture and from agricultural intensification6 157,

There has been little or no decline in elevated levels of soil contaminants from
industry and transport'®8. There were 111 Contaminated Land sites in Wales which
have been identified under the Part 2A regime (introduced in 2001) of the
Environmental Protection Act 1990%%° (See Chapter 3, Section 3.4). Under this Act
there is thought to be still around 9,330 potentially contaminated sites that have yet
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to be investigated by local authorities. Remediation has been completed at 97 of
these sites and has commenced for one additional site. Remediation of 93% of the
soil contamination sites in Wales are mainly dealt with through the planning process
but around 3% of contaminated sites are dealt with under Part 2A and a similar
amount under voluntary action.

The concentrations of polychlorinated biphenyls (PCBs) in UK soil have fallen
approximately 800-fold since the mid-1970s, reflecting changes to industrial
production restrictions®®®. Soil dioxin levels have dropped by approximately 70%
since the 1980s'#3, indicating that soils are maintaining a capacity to detoxify and
degrade organic pollutants®g,

Climate change-related risks are threatening the many services that soils provide
(Table 7), notably those that relate to soil biota, soil organic matter, and soil erosion
and compaction. Declines in soil carbon in arable soils, increases in the area of some
high risk crops (e.g. maize) and the degraded condition of peatlands suggests that
the vulnerability of soils in Wales is increasing. Future climate projections suggest
that climate, in combination with the other pressures, will lead to a major increase in
risk due to the effects from higher temperatures, more intense rainfall and increased
aridity, depending on location and soil type.

The risk of water-driven soil erosion is expected to be higher with projected increases
in the frequency and intensity of heavy rainfall events, but there are no Wales-only
studies available. The extended growing season may provide opportunities for longer
outdoor grazing in winter, which increases the risk of soil compaction by livestock.
Autonomous land management responses to changing climate (e.g. cultivation of
steeper slopes; expansion of maize cropping) may increase erosion risks further in
the future. Due to higher temperatures and reduced soil moisture, soil is likely to
experience decreases in organic matter, with adverse consequences for crop
production, soil biodiversity and carbon storage. Soils of wetland habitats, such as
peat bogs and fens, are particularly sensitive to changes in the soil wetness regime;
the degraded condition of the majority of these habitats increases the vulnerability of
their soills.

It is predicted that climate change will not significantly change the average annual
duration of soil wetness (i.e. field capacity days) or potential soil moisture deficits until
2080 although there is likely to be a shift in seasonal distribution of the field capacity
period leading to drier autumns and wetter springs.'®°. More frequent droughts may
mean, however, that soils may experience prolonged periods of high soil moisture
deficit more often. Only soil carbon in organo-mineral and peat soils shows a marked
response to climate change. Maintaining the carbon content of these very soils,
however, is a key priority in limiting overall greenhouse gas emissions in Wales, and
in managing water resources in the face of inevitable climate change. There is little
hard evidence on the vulnerability and resilience to climate change of different soil
types in Wales!3?,

While much uncertainty surrounds the impacts of climate change on soil biota and
soil functioning'®, any changes in the abundance of soil organisms and the structure
of the soil food web will significantly influence soil functioning®? and human health'63
Changes in climate are expected to affect the abundance, diversity and activity of soil
life16?, with implications for the decomposition of organic matter and hence carbon
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storage, nutrient cycling and other soil-related ecosystem services such as crop
production.

Climate change also increases the risk of landslides (from heavy rainfall events) and
‘shrink-swell’ subsidence (from soil moisture fluctuations), impacting on e.g. transport
networks, infrastructure and housing. Drying of soils will compromise their capacity to
buffer and withstand climate extremes such as heat waves®4, thereby impacting on
human health, and the protection of cultural heritage®®. Organic/peat soils are
particularly vulnerable to wildfires. Projected increases in soil moisture deficits would
be expected to lead to a large increase in the number of fires and area affected.
Modelling suggests that wildfire risk will increase by 30-40% in the Brecon Beacons,

Pembrokeshire Coast and Snowdonia National Parks by the 2080s. Sea level rise
scenarios indicate a further flooding and loss of coastal zone habitat and their
associated soil resources, together with the many ecosystem services they provide.

Table 7 Changes in soil function in response to climate change

Soil response to Key soil/landscape Type of response in Wales
climate change areas impacted

Change in soil
moisture,
hydrological
response and
flooding of soils.

Slowly permeable soils.

Change in water regime
of wet organic (peat) or
organo-mineral soils.

Other soils that may
have restricted storage
capacity.

Change in water-holding
capacity in organic soils.

Soails on sloping ground.

Shrink-swell (clay) soils
in urban areas and
infrastructure routes.

Organic (peat) and
organo-mineral soils.

Slowly permeable,
waterlogged soils,
including peats; coastal
soils; grassland soils.

Duration of field capacity period not
significantly changed across Wales in 2020
and 2050 but start and end date shifted (later
onset of return to field capacity in Autumn).

Potential soil moisture deficits (PSMD) are
similar in 2020 to the baseline but increase
by 2080.

Some evidence for a small reduction in the
period of waterlogging in slowly permeable
soils by 2080.

As saturation period has not changed this
could imply that there is limited hydrological
buffering to events, increasing the
susceptibility to run-off and flooding.

Change in grade of agricultural land due to
shift in climatic drought criteria.

Human health impacts from less buffering of
air temperature by soil (moisture) during
extreme weather ie heatwaves. Landslides
e.g. earthworks/embankment failures causing
disruption to rail and road networks. Few
soils cause shrink-swell subsidence and
earthwork failures in Wales combined with
low PSMD.

Extreme events (drought): Increase risk of
wildfires — peat loss and hydrophobicity
(increased water run-off).

Soil protection of cultural heritage.
Degradation of waterlogged soils in response
to fluctuating rainfall pattern and lower water
tables may expose some previously buried
archaeological remains to air, impacting on
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Soil response to Key soil/landscape Type of response in Wales
climate change areas impacted

Coastal soils.

preservation. Pollen record in peaty soils lost
by oxidation in upper peat layers. Sea level
rise resulting in loss or damage to
archaeological remains. Higher river volume
and increased frequency of flooding
increasing soil erosion in heritage sites in
estuarine areas. Poaching and machinery
pressure damaging archaeological sites.

Coastal flooding from sea-level rise — soll
loss and salinization impacts on soil function.

Change in soil
carbon dynamics.

Organic (peat) or
organo-mineral soils.

Declines in soil carbon related to climate
change alone are small, although upland
areas will experience greater amount of C
loss through Particulate Organic Carbon,
Dissolved Organic Carbon and COs..
However, the UK CCRA17 Evidence
Report!8 has identified climate change risks
to natural carbon stores and carbon
sequestration, emphasising that upland and
lowland deep peat soils represent Wales’
largest terrestrial store of carbon

Change in soil
erosion risk by
water.

Fine sandy and silty
soils; peat soils.

Grassland systems less vulnerable to
erosion.

Soil biodiversity

Potentially all soils but

Change in biological response as a result of

induced change in
soil structure e.g.
increased grazing
pressure impacts
of livestock
causing soil
compaction.

systems.

responses. focus on soils with drying previously saturated soils.

maximum change e.g.

organic (peat) or

organo-mineral soils.
Grassland Soils of improved and Increase in grazing window means greater
productivity- permanent grassland pressure on soils from livestock (compaction

and associated erosion).
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3.5. Geodiversity

Geodiversity is the variety of rocks, minerals, fossils, landforms, sediments and soils,
together with the natural processes which form and alter them. Geodiversity provides
many of Wales’ natural resources, strongly influences our landscape, biodiversity and
culture, and is internationally important for geoscience research.

For a relatively small country Wales has some of the most varied geology in the
world.

Geological periods
representing the
rocks of Wales *

:I Paleogene / Neogene
I:I Jurassic
|:| Triassic
- Permian

[_] carboniferous”

[ pevonian
I silurian
- Ordovician
[ cambrian
I:l Precambrian

- Igneous Intrusions
* Quaternary deposits are not
represented on the map. Rocks of

Cretaceous age are not
found onshore in Wales./ ™

Figure 18 The geology map of Wales highlights the diverse nature of the underlying geology.
Each colour represents rocks from the different geological periods. Contains British
Geological Survey materials © NERC [2016].

Extent

The rocks and landforms of Wales provide evidence from Earth’s early history
through the last Ice Age to the present day, covering 1.4 billion years. Within Wales
and the adjacent seas, elements of all the major geological systems are to be found.
The colours of a geology map (Figure 18) show at a glance how the rocks vary
around the country. Every rock type shown on the map has its own distinct
landscape. For example, the extensive Precambrian rocks on Anglesey and Llyn, the
Ordovician volcanic rocks of Snowdonia, the Silurian mudstones of mid-Wales, the
limestone scenery of the Gower, or the Jurassic cliffs of the Vale of Glamorgan. On
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top of all this, the glaciation of Wales has shaped the landscape through erosion and
deposition of glacial deposits.

Wales has attracted geologists since the pioneering work of Victorian times when
they named some of the divisions that define the international geological timescale —
for example, the Cambrian, named after the Latin name for Wales, and the
Ordovician and Silurian periods, which are named after Celtic tribes. These are
standard geological terms used globally and this rich legacy continues to attract
geologists from all over the world to study the geology, including globally recognised
reference sites.

Geotourism

Two UNESCO Global Geoparks, GeoMon and Fforest Fawr, cover 1,483 km? of
Wales and are designated as areas where sites and landscapes of international
geological significance are managed with a holistic concept of protection, education
and sustainable geotourism!¢’. Other areas of Wales, such as the Wales Coast Path,
National Parks and Areas of Outstanding Natural Beauty (AONBS), are underpinned
by geodiversity and promote the varied landscape that attracts millions of tourists and
contributes significantly to the Welsh economy.

Protected Sites

Geodiversity sites include geological Sites of Special Scientific Interest (SSSIs),
Regionally Important Geodiversity Sites (RIGS) or any geodiversity heritage feature
which is visible and accessible for education, scientific research and/or public
amenity (Figure 19).

Some 500 geological features (Geological Conservation Review816° (GCR) sites)
found within 300 SSSis in Wales cover 48,815 ha. These sites display sediments,
rocks, fossils, landforms and geomorphological processes that make a special
contribution to our understanding and appreciation of Earth history and climate
change, and are manifested in numerous ways. They may be working or disused
quarries, mine spoil, road or rail cuttings, soft or hard coastal cliffs, active landforms
such as sand dune systems or meandering rivers, or fixed landforms such as glacial
cwms or drumlins.

RIGS in Wales cover some 20,000 ha and were selected to supplement the SSSI
network, but also include areas of educational, aesthetic and historical interest.
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Figure 19 Protected geodiversity sites vary widely in their nature and include working
quarries, abandoned mines, coastal cliffs, fossil-rich sites and the highest waterfall in Wales.
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Minerals

Wales'’ geological formations provide a rich variety of materials which are
economically important for construction and industry (See Chapter 3.5 in SoNaRR).
Mineral resources are finite and not evenly distributed (Figure 20), being limited to a
particular outcrop or deposit, and their exploitation is also governed by demand and
accessibility to markets. For example, the limestone aggregates industry is focussed
in north-east and south Wales. In contrast, sand and gravel extraction is largely
limited to north-east Wales and dredging in the Bristol Channel. High-specification
aggregates such as sandstones for road construction or igneous rocks for rail ballast
are highly localised.

Superficial resources

Sub-alluvial sand and gravel

River terrace sand and gravel

Glaciofluvial sand and gravel

Glacigenic, poorly sorted and locally clayey sand and gravel
B Blown sand sand and gravel

Tidal flat sand and gravel

Peat, generally more then one metre thick

Bedrock resources
B Dolerite int
Il Other ign: rocks including basalts, felsites, gabbros, tuffs and granites. ! D A4

Sandston: h potential for high specification aggregate Vo o M AN
I Quartzitic sandstone with potential for silica sand and siica rock -, 5 i ;
id

ions with potential for high specification aggregate

Other sandstone
and beneath less than ten metres

High purity limestone (>97% CaCO3): Carboniferous

Limestone: other Carboniferous

Other limestone
Slate v £,
Brick clay |’

[Z7] Brick clay beneath overburden less then five metres
Salt (wet-rockhead)

Slate waste resources
Slate waste

Mudstone and sandstone resources s
Interbedded sandstones and mudstones z\:

Mudstone and slate resources
Potential slate resource with recorded work\ngy

[

Coal resources - !
#

B Primary shallow coal resource ?.«—« o
resoufce : f 3

Secondary shallow

Tertiary shallow coal resource

Figure 20 The mineral resource map of Wales'’°. Contains British Geological Survey
materials © NERC [2016].

Geological hazards
The complex geology and geomorphology of Wales give rise to a variety of geohazards (

Table 8). Limestone, for example, is water-soluble and locally may be affected by the
development of sinkholes and springs. Its inherent permeability is also linked to the
transfer of radon gas. In contrast, strata associated with former coal and metal
mining may be locally susceptible to subsidence, landslip, pollution and contaminated
land.
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Table 8 Geohazards in Wales

Anthropogenic
Mass movement/landslide Quarrying
Soluble rocks and karst Shafts & underground workings
Compressible ground Minesites
Shrink-swell Contaminated land
Radon Ground instability
Flooding
Condition
Geotourism

We need to monitor the development of geotourism and the added benefit of
geodiversity to the tourism economy.

Sites

All geological and geomorphological sites are subject to a range of developmental
and climate change pressures. These can include new buildings, new development
and vegetation obscuring rock exposures, or erosion of fragile landforms. The most
recent monitoring data available for each site records 93% of the SSSI features
considered as visible and accessible and therefore considered in favourable
condition.

There are few data currently available for the condition of RIGS in Wales, but a
monitoring and recording scheme is being put in place by RIGS groups and Local
Record Centres.

Minerals

In 2015 the Welsh Economic Research Unit of Cardiff Business School reported that
the mineral products industry is a key employer in Wales. In 2013-2014 the industry
provided direct employment to round 3,800 people at more than 200 sites, generating
sales of £650m?"L,

Trends

Geotourism

There is an increasing appreciation of the importance of geodiversity within Welsh
tourism and geoconservation sectors. The monetary contribution of UNESCO Global
Geoparks to the Welsh economy is increasing. UNESCO estimate the annual
economic benefit from each of the Welsh Geoparks is £2.7m72,

Protected sites

Many geosites are slowly deteriorating, both through natural processes (encroaching
vegetation, erosion etc.) and human activity (development pressures, illegal activity),
making them less usable and useful for research, education and training

NRW is working with a range of partners including the Welsh UNESCO Geoparks
and National Museum Wales to develop a Geodiversity Charter to take this forward.
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Geological hazards assessment
Some of the geological hazards may change as a response to climate change, e.g.
coastal erosion, landslides, or pollution from former mine sites.

CASE STUDY
SSS| clearance work prior to international conference

Figure 21 Geological SSSI before site clearance before (left) and affer (right) .

Trefawr Track forms part of a network of sites in and around Crychan Forest in
mid-Wales. The sites were first selected to represent the Silurian in the type
Llandovery area. Described by Murchison in the 19" Century, these rocks attract
geologists from around the world. Trefawr Track was one of the key sites visited by
the International Subcommission on Silurian Stratigraphy during their 2011 field
meeting. A mechanical digger did the initial clearance work, but critical parts of the
exposure needed debris removal by hand to avoid damage. Such painstaking
operations are labour-intensive and demand specialist geological supervision.
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Part B: Ecosystem Evidence
3.6. Mountains, moorlands and heath

This section covers some of the most iconic semi-natural habitat components of the
Welsh uplands, including blanket bog (upland only), dwarf-shrub heath (upland and
lowland) and the very confined montane habitats of our highest upland regions. It
also includes upland and lowland areas of bracken-dominated vegetation and rock
exposures, and upland examples of fen and flush. Acid grassland, the most
extensive upland habitat, is included in the grasslands section, but it is widely
associated with all of the mountain, moorland and heath habitats. Coastal and dune
heathlands are included under coastal habitats.

The dominant environmental factors at play in the Welsh uplands include a significant
excess of rainfall over evapo-transpiration and seasonally low temperatures, though
in a European context the Welsh uplands are oceanic in character.

Extent

The habitats of mountain, moor and heath cover a total area of 261,824 ha in Wales,
of which 219,000 ha (>83%) occur in the uplands (defined here as land lying above
the upper limit of agricultural enclosure). The most extensive elements are (in rank
order) dry heath, bracken and blanket bog, with upland fen, marsh and swamp
collectively accounting for 43,500 ha (this is split into its three components of marshy
grassland, fen and flush - See Chapter 3.6).

This habitat suite is well represented in the SSSI series, with elements of it occurring
as features on 118 SSSiIs over a total area of 70,130 ha. The most numerous
individually qualifying features are dry heath and wet heath (83 and 54 SSSis
respectively), natural inland rock exposures (30 SSSIs) and blanket bog (28 SSSIs).

The total upland area recorded by the Habitat Survey of Wales is 401,500 ha (19.3%
of total Welsh land area)*”®. Much of this upland area is only of moderate height (c.
300-600 m) and would be regarded as sub-montane in character, with only c. 20,670
ha lying above 600 m'™* and meeting the definition of montane!’. Habitats outside
the mountains, moor and heathland definition — some 182,500 ha in total — include
unimproved acid grassland (108,100 ha) and planted conifer woodland (43,700 ha).

Mountain, moorland and heath habitats are widespread in Wales, though distinct
trends in distribution occur. In terms of the most extensive upland stands, dwarf
shrub heath forms more than 20% of the cover of the Snowdonia mountains, north-
central moorlands, western hills and border moorlands biogeographical groupings
defined by Yeo & Blackstock!’®, and is relatively less abundant in the southern
uplands and south-central moorlands. Blanket bog is widespread, but the least
modified examples form less than 5% of all areas in Figure 22, with the exception of
the north-central moorlands: modified examples (including areas dominated by
purple moor-grass Molinia caerulea and hare’s-tail cotton-grass Eriophorum
vaginatum) are much more prevalent in the south-central moorlands and southern
uplands. Acid flush is widespread and forms 4% or more of all the biogeographical
groupings with the exception of the comparatively drier border moorlands. Inland rock

www.naturalresourceswales.gov.uk Page 62



habitats are best represented in the Snowdonia Mountains, occurring as minor
components (4% or less) of the area of the remaining biogeographical units. Montane
heath extends to little more than 100 ha, with Welsh examples defining the southern
UK limit of the distribution of this habitat.

The most extensive lowland areas of this habitat suite are represented by dry and
wet heath (8,900 and 3,600 ha respectively) and bracken (30,100 ha). An important
characteristic of lowland stands is the relatively smaller size of individual habitat
patches compared with upland areas; for example, dry heath shows a trend from 9.9
ha for lowland stands through 18.6 ha for the upland fringe (including ffridd) and 25.7
ha in the uplands'’3. This reflects the extent of modification and fragmentation
(through habitat loss) of habitats in the lowlands.

Some of the most important habitats of the ffridd are included in this habitat suite,
notably bracken and heathland.

Some 60% of the Welsh deep (=/>0.5 m) peat resource occurs within the mountain,
moorland and heath habitat suite, with most of it represented by blanket bog.
Significant areas of deep peat occur elsewhere in the uplands, chiefly in conifer
plantations, acid grassland, heathland and improved grassland. Lowland peatlands
are covered in the freshwater section.

The inland rock resource in Wales is dominated by acid/neutral rock exposures
(8,600 ha), reflecting the character of the dominant rock types of Wales. Exposures
of basic rock (mostly limestone) amount to just 460 ha, including important exposures
of limestone pavement associated with outcrops of Carboniferous Limestone in north
and south Wales.

»
. g
AR
Biogeographical Zone

Border Moorlands

- North-central Moorlands w

Snowdonian Mountains
- South-central Moorlands
Southern Uplands
- Western Hills ;

4 ot

sy

Figure 22 The six biogeographical zones defined for habitats in the Welsh uplands®
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Condition

The condition of SSSI features corresponding to the mountain, moorlands and heath
habitat suite is summarised in Chapter 3.6. The condition of the most extensive semi-
natural habitats ranges between 63% and 73% unfavourable. These data are based
on expert judgement collated during 2003 as opposed to systematic formal condition
assessment. The main causal factors of poor condition resulting from land
management are grazing (both excessive and insufficient), drainage, burning
management, and invasive non-native species, including conifer seeding®’’. All
montane habitats are currently judged unfavourable.

Large areas of habitats with a significant presence in the uplands are subject to
atmospheric nutrient nitrogen critical load exceedance!’®, (see Chapter 2). Ozone
concentrations in the uplands remain at levels above the AOT40 threshold (the
accumulated amount of ozone over the threshold value of 40 ppb) during the early
summer, though AOT40 exceedance declined between 2006 and 2008178 Twenty-
five of the 47 grassland species tested were sensitive to ozone!’® and DEFRAX
found a negative relationship between ozone and species richness in heathlands and
bogs. (see section 3.1).

Table 9 Proportion of the key mountain, moorland and heathland broad habitats affected by
exceedance of nitrogen deposition critical loads in Wales.

Habitat tvpe % area of Wales affected by atmospheric nutrient
yp nitrogen critical load exceedance

Bog 100
Dwarf shrub heath 99.4
Montane habitats 100

The overall assessment of the conservation status of the 15 Annex | habitats
associated with mountains, moorlands and heaths is either bad or inadequate (See
Chapter 3.6 in SoNaRR)!8. For many habitats this assessment relates mainly to
condition, with habitat area judged as stable for 11 of the habitats, but unknown or
declining for 4, with the most extensive of these (blanket bog) judged as declining.
Only half of the area of the upland Annex | habitats (70,112 ha) has been subject to
standardised Phase 2 survey to date, with the majority focussed in Special Areas of
Conservation (SACs).

Almost three quarters of heathland features within SSSIs were judged as being in
poor condition in the last comprehensive review!’’. For dry heath, typical indicators of
unfavourable condition include closed canopy, lack of bare ground, lack of structural
diversity and the dominance of Ulex gallii, with the latter of particular relevance in the
lowlands. Scrub and bracken encroachment and invasive non-natives, particularly
rhododendron'®, are also common. Indicators of over-intensive management, such
as the reduction of the ericoid canopy and low diversity of both ericoids and
associated species, is more common in the uplands, although localised heavy
grazing in the lowlands can also reduce floristic and structural diversity'83. However,
lack of grazing and succession have been identified as pressures on lowland dry
heath associated with coal spoil'®. Lack of grazing is also a significant factor for wet
heath in the lowlands and ffridd, with overgrazing more significant in the uplands.
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Poor condition in blanket bog ecosystems manifests typically as graminoid or ericoid
dominance, coupled with a reduced cover of Sphagna, with causal factors including
past over- or undergrazing, fire history and drainage. Extensive areas of Molinia
domination are a particular feature of blanket bog in central and south Wales, and the
situation on the Elenydd plateaux may be unparalleled elsewhere in Britain'®, and
certainly in Wales!’8, Hummock-hollow patterning is decidedly rare in Welsh blanket
bogs; the extent to which this reflects drainage and peat cutting impacts or
biogeographical factors is unclear.

At least 3,000 km of drainage ditches are estimated to occur on Welsh peatlands
(excluding afforested areas), with approximately two thirds in the uplands and thus
within this habitat suite'’®. A recent NRW analysis of drain blocking activity by all
partners across Wales suggests a minimum of 742 km of drainage ditches on peat
had been dammed up until May 2015. Comparison of this data-set with the drainage
map produced from analysis of aerial photographs suggests the latter correctly
predicts the location of 75% of ditch sections.

A recent assessment of the condition of upland peatlands in the Brecon Beacons
National Park suggests widespread degradation over 50% of the resource and more
localised degradation over the remaindere®,

Peat erosion is almost entirely confined to upland peatlands within the mountains,
moorlands and heathlands broad habitat. There are at least 184 locations with signs
of peat erosion across Wales, with bare peat amounting to an estimated 70 ha'®’.
The actual figure may be closer to 120 ha if GMEP1"® estimates are upscaled to the
total estimated extent of deep peat in Wales. Severe erosion, including loss of peat
down to bedrock, is relatively localised and is most widespread in mid and south
Wales. The overall extent of erosion in Wales is of relatively modest scale, and
greatly reducing its extent to increase the resilience of blanket mires to climate
change is feasible.

The environmental constraints of the upland zone in Wales place a limit on the range
of non-natives that are considered to be problematic. Rhododendron, New Zealand
willowherb Epilobium brunnescens and the seeding in of conifers influence the
condition of several mountain, moorland and heath habitats (see section 2.2.5).
Rhododendron is established in more than 2,000 ha across Snowdonia National
Park, and affects Atlantic oak woodland, heathland and blanket bog'82.

Trends

In terms of historic trends, significant areas of mountain, moorland and heath habitats
have been replaced by other land-cover types, notably acid and improved grassland
and conifer woodland. Conifer woodland is estimated to occupy 8,690 ha of deep
peat (primarily in the uplands)®, much of which would originally have been blanket
bog with smaller areas of flush and fen; some rare examples of raised bog in the
uplands or upland fringes have been planted or heavily influenced by conifer
plantations. The area of upland bog restored following plantation is steadily
increasing as a result of NRW activity on sites prioritised for this measure!®, and also
through the wind energy programme.
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Detailed upland vegetation maps'’4 indicate the important role of long-term
anthropogenic pressure as one of the factors limiting the distribution of certain key
upland habitat elements in Wales, with many critical gaps in distribution within the
ecological range. There is a striking discord between the extent of chasmophytic
(rock-dwelling habitats) and the estimated theoretical extent of c. 5,000 ha inferred
from slope data: this probably reflects lack of survey data as much as habitat loss,
and further underlines the need for targeted ongoing survey. Set against this is the
evident potential for creating a much better connected upland landscape!®® which is
more resilient to climate change.

A summary of the long-term degradation of the Welsh blanket bog resource®! shows
the least modified blanket bog estimated as representing only 40% of the blanket
peat resource. Data relating to change in the condition of blanket bog over the last 30
years indicate no overall change'’®, though most recently a significant increase in
Sphagnum cover has been noted between 2007 and 2013/14, based on a relatively
limited sample size. There has been a slight increase in the area of blanket bog since
1990178,

The extent of bare peat appears to be declining, based on subjective assessment.
The apparent decline reflects reductions in stocking density and the success of
measures to reduce burning. Spontaneous recovery of exposed peat faces and flat
areas where peat has been redeposited has been observed, especially on afforested
sites with very limited or no grazing. Some of the most severe areas of erosion,
particularly in south Wales, have expanded. Areas of active erosion with little or no
sign of recovery are a priority for restoration.

It's estimated that the Berwyn has lost around 44% of heather-dominated moorland
habitats (including heath and blanket bog) between 1947 and 1980*%2, and similar
losses are reported for the Clwydian Range and Llantysilio Mountain'®®. These
changes probably reflect agricultural intensification coupled with wider grazing and
burning issues. Over the longer term, more substantial declines have occurred,
particularly with respect to wet heath. For example, for the LIyn Peninsula a 95%
decrease in wet heath was recorded between the 1920s and 1980s compared to a
50% decrease in dry heath'*4. These trends are likely to apply to other lowland areas
in Wales.

More recently, a sample-based survey of the Snowdonia National Park!®® 1% has
estimated a loss of 14% of upland fringe dry heath since the Phase | Habitat Survey
of Wales programme was completed in 1997, with overgrazing by sheep as a
contributory factor in the degradation of heathlands. Analysis of the Article 17
database for Natura 2000 habitats confirms grazing as the pre-eminent land-use
activity affecting feature condition across many of the Annex | habitats included in
mountain, moorland and heath.

An assessment of trends in the long-term condition of two montane habitats?’4 (low
alpine grassland and montane heath) shows a marked decline in habitat condition
between the 1950s and 1990s, and this has been attributed to overgrazing,
atmospheric deposition and visitor pressure. There are indications of improvements
in condition since 2003, which may reflect reductions in grazing stock numbers and
improving air quality.
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Significant areas of this habitat suite are included in Glastir Entry and Glastir
Advanced agri-environment schemes. For example, 41,531 ha of habitat on peat
(much of it upland) has been included in the Glastir Entry scheme to date, with
another 22,585 ha included in Glastir Advanced!®’. Agri-environment measures
continue to be effective in helping to protect some of the most extensive mountain,
moorland and heath habitats, with encouraging trends in condition noted for blanket
bog and heathland and less strongly for flush and spring®® 19,

Assessment of change in the extent and condition of mountain, moor and heath in
the wider countryside (Figure 23) as a whole (i.e. including non-designated land)
indicates a recent decrease in the extent of dwarf shrub heath and bracken and no
change in acid grassland extent. There has been no change in habitat condition
since 1990. These results indicate a halt in the historic decline of this habitat suite but
no evidence of expansion or improvement of condition since 1990178, Payments
through agri-environment schemes are likely to have contributed to the maintenance
of current conditions despite ongoing pressures from eutrophication from air pollution
and climate change but at a national scale overall improvement has yet to be
realised. Modelling work simulating the potential benefit of a range of management
interventions including bracken cutting which is relevant for this habitat suite
highlighted a potential lag time of 1 to 2 decades for species to respond to
management interventions and the need for consistency in payment schemes if
benefits are to be realised?%.

M Dwarf Shrub Heath ®
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Figure 23 Ongoing trends in a) extent of mountain, moor and heath including extent of a
selection of habitats which contribute to this habitat suite and b) trends in habitat condition.
Habitats included in the overall extent assessment are bracken, dwarf shrub heath, inland
rock, flush, montane, purple moor grass and blanket bog and other bog. Habitat condition is
assessed by the richness of Common Standard Monitoring positive plant indicator species.

The solid blue line indicates average value for a year with 95% confidence limits indicated by
the shaded blue area. The dotted line connects GMEP results to comparable historic survey
data (Countryside Survey 1990 - 2007).
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Table 10 National estimates of Broad Habitat extents from GMEP and CS — 000 hectares

I\TA‘I’\}I‘;‘_" 2202 | 1517 | 39561 | 2686 | 188.1 | 399.1 | 2441 | 159.3 | 3125 160.9 | 290.1
Bracken 76.1 522 | 142.6 88.3 381 | 1417 42.6 26.1 65.0 302 | 1751 | 467

Dwarf

Shrub 122.6 479 | 2624 | 1107 556 | 1859 | 1283 650 | 181.4 60.1 263 | 105.2 |2007-GMEP
Heath

Bog 35.2 5.9 39.1 50.6 215 87.9 53.8 23.4 81.1 58.7 29.5 95.0 | 1990-98
Montane 0 0 0 0.1 0.01 0.3 0.08 0.08 0.21 3.1 0 9.3 |2007-GMEP
"r‘(')irl‘(d 7.8 25 17.0 75 2.8 12.4 7.2 3.3 125 35 1.1 6.8
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3.7. Semi-natural grasslands
Extent

Grassland makes up nearly two thirds of the land cover of Wales?!. The great
majority is agriculturally improved, but semi-natural grassland types cover around 9%
of the land area (c.192,000 ha), excluding upland marshy grassland which is
discussed in the mountains, moorlands and heaths section.

Just over 78,000 ha of the semi-natural grassland is listed as Priority Habitats (as
listed in the Environment (Wales) Act 2016, interim Section 7), more than 90% of
which is in the lowlands?°1202, Upland acid grassland remains relatively common in
the uplands and ffridd, and is apparently stable in its extent?%3, reflecting the long-
standing and dominant use of the uplands as a grazing resource.

A total of 7,900 ha (around 10% by area) of all Priority Grassland Habitat is protected
on SSSis in Wales, although the proportion is substantially higher for some types of
grassland (Table 11).

Table 11 Percentage coverage of grassland Priority Habitats on SSSis in Wales. Data
derived from a digital (GIS) overlay of grassland Priority Habitat areas and SSSI boundaries
in 2012.

Grassland Priority Habitats % on SSSI in Wales

Lowland Meadows 55
Lowland Dry Acid Grassland 5
Lowland Calcareous Grassland 57
Upland Calcareous Grassland 74
Purple Moor-grass and Rush Pastures 11
Calaminarian grassland 89
ALL 10

Eight forms of European protected grassland (listed on Annex | of the European
Habitats Directive) occur in Wales, three of which — Calaminarian grasslands of the
Violetalia calaminariae; Hydrophilous tall herb fringe communities of plains and of the
montane to alpine levels; and Molinia meadows on calcareous, peaty or clayey-silt-
laden soils (Molinion caeruleae) — have more than 10% of their UK resource in
Wales. Areas of the Annex 1 grassland habitats in Wales are shown in Table 12.
About 50% (by area) of Annex | grassland types form recognised ‘qualifying features’
on SSSis in Wales. The area of Annex | grassland is considered favourable for just
two of the eight types?%4.

Welsh Government estimate that 21,400 ha of lowland grassland habitat are

currently included in Glastir agri-environment scheme options, with 12,100 ha
covered by Glastir Entry management options and 9,300 ha by Glastir Advanced.
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Condition

In the UK’s latest assessment of the condition of grassland Annex 1 habitats (2013),
92% of grassland SAC features were considered to be in unfavourable condition2%4.

Aside from the SACs, recent data on the condition of grassland habitats on SSSis
are largely lacking. A review of the condition of SSSI features in 20032% estimated
that just 43% of assessed lowland grassland features were in favourable condition,
with neutral and calcareous grasslands being particularly poor (only 37% and 31%
favourable respectively), and more than three quarters of grassland features in
unfavourable condition were considered to be declining rather than recovering (See
Chapter 3.7 in SoNaRR). Undergrazing was the most frequently reported factor
affecting lowland semi-natural grassland (47% of SSSI features), but overgrazing
was the key factor for upland grasslands. Monitoring of SACs in the early 2000s also
highlighted undergrazing as the main ‘adverse activity’ affecting lowland grassland
condition?%6,

Very little is known about the condition of the 90% of semi-natural grassland which
lies outside statutory protected sites in Wales.

Trends

The extent of semi-natural lowland grassland has declined enormously since the
1930s. There was a decline of some 97% between 1930 and 1984 in England and
Wales?%’, and an estimated 91% loss of all semi-natural lowland grassland, and 97%
loss of dry grassland habitat, in Wales?%? (See Chapter 3). Losses were particularly
severe from 1945 until the 1980s, due largely to agricultural improvement?°8,

The rate of loss of lowland grassland habitat is thought to have slowed in recent
years?02 208 This is in part due to improved levels of statutory site protection, as well
as the inclusion of sites in agri-environment schemes and the application of the
Environmental Impact Assessment (Agriculture) (Wales) Regulations. However, there
is evidence that grassland habitat is still being damaged or destroyed?02:208.209_ A re-
survey of non-protected lowland grassland habitat in Wales in 2004 found a 25% loss
of sites over an average 8 year period?°2. By comparison, an assessment of 52
grassland SSSIs?°? found that none had sustained significant damage or loss. A
similar pattern was found in England?*° recording an overall loss of 47% of semi-
natural grassland extent over a 32-53 year period, but a much smaller decline in
grassland habitat on SSSIs (9%) compared to on non-protected sites (73%). These
studies show the benefit of site protection in decreasing the rate of grassland habitat
loss.

In the UK’s latest (2013) submission?!! to Europe for the Habitats Directive, all eight
of the Annex | grassland habitats found in Wales were considered to be in an
‘unfavourable bad’ conservation status (Table 12). Three of these habitats declined in
extent in the UK over the 2001-12 period and in Wales one showed a decrease in
area of more than 1% per year?®. The most frequently cited (existing) pressures and
(ongoing) threats are listed in Table 13. They include long-standing issues such as
agricultural improvement and grazing (the latter largely expressed as undergrazing in
the lowlands and overgrazing in the uplands), and more recent phenomena such as
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atmospheric nitrogen deposition, which causes both eutrophication and acidification
of grasslands?!? 213, and climate change, which may negatively impact grassland
habitat in a variety of ways, including excessive drying of wet grasslands and general
decline in species intolerant of drought conditions. The effects of fragmentation of
grassland habitats are particularly significant for plant and animal species which are
unable to move between habitat patches, despite an increased need to do just that
because of other pressures, including climate change.
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Table 12 Summary of the conservation status of grassland Habitats Directive Annex | habitats in Wales?%4,

Annex | habitat name

Surface
area (ha) -

Proportion
(%) of UK

surface area
RWVEIES

Short-term
Short- term .
trend ’ . Overall conservation
trend direction

direction — status - UK

Alpine and subalpine
calcareous grasslands

1.7

0.2

Wales (area) SIS ()

— > Unfavourable Bad

Calaminarian grasslands of
the Violetalia calaminariae

49.3

15.0

l l Unfavourable Bad

Hydrophilous tall herb fringe
communities of plains and
of the montane to alpine
levels

65.0

22.6

? —> Unfavourable Bad

Lowland hay meadows
(Alopecurus pratensis,
Sanguisorba officinalis)

10.7

0.7

T > Unfavourable Bad

Molinia meadows on
calcareous, peaty or clayey-
silt-laden soils (Molinion
caeruleae)

515.6

14.3

W ! Unfavourable Bad

Semi-natural dry grasslands
and scrubland facies: on
calcareous substrates
(Festuco-Brometalia)

741.0

15

— — Unfavourable Bad

Siliceous alpine and boreal
grasslands

84.0

0.1

— — Unfavourable Bad

Species-rich Nardus
grassland, on siliceous
substrates in mountain
areas (and submountain
areas in continental Europe)

137.5

2.7

PREN l Unfavourable Bad
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Table 13 Pressures/threats highlighted for grassland habitats in Wales during the most
recent submission for European Habitats Directive reporting2°4.

Number of times cited as

Pressure/threat medium or high (out of 8
habitats)
Atmospheric nitrogen pollution 6

Grazing issue (including undergrazing and
overgrazing)

Agricultural improvement (including fertiliser use
and drainage)

Habitat fragmentation

Forest/tree planting

Invasive non-native

Climate change

Building development

Recreational pressures

Other

BAINININNWA| 01

Assessment of change in the extent and condition of semi-natural grassland in the
wider countryside as a whole (i.e. including non-designated land) indicates a recent
increase in extent in semi-improved neutral grassland but no change in upland acid
grassland extent or condition since 1990 (Figure 24). New data also indicates a halt
in the decline of plant species richness in habitat land which is dominated by semi-
natural grassland?®3. Modelling work for some important grassland species
emphasised the lag time of 1 to 2 decades for many species to respond to changes
in management interventions to help restore the condition and extent of semi-natural
grasslands and the need for consistency in payment schemes if benefits are to be
realised?4.
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Figure 24 Ongoing trends in upland acid grassland a) extent and b) habitat condition. Solid
blue line indicates average value with 95% confidence limits indicated by the shaded blue
area whilst dotted line connects GMEP results to comparable historic survey data
(Countryside Survey 1990 — 2007).
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3.8. Enclosed Farmland
Definition and Extent

Enclosed farmland is a difficult concept to define?'®. It comprises those agriculturally
improved grasslands, arable fields, horticultural lands and orchards which are
bounded by hedges, walls, fences and other field boundaries, but excludes the ffridd
as well as all enclosed semi-natural grasslands.

The total area of enclosed farmland in the UK National Ecosystem Assessment?16
was estimated to cover 804,000 ha. Improved grassland accounted for 731,000 ha
and arable land covered 73,000 ha. This estimate was based in turn upon the
relatively limited number of sample squares in the Countryside Survey of 200717 and
hence has a broad confidence interval.

By contrast, the total area of permanent grassland identified in the Welsh Agricultural
Survey is 1,068,814 ha, whilst enclosed semi-natural grasslands have been
estimated to cover some 25-30,000 ha?!8. This suggests that the area of
agriculturally improved permanent grassland may lie between 1,038,814 ha and
1,043,814 ha.

Arable and horticultural cropping cover 89,035 ha whilst grasslands under 5 years old
account for another 157,501 ha. Adding these figures to the estimates for improved
permanent grassland suggests that the total area of enclosed farmland in Wales
could be as high as 1,285,350-1,290,350 ha. However, this approach involves
making significant assumptions about how much of the permanent grassland in the
Welsh Agricultural Survey?'® has actually been enclosed.

A third approach involves using the Habitat Survey of Wales??°. Adding the area of
lowland improved grassland in the Habitat Survey (1,012,700 ha) to the area of
arable land (60,100 ha) produces an estimate of 1,072,800 ha for the total area of
enclosed farmland. This has been rounded down to ‘around one million ha’ on the
basis that a proportion of the lowland improved grassland will be located in the ffridd
which is covered by the mountains, moors and heaths section.

For the purposes of SoONaRR we have chosen to use the estimate derived from the
Habitat Survey of Wales. Although this pre-dates the Welsh Agricultural Survey it was
based on a field-by-field assessment. In addition, the Habitat Survey method involves
making fewer assumptions than the estimates derived from the other two sources, as
well as representing something close to the mid-point in the range.

Condition

Welsh agricultural land is dominated by grass. Land use is determined by a wet but
mild climate, relatively poor soil quality, relatively high altitudes and severe slopes.

Around 80% of the agricultural land in Wales has been designated under the Less

Favoured Area Directive??!, Such land is characterised by less fertile soils with limited
agricultural potential and below average economic returns??2,
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The combination of climate, topography and soils means that livestock rearing for
meat and milk form the backbone of the agricultural industry. The much smaller
cereal, horticulture, poultry and pig sectors are proportionally more significant in
suitable locations. For example, cereal growing occupies 2.6% of the agricultural
area in Powys, but 8.4% in Pembrokeshire??3,

Agricultural land, including commons, covers 1,842,900 ha??4. Although rough
grazings play a major role, especially within the sheep sector, the bulk of Welsh
agricultural production takes place on enclosed farmland. This accounts for 54% of
the farmland area, but is often better drained with more suitable soll, fertilised, and
planted with agriculturally productive species. Rates of productivity per ha are
therefore often much higher.

Recent data indicate overall plant species-richness has increased in improved land,
and is stable in arable land since 2007. Plant species thought to reflect overall
condition in both habitat types have remained stable225.

The amount of new planting of hedgerows has decreased and there is evidence of a
large increase in frequency of cutting (Figure 25). Diversity of woody species in
hedgerows has not changed significantly and there has been a decrease in the
structural condition of hedgerows since those reported by Countryside Survey in
2007, from 44% in good condition to 31%22°, perhaps reflecting inappropriate
management.

M No recent management
o Newly planted
© | M Cutting <3 yrs
Laying or coppicing =5 yr
M Both cutting and laying

100

80

60
60

40

% Good Condition
40

Proportion of Sample (%)

20
20

o
ﬂ l [ | 2007 2014

1990 1998 2007 2013 Year
Year

0

Figure 25 a) Trends in the percentage of new hedgerows and those in active
management?'’- 22> and b) Change in hedgerow structural condition between 19972*" and
20142%,

Cattle and sheep account for 41% of the value of Welsh agricultural output, with milk
and milk products contributing a further 31%223. Mixed cattle and sheep farms
accounted for some 55% of Welsh holdings with specialist beef (6%), specialist
sheep (28%) and dairy (11%) making up the remainder. Of the 9.7 million sheep in
Wales, nearly 50% are lambs under one year old. The dairy herd comprises 246,000
animals??® or just under 23% of the total number of cattle and calves??*,

Poultry and egg production accounted for 7.5% of the value of Welsh agricultural
output??4, Some 96% of the current population of 7.85 million birds are concentrated
on 133 holdings; each of which holds more than 10,000 birds.
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Trends

Agriculturally improved grasslands, characterised by various strains of rye-grass and
clover, now predominate throughout much of Wales, with an estimated total coverage
of 1,027 million ha??°. During the latter part of the 20" century these highly productive
grass crops largely replaced semi-natural pastures and hay meadows. In addition,
much of the land formerly devoted to hay cropping is now used for the production of
silage. This is used for stock feed over the winter period, together with concentrates
and forage crops such as oats, barley and maize?%.

Within the improved grassland category, those less than five years old (new leys)
have increased by 37% from 115,000 ha in 2005 to 157,000 ha in 2015224,

The number of sheep and lambs in Wales peaked at 11.8 million in 1998 before
declining to 8.2 million in 2009. Numbers then increased steadily to 9.7 million in
2014 before falling back to 9.5 million in 2015. The number of breeding ewes now
stands at 4.7 million — a decline of 15% since 1999%?4. More lambs are now being
produced from fewer ewes, with progressive increases in lamb carcase weights.
Such productivity gains over the period 2004-12%?7 have been accompanied by
changes in the utilisation of enclosed farmland and associated semi-natural habitats,
with the former now undergoing more intensive management?,

Cattle numbers peaked at 1.6 million in 1975, but had declined to 1.1 million by 2015.
The current numbers of breeding female beef cattle (208,600) are more than 20%
less than in 2004225, 224

The number of dairy farmers has fallen by 30% (from 2,500 to 1,758) over the last
decade??® By contrast, the size of the dairy herd increased by 3% (from 238,386 to
246,331) over the same period??4.

CASE STUDY
The scale of poultry rearing and its impact

Recent work by NRW has demonstrated that large intensive poultry units can have
fewer effects on air quality than much smaller, less intensive units.

Work in Powys?2° has examined the cumulative and in-combination effects of
clusters of poultry units on the environment. These clusters tend to arise around
animal processing units. Powys contains many hundreds of poultry units, with over
200 additional applications since 2008.

The NRW study looked at 14 poultry units utilising a worst-case precautionary
approach; 13 of these had fewer than 40,000 birds each (below the threshold
required for a permit under the Environmental Permitting Regulations or EPR)
whilst the larger farm (80,000 birds housed in two sheds) was regulated under the
EPR.

Conventional thinking suggests that the larger unit containing more birds would
have bigger adverse effects, but preliminary investigation showed that the smaller,
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CASE STUDY

The scale of poultry rearing and its impact

non-regulated poultry units had a greater impact on local ammonia concentrations
than the regulated intensive farming unit. The fact that a 12,000 bird free-range
farm can have a larger environmental impact in terms of local ammonia
concentrations than 80,000 birds housed indoors appears counterintuitive.

A key difference is that the controls on the emissions from the intensive unit result
in greater control of pollutants, thus reducing the concentration of ammonia in the
environment. Ammonia is a form of nitrogen and can both directly and indirectly
adversely impact sensitive plant species.

The NRW study also shows the kinds of effects that the number and type of farms
in one particular area can have. Large poultry units may have less impact on local
air quality than many smaller free-range units. However, ammonia emissions from
both larger and smaller units can have significant ecological impacts if they are
located too close to sensitive features e.g. on protected sites.

Note that this study relates only to Powys??°. Different results could occur in other
areas depending on the nature of the local environment.
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Table 14 Climate Change Risk Analysis for Enclosed Farmland

Risks
Associated with

Observed Changes

Potential Impacts in relation to
enclosed farmland

Other interactions

Climate Change
Changes in land
capability and
flexibility.

Over 1 million hectares of high-
grade agricultural land across the
UK are projected to be at high risk
(1 in 75 years or greater) by the
2050s under a 4°C climate change
scenario.

Potentially significant changes in
land capability classification grades
(based on current modelling which
are likely to occur as a result of
climate change). The existing
model is heavily driven by
sensitivity to drought?3°,

Potential impacts on land capability
are significantly affected by water
availability. It remains unclear how
such predictions will manifest
themselves as farming systems will
adapt (by using of irrigation drought
resistant grasses etc). In addition,
there may be an inherent
oversensitivity to drought in the
existing land capability classification
system?3°

Reduced water
availability for

Increase in areas experiencing
water deficits during the summer

agricultural land.

conjunction with more rainfall in
spring or autumn.

agriculture. months.

Location and extent of cropped

areas could change and as a result

there could be changes in

enclosed farmland.
Increase in Crop losses due to flooding Wetter winters could increase Additional drainage could alleviate
waterlogging/floo | have been significant prevalence of waterlogged soils, water logging, however, this might
ding of recently?3?, especially if these occur in exacerbate the effects of reduced

water availability during summer
months.
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Risks
Associated with

Observed Changes

Potential Impacts in relation to
enclosed farmland

Other interactions

Climate Change
Loss or
asynchronisation
of pollinator
species.

Ranges of both bumblebees
and solitary bees have
contracted?3? although this may
not be directly related to climate
change.

Reduced fruit/seed production of
crops reliant on pollinators may
lead to changes in crop types on
enclosed farmland.

Ongoing trend towards more
intensive use on enclosed farmland
including greater use of
agrochemicals, re-seeding,
increased stocking rates, habitat
loss and fragmentation are the main
factors resulting in the loss of
pollinators. The effects of these may
be exacerbated by climate
change?%,

Changes in the selection of crop
types may exacerbate decline in
pollinators. Counter-measures are
possible. For example, plants need
to be grown that support pollinators
outside the flowering period of the
main target species for pollination.

Changes in crop
yields productivity
and impacts on
livestock
productivity.

Average length of growing
season in England and Wales
has increased by around 60
degree-days over the period
1914 — 2000, with a substantial
increase in the last decade of
the 20th century?¥.

Lack evidence on the effect of
climate change on beef and
sheep system dynamics.

Limited knowledge regarding
effects of climate change on soil-
climate-crop-interactions together
with subsequent impacts on crop
and livestock production.

Limited knowledge regarding the
viability of likely adaptions in
farming systems. Subsequent
impacts on enclosed farmland are
unknown, but concluded that 3M

Limited understanding of how to
optimise sward composition in the
context of climate change, the
forage being grown and resulting
interactions with animal productivity.

Effects of heat stress can be
reduced by providing access to
drinking water and shelter?34,
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Risks

Associated with

Observed Changes

Potential Impacts in relation to

enclosed farmland

Other interactions

Climate Change

Impacts of climate change on
highly productive grass species
are reasonably well understood,
but little knowledge of impacts
on permanent pastures and
more marginal grasslands,
together with subsequent effects
on the livestock industry.

Opportunities to grow alternative
forage crops and diversify
existing grassland swards.

Heat stress in dairy cows can
significantly affect milk yields
and fat and protein content as
well as causing animal welfare
issues.

Cattle behaviour can be
negatively affected by cold and
wet conditions. This could result
in lower productivity, with
reductions in time spent lying
down and eating?3° 236,

ha could become unprofitable for
agriculture by 206023,

Impact of cold weather conditions
can also be alleviated by providing
shelter and dry surfaces?3* 235,236,

Increase in
frequency and

During the period 2009/10 -
2012/13 there were over
200,000 wildfires in Great

There is substantial year-on-year
variation and the length of the
existing record is insufficient to

Most fires start on permanent
pastures (in particular on semi-
natural grassland, heathland,
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Risks
Associated with

Observed Changes

Potential Impacts in relation to
enclosed farmland

Other interactions

Climate Change
magnitude of

Britain. It is unknown how many

show any trends. However, the

moorland, scrub and bracken)

wildfires. of these affected enclosed UKCPO09 climate change before spreading to woodland or
farmland directly (fire damage) projections show a consistent trend | enclosed farmland. The
or indirectly (subsequent towards drier summers and more management of semi-natural
management changes due to frequent droughts. This would be permanent pasture has the capacity
fire affecting on parts of the expected to lead to more frequent | to directly affect the likelihood that
farming system). and severe wildfires. enclosed farmland will be impacted

by fires.
Risk to The incidence of disease Increased risk of incursion by Changes in populations of pests,

agriculture from
pests pathogens
and invasive
species.

caused by endemic liver fluke
Fasciola hepatica has
increased®*’;

exotic animal diseases, especially
Bluetongue, and Schmallenberg
which are carried by insect vectors.
The likelihood these diseases
becoming established within the
UK is increased under a warmer
climate.

Changes in climate may result in
existing crop pests having a
greater impact e.g due to
increased overwintering, changes
in population growth rates and
development seasons?®.

Plant health is predicted to suffer
as a result of climate change?®®°.

pathogens and invasive species
may not have a direct impact on
enclosed farmland. Indirect effects
may arise as a result of the
management undertaken to alleviate
or control such species e.g. through
increased use of pesticides.

Impacts of
extreme weather
events.

Unexpected heavy snows in the
spring of 2013 caused higher
rates of calf and cow mortality

The impact of climate on enclosed
farmland is most evident under
extreme weather. The predicted
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Risks
Associated with Observed Changes
Climate Change

Potential Impacts in relation to

Other interactions
enclosed farmland

than in the previous three years | increase in extreme weather

as well as resulting in fewer events is therefore likely to lead to
lambs per ewe?4°, a significant increase in existing
risks.
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3.9. Woodlands

The term ‘woodland’ means different things to different people, and is often used
interchangeably with the term ‘forestry’.

Extent

In the centuries following the last Ice Age, much of Wales developed into woodland —
the so called ‘wildwood’. The clearance of native forests started many thousands of
years ago and only in the last 80 years has the decline in woodland cover been
halted and patrtially reversed, although this was mainly through the planting of non-
native conifers on marginal sites. Over the last two decades and since the
introduction of the Broadleaves Policy to Great Britain in 1985, much has been done
to create new native woodland cover including the provision of targeted grant aid to
both plant new woodlands and bring neglected native woodlands into
management?4L,

Wales has 306,000 ha of woodland with 38% comprising the Welsh Government
Woodland Estate?*? (WGWE). Wales is one of the least wooded countries in Europe,
with woodland covering only 14.8% of the land area compared to the EU average of
38%°2%2, Since 2001, the estimated area of conifer woodland in Wales has decreased
by 18,000 ha, while the estimated area of broadleaf woodland has increased by
35,000 ha?#?. The classification of woodlands in Wales is provided in Chapter 3,
section 3.9.

There are also 15.3 million trees in Wales outside woodlands?*2. More than half of
these trees are growing along linear features like hedgerows, riverbanks and
roadsides, while the rest are found in orchards, parks, wood pastures and urban
areas.

The amount and type of new woodland planting in Wales changed between1971 to
2015%%? (see Chapter 3, section 3.9). Rates of new planting were significantly higher
in the 1970s and new planting was almost exclusively with conifers. In contrast,
planting rates in the last two decades have been much lower, and have
predominantly been with broadleaves. New planting is influenced by government
policy and the availability of grant funding?*3: after the Second World War,
government policy resulted in the planting of large areas of non-native coniferous
plantations, whereas now public funding supports mixed or native broadleaf planting
for carbon and biodiversity benefit. There is concern that the focus on low density
broadleaf planting will impact in the medium and long term on the productive capacity
of Welsh woodlands for timber production and carbon sequestration?34 245 246,

The composition of woodlands in Wales is an important measure in relation to the
benefits that can be derived from them but also in terms of their resilience to future
climate change. Table 15 summarises the main tree species diversity by river basin
district in Wales in 2012: together, the three river basins cover the whole of Wales.
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Table 15 Predominant tree species by river catchment in Wales?*2

Catchment ' Dominant tree species

Dee River Basin District The most common woodland trees are Sitka
spruce Picea sitchensis (27%), birch Betula spp.
(12%), and hawthorn Crataegus monogyna (10%).

Severn River Basin The most common woodland trees are Sitka
District spruce (17%), oak Quercus spp. (11%), and
hawthorn (10%).

Western Wales River The most common woodland trees are Sitka
Basin District spruce (30%), oak (11%), and ash Fraxinus

excelsior (8%).

Condition

Overall management

Forest Research are due to publish a report on forest condition in 2017, derived from
the National Forest Inventory?#’, which will be based on age and structural diversity,
tree species composition, deadwood, regeneration factors and threats to woodland
biodiversity such as the impact of browsing damage by animals and the presence of
invasive non-native species. Until this report is available, an overall proxy for
woodland condition is the amount of woodland in Wales that is managed to the UK
Forestry Standard (UKFS) for sustainable forest management. The total area of
woodland in Wales known to be managed to the UKFS has increased from 123,000
ha in 2001 to at least 203,000 ha in 2014242, The total area managed to the UKFS is
likely to be higher.

Biodiversity

All woodlands, including 20™ century coniferous plantations, provide habitat for a
wide range of flora and fauna?*® but some woodland types are more significant than
others from a biodiversity perspective. Semi-natural broadleaved woodlands in Wales
comprise six of the interim Section 7 list habitats of principal importance and support
39% of interim Section 7 species of principal importance.

They also include seven habitats listed under Annex | of the EC Habitats Directive
1992. The overall conservation status of these seven woodland habitats is regarded
as unfavourable, although there is a trend of increasing favourable management with
local recovery in response to SSSI management agreements, National Nature
Reserve (NNR) management and a wide range of targeted restoration projects. The
percentage of both area and number of woodland features in SACs which are in
favourable condition has declined between 2002 and 201224°. The LIFE Natura 2000
Programme data shows that inappropriate or inadequate woodland management and
the negative effects of deer are having (or likely to have) an impact on 44 out of 123
different Natura 2000 habitat or species features (36%), on 47 out of 112 Natura
2000 sites across Wales (42%)2°.

Woodland processes work over very long time-scales, which means that favourable
condition status may not be achieved for a long time, even if appropriate
management is in place and condition improving. In relation to SSSIs, the rapid
assessment of SSSI features in 20032%° suggested that the condition of SSSI

www.naturalresourceswales.gov.uk Page 85



woodlands in Wales by site was 31% favourable and 69% unfavourable; of the
unfavourable sites for which there were data, 54% were classed as recovering.

Key to the value of woodlands for biodiversity is the management regime. Outside of
the WGWE, it is estimated that 147,000 ha of woodland in Wales (around 40%) is
under-managed or in no management at all: these woodlands are typically native,
mostly small and fragmented, and often on farms. In Wales there are nearly 22,000
woodlands identified as being smaller than 2 ha and a further 10,000 woodlands
between 2 ha and 10 ha?>!. In general a lack of management results in closed
canopy woodlands with little age-structure diversity, an under-developed shrub and
ground flora, and a lack of regeneration and fewer opportunities for biodiversity.
Inappropriate management includes overgrazing, which has a significant effect on
the ground flora of woodlands and on the regeneration of shrubs and trees. This can
be caused by wild deer and also domestic cattle and sheep. Established trees can
also be affected through fraying by deer and bark stripping by deer and sheep.

Habitat change, particularly fragmentation, is a significant pressure affecting the
condition of native woodland in Wales. The fragmentation of woodland habitat into
smaller isolated patches poses one of the key threats to forest biodiversity?®?, as it
reduces the total amount of habitat area (and particularly core habitat) and increases
patch isolation. Intensification of and changes in land uses surrounding woodland
patches may exacerbate the effects of isolation for many woodland species. Semi-
natural and extensive habitats are considered to be more conducive, or permeable,
to species movement, while intensive land uses are regarded as less permeable,
thereby reducing connectivity and effectively increasing ecological isolation. Many
forest species have evolved within a highly connected and extensive habitat, and
fragmentation has inevitably had a major impact on them. Without remedial
measures those with high habitat area requirements (e.g. pine marten Martes
martes) will become extinct rapidly, while wider biodiversity (e.g. ancient woodland
flora) exhibit a slow attrition. There are concerns that climate change may further
compound these effects.

The LIFE Natura 2000 programme thematic action plan for woodlands recognises
that the current fragmentation threatens woodland biodiversity on Natura 2000 sites
and recommends increasing the size and connectivity of woodlands through new
planting. As 40% of Wales’ woodlands are estimated to have little management, this
diversity is missing from a significant proportion of woodlands. Single species
plantations also lack the diversity of species and structure that increase the
biodiversity value and resilience of woodland.

Natural regeneration of native woodland is important for genetic health and local
adaptation. It is also useful for measuring the health of our non-native plantations to
ensure continuity of woodland conditions and the flow of benefits from woodland
ecosystems. Regeneration is negatively impacted by browsing and grazing pressures
from domesticated and wild animals. Wild deer are now more common and
widespread in Wales than at any time in recent history?%3, Management to reduce
their impacts is key to prevent population and range increases. Two deer species
present in Wales are non-native and have the potential to impact native biodiversity,
through hybridization (Sika deer Cervus nippon with native red deer Cervus elaphus)
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and different habitual behaviour (Reeves Muntjac deer Muntiacus reevesi are a
solitary species that easily adapt to different habitats).

Woodland condition and timber quality is highly affected by damage from grey
squirrel Sciurus carolinensis, an invasive non-native species (INNS) which is
widespread across Wales in both rural and urban situations. Grey squirrel bark
stripping behaviour often prevents trees reaching maturity, significantly reduces
timber quality, and provides entry pathways for pests and pathogens. Grey squirrels
can alter the species composition of woodlands through preferential damage to
particular species and prevent investment in management of quality broadleaf
stands. Rhododendron ponticum is well established in many woodlands in Wales and
impacts upon woodland condition reducing flora, fauna and regeneration potential
through shade and chemical changes to woodland soils?>*. It can prevent safe
woodland management without prior expensive removal. It is also a virulent
sporulating host of Phytophthora ramorum.

Productivity

At least 60% of the woodlands in Wales are actively managed, mainly for timber
production but also other management objectives including recreation, wildlife and
conservation. The most recent data indicate that the total GVA of the forestry sector
in Wales is £499.3 million?#2, This figure relates to forestry and logging, the
manufacture of wood and products of wood and cork, and the manufacture of paper
and paper products. Woodland condition is linked to timber quality and production
and therefore potential GVA. Timber production from the private sector in Wales has
gradually been increasing as planting over the past 50 years has reached productive
age (Table 16).

Table 16 Softwood timber production in Wales, by sector, 2005-14%°

- Public sector
Year

VVolume harvested (green tonnes)

2005 673 266 939
2006 612 326 938
2007 584 382 966
2008 556 333 889
2009 717 321 1,038
2010 644 429 1,073
2011 689 501 1,190
2012 663 611 1,274
2013 693 695 1,388
2014 722 739 1,461

The forecasted availability of softwood and hardwood timber in Wales to 2061, on the
WGWE and from woodland in other ownership, is presented in Chapter 3, section
3.9. There is forecasted to be a significant drop in softwood timber availability over
the next 30 years but this can be compensated for by smoothing out production
levels, bringing more woodland into management, and creating new woodland that is
capable of producing utilisable timber. Forecast data also show an increase in the
availability of hardwood timber presenting market development opportunities, though
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concerns remain over the quantity and quality of products that could eventually be
derived from this increasing resource.

Carbon sequestration

Woodland condition (and extent) is linked to carbon sequestration potential®>® (i.e.
carbon stocks held in woodland biomass, soils and wood products, plus the carbon
abatement opportunity due to product and fuel substitution). Carbon sequestration
from Welsh woodlands is estimated to be about 1,419,000 tonnes annually?4?

Forestry is predicted to remain a net sink for atmospheric carbon. Whilst the social
value of net carbon sequestration by Welsh woodlands is double the market value of
wood production per hectare?*®, carbon sequestration remains a largely non-market
benefit and there is little incentive for landowners and managers to increase provision
or maintain existing storage. Appropriate new woodland creation would have a
positive impact on total carbon stocks held by Welsh woodlands.

Tree health

Woodland condition has been heavily affected by increasing pressure from pests and
pathogens, with outbreaks of two quarantine diseases affecting tree species in Wales
(Phytophthora ramorum and Chalara fraxinea) since 2010 (Table 17). There are also
a small number of non-quarantine pests and diseases known to be affecting tree
species in Wales, such as a small outbreak of Phytophthora lateralis in South Wales

in 2012242,

Table 17 Current Tree Health Issues and Future Threats?®7: 258

Main current
concern

Established threats

Examples of emergent
threats to Protected Zone

Genera Phytophthora
(Greek for ‘plant
destroyer’) and its
impact on forest
ecosystems.

Red Band Needle Blight
(caused by the fungus
Dothistroma
septosporum) affecting
pines.

Status
Xylella fastidiosa is a
disease-causing bacterium
that affects a wide range of
important woody plants and
broadleaved trees.

Phytophthora
ramorum affecting
mainly larch Larix
decidua but also a
wide range of tree
and shrub species.

Acute Oak Decline (AOD)
affecting both of Britain's
native oak species
(currently isolated stands
in eastern Wales).

Asian & Citrus longhorn
beetles affecting deciduous
trees especially Acer spp.

Chalara fraxinea
affecting ash both in
woodland and the
wider environment.

Green spruce aphid
Elatobium abietinum
affecting spruces but
mainly Sitka spruce.

Oak processionary moth
Thaumetopoea processionea
already present in England.

Large pine weevil
Hylobius abietes affecting
newly planted trees.

Bark beetles Ips typographus,
Ips amitinus and Ips
duplicatus affecting spruce
especially with milder, wetter
winters.

Great spruce bark beetle
Dendroctonus micans

Gypsy moth Lymantria
dispar, a defoliator of
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Examples of emergent

Main current

Established threats threats to Protected Zone
concern

Status
affecting spruce. important woody plants and
Various Phytophthoras broadleaved trees.
including, P. lateralis, Chestnut blight Cryphonectria
P.cinnamomi, P parasitica affecting sweet
pseudosyringge chestnut Castanea sativa.

and P.cambivora
affecting a wide range of
plant species.

Phytophthora ramorum is the most significant tree disease to affect woodlands in
Wales in recent years. It has caused the widespread death of larch, a significant
timber-producing tree species, and is a potentially serious threat to other trees and
plants. The long-term prognosis for larch in Wales is of concern, particularly as tests
have shown that sporulation on infected European, Hybrid and Japanese larch far
exceeds other hosts such as rhododendron, sweet chestnut and bilberry Vaccinium
myrtillus. As at 25" November 2015, approximately 8,582ha of larch?® in Wales has
been found to be infected with Phytophthora ramorum (Table 18) and larch is no
longer used for restocking on the WGWE. The distribution of Phytophthora ramorum
in Wales is shown on Chapter 3, section 3.9.

Table 18 Area of woodland affected by Phytophthora ramorum, 2010 to 2015%%°

Sites taken under 2015 (to

Notice 2010 2011 2012 2013 2014 25/11/15) Total
Private Sites (ha) 18 65 356 903 249 271 1,862
Public Sites

(WGWE) (ha) 817 | 442 1,117 | 2,981 | 161 | 1,202 6,720
Total (cumulative) 835 1342 | 2,815 | 6,699 | 7,109 | 8,582 8,582

Chalara dieback of Ash was first confirmed in the UK in February 2012 when it

was found in a consignment of infected trees sent from a nursery in the Netherlands
to a nursery in Buckinghamshire, England. In October 2012 it was also found in the
wider environment in woodland in the east of England and South Wales. It is
potentially a very serious threat, having caused widespread damage to ash
populations in continental Europe, including estimated losses of 60-90% of
Denmark’s ash trees. There is no reason to believe that the consequences of its
entering the natural environment in Britain would be any less serious. Experience on
the continent indicates that it kills young ash trees very quickly, while older trees tend
to resist it for some time until prolonged exposure causes them to eventually
succumb. In 2015, the disease was located at 100 individual sites across Wales?°,
The disease is now clearly established and sporulating in the wider natural
environment across the country, albeit at low levels, and not restricted to new
planting sites as previously thought. The majority of new cases have been found in
roadside hedgerows and natural regeneration.
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CASE STUDY

The impact of tree disease on hedgerows

e The aggressive species of Dutch elm fungal disease emerged in Britain in the
late 1960s, imported on elm logs from Canada. By 2010 it was considered
some 60 million elm trees had been lost to the disease.

e Elm is still a common component within hedgerows, but it no longer grows to its
full height as regular new infections continue to occur.

e Chalara (ash die-back) is now a major environmental threat. Welsh hedgerows
contain a large proportion of ash, both in the shrub layer and as standard trees.
Loss of ash trees will create gaps in hedgerows as well as removing a
significant proportion of mature trees from the landscape. This is also likely to
have a major impact on the other species that depend on ash trees.

Trends

Trends in woodland extent, condition and state, where known, are summarised in Table 19.
Additional information about observed and predicted trends due to climate change are
summarised in

Table 20. Climate change has wide-ranging implications for woodlands in Wales, in
terms of the way they are managed, the suitability of different tree species, and the
benefits derived from them, but also in relation to Wales’ carbon footprint and the role
woodlands play in climate change mitigation and adaptation.

Table 19 Summary of trends in woodland condition and extent (adapted from?42)

Woodland Desired | Apparent

Comment
measure trend trend
Area of Rates of new woodland creation are low,
woodland in and very dependent on public funding. WG
Wales ™ ™ aspires to increase woodland cover to 20%

of Wales by 2030, but this is unlikely to be
achieved without significant intervention.
Diversification WG commitment to increase the

of woodlands diversification of Welsh woodlands to
improve woodland condition and resilience.
Diversification likely to be improving slowly,
0 - due to increased planting of broadleaves
relative to conifers. Genetic diversity
measure yet to be developed. National
Forest Inventory (NFI) Woodland Condition
survey data due 2016/17.

Sustainable Proxy indicator of woodland condition (area
woodland ™ ™ managed to UKFS)

management

Carbon Work is currently underway to calculate the
balance N - carbon balance for the WGWE.
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Woodland Desired | Apparent
Comment
measure trend trend

Extent of pests Risk of pests and diseases is likely to
and diseases > increase in the future due to predicted
(tree health) or N changes in weather patterns and climate.
N2 Diversification of woodlands is key to
improving resilience.
Condition of NFI reporting 2016/17 will provide more
. > o
native data on woodland condition across Wales
0 or e
woodland ~ but not necessarily significant below
country level.
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Table 20 Summary of observed and predicted trends in woodland extent and condition in Wales due to climate change (adapted from?52: 262, 263,

264, 265)

Observed changes to date

Predicated changes based on climate change projections

Impact on
forestry from
pests,
pathogens and
invasive
species.

Since the 1990s red-band needle blight

(caused by the fungus Dothistroma
septosporum) has become widespread in
Britain, mainly on Corsican pine Pinus
nigra, less so on other pines. This could be
due to increased rainfall in spring and
summer, coupled with the trend towards
warmer spring temperatures.

Increased risk from pests and diseases. Pest and disease
ecology will change with the climate; for example, more frequent
green spruce aphid attacks may reduce Sitka spruce growth in
west, east and south Wales. Milder winters will increase the size
of overwintering populations. Longer and warmer growing
seasons may increase the development rate of insects and, for
some, the number of generations per year. In addition, warmer
conditions and increased CO2 will encourage development of
more foliage for food — often shortening time to maturity.

Impact on tree
growth and
woodland
productivity

Woodland Ecological Change Network
sites — observing earlier flushing and lack
of pre-chilling of seed in warmer winters,
which is impacting on the ability to
germinate and the decline in pollinators in
spring.

There will be a change in tree species suitability. There could be
increased growth rates of some species, particularly in west
Wales where the climate becomes warmer and soil moisture
does not become restricting.

Soil moisture and increased occurrence of droughts will
increasingly become a limiting factor. This will affect a number of
species, including Sitka spruce in some areas.

The epidemiology of tree diseases will change. For example,
wetter and milder winters followed by droughty summers may
predispose Oak and other broadleaved species to root
pathogens such as Phytophthora cinnamomi.

A longer and warmer growing season is likely to lead to
increases in tree growth rates for some species, particularly in
cooler and wetter areas such as western Wales. However,
growth stimulation from higher CO2 concentrations are reduced
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Observed changes to date

Predicated changes based on climate change projections

when nutrients are limited, as occurs in a high proportion of
Welsh forests due to the large areas of peaty soils.

Impact on soils
from increased

Likely, but incomplete evidence. Presents
increased risk from forest management

More waterlogged soil conditions are likely to occur. Drought
stress will become more critical when winter waterlogging is

aridity and operations through unpredictability of followed by summer drought, making trees more susceptible to
changes in rainfall intensity and changes in pests and disease outbreaks. Some tree species are particularly
rainfall seasonality. unsuited to sites with seasonally fluctuating water tables from
patterns very wet to dry conditions, especially beech Fagus sylvatica and
Douglas fir Pseudotsuga menziesii.
Impact on In dry summers there is evidence of Extreme weather events such as storms and high winds and
forestry from increasing forest-fire frequency and an summer droughts and fires could become more frequent.
change in increase in the area of woodland damaged | Predicting future changes in storm tracks is highly uncertain.
frequency by forest fire. However, warmer autumns, with consequent later leaf loss, are
and/or likely to increase the risk of damage in deciduous species.
magnitude of The leafing date of oak has advanced by
extreme 2—-3 weeks since the 1950s in response to | Wind damage may also increase with higher levels of soil

weather and
wildfire events

increased temperatures and there is some
evidence that this is having a negative
impact on woodland flora, particularly
vernal species.

Wind damage to forests is a major problem
to forestry in UK and across Europe where
wind and snow storms cause

approximately half of all damage to forests.

Wildfire data has begun to be
systematically collected in Wales and land
management actions identified?64, Warmer
and drier springs have seen a vast

wetness, as waterlogging reduces rooting depth and
consequently tree stability.

Climate modelling suggests that fire risk will increase by 30-
40% in our three National Parks by the 2080s. Increased tree
mortality from droughts and from pests and diseases may in
turn increase wildfire risk through increased fuel availability.

The growing season is predicted to lengthen. Some species of
tree will have earlier bud-burst and later dormancy, giving more
frequent and prolonged late season (lammas) growth which may
reduce timber quality. In theory, earlier leafing will increase net
primary productivity through extending the growing season.
However, earlier leafing may have negative impacts on the wider
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Observed changes to date

increase in grass and forest fires before

fresh growth begins. In Spring 2015 there
were 513 deliberate fires in Rhondda
Cynon Taff, though wetter and cooler
conditions in Spring of 2016 shows a
markedly lower incidence.

Predicated changes based on climate change projections

woodland ecosystem through affecting the synchrony between

different trophic levels (for example, oak, winter moth caterpillar
Operophtera brumata and blue tit Cyanistes caeruleus), or
through reducing the amount of light available for characteristic
woodland ground flora specialists such as bluebell
Hyacinthoides non-scripta, wood anemone Anemone nemorosa
and sanicle Sanicula europaea.

Impacts on A repeat survey of 103 British woodlands Mammal numbers, including deer and grey squirrel, are likely to
woodland flora | (1970, 2001) detected a long-term decline | increase. Milder winters with fewer frost days will reduce winter
and fauna in woodland specialist richness. This is mortality, increase the recruitment of young, and increase
thought to be mainly due to the damage to trees through browsing and bark stripping.
deterioration of woodland quality and
reduced management, although changes The fragmentation of woodland and other habitats may be
in the timing of seasonal events (such as enhanced as species may need to move to find more suitable
earlier tree-leafing) may also have had climatic conditions. However, due to connectivity issues, some
adverse implications for ground flora and woodland species will have limited ability to move to new
other woodland species due to climatic spaces.
phenological mismatches
Impacts on There is some evidence of enhanced tree | Climate change may have direct impacts on the ability of soils
carbon biomass growth across Europe in recent and vegetation to sequester and store carbon. A longer growing
sequestration | decades, but this may be attributable to season and increased CO2 concentrations in the atmosphere

non-climate related factors (enhanced N
deposition; recovery from S deposition;
forest management changes)

could increase sequestration rates by trees, but expected future
changes in tree growth are subject to considerable uncertainty
as they will be influenced by a range of climate-related risks
such as drought, pests and pathogens, and wildfire.
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An overall increase in the area of woodlands is due to increases in the area of conifer
woodland, with no increases seen in the area of broadleaf woodland over the last 15
years. There was an increase in the amount of small (<0.5ha) broadleaf woodlands
across Wales (1984-2007) which has since stabilised with no recent increase from
2007 to 2015 (Figure 26)?%. Condition, as assessed using the number of Ancient
Woodland Indicator plant species, shows a recent improvement for broadleaf
woodlands although this appears very dynamic over time (Figure 26)2%6. An
increased canopy density, associated with reduced management levels, reduces the
light levels required by many species and may be limiting the expansion of some
species?®®. However, shade favours other groups of species. Modelling work for
some important woodland species indicates that management intending to ensure
improved condition and biodiversity of these habitats incurs a lag time of 1 to 2
decades for ground flora to respond to changes?®’. Evidence from the
BTO/IJNCC/RSPB Breeding Bird Survey®’ shows a recent rise in the Woodland Bird
Indicator. This is due to increases in several generalist and oak woodland-specialist
species?®8. It is unlikely to reflect the impact of increased coniferous woodland cover
in Wales but may reflect the increase in small broadleaf woodland areas.
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Figure 26 a) Ongoing trends in the extent of all large conifer and broadleaf woodlands (blue)
and small broadleaf woodlands (red). b) Ongoing trends in the extent of Welsh large (blue)
broadleaf and small (red) broadleaf woodlands. c) Ongoing trends in the condition of
broadleaf large (blue) and small (red) woodlands®.

€ The selection of Ancient Woodland Indicator species for Welsh woodlands is subject to an ongoing process of
consultation with NRW. Thus the composition of the list is likely to change in the future. Solid blue and red lines
indicate average value with 95% confidence limits indicated by the shaded blue or red areas whilst the dotted
line connects GMEP results to comparable historic survey data (Countryside Survey 1990 -2007)¢
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3.10. Freshwater

Freshwater habitats are here defined as inland running waters (rivers and streams),
and standing waters (lakes and ponds) above the tidal limit and with water which
would not be classified as saline. These habitats drain terrestrial catchments and are
closely associated with significant areas of wet terrestrial ecosystems such as
floodplain wetlands, wet woodland, reedbed and swamp. Water quality and flow in
freshwater habitats is therefore intimately connected with the condition of the
surrounding terrestrial habitats.

Extent

Rivers

This term refers to all water flowing in an identifiable channel for most of the year.
‘Rivers’ and ‘streams’ are regarded as a continuum within a catchment-level network.
Both longitudinal connectivity (ability to migrate up and downstream) and lateral
connectivity (maintenance of the natural flood cycle and connection to floodplain
habitats) are crucial to river ecology?%°. Naturally, most running waters flood during
wet periods, and the sustainable management of floodplains and flooding is an
important challenge for Wales.

Estimates of river length depend strongly on the scale of mapping and the definition
of a stream. The Water Framework Directive (WFD) dataset covers only the more
significant rivers and streams, and provides a structured estimate of Welsh river
length of 7,711 km, divided into 15 separate types (Table 21, Figure 27). However, a
more detailed estimate indicates that Wales has approximately 24,000 km of river
and stream?’°, with the difference mainly accounted for by small headwater streams
not mapped on the WFD dataset.

The WFD typology covers a range of different catchment altitudes, sizes and
geological types (Figure 27), which provide a spatially comprehensive overview of
the range of river types within Wales. Wales consists primarily of neutral to slightly
acidic catchments (5,100km / 66%), which are located mainly in the north and the
west. Calcareous catchments (2611 km / 34%) occur mainly in south-east and north-
east Wales. Organic (peaty) catchments are very rare (6 km / < 1%), though it is
probable that the WFD dataset underestimates the true extent of this river type.
These general patterns tend to be reflected by the biological communities, which
include aquatic plants, invertebrates and fish?71 272, 273.

The WFD typology does not capture all of the key aspects that contribute to river
biodiversity. Examples of these types of habitats include the headwater flushes
where rivers originate; geological features such as gorges and waterfalls;
groundwater influence; surrounding vegetation; and meandering, low-gradient
sections.
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Table 21 Length in km in Wales of different WFD river types as defined by the UK WFD
typology?’. Low altitude catchments have a mean altitude <200m; mid-altitude catchments
have a mean altitude of 200-800m. Dominant geology has been determined using GIS.

Dominant Catchment Size Mid Altitude Low Altitude
Geolo Catchment Catchment

Extra Small (<10km?) 42 248
Siliceous Small (10-100km?) 2623 1154
Medium (100-1000km?) 823 140
Large (1000-10,000km?) 10 54
Very Small 0 156
Calcareous Sma_II 1099 747
Medium 340 96
Large 175 0
Organic Small 6 0
Eg::gstzlv(rla(lz\slast:?wn - éc;tal\:leeod'j:m, m Mid, Small, Calcareous [ Mid, Medium, Siliceous

Framework Directive i ; i p
Low, Extra Small, Mid, Medium, Mid, Large, Siliceous
typology for rivers [ [ | | g
Siliceous Calcareous B Vid, Small, Organic
Low, Extra Small, [ Low, Small, Sili Mid. L cal ’ »Org
:ICalcareous ow, Small, Siliceous g Mid, Large, Calcareous River Network
Low, Medium,
o Small B siiceous Mid, Extra Small,
alcareous Siliceous

[ Low, Large, Siliceous
I Vid, Small, Siliceous

Figure 27 Rivers of Wales shown using the UK Water Framework Directive typology for

rivers.2
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The varied and relatively unmodified nature of Welsh rivers is reflected in the level of
protection they are provided?’>. Parts of nine major river systems (Wye, Usk, Tywi,
Cleddau, Teifi, Eden, Glaslyn, Gwyrfai and Dee) are designated as Special Areas of
Conservation (SAC) under the Habitats Directive, for both river habitat species and a
range of species including fish, invertebrates, otter and aquatic plants. The total
length of river SAC in Wales is about 1,550 km, with an emphasis on larger rivers.
Headwater streams receive less direct protection but may receive indirect protection
by virtue of being included within a terrestrial protected area.

All of these SACs are also protected as SSSI under the Wildlife and Countryside Act,
which can provide specific protection for some habitats and species not specifically
protected by the Habitats Directive.

Lakes

Standing waters are commonly divided into lakes and ponds, although it is generally
accepted that these represent a continuum. The Great Britain Lakes cut-off of 1 ha?7®
has been used as the dividing line between a ‘lake’ (1 ha or more) and a ‘pond’ (less
than 1 ha). Although this definition is unsatisfactory, it probably provides a
reasonable approximation of the distribution of the respective habitats at a strategic
level.

There are 558 lakes in Wales, totalling 8,143 ha?’’, with a mean area of 14.4 ha. It
was estimated?’’ that 185 of these, constituting more than half of the total resource
by area (4931 ha) were artificial and likely to be heavily impacted as ecosystems;
these also had a higher mean area (27.6 ha) compared to natural lakes (12.5 ha).
The total catchment area of lakes in Wales is 304,116 ha (14.7% of the land area of
Wales).

The distribution of lake types generally mirrors that for rivers (Figure 27) and is
reflected by different ecological communities at a British?’8 279 and regional scale?”.
The distribution and extent of Biodiversity Action Plan (BAP) lake types in Wales?"” is
shown in
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Table 22 and Figure 28. A significant proportion (185 / 4,931 ha) of Welsh lakes are
artificial in origin (e.g. constructed public water supply reservoirs, industrial lagoons,
quarry lakes). These are very variable in nature; some are heavily polluted and
potentially hazardous, whilst others function much like natural lakes and provide a
wider range of ecosystem services than their original purpose.

Most of the larger lakes in Wales are artificial or modified for public water supply. Of
27 lakes over 50 ha in area, 22 are artificial reservoirs.
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Table 22 Number and combined area of different Biodiversity Action Plan lake types in

Wales?"’,
Category N° of Lakes Area (ha)
Low alkalinity, clear 157 1392.2
Low alkalinity, peaty 15 52.4
Moderate alkalinity 21 618.2
High alkalinity, nutrient-poor 11 91.1
High alkalinity, nutrient-rich 33 799.9
Unknown Type 129 811.1
Unlikely to match a BAP Category | 185 4391.4
Destroyed 12 31.6

Distribution of Biodivéréity
Action Plan lake types in
Wales

Clear-water and low
alkalinity

Moderate alkalinity

Alkaline with low
nutrients (marl)
Alkaline with naturally
higher nutrients
(eutrophic).

@ Peaty - ¢

Figure 28 Distribution of Biodiversity Action Plan lake types in Wales?"’.

Ponds

There is no comprehensive inventory of ponds in Wales, and it is unlikely that one
will be developed because of the relatively high turnover of this habitat due to natural
succession. The most comprehensive and recent review of pond status in Wales?&
identified important areas for ponds based on a series of criteria linked to the
presence of rare species and/or assemblages indicating good condition, but the
review also highlighted significant data gaps. Using a pond definition of 1 m?-2 ha, it
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was estimated?®® that there were about 36,000 ponds in Wales based on multiplying
mean pond density for the UK by the land area of Wales. By contrast, a smaller
number of 27,600 was estimated using extrapolated Countryside Survey (CS) data
and the CS definition of a pond (25 m?-2 ha)?®1.However, at least some of the
difference between these estimates may be accounted for by the difference in size
categories used.

There is no accurate estimate of the total area of ponds in Wales. The data from
CS?8L suggest a total area of about 5,000 ha, with lower and upper 95% confidence
intervals of 1,349 and 7,504 ha respectively. Unlike lakes and rivers, there is no
systematic typology for ponds although certain pond types are either specifically or
incidentally protected.

Groundwaters

Groundwater is the water stored in soil and rocks. It provides base flow to springs,
rivers and wetlands and supplies up to 10% of drinking water in Wales. In rural areas,
groundwater may be the only viable water source for isolated properties.
Approximately 80,000 people in Wales rely on these private water supplies.

The geology of Wales is such that there is relatively little natural storage of water in
aquifers to support and maintain river flow in drier periods.

Wetlands
Wales has a rich and varied terrestrial lowland wetland resource which includes most
of the main ecological types found in north-west Europe?®2.

Lowland raised bogs occur widely throughout Wales, with over 40 sites recognised to
date and other sites awaiting confirmation through survey?83. They are of high
conservation value: 28 are included within SSSI designations, 12 make up part of a
Natura 2000 site, and three are designated as Natura 2000 sites in their own right
(namely Cors Caron, Cors Fochno and Fenns’ & Whixall Mosses).

In total there are around 6,200 ha?®? of lowland fen and swamp (including reedbeds)
within Wales. Sites are generally less than 5 ha in extent and, though many of the
larger systems are included within SSSIs, very many sites remain without any form of
designation. This category includes examples of fens in basins, floodplains and
valleys (topogenous fen) as well as examples on hillslopes fed by lateral water
movements (soligenous fens, including flushes and springs).

Inland floodplains extend over a total area of 38,248 ha in Wales, with coastal
floodplains contributing another 25,292 ha. Collectively these areas constitute an
important component of the coastal & floodplain grazing marsh Section 7 habitat,
although in reality this is an amalgam of two distinct landscape types supporting
multiple habitats?®*. There are 258 coastal and inland floodplains associated with 87
river systems in Wales; over 60% of their total area is concentrated within just 10
river systems, with the Severn (13,500 ha), Dee (4,700 ha), Elwy (3,800 ha), Tywi
(3,600 ha), Teifi (3,200 ha) and Dyfi (3,100 ha) representing the top six ranked rivers
in terms of total floodplain extent. Only a further nine rivers support a floodplain
extent of more than 1,000 ha and the vast majority (72 rivers) support substantially
less, with a median area of just 124 ha dispersed over a mean of 3.02 floodplain sites
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per river (minimum 1, maximum 14 for the rivers Conwy and Wye) with a median
area of 124 ha. These figures confirm that extensive areas of floodplain are generally
scarce in Wales.

Condition

The WFD requires us to define and assess the ecological, chemical and overall
status of surface and ground water bodies, including rivers, canals, lakes, estuaries,
and coastal waters. A broad suite of biological, physical and chemical elements are
monitored and assessed against standards to produce an ecological, chemical and
overall status for each water body. For groundwater, quantitative rather than
ecological status is assessed, and dependent wetlands form part of the overall
assessment. The overall status (2015) for river lake and groundwater bodies is
shown in Table 23.

Table 23 Wales summary of overall status assessments in the second cycle for rivers (not
including canals & surface water transfers), lakes and groundwaters (numbers of water
bodies).

| High | Good | Moderate | Poor | Bad |
55 3

Rivers 0 285 374
Lakes 1 17 96 9 1
Groundwaters NA 22 NA 16 NA

The most common failing elements are:

o in rivers - fish, phosphorus and metals
o in lakes - invertebrates and phosphorus
o in groundwaters - metals

As part of the implementation of WFD a programme of investigations has been
targeted at water bodies failing their objectives, in order to identify the main
pressures and develop solutions. This information is summarised in the updated
River Basin Management Plans, and the number of water bodies impacted by the top
five issues is shown in Figure 29.

www.naturalresourceswales.gov.uk Page 102



Physical modifications

Pollution from rural areas

Pollution from sewage and waste water

Pollution from towns, cities and transport

Pollution from mines

=]

50 100 150 200 250

Number of water bodies Source: MRV

Figure 29 The five main reasons for not achieving good status in Wales. A water body can
have more than one reason?®.

A majority of the lowland wetland features most closely associated with peat (namely
topogenous fen and lowland raised bog) are unfavourable: insufficient grazing,
diffuse water pollution and drainage issues are the main causal factors identified in
NRW’s actions database. The overall UK assessment of conservation status for all
seven Habitats and Species Directive Annex | habitats associated with lowland
wetlands in Wales was judged as bad, with modest declines in extent for all except
calcareous fen.

Trends

Rivers

Prior to 2009 and the implementation of the new standards and methods for the
WFD, rivers were classified according to the General Quality Assessment (GQA) for
chemistry and biology.

The overall classifications for these are shown in Figure 30, Figure 31 and Figure 32.

They show a general improvement in the achievement of the higher classes of quality
over the period 1990 to 2010 when the assessment was last reported.
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Figure 30 General Quality Assessment of river chemistry 1990 to 2010
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Figure 31 General Quality Assessment of river biology 1990 to 2010
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Figure 32 General Quality Assessment of phosphate in rivers 1990 to 2010

Streams (first or second Strahler Order flowing water bodies within 2.5 km of their
source) and ponds (standing water bodies between 1m? and 2 ha in area, that hold
water for at least 4 months of the year) are not assessed under the WFD but are
designated as priority habitats due to their importance for biodiversity, and they have
high value to many people due to their local context. Analysis of long-term data has
identified a general ongoing improvement in the quality of Welsh streams since 1990,
based on an assessment of macroinvertebrate communities (NRW/GMEP

2016)286, Overall, nearly 80% of streams are in good or high condition, with
approximately 6% deemed in poor or bad ecological condition (Figure 33 a). Of these
streams, nearly 47% were pristine or predominantly unmodified by anthropogenic
activity while approximately 34% showed significant or severe modifications (Figure
33 b). In contrast, only 16% of ponds sampled were judged to be in good ecological
condition, with 34% in poor or very poor condition (Figure 33 c).
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Figure 33 Ecological quality of freshwater priority habitats in GMEP survey years 1-3. Figures
indicate a) stream ecological condition based on macroinvertebrate communities, b) stream
habitat modification classes and c) pond ecological condition. N.B. the classification of stream
and pond ecological condition have different classes and numbers of classes and are not
comparable. Numbers indicate numbers of features assessed. Source: GMEP 201625

Acidification

International action to reduce sulphur and nitrogen emissions since the 1980s has
significantly reduced the source of acid deposition and the environment has shown a
response. Long-term data on acidification from the Upland Waters Monitoring
Network show that Welsh freshwaters in acid-sensitive areas are continuing to
recover from acid rain damage.
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CASE STUDY
Trends in acidification
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Figure 34 Acid Neutralising Capacity (ANC) status of the long-term Upland Waters
Monitoring Network (UWMN) lake sites. The green line represents the Good / Moderate
boundary and the blue line the High / Good boundary using current WFD standards?®®’.

Acid Neutralising Capacity (ANC) represents the ability of the water body to buffer
against acid events and is considered a good measure of acidification. ANC has
tripled in the un-forested catchment of Llyn Llagi since 1988 and the site has
improved, going from moderate status to good status in terms of the WFD. The
lake is likely to reach high status within the next 10-20 years based on current
rates of improvement. Llyn Cwm Mynach, a forested catchment, has also
improved although recovery has been slower. Other sites, both forested and un-
forested, have shown improvements in acid status since 1991, with Afon Hafren
and Afon Gwy going from poor to moderate status and, in the last 10 years, close
to good status. There have also been significant increases in biodiversity in these
systems for both invertebrates and diatoms?28. However, fish populations have not
yet shown a recovery, which suggests improvement is still needed.

Additional action, including following the forestry practice guide?®® for managing
acidified catchments, aims to further improve the ecological quality of affected
catchments by introducing forest management practices less likely to exacerbate
acid deposition, and habitat improvements which increase ecological resilience.
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Wetlands

Our lowland wetland resource reflects the long history of human land-use in Wales,
with extensive habitat loss right up until the last decades of the 20™ century. For
example, the original extent of lowland raised bog in Wales may have been as much
as 4,000 ha, more than twice the current resource?®®, with loss resulting from
drainage, peat cutting and agricultural reclamation. More recently, it is estimated that
72% of base-rich mire and 95% of bog and acidic fen were lost between 1920-22 and
1987-88 from the western part of the LIyn Peninsula?®'. Habitat losses have lessened
greatly since the turn of the 215t century, largely reflecting the success of agri-
environment measures, the Environmental Impact Assessment regulations, SSSI
designation and greater public awareness.
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3.11. Urban Environments

The rural/urban definition used in this report is based on the methodology introduced
in 2004 by the Welsh Government, The Countryside Agency, DEFRA, Office of the
Deputy Prime Minister and the Office for National Statistics?°2.

New legislation in Wales gives us the opportunity to develop inclusive and explicit
policies for the urban environment, with the core objectives of environmental
sustainability and improved health and well-being. This approach was recommended
by The Royal Commission on Environmental Pollution in its 2007 Urban Environment
paper?%,

Extent

Although Wales is a predominantly rural country (11.2% of the land area is classified
as urban), 2.4 million people — 80% of its population — lives in towns and cities.
Action to promote the wide-ranging contribution of ecosystem services and to
mitigate the adverse impact of people on natural resources is therefore essential. Our
towns and cities are where most people derive their direct benefits from natural
resources (air, soundscapes, green infrastructure and wildlife) most of the time.

Green Infrastructure ‘Green infrastructure’ describes and includes all green and
blue spaces in and around our towns and cities. The term allows us to refer to all of
these spaces at once and consider their collective value. Component elements
include parks, private gardens, agricultural fields, hedges, trees, woodland, green
roofs, green walls, canals, rivers and ponds. The term covers all land containing
these features, regardless of ownership, condition or size.

In 2013, urban tree canopy in Wales was 16.4% — mid range in world rankings, and

covering 14,145 ha. High cover in the South Wales Valley towns contrasts with low

levels of canopy in coastal communities?®. Tree cover in deprived areas tends to be
lower and relatively less rich in amenity trees.

In 2013, 22% of the urban environment was formal and informal open space?®4.
644,257 ha of potentially accessible urban green space has been mapped by NRW
using its Toolkit methodology?°®. This figure is likely to be revised downwards as its
actual accessibility is verified by site surveys.

In 2013, private gardens accounted for a sizeable 35% of all urban land.
Characteristically the majority of gardens are found in low-density residential areas
rather than in areas of deprivation?®*.

The era of heavy industry and large scale extractive industry in Wales led to the
creation of large areas of ‘open mosaic habitats’>®® — now UK Priority habitats. As a
unique category of urban open space these are a critically important resource for rare
and threatened plants and animals which are becoming increasingly scarce in the
wider countryside.

Many towns owe their location to the presence of water resources, to rivers in
particular. A riparian network typically radiates throughout an urban area but
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urbanisation and industrialisation has often seen society turning its back on rivers,
with sections of tributaries culverted. Although not necessarily widely distributed
through towns, they are however important components of urban blue infrastructure,
acting as attractive focal points for people and enhancing urban biodiversity. Whilst
superficially natural in appearance, they have often been artificially created.

The very nature of the urban fabric has seen the construction of both linear and
bodies of engineered and designed water. All offer qualities that natural water
features offer but are quite site specific e.g. peri-urban reservoirs or civic centre
fountains and cascades. Drainage channels and culverts form a ubiquitous network
across towns, discharging surface run-off and ‘grey’ water.

There is a gradually increasing number of constructed wetlands, water features, and
water-permeable surfaces (e.g. swales, infiltration basins etc.) which mimic natural
drainage systems as a solution to flooding and pollution. Whilst mandated by the
Flood and Water Management Act 2010, Sustainable Drainage (SuDS) techniques
are not yet widespread, but have the potential to form a key component of urban
green infrastructure.

Grey Infrastructure — the built environment & hard surfaces

It is important to recognise that the built form is the dominant feature of urban areas.
Planners since the 19" century have recognised the importance of retaining and
creating formal parks and establishing tree-lined avenues. Pressures of development
have resulted in reduced areas of green infrastructure to the extent that many parts
of Wales’ towns, often the less-advantaged areas, are under-provided for in terms of
accessible green space?¥’.

Roads, from neighbourhood cul-de-sacs, streets, and highways to major trunk routes,
make up 16% of all towns?°4. Tree canopy cover only accounts for 9% of transport
routes?®*. The Active Travel (Wales) Act 2013 legislates for the provision of routes
designed for cycling and walking. ‘Natural’ components along transport corridors
have traditionally been grass verges and limited tree-lined avenues in leafy suburbs,
with more recent ‘structure planting’ alongside major new by-passes.

Above- and below-ground service runs are essential components of an effective
functioning town. The extent of underground services and continuing pressures for
additional trunking and cabling place a huge challenge on establishing new trees and
maintaining existing ones. NRW’s Tree Cover in Wales’ Towns and Cities?%* study
highlights an under-provision of trees in those densely populated Communities First
cluster areas where the hard landscape and service constraints impose challenges to
establishing trees successfully.

The very nature of the urban environment implies that significant areas are
impervious, providing both environmental and costly challenges to removing surface
run-off and pollution.

Buildings, roads and other artificial surfaces areas absorb heat better than vegetation
and water, leading to urban areas becoming hotter than their rural surroundings and

creating the Urban Heat Islands?®8effect. During heatwaves, night time temperatures
in towns and cities remain high due to this effect, making it hard for people to recover
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from heat-stress suffered during the day, and deaths increase in vulnerable groups
such as the sick and elderly?®. Increasing the extent of water and vegetation in
urban areas, and structuring them to give a more even distribution of green
infrastructure can reduce the intensity of urban heat islands. A study in Manchester
estimated that a 10% increase in vegetated surfaces could ensure the city suffered
no more deadly ‘hot nights’ under the worst-case climate change scenario for 2080
than it currently suffers3,

Condition
Green Infrastructure

Woodlands and Trees

Increasing tree loss in towns is due to: an ageing population of trees (leading to an
increased number of trees that are dying and dangerous); disease; demands for new
building development,; work to the utility infrastructure; a poor understanding of
integrating new trees into the built environment (green infrastructure); and not putting
into practice the ‘right tree, right place’ approach3°.

CASE STUDY

Coed Aber — Creating a tree-lined gateway to Aberystwyth

During 2013-2015 partners Greener Aberystwyth Group, Ceredigion County
Council and Natural Resources Wales seized the opportunity to transform this
major approach road into town where two decades of mixed development had not
included any associated green infrastructure. Welsh Government’s Regeneration
Area funding and Council match-funding enabled a £375,000 tree planting
programme to be undertaken. The initial vision from the feasibility study culminated
in a mile-long mix of 280 semi-mature specimen trees being planted. Species
choice was based on ‘right tree, right place’, diversity and the need for future
resilience, and balancing informal groupings with more formal avenue trees. With
the huge pressures facing so many existing urban trees, Coed Aber demonstrates
an excellent example of investing for the future to enhance Aberystwyth’s image
and economic prospects, as well as offering health and well-being benefits to
inhabitants and visitors alike.

160 out of 220 towns (73%) showed an overall decline in canopy cover between
2000 and 2013, with 7,000 large amenity trees (those offering the greatest
ecosystem services) lost between 2006 and 2013294 (Table 24). These figures need
to be verified, but the loss is possibly due to increasing development pressure, loss
of skilled staff and management resources, trees planted by the Victorians coming to
the end of their lives, and low levels of replanting?®*.
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Table 24 Canopy cover & amenity tree loss 2006-2013: “Top 10’ urban areas

Urban Area

County

Caredigion (1,090ha)
Cardiff (8,552ha)
Monmouthshire (1,875ha)
Gwynnedd (2,306ha)
Bridgend (4,437ha)

Powys (2,461ha)

Flintshire (4,840ha)
Carmarthenshire (5,045ha)
Conwy (3,502ha)
Pembrokeshire (2,664ha)
Vale of Glamorgan (3,609ha)
Anglesey (1,199ha)

Denbighshire (2,610ha)

0.0%

1 Colwyn Bay Conwy 1,100 24.6 -750

2 Rhondda Fawr | Rhondda Cynon Taf 1,538 23.6 -31,329
3 Flint Flintshire 394 10.1 -5,110
4 Caergwrie Flintshire 239 9.1 -1,496
5 Porthcawl Bridgend 541 8.5 -2,598
6 Port Talbot Neath Port Talbot 2,301 8.4 +9,895
7 Gresford Wrexham 192 6.6 -5,395
8 Monmouth Monmouthshire 379 6.1 +9,523
9 Ruthin Denbighshire 247 57 -4,304
10 Llangollen Denbighshire 152 5.3 -3,365

Key 0%-5% | 5.1%-10% 10.1% -15% | 15.1% - 20% @ 20.1% - 25%

National Average

15.7%

15.4%

15.0%

15.0%

15.0%

14.5%

14.5%

14.4%

13.8%

13.5%

12.3%

11.8%

11.7%

5.0% 10.0%

15.0%

Source: NRW

20.0% 25.0%

Figure 35 County Canopy Cover 2013 — below the 16.4% national average
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National Average

Torfaen (2,997ha)

Blanau Gwent (2,737ha)

Merthyr Tydfil (2,084ha)

Caerphilly (5,538ha)

Rhondda Cynon Taf (6,548ha)

Newport (4,952ha) Source: NRW

Swansea (7,638ha)

Wrexham (3,791ha)

0.0% 5.0% 10.0% 15.0% 20.0% 25.0%
Figure 36 County Canopy Cover 2013 — above the 16.4% national average

Table 25 Canopy cover comparison: ‘Top 10’ and ‘Bottom 10’ Towns 2013

Percentage Towns Percentage

FErS T (fE 210 Cover 2013 | (Bottom 10) | Cover 2013
1 | Trimsaran
2 | Treharris
3 | Caergwrie
4 | Glanaman
5 | Aberbeeg / Llanhilleth Rhyl
6 | Abertillery Saltney
7 | Dolgellau Porthcawl
8 Pontardawe (& Swansea Valley) Abertysswg
9 Town / Kinmel
Llangollen Bay
10 | Llay Rhoose
Key 09%=8% 5.1%-10% 10.1%-15% | 151%-20% @ 20.1%-25% |>25.1% \.

i-Tree Eco studies in Wrexham County Borough Council3%?, the Tawe catchment3%3
and Bridgend County Borough Council®*** show that the urban forest here:
e captures 6,409 tonnes of carbon from the atmosphere annually — worth £1.42
million
e stores 222,000 tonnes of carbon — worth £50 million.
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CASE STUDY

Wrexham County Borough Council: Tree Strategy and i-Tree Eco Stud

In 2013, Natural Resources Wales, Forest Research and Wrexham County
Borough Council (CBC) piloted the first study in Wales to find the true value of
urban trees®%2. The study found that Wrexham'’s trees save the local economy
more than £1.2 million every year by:
e intercepting 27 million litres of rainfall before it enters the drainage system,
equivalent of saving £460,000 in sewerage charges;
e absorbing 1,329 tonnes of carbon dioxide from the atmosphere;
e improving people’s health by removing 60 tonnes of air pollution, saving
health services £700,000.

Oak disease and ash die-back puts 11% of Wrexham’s trees at risk. Just three
species account for 42% of Wrexham’s trees, and 10 species form 70% of the total
population. Greater diversity of trees is needed to reduce the risk of pests and
diseases. A wholesale loss of Wrexham'’s trees would cost around £900 million.
Study results have been used in the new Wrexham CBC Tree & Woodland
Strategy and woven into the updated Local Development Plan.

The studies also indicate that overall the urban forest age-class distribution is
deficient in the larger-girthed trees that are the most beneficial to society, that
species diversity could be improved upon, but that tree condition is good to excellent.

Natural greenspace, parks and playing fields

Well-managed, high quality parks and green spaces are critical elements of
accessible natural green space because they are, by definition, managed for human
enjoyment, and they have been proven to deliver multiple well-being benefits to
people3%. The Green Flag Award recognises and rewards the best parks and green
spaces in the country as well as driving up quality and standards. A wide variety of
green spaces are eligible to apply, from small urban parks to huge country

parks, university campuses, housing estates and even cemeteries. There is also the
Green Flag Community Award for community-managed spaces such as allotments,
woodlands, local nature reserves and community gardens. 69 Local Authority
managed and 41 community-managed public green spaces, in 19 local authority
areas, won Green Flag Awards in 2015-16 (Figure 37).
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Wrexham
Vale of Glamorgan
Torfaen
Cardiff
Rhondda Cynon Taf
Pembrokshire
Merthyr Tydfil
Newport
Neath Port Talbot
Monmouthshire
Merthyr Tydfil
Gwynedd
Denbighshire
Flintshire
Coychurch
Conwy
Swansea
Ceredigion
Carmarthenshire
Cardiff
Caerphilly
Bridgend
Blaenau Gwent
Anglesey

Aberystwyth

E Green Flag
B Green Flag Community

Local Authority Area

o

5 10 15
Number of Sites

Source: Keep Wales Tidy

Figure 37 Green Flag Awards 2015-16

Residential gardens

Data in Cardiff show that 23% of the urban area is composed of gardens and that
25% of that is front gardens. If the trend to pave over front gardens for parking
increased to 100% in Cardiff, it would result in a loss of permeable surfaces
equivalent to 5% of the total area of the city3°6. Gardens provide a significant habitat
for wildlife and they accommodate native species of plants and animals as well as
introduced species®’. Research has now shown the great benefit provided to native
invertebrates in particular, by non-native plant species in domestic gardens3°®.

Natural water courses and engineered water features

Water quality and freshwater habitats are addressed in section 3.10. The
improvement in water quality since the 1970s has been a remarkable success story,
from a virtually lifeless ecosystem to a healthy but gradual re-colonisation of aquatic
flora and fauna into this urban resource.

Every 5% increase in tree cover reduces water run-off by 2%3%. i-Tree Eco studies in
Bridgend?°3, the Tawe Catchment3?* and Wrexham3°? showed that urban woodlands
and trees in those areas intercept 654 million litres of rainfall — saving £0.95 million
each year in sewerage charges.
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Grey Infrastructure — built environment & hard surfaces

Urban ‘heat island’

Areas in Wales patrticularly at risk from the Urban Heat Island effect include Cardiff
and Wrexham, and populations with restricted abilities to cope exist in Cardiff,
Newport, Swansea and Rhondda Cynon Taf310,

Pollution

Air quality

80% of Wales’ population (predominantly in urban areas) is subjected to levels of
atmospheric pollution as highlighted in Chapter 1. In the UK, two air pollutants (PMios
and PMzss and nitrogen dioxide) contribute to the early deaths of 40,000-50,000
peopled!l. Primary sources emanate from transport corridors and industry. Trees and
vegetation, with the right species in the right location, can play an important role in
removing airborne pollution3*?, i-Tree Eco studies in Bridgend3°3, the Tawe
Catchment3%4 and Wrexham?32 showed that urban woodlands and trees in those
areas remove 258 tonnes of pollution each year, saving the NHS £1.55 million (by
reducing asthma and heart disease). Children living in areas with more street trees
have a lower prevalence of asthma313,

Trends
Green infrastructure

Woodlands and Trees

Significant canopy cover losses have been reported between 2009 and 2013 (Table
24). Setting canopy cover goals would move Wales’ average towards the European
20-30% average.

i-Tree Eco studies in Bridgend3%3, the Tawe Catchment®** and Wrexham?3°2 showed
that replacing these urban forests, if based on visual amenity calculations, is
estimated to be £2.4 billion. A diversity of species throughout urban areas is critical in
building resilience to climate change.

Trees are also under threat from:
e Chalara dieback of ash, which will probably affect over 10% of Bridgend
County Borough’s tree population;
e Phytophthera of alder, already present in South Wales, which could affect
15% of Tawe’s trees;
e Asian longhorn beetle, which, if it arrives on these shores, would cause
devastating tree loss of 40-65%.

Natural green space, parks and fields

The quality of parks and publicly accessible green space in urban areas saw a steep
decline during the 20" century3!4. As a result of the work done by the Urban Green
Spaces Task Force, a mini-renaissance in park management happened and park
quality began to increase, as shown by the increase in the numbers of parks entered
for and winning Green Flag Awards.
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Residential gardens

Despite development pressure encroaching onto gardens, this asset will remain a
major ‘green’ contributor to the urban scene. Trends in gardening and car parking
demands are resulting in a more maintenance-free approach, with soil as a garden
medium being replaced by hard core and paving. Evidence from London showed a
12% decline in the unsealed surface area of gardens between 1998 and 20083, If
this trend continues increased amounts of storm-water run-off from gardens can be
expected, with an increased flood risk as a result. A detrimental effect on pollinators
and other invertebrates can also be expected, as food resources for adult
invertebrates are reduced.

Brownfield sites — Open Mosaic Habitats on Previously Developed Land

Many of these sites were created by the wide-scale closure of coal mines and the
demolition of derelict metal works in the last decades of the 20" century.
Redevelopment of this land, can cause the loss of unique habitats. A programme of
re-profiling and stabilising coal tips has removed naturally developed vegetation and
replaced it with trees and sown grass3'¢. Some sites, such as Parc Slip, an opencast
coal mine, have been acquired and restored for nature conservation management.

Natural water courses —rivers and streams

Since the late 1960s town planners and environment agencies have increasingly
realised peoples’ innate attraction to water and have been reversing the fortunes of
rivers in terms of water quality, and restoring freshwater habitats by creating
recreational corridors and placemaking for residential and business development.

Natural water bodies — lakes, ponds, and wetlands

The major trend envisaged will be the embedding of sustainable urban drainage
(SuDS) practices across new development as per interim WG guidelines and
pending legislation. Swales, ponds and wetlands will be an integral part of the SuDS
approach, e.g. DWwr Cymru / Welsh Water’'s (DC/WW) Llanelli Rainscape pilot.

Engineered water features — canals, reservoirs, fountains and drainage
channels

Drainage solutions will again be aligned to the SuDS approach, to address excess
surface water entering foul systems. NRW is currently in partnership with the City and
County of Cardiff and DC/WW, implementing the Greener Grangetown pilot where
interconnected rain gardens are at the forefront of the re-designed streetscape.

The City of Cardiff Council and Dwr Cymru/Welsh Water are investing in Greener
Grangetown, an innovative scheme to better manage rainwater in the community.
Using innovative techniques, and creating a number of community-focused green
streets which feature ‘pocket parks’, this scheme will catch, clean and divert
rainwater directly into the River Taff instead of pumping it over 6 miles through the
Vale of Glamorgan to the sea. The work will help to make Grangetown a greener,
cleaner place to live and will significantly reduce the surface water run-off from the
area, and pumping and energy cost overheads.

www.naturalresourceswales.gov.uk Page 117



Grey Infrastructure — built environment & hard surfaces

Buildings

Some of the most significant landscape changes recorded over the last 10 years
have been the expansion of the built environment into the agricultural landscape, in
particular residential and industrial expansion. Despite an apparently hostile growing
environment, new-build and retro-fits are building in roof gardens and green walls as
a means to ameliorate the urban environment and contribute to Sustainable Urban
Drainage

Transport routes

Investment in modes of transport has traditionally been significant and it is essential
that grey infrastructure taps into this resource in addressing key issues of pollution
and creating safe and attractive travel routes, e.g. Greater Bristol’s Bus Network,
Swansea’s Oystermouth Road ‘boulevard’ and Aberystwyth’s Coed Aber. The
emerging Cardiff City Region ‘metro network’ offers an exemplar opportunity.

Utilities

Dialogue is in progress across the engineering professions and the Tree and Design
Action Group (TDAG) to offer best practice in sharing precious underground space,
especially alongside streets and civic spaces, to accommodate both sustainable
growing environments and combined service ducts.

Impermeable surfaces

SuDS guidance and pending legislation will help to bring about permeable paved
solutions to allow surface water infiltration at source. If the Flood and Water
Management Act 2010 is fully enacted and statutory standards for SuDS are
enforced, then we can expect to see more SuDS in urban areas, with a consequent
beneficial impact on biodiversity, a decrease in flooding, and even the potential for an
increase in human mental well-being through increased contact with green spaces.

Urban ‘heat island’

Increasing numbers of heatwaves are predicted as climate change continues and
therefore an increasing number of dangerous ‘hot nights’ can be expected in the
future. If vulnerable populations in Wales are not served by appropriately located and
properly managed green infrastructure assets, then excess deaths can be expected
in those populations during heat island events310.

Pollution
Air quality — see Section 3.2

Noise

In 2012, Public Health Wales and local authorities in Wales reviewed complaints of
annoyance arising from noise exposures from a variety of different sources, covering
a 5-year period (2005-10). There were increases over the study period in four local
authority areas. Strong associations were observed in analyses of noise-related
complaint rates and deprivation status, where rates increased with rising levels of
deprivation. The Welsh Government’s Noise Action Plan for Wales 2013-18 includes
environmental noise action plans required by the Environmental Noise (Wales)
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Regulations 2006, together with information on Wales-wide policies relating to those
forms of noise not covered by the Regulations, such as neighbourhood noise.
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3.12. Coastal margins
Extent

The Welsh coastline extends over 2,740 km and the coastal margin habitats are
primarily composed of sand dunes (8,101 ha), saltmarsh (7,345 ha) and sea cliffs
(3,838 ha)3'’. Vegetated shingle (110 ha) and coastal lagoons (83 ha) comprise a far
smaller proportion of coastal margin habitats3!® (see Chapter 3, section 3.12). Over
75% of the mapped sand dune and saltmarsh habitats are designated as SSSIs. In
contrast, only 56% of sea cliffs and 50% of shingle are designated.

Coastal margins are naturally dynamic, experiencing erosion, accretion, longshore
drift, storms, exposure to salt spray, and seasonal and tidal effects. Some coastal
margin vegetation communities are ephemeral, such as shingle and strandline
vegetation. The often extreme environments of the coast give rise to habitats
characterised by specialist plant and animal species®'®. Saltmarshes are prevalent
around the Welsh coastline3° and are an important component of our natural coastal
defences with up to 50% of wave energy attenuated in the first 10 to 20m of
vegetated saltmarsh3'’, and wave heights reduced by up to 20% through wave
attenuation®?!, Coastal lagoons are expanses of shallow coastal water that are wholly
or partially separated from the sea3'°. Though relatively uncommon in the UK and
Europe, there are 13 coastal lagoons in Wales.

In general there has been a long-term (from 1900 depending on data source) decline
in extent of coastal margin habitats in Wales, coupled with fragmentation as a result
of a number of drivers including land claim for agriculture, forestry and
development3!7:322, However, saltmarshes in Wales have increased in some
estuaries such as the Dee, which means that net change in extent since 1945 is
uncertain3?2,

Condition

The Article 17 3rd round Wales reports®!8 give the most up-to-date condition figures
for coastal margin habitats (Chapter 3, section 3.12). These reports identify the
factors affecting coastal margin habitats in Wales, which include both under- and
overgrazing, agricultural intensification, airborne pollutants such as nitrogen
deposition, invasive species, recreational activities, afforestation and coastal
defences.

Assessments of the sand dune, coastal grassland and coastal heathland
components of the sea cliff and shingle SSSIs found they were predominantly in
unfavourable condition3?3. Saltmarsh was predominantly in favourable condition and
the vertical sea cliffs were wholly in favourable condition323. Furthermore, with the
exception of the vertical cliffs, all coastal margin habitat SSSI features were in
decline3?3,

The most frequently reported factor contributing to unfavourable condition for SSSI

coastal margin habitats is undergrazing. Conversely, overgrazing is the most
reported factor for saltmarsh323,
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Opportunities for the restoration of coastal margin habitats exist, such as sand dune
rejuvenation (see case study), managed coastal realignment, and landscape-scale
habitat management projects.

Figure 38 Sand dune rejuvenation work at Merthyr Mawr (South Wales)

Habitat stabilisation has reduced the intrinsic geomorphological interest of Welsh
sand dunes and poses a threat to the nature conservation of the sites. Since the
1940s, habitat stabilisation has resulted in a large (>50%) reduction in bare and
mobile sand®?4,325 which is critical to pioneer and early successional flora and
fauna®?6. In 2012 sand dune rejuvenation work began at three sand dune sites
(Newborough Warren, Kenfig and Merthyr Mawr) to address habitat stabilisation.

The topographical results of the rejuvenation work by 2015 are positive:

e Newborough: total area of new bare sand = 18.5 ha (total bare sand for the
site = 58ha).

e Kenfig: total area of new bare sand = 10.20ha (total bare sand for the site =
14.2 ha).

e Merthyr Mawr: after 3 phases of dune rejuvenation, total area of new bare

sand = 8.50 ha (total bare sand for the site = 28.5 ha) 327, 328, 329, 330, 331, 332, 333,
334, 335, 336, 337, 338, 339, 340_

Further topographical monitoring is programmed for the three sites. Ecological
monitoring covering the higher and lower plants and invertebrates is ongoing3*!
and will continue into the future. Further large-scale sand dune restoration in
Wales is currently being planned. These results demonstrate that rejuvenation
work, coupled with ongoing grazing and scrub management, can have multiple
benefits for these important pioneer habitats and the services they provide.

Sand dunes

Five Annex 1 habitats have been included in the assessment for sand dunes:
Habitat 2110: Embryonic shifting dunes

Habitat 2120: Shifting dunes along the shoreline

Habitat 2130: Fixed dunes with herbaceous vegetation

Habitat 2170: Dunes with Salix repens
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e Habitat 2190: Humid dune slacks.

Three of the dune habitats (fixed dunes, humid dune slacks and dunes with Salix
repens) were wholly in unfavourable condition. 45% of the area of embryonic shifting
dunes and 68% of the area of shifting dunes along the shoreline were in favourable
condition®!8 (see Chapter 3, section 3.12).

Habitat change is one the major drivers of change on sand dunes, where human-
induced change via afforestation and agriculture has altered sand dune extent and
condition3?2:342 resulting in sand dune habitats becoming fossilised and stabilised.
The extent of bare sand, pioneer and early successional habitat (important for
invertebrates and pioneer plant species) has reduced dramatically. For example, at
Newborough Warren mobile dunes (yellow dunes) have declined from 75% cover to
6% cover since the 1950s343 344,345 and in Wales, the total area of bare sand now
only accounts for approximately 135ha344.

Saltmarsh

Three Annex | habitats are attributable to saltmarsh:

e Habitat 1330: Atlantic salt meadow

e Habitat 1310: Salicornia and other annuals colonising mud and sand
e Habitat 1420: Mediterranean thermo-Atlantic halophilous scrubs.

However, Mediterranean thermo-Atlantic halophilous scrubs is not a designated
feature on any sites and is very small in extent, and it was therefore not assessed in
the last round of Article 17 reporting. Of the two other main habitats, Article 17 data
for Atlantic salt meadow in Wales show less than 40% as being in favourable
condition, but for the pioneer community Salicornia and other annuals colonising mud
the data show more than 80% in favourable condition3!® (See Chapter 3, section
3.12).

Overgrazing was identified as a negative pressure for the sites assessed as
unfavourable for Atlantic salt meadow. Pollution is also a major pressure identified for
saltmarsh habitats in general®!®. The spread of the invasive species Spartina anglica
has impacted saltmarsh in Wales, primarily affecting the pioneer vegetation
communities3*®. However, there has been die-back of this species at some sites in
recent years®'8, Saltmarsh quality is a component of assessments carried out under
the Water Framework Directive (WFD) which is covered in section 3.13 below.

Shingle

Two Annex 1 habitats have been included in the assessment for shingle:
e Habitat 1210: Annual vegetation of drift lines

e Habitat 1220: Perennial vegetation of stony banks.

The Article 17 data show that 100% of the area for Annual vegetation of drift lines
has been reported as favourable, whilst 100% of the area of Perennial vegetation of
stony banks has been reported as unfavourable3!® (see Chapter 3, section 3.12). The
main pressures on both the habitats are anthropogenic trampling and the effect of
shoreline structures which restrict sediment transfer. Without an influx of new
sediment material, the shingle features are likely to decline328,
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Sea cliffs
Sea cliffs are represented by just one Annex | habitat type: Habitat 1230: Vegetated
sea cliffs of the Atlantic and Baltic coasts.

This habitat includes the range of vegetation communities found on both hard and
soft sea cliff, from exposed crevice communities of the vertical or near vertical cliff
faces to the maritime grassland and heathland of the cliff tops.

Agricultural encroachment and intensification on the cliff tops is causing a decline in
quality, sometimes reducing vegetation to narrow corridors along the cliff edge3!’: 322,
In other areas abandonment of traditional grazing is allowing scrub encroachment,
causing losses in both the extent and the quality of the cliff top habitats3'’.

Some soft cliff sites are under particular pressure where sea defences along their
bases causes stabilisation and a cessation of the natural coastal processes on these
habitats. This is leading to a decline in the characteristic bare ground and open
disturbed habitats®'8. These open habitats support rare invertebrates and provide the
biodiversity interest for the soft cliff habitats346-

Coastal lagoons

Article 17 data show that 80% of the area of the Annex | habitat 1150: coastal
lagoons is in favourable condition3!® (See Chapter 3, section 3.12). However, a
number of pressures were identified as having an effect on coastal lagoon habitats.
These included agricultural practices within lagoon catchments which affect the
nutrient and silt loads deposited in the lagoons, human induced changes in
hydrological condition, and recreational access®!8.

Trends

Recent trends in the range and area covered by coastal margin habitats protected by
the Habitats Directive in Wales are shown in Chapter 3, section 3.12.

Climate change is likely to have major impacts on the coastal margin habitats3?2.
Coastal squeeze will occur where coastal habitats are constrained by steeply rising
ground or coastal defences on the landward side, preventing natural landward
rollback317. 347,348, 349,350, 351 " Cpastal squeeze may be mitigated by allowing coastal
habitats to roll back inland. Managed realignment provides an opportunity for
saltmarsh creation (and other habitats), allowing these habitats to move landward
where previously constrained by coastal defences, keeping pace with sea level
rise3>2, A programme of coastal realignment, the National Habitat Creation
Programme, is currently being implemented by NRW.

Sand dunes

Habitats Directive Article 17 reporting assessments have shown that all the sand
dune habitats (except for the dunes with Salix repens habitat), have declined in
extent in recent years3®'® (see Chapter 3, section 3.12). The mobility of sand dunes is
important in maintaining biodiversity but as dunes are becoming increasingly
stable343 344 this is reducing the range of species found in them?*4, The loss of mobile
dunes and lack of creation of new dune slacks (the low-lying dips in sand dunes) as a

www.naturalresourceswales.gov.uk Page 123



result of this stabilisation is now considered to be a trend that has affected all dune
systems in Wales344,

Saltmarsh

Section 42 and Habitats Directive Article 17 reporting in 200733 and 201338
respectively®>* have shown that saltmarsh has declined in recent years. Coastal
squeeze is the primary pressure in Wales3®®. Losses of saltmarsh through coastal
squeeze are predicted with sea level rise. Shoreline Management plans covering

Wales set out predictions for loss of saltmarsh and intertidal habitats by 210536 348,
349, 357

Shingle

The long-term trend for shingle extent is predicted to be decreasing®®. Warmer
temperatures as a result of climate change will favour invasive species, especially
garden escapees, affecting native shingle species3!’: 3%

Sea Cliffs

The short-term trend for vegetated sea cliffs was reported as declining in the 3rd
round of Article 17 reporting3!8 (see Chapter 3, section 3.12). Lack of survey data has
made it difficult to detect long-term trends in sea cliff habitats3'” 318, NRW are
currently conducting a programme of baseline habitat surveys for the sea cliffs.

Coastal lagoons

The latest habitat status reports (Section 42 reporting3®* and Article 17 reporting in
2007352 and 2013%!8) found coastal lagoons were stable. Recent assessments of
some lagoons show unexpected community changes. Due to their rare and isolated
nature, and without appropriate management of activities, the changes could result in
local extinctions of important species®®®. Furthermore, hard flood defences and the
effects of climate change may hinder the development and evolution of coastal
lagoons3?2,
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3.13. Marine
Coastal and marine waters
Extent

The Welsh marine area extends to 12 nm, covering just under 15,000 km? or 41% of
the territory of Wales®%°, Thirty-five per cent of water inside the 12 nm is designated
as Natura 2000 sites. The Water Framework Directive covers the entire Welsh
coastline out to 1 nm, with 32 estuarine and 23 coastal water bodies.

Condition

Classification for ecological and chemical status in estuarine and coastal water
bodies includes a number of different elements (Table 26). In 2015, 38% of estuarine
and coastal water bodies achieved good or better ecological status3¢*. For those that
did not achieve their objectives, the most prevalent causes of the failures were
physical modifications, and inputs of nutrients and chemicals from point and diffuse
sources.

Table 26 Water Framework Directive status for intertidal and subtidal elements®%!

Water :
Element Habitat(s) | bodies | 1197 | 8000 ) Moderate | Boor
assessed (pass) | (pass) (fail)
Seagrass Intertidal 4 3 -
Saltmarsh Intertidal 3 7 4
Opportunistic Intertidal 40 28 10 2
macroalgae
Benthic Intertidal
macroinvertebrates & Subtidal 23 2 14 !
Estuarine fish Subtidal 7 - 7 -
Phytoplankton Subtidal 20 10 5 3
Chemical Status Estuarine 55 39 16
& coastal
D_|ssolved inorganic Estuarine 32 9 3 20
nitrogen & coastal

The pressures on estuarine and coastal waters are most commonly derived from
riverine inputs and direct discharges to the marine environment which have been
described in section 3.10, and only those specific to the marine environment are
discussed here. The most common failures for chemicals in the estuarine and coastal
environment are for mercury and Brominated Flame Retardants361, These and other
chemicals, such as polychlorinated biphenyls (PCBs), can impact on marine
mammals, but concentrations of many of these substances have declined since the
1990s due to bans or significant restrictions on use362. Impacts on marine mammals
range from disruption to their endocrine systems, increased susceptibility to disease,
increased parasitic burden, reduced fertility, and poor body condition3¢3. Analysis of
stranded marine mammals in Wales contributed to a pan-European study that found
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PCB levels in the blubber of some species remain above known toxicity
thresholds®54,

Despite the number of water bodies that do not achieve good status for dissolved
inorganic nitrogen, only a small number of water bodies experience negative
ecological impacts as a result.

Algal toxins associated with paralytic shellfish poisoning (PSP) and lipophilic toxins
(LTs), including diarrhetic shellfish poisoning (DSP) and amnesic shellfish poisoning
(ASP), can accumulate in shellfish which can subsequently pose a risk to human
health. Outbreaks of toxic phytoplankton blooms cannot be predicted and cannot be
directly linked to anthropogenic inputs. PSP toxins were detected in the Milford
Haven shellfish production area in 2001, 2010 and 2011, but levels remained within
safe limits in 2001 and 2011, only prompting temporary closure of the fishery in 2010.
LT levels above the statutory limit were detected in Swansea Bay in 2011, prompting
closure of the shellfish beds there3¢. ASP levels above the regulatory limit have not
been detected in Welsh waters360.

Marine macro-pollution (e.g. plastic bags, lost and discarded fishing gear and other
anthropogenically-derived debris) is often found entangled in reef structures, within
bays and beaches, and in the nests of seabirds3¢°. An OSPAR report3%® on marine
litter in the north-east Atlantic indicated that, on average, 2,655 items were collected
per km of beach during a survey of 38 beaches in Wales, although this accumulation
is influenced by currents and prevailing winds3¢’. Microplastics are an emerging issue
in the marine environment, where they can enter directly via sewage systems or arise
from the fragmentation of larger items38. They can be ingested by marine species
and release chemical contaminants, impairing the survival of species and
accumulating through the food chain3®® 37°, However, not enough is known about
their levels in Welsh waters to comment on state or current trends.

22 Shellfish Water Protected Areas (SWPASs) are subject to a wide range of
measures to endeavour to achieve the microbial guideline of less than 300 E. coli per
100 ml shellfish flesh and intervalvular fluid. Three of 22 SWPAs achieved the
guideline in 201437t, However, almost all shellfish beds meet the hygiene
classification of Class B, allowing shellfish to be placed on the market following
depuration. Rainfall levels, diffuse agricultural contributions and discharges from
combined sewer overflows are important external factors in compliance.

The revised Bathing Water Directive sets standards for the management and
surveillance of bathing water sites and for compliance against microbiological
standards. It required assessments of bathing waters against much stricter criteria in
2015. All 102 sites met the required standards, with 80% of Welsh bathing waters
achieving the highest European classification of excellent, a further 16% met good
status, and the remaining 4% achieved sufficient status®’2. In 2014 all 102 bathing
waters were sampled during the bathing season and 100% passed the mandatory
European standard, while 88% passed the tougher European guideline standard®".
This is compared with 99% achieving mandatory compliance and 89% achieving
guideline standards in 2013374, Good quality bathing waters are very important for
coastal communities, visitors and the economy in Wales.
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Trends

The improvement in bathing water quality is a significant achievement. Actions taken
by Natural Resources Wales and our predecessor bodies, together with Dwr Cymru,
Local Authorities, farming organisations and landowners to improve water quality
over the last 20 years have significantly contributed to this achievement.
Improvements have been made locally, such as sewerage and outfall improvements,
and more broadly, such as reducing diffuse water pollution from farmland in the wider
countryside. The improvement is also reflected in the public perception, as a survey
of visitors to Wales in 2013 showed that on a scale of 10, the satisfaction with the
sea water quality was 8.6, which had improved from 7.9 in 2011375,

The improvements to sewerage and outfalls since the 1990s have also resulted in
significant improvements in the microbial quality of shellfish flesh in the Dee, Menai
Strait East and Burry Inlet North, which amount to approximately 90% of the value of
the shellfish industry in Wales.

Monitoring undertaken as part of the OSPAR Riverine Inputs and Direct Discharges
programme, and the now discontinued Harmonised Monitoring Scheme, provides an
examination of trends in nutrients from river catchments to the sea. In Welsh waters,
concentrations of phosphorous in half of the rivers monitored have decreased,;
ammoniacal nitrogen has also reduced in some rivers. Dissolved inorganic nitrogen
does not show a consistent trend3’® 377, Some chemicals derived from industrial
sources have declined since the 1990s due to bans or significant restrictions on
use3%2, while the state, impact and trends of others are yet to be established.

Climate change impacts on intertidal and subtidal habitats

Loss of priority marine species and habitats due to changing marine
environment

Climate change impacts on marine ecosystems are less well understood than for
terrestrial counterparts. However, a number of key studies highlight distribution
changes and potential risks to marine habitats and species as a result of climate
change. MarClim (Marine Biodiversity and Climate Change) have shown that
distribution of intertidal species is changing across Wales and the UK378 379 with
the topshell Gibbula umbilicalis having extended its range northwards in Wales in
the last decade. Modelling suggests that horse mussel Modiolus modiolus reefs
may disappear from Welsh waters as a result of climate warming3&. The Marine
Climate Change Impacts Partnership have also published a number of reports
that highlight current and likely future changes to marine ecosystems as a result
of climate change. Sea-level rise and increased storm frequency are likely to have
a significant impact on some intertidal and shallow subtidal habitats (mostly
intertidal sand, mud and saltmarsh habitats) via coastal squeeze and erosion.
These impacts are likely to be most notable in and around estuaries and along
sections of defended coast3®! (see also Section 3.3— Hydrological Processes).

Loss of calcifying marine species as a result of ocean acidification
Chapter 3 of the UK CCRA2382 summarises likely impacts of ocean acidification
on the marine environment. Impacts on Welsh marine habitats and species in the
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Climate change impacts on intertidal and subtidal habitats

short term are uncertain, though studies suggest longer term impacts on marine
(particularly calcifying) species are likely by the end of the century under current
emission scenarios3e3,

Changes in yield of marine fisheries/aquaculture

Climate change impacts, notably changes in sea temperature and chemistry, are
having an impact on spawning, migration and the range and distribution of marine
fisheries, with cold water species such as cod moving deeper and northwards
towards the arctic and southern water species such as anchovy and boarfish
increasing their range northwards in to UK and Irish waters384 385 386 productivity
in the Irish Sea may be impacted by the shift in range distribution of commercial
species; opportunities may exist for increasing aquaculture production in
Wales386' 382_

Intertidal
Extent

The Welsh coastline is made up of a wide variety of intertidal habitat types, from
sheltered to exposed rocky shores, muddy and sandy estuaries, and a range of soft
sediment shores including species-rich, fully marine muddy gravel shores and open
coast low diversity sandy beaches. The coastline is approximately 2,740 km in
length3®” and covers around 56,856 hectares of intertidal habitat®8. Sand and rock
make up equal proportions of the length of the coast, but the area of sediment shores
is significantly greater (42,554 ha) than the area of rocky shore (8,059 ha)38. 75% of
the intertidal of Wales is designated as a Site of Special Scientific Interest (SSSI).

Intertidal rocky habitats are widespread throughout most of Wales. Areas dominated
by biogenic reefs, where the habitat is built by animals such as the honeycomb worm
Sabellaria alveolata or the blue mussel Mytilus edulis, are relatively common.
Honeycomb worm reefs have recently re-established on the north Wales coast after
a long absence38 39, Biogenic reefs are important for stabilising the shore and
providing habitat for other organisms3L.

A number of wholly or partially intertidal habitats are protected by the Habitats
Directive and the most recent assessment found that the extent of intertidal mudflats
and sandflats and estuaries was declining in Wales3%?. Recent trends in the range
and area covered by these habitats in Wales are shown in Table 26. The extent of
estuaries were found to be stable over the short term, but there has been a
significant loss of estuary habitat over the longer term3%2, However, intertidal
seagrass beds (Zostera noltii) were found to have increased on the whole since the
previous reporting period393. 394,395,

Intertidal habitats are at risk from coastal squeeze impacts, partly due to climate

change effects such as sea level rise. There have also been some small ongoing
losses of intertidal reef extent due to developments like marinas3°2.
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Condition

Condition assessments for Welsh habitats of principal importance, last undertaken in
2008, found that honeycomb worm reefs were stable, while mudflats, seagrass beds
and sheltered muddy gravels were considered to be declining3%¢. However, more
recent assessments have found that all seven coastal water bodies with seagrass
beds were in high or good status for the seagrass element®6, as shown in Table 26.

The most recent assessment of marine habitats protected under the Habitats
Directive found that the extent of intertidal mudflats and sandflats and estuaries was
declining in Wales3%2, Findings include evidence of some unfavourable infaunal
community changes and an increase in observations of invasive non-native species
(INNS)3%2, The marine environment is at risk from INNS due to the difficulty in
identifying and eradicating the species, and coastal margins are most at risk because
of links to the main pathways of introduction and spread such as shipping,
aquaculture, recreational boating and coastal development3®’. There are currently
considered to be 16 species of non-native marine plants and 32 species of non-
native animals recorded on Welsh coasts3%.

Many of the habitats described here are subject to protection under the EU Habitats
Directive or have been identified as habitats of principal importance under interim
Section 7 list , but assessing them is difficult due to the resources required to
effectively monitor their condition over a suitable timescale.

Trends

Recent trends in the range and area covered by intertidal habitats in Wales are
shown in
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Table 27. Estuaries were found to be stable in the short term (2001-2012) and
declining in the longer term (1989-2012). Mudflats and sandflats were found to be
declining in both the short and the longer term3°2, Assessment of intertidal elements
of the predominantly subtidal ‘Large shallow inlets and bays’ feature found stable
populations of the nationally scarce intertidal amphipod Pectenogammarus
planicrurus. There are intertidal examples of ‘Submerged or partially submerged sea
caves’, and although some minor losses in recent years have been reported, these
have not detracted significantly from the overall extent of the resource. Recent trends
in predominantly subtidal habitats are shown in Table 28 Short and long-term trends
in range and extent of Annex | predominantly subtidal habitats in Wales. All
information from 2013 Habitats Directive Article 17 reporting.
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Table 27 Short- and long-term trends in range and extent of Annex | predominantly intertidal
habitats in Wales. All information from 2013 Article 17 Habitats Directive reporting.

Range of habitat in Wales Area of habitat in Wales
Habitats Surface Surface Short: Long-
Directive area of area of term term
Annex | habitat | range habitat trend trend
(km?) * (km?) 1 (2001 - (1989 -
2012) 2012)
Estuaries 591.91 > v 591.91 > N%
Mudflats and
sandflats not v v v N2
covered by 416.66 1% or 1% or 416.66 1% or 1% or
seawater at low less/year | less/year less/year | less/year
tide
* Range - defined as ‘the outer limits of the overall area in which a habitat type or species is found at

present. It can be considered as an envelope within which areas actually occupied occur.

region concerned.

T Area - actual area covered by the habitat type within the range in the biogeographical or marine

Key: > = stable; ¥ = decreasing; N = increasing; - = no information.

Subtidal

Extent

The seas around Wales are relatively shallow, only exceeding 100 m in a small area
of the Welsh inshore area to the west of Pembrokeshire and in the deep trenches to
the west of Anglesey3®°. The subtidal habitats are influenced by a variety of physical
processes such as tidal flow, wave action, water clarity and geological processes.
Sands, gravels and mixed sediments are most common, but muds do accumulate
locally. Large expanses of subtidal rock are relatively uncommon in Welsh waters
due to the widespread deposition of subtidal sediments, but are commonly found in

the intertidal areas3¢,

Although habitat maps are very variable in their confidence, with some areas not
surveyed and based on interpolated and modelled data, current estimates are that
75% of the Welsh seabed to 12 nm comprises sands and gravels, 5% is mixed

sediments, 2% mud and 10% rock.

The main areas of subtidal reefs are around and to the north of Anglesey, around the
LIyn Peninsula, and off the Pembrokeshire Coast. There are also highly productive
kelp forests (brown algae) along most of the Welsh coastline®®; subtidal biogenic
horse mussel and Ross worm Sabellaria spinulosa reefs; and seagrass meadows

known to be important for juvenile fish#00.401,

Condition

In the most recent assessments of habitats of principal importance in Wales3%,
maerl, horse mussel beds, tidal rapids and sublittoral sands and gravels were all
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reported as declining. Mud habitats in deep water were reported as fluctuating, but
probably stable. A number of wholly or partially subtidal habitats are protected by the
Habitats Directive and their status is summarised in Table 28.

The results shown in Table 26 show that the majority of water bodies achieve high or
good status for subtidal elements (although note that this only covers waters within 1
nm of the shore). However, 30% of water bodies assessed for the benthic
invertebrates element failed, and 25% of water bodies assessed for the
phytoplankton element failed. Inshore subtidal areas are important nursery and
spawning grounds for a range of fish species, and all seven waterbodies assessed
for fish communities achieved ‘good’ status361.

The marine environment remains highly diverse and there have been improvements
in water quality in recent years. Although our evidence suggests marine habitats are
in variable condition, they are able to support healthy populations of many species of
seabirds and marine mammals. The first reporting cycle for the Marine Strategy
Framework Directive is commencing in 2017 and this will provide valuable insight into
the environmental status of the marine environment as a whole in Wales and the UK.
In addition, the Welsh National Marine Plan and effective management of the
network of Marine Protected Areas will also contribute to the sustainable
management of natural resources in the marine environment.

Trends

Recent trends in the range and area covered by protected marine habitats in Wales
are shown in Table 28. The extent of sandbanks and reefs was found to be declining
over the short and long term in Wales. Large shallow inlets and bays were stable,
with no significant habitat losses in extent over the short term (2001-2012)392,

Historically, extensive beds of native oyster Ostrea edulis were present across Welsh
seas but these have largely been lost, with the exception of small areas in Milford
Haven and isolated locations across the South Wales coast*??. Efforts to regenerate
the existing population in Swansea Bay are in place, highlighting a potential
opportunity in terms of ecosystem services.

The Zostera marina seagrass bed within the Skomer Marine Conservation Zone
appears to have increased in extent between 1997 and 2014404,
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Table 28 Short and long-term trends in range and extent of Annex | predominantly subtidal
habitats in Wales. All information from 2013 Habitats Directive Article 17 reporting.

Habitats

Directive Annex |
habitat

Sandbanks
slightly covered
by sea water all
the time

Range of habitat in Wales Area of habitat in Wales

Surface
area of
range
(km?) *

6,224.87

Surface
area of
habitat
(km?) 1

564.23

Large shallow
inlets and bays

1,514.51

>

1,514.51

> >

Reefs

3,035.65

v
1% or
less/year

3,035.65

N
1% or v
lesslyear

Submarine
structures made
by leaking gases

Submerged or
partially
submerged sea
caves

>

>

> N2

concerned.

* Range - defined as ‘the outer limits of the overall area in which a habitat type or species is found at
present.’ It can be considered as an envelope within which areas actually occupied occur.
T Area - actual area covered by the habitat type within the range in the biogeographical or marine region

Key: > = stable; ¥ = decreasing; N = increasing; - = no information.
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Part C — Presenting Integrated Evidence Around Place

The most detailed landscape baseline in Wales and a key source for SoNaRR
reporting on landscape state, condition and trend is LANDMAP#%, LANDMAP
explains the physical, geological, ecological, visual, historic and cultural landscape:
the summary descriptions, evaluations and management recommendations aid our
understanding of landscape and identify important landscape qualities and
characteristics. By capturing multi-dimensional landscape information it ensures that
all aspects of the landscape can be taken into account. It is the focus for landscape
monitoring in Wales, enabling the tracking of change and identifying key factors
determining landscape change, condition and resilience.

Landscape Character Areas (LCAS) are identified at both a local planning authority
level and at a national level, with 48 National Landscape Character Areas (NLCA)
identifying regional landscapes. They offer overall landscape summaries linked to the
5 LANDMAP layers, key characteristics, and forces for change, and may be linked to
design or sensitivity studies. Special Landscape Areas that identify areas of high
landscape importance, often linked to LCAs, are identified by some authorities.

Seascape information complements terrestrial landscape information. The 29
national Marine Character Areas (MCASs), the 50 Regional Seascapes and the local
Seascape Character Assessments (SCA) provide seascape information that includes
character areas and profiles of characteristics, qualities, and forces for change.

The Register of Landscapes of Historic Interest in Wales identifies 58 historic
landscapes of national significance. Historic Landscape Characterisation (HLC) of
each registered landscape provides more detailed information at a local level.

The Tranquil Areas Map of Wales identifies zones of tranquillity from built-up to
undisturbed areas with dark night skies, and reports on the direction of change
between 1997-2009, including the key factors contributing to a loss of tranquillity.

National Park and Areas of Outstanding Natural Beauty (AONB) management plans
identify special qualities that are to be protected and enhanced as well as objectives
and actions that include landscape. To inform the review of management plans,
every 5 years the Designated Landscapes (DLSs) collect evidence and data regarding
state and trends of the special qualities and produce their State of the AONB/
National Park reports. The State of DL reports are vital for reviewing management
options and policy approaches.

www.naturalresourceswales.gov.uk Page 134



References for Technical Annex for Chapter 3

(“Accessed” refers to the date the link was last accessed)

Part A — Natural Resources

Section 3.1 Animals, plants and other organisms

1 Wales Biodiversity Partnership. 2015. Wales Biodiversity Partnership - Environment (Wales) Bill

[online]. Available from: http://www.biodiversitywales.org.uk/Environment-Wales-Bill [Accessed 8th

August 2016].

2 Preston CD, Pearman DA and Dines TD. 2002. New Atlas of the British and Irish Flora. Oxford:

Oxford University Press.

3 Balmer DE, Gillings S, Caffrey BJ, Swann RL, Downie IS and Fuller RJ. 2013. Bird Atlas 2007-11:

the breeding and wintering birds of Britain and Ireland. Thetford: BTO Books.

4 Joint Nature Conservation Committee (JNCC). 2013. 3rd UK Habitats Directive Reports [online].

Avalilable from: http://[ncc.defra.gov.uk/page-6387 [Accessed 6th July 2016].

5 Joint Nature Conservation Committee (JNCC). 2013. 10th Report by the United Kingdom under

Article 12 on the implementation of the Directive on the conservation of wild birds (2009/147/EC) from

January 2008 to December 2012. Peterborough: JNCC.

6 Natural Resources Wales (NRW). 2015. Current data on SAC and SPA Annex | habitats and Annex

Il species. Internal data source.

7 Natural Resources Wales (NRW). 2015. Natural Resources Wales specialist staff. May 2015.

8 International Union for Conservation of Nature and Natural Resources (IUCN). 2016. The IUCN Red

List of Threatened Species. Available from: http://www.iucnredlist.org/technical-documents/categories-

and-criteria [Accessed 8th August 2016].

9 Dines T. 2008. A Vascular Plant Red Data List for Wales [online]. Plantlife. Available from:

http://www.plantlife.org.uk/publications/a_vascular_plant red_data_list_for wales [Accessed 6th July

2016].

10 Wilson P, King M. 2003. Arable Plants - a Field Guide. Princeton: Princeton University Press.

11 CEFAS, Environment Agency, Natural Resources Wales. 2016. Salmon Stocks and Fisheries in England and

Wales 2015. Available at.

https://www.gov.uk/government/uploads/system/uploads/attachment data/file/525662/Annual Salmon Sto

ck Status Report 2015 final.pdf. Accessed 14 September 2016.

12 Natural Resources Wales (NRW). 2015. Know your river, Tywi

13 Natural Resources Wales (NRW). 2015. Know your river, Dyfi [online]. Available from:

http://www.cpwf.co.uk/2013%20NRW%20Dyfi%20Fisheries%20Summary.pdf [Accessed on 61 July

2016].

14 |nternational Council for Exploration of the Seas (ICES), Report of the Joint EIFAAC/ICES/GFCM Working

Group on Eel (WGEEL). 2015. Available at:

http://ices.dk/sites/pub/Publication%20Reports/Expert%20Group%20Report/acom/2015/WGEEL/wgeel 2015
final.pdf. Accessed 14 September 2016.

15 Department for Environment, Food and Rural Affairs (Defra). 2010. Eel Management plans for the

United Kingdom: Overview for England and Wales, March 2010 [online]. Available from:

http://www.eelrequlations.co.uk/pdf/demp.pdf [Accessed on 6th July 2016].

16 Rijnsdorp, AD and Vethaak, AD (1997) Changes in reproductive parameters of North Sea plaice

and sole between 1960 and 1995. ICES CM 1997/U: 14, 31 pp.

17 Rose, G.A., 2004. Reconciling overfishing and climate change with stock dynamics Atlantic cod

(Gadus morhua) over 500 years. Canadian Journal of Fisheries and Aquatic Sciences, 61: 1553-1557.

18 | ambert, GI, Murray LG, Hinz H, Kaiser MJ (2014) Status of scallop populations in Welsh waters.

Bangor University, Fisheries and Conservation Report No. 41.

19 Cefas (2015) Lobster (Homarus gammarus) Cefas Stock Status Report 2014. Available:

https://lwww.gov.uk/government/uploads/system/uploads/attachment_data/file/462251/2014 | obster_

assessments.pdf

www.naturalresourceswales.gov.uk Page 135


http://www.biodiversitywales.org.uk/Environment-Wales-Bill
http://jncc.defra.gov.uk/page-6387
http://www.iucnredlist.org/technical-documents/categories-and-criteria
http://www.iucnredlist.org/technical-documents/categories-and-criteria
http://www.plantlife.org.uk/uk/our-work/publications/vascular-plant-red-data-list-wales
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/525662/Annual_Salmon_Stock_Status_Report_2015_final.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/525662/Annual_Salmon_Stock_Status_Report_2015_final.pdf
http://www.cpwf.co.uk/2013%20NRW%20Dyfi%20Fisheries%20Summary.pdf
http://ices.dk/sites/pub/Publication%20Reports/Expert%20Group%20Report/acom/2015/WGEEL/wgeel_2015_final.pdf
http://ices.dk/sites/pub/Publication%20Reports/Expert%20Group%20Report/acom/2015/WGEEL/wgeel_2015_final.pdf
http://www.eelregulations.co.uk/pdf/demp.pdf

20 Cefas (2015) Edible crab (Cancer pagurus) Cefas Stock Status Report 2014. Available:
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/462265/2014_Crab_
assessments.pdf

21 Murray, F and Tarrant, P (2015) A social and economic impact assessment of cockle mortality in the
Burry Inlet cockle fishery, south Wales UK. A report for Seafish.

22 Cefas (2015) Aquaculture statistics for the UK, with a focus on England and Wales: 2012.

23 ABPmer (2015) A Spatial Assessment of the Potential for Aquaculture in Welsh Waters. Report
R.2384 for Welsh Government.

24 Baines M, Evans PGH. 2012. Atlas of the Marine Mammals of Wales [online]. 2nd ed. Countryside
Council for Wales. Available from: http://www.seawatchfoundation.org.uk/wp-
content/uploads/2015/05/ATLAS-Marine-Mammals-of-Wales-FINAL.pdf [Accessed 6 July 2016].

25 de Boer MN, Clark J, Leopold MF, Simmonds MP, Reijnders PJH. 2013. Photo-Identification
Methods Reveal Seasonal and Long-Term Site-Fidelity of Risso’s Dolphins (Grampus griseus) in
Shallow Waters (Cardigan Bay, Wales). Open Journal of Marine Science 3, 66-75.

26 de Boer MN, Simmonds MP, Reijnders PJH, Aarts G. 2014. The Influence of Topographic and
Dynamic Cyclic Variables on the Distribution of Small Cetaceans in a Shallow Coastal System. PLoS
one 9(1), p. e86331.

2T Westcott SM, Stringell TB. 2003. Grey seal pup production for North Wales, 2002 [online]. Marine
Monitoring Report No: 5. Countryside Council for Wales. Available from:
https://biosciences.exeter.ac.uk/media/universityofexeter/schoolofbiosciences/pdfs/pgrstudentpublicati
ons/CCW_MMR_NOOS5.pdf [Accessed 6th July 2016].

28 Westcott SM, Stringell TB. 2004. Grey seal distribution and abundance for North Wales, 2002-2003
[online]. Marine Monitoring Report No: 13. Countryside Council for Wales. Available from:
https://biosciences.exeter.ac.uk/media/universityofexeter/schoolofbiosciences/pdfs/pgrstudentpublicati
ons/CCW_MMR _Nol13 grey seal abundance and distribution.pdf [Accessed 6! July 2016].

29 strong PG, Lerwill J, Morris SR, Stringell TB. 2006. Pembrokeshire marine SAC grey seal
monitoring 2005 [online]. Marine Monitoring Report No: 26; redacted version. Countryside Council for
Wales. Available from:
https://biosciences.exeter.ac.uk/media/universityofexeter/schoolofbiosciences/pdfs/pgrstudentpublicati
ons/CCW_Marine_Monitoring_Report 26.pdf [Accessed 6™ July 2016].

30 Bull JC, Borger L, Banga R, Franconi N, Lock K, Morris C, Newman P, Stringell TB. 2016. Temporal
trends and phenology in grey seal (Halichoerus grypus) pup counts at Marloes Peninsula, Wales.
Natural Resources Wales (NRW) Evidence Report Series No. 155. Natural Resources Wales.

31 Bliche B, Stubbings E. 2015. Grey seal breeding census: Skomer Island 2014. Natural Resources
Wales (NRW) Evidence Report 065.

32 Natural Resources Wales (NRW). 2013. European Community Directive on the Conservation of
Natural Habitats and of Wild Fauna and Flora (92/43/EEC). Supporting documentation for the Third
Report by the United Kingdom under Article 17. S1355 — Otter (Lutra lutra) [online]. Available from:
http://incc.defra.gov.uk/pdf/Articlel7Consult 20131010/S1355 WALES.pdf [Accessed 6th July 2016].
33 Natural Resources Wales (NRW). 2013. European Community Directive on the Conservation of
Natural Habitats and of Wild Fauna and Flora (92/43/EEC). Supporting documentation for the Third
Report by the United Kingdom under Article 17. S1034 — Medicinal leech (Hirudo medicinalis) [online].
Available from: http://incc.defra.gov.uk/pdf/Articlel7Consult 20131010/S1034 WALES.pdf [Accessed
6th July 2016].

34 Natural Resources Wales (NRW). 2013. European Community Directive on the Conservation of
Natural Habitats and of Wild Fauna and Flora (92/43/EEC). Supporting documentation for the Third
Report by the United Kingdom under Article 17. S1016 — Desmoulin’s whorl snail (Vertigo
moulinsiana) [online]. Available from:

http://incc.defra.gov.uk/pdf/Article17Consult 20131010/S1016 WALES.pdf [Accessed 6th July 2016].
35 Natural Resources Wales (NRW). 2013. European Community Directive on the Conservation of
Natural Habitats and of Wild Fauna and Flora (92/43/EEC). Supporting documentation for the Third
Report by the United Kingdom under Article 17. S1029 — Freshwater pearl mussel (Margaritifera
margaritifera) [online]. Available from:

http://incc.defra.gov.uk/pdf/Articlel7Consult 20131010/S1029 WALES.pdf [Accessed 6th July 2016].
36 Natural Resources Wales (NRW). 2013. European Community Directive on the Conservation of
Natural Habitats and of Wild Fauna and Flora (92/43/EEC). Supporting documentation for the Third
Report by the United Kingdom under Article 17. S1044 — Southern damselfly (Coenagrion mercuriale)

www.naturalresourceswales.gov.uk Page 136


http://www.seawatchfoundation.org.uk/wp-content/uploads/2015/05/ATLAS-Marine-Mammals-of-Wales-FINAL.pdf
http://www.seawatchfoundation.org.uk/wp-content/uploads/2015/05/ATLAS-Marine-Mammals-of-Wales-FINAL.pdf
https://biosciences.exeter.ac.uk/media/universityofexeter/schoolofbiosciences/pdfs/pgrstudentpublications/CCW_MMR_NO05.pdf
https://biosciences.exeter.ac.uk/media/universityofexeter/schoolofbiosciences/pdfs/pgrstudentpublications/CCW_MMR_NO05.pdf
https://biosciences.exeter.ac.uk/media/universityofexeter/schoolofbiosciences/pdfs/pgrstudentpublications/CCW_MMR_No13_grey_seal_abundance_and_distribution.pdf
https://biosciences.exeter.ac.uk/media/universityofexeter/schoolofbiosciences/pdfs/pgrstudentpublications/CCW_MMR_No13_grey_seal_abundance_and_distribution.pdf
https://biosciences.exeter.ac.uk/media/universityofexeter/schoolofbiosciences/pdfs/pgrstudentpublications/CCW_Marine_Monitoring_Report_26.pdf
https://biosciences.exeter.ac.uk/media/universityofexeter/schoolofbiosciences/pdfs/pgrstudentpublications/CCW_Marine_Monitoring_Report_26.pdf
http://jncc.defra.gov.uk/pdf/Article17Consult_20131010/S1355_WALES.pdf
http://jncc.defra.gov.uk/pdf/Article17Consult_20131010/S1034_WALES.pdf
http://jncc.defra.gov.uk/pdf/Article17Consult_20131010/S1016_WALES.pdf
http://jncc.defra.gov.uk/pdf/Article17Consult_20131010/S1029_WALES.pdf

[online]. Available from: http://jncc.defra.gov.uk/pdf/Article17Consult 20131010/S1044 WALES.pdf
[Accessed 6th July 2016].

37 Natural Resources Wales (NRW). 2013. European Community Directive on the Conservation of
Natural Habitats and of Wild Fauna and Flora (92/43/EEC). Supporting documentation for the Third
Report by the United Kingdom under Article 17. S1092 — White-clawed crayfish (Austropotamobius
pallipes) [online]. Available from:

http://incc.defra.gov.uk/pdf/Article17Consult_20131010/S1092 WALES.pdf [Accessed 24th August
2016].

38 Natural Resources Wales (NRW). 2013. European Community Directive on the Conservation of
Natural Habitats and of Wild Fauna and Flora (92/43/EEC). Supporting documentation for the Third
Report by the United Kingdom under Article 17. S1095 — Sea lamprey (Petromyzon marinus) [online].
Available from: http://incc.defra.gov.uk/pdf/Articlel7Consult 20131010/S1095 WALES.pdf [Accessed
6th July 2016].

%9Natural Resources Wales (NRW). 2013. European Community Directive on the Conservation of
Natural Habitats and of Wild Fauna and Flora (92/43/EEC). Supporting documentation for the Third
Report by the United Kingdom under Article 17. S1096 — Brook lamprey (Lampetra planeri) [online].
Avalilable from: http://[ncc.defra.gov.uk/pdf/Articlel7Consult 20131010/S1096 WALES.pdf [Accessed
6th July 2016].

40 Natural Resources Wales (NRW). 2013. European Community Directive on the Conservation of
Natural Habitats and of Wild Fauna and Flora (92/43/EEC). Supporting documentation for the Third
Report by the United Kingdom under Article 17. S1099 — River lamprey (Lampetra fluviatilis) [online].
Available from: http://incc.defra.gov.uk/pdf/Articlel7Consult 20131010/S1099 WALES.pdf [Accessed
6th July 2016].

41 Natural Resources Wales (NRW). 2013. European Community Directive on the Conservation of
Natural Habitats and of Wild Fauna and Flora (92/43/EEC). Supporting documentation for the Third
Report by the United Kingdom under Article 17. S1102 — Allis shad (Alosa alosa) [online]. Available
from: http://incc.defra.gov.uk/pdf/Articlel7Consult 20131010/S1102 WALES.pdf [Accessed 6th July
2016].

42 Natural Resources Wales (NRW). 2013. European Community Directive on the Conservation of
Natural Habitats and of Wild Fauna and Flora (92/43/EEC). Supporting documentation for the Third
Report by the United Kingdom under Article 17. S1103 — Twaite shad (Alosa fallax) [online]. Available
from: http://jncc.defra.gov.uk/pdf/Article17Consult 20131010/S1103 WALES.pdf [Accessed 24th
August 2016].

43 Natural Resources Wales (NRW). 2013. European Community Directive on the Conservation of
Natural Habitats and of Wild Fauna and Flora (92/43/EEC). Supporting documentation for the Third
Report by the United Kingdom under Article 17. S1106— Atlantic salmon (Salmo salar) [online].
Available from: http://[ncc.defra.gov.uk/pdf/Article17Consult 20131010/S1106_WALES.pdf [Accessed
6th July 2016].

44 Natural Resources Wales (NRW). 2013. European Community Directive on the Conservation of
Natural Habitats and of Wild Fauna and Flora (92/43/EEC). Supporting documentation for the Third
Report by the United Kingdom under Article 17. S1109 — Grayling (Thymallus thymallus) [online].
Available from: http://[ncc.defra.gov.uk/pdf/Article17Consult 20131010/S1109 WALES.pdf [Accessed
6th July 2016].

45 Natural Resources Wales (NRW). 2013. European Community Directive on the Conservation of
Natural Habitats and of Wild Fauna and Flora (92/43/EEC). Supporting documentation for the Third
Report by the United Kingdom under Article 17. S1163 — Bullhead (Cottus gobio) [online]. Available
from: http://incc.defra.gov.uk/pdf/Article17Consult 20131010/S1163 WALES.pdf [Accessed 6th July
20186].

46 Natural Resources Wales (NRW). 2013. European Community Directive on the Conservation of
Natural Habitats and of Wild Fauna and Flora (92/43/EEC). Supporting documentation for the Third
Report by the United Kingdom under Article 17. S2494 — Whitefish (Coregonus lavaretus) [online].
Available from: http://incc.defra.gov.uk/pdf/Article17Consult 20131010/S2494 WALES.pdf [Accessed
6th July 2016].

47 Hayhow DB, Burns F, Eaton MA, Al Fulaij N, August TA, Babey L, Bacon L, Bingham C, Boswell J,
Boughey KL, Brereton T, Brookman E, Brooks DR, Bullock DJ, Burke O, Collis M, Corbet L, Cornish
N, De Massimi S, Densham J, Dunn E, Elliott S, Gent T, Godber J, Hamilton S, Havery S, Hawkins S,
Henney J, Holmes K, Hutchinson N, Isaac NJB, Johns D, Macadam CR, Matthews F, Nicolet P, Noble

www.naturalresourceswales.gov.uk Page 137


http://jncc.defra.gov.uk/pdf/Article17Consult_20131010/S1044_WALES.pdf
http://jncc.defra.gov.uk/pdf/Article17Consult_20131010/S1092_WALES.pdf
http://jncc.defra.gov.uk/pdf/Article17Consult_20131010/S1095_WALES.pdf
http://jncc.defra.gov.uk/pdf/Article17Consult_20131010/S1096_WALES.pdf
http://jncc.defra.gov.uk/pdf/Article17Consult_20131010/S1099_WALES.pdf
http://jncc.defra.gov.uk/pdf/Article17Consult_20131010/S1102_WALES.pdf
http://jncc.defra.gov.uk/pdf/Article17Consult_20131010/S1103_WALES.pdf
http://jncc.defra.gov.uk/pdf/Article17Consult_20131010/S1106_WALES.pdf
http://jncc.defra.gov.uk/pdf/Article17Consult_20131010/S1109_WALES.pdf
http://jncc.defra.gov.uk/pdf/Article17Consult_20131010/S1163_WALES.pdf
http://jncc.defra.gov.uk/pdf/Article17Consult_20131010/S2494_WALES.pdf

DG, Outhwaite CL, Powney GD, Richardson P, Roy DB, Sims D, Smart S, Stevenson K, Stroud RA,
Walker KJ, Webb JR, Webb TJ, Wynde R and Gregory RD (2016) State of Nature 2016. The State of
Nature partnership. Available at:
http://www.rspb.org.uk/forprofessionals/science/research/details.aspx?id=363867#downloads.
(accessed 19 September 2016)

48 UK Biodiversity Partnership. 2010. The UK Biodiversity Action Plan: Highlights from the 2008
reporting round [online]. Available from:

http://incc.defra.gov.uk/pdf/pub2010 UKBAPHighlightsReport2008.pdf [Accessed 6t July 2016].

49 Fox R, Brereton TM, Asher J, August TA, Botham MS, Bourn NAD, Cruickshanks KL, Bulman CR,
Ellis S, Harrower CA, Middlebrook I, Noble DG, Powney GD, Randle Z, Warren MS, Roy DB. 2015.
The State of the UK’s Butterflies 2015 [online]. Butterfly Conservation and the Centre for Ecology &
Hydrology. Available from: http://butterfly-conservation.org/files/soukb-2015.pdf [Accessed 6th July
2016].

50 GMEP. 2016. Glastir Monitoring and Evaluation Programme Portal [online]. Available from:
https://gmep.wales [Accessed 6" July 2016].

51 Fox R, Parsons MS, Chapman JW, Woiwod IP, Warren M, Brooks DR. 2013. The State of Britain's
Larger Moths 2013 [online]. Dorset: Butterfly Conservation and Rothamsted Research. Available from:
http://www.mothscount.org/uploads/State%200f%20Britain's%20Larger%20Moths%202013%20report.
pdf [Accessed 6™ July 2016].

52 Howe MA. 2016. Personal comment. Natural Resources Wales specialist staff.

53 Bat Conservation Trust. 2016. National Bat Monitoring Programme Annual Report 2015 [online].
Available from: http://www.bats.org.uk/pages/nbmp_annual report.html [Accessed 6t July 2016].

54 Al-Fulaij N. 2015. NDMP results - How did our Dormice fare in 2014? [online] In; The Dormouse
Monitor, Summer 2015. Peoples Trust for Endangered Species. Available from: https://ptes.org/wp-
content/uploads/2015/06/2015-dormouse-monitor-vol.-1.pdf [Accessed 61 July 2016].

55 Johnstone IG, Thorpe RI, Taylor R, Lamacraft D. 2012. The State of Birds in Wales 2012 [online].
RSPB Cymru, Cardiff. Available from: http://www.birdsinwales.org.uk/downloads/SOBIW2012eng.pdf
[Accessed 61 July 2016].

56 Eaton M, Aebischer N, Brown A, Hearn R, Lock L, Musgrove A, Noble D, Stroud D, Gregory R.
2015. Birds of conservation concern 4: the population status of birds in the UK, Channel Islands and
Isle of Man. British Birds 108, 708-746.

57 British Trust for Ornithology. 2015. The Breeding Bird Survey 2015. Available at:
https://www.bto.org/sites/default/files/bbs-report-2015.pdf (Accessed 19 September 2016)

58 Joint Nature Conservation Committee (JNCC). 2015. Seabird Population Trends and Causes of
Change: 1986-2014 Report [online]. Joint Nature Conservation Committee. Updated October 2015.
Available from: http://incc.defra.gov.uk/page-3201 [Accessed 61 July 2016].

59 Joint Nature Conservation Committee (JNCC). 2015. Seabird Monitoring Programme Online
Database [online]. Available from: http://jncc.defra.gov.uk/smp/ [Accessed 6" July 2016].

60 International Union for Conservation of Nature and Natural Resources. 2015. The IUCN Red List of
Threatened Species. Version 2015-4 [online]. Available from: http://www.iucnredlist.ora/ [Accessed 61
July 2016].

61 Perrins CM, Wood MJ, Garroway CJ, Boyle D, Oakes N, Revera R, Collins P and Taylor C. 2012. A
whole-island census of Manx shearwater Puffinus puffinus breeding on Skomer Island in 2011.
Seabird 25, 1-13.

62 Cook ASCP, Barimore C, Holt CA, Read WJ, Austin GE. 2013. Wetland Bird Survey Alerts
2009/2010: Changes in numbers of wintering waterbirds in the Constituent Countries of the United
Kingdom, Special Protection Areas (SPAs) and Sites of Special Scientific Interest (SSSIs) [online].
BTO Research Report 641. Thetford: BTO. Available from: http://www.bto.org/volunteer-
surveys/webs/publications/webs-annual-report [Accessed 6t July 2016].

63 Wetland Birds Survey (WeBS). 2016. WeBS report online [online]. Available from:
http://app.bto.org/webs-reporting/?tab=alerts [Accessed 6" July 2016].

64 Council Directive (EU) 2016/72 of 22 January 2016 fixing for 2016 the fishing opportunities for
certain fish stocks and groups of fish stocks, applicable in Union waters and, for Union fishing vessels,
in certain non-Union waters, and amending Regulation (EU) 2015/104.

65 Marine Management Organisation. UK Sea fisheries annual statistics. Online .Available at:
https://www.gov.uk/government/collections/uk-sea-fisheries-annual-statistics

www.naturalresourceswales.gov.uk Page 138


http://www.rspb.org.uk/forprofessionals/science/research/details.aspx?id=363867#downloads
http://jncc.defra.gov.uk/pdf/pub2010_UKBAPHighlightsReport2008.pdf
http://butterfly-conservation.org/files/soukb-2015.pdf
https://gmep.wales/
http://www.mothscount.org/uploads/State%20of%20Britain's%20Larger%20Moths%202013%20report.pdf
http://www.mothscount.org/uploads/State%20of%20Britain's%20Larger%20Moths%202013%20report.pdf
http://www.bats.org.uk/pages/nbmp_annual_report.html
https://ptes.org/wp-content/uploads/2015/06/2015-dormouse-monitor-vol.-1.pdf
https://ptes.org/wp-content/uploads/2015/06/2015-dormouse-monitor-vol.-1.pdf
https://birdsin.wales/
https://www.bto.org/sites/default/files/bbs-report-2015.pdf
http://jncc.defra.gov.uk/page-3201
http://jncc.defra.gov.uk/smp/
http://www.iucnredlist.org/
https://www.bto.org/volunteer-surveys/webs/publications/webs-annual-report
https://www.bto.org/volunteer-surveys/webs/publications/webs-annual-report
https://app.bto.org/webs-reporting/?tab=alerts

Section 3.2 Air Quality

66 Great Britain Parliament. House of Commons. Environmental Audit Committee 2010. Air Quality,

together with minutes of evidence, appendices and proceedings of the committee [online]. London:

The Stationery Office HC 2009-2010. Available from:

http://www.publications.parliament.uk/pa/cm200910/cmselect/cmenvaud/229/22902.htm [Accessed 6

July 2016].

67 Salisbury E, Thistlethwaite G, Pang Y, Misra A. 2015. Air Quality Pollutants Inventories for England,

Scotland, Wales and Northern Ireland: 1990 -2013 [online]. National Emissions Inventory. Available

from: http://naei.defra.gov.uk/reports/reports?report_id=829 [Accessed 6t July 2016].

68 Royal College of Physicians. 2016. Every breath we take: the lifelong impact of air pollution [online].

London: Royal College of Physicians. Available from:

https://www.rcplondon.ac.uk/projects/outputs/every-breath-we-take-lifelong-impact-air-pollution

[Accessed 6" July 2016].

69 Air Quality Standards (Wales) Regulations 2010. Available at:

http://gov.wales/docs/desh/policy/100624airqualityregsen.pdf. (Accessed 19 September 2016)

70 Welsh Government, 2016. Part IV of the Environment Act 1995 - Local air quality management

interim policy guidance for Wales. Available at: http://gov.wales/docs/desh/publications/160303-policy-

quidance-en.pdf. Accessed 19 September 2016)

71 Department of the Environment and Rural Affairs. List of Local Air Quality Management Areas.

Online resource. Available at: https://uk-air.defra.gov.uk/agma/list?la=all&country=wales&pollutant=all.

Accessed 19 September 2016)

72 \Welsh Air Quality Forum. 2016. Air Quality in Wales [online]. Available from:

http://www.welshairquality.co.uk/ [Accessed 61 July 2016].

73 Department for Environment, Food and Rural Affairs (Defra). 2012. Fine Particulate Matter (PMzs) in

the United Kingdom [online]. Air Quality Expert Group. Available from: https://uk-

air.defra.gov.uk/assets/documents/reports/cat11/1212141150 AQEG Fine Particulate Matter in_the
UK.pdf [Accessed 6" July 2016].

74 National Statistics. 2015. Statistics for Wales: June 2015 Survey of Agriculture and Horticulture:

Results for Wales [online]. Available from: http://gov.wales/docs/statistics/2015/151119-survey-

agriculture-horticulture-june-2015-en.pdf [Accessed 7t July 2016].

75 Pearson C, Littlewood E, Douglas P, Robertson S, Gant TW, Hansell AL. 2015. Exposures and

Health Outcomes in Relation to Bioaerosol Emissions from Composting Facilities: A Systematic

Review of Occupational and Community Studies [online]. J Toxicol Environ Health B Crit Rev 18(1),

43-69. Available from: http://www.ncbi.nlm.nih.gov/pubmed/25825807 [Accessed 6™ July 2016].

76 Welsh Government. 2014. Air Pollution in Wales 2014 [online]. Ricardo Energy and Environment on

behalf of Welsh Air Quality Forum. Available at:

http://www.welshairquality.co.uk/documents/reports/504151029 AQ wales 2014 03 lowres.pdf

[Accessed 7t July 2016].

77 Review of Transboundary Air Pollution (RoTAP). 2012. Acidification, Eutrophication, Heavy Metals

and Ground-Level Ozone in the UK [online]. Centre for Ecology and Hydrology: Report to Department

for Environment, Food and Rural Affairs (Defra). Available from:

http://www.rotap.ceh.ac.uk/files/ CEH%20R0TAP_0.pdf [Accessed 7t July 2016].

78 Air Pollution Information System (APIS). 2014. Nitrogen Oxides (NOx) [online]. Available from:

http://www.apis.ac.uk/overview/pollutants/overview NOx.htm [Accessed 7 July 2016].

79 Welsh Government. 2010. Welsh Statutory Instruments. The Air Quality Standards (Wales)

Regulations 2010 [online]. Environmental Protection, Wales. Available from:

http://gov.wales/docs/desh/policy/100624airqualityregsen.pdf [Accessed 7t July 2016].

80 Welsh Air Quality Forum. 2016. Air Quality in Wales. Oxides of Nitrogen air quality results for 2015

[online]. Available from: http://www.welshairquality.co.uk/data_and _statistics.php [Accessed 7t July

20186].

81 European Environment Agency. 2015. NEC Directive status report 2014 [online]. Luxembourg:

Publications of the European Union, 2015. Available from: http://www.eea.europa.eu/publications/nec-

directive-status-report-2014 [Accessed 7t July 2016].

www.naturalresourceswales.gov.uk Page 139


https://publications.parliament.uk/pa/cm200910/cmselect/cmenvaud/229/22902.htm
http://naei.beis.gov.uk/reports/reports?report_id=829
https://www.rcplondon.ac.uk/projects/outputs/every-breath-we-take-lifelong-impact-air-pollution
http://gov.wales/docs/desh/policy/100624airqualityregsen.pdf
http://gov.wales/topics/environmentcountryside/epq/airqualitypollution/airquality/guidance/policy-guidance/?lang=en
http://gov.wales/topics/environmentcountryside/epq/airqualitypollution/airquality/guidance/policy-guidance/?lang=en
https://uk-air.defra.gov.uk/aqma/list?la=all&country=wales&pollutant=all
http://www.welshairquality.co.uk/
https://uk-air.defra.gov.uk/assets/documents/reports/cat11/1212141150_AQEG_Fine_Particulate_Matter_in_the_UK.pdf
https://uk-air.defra.gov.uk/assets/documents/reports/cat11/1212141150_AQEG_Fine_Particulate_Matter_in_the_UK.pdf
https://uk-air.defra.gov.uk/assets/documents/reports/cat11/1212141150_AQEG_Fine_Particulate_Matter_in_the_UK.pdf
http://gov.wales/docs/statistics/2015/151119-survey-agriculture-horticulture-june-2015-en.pdf
http://gov.wales/docs/statistics/2015/151119-survey-agriculture-horticulture-june-2015-en.pdf
https://www.ncbi.nlm.nih.gov/pubmed/25825807
http://www.welshairquality.co.uk/documents/reports/504151029_AQ_wales_2014_03_lowres.pdf
http://www.rotap.ceh.ac.uk/files/CEH%20RoTAP_0.pdf
http://www.apis.ac.uk/overview/pollutants/overview_NOx.htm
http://gov.wales/docs/desh/policy/100624airqualityregsen.pdf
http://www.welshairquality.co.uk/data_and_statistics.php
https://www.eea.europa.eu/publications/nec-directive-status-report-2014
https://www.eea.europa.eu/publications/nec-directive-status-report-2014

82 Monteith D, Sherrin L, Carter H, Keenan P, Thacker S, Coyle M, Nemitz E, Smith R. 2015.
Monitoring of acidifying and eutrophying deposition and ecological parameters at seven potentially
vulnerable Natura 2000 sites in England and Wales. Sixth report to the power station and refinery
operators. Final report [online]. Lancaster: NERC and Centre for Ecology & Hydrology. (99). Available
from: http://nora.nerc.ac.uk/513139/ [Accessed 7t July 2016].

83 European Union. 2010. Directive 2010/75/EU of the European Parliament and of the Council of 24
November 2010 on Industrial Emissions (integrated pollution prevention and control) [online].
Brussels: Official Journal of the European Union. Available from:
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=0J:L.:2010:334:0017:0119:en:PDF [Accessed
7t July 2016].

84 Hall J, Smith R. 2015. Trends in critical load exceedances in the UK [online]. Centre for Ecology and
Hydrology: Report to Department for Environment, Food and Rural Affairs (Defra). Available from:
http://www.cldm.ceh.ac.uk/sites/cldm.ceh.ac.uk/files/TrendsReport June2015 WEB.pdf [Accessed 7t
July 2016].

85 National Atmospheric Emissions Inventory. 2016. Overview of Air Pollutants [online]. Available from:
http://naei.defra.gov.uk/overview/ap-overview [Accessed 71 July 2016].

86 Great Britain Parliament. House of Commons. Parliamentary Office of Science and Technology.
2014. POSTnote: Ambient Air Quality [online]. Available from:
http://researchbriefings.files.parliament.uk/documents/POST-PN-458/POST-PN-458.pdf [Accessed 7t
July 2016].

87 Environment Agency Wales. 2012. Study of Ambient Airborne Metal Concentrations at Port Talbot
08 February 2012 — 30 June 2012. Available from NRW on request.

88 Department for Environment, Food and Rural Affairs (Defra). 2015. UK Report on measures for
2013 exceedance of the Target Value for Benzo[a]Pyrene [online]. London: Department for
Environment, Food and Rural Affairs. Available from:
https://uk-air.defra.gov.uk/assets/documents/reports/bap-nickel-

measures/bap _overview_reportonmeasures _2013.pdf [Accessed 7t July 2016].

89 Department for Environment, Food and Rural Affairs (Defra). 2015. Report on measures for 2013
exceedance of the Target Value for Nickel in Swansea Urban Area agglomeration zone (UK0027)
[online]. Available from:

https://uk-air.defra.gov.uk/assets/documents/reports/bap-nickel-

measures/ni_swansea UKO0027 reportonmeasures 2013.pdf [Accessed 7t July 2016].

% Wearne S. 2015. Radioactivity in Food and the Environment [online]. Food Standards Agency (RIFE
20). Available from:
https://www.food.gov.uk/science/research/radiologicalresearch/radiosurv/rife/radioactivity-in-food-and-
the-environment-rife-report-2014 [Accessed 7t July 2016].

91 Welsh Government. 2012. Statistics for Wales. State of Environment, 2012 [online]. Available from:
http://gov.wales/statistics-and-research/state-environment/?lang=en [Accessed 7t July 2016].

92 Public Health England. 2016. What is radon? [online]. Available from:
http://www.ukradon.org/information/whatisradon [Accessed 7t July 2016].

Section 3.3 Water Resources and Hydrological Processes

93 Environment Agency. 2011. The case for change — current and future water availability. Report No:
GEHO1111BVEP-E-E

94 UKCPO09 UK Climate Projections. 2014. UK Climate Projections 2009 (UKCPO09) [online]. Available
from: http://ukclimateprojections.metoffice.gov.uk/22530. [Accessed 19t August 2016].

95 Office of National Statistics. 2013. National Population Projections: 2012-based Statistical Bulletin
[online]. Available from:
http://www.ons.gov.uk/peoplepopulationandcommunity/populationandmigration/populationprojections/
bulletins/nationalpopulationprojections/2013-11-06 [Accessed 111 July 2016].

9% Welsh Government. 2016. Government response. Making the most of Every Drop Consultation:
Reforming the Water Abstraction Management System in Wales [online] Available from:
http://gov.wales/docs/desh/consultation/160115-consultation-response-making-the-most-of-every-
drop-en.pdf [Accessed 23rd August 2016]

www.naturalresourceswales.gov.uk Page 140


http://nora.nerc.ac.uk/513139/
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2010:334:0017:0119:en:PDF
http://www.cldm.ceh.ac.uk/sites/cldm.ceh.ac.uk/files/TrendsReport_June2015_WEB.pdf
http://naei.beis.gov.uk/overview/ap-overview
http://researchbriefings.files.parliament.uk/documents/POST-PN-458/POST-PN-458.pdf
https://uk-air.defra.gov.uk/assets/documents/reports/bap-nickel-measures/bap_overview_reportonmeasures_2013.pdf
https://uk-air.defra.gov.uk/assets/documents/reports/bap-nickel-measures/bap_overview_reportonmeasures_2013.pdf
https://uk-air.defra.gov.uk/assets/documents/reports/bap-nickel-measures/ni_swansea_UK0027_reportonmeasures_2013.pdf
https://uk-air.defra.gov.uk/assets/documents/reports/bap-nickel-measures/ni_swansea_UK0027_reportonmeasures_2013.pdf
https://www.food.gov.uk/science/research/radiologicalresearch/radiosurv/rife/radioactivity-in-food-and-the-environment-rife-report-2014
https://www.food.gov.uk/science/research/radiologicalresearch/radiosurv/rife/radioactivity-in-food-and-the-environment-rife-report-2014
http://gov.wales/statistics-and-research/state-environment/?lang=en
http://www.ukradon.org/information/whatisradon
http://ukclimateprojections.metoffice.gov.uk/22530
https://www.ons.gov.uk/peoplepopulationandcommunity/populationandmigration/populationprojections/bulletins/nationalpopulationprojections/2013-11-06
https://www.ons.gov.uk/peoplepopulationandcommunity/populationandmigration/populationprojections/bulletins/nationalpopulationprojections/2013-11-06
http://gov.wales/docs/desh/consultation/160115-consultation-response-making-the-most-of-every-drop-en.pdf
http://gov.wales/docs/desh/consultation/160115-consultation-response-making-the-most-of-every-drop-en.pdf

97 Natural Resources Wales (NRW). 2013p. Diffuse Water Pollution in Wales: Issues, solutions and
engagement for action [online]. Cardiff: Natural Resources Wales. Available from:
https://naturalresources.wales/water/quality/diffuse-water-pollution-action-plan/?lang=en [Accessed
11t July 20186].

%8 Environment Agency. 2009. Water for people and the environment — water resources strategy for
Wales [online]. Available from:
http://webarchive.nationalarchives.gov.uk/20140328084622/http:/www.environment-
agency.gov.uk/research/library/publications/40731.aspx [Accessed 11t July 2016].

99 Welsh Government. 2015. Wales’ Marine Evidence Report. Available from:
http://gov.wales/docs/drah/publications/151008-wales-marine-evidence-report-master-october-2015-
en.pdf [Accessed 121 July 20186].

100 ABPmer. 2008. Atlas of UK Marine Renewable Energy Resources: Technical Report [online].
Available from: http://www.renewables-atlas.info/ [Accessed 11™ July 2016].

101 Simpson JH, Brown J, Matthews J, Allen G. 1990. Tidal straining, density currents, and stirring in
the control of estuarine stratification. Estuaries 13(2), 125-132.

102 Department for Environment, Food and Rural Affairs (Defra). 2010. Charting Progress 2 Feeder
Report: Healthy and Biologically Diverse Seas [online]. Chapter 3. Available from:
http://webarchive.nationalarchives.gov.uk/20141203181034/http://chartingprogress.defra.gov.uk/chapt
er-3-healthy-and-biologicaly-diverse-seas [Accessed 11 July 2016].

103 Brazier P, Birch K, Brunstrom A, Bunker A, Jones M, Lough N, Salmon L and Wyn G. 2007. When
the tide goes out. The biodiversity and conservation of the shores of Wales - results from a 10 year
intertidal survey of Wales. Countryside Council for Wales.

104 Welsh Government. 2012. UK Climate Change Risk Assessment (CCRA): A Climate Change Risk
Assessment for Wales [online]. Available from:
http://gov.wales/topics/environmentcountryside/climatechange/publications/riskassess/?lang=en
[Accessed 11 July 2016].

105 EUROSION. 2004. EUROSION Portal: A European initiative for sustainable coastal erosion
management [online]. Available from: http://www.eurosion.org [Accessed 11t July 2016].

106 Duigan CA, Rimington NA, Howe MA, ed. 2014. Coastal storms December 2013 & January 2014 —
an assessment of environmental change [online]. Bangor: Natural Resources Wales. Available from:
https://naturalresources.wales/our-evidence-and-reports/flooding-reports/welsh-coastal-storms-
december-2013-and-january-2014-an-assessment-of-environmental-change/?lang=en [Accessed 11t
July 2016].

107 Natural Resources Wales (NRW). 2014. Wales Coastal Flooding Review Phase 1 Report —
Assessment of Impacts [online]. Available from: https://naturalresources.wales/our-evidence-and-
reports/flooding-reports/wales-coastal-flooding-review-phase-1/?lang=en [Accessed 11t July 2016].
108 Cazenave, PW, Torres, R, Allen, JI. 2016. Unstructured grid modelling of offshore wind farm
impacts on seasonally stratified shelf seas [online]. Progress in Oceanography 145, 25-41. Available
from: http://www.sciencedirect.com/science/article/pii/S0079661115300379 [Accessed 11" July 2016].
109 Robins PE, Skov MW, Lewis MJ, Gimenez L, Davies AG, Malham SK, Neill SP, McDonald JE,
Whitton TA, Jackson SE, Jago CF. 2016. Impact of climate change on UK estuaries: A review of past
trends and potential projections. Estuarine, Coastal and Shelf Science 169, 119-135.

110 owe J A, Howard T P, Pardaens A, Tinker J, Holt J, Wakelin S, Milne G, Leake J, Wolf J,
Horsburgh K, Reeder T, Jenkins G, Ridley J, Dye S, Bradley S. 2009. UK Climate Projections science
report: Marine and coastal projections. Exeter: Met Office.

111 Slingo J, Belcher S, Scaife A, McCarthy M, Saulter A, McBeath K, Jenkins A, Huntingford C, Marsh
T, Hannaford J, Parry S. 2014. The recent storms and floods in the UK [online]. Exeter: Met Office and
Centre for Ecology and Hydrology. Available from:

www.metoffice.gov.uk/media/pdf/n/i/Recent Storms Briefing Final 07023.pdf [Accessed 111 July
2016].

112 Wang XL, Feng Y, Compo GP, Swail VR, Zwiers FW, Allan RJ, Sardeshmukh PD. 2012: Trends
and low frequency variability of extra-tropical cyclone activity in the ensemble of twentieth century
reanalysis. Climate Dynamics 40, 2775-2800.

113 Baxter JM, Buckley PJ, Wallace CJ. 2008. Marine climate change impacts — Annual report card
2007-2008 [online]. Lowestoft: MCCIP. Available from: www.mccip.org.uk/arc [Accessed 11" July
20186].

114 Jenkins, GJ, Murphy, JM, Sexton, DMH, et al (2009) UK Climate Projections: Briefing Report. Met

www.naturalresourceswales.gov.uk Page 141


https://naturalresources.wales/guidance-and-advice/environmental-topics/water-management-and-quality/water-quality/diffuse-water-pollution-action-plan/?lang=en
http://webarchive.nationalarchives.gov.uk/20140328084622/http:/www.environment-agency.gov.uk/research/library/publications/40731.aspx
http://webarchive.nationalarchives.gov.uk/20140328084622/http:/www.environment-agency.gov.uk/research/library/publications/40731.aspx
http://gov.wales/docs/drah/publications/151008-wales-marine-evidence-report-master-october-2015-en.pdf
http://gov.wales/docs/drah/publications/151008-wales-marine-evidence-report-master-october-2015-en.pdf
http://www.renewables-atlas.info/
http://webarchive.nationalarchives.gov.uk/20141203181034/http:/chartingprogress.defra.gov.uk/chapter-3-healthy-and-biologicaly-diverse-seas
http://webarchive.nationalarchives.gov.uk/20141203181034/http:/chartingprogress.defra.gov.uk/chapter-3-healthy-and-biologicaly-diverse-seas
http://gov.wales/topics/environmentcountryside/climatechange/publications/riskassess/?lang=en
http://www.eurosion.org/
https://naturalresources.wales/evidence-and-data/research-and-reports/reports-evidence-and-data-on-flooding/welsh-coastal-storms-december-2013-and-january-2014-an-assessment-of-environmental-change/?lang=en
https://naturalresources.wales/evidence-and-data/research-and-reports/reports-evidence-and-data-on-flooding/welsh-coastal-storms-december-2013-and-january-2014-an-assessment-of-environmental-change/?lang=en
https://naturalresources.wales/evidence-and-data/research-and-reports/reports-evidence-and-data-on-flooding/wales-coastal-flooding-review-phase-1/?lang=en
https://naturalresources.wales/evidence-and-data/research-and-reports/reports-evidence-and-data-on-flooding/wales-coastal-flooding-review-phase-1/?lang=en
https://www.sciencedirect.com/science/article/pii/S0079661115300379
http://www.metoffice.gov.uk/binaries/content/assets/mohippo/pdf/1/2/recent_storms_briefing_final_slr_20140211.pdf
http://www.mccip.org.uk/arc

Office Hadley Centre

115 Evans GL, Williams PJL, Mitchelson-Jacob EG. 2003. Physical and anthropogenic effects on
observed long-term nutrient changes in the Irish Sea. Estuarine Coastal and Shelf Science 57(5-6),
1159-1168.

116 Holliday NP, Hughes SL, Bacon S, Beszczynska-Moller A, Hansen B, Lavin A, Loeng H, Mork K A,
Osterhus S, Sherwin T, Walczowski W. 2008. Reversal of the 1960s to 1990s freshening trend in the
northeast North Atlantic and Nordic Seas. Geophysical Research Letters 35(3).

117 Natural Resources Wales (NRW). 2014. Flood and Coastal Erosion Risk Management in Wales,
2011-14: First Report to the Minister under Section 18 of the Flood and Water Management Act 2010
[online]. Available from: https://naturalresources.wales/media/1039/flood-and-coastal-erosion-risk-
management-in-wales-2011-2014.pdf [Accessed 11" July 2016].

118 Halcrow. 2012. Lavernock Point to St Ann’s Head Shoreline Management Plan SMP2 [online].
South Wales SMP. Available from: http://www.southwalescoast.org/ [Accessed 11t July 2016].

119 Atkins. 2010. Severn Estuary Shoreline Management Plan (SMP) Review [online]. Severn Estuary
Coastal Group. Available from: http://severnestuarycoastalgroup.org.uk/shoreline-management-plan/
[Accessed 11" July 2016].

120 Royal Haskoning. 2012. West of Wales Shoreline Management Plan 2 [online]. Available from:
http://www.westofwalessmp.org/ [Accessed 11t July 2016].

121 Neill SP, Litt EJ, Couch SJ, Davies AG. 2009. The impact of tidal stream turbines on large-scale
sediment dynamics. Renewable Energy 34, 2803-2812.

122 Ramos V, Carballo R, Sanchez M, Veigas M, Iglesias G. 2014. Tidal stream energy impacts on
estuarine circulation. Energy Conversion and Management 80, 137-149.

123 DECC. 2010. Severn Tidal Power - Hydraulics and Geomorphology Topic Paper [online]. Bristol:
Parsons Brinckerhoff Ltd. Available from:
https://www.gov.uk/government/uploads/system/uploads/attachment data/file/69902/39. Hydraulics a
nd_Geomorphology - NTS.pdf [Accessed 11t July 2016].

Section 3.4 Soils

124 Emmett et al. 2015. Glastir Monitoring & Evaluation Programme. Second Year Annual Report to
Welsh Government. NERC/Centre for Ecology & Hydrology (CEH Project: NEC04780), 549.

125 Evans C, Rawlins B, Grebby S, Scholefield P, Jones P. 2015. Glastir Monitoring & Evaluation
Programme. Mapping the extent and condition of Welsh peat. Welsh Government. NERC/Centre for
Ecology & Hydrology (CEH Project: NEC04780) 47

126 ECOSSE. 2007. Estimating carbon in organic soils, sequestration and emissions (ECOSSE).
Scottish Executive Environment and Rural Affairs Department and Welsh Assembly Government.
Edinburgh: Scottish Executive.

127 UK National Ecosystem Assessment (UK NEA). 2011. The UK National Ecosystem Assessment.
Technical Report. Chapter 20. Cambridge: UNEP-WCMC.

128 Vanguelova El, Nisbet TR, Moffat AJ, Broadmeadow S, Sanders TGM, Morison JIL. 2013. A new
evaluation of carbon stocks in British forest soils. Soil Use and Management 29 (2), 169-181.

129 Natural Resources Wales (NRW). 2015. A Snapshot of the State of Wales’ Natural Resources -
Current evidence on the state of our natural resources in Wales. Cardiff: Natural Resources Wales.
130 Rawlins BG, McGrath SP, Scheib AJ, Breward N, Cave M, Lister TR, Ingham M, Gowing C, Carter
S. 2012. The Advanced Soil Geochemical Atlas of England and Wales. Nottingham: British Geological
Survey.

131 Hannam J, Niziolomski J, Rickson J, Keay C. 2016. An analysis of the extent and severity of soil
degradation in Wales. (Welsh Soils Evidence Review). Cranfield University on behalf of Welsh
Government.

132 Holden J, Chapman P, Evans M, Hubacek K, Kay P, Warburton J. 2007. Vulnerability of Organic
Soils in England and Wales. Department for Environment, Food and Rural Affairs (Defra).

133 Cameron D, Osborne C, Horton P, Sinclair M. 2015. A sustainable model for intensive agriculture.
COP 21 Briefing Note. Grantham: Centre for Sustainable Futures, The University of Sheffield.

134 European Commission. 2006. EC Thematic Strategy for Soil Protection [online]. Available from:
http://ec.europa.eu/environment/soil/three _en.htm [Accessed 13t July 2016.

www.naturalresourceswales.gov.uk Page 142


https://naturalresources.wales/media/1039/flood-and-coastal-erosion-risk-management-in-wales-2011-2014.pdf
https://naturalresources.wales/media/1039/flood-and-coastal-erosion-risk-management-in-wales-2011-2014.pdf
http://www.southwalescoast.org/
http://www.severnestuarycoastalgroup.org.uk/shoreline-management-plan/
http://www.westofwalessmp.org/
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/69902/39._Hydraulics_and_Geomorphology_-_NTS.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/69902/39._Hydraulics_and_Geomorphology_-_NTS.pdf
http://ec.europa.eu/environment/soil/three_en.htm

135 Daily GC, Matson PA, Vitousek PM. 1997. Ecosystem Services Supplied by Soil. In: Daily GC ed.
Nature’s Services: Societal Dependence on Natural Ecosystems. Island Press, 113-132.

136 Blum WEH. 2005. Functions of soil for society and the environment. Reviews in Environmental
Science and Biotechnology 4, 75-79.

137 Haygarth PM, Ritz K. 2009. The future of soils and land use in the UK: Soil systems for the
provision of land-based ecosystem services. Land Use Policy 26, 187-S197.

138 Newell-Price P, Chambers B, Whittingham M. 2012. Characterisation of soil structural degradation
under grassland and development of measures to ameliorate its impact on biodiversity and other soil
functions. Department for Environment, Food and Rural Affairs (Defra) Project BD5001 Final Report.
Grassland soil compaction assessment — Stage 1 and 2.

139 Carroll ZL, Bird SB, Emmett BA, Reynolds B, Sinclair FL. 2004. Can tree shelterbelts on
agricultural land reduce flood risk? Soil Use and Management 20 (3), 357—-359.

140 Emmett BA, Reynolds B, Chamberlain PM, Rowe E, Spurgeon D, Brittain SA, Frogbrook Z, Hughes
S, Lawlor AJ, Poskitt J, Potter E, Robinson DA, Scott A, Wood C, Woods C. 2010. Countryside
Survey: Soils Report from 2007. Technical Report No. 9/07. NERC/Centre for Ecology & Hydrology,
192.

141 Hall J, Smith R. 2015. Trends in critical load exceedances in the UK. Report to Department for
Environment, Food and Rural Affairs (Defra).

142 Natural Resources Wales (NRW). 2015. Response by Cyfoeth Naturiol Cymru/Natural Resources
Wales to Welsh Government Consultation Document: A Strategic Framework for Welsh Agriculture
[online]. Available from: http://naturalresources.wales/media/5551/strategic-framework-for-welsh-
agriculture.pdf [Accessed 13t July 2016].

143 Environment Agency. 2007. UK soil and herbage pollutant survey (UKSHS) [online]. Available from:
https://www.gov.uk/government/publications/uk-soil-and-herbage-pollutant-survey [Accessed 13" July
20186].

144 Spurgeon DJ, Rowland P, Ainsworth G, Rothery P, Long S, Black HIJ. 2008. Geographical and
pedological drivers of distribution and risks to soil fauna of seven metals (Cd,Cu, Cr, Ni, Pb, V and Zn)
in British soils. Environmental Pollution 153 (2), 273—-283.

145 Department for Environment, Food and Rural Affairs (Defra). 2009. Safeguarding our Soils - A
Strategy for England.

146 Centre for Ecology and Hydrology (CEH) Land Cover Map data. Online resource available at:
https://eip.ceh.ac.uk/Icm/lcmdata. Accessed 19 September 2016)

147 UK National Ecosystem Assessment (UK NEA). 2011. The UK National Ecosystem Assessment -
Technical Report. Chapter 13: Supporting Services. Cambridge: UNEP-WCMC.

148 Environment Agency. 2004. The State of Soils in England & Wales [online]. Available from:
http://www.eugris.info/displayresource.aspx?r=4839 [Accessed 13t July 2016].

149 Huber S, Prokop G, Arrouays D, Banko G, Bispo A, Jones RJA, Kibblewhite MG, Lexer W, Méller
A, Rickson RJ, Shishkov T, Stephens M, Toth G, Van den Akker JJH, Varallyay G, Verheijen FGA,
Jones AR. 2008. Environmental Assessment of Soil for Monitoring: Volume | Indicators & Criteria.
EUR 23490 EN/1. Luxembourg: Office for the Official Publications of the European Communities, 339.
150 Evans CD, Monteith DT, Cooper DM. 2005. Long-term increases in surface water dissolved organic
carbon: Observations, possible causes and environmental impacts. Environmental Pollution 137, 55—
71.

151 Worrall F, Burt T. 2007. Trends in DOC concentration in Great Britain. Journal of Hydrology 346,
81-92.

152 | and Information System. National Soil Inventory. Online resource. Available at:
http://www.landis.org.uk/data/nsi.cfm. (Accessed 19 September 2016)

153 Bellamy PH, Loveland PJ, Bradley RI, Lark RM, Kirk GJD. 2005. Carbon losses from all soils
across England and Wales 1978-2003. Nature 437, 245-248.

154 Reynolds B, Chamberlain PM, Poskitt J, Wood CM, Scott WA, Rowe EC, Robinson DA, Frogbrook
ZL, Keith AM, Henrys PA, Black HIJ, Emmett BA. 2013. Countryside Survey: national "soil change"
1978-2007 for topsoils in Great Britain - acidity, carbon, and total nitrogen status. Vadose Zone
Journal 12 (2), 15.

155 Jones A, Jeffery S, Gardi C, Montanarella L, Marmo L, Miko L, Ritz K, Peres G, Rombke J, van der
Putten W. 2010. The European Atlas of Soil Biodiversity. Luxembourg: Publications office of the
European Union.

156 Bardgett RD. 2005. The Biology of Soil: A Community and Ecosystem Approach. Oxford:

www.naturalresourceswales.gov.uk Page 143


http://naturalresources.wales/media/5551/strategic-framework-for-welsh-agriculture.pdf
http://naturalresources.wales/media/5551/strategic-framework-for-welsh-agriculture.pdf
https://www.gov.uk/government/publications/uk-soil-and-herbage-pollutant-survey
https://eip.ceh.ac.uk/lcm/lcmdata
http://www.eugris.info/displayresource.aspx?r=4839
http://www.landis.org.uk/data/nsi.cfm

Oxford University Press.

157 Tsiafouli M, Thébault E, Sgardelis S, de Ruiter P, van der Putten WH, Birkhofer K, Hemerik L,

de Vries FT, Bardgett E, Brady M, Bjarnlund L, Jargensen H, Christensen S, D'Hertefeldt T, Hotes S,
Hol WHG, Frouz J, Liiri M, Mortimer S, Setala H, Tzanopoulos J, Uteseny K, Karoline, Pixl V, Stary J,
Wolters V, Hedlund K. 2015. Intensive agriculture reduces soil biodiversity across Europe. Global
Change Biology 21, 973-985.

158 UK National Ecosystem Assessment (UK NEA). 2011. The UK National Ecosystem Assessment -
Technical Report. Chapter 14: Regulating Services. Cambridge: UNEP-WCMC.

159 Natural Resources Wales (NRW). 2016. The state of contaminated land in Wales. Cardiff: Natural
Resources Wales.

160 Keay CA, Jones RJA, Procter C, Chapman V, Barrie I, Nias I, Smith S, Astbury S. 2014. The
Impact of climate change on the capability of land for agriculture as defined by the Agricultural Land
Classification. Department for Environment, Food and Rural Affairs (Defra), Project SP1104.

161 De Vries FT, Bardgett RD. 2015. Soil Biodiversity. Technical Report, LWEC Report Card for
Climate Change Impacts on Terrestrial Biodiversity.

162 Bardgett RD, van der Putten WH. 2014. Belowground biodiversity and ecosystem functioning.
Nature 515, 505-511.

163 Wall DH, Nielsen UN, Six J. 2015. Soil biodiversity and human health. Nature 528, 69-76.

164 Seneviratne Sl, Luthi D, Litschi M, Schar C. 2006. Land-atmosphere coupling and climate change
in Europe. Nature 443, 205-209.

165 Stevens PA, Reynolds B, Emmett BA, Thompson TRE, Loveland PJ, Jarvis SC, Haygarth P,
Thomas HR, Owen DH, Roberts R, Marsden T. 2002. Critical Appraisal of State and Pressures and
Controls on the Sustainable Use of Soils in Wales. Centre for Ecology and Hydrology (CEH) Project
C01920. Report for Environment Agency and National Assembly for Wales.

166 Committee on Climate Change. 2016. UK Climate Change Risk Assessment 2017 Evidence
Report, Summary for Wales [online]. Available from: https://documents.theccc.org.uk/wp-
content/uploads/2016/07/UK-CCRA-2017-Wales-National-Summary.pdf. [Accessed 29th July 2016].

Section 3.5 Geodiversity

167 UNESCO Global Geoparks. 2016. Celebrating Earth Heritage, Sustaining local Communities
[online]. Paris: United Nations Educational, Scientific and Cultural Organisation. Available from:
http://unesdoc.unesco.org/images/0024/002436/243650e.pdf [Accessed 71 July 20186].

168 Joint Nature Conservation Committee (JNCC). 2016. The Geological Conservation Review (GCR)
[online]. Available from: http://incc.defra.gov.uk/page-2947 [Accessed 71 July 20186].

169 Ellis NV. 2011. The Geological Conservation Review (GCR) in Great Britain—Rationale and
methods [online]. Proceedings of the Geologists Association 122(3), 353-362. Available from:
http://www.sciencedirect.com/science/article/pii/S0016787811000319 [Accessed 7t July 2016].

170 Humpage AJ, Bide TP. 2010. The Mineral Resource Maps of Wales [online]. NERC: British
Geological Survey. Available at: https://www.bgs.ac.uk/downloads/start.cfm?id=1665 [Accessed 7!
July 2016].

171 Russell M. 2015. The Economic Significance of the Mineral Products Industry to the Welsh
Economy [online]. Mineral Products Association. Available from:
http://www.mineralproducts.org/documents/Economic_Significance of the Mineral Products Industr
y to Wales 021215.pdf [Accessed 7t July 2016].

172 UNESCO. 2013. The Wider Value of UNESCO to the UK [online]. UK National Commission for
UNESCO. Available from: http://www.unesco.org.uk/wp-content/uploads/2015/05/Wider-Value-of-
UNESCO-to-UK-2012-13-full-report.pdf [Accessed 7t July 2016].

Part B: Ecosystem Evidence

Section 3.6 Mountains, Moorlands and Heaths

173 Blackstock TH, Howe EA, Stevens JP, Burrows CR, Jones PS. 2010. Habitats of Wales: A
Comprehensive Field Survey, 1979-97. Cardiff: University of Wales Press.

www.naturalresourceswales.gov.uk Page 144


https://documents.theccc.org.uk/wp-content/uploads/2016/07/UK-CCRA-2017-Wales-National-Summary.pdf
https://documents.theccc.org.uk/wp-content/uploads/2016/07/UK-CCRA-2017-Wales-National-Summary.pdf
http://unesdoc.unesco.org/images/0024/002436/243650e.pdf
http://jncc.defra.gov.uk/page-2947
https://www.sciencedirect.com/science/article/abs/pii/S0016787811000319
https://www.bgs.ac.uk/downloads/start.cfm?id=1665
http://www.mineralproducts.org/documents/Economic_Significance_of_the_Mineral_Products_Industry_to_Wales_021215.pdf
http://www.mineralproducts.org/documents/Economic_Significance_of_the_Mineral_Products_Industry_to_Wales_021215.pdf
https://www.unesco.org.uk/wp-content/uploads/2015/05/Wider-Value-of-UNESCO-to-UK-2012-13-full-report.pdf
https://www.unesco.org.uk/wp-content/uploads/2015/05/Wider-Value-of-UNESCO-to-UK-2012-13-full-report.pdf

174 Turner AJ. 2011. A conspectus of the vegetation of the Welsh uplands, with special reference to
Snowdonia. In: Blackstock TH, Howe EA, Rothwell JP, Duigan CA, Jones PS, ed. Proceedings of a
Memorial Conference for Dr David Paul Stevens 1958-2007: Grassland Ecologist and Conservationist,
116-134. CCW Staff Science Report 10/03/2005. Bangor: Countryside Council for Wales.

175 Ratcliffe DA. 1977. A Nature Conservation Review. Cambridge: Cambridge University Press.

176 Yeo MJM, Blackstock TH. 2002. A vegetation analysis of the pastoral landscapes of upland Wales,
UK [online]. Journal of Vegetation Science 13, 803-816. Available At:
http://onlinelibrary.wiley.com/doi/10.1111/].1654-1103.2002.tb02110.x/epdf [Accessed 12 July 2016].
177 Allen D. 2004. A Rapid Review of SSSI Feature Condition in Wales. Bangor: Countryside Council
for Wales

178 GMEP. 2016. Glastir Monitoring & Evaluation Programme Portal [online]. https://gmep.wales
[Accessed 12 July 2016].

179 Hayes F, Mills G, Williams P, Harmens H, Biker P. 2006. Impacts of summer ozone exposure on
the growth and overwintering of UK upland vegetation [online]. Atmospheric Environment 40, 4088-
4097. Available from: http://www.sciencedirect.com/science/article/pii/S1352231006002871 [Accessed
12 July 20186].

180 Department for Environment, Food and Rural Affairs (Defra). 2015. AQ0815 - Effects of Ground
Level Ozone on Semi-Natural Vegetation of High Conservation Value [online]. Available from:
http://randd.defra.gov.uk/Default.aspx?Menu=Menu&Module=More&L ocation=None&Completed=0&P
rojectiD=16385 [Accessed 12 July 2016].

181 NRW. 2015. Analysis of data collated for 2012 Article 17 Reporting Round. Cardiff: Natural
Resources Wales.

182 Jackson P. 2008. Rhododendron in Snowdonia and a Strategy for its Control [online]. Snowdonia
National Park Authority Report. Available from: http://www.eryri-

npa.gov.uk/ _data/assets/pdf_file/0020/68600/Rhododendron-Strateqy-Final.pdf [Accessed 12 July
2016].

183 Joint Nature Conservation Committee (JNCC). 2012. Third Report by the United Kingdom under
Article 17 on the implementation of the Habitats and Species Directive from January 2007 to
December 2012: Habitat Accounts [online]. Peterborough: JNCC. Available from:
http://incc.defra.gov.uk/pdf/Articlel7Consult 20131010/H1150 UK.pdf [Accessed 12 July 2016].

184 Miller HS, Jones HS, Jones G. 2007. A strategic conservation assessment of heathland and
associated habitats on the coal spoils of South Wales. CCW Science Report 772. Bangor: Countryside
Council for Wales.

185 Yeo MJM. 1997. Blanket mire degradation in Wales. In: Blanket Mire Degradation: Causes,
Consequences and Challenges. Tallis JH, Meade R, Hulme PD, ed. Mires Research Group, British
Ecological Society, 101-115.

186 Ardeshir D. 2015 Mapping and Assessing the Status of Upland Peat Bodies, Brecon Beacons
National Park. ADAS report for the Brecon Beacons National Park Authority

187 NRW. 2016. An assessment of the extent and distribution of peat erosion in Wales. Bangor:
Natural Resources Wales.

188 Vanguelova E, Broadmeadow S, Anderson R, Yamulki S, Randle T, Nisbet T, Morison J. 2012. A
Strategic Assessment of the Afforested Peat Resource in Wales. Forest Research Report to Forestry
Commission Wales. 150 pp. Available from:

http://www.forestry.gov.uk/pdf/Peatland Wales Report 2012.pdf/$FILE/Peatland Wales Report 201
2.pdf [Accessed 12 July 2016].

189 Carris H. 2012. Guidance on peat soils [online]. Forestry Commission Wales. Available from:
https://naturalresources.wales/media/3132/woodland-peat-guidance.pdf [Accessed 12 July 2016].

190 | atham J, Sherry J, Rothwell J. 2013. Ecological Connectivity and Biodiversity Prioritisation in the
Terrestrial Environment of Wales [online]. CCW Staff Science Report No. 13/3/3. Available At:
http://www.biodiversitywales.org.uk/Ecosystems-Species-Expert-Groups (Ecological Connectivity
Wales Report) [Accessed 12 July 2016].

191 Yeo MJM. 1997. Blanket mire degradation in Wales. In: Blanket Mire Degradation: Causes,
Consequences and Challenges. Tallis JH, Meade R, Hulme PD, ed. Mires Research Group, British
Ecological Society, 101-115.

192 walker F, Elias D. 1989. Heather regeneration scheme: the Berwyn Mountains case study. NCC
North Wales Region Report, NW89/1. Bangor: Nature Conservancy Council.

www.naturalresourceswales.gov.uk Page 145


http://onlinelibrary.wiley.com/doi/10.1111/j.1654-1103.2002.tb02110.x/epdf
https://gmep.wales/
https://www.sciencedirect.com/science/article/pii/S1352231006002871
http://randd.defra.gov.uk/Default.aspx?Menu=Menu&Module=More&Location=None&Completed=0&ProjectID=16385
http://randd.defra.gov.uk/Default.aspx?Menu=Menu&Module=More&Location=None&Completed=0&ProjectID=16385
http://www.eryri.llyw.cymru/__data/assets/pdf_file/0020/68600/Rhododendron-Strategy-Final.pdf
http://www.eryri.llyw.cymru/__data/assets/pdf_file/0020/68600/Rhododendron-Strategy-Final.pdf
http://jncc.defra.gov.uk/pdf/Article17Consult_20131010/H1150_UK.pdf
https://www.forestry.gov.uk/pdf/Peatland_Wales_Report_2012.pdf/$FILE/Peatland_Wales_Report_2012.pdf
https://www.forestry.gov.uk/pdf/Peatland_Wales_Report_2012.pdf/$FILE/Peatland_Wales_Report_2012.pdf
https://naturalresources.wales/media/3132/woodland-peat-guidance.pdf
http://www.biodiversitywales.org.uk/Ecosystems-Species-Expert-Groups

193 Sinclair G. 1982. Landuse Changes in the Proposed Clwydian Range Area of Outstanding Natural
Beauty 1947 — 1982. A report to the Countryside Commission. Environment Information Service.

194 Stevens JP. 1992. Vegetation change in Llyn between 1920/2 and 1987/8. CCW Science Report 36.
Bangor: Countryside Council for Wales.

195 Gritten R. 2008. Conservation Assessment of Lowland Heathland in the Upland Fringes (Ffridd
Zone) of the Snowdonia National Park. CCW Contract Science Report No. 992. Bangor: Countryside
Council for Wales.

196 Bardgett RD, Marsden JH, Howard DC. 1995. The extent and condition of heather on moorland in
the uplands of England and Wales. Biological Conservation 71, 155-161.

197 Welsh Government. 2015. A Review of the Contribution the Glastir Scheme to the Sustainable
Management of Peatlands. Cardiff: Welsh Government Soils & Landuse Division.

198 Medcalf K, Whittick E, Turton, N, Cross, D. 2012. Wales Agri-Environment Monitoring Lot 1:
Habitats. Final Report. Welsh Government. . A report produced for the Welsh Government by
Environment Systems and Thompson Ecology.

199 Smart SM, August T, Botham M, Cooper J, Emmett BA, Goodwin A, Hall J, Harrower C, Henrys P,
Isaac N, Jarris S, Maskell L, Norton L, Oliver T, Peyton J, Powney G, Rorke S, Rowland C, Roy D,
Scholefield P, Siriwardena G, Tebbs E, Wagner M, Wood C, Beckmann B, Dadam D. 2015. Chapter 5:
Biodiversity. In: Emmett BA, et al., ed. Glastir Monitoring & Evaluation Programme, Second Year
Annual Report [online]. Available At: http://nora.nerc.ac.uk/512331/1/N512331CR.pdf [Accessed 12
July 2016].

200 GMEP. 2013. Glastir Monitoring and Evaluation Programme Portal [online]. Available at:
https://gmep.wales [Accessed 13" July 2016].

Section 3.7 Semi-natural Grassland

201 Blackstock TH, Howe EA, Stevens JP, Burrows CR, Jones PS. 2010. Habitats of Wales. A
comprehensive field survey 1979-1997. Cardiff: University of Wales Press.

202 gtevens DP, Smith SLN, Blackstock TH, Bosanquet SDS, Stevens JP. 2010. Grasslands of Wales.
A survey of lowland species-rich grasslands, 1987-2004. Cardiff: University of Wales Press.

203 GMEP. 2016. Glastir Monitoring & Evaluation Programme Portal [online]. Available from:
https://gmep.wales [Accessed 71 July 2016].

204 Joint Nature Conservation Committee (JNCC). 2013c. 3rd UK Habitats Directive Reports [online].
Available from: http://jncc.defra.gov.uk/page-6387 [Accessed 71 July 2016].

205 CCW. 2004. CCW's rapid review of SSSI features: an analysis. Countryside Council for Wales:
internal report.

208 Williams JM, ed. 2006. Common standards monitoring for designated sites: first six years report
[online]. Peterborough: Joint Nature Conservation Committee. Available from:
http://incc.defra.gov.uk/pdf/CSM_06habitats.pdf [Accessed 7th July 2016].

207 Fuller RM. 1987. The changing extent and conservation interest of lowland grasslands in England
and Wales: a review of grassland surveys 1930-84. Biological Conservation 40(4), 281-300.

208 Bullock JM, Jefferson RG, Blackstock TH, Pakeman RJ, Emmett BA, Pywell RJ, Grime JP,
Silvertown J. 2011. Semi-natural grasslands. In: The UK National Ecosystem Assessment (NEA):
Technical Report. Cambridge: UNEP-WCMC.

209 Smith SLN, Sutton MD (in prep). Assessment of non-designated lowland grassland sites in Wales.
Natural Resources Wales (NRW) Evidence Report 105. Natural Resources Wales.

210 Ridding LE, Redhead JW, Pywell RF. 2015. Fate of semi-natural grassland in England between
1960 and 2013: A test of national conservation policy [online]. Global Ecology and Conservation 4,
516-525. Available from: http://nora.nerc.ac.uk/512095/ [Accessed 7t July 2016].

211 Joint Nature Conservation Committee (JNCC). 2013. 3rd UK Habitats Directive Reports [online].
Available from: http://incc.defra.gov.uk/page-6387 [Accessed 12t July 2016].

212 Stevens CJ, Dupré C, Dorland E, Gaunik C, Gowing DJG, Bleeker A, Diiekmann M, Alard D,
Bobbink R, Fowler D, Corcket E, Mountford JO, Vandvik V, Aarrestad PA, Muller S, Dise NB. 2010a.
Nitrogen deposition threatens species richness of grasslands across Europe [online]. Environmental
Pollution 158(9), 2940-2945. Available from: http://oro.open.ac.uk/22820/2/stevens et _al.pdf
[Accessed 7! July 20186].

www.naturalresourceswales.gov.uk Page 146


http://nora.nerc.ac.uk/512331/1/N512331CR.pdf
https://gmep.wales/
https://gmep.wales/
http://jncc.defra.gov.uk/page-6387
http://jncc.defra.gov.uk/pdf/CSM_06habitats.pdf
http://nora.nerc.ac.uk/512095/
http://jncc.defra.gov.uk/page-6387
http://oro.open.ac.uk/22820/2/stevens_et_al.pdf

213 Van Den Berg LJL, Vergeer P, RichTCG, Smart SM, Guest D, Ashmore MR. 2011. Direct and
indirect effects of nitrogen deposition on species composition change in calcareous grassland [online].
Global Change Biology 17(5), 1871-1883. Available from: http://nora.nerc.ac.uk/13110/ [Accessed 7t
July 20186].

214 GMEP. 2013. Glastir Monitoring and Evaluation Programme Portal [online]. Available at:
https://gmep.wales [Accessed 13" July 2016].

Section 3.8 Enclosed Farmland

215 UK National Ecosystem Assessment (UK NEA). 2008. National Ecosystem Assessment for Wales
— Technical Report. Chapter 20: Status and changes in ecosystems and their services to society:
Wales [online]. Accessible at:

http://uknea.unep-wcmc.org/Resources/tabid/82/Default.aspx [Accessed 13h July 2016]

216 UK National Ecosystem Assessment (UK NEA). 2011. The UK National Ecosystem Assessment.
Technical Report. Cambridge: UNEP-WCMC.

217 Countryside Survey. 2007. Countryside Survey 2007: Results for Wales [online]. Available from:
http://www.countrysidesurvey.org.uk/outputs/wales-results-2007 [Accessed 13" July 2016].

218 Natural Resources Wales (NRW) Biodiversity Team. 2016. Estimated amount of enclosed semi-
natural grassland - personal communication. Cardiff: Natural Resources Wales.

29 \Welsh Government. 2015. June 2015 Survey of Agriculture and Horticulture: Results for
Wales.Available at: http://gov.wales/docs/statistics/2015/151119-survey-agriculture-horticulture-june-
2015-en.pdf. Accessed 19 September 2016

220 Blackstock TH, Howe EA, Stevens JP, Burrows, CR, Jones PS. 2010. Habitats of Wales: A
Comprehensive Field Survey, 1979-97. Cardiff: University of Wales Press.

221 EU Directive 75/268/EEC of 28 April 1975 on mountain and hill farming in certain less-favoured
areas

222 \Welsh Government. 2014. Welsh Agricultural Statistics, 2014 [online]. Available from:
http://gov.wales/statistics-and-research/welsh-agricultural-statistics/?lang=en [Accessed 13" July
2016].

223 \Welsh Government. Statistics for Wales. 2015. Aggregate agricultural output and income, 2015
[online]. Available from: http://gov.wales/docs/statistics/2016/160225-aggregate-agricultural-output-
income-2015-en.pdf [Accessed 13t July 2016].

224 \Welsh Government. 2015c. Estimates from Welsh Agricultural Survey, June 2015 [online].
Available from: http://gov.wales/statistics-and-research/survey-agricultural-horticulture/?lang=en
[Accessed 12 July 2016].

225 GMEP. 2016. Glastir Monitoring and Evaluation Programme Portal [online]. Available from:
https://gmep.wales [Accessed 13" July 2016].

226 AHDB. 2016. AHDB Dairy: UK Cow Numbers 2016 [online]. Available from:
http://dairy.ahdb.org.uk/market-information/farming-data/cow-numbers/uk-cow-numbers/ [Accessed
13t June 2016].

227 Hybu Cig Cymru/Meat Promotion Wales. 2013. Review 2003-2013: Flying the Flag: Decade of
Success for the Welsh Red Meat Brands [online]. Available from:
http://www.google.co.uk/url?sa=t&rct=j&g=&esrc=s&source=web&cd=1&ved=0ahUKEwi37rn1gNLMA
hVKF8AKHWWRApcQFgacMAA&url=http%3A%2F%2Fhccmpw.org.uk%2Findex.php%2Ftools%2Fre
quired%2Ffiles%2Fdownload%3FfID%3D4410&usg=AFQ]CNG3gUgqYeOmSSBS3IIOA jzanLO1-A
[Accessed 12 July 2016] [Accessed 13t July 2016].

228 Silcock P, Brunyee J, Pring J. 2012. Changing livestock numbers in the UK Less Favoured Areas —
an analysis of likely biodiversity implications [online]. RSPB. Available from:
https://www.rspb.org.uk/Images/Final Report tcm9-340975.pdf [Accessed 12t July 2016].

229 Powys Poultry Pilot Study. 2015. An Assessment of Cumulative Atmospheric Releases. Copy
available on request from NRW.

230 Keay CA, Jones RJA, Procter C, Chapman V & Barrie I. 2014 The impact of climate change on the
capability of soils for agriculture as defined by the Agricultural Land Classification [online]. Report to
Department for Environment, Food and Rural Affairs (Defra). Available from:
http://www.google.co.uk/url?sa=t&rct=j&g=&esrc=s&source=web&cd=1&ved=0ahUKEwjx4abGoe7NA
hVBPRoKHeupAfsQFgacMAA&url=http%3A%2F%2Frandd.defra.gov.uk%2FDocument.aspx%3FDoc

www.naturalresourceswales.gov.uk Page 147


http://nora.nerc.ac.uk/13110/
https://gmep.wales/
http://uknea.unep-wcmc.org/Resources/tabid/82/Default.aspx
http://www.countrysidesurvey.org.uk/content/wales-results-2007
http://gov.wales/docs/statistics/2015/151119-survey-agriculture-horticulture-june-2015-en.pdf
http://gov.wales/docs/statistics/2015/151119-survey-agriculture-horticulture-june-2015-en.pdf
http://gov.wales/statistics-and-research/welsh-agricultural-statistics/?lang=en
http://gov.wales/docs/statistics/2016/160225-aggregate-agricultural-output-income-2015-en.pdf
http://gov.wales/docs/statistics/2016/160225-aggregate-agricultural-output-income-2015-en.pdf
http://gov.wales/statistics-and-research/survey-agricultural-horticulture/?lang=en
https://gmep.wales/
https://dairy.ahdb.org.uk/market-information/farming-data/cow-numbers/uk-cow-numbers/#.WafuRrKGOUk
http://www.google.co.uk/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0ahUKEwi37rn1qNLMAhVKF8AKHWWRApcQFggcMAA&url=http%3A%2F%2Fhccmpw.org.uk%2Findex.php%2Ftools%2Frequired%2Ffiles%2Fdownload%3FfID%3D4410&usg=AFQjCNG3gUqYeOmSSBS3IlOA_jzanLO1-A
http://www.google.co.uk/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0ahUKEwi37rn1qNLMAhVKF8AKHWWRApcQFggcMAA&url=http%3A%2F%2Fhccmpw.org.uk%2Findex.php%2Ftools%2Frequired%2Ffiles%2Fdownload%3FfID%3D4410&usg=AFQjCNG3gUqYeOmSSBS3IlOA_jzanLO1-A
http://www.google.co.uk/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0ahUKEwi37rn1qNLMAhVKF8AKHWWRApcQFggcMAA&url=http%3A%2F%2Fhccmpw.org.uk%2Findex.php%2Ftools%2Frequired%2Ffiles%2Fdownload%3FfID%3D4410&usg=AFQjCNG3gUqYeOmSSBS3IlOA_jzanLO1-A
https://www.rspb.org.uk/Images/Final_Report_tcm9-340975.pdf
http://www.google.co.uk/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0ahUKEwjx4abGoe7NAhVBPRoKHeupAfsQFggcMAA&url=http%3A%2F%2Frandd.defra.gov.uk%2FDocument.aspx%3FDocument%3D13364_SP1104Finalreport.pdf&usg=AFQjCNEUTYW5PLMhHi6pdtxp_kRfk1Jd7Q&bvm=bv.126130881,d.d2s
http://www.google.co.uk/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0ahUKEwjx4abGoe7NAhVBPRoKHeupAfsQFggcMAA&url=http%3A%2F%2Frandd.defra.gov.uk%2FDocument.aspx%3FDocument%3D13364_SP1104Finalreport.pdf&usg=AFQjCNEUTYW5PLMhHi6pdtxp_kRfk1Jd7Q&bvm=bv.126130881,d.d2s

ument%3D13364 SP1104Finalreport.pdf&usg=AFQICNEUTYW5PLMhHi6pdtxp kRfk1Jd7Q&bvm=bv

.126130881,d.d2s [Accessed 13" July 20186].

231 ADAS. 2014. Impact of the 2014 Winter Floods on Agriculture in England [online]. Report to

Department for Environment, Food and Rural Affairs (Defra). Available from:

https://www.gov.uk/government/uploads/system/uploads/attachment data/file/401235/RFI7086 Flood
Impacts Report 2 .pdf [Accessed 131 July 2016].

232 \Wales Biodiversity Partnership. 2013. The Action Plan for Pollinators in Wales [online]. Available

At: http://www.biodiversitywales.org.uk/Wales-Action-Plan-for-Pollinators [Accessed 13t July 2016].

233 Hossell JE, Jones PJ, Marsh JS, Parry ML, Tranter RB. 1996 The likely effect of climate change on

agricultural land use in England and Wales [online]. Geoforum 27 (2), 149-157. Available from:

http://www.sciencedirect.com/science/article/pii/001671859600005X [Accessed 13t July 2016].

234 van Laer E, Moons CPH, Sonck B, Tuyttens F. 2013. Importance of outdoor shelter for cattle in

temperate climates. Livestock Science 159(1).

https://www.researchgate.net/publication/259166083 Importance of outdoor shelter for cattle in te

mperate climates [Accessed 24th August 2016]

235 Webster JR, Stewart M, Rogers AR, Verkerk GA. 2008. Assessment of welfare from physiological

and behavioural responses of New Zealand dairy cows exposed to cold and wet conditions. Animal

Welfare 17 (1), 19-26.

236 Graunke KL, Schuster T, Lidfors LM. 2011. Influence of weather on the behaviour of outdoor-

wintered beef cattle in Scandinavia. Livestock Science 136 (2-3), 247-255

237 Mason C, Stevenson H, Cox A, Dick I, Rodger C. 2012. Disease associated with immature

paramphistome infection in sheep. Veterinary Record 170, 343 344.

238 porter JH, Parry ML, Carter TR. 1991. The potential effects of climate change on agricultural insect

pests [online]. Agriculture and forest Meteorology 57, 221-240. Available

at: http://www.sciencedirect.com/science/article/pii/0168192391900888 [Accessed 13t July 2016].

239 pautasso M, Doring TF, Garbelotto M, Pellis L, Jege M. 2012. Impacts of climate change on plant

diseases — opinions and trends [online]. European Journal of Plant Pathology 133, 295-313. Available

from: http://orgprints.org/21902/1/2012.Pautasso%20et%20al.EJPP.pdf [Accessed 13t July 2016].

240 BCMS, 2014. British Cattle Movement Service. [online] Available at:

https://secure.services.defra.gov.uk/wps/portal/ctso [Accessed 22nd August 2016].

Section 3.9 Woodlands

241 Welsh Government. 2011. Policy Positions. Biodiversity: Policy Position in support of Woodlands
for Wales, WAG's strategy for woodlands and trees [online]. Available from:
http://gov.wales/docs/drah/publications/130424-biodiversity-en.pdf [Accessed 81 July 2016].

242 \Welsh Government. 2015. Statistics for Wales: Woodlands for Wales Indicators 2014-15 [online].
Available from: http://gov.wales/statistics-and-research/woodlands-wales-indicators/?lang=en
[Accessed 81 July 2016].

243 Bell J. 2015. Confor: Upland Forestry Wales Study — Welsh Analysis of Land Use economics and
subsidies [online]. Edinburgh: Confederation of Forest Industries UK Ltd. Available from:
http://www.confor.org.uk/media/79583/upland-forestry-in-wales-report.pdf [Accessed 8t July 2016].
244 National Assembly for Wales. 2014. Inquiry into the public forestry estate in Wales [online].
Available from: http://www.senedd.assembly.wales/mglssueHistoryHome.aspx?11d=9573&0pt=0
[Acccessed 8" July 20186].

245 Cooper R. 2014. Woodland management in Wales: Views of forest businesses. Welsh
Government. Forest Policy Report.

246 Confor. 2014. Welsh Softwood Timber Supplies and Our Green Economy: Summary Report
[online]. Wales Forest Business Partnership. Available from:
http://www.confor.org.uk/media/246181/welsh-softwood-timber-supplies-and-our-green-economy-
workshop-nov-2014-summary-report.pdf [Accessed 8t July 2016].

247 Forest Research. National Forest Inventory. Online resource. Available at:
http://www.forestry.gov.uk/inventory. Accessed 14 September 2106.

www.naturalresourceswales.gov.uk Page 148


http://www.google.co.uk/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0ahUKEwjx4abGoe7NAhVBPRoKHeupAfsQFggcMAA&url=http%3A%2F%2Frandd.defra.gov.uk%2FDocument.aspx%3FDocument%3D13364_SP1104Finalreport.pdf&usg=AFQjCNEUTYW5PLMhHi6pdtxp_kRfk1Jd7Q&bvm=bv.126130881,d.d2s
http://www.google.co.uk/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0ahUKEwjx4abGoe7NAhVBPRoKHeupAfsQFggcMAA&url=http%3A%2F%2Frandd.defra.gov.uk%2FDocument.aspx%3FDocument%3D13364_SP1104Finalreport.pdf&usg=AFQjCNEUTYW5PLMhHi6pdtxp_kRfk1Jd7Q&bvm=bv.126130881,d.d2s
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/401235/RFI7086_Flood_Impacts_Report__2_.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/401235/RFI7086_Flood_Impacts_Report__2_.pdf
http://www.biodiversitywales.org.uk/Wales-Action-Plan-for-Pollinators
https://www.sciencedirect.com/science/article/pii/001671859600005X
https://www.researchgate.net/journal/1871-1413_Livestock_Science
https://www.researchgate.net/publication/259166083_Importance_of_outdoor_shelter_for_cattle_in_temperate_climates
https://www.researchgate.net/publication/259166083_Importance_of_outdoor_shelter_for_cattle_in_temperate_climates
https://www.sciencedirect.com/science/article/pii/0168192391900888
http://orgprints.org/21902/1/2012.Pautasso%20et%20al.EJPP.pdf
https://secure.services.defra.gov.uk/wps/portal/ctso
http://gov.wales/docs/drah/publications/130424-biodiversity-en.pdf
http://gov.wales/statistics-and-research/woodlands-wales-indicators/?lang=en
http://www.confor.org.uk/media/79583/upland-forestry-in-wales-report.pdf
http://www.senedd.assembly.wales/mgIssueHistoryHome.aspx?IId=9573&Opt=0
http://www.confor.org.uk/media/246181/welsh-softwood-timber-supplies-and-our-green-economy-workshop-nov-2014-summary-report.pdf
http://www.confor.org.uk/media/246181/welsh-softwood-timber-supplies-and-our-green-economy-workshop-nov-2014-summary-report.pdf
https://www.forestry.gov.uk/inventory

248 Quine C, Cahalana C, Hester A, Humphrey J, Kirby K, Moffat A, Valatin G. 2011. Woodlands. In:
The UK National Ecosystem Assessment (NEA): Technical Report. Cambridge: UNEP-WCMC.

249 Natural Resources Wales (NRW). 2015h. Natura 2000 Thematic Action Plan: Woodland
Management [online]. Cardiff: Natural Resources Wales. Available from:
https://naturalresources.wales/about-us/our-projects/life-n2k-wales/life-n2k-thematic-action-
plans/?lang=en [Accessed 8t July 2016].

250 CCW. 2004. CCW's rapid review of SSSI features: an analysis. Countryside Council for Wales:
internal report.

251 Forestry Commission. 2011. National Forest Inventory [online]. Edinburgh: Forestry Commission.
Available from: http://www.forestry.gov.uk/inventory [Accessed 8™ July 2016].

252 | atham J. 2003. Woodlands. In: Priority habitats of Wales: a technical guide. Jones PS, Blackstock
TH, Burrows CR, Howe EA, ed. 2003. Bangor: Countryside Council for Wales.

253 Welsh Government. 2011b. Welsh Assembly Government’s strategy for. Wild deer management in
Wales [online]. Available from:
http://gov.wales/docs/drah/publications/120222wilddeermanagementen.pdf [Accessed 8" July 20186].
254 Edwards C. 2006. Practice guide: Managing and controlling invasive rhododendron [online].
Edinburgh: Forestry Commission. Available from:
http://www.forestry.gov.uk/pdf/fcpg017.pdf/$file/fcpg017.pdf [Accessed 7th July 2016].

255 Forestry Commission. 2015. Forestry Statistics [online]. Available from:
http://www.forestry.gov.uk/statistics [Accessed 8" July 2016].

256 Morison J, Matthews R, Miller G, Perks M, Randle T, Vanguelova E, White M, Yamulki S. 2012.
Understanding the carbon and greenhouse gas balance of forests in Britain [online]. Forestry
Commission Research Report. Edinburgh: Forestry Commission. Available from:
http://www.forestry.gov.uk/pdf/FCRP018.pdf/$FILE/FCRP018.pdf [Accessed 7t July 2016].

257 Welsh Government. 2013a. Welsh Government Tree Health Strategy [online]. Available from:
http://gov.wales/docs/drah/publications/140109-tree-health-strateqy-for-wales-october-2013-en.pdf
[Accessed 8t July 2016].

258 Department for Environment, Food and Rural Affairs (Defra). 2016. UK Plant Health Risk Register
[online]. Available from: https://secure.fera.defra.gov.uk/phiw/riskRegister/ [Accessed 8" July 2016].
259 Natural Resources Wales (NRW). 2016. P. ramorum survey and monitoring data. NRW: internal
report.

260 Natural Resources Wales (NRW). 2016. Chalara dieback in Ash survey and monitoring data. NRW:
internal report.

261 Ray D. 2008. Research note: Impacts of climate change on forestry in Wales [online]. Forestry
Commission. Available from: http://www.forestry.gov.uk/pdf/FCRN301.pdf/$FILE/FCRN301.pdf
[Accessed 81 July 2016].

262 Broadmeadow M, Ray D. 2005. Information note: Climate change and British woodland [online].
Edinburgh: Forestry Commission. Available from:
http://www.forestry.gov.uk/pdf/fcin069.pdf/$FILE/fcin069.pdf [Accessed 8% July 2016].

263 Kirby KJ, Smart SM, Black HIJ, Bunce RGH, Corney PM, Smithers RJ. 2005. Measuring long-term
ecological change in British woodlands (1971-2001): A re-survey and analysis of change based on the
103 sites in the ITE/NCC ‘Bunce 1971’ woodland survey [online]. English Nature Research Reports
653. Available from: http://nora.nerc.ac.uk/504076/ [Accessed 8" July 2016].

264 Read DJ, Freer-Smith PJH, Morison JIL, Hanley N, West CC, Snowdon P, ed. 2009. Combating
climate change — a role for UK forests. An assessment of the potential of the UK’s trees and
woodlands to mitigate and adapt to climate change. The synthesis report [online]. Forestry
Commission. Edinburgh: The Stationary Office. Available from: http://www.forestry.gov.uk/readreport
[Accessed 8t July 20186].

265 Welsh Government. 2012. Wales Arson Reduction Strategy 2012-2015 [online]. Available from:
http://www.southwales-fire.gov.uk/English/yoursafety/arson/Pages/FireCrimeUnit.aspx [Accessed 8t
July 20186].

266 GMEP. 2016. Glastir Monitoring and Evaluation Programme Portal [online]. Available from:
https://gmep.wales [Accessed 13" July 2016].

267 GMEP. 2013. Glastir Monitoring and Evaluation Programme Portal [online]. Available from:
https://gmep.wales [Accessed 13" July 2016].

268 Johnstone IG, Thorpe RI, Taylor R & Lamacraft D. 2012- The State of Birds in Wales 2012

www.naturalresourceswales.gov.uk Page 149


https://naturalresources.wales/about-us/our-projects/nature-projects/life-n2k-wales/life-n2k-thematic-action-plans/?lang=en
https://naturalresources.wales/about-us/our-projects/nature-projects/life-n2k-wales/life-n2k-thematic-action-plans/?lang=en
https://www.forestry.gov.uk/inventory
http://gov.wales/docs/drah/publications/120222wilddeermanagementen.pdf
https://www.forestry.gov.uk/pdf/fcpg017.pdf/$file/fcpg017.pdf
https://www.forestry.gov.uk/statistics
https://www.forestry.gov.uk/pdf/FCRP018.pdf/$FILE/FCRP018.pdf
http://gov.wales/docs/drah/publications/140109-tree-health-strategy-for-wales-october-2013-en.pdf
https://secure.fera.defra.gov.uk/phiw/riskRegister/
https://www.forestry.gov.uk/pdf/FCRN301.pdf/$FILE/FCRN301.pdf
https://www.forestry.gov.uk/pdf/fcin069.pdf/$FILE/fcin069.pdf
http://nora.nerc.ac.uk/504076/
https://www.forestry.gov.uk/readreport
http://www.southwales-fire.gov.uk/English/yoursafety/arson/Pages/FireCrimeUnit.aspx
https://gmep.wales/
https://gmep.wales/

269 Ormerod SJ, Durance |, Hatton-Ellis TW, Cable J, Chadwick EA, Griffiths S, Jones TH, Larsen S,
Merrix F, Symondson WOC, Thomas RJ, Vaughan IP. 2011. Landscape connectivity of Freshwater
Ecosystems: Strategic Review and Recommendations. CCW Contract Science Report No. 932,
117pp. Bangor, Countryside Council for Wales.

270 May J. 1994. Reference Wales. Cardiff: University of Wales Press.

211 Hatton-Ellis TW, Blackstock T, Orange A. 2009. Life in Welsh Rivers: Plants. Chapter 6 in: The
Rivers of Wales — A Natural Resource of International and Historical Significance (Williams DD and
Duigan CA, eds). Leiden: Backhuys Publishers.

212 Gee J, Fowles A 2009. Life in Welsh Rivers: Invertebrates. Chapter 7 in: The Rivers of Wales — A
Natural Resource of International and Historical Significance (Williams DD and Duigan CA, eds).
Leiden: Backhuys Publishers.

213 Evans M, Milner N, Aprahamian M. 2009. Life in Welsh Rivers: Fish. Chapter 8 in: The Rivers of
Wales — A Natural Resource of International and Historical Significance (Williams DD and Duigan CA,
eds). Leiden: Backhuys Publishers.

214 WFD-UKTAG. .2003. Guidance on Typology for Rivers for Scotland, England and Wales. Available
online at
http://mwww.wfduk.org/sites/default/files/Media/Characterisation%200f%20the%20water%20environme
nt/Rivers%20typology_Final_050603.pdf

2715 Duigan CA, Hatton-Ellis T, Latham J, Campbell S, Mathews B. 2009. River Conservation in Wales:
a synthesis. Chapter 14 in: The Rivers of Wales — A Natural Resource of International and Historical
Significance (Williams DD and Duigan CA, eds). Leiden: Backhuys Publishers.

276 Hughes M, Hornby DD, Bennion H, Kernan M, Hilton J, Phillips G, Thomas R. (2004) The
development of a GIS-based inventory of standing waters in Great Britain together with a risk-based
prioritisation protocol. Water, Air and Soil Pollution: Focus, 4, 73-84.

217 Hatton-Ellis TW. 2014. Lake BAP Priority Areas in Wales: A Strategic Review. Cardiff, Wales
Biodiversity Partnership.

278 Duigan C, Kovach W, Palmer M. 2006. Vegetation Communities of British Lakes: A Revised
Classification. Peterborough, Joint Nature Conservation Committee (JNCC).

219 Duigan C, Kovach W, Hatton-Ellis T. 2011. The biogeography and ecological diversity of Welsh
lakes. Chapter 12 in: Proceedings of a Memorial Conference for Dr. David Paul Stevens 1958-2007,
Grassland Ecologist and Conservationist. (Blackstock T, Howe EA, Rothwell JP, Duigan CA, Jones
PS, eds). Countryside Council for Wales Staff Science Report No. 10/03/05.

280 Nicolet P, Weatherby A, Biggs J, Williams P, Hatton-Ellis T. 2007. A preliminary assessment of
Important Areas for Ponds (IAPs) in Wales. Oxford, Pond Conservation.

281 Williams P, Biggs J, Crowe A, Murphy J, Nicolet P, Weatherby A, Dunbar MJ. 2010. Ponds Report
from 2007. CS Technical Note No. 7/07.

282 Jones PS, Stevens DP, Blackstock TH, Burrows CR, Howe EA. 2003. Priority Habitats of Wales — a
Technical Guide. Bangor: Countryside Council for Wales.

283 Jones PS, Bosanquet SDS. 2016. An Inventory of Lowland Raised Bogs in Wales. Bangor: Natural
Resources Wales.

284 Jones PS, Stevens DP, Latham J, Duigan CA. 2009. Habitats of Welsh River Floodplains. In:
Duigan CA, Williams D, ed. Welsh Rivers. Leiden: Backhuys Publishing. 35-58.

285 Natural Resources Wales (NRW). 2016. Water Information Systems for Europe — Water
Framework Directive. Cardiff: Natural Resources Wales.

286 GMEP. 2016. Glastir Monitoring and Evaluation Programme Portal [online]. Available from:
https://gmep.wales [Accessed 13" July 2016].

287 UK Technical Advisory Group (UKTAG). 2008. UK Technical Advisory Group on the Water
Framework Directive: UK Environmental Standards and Conditions [online]. Available from:
http://www.wfduk.org/resources%20/uk-environmental-standards-and-conditions-report-phase-1
[Accessed 12t July 2016].

288 Shilland EM, Monteith DT, Millidine K, Malcolm IA. 2016. The United Kingdom Upland Waters
Monitoring Network Data Report for 2014-2015 (year 27). Report to Department for Environment,
Food and Rural Affairs (Defra). London: ENSIS Ltd, Environmental Change Research Centre,
University College London.

289 Forestry Commission. 2014. Practice Guide - Managing Forests in Acid Sensitive Catchments.
Available at: http://www.forestry.gov.uk/pdf/FCPG023.pdf/$FILE/FCPG023.pdf. (Accessed 14
September 2016)

www.naturalresourceswales.gov.uk Page 150


https://gmep.wales/
http://www.wfduk.org/resources%20/uk-environmental-standards-and-conditions-report-phase-1
https://www.forestry.gov.uk/pdf/FCPG023.pdf/$FILE/FCPG023.pdf

290 | indsay RA, Immirzi P. 1996. An inventory of lowland raised bogs in Great Britain. SNH Research,
Survey and Monitoring Report No. 78. Edinburgh: Scottish Natural Heritage.

291 Stevens JP. 1992. Vegetation change in Llyn between 1920/2 and 1987/8. Bangor: Countryside
Council for Wales.

292 Department for Environment and Rural Affairs. 2013. Urban and Rural Area Definitions for Policy
Purposes in England and Wales: Methodology (v1.0). Available at:
https://www.gov.uk/government/uploads/system/uploads/attachment _data/file/239477/RUC11methodo
logypaperaug 28 Aug.pdf. (Accessed 19 September 2016).

Section 3.11 Urban Environments

293 Royal Commission on Environmental Pollution. 2007. Twenty-sixth Report: ‘The Urban
Environment’ [online]. Available from:
https://www.gov.uk/government/uploads/system/uploads/attachment data/file/228911/7009.pdf
[Accessed 11t July 2016].

294 Natural Resources Wales (NRW). 2014. Tree cover in Wales’ towns and cities [online]. Available
from: https://www.naturalresources.wales/media/4123/tree-cover-in-wales-towns-and-cities-2014-
study.pdf [Accessed 11t July 2016].

295 Natural Resources Wales (NRW). 2016. Potential Accessible Natural Greenspace Mapping.
Cardiff: Natural Resources Wales.

2% Joint Nature Conservation Committee (JNCC). 2008. Priority Habitat Descriptions. In: Maddock A,
ed. 2008. UK Biodiversity Action Plan (UKBAP) [online]. Available from: http://jncc.defra.gov.uk/page-
5155 [Accessed 11t July 2016].

297 Welsh Government. Statistics for Wales. 2012. Accessible natural greenspace standards by local
authority [online]. Available from: https://statswales.gov.wales/Catalogue/Environment-and-
Countryside/State-of-the-Environment/Our-Local-
Environment/AccessibleNaturalGreenspaceStandards-by-LocalAuthority [Accessed 11" July 2016].
298 Met Office. 2012. Health: Urban heat islands [online]. Exeter: Met Office. Available from:
http://www.metoffice.gov.uk/media/pdf/8/m/MO_PUP_insert HEALTH.web.pdf [Accessed 11t July
20186].

299 McKenzie L. 2015. Chapter 18. In: Barton H, Thompson S, Burgess S, Grant H, ed. 2015. The
Routledge Handbook of Planning for Health and Well-Being. London: Routledge.

300 Gijll SE, Handley JF, Ennos AR, Pauleit S. 2007. Adapting cities for climate change: the role of
green infrastructure. Built Environment 33 (1), 115-133.

301 Trees & Design Action Group. 2014. Trees in Hard Landscapes: A Guide for Delivery [online].
Available from: http://www.tdag.org.uk/uploads/4/2/8/0/4280686/tdag_trees-in-hard-

landscapes september 2014 colour.pdf [Accessed 11t July 2016].

302 Rumble H, Rogers K, Doick K, Hutchings T. 2015. Valuing Wrexham’s Urban Forest [online].
Forest Research. Available from:

http://www.forestry.gov.uk/pdf/FR_Doick Wrexham iTree Full Report 2015.pdf/$file/FR_Doick Wrex
ham iTree Full Report 2015.pdf [Accessed 22" August 2016]

303 Doick K, Albertini A, Handley P, Lawrence V, Rogers K, Rumble H. 2016. Valuing the Urban Trees
in the Tawe Catchment [online]. Forest Research. Available from:
http://www.forestry.gov.uk/pdf/FR_Doick Tawe iTree Full Report 2015 low res for web.pdf/$FILE/
FR Doick Tawe iTree Full Report 2015 low res for web.pdf [Accessed 22" August 2016]

804 Doick K, Albertini A, Handley P, Lawrence V, Rogers K, Rumble H. 2016. Valuing the Urban Trees
in Bridgend County Borough [online]. Forest Research. Available from:
http://www.forestry.gov.uk/pdf/FR_Doick Bridgend iTree Full Report 2015.pdf/$FILE/FR_Doick Brid
gend iTree Full Report 2015.pdf [Accessed 22" August 2016]

305 Keep Wales Tidy. 2016. Green Flag Awards [online]. Available from:
http://www.keepwalestidy.org/greenflag [Accessed 111 July 2016].

806 | oram A, Tratalos J, Warren PH, Gaston KJ. 2007. Urban domestic gardens: the extent & structure
of the resource in five major cities. Landscape Ecology 22(4), 601-615.

307 Loram A, Thomson K, Warren PH, Gaston KJ. 2008. Urban domestic gardens (XII): The richness
and composition of the flora in five UK cities. Journal of Vegetation Science (19), 321-330.

www.naturalresourceswales.gov.uk Page 151


https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/239477/RUC11methodologypaperaug_28_Aug.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/239477/RUC11methodologypaperaug_28_Aug.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/228911/7009.pdf
https://www.naturalresources.wales/media/4123/tree-cover-in-wales-towns-and-cities-2014-study.pdf
https://www.naturalresources.wales/media/4123/tree-cover-in-wales-towns-and-cities-2014-study.pdf
http://jncc.defra.gov.uk/page-5155
http://jncc.defra.gov.uk/page-5155
https://statswales.gov.wales/Catalogue/Environment-and-Countryside/State-of-the-Environment/Our-Local-Environment/AccessibleNaturalGreenspaceStandards-by-LocalAuthority
https://statswales.gov.wales/Catalogue/Environment-and-Countryside/State-of-the-Environment/Our-Local-Environment/AccessibleNaturalGreenspaceStandards-by-LocalAuthority
https://statswales.gov.wales/Catalogue/Environment-and-Countryside/State-of-the-Environment/Our-Local-Environment/AccessibleNaturalGreenspaceStandards-by-LocalAuthority
http://www.metoffice.gov.uk/binaries/content/assets/mohippo/pdf/8/m/mo_pup_insert_health.web.pdf
http://www.tdag.org.uk/uploads/4/2/8/0/4280686/tdag_trees-in-hard-landscapes_september_2014_colour.pdf
http://www.tdag.org.uk/uploads/4/2/8/0/4280686/tdag_trees-in-hard-landscapes_september_2014_colour.pdf
https://www.forestry.gov.uk/pdf/FR_Doick_Wrexham_iTree_Full_Report_2015.pdf/$file/FR_Doick_Wrexham_iTree_Full_Report_2015.pdf
https://www.forestry.gov.uk/pdf/FR_Doick_Wrexham_iTree_Full_Report_2015.pdf/$file/FR_Doick_Wrexham_iTree_Full_Report_2015.pdf
https://www.forestry.gov.uk/pdf/FR_Doick_Tawe_iTree_Full_Report_2015_low_res_for_web.pdf/$FILE/FR_Doick_Tawe_iTree_Full_Report_2015_low_res_for_web.pdf
https://www.forestry.gov.uk/pdf/FR_Doick_Tawe_iTree_Full_Report_2015_low_res_for_web.pdf/$FILE/FR_Doick_Tawe_iTree_Full_Report_2015_low_res_for_web.pdf
https://www.forestry.gov.uk/pdf/FR_Doick_Bridgend_iTree_Full_Report_2015.pdf/$FILE/FR_Doick_Bridgend_iTree_Full_Report_2015.pdf
https://www.forestry.gov.uk/pdf/FR_Doick_Bridgend_iTree_Full_Report_2015.pdf/$FILE/FR_Doick_Bridgend_iTree_Full_Report_2015.pdf
https://www.keepwalestidy.cymru/Pages/Category/greenflag

308 Salisbury A, Armitage J, Bostock H, Perry J, Tatchell M, Thompson K. 2015. Enhancing gardens as
habitats for flower-visiting aerial insects (pollinators): should we plant native or exotic species? Journal
of Applied Ecology 52(5), 1156-1164.

309 Nisbet TR, Thomas H. 2006. The role of woodland in flood control: a landscape perspective. Forest
Research.

310 Kazmierczak A, Brookfield C, Cavan G, Lindley S. 2016. Climate Change Vulnerability Mapping in
Wales. Welsh Government.

311 Royal College of Physicians. 2016. Every breath we take: the lifelong impact of air pollution. Report
of a working party [online]. Available from: https://www.rcplondon.ac.uk/projects/outputs/every-breath-
we-take-lifelong-impact-air-pollution [Accessed 11t July 2016].

312 Maher B, Ahmed I, Davison B, Karloukovski V, Clarke R. 2013. Impact of roadside tree lines on
indoor concentrations of traffic-derived particulate matter. Environmental Science and Technology
47(23), 13737-13744.

313 | gvasi GS, Quinn JW, Neckerman KM, Perzanowski MS, Rundle A. 2007. Children living in areas
with more street trees have lower prevalence of asthma. Journal of Epidemiology and Community
Health 62(7), 647-9.

314 Great Britain Parliament. House of Commons. Department for Transport, Local Government and
the Regions. 2002. Green spaces, better places: Final report of The Urban Green Spaces Taskforce
[online]. Wetherby: Department for Transport, Local Government and the Regions. Available from:
www.ocs.polito.it/biblioteca/verde/taskforce/gspaces .pdf [Accessed 11 July 2016].

315 Smith C, Dawson D, Archer J, Danes M, Frith M, Hughes E, Massini P. 2011. London: Garden city?
From green to grey; observed changes in garden vegetational structure in London, 1998-2008.
London: London Wildlife Trust, Greenspace Information for Greater London and Greater London
Authority.

816 Richards IG, Palmer JP, Barratt PA. 1993. The reclamation of former coal mines and steelworks.
Studies in Environmental Science 56.

317 jones L, Angus S, Cooper A, Doody P, Everard M, Garbutt A, Gilchrist P, Hansom J, Nicholls R,
Pye K, Ravenscroft N, Rees S, Rhind P, Whithouse A. 2011. Chapter 11: Coastal Margins. In: UK
National Ecosystem Assessment. Understanding nature's value to society. Technical Report.
Cambridge, UNEP-WCMC, 411-457.

318 Joint Nature Conservation Committee (JNCC). 2013. 3rd UK Habitats Directive Reporting.
Peterborough: Joint Nature Conservation Committee.

819 Joint Nature Conservation Committee (JNCC). 2016. UK Coastal Habitats [online]. Available from:
http://jncc.defra.gov.uk/page-1429 [Accessed 13" July 2016].

320 UKMMAS. 2010. Charting Progress 2 Feeder report: Clean and Safe Seas [online]. Law R, Maes
T, ed. Published by Department for Environment, Food and Rural Affairs (Defra) on behalf of UK
Marine Monitoring and Assessment Strategy Community (UKMMAS). Available from:
http://webarchive.nationalarchives.gov.uk/20141203181034/http://chartingprogress.defra.gov.uk/chapt
er-4-clean-safe-seas [Accessed 12th July 2016].

821 Moller I, Kudella M, Rupprecht F, Spencer T, Paul M, van Wesenbeeck BK, Wolters G, Jensen K,
Bouma TJ, Miranda-Lange M, Schimmels S. 2014. Wave attenuation over coastal salt marshes under
storm surge conditions. Nature Geoscience 7, 727-731.

822 Russell S, Blackstock T, Christie M, Clarke M, Davies K, Duigan C, Durance |, Elliot R, Evans H,
Flazon C, Frost P, Ginley S, Hockley N, Hourahane S, Jones B, Jones L, Korn J, Ogden P, Pagella S,
Pagella T, Pawson B, Reynolds B, Robinson D, Sanderson B, Sherry J, Skates J, Small E, Spence B,
Thomas C. 2011. Status and Changes in the UK’s Ecosystems and their Services to Society: Wales.
[Chapter 20]. In: UK National Ecosystem Assessment. Understanding nature's value to society.
Technical Report. Cambridge: UNEP-WCMC, 979-1044.

323 Allen D. 2004. A rapid review of SSSI feature condition in Wales: an analysis. Autumn 2003.
Bangor: Countryside Council for Wales.

824 pye K, Blott S J, Howe M A. 2014. Coastal dune stabilization in Wales and requirements for
rejuvenation. Journal of coastal conservation 18 (1), 27-54.

325 Pye K, Blott SJ. 2012. A geomorphological survey of the Welsh dune systems to determine best
methods of dune rejuvenation. CCW Science Report No. 1002. Bangor: Countryside Council for
Wales.

326 Rhind PM, Jones PS. 1999. The floristic and conservation status of sand dune communities in
Wales. Journal of Coastal Conservation 5, 31-42.

www.naturalresourceswales.gov.uk Page 152


https://www.rcplondon.ac.uk/projects/outputs/every-breath-we-take-lifelong-impact-air-pollution
https://www.rcplondon.ac.uk/projects/outputs/every-breath-we-take-lifelong-impact-air-pollution
http://jncc.defra.gov.uk/page-1429
http://webarchive.nationalarchives.gov.uk/20141203181034/http:/chartingprogress.defra.gov.uk/chapter-4-clean-safe-seas
http://webarchive.nationalarchives.gov.uk/20141203181034/http:/chartingprogress.defra.gov.uk/chapter-4-clean-safe-seas

327 KPAL. 2013. Kenfig Phase 2, Dune Rejuvenation Works Topographic Survey, May 2013. Natural
Resources Wales (NRW) Evidence Report No0.92. Solihull: Kenneth Pye Associates Ltd.

328 KPAL. 2013. Newborough Phase 1 Dune Rejuvenation Works Topographic Survey, May 2013.
Natural Resources Wales (NRW) Evidence Report No. 93. Solihull: Kenneth Pye Associates Ltd.

329 KPAL. 2013. Merthyr Mawr Dune Rejuvenation Works Topographic Survey, May 2013. Natural
Resources Wales (NRW) Evidence Report No. 94. Solihull; Kenneth Pye Associates Ltd.

330 KPAL. 2013. Kenfig Phase 1 Dune Rejuvenation Works - Overview Report, July 2013. Natural
Resources Wales (NRW) Evidence Report No: 43. Solihull: Kenneth Pye Associates Ltd.

331 KPAL. 2014. Newborough Phase 1 Dune Rejuvenation Works Topographic Survey, March 2014.
Natural Resources Wales (NRW) Evidence Report No. 95. Solihull: Kenneth Pye Associates Ltd.

332 KPAL. 2014. Merthyr Mawr Dune Rejuvenation Works Topographic Survey, March 2014. Natural
Resources Wales (NRW) Evidence Report No. 96. Solihull: Kenneth Pye Associates Ltd.

333 KPAL. 2014. Kenfig Phase 2 Dune Restoration Works Topographic Survey, March 2014. Natural
Resources Wales (NRW) Evidence Report No. 97. Solihull: Kenneth Pye Associates Ltd.

334 KPAL. 2014. Kenfig Phase 1 Dune Rejuvenation Works Topographic Survey, May 2014. Natural
Resources Wales (NRW) Evidence Report No. 98. Solihull: Kenneth Pye Associates Ltd.

335 KPAL. 2015. Merthyr Mawr Dune Rejuvenation Works Topographic Survey, March 2015. Natural
Resources Wales (NRW) Evidence Report No. 99. Solihull: Kenneth Pye Associates Ltd.

336 KPAL. 2015. Kenfig Dune Rejuvenation Works Topographic Survey March 2015. Natural
Resources Wales (NRW) Evidence Report No. 100. Solihull: Kenneth Pye Associates Ltd.

337 KPAL. 2015. Newborough Phase 1 Dune Rejuvenation Works Topographic Survey March 2015.
Natural Resources Wales (NRW) Evidence Report No. 101. Solihull: Kenneth Pye Associates Ltd.
338 KPAL. 2015. Newborough Dune Rejuvenation Works Topographic Survey March 2015 Phase 2
Site: Zone 1 East. Natural Resources Wales (NRW) Evidence Report No. 102. Solihull: Kenneth Pye
Associates Ltd.

339 KPAL. 2015. Newborough Dune Rejuvenation Works Topographic Survey March 2015 Phase 2
Site: Zone 1 West. Natural Resources Wales (NRW) Evidence Report No. 103. Solihull: Kenneth Pye
Associates Ltd.

340 KPAL. 2015. Newborough Phase 3 Dune Rejuvenation Works Topographic Survey March 2015.
Natural Resources Wales (NRW) Evidence Report No. 104. Solihull: Kenneth Pye Associates Ltd.
341 Jones L, Loxton D. 2014. Dune slack restoration at newborough Warren. Botanical and soil
monitoring post-restoration, 2014. Bangor: Centre for Ecology and Hydrology.

342 Clarke D, Sanitwong na Ayutthaya S. 2010. Predicted effects of climate change, vegetation and
tree cover on dune slack habitats at Ainsdale on the Sefton Coast, UK. Journal of Coastal
Conservation 14, 115 -125.

343 Rhind PM, Blackstock TH, Hardy HS, Jones RE, Sandison W. 2001. The evolution of Newborough
Warren dune system with particular reference to the past four decades. In: Houston J, Edmondson
SE, Rooney PJ, ed. Coastal dune management, shared experience of European conservation
practice. Liverpool: Liverpool University Press, 345 — 379.

344 Rhind PM, Jones R, Jones MLM. 2008. Confronting the impact of dune stabilisation and soil
development on the conservation status of sand dune systems in Wales. Proc. International
conference on management and restoration of coastal dunes, Santander, Spain (ICCD 2007).
Universidad de Cantabria, 143 — 152.

345 Jones MLM, Sowerby A, Rhind PM. 2010. Factors affecting vegetation establishment and
development in sand dune chronosequence at Newborough Warren, North Wales. Journal of Coastal
Conservation 14 (2), 127 — 137.

346 Howe MA. 2002. A Review of the Coastal Soft Cliff Resource in Wales, with particular reference to
its Importance for Invertebrates. CCW Natural Science Report No. 02/5/1. Bangor: Countryside
Council for Wales.

347 Pethick JS. 2001. Coastal management and sea-level rise. Catena 42, 07-22.

348 Halcrow. 2012. Lavernock Point to St Ann’s Head Shoreline Management Plan SMP2 [online].
South Wales SMP. Available from: http://www.southwalescoast.org/ [Accessed 13" July 2016].

349 Halcrow. 2012. North West England and North Wales Shoreline Management Plan SMP2 [online].
North West and North Wales Coastal Group. Available from:
http://www.allerdale.gov.uk/downloads/nw_shoreline_management plan_2.pdf [Accessed 13" July
20186].

www.naturalresourceswales.gov.uk Page 153


http://www.southwalescoast.org/
http://www.allerdale.gov.uk/downloads/nw_shoreline_management_plan_2.pdf

350 pye K, Saye SE, Blott SJ. 2007. Sand dune processes and management for flood and coastal
defence. Department for Environment, Food and Rural Affairs (Defra) and Environment Agency: Flood
and Coastal Erosion Risk Management research and development programme.

351 Saye SE, Pye K. 2007. Implications of sea level rise for coastal dune habitat conservation in Wales,
UK. Journal of Coastal Conservation 11, 31 — 63.

352 Townend |, Pethick J. 2002. Estuarine flooding and managed retreat. Phil. Trans. R. Soc. Lond. A
360, 1477-1495.

353 Joint Nature Conservation Committee (JNCC). 2007. Second Report by the UK under Article 17 on
the implementation of the Habitats Directive from January 2001 to December 2006. Peterborough:
Joint Nature Conservation Committee. Available from: www.jncc.gov.uk/article17 [Accessed 13 July
2016].

354 Biodiversity Action Reporting System. 2010. UK Habitat and Species Action Plans [online].
Available from: http://webarchive.nationalarchives.gov.uk/20101224155109/http://www.ukbap-
reporting.org.uk/plans/national.asp [Accessed 13t July 2016].

355 Robins PE, Skov MW, Lewis MJ, Gimenez L, Davies AG, Malham SK, Neill SP, McDonald JE,
Whitton TA, Jackson S, Jago CF. 2016. Impact of climate change on UK estuaries: A review of past
trends and potential projections. Estuarine, Coastal and Shelf Science 169, 119-135.

356 Atkins. 2010. Severn Estuary Shoreline Management Plan (SMP) Review [online]. Severn Estuary
Coastal Group. Available from: http://severnestuarycoastalgroup.org.uk/shoreline-management-plan/
[Accessed 13t July 2016].

357 Royal Haskoning. 2012. West of Wales Shoreline Management Plan 2 [online]. Available from:
http://www.westofwalessmp.org/ [Accessed 13t July 2016].

358 Doody JP, Randall RE. 2003. A guidance document for the management of vegetated shingle.
Contract No. MAR 05-03-002. English Nature.

359 Green M, Camplin M. 2014. Saline lagoons: An across Wales macrofaunal community monitoring
report. Natural Resources Wales (NRW) Evidence Report. Bangor: Natural Resources Wales.

Section 3.13 Marine

360 Welsh Government. 2015. Wales’ Marine Evidence Report [online]. Available from:
http://gov.wales/topics/environmentcountryside/marineandfisheries/marine-planning/other-supporting-
evidence/wales-marine-evidence-report/?lang=en [Accessed 12t July 2016].

361 Natural Resources Wales (NRW). 2015i. Water Framework Directive: Water Watch Wales Map
Gallery [online]. Available from: http://waterwatchwales.naturalresourceswales.gov.uk/en/ [Accessed
12th July 20186].

362 Pinn E. 2010. Section 3.7: Cetaceans. Department for Environment, Food and Rural Affairs (Defra).
In: Frost M, Hawkridge J, 2010. Charting Progress 2 Feeder Report: Healthy and Biologically Diverse
Seas [online]. Available from:
http://webarchive.nationalarchives.gov.uk/20141203181034/http://chartingprogress.defra.gov.uk/chapt
er-3-healthy-and-biologicaly-diverse-seas [Accessed 12t July 2016].

363 Pinn EH. 2008. Formal Review of Research and Development of Contract CRO 364 — Cetacean
Strandings around the UK Coast [online]. Department for Environment, Food and Rural Affairs (Defra).
Available from: http://randd.defra.gov.uk/

Document.aspx?Document=WC0601_7415_GEN.pdf [Accessed 12t July 2016].

364 Jepson PD, Deaville R, Barber JL, Aguilar A, Borrell A, Murphy S, Barry J, Brownlow A, Barnett J,
Berrow S, Cunningham AA, Davison NJ, ten Doeschate M, Esteban R, Ferreira M, Foote AD, Genov
T, Gimenez J, Loveridge J, Llavona A, Martin V, Maxwell DL, Papachlimitzou, Penrose R, Perkins
MW, Smith B, de Stephanis R, Tregenza N, Verbogh P, Fernandez A, Law RJ. 2016. PCB pollution
continues to impact populations of orcas and other dolphins in European waters. Nature Scientific
Reports 6.

365 \/otier SC, Archibald K, Morgan G, Morgan L. 2011. The use of plastic debris as nesting material by
colonial seabird and associated entanglement mortality. Marine Pollution Bulletin 62, 168-172.

366 | ozano RL, Monat J. 2009. Marine litter in the North-East Atlantic Region: Assessment and
priorities for response [online]. OSPAR Commission. Available from:
http://qsr2010.ospar.org/media/assessments/p00386 Marine Litter_in_the North-

East_Atlantic_with _addendum.pdf [Accessed 12" July 2016].

www.naturalresourceswales.gov.uk Page 154


http://jncc.defra.gov.uk/article17
http://webarchive.nationalarchives.gov.uk/20101224155109/http:/www.ukbap-reporting.org.uk/plans/national.asp
http://webarchive.nationalarchives.gov.uk/20101224155109/http:/www.ukbap-reporting.org.uk/plans/national.asp
http://www.severnestuarycoastalgroup.org.uk/shoreline-management-plan/
http://gov.wales/topics/environmentcountryside/marineandfisheries/marine-planning/other-supporting-evidence/wales-marine-evidence-report/?lang=en
http://gov.wales/topics/environmentcountryside/marineandfisheries/marine-planning/other-supporting-evidence/wales-marine-evidence-report/?lang=en
http://waterwatchwales.naturalresourceswales.gov.uk/en/
http://webarchive.nationalarchives.gov.uk/20141203181034/http:/chartingprogress.defra.gov.uk/chapter-3-healthy-and-biologicaly-diverse-seas
http://webarchive.nationalarchives.gov.uk/20141203181034/http:/chartingprogress.defra.gov.uk/chapter-3-healthy-and-biologicaly-diverse-seas
http://qsr2010.ospar.org/media/assessments/p00386_Marine_Litter_in_the_North-East_Atlantic_with_addendum.pdf
http://qsr2010.ospar.org/media/assessments/p00386_Marine_Litter_in_the_North-East_Atlantic_with_addendum.pdf

367 UKMMAS. 2010. Charting Progress 2 Feeder report: Clean and Safe Seas [online]. Law R, Maes
T, ed. Published by Department for Environment, Food and Rural Affairs (Defra) on behalf of UK
Marine Monitoring and Assessment Strategy Community (UKMMAS). Available from:
http://webarchive.nationalarchives.gov.uk/20141203181034/http://chartingprogress.defra.gov.uk/chapt
er-4-clean-safe-seas [Accessed 12t July 2016]

368 Thompson RC. 2015. Chapter 7: Microplastics in the Marine Environment: Sources, Consequences
and Solutions. In: Bergmann M, Gutow L, Klages M, ed. Marine Anthropogenic Litter. Cham: Springer
International Publishing.

369 Wright SL, Thompson RC, Galloway TS. 2013. The physical impacts of microplastics on marine
organisms: A review. Environmental Pollution 178, 483-492.

870 Cole M, Lindeque P, Halsband C, Galloway TS. 2011. Microplastics as contaminants in the marine
environment: A review. Marine Pollution Bulletin 62, 2588—-2597.

371 Natural Resources Wales (NRW). 2015. Consultation on updating the Western Wales River Basin
Management Plan 2015-2021. Natural Resources Wales. Available from:
https://naturalresources.wales/media/3211/consultation-on-updating-the-western-wales-river-basin-
management-plan.pdf [Accessed 12 July 2016].

872 Welsh Government. 2015. Bathing Water Quality and Beaches in Wales [online]. Available from:
http://gov.wales/topics/environmentcountryside/epg/waterflooding/bathing-water-quality-and-
beaches/?lang=en [Accessed 12" July 20186].

373 Natural Resources Wales (NRW). 2015. Wales Bathing Water Report 2014 [online]. Natural
Resources Wales. Available from: https://naturalresources.wales/media/3880/wales-bathing-water-
report-2014.pdf [Accessed 12t July 2016].

374 Natural Resources Wales (NRW). 2014. Wales Bathing Water Report 2013 [online]. Natural
Resources Wales. Available from: https://naturalresources.wales/media/3712/wales-bathing-water-
report-2013.pdf [Accessed 12t July 2016].

875 Welsh Government. 2013. Wales Visitor Survey 2013: Executive Summary [online]. Available from:
http://gov.wales/statistics-and-research/wales-visitor-survey/?tab=previous&lang=en [Accessed 12t
July 2016].

376 Department for Environment, Food and Rural Affairs (Defra). 2014. ENV-16 Harmonised Monitoring
Scheme datasets [online]. Available from: https://www.gov.uk/government/statistical-data-sets/env-16-
harmonised-monitoring-scheme-datasets [Accessed 12" July 2016].

377 OSPAR. 2014. The Comprehensive Study on Riverine Inputs and Direct Discharges (RID) [online].
OSPAR Commission. Available from: http://www.ospar.org/work-areas/hasec/chemicals/rid [Accessed
12t July 20186].

378 Mieszkowska N. 2012. MarClim Annual Welsh Intertidal Climate Monitoring Survey 2011. Report to
Countryside Council for Wales.

879 Mieszkowska N, Firth L, Bentley M. 2013. Impacts of climate change on intertidal habitats. MCCIP
Science Review 2013, 180-192.

380 Gormley KSG, Porter JS, Bell MC, Hull AD, Sanderson WG. 2013. Predictive habitat modelling as
a tool to assess the change in distribution and extent of an OSPAR Priority Habitat under an increased
ocean temperature scenario: Consequences for Marine Protected Area networks and management.
PLoS ONE 8(7).

381 Jolley E, Guthrie G, Clipsham V, Dawks S, Elmore S, Lavender J. 2012. Marine Habitat
Vulnerability Assessment of the Welsh Coast. CCW Science Report No: 1010. Bangor: Countryside
Council for Wales.

382 Committee on Climate Change. 2016. UK Climate Change Risk Assessment 2017 Evidence
Report, Summary for Wales [online]. Available from: https://documents.theccc.org.uk/wp-
content/uploads/2016/07/UK-CCRA-2017-Wales-National-Summary.pdf. [Accessed 29th July 2016].
383 Williamson P, Turley C, Borwnlee C, Findlay H, Ridgwell A, Schmidt D, Schroeder D, Blackford J,
Tyrrell T, Pinnegar J. 2013. Impacts of ocean acidification. MCCIP Science Review 2013, 34-48.

384 Pinnegar J. 2006. Impacts of Climate Change on Fisheries in Marine Climate Change Impacts.
Annual Report Card 2006. Buckley PJ, Dye SR, Baxter JM, ed. Lowestoft: Marine Climate Change
Impacts Partnership (MCCIP).

385 Heath MR, Neat FC, Pinnegar JK, Reid DG, Sims DW, Wright PJ. 2012. Review of climate change
impacts on marine fish and shellfish around the UK and Ireland. Aquatic Conservation: Marine and
Freshwater Ecosystems 22(3), 337-367.

www.naturalresourceswales.gov.uk Page 155


http://webarchive.nationalarchives.gov.uk/20141203181034/http:/chartingprogress.defra.gov.uk/chapter-4-clean-safe-seas
http://webarchive.nationalarchives.gov.uk/20141203181034/http:/chartingprogress.defra.gov.uk/chapter-4-clean-safe-seas
https://naturalresources.wales/media/3211/consultation-on-updating-the-western-wales-river-basin-management-plan.pdf
https://naturalresources.wales/media/3211/consultation-on-updating-the-western-wales-river-basin-management-plan.pdf
http://gov.wales/topics/environmentcountryside/epq/waterflooding/bathing-water-quality-and-beaches/?lang=en
http://gov.wales/topics/environmentcountryside/epq/waterflooding/bathing-water-quality-and-beaches/?lang=en
https://naturalresources.wales/media/3880/wales-bathing-water-report-2014.pdf
https://naturalresources.wales/media/3880/wales-bathing-water-report-2014.pdf
https://naturalresources.wales/media/3712/wales-bathing-water-report-2013.pdf
https://naturalresources.wales/media/3712/wales-bathing-water-report-2013.pdf
http://gov.wales/statistics-and-research/wales-visitor-survey/?tab=previous&lang=en
https://www.gov.uk/government/statistical-data-sets/env-16-harmonised-monitoring-scheme-datasets
https://www.gov.uk/government/statistical-data-sets/env-16-harmonised-monitoring-scheme-datasets
https://www.ospar.org/work-areas/hasec/chemicals/rid
https://documents.theccc.org.uk/wp-content/uploads/2016/07/UK-CCRA-2017-Wales-National-Summary.pdf
https://documents.theccc.org.uk/wp-content/uploads/2016/07/UK-CCRA-2017-Wales-National-Summary.pdf

386 MCCIP. 2012. Marine Climate Change Impacts on Fish, Fisheries and Aquaculture. Summary
Report. Frost M, Baxter JM, Buckley PJ, Cox M, Dye SR, Withers Harvey N, ed. Lowestoft: Marine
Climate Change Impacts Partnership (MCCIP).

387 Russell S. 2011. Chapter 20: Status and Changes in the UK’s Ecosystems and their Services to
Society: Wales. In: Watson R, Albon S, ed. 2011. UK National Ecosystem Assessment. Understanding
nature's value to society. Technical Report. Cambridge: UNEP-WCMC. 979-1044.

388 Brazier P, Birch K, Brunstrom A, Bunker A, Jones M, Lough N, Salmon L, Wyn G. 2007. When the
tide goes out: The biodiversity and conservation of the shores of Wales - results from a 10 year
intertidal survey of Wales. Bangor: Countryside Council for Wales.

389 Cunningham PJ, Hawkins SJ, Jones HD, Burrows MT. 1984. The geographical distribution of
Sabellaria alveolata (L.) in England, Wales and Scotland, with investigations into the community
structure of, and the effects of trampling on Sabellaria alveolata colonies. Nature Conservancy
Council, Peterborough, Contract Report no. HF3/11/22., University of Manchester, Department of
Zoology.

3% Bush LE, Balestrini SJ, Robins PE, Davies AJ. 2015. The reproduction and connectivity of
Sabellaria alveolata reefs in Wales — MAR4Ref. Natural Resources Wales, Evidence Report No 49.
Bangor: Bangor University.

391 Holt TJ, Rees El, Hawkins SJ, Seed R. 1998. Biogenic Reefs: An overview of dynamic and
sensitivity characteristics for conservation management of marine SACs [online]. Scottish Association
for Marine Science. Available from: http://www.ukmarinesac.org.uk/pdfs/biogreef.pdf [Accessed 12t
July 2016].

392 Joint Nature Conservation Committee (JNCC). 2013. 3rd UK Habitats Directive Reports [online].
Available from: http://incc.defra.gov.uk/page-6387 [Accessed 12t July 2016].

393 Boyes S, Hemingway K, Allen JH. 2008. Intertidal Monitoring of Zostera marina in Pen Llyn a’r
Sarnau SAC in 2004/2005. CCW Marine Monitoring Report No. 28. Bangor: Countryside Council for
Wales.

394 Boyes S, Brazier DP, Burlinson F, Mazik K, Mitchell E, Proctor N. 2009. Intertidal monitoring of
Zostera noltii in the Menai Strait & Conwy Bay SAC in 2004/05. CCW Marine Monitoring report No 31.
Bangor: Countryside Council for Wales.

395 Howson CM. 2012. Intertidal SAC monitoring, Carmarthen Bay SAC, September 2009. CCW
Marine Monitoring Report No. 79. Bangor: Countryside Council for Wales.

3% Biodiversity Action Reporting System. 2010. UK Habitat and Species Action Plans [online].
Available from: http://webarchive.nationalarchives.gov.uk/20101224155109/http://www.ukbap-
reporting.org.uk/plans/national.asp?S=&L =1&0=&SAP=&HAP=&submitted=1&flipLang=&txtLogout
[Accessed 12t July 2016].

397 Tidbury H, Taylor N, Copp G, Garancho E, Stebbing, P. 2014. Introduction of Marine Non-
Indigenous Species into Great Britain and Ireland: Hotspots of Introduction and the Merit of Risk
Based Monitoring [online]. Cefas contract report C5955. Available from:
www.nonnativespecies.org/downloadDocument.cfm?id=791 [Accessed 12t July 2016].

398 Cook E, Baker G, Beveridge C, Bishop JDD, Brown L, Clark P, Huys R, Jenkins SR, Maggs C,
McCollin T, Mieszkowska N, Mineur F, Wood, C. 2011. Marine Aliens Il - controlling marine invasive
species by targeting vectors of dispersal. Argyll: Scottish Marine Institute, Oban.

399 Smale DA, Burrows MT, Moore P, O’Connor N, Hawkins SJ. 2013. Threats and knowledge gaps
for ecosystem services provided by kelp forests: a northeast Atlantic perspective. Ecology and
Evolution 3, 4016-4038.

400 Bertelli CM, Unsworth RKF. 2014. Protecting the hand that feeds us: Seagrass (Zostera marina)
serves as commercial juvenile fish habitat. Marine Pollution Bulletin 83(2), 425-429.

401 peters JR, McCloskey RM, Hinder SL, Unsworth RKF. 2015. Motile fauna of sub-tidal Zostera
marina meadows in England and Wales. Marine Biodiversity 45(4), 647-654.

402 Moore J. 2002. An atlas of marine Biodiversity Action Plan species and habitats and Species of
Conservation Concern in Wales, 2 Ed. CCW Contract Science Report No 509. Bangor: Countryside
Council for Wales.

403 Woolmer AP, Syvret M, FitzGerald A. 2011. Restoration of Native Oyster, Ostrea edulis, in South
Wales: Options and Approaches. CCW Contract Science Report No: 960. Bangor: Countryside
Council for Wales.

404 | ock K, Burton M, Newman P, Jones J. 2015. Skomer Marine Conservation Zone Project Status
Report 2014. Bangor: Natural Resources Wales.

www.naturalresourceswales.gov.uk Page 156


http://www.ukmarinesac.org.uk/pdfs/biogreef.pdf
http://jncc.defra.gov.uk/page-6387
http://webarchive.nationalarchives.gov.uk/20100228131930/http://www.ukbap-reporting.org.uk/plans/national.asp?S=&L=1&O=&SAP=&HAP=&submitted=1&flipLang=&txtLogout=
http://webarchive.nationalarchives.gov.uk/20100228131930/http://www.ukbap-reporting.org.uk/plans/national.asp?S=&L=1&O=&SAP=&HAP=&submitted=1&flipLang=&txtLogout=
http://www.nonnativespecies.org/downloadDocument.cfm?id=791

Part C — Presenting Integrated Evidence Around Place

405 Natural Resources Wales (NRW). 2016. LANDMAP — the Welsh landscape baseline. Available
from: https://naturalresources.wales/planning-and-development/landmap/. [Accessed 11" August

2016).

Page 157

www.naturalresourceswales.gov.uk


https://naturalresources.wales/guidance-and-advice/business-sectors/planning-and-development/evidence-to-inform-development-planning/landmap-the-welsh-landscape-baseline/?lang=en

	Technical Annex for Chapter 3
	Contents 
	Supporting evidence for Chapter 3 
	Introduction 
	Part A – Natural Resources 
	  Animals, plants and other organisms 
	Part A – Natural Resources 
	 Air Quality  
	 Water Resources and Hydrological Processes – Freshwater and Marine 
	 Soils 
	Part B: Ecosystem Evidence 
	3.5. Geodiversity 
	Part B: Ecosystem Evidence 
	 Mountains, moorlands and heath 
	 Semi-natural grasslands 
	 Enclosed Farmland 
	 Woodlands 
	 Freshwater 
	 Urban Environments 
	 Coastal margins 
	 Marine 
	Coastal and marine waters 
	Intertidal 
	Subtidal 
	Part C – Presenting Integrated Evidence Around Place 
	Part C – Presenting Integrated Evidence Around Place 
	References for Technical Annex for Chapter 3 





