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Rhagair

Nid dim ond rhan o'n treftadaeth yw amgylchedd naturiol Cymru - dyma sylfaen ein dyfodol
hefyd. Ein dewisiadau heddiw fydd yn pennu a fydd cenedlaethau'r dyfodol yn etifeddu
ecosystemau sy’n ffynnu a chymunedau cadarn neu, yn hytrach, yn wynebu argyfyngau
sy’n fwyfwy difrifol - argyfyngau y gallem fod wedi'u hatal.

Mae ein trydydd Adroddiad ar Gyflwr Adnoddau Naturiol (SoNaRR 2025) yn darparu'r
dystiolaeth sydd ei hangen arnom i weithredu. Mae'n dangos lle mae cynnydd wedi'i
wneud a lle mae heriau brys yn parhau i fodoli. Nid adroddiad yn unig yw hwn - mae'n
alwad i ymgorffori tystiolaeth amgylcheddol wrth wraidd pob penderfyniad, pob polisi, a
phob buddsoddiad y mae Cymru'n ei wneud, wrth i ni baratoi ar gyfer etholiad nesaf y
Senedd.

Caiff SoNaRR 2025 ei gyhoeddi wyth mis ar 6l i Gomisiynydd Cenedlaethau'r Dyfodol nodi
blaenoriaethau a meysydd ffocws sy'n sail i genhadaeth. Yn yr adroddiad hwn, rydym yn
dangos yr hyn sydd wedi’i gyflawni dros y pum mlynedd ddiwethaf ac yn darparu
tystiolaeth glir i ddangos beth mae hynny'n ei olygu i gyflwr adnoddau naturiol Cymru a
chydnerthedd a chadernid ein hecosystemau. Er bod rhywfaint o gynnydd wedi'i wneud,
mae llawer i'w wneud o hyd. Nid yw Cymru eto’n cyflawni’r pedwar nod hirdymor o reoli
adnoddau naturiol yn gynaliadwy - ac mae’n hanfodol bod penderfyniadau polisi yn y
dyfodol yn seiliedig ar y dystiolaeth hon.

Nid bygythiadau neu beryglon pell i ffwrdd yw newid hinsawdd, colli bioamrywiaeth a
llygredd - maent yma nawr, yn siapio bywydau a bywoliaethau. Mae SoNaRR 2025 yn nodi
beth mae hyn yn ei olygu i Gymru - ar draws ecosystemau, economiau a chymunedau - ac
yn tynnu sylw at gyfleoedd i weithredu. Fod bynnag, nid rhywbeth dewisol yw’r cyfleoedd
hyn. Mae manteisio arnynt yn hanfodol os ydym am gyflawni uchelgeisiau Deddf yr
Amgylchedd a Deddf Llesiant Cenedlaethau'r Dyfodol, a chreu Cymru sy’n deg, yn
gynaliadwy ac yn llewyrchus.

Rydym ar drobwynt i natur a hinsawdd. Mae ein hamgylchedd dan straen digynsail, ac nid
bygythiadau neu beryglon y dyfodol yw effeithiau newid hinsawdd mwyach - maen nhw
yma nawr. Mae tywydd eithafol yn 2025 wedi dangos pa mor fregus yw ein hecosystemau,
tra bod llygredd yn parhau i erydu iechyd ein dyfroedd a'n tirweddau.

Eto i gyd, mae cyfleoedd i newid. Er enghraifft, mae Cynllun Ffermio Cynaliadwy
Llywodraeth Cymru, a gaiff ei lansio ym mis lonawr 2026, yn newid sylweddol yn y ffordd y
caiff tir amaethyddol ei reoli - gan gefnogi cynhyrchu bwyd ochr yn ochr & gofalu am yr
amgylchedd, mynd i'r afael & newid hinsawdd, a meithrin cydnerthedd a chadernid. Dyma'r
math o ddull beiddgar, integredig, sydd ei angen arnom ar draws pob sector.

Gall targedau a pholisiau sy'n seiliedig ar y dystiolaeth hon greu momentwm, ysgogi
atebolrwydd, a sicrhau bod pob sector yn chwarae ei ran. Hebddyn nhw, rydym mewn
perygl o ohirio gweithredu gan beryglu ein dyfodol. Bydd y penderfyniadau a wneir yn y
misoedd nesaf yn atseinio am ddegawdau. Y penderfyniadau hyn fydd yn siapio’r Gymru a
fydd yn gartref i'n plant a'n hwyrion.
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Dyma, felly, foment foment fawr, moment hollbwysig. Mae gennym y wybodaeth, y dulliau,
a'r fframwaith deddfwriaethol i arwain y ffordd. Yr hyn sydd ei angen arnom nawr yw'r
ewyllys i weithredu, ac i wneud hynny'n feiddgar ac yn bendant. Mae SoNaRR 2025 yma i
lywio'r camau gweithredu hynny. Gadewch i ni ddefnyddio’r adroddiad i greu Cymru lle
mae adnoddau naturiol yn cael eu rheoli'n gynaliadwy, lle mae cymunedau'n ffynnu, a lle
mae cenedlaethau'r dyfodol yn edrych yn él gan wybod ein bod wedi gwneud y dewisiadau
Cywir.

Ceri Davies, Prif Weithredwr Interim
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Foreword

Wales’ natural environment is not just part of our heritage - it is the foundation of our
future. The choices we make today will determine whether future generations inherit
thriving ecosystems and resilient communities or face escalating crises that we could have
prevented.

Our third State of Natural Resources Report (SoNaRR 2025) provides the evidence we
need to act. It shows where progress has been made and where urgent challenges
remain. This is not just a report - it is a call to embed environmental evidence at the heart
of every decision, every policy, and every investment Wales makes, as we prepare for the
next Senedd election.

The publication of SoNaRR 2025 comes eight months after the Future Generations
Commissioner set out mission-based priorities and areas of focus. In this report, we show
what has been achieved over the last five years and provide clear evidence of what that
means for the state of Wales’ natural resources and the resilience of our ecosystems.
While some progress has been made, there is still much to do. Wales is not yet meeting
the four long-term aims of sustainable management of natural resources, and it is vital that
future policy decisions are rooted in this evidence.

Climate change, biodiversity loss, and pollution are not distant threats; they are here,
shaping lives and livelihoods now. SoNaRR 2025 sets out what this means for Wales -
across ecosystems, economies, and communities - and highlights opportunities for action.
These opportunities are not optional. They are essential if we are to meet the ambitions of
the Environment Act and the Well-being of Future Generations Act, and deliver a fair,
sustainable, and prosperous Wales.

We are at a turning point for nature and climate. Our environment is under unprecedented
strain, and the impacts of climate change are no longer future threats—they are here
today. Extreme weather in 2025 has shown how vulnerable our ecosystems have become,
while pollution continues to erode the health of our waters and landscapes.

Yet there are opportunities for change. The Welsh Government’s Sustainable Farming
Scheme, launching in January 2026, for example marks a step change in how agricultural
land is managed - supporting food production alongside caring for the environment,
tackling climate change, and building resilience. This is the kind of bold, integrated
approach we need across all sectors.

Targets and policies grounded in this evidence can create momentum, drive accountability,
and ensure that every sector plays its part. Without them, we risk deferring action and
leaving our future to chance. The decisions made in the coming months will echo for
decades. They will shape the Wales our children and grandchildren call home.

This is a pivotal moment. We have the tools, the knowledge, and the legislative framework
to lead the way. What we need now is the will to act, and to do so boldly and decisively.
SoNaRR 2025 is here to inform that action. Let’'s use it to build a Wales where natural
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resources are managed sustainably, communities thrive, and future generations look back
knowing we made the right choices.

Ceri Davies, Interim Chief Executive
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Executive summary

Wales stands at a critical moment as our economy continues to degrade the natural
resources that underpin our health, security, and prosperity. Wales is one of the most
nature depleted countries in the world, with almost 1 out of 5 species at risk of extinction.
Climate change is already impacting on all ecosystems within Wales, reducing ecosystem
resilience and intensifying risks from other pressures. Pollution from wastewater, towns
and cities, transport, agriculture and abandoned mines is compromising freshwater
ecosystems. Only 40% of water bodies achieve good overall status. These pressures
cascade from rivers, lakes and groundwaters into estuarine and marine environments,
threatening biodiversity and coastal resilience.

There is an urgent need for climate action, both mitigation and adaptation, to create a
Wales that is resilient to future climate impacts. This consists of both adaptation measures
including coastal realignment and the creation of diverse ecosystems, to emissions
reductions such as through peatland restoration.

Air pollution has improved, yet nitrogen emissions, such as ammonia, from agriculture
remain high, impacting sensitive habitats and public health. Legacy contamination from
industry and landfilling adds further complexity, with emerging pollutants such as
microplastics and persistent chemicals posing long-term risks to soil and water security.

Land use decisions are intensifying these pressures. The construction sector must expand
to meet the needs of our growing population; however, development often displaces
farmland, coastal margins, and urban green spaces, frequently in areas vulnerable to
flooding. Meanwhile, Wales’ consumption levels far exceed sustainable limits. If replicated
globally, our resource use would require more than two Earths, demonstrating the amount
of natural resources we import, all accompanied by impacts on other countries, hampering
the national Globally responsible Wales Wellbeing Goal.

Agricultural land dominates the landscape, yet the extent to which it is managed to sustain
nature to deliver a consistent flow of ecosystem benefits remains low despite its provision
of critical food supply. Given that the agricultural sector makes use of over 90% of Wales’
land area, some of our greatest opportunities to improve the sustainable management of
natural resources lies in the ecosystems and activities across Welsh farms. Welsh
Government’s Sustainable Farming Scheme (SFS), which commences on 1 January 2026,
will support the delivery of sustainable land management outcomes linked to food
provision alongside caring for the environment, tackling and adapting to climate and
change and building resilience. It will mark a step change of approach in the management
of agricultural land.
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Introduction to SoNaRR

This is Wales’ third State of Natural Resources Report (SoNaRR), required under the
Welsh Environment Act 2016.

In 2016 we published the first SoNaRR as our understanding of the implications of the
Environment Act were being developed. The second SoNaRR was published during the
Covid-19 pandemic in 2020 and was the first time we used the four aims of sustainable
management of natural resources to focus our assessment.

Since then, the evidence has grown to describe the extent of the nature and climate
emergencies. The effects of these crises have been seen across the globe and here in
Wales with most recently the storms and drought of 2025.

SoNaRR 2025 is the latest in a series of Welsh, UK and global assessments of the status
and trends of natural resources. It looks at the risks those trends pose to our ecosystems
and to the long-term social, cultural and economic well-being of Wales, in terms defined by
the Well-Being of Future Generations (Wales) Act 2015.

SoNaRR'’s content and purpose is defined in the Environment Act
NRW must prepare and publish a report containing:

e An assessment of the state of natural resources in Wales.
e An assessment of the extent to which the sustainable management of natural
resources is being achieved.
e An assessment of biodiversity to support the biodiversity duty on public bodies under
section 6 of the Environment Act. Biodiversity is defined as:
‘the diversity of living organisms, whether at the genetic, species or ecosystem
level’.
e What NRW considers to be the main trends and factors that are affecting and are likely
to affect the state of natural resources.
e Any aspects about the state of natural resources on which NRW considers it does not
have sufficient information to make an assessment.

SoNaRR is an evidence base for Welsh Ministers to use when preparing or revising the
Natural Resources Policy, for NRW when preparing Area Statements, and for local
planning authorities when refreshing local development plans. SoNaRR must also be
considered in the publishing, adopting or reviewing of national park and area of
outstanding natural beauty management plans by relevant authorities.
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Our use of broad ecosystems and cross-cutting
themes

Natural resources are defined in the Environment Act as:

Animals, plants and other organisms.
Air, water and soil.

Minerals.

Geological features and processes.
Physiographical features.

Climatic features and processes.

These components combine and work together in many ways and at many scales, forming
ecosystems from which humans use and obtain benefits. SoNaRR continues to group
ecosystems following the system used in the UK National Ecosystem Assessment of 2011.

Using these broad ecosystems allows us to:

Distinguish and group together the different habitats generally found there.

Describe the services we get from them and map the benefits to well-being.

Look at pressures and impacts on the resilience of those ecosystems.

Identify opportunities for action and design management interventions around the land,
water and sea uses that occur there.

In SoNaRR 2016 and SoNaRR2 020 we used these ecosystems as the thread throughout
the report. We continue to use the available robust evidence to describe the broad
ecosystems in SoNaRR 2025, along with the three main natural resources air, soils and
water. This evidence, along with updated Drivers of change, pressures, ecosystem
services and evidence related to indirect drivers of change, energy, waste and landscape,
is used to assess the sustainable management of natural resources

Broad ecosystems Natural Resources

Urban

Mountain, moorland and heath
Semi-natural grassland
Freshwater

Enclosed farmland

Woodland

Coastal margins

Marine

e Air
Water
Soil

Evidence relating to Minerals; Geological features and processes; Physiographical
features; Climatic features and processes is provided across the relevant ecosystem
evidence
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Drivers of change Supporting evidence

 Climate Change . \éVaste
e Direct exploitation ° Lgr?c:?c/:apes

e Invasive non-native species, pests
and diseases

e Land and sea use and management
change

e Pollution

SMNR and the well-being goals

The Environment Act defines the sustainable management of natural resources as:

“...using natural resources in a way and at a rate that maintains and enhances the
resilience of ecosystems and the benefits they provide. In doing so, meeting the needs of
current generations without compromising the ability of future generations to meet their
needs, and contributing to the achievement of the well-being goals set out in the Well-
being of Future Generations Act.”

The objective of SMNR is to build resilient ecosystems which supply ecosystem services
and help Wales meet its well-being goals for a sustainable future. To do that we need to
transform our socio-economic systems so that they are working more like natural
regenerative systems, responding to feedback about environmental capacity and social
needs.

The Welsh well-being goal of securing ‘A resilient Wales'’ is about building healthy
functioning ecosystems which support social, economic and ecological resilience. To
secure this resilience, we need to focus on building healthy, regenerating systems.

The four aims of SMNR

The four long-term aims of SMNR, introduced in SoNaRR 2020 continue to guide the
assessments that underpin SoNaRR 2025.

Achieving SMNR means having healthy, well-functioning and resilient social,
economic and eco- systems, using feedback information to stay in balance with each
other as they adapt to change.

SoNaRR 2025 updates our assessment of Wales’ progress towards SMNR individually
against the four aims, but it is important to note that they are inseparable and should not
be seen in isolation.

Wales cannot work towards healthy places for people without resilient ecosystems and
cannot make our ecosystems resilient without safeguarding stocks of natural resources.


https://www.futuregenerations.wales/a-resilient-wales/

The regenerative economy safeguards and restores those stocks and is the route to the
transformational change needed to achieve SMNR.

Aim 1. Stocks of natural resources are safeguarded and
enhanced

Natural resources underpin our well-being and quality of life and are the basis of healthy,
resilient ecosystems. They provide our food, clean air and water, fuel our industries, and
create jobs.

This assessment evaluates Wales’ progress towards Aim 1 of the sustainable
management of natural resources (SMNR): to safeguard and enhance stocks of natural
resources. It takes a broad view of natural resources, including wild species, air, water and
soil, and is not confined to economically valued stocks (which are mostly considered in the
Aim 4 assessment).

Vision for Aim 1

Success would see Wales using natural resources in a way that enables their quantity and
quality to improve over time, not be degraded. In this vision, our ecosystems are resilient
and able to regulate, maintain and provide natural resources which benefit the people of
Wales. Our economy and culture not only protect natural resources and ecosystems from
pressures that would degrade them but also work to improve the quantity and quality of
natural resources in Wales and those that we use from around the world. Use of non-
renewable resources would be managed to reduce impacts on ecosystems and to move
towards renewable alternatives.

Aim 2. Ecosystems are resilient to expected and
unforeseen change

Understanding and assessing ecosystem resilience is central to Wales’ ability to respond
to environmental pressures and deliver the Sustainable Management of Natural
Resources (SMNR). Building ecosystem resilience relies upon safeguarding and
enhancing natural resources and ensures the continued provision of ecosystem services
which Wales relies upon for its economy and health. Resilience means ecosystems are
adaptable and can resist the impacts of habitat change, climate change, pollution, invasive
non-native species and other pressures.

This Aim 2 assessment explores the ecological importance of semi-natural habitats, those
most critical for resilient ecosystems. It also presents the Diversity, Extent, Condition and
Connectivity (DECCA) framework used to assess resilience across ecosystems. Together,
these elements provide the foundation for understanding how resilient Wales’ ecosystems
are to expected and unforeseen change.
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Vision for Aim 2

Along with governments across the world, the Welsh Government has committed to halting
and reversing the loss of nature.

Wales will achieve this through a comprehensive network of healthy, and resilient
ecosystems. Through sustainable land management and a regenerative economy, harmful
pollution is eliminated, we will halt and reverse biodiversity loss, ensuring our landscapes
provide enhanced wellbeing benefits and consistently deliver vital ecosystem services for
the health and prosperity of future generations.

Aim 3. Wales has healthy places for people, protected
from environmental risks

The environment provides regulating services which protects people from risks including
air, water or noise pollution and flooding. Managing those services increases well-being
resulting in the provision of a healthy environment for all. Meeting this aim is dependent on
having resilient ecosystems and the health and well-being of the nation contributes to our
ability to take advantage of the economic opportunities of a regenerative economy.

Vision for Aim 3

That every person in Wales lives in an environment that nurtures their health, every
community is resilient to environmental risk, and natural resources are managed so future
generations inherit ecosystems that are healthier, more biodiverse and more valued than
today. This can be achieved through:

e Health protection: Reduce air, water and soil-borne hazards, and impacts of climate
change. Prioritising communities where risk and deprivation coincide.

e Health improvement: Promote daily access to green and blue space, mainstream
green social-prescribing, access to nature and active-travel for health benefits.

e Cultural benefits & equity: co-design, interpret and fund nature projects as part of
‘place-making’ so every community feels welcome and represented

Aim 4. Contributing to a regenerative economy,
achieving sustainable levels of production and
consumption

Reducing the environmental impact of production and consumption and Wales’ global
environmental footprint. The aim is for Wales to use no more than its fair share of global
resources and for the economy to operate within the regenerative capacity of the Earth’s
ecosystems.

13



Vision for Aim 4

Achieving Aim 4 would result in Wales moving from an economy that degenerates its
natural resources and ecosystems, through a sustainable, circular economy, which does
no net harm and uses its fair share of natural resources, to a regenerative one which
works with our natural systems to restore nature.(Food and Agriculture Organization of the
United Nations, 2025)

Method

The SoNaRR interim report, in December 2024, set out the method we have used to
assess Wales’ achievement of SMNR. SoNaRR 2025 applies the method through the twin
lenses of ecosystems and the main natural resources water, air and soil

We started by updating the evidence that was in the technical chapters in SoNaRR 2020.

This time around we have set out the evidence for each broad ecosystem and natural
resource within an online space for you to explore. This includes the pressures, state, and
impacts on wellbeing which are barriers to the achievement of SMNR. In addition to this
evidence, the report includes updates to the evidence behind the 5 Drivers of change at a
Wales scale. We have used this evidence to assess progress against each of the four
aims of SMNR at the ecosystem, resource and all Wales, national scale. Wider available
evidence, such as international reports and publications, have been used within these
assessments where relevant. Each SMNR assessment recommends opportunities for
action to manage the issues described.

As in previous reports, the evidence in SoNaRR 2025 follows the internationally
recognised DPSIR approach — a framework for using suitable evidence to describe drivers
of change, pressures, state, impact and responses in relation to aspects of the
environment.

SoNaRR builds on DPSIR and uses that structure to assess progress towards SMNR and
the Welsh well-being goals.

We have followed a more prescriptive method this time around to ensure all aspects of
SMNR are addressed in a consistent way. The approach taken within SoNaRR is set out
below.

e Review the SoONaRR2020 drivers of change [D] and pressures [P], their magnitude,
current trends and effects on each ecosystem. We have included a confidence
assessment associated with the evidence.

e Update the state (current state, trends and outlook) [S]. For ecosystems this uses
key metrics for Diversity, Extent, Condition and Connectivity. This informs the
assessment of Aims 1 and 2. We have included a confidence assessment
associated with the evidence.

e Review and update the evidence describing ecosystem services and the level of
importance of the benefits to people and economy that is contributed by the
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ecosystem. Also update the impacts [I] on these benefits identified through the
pressures and state assessment. We have organised the ecosystem services using
the SEEA EA Ecosystem Service Reference List, updating the previously used UK
NEA. This informs the assessment of Aims 3 and 4.

e Review and update the status of current responses [R]: What has happened since
SoNaRR20207? Identify new opportunities for action, taking into account synergies
and trade-offs.

e Update the assessment of SMNR using the evidence from steps 1 to 4. An
assessment against the 4 aims for each ecosystem and natural resource.

e Update the 4 National Aims assessments, using the assessments of SMNR across
ecosystems and natural resources, the Drivers of change evidence, and relevant
additional Wales, UK and Global evidence.

e Bring the opportunities for action together, acknowledging synergies and trade-offs.

We have used evidence that describes the direct and indirect use of ecosystem services,
specifically in relation to Regulating, Provisioning and Cultural services.

The SEEA EA identified flows not related to direct or indirect use of ecosystem services -
Ecosystem and species appreciation. The benefits to people are described as Existence
and preservation of ecosystems and species for current and future generations,
irrespective of any direct or indirect use, provides benefit to people’s well-being based on
the intrinsic value of ecosystems and species. In relation to businesses and government,
there are as yet unknown benefits from ecosystems and species that could contribute
directly to well-being or the future resilience of ecosystems and ecosystem services
supply. There is no available evidence on intrinsic value by ecosystem. We discuss
valuing nature in our National Aim 1 and 4 assessments.

Collaborative working

SoNaRR is about Wales, not Natural Resources Wales, and we needed to ensure that a
broad view of the subject is represented. There was direct communication with
stakeholders in the updating of the evidence.

We have followed our evidence review process throughout. All the DPSIR evidence has
been through an academic peer review process.

The SMNR assessments at ecosystem and natural resource scale have been reviewed by
stakeholders along with the National assessments against the four aims

15



Direct drivers of change in Wales

Drivers of change are natural or human-induced factors that cause changes to natural
resources and ecosystems. They can either be direct, causing physical change that can be
measured, or indirect which are less measurable in terms of causality. The sustainable
management of natural resources (SMNR) requires a better understanding of these drivers
to fully appreciate the root causes of unsustainable management.

The evidence gathered and analysed within SoNaRR 2025 regarding the key drivers of
environmental change and their associated pressures helps us to focus on the main
pressures that affect the stocks of natural resources, the resilience of the ecosystems
across Wales and the benefits, or services, that the ecosystems provide.

In SoNaRR 2025 we continue to use the five widely accepted direct drivers of change:
Climate change; Direct exploitation; Invasive non-native species, pests and diseases;
Land and sea use management and change; and Pollution.

Climate change

Climate change is the long-term shifts in temperatures and weather patterns. Such shifts

can be natural, due to changes in the sun’s activity or large volcanic eruptions. But since

the 1800s, human activities have been the main driver of climate change, primarily due to
the emission of greenhouse gases from the burning of fossil fuels like coal, oil and gas.

Climate change alters habitat conditions, species distributions, and resource availability,
leading to reduced resilience and ecological degradation. Management and mitigation
efforts are essential to address these growing impacts across Wales.

Key messages for climate change

e Increased and sustained action across all levels of government, business and civil
society is required to effectively combat the climate emergency, deliver a just transition
to a low carbon future and meet Wales’ carbon budgets and net zero by 2050.

e Climate change is and will continue to impact all ecosystems in Wales, with warmer,
wetter winters, hotter, drier summers, and a higher number of more extreme events
predicted to occur.

e There is an urgent need for joined up climate adaptation and mitigation to support a
climate resilient Wales that enhances biodiversity, reduces flood risk and improves
public health.

o Climate change interacts with the other drivers of change - land use change, pollution
and INNS - to compound the threats to our ecosystems. Integrated responses to
multiple pressures presents novel opportunities for co-benefits to nature, communities
and health.

e There are major opportunities for encouraging individual action and behavioural
change, and for enabling ecosystems to play key roles in both reducing emissions and
building a climate resilient Wales.
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Summary for Climate Change

Global greenhouse gas emissions have continued to rise since SoONaRR2020, increasing
the risk to the planet from human-induced climate change. Wales met the first carbon
budget target to reduce greenhouse gas emissions in 2020 and is on track to meet the
second budget in 2025, although this will be a greater challenge. Carbon Budget 3 (2026-
2030) requires a 58% reduction in emissions in Wales against a 1990 baseline. Globally
and nationally, there is a need for continued and increased action across all levels of
society to meet stick to these carbon budgets and the pathway to net zero by 2050 in a
way that is fair and that reaps the benefits of transition in Wales.

Climate change is and will continue to impact all ecosystems in Wales, with warmer, wetter
winters, hotter, drier summers, and a higher number of more intense extreme events
predicted to occur. The biggest threats from climate change in the natural environment are
to vulnerable habitats which include, mountains, moorlands and heaths, and coastal
margins.

There is an urgent need for climate action, both mitigation and adaptation, to create a
Wales that is resilient to future climate impacts. This consists of both adaptation measures
including coastal realignment and the creation of diverse ecosystems, to emissions
reductions such as through peatland restoration.

Compounding impacts between multiple pressures to Wales’ natural resources such as
climate change, INNS, and land use change, increase the threats of these drivers of
change to all ecosystems and resources.

There is an increased need for more individual action, behavioural change and for
ecosystems to take a role in climate resilience to combat the climate emergency. Action
Wales-wide is needed from the household, to government, to ecosystem level for both
mitigation (such as support for, and implementation of, green household energy systems,
peatland restoration and woodland creation) and adaptation (through the development of
adaptive policies and proactive planning for incidents such as wildfire and flooding).

Key changes since SoNaRR2020

Since SoNaRR2020, Welsh carbon emissions have reduced slightly, although overall
global carbon emissions continue to increase, thus also increasing the impacts from
climate change to Wales. Average air and water temperatures continue to increase, with
an increase in extreme events seen over the past five years.

The third Climate Change Risk Assessment for Wales was published in 2021, detailing 61
risks and opportunities to Wales from climate change (Netherwood, 2021). This has
informed the second national adaptation plan, the Climate Adaptation Strategy for Wales,
published in 2024 (Welsh Government, 2024).

Wales met the first carbon budget target to reduce greenhouse gas emissions in 2020 and
is on track to meet the second budget in 2025, although this will be a greater challenge.
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Full evidence and references in Annex 1: Climate Change evidence

Direct exploitation

Direct exploitation is the use of natural resources, including living organisms, for food and
materials. The pressures caused relate to the manner in which they are removed for our

use as well as the direct removal and reduction of a renewable or non-renewable natural

resource

Key messages for direct exploitation

Current regulation strives to prevent pressures from licensed water abstraction.
Efficient use of water will become ever more necessary as climate change
scenarios predict an increasing frequency of prolonged dry periods. Conservation
and re-use of water across all sectors is vital to increase climate change resilience
and water and energy security.

The evidence to determine whether marine fisheries in Welsh waters are
sustainable or not is limited. Bycatch is a significant threat to several species of
marine mammal in UK waters and is of particular concern for certain fisheries
operating in the wider Celtic and Irish seas and beyond. However, there is limited
information on bycatch in net fisheries in Wales and further work is required to
provide robust estimates in Wales.

We have a better understanding of Freshwater fisheries in Welsh rivers and lakes,
particularly migratory salmonids and eels. Eel stocks internationally are currently
below sustainable limits and NRW has effectively closed the fishery since 2021.
Stocks of Atlantic Salmon are also below sustainable limits, with all 22 Principal
stocks classed as At Risk. We are also increasing concerned about sea trout
fisheries with 32 of 33 stocks being classed as At Risk. Byelaws introduced in 2020
currently require all net and rod salmon to be released unharmed, and also provide
size, method and season restrictions to protect sea trout.

Soils can be directly exploited in the production of food, fibre and other outputs,
which can place pressure on soils when unsustainably managed. Built development
permanently removes or seals soils, including sending them to landfill and resulting
in the irreversible loss of this finite resource.

The historic practice of draining naturally wet soils has degraded peatlands and
wetlands, released carbon, and lowered productivity. The National Peatland Action
Plan has restored 3,000 hectares of peat soils between 2000 and 2025.

Underlying evidence

The SoNaRR 2025 assessment of Direct Exploitation is informed by evidence set out in
the Pressures for each Natural Resource and Ecosystem. You will find it in the drivers of
change and pressures detailed evidence within our interactive Power Bl report. The
Ecosystems with relevant evidence are freshwater, marine and mountain, moorland and
heath. The Natural resources with relevant evidence are soils and water.
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Full evidence and references in Annex 3: Land use and management change
evidence

Invasive non native species, pests and diseases

Invasive non-native species (INNS), pests and diseases are organisms that can cause
damage to human health and well-being, non-human species and ecosystems. These may
be native or non-native organisms.

Invasive non-native species (INNS) are any non-native animal or plant that can spread and
subsequently cause damage to the environment, the economy, our health, and the way we
live.

A pest is any organism that can cause damage to other organisms or human-built
infrastructure, resulting in negative impacts on human health and well-being, ecosystem
health or economic activity. In SoNaRR, pests usually refers to insect pests although
rabbits are included here (grey squirrels are covered within INNS).

Diseases, in this context, are illnesses of any organism caused by infection by
microorganisms.

Key messages for INNS

e Over time new invasive non-native species have been establishing at continually
increasing rates in Great Britain, the main global drivers are the movement of goods
and people, and climate change.

e INNS are identified as one of the top five drivers affecting biodiversity worldwide;
they impact all the different ecosystems of Wales, terrestrial, freshwater and
marine.

e INNS are estimated to cost the economy of Wales £343 million annually (including
fungi). The forestry and agriculture sectors are most significantly affected.

e Pests and diseases pose a significant threat in several ecosystems across Wales,
impacting ecosystem resilience and economically important sectors such as forestry
and agriculture.

e Tackling INNS, pests and diseases requires collaboration between stakeholders to
improve biosecurity, target pathways of introduction, monitor the introduction and
spread, ensure early intervention, and effectively plan, prioritise and implement
strategic actions. It will also be important to implement INNS legislation and policy
drivers and to include consideration of INNS in land management schemes.

Summary for INNS

Invasive non-native species (INNS) have a significant impact on the environment,
economy, and public well-being in Wales. These species are recognized as one of the
leading threats to global biodiversity, with an estimated economic impact of £343 million
annually (including fungi) in Wales alone. Over the past 50 years, the rate of new INNS
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establishment in Great Britain (GB) has surged, reflecting a worldwide trend driven by
factors such as climate change and the increased movement of goods and people.

In response to the rising threat of INNS, various legislative and policy measures have been
implemented in Wales since 2020 that prioritise prevention and early intervention. Key
initiatives include the embedding of the Invasive Alien Species Order 2019, which restricts
activities that could introduce or spread INNS, and the implementation and refresh of the
GB INNS Strategy (2023-2030) including the development of the GB Pathway Action
Plans. Additionally, the establishment of the Great Britain Non-native Species inspectorate
(NNSI) has focused efforts on sectors most at risk for introducing these invasive species to
GB.

A strategic framework for addressing INNS in Wales is essential for long-term efficacy.
This framework should expand its membership and enhance collaboration among
stakeholders to create a cohesive strategy. Increasing communication and supporting the
establishment of strategic projects targeting specific species or geographical areas. It is
also essential to continue the implementation of marine biosecurity plans that have been
developed collaboratively to address INNS in marine environments.

The agriculture sector in Wales faces a substantial financial burden from INNS, estimated
at £124 million annually, while the forestry sector incurs losses of approximately £167
million annually. INNS threaten productivity, damage crops and timber, and contribute to
soil health deterioration and erosion. Future land management initiatives present an
opportunity to promote coordinated efforts against INNS, ensuring that actions are taken at
suitable spatial and temporal scales.

Particular emphasis should be placed on preventing the introduction of marine and
freshwater INNS, as they are difficult to eradicate once established. Promoting biosecurity
measures, early intervention measures, planning and collaboration will be vital for
addressing new arrivals and curbing the spread of existing species.

Improvements in data flows, reporting and surveillance will contribute to INNS policy and
legislative drivers, including Target 6 of the Global Biodiversity Framework.

Another crucial aspect of managing INNS in Wales is addressing existing evidence gaps
related to their distribution, monitoring, impact, and management. Filling these gaps is
essential for informing effective policy initiatives, including the State of Natural Resources
Report (SoNaRR). Improved knowledge and data on INNS will enable policymakers and
stakeholders to make informed decisions and allocate resources effectively, ultimately
enhancing the response to the invasive species challenge in Wales.

Reducing the impact of INNS in Wales will address localised water resource and quality
issues, will support the recovery of nature and will improve the resilience of ecosystems to
respond to climate change.
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Key changes to INNS since SoNaRR2020

In Wales, policy and legislative implementation has advanced through the embedding of
the Invasive Alien Species Regulation and Order, development of enforcement
mechanisms, and strategic contributions to the renewed GB INNS Strategy (2023—2030).

Targeted projects and guidance that support prevention, control, and restoration efforts
across terrestrial, freshwater, and marine ecosystems have also been delivered.

Key changes have also included the growing recognition of INNS management as a public
good within future land management schemes and strengthened biosecurity promotion
across sectors and ecosystems and the establishment of a collaborative INNS framework
through the Wales Resilient Ecological Network (WaREN) project.

These developments reflect a maturing policy context that increasingly prioritises strategic,
collaborative, and preventative approaches to INNS management.

Evidence needs for INNS

Globally and nationally, new trend data confirm that INNS introductions continue to be
driven by increased movement of people and goods, and climate change. However,
comprehensive trend data to describe INNS impacts across Welsh ecosystems remains
limited, highlighting a continued evidence gap.

Full evidence and references in Annex 2: INNS evidence

Summary for pests and diseases

Pests and diseases pose a significant threat in several ecosystems across Wales,
impacting ecosystem resilience and economically important sectors such as forestry and
agriculture.

Over the last 15 years, pests and diseases have had a significant negative effect on tree
health in Welsh woodlands, and farmland and urban trees. Pests and diseases cause a
decline in tree health, which is a key determinant of the growth, composition and
productivity of woodlands. The most significant diseases affecting Welsh woodlands are
Phytophthora ramorum, primarily affecting larch species, and Ash Dieback in broadleaf
woodlands, with the significance of oak processionary moth also increasing.

Within the marine ecosystem, the Highly Pathogenic Avian Influenza (HPAI) is a new and
major threat to internationally important seabird populations in the UK. In enclosed
farmland, livestock are at risk of vector-borne diseases such as Bluetongue, which is
projected to have extended transmission seasons in future due to climate change. The
abundance and distribution of pests and diseases are expected to increase in future due to
climate change and global trade.
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Key changes to pests and diseases since SoNaRR2020

Over the last 5 years, Phytophthora ramorum and Chalara Ash Dieback have continued to
cause a deterioration in tree health, but more significantly other species have emerged or
have gained more of a hold since SoNaRR2020, including Phytophthora pluvialis and Oak
Processionary Moth.

The first cases of bluetongue virus were detected in south-east England in November
2023. The virus has since been found in Powys and Monmouthshire.

Highly Pathogenic Avian Influenza (HPAI) caused mass mortality of seabirds in the UK
and Wales for the first time in 2022 and 2023.

The SoNaRR 2025 assessment of pests and diseases is informed by
evidence set out in the pressures for each Natural Resource and Ecosystem.
You will find it in the drivers of change and pressures detailed evidence within
our interactive Power Bl report.

Land and sea use management and change

Land use change refers to a change in the use or management of land by humans. In
Wales this can include management practices which cause changes in land use and land
cover. Examples include intensification of agriculture, converting land from semi-natural
grassland to enclosed farmland; or building of human settlements converting land from
one ecosystem to urban ecosystem; or afforestation converting land to forestry use and
woodland ecosystem land cover.

Sea use change refers to a change in the use or management of the sea by humans. In
Wales this can include building infrastructure in the marine environment which can lead to
loss or degradation of habitat; construction of coastal defences which could lead to coastal
squeeze; and unmanaged recreational activities which can cause disturbance and physical
impacts.

Key messages for land and sea use management and
change

e Land is afinite and valuable asset that underpins the delivery of ecosystem goods
and services essential for well-being. There are increasing demands on the limited
supply of land to provide multiple services, including food, timber, renewable
energy, housing, carbon storage, climate change mitigation, habitat restoration, and
resilience to extreme weather.

¢ Wales has a rich and diverse marine ecosystem which can provide many important
services for people and the economy, including food, energy, blue carbon, and
recreation. If appropriately managed, this could generate revenue to invest in local
ecosystem resilience, markets, and communities.
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e There is a risk of unsustainable land use and management changes (increased
intensity or reduced management intensity) without appropriate policies and
alignment of economic drivers. Farmers and land managers are vulnerable to global
economic shocks, pandemics, and extreme weather events.

e Land, sea and terrestrial ecosystems play a crucial role in climate mitigation and
supporting nature, especially in the uplands and around the coast.

e Expansion of offshore renewable energy to meet net zero targets needs careful
management to meet the requirements of both the climate and nature emergencies

e Future land use and management decisions should consider land use suitability and
capability, alongside resource stocks and services to deliver for climate, nature, and
people.

e Alignment between various types of interventions can address some of the
challenges of the climate and nature emergencies, decarbonization targets, and
well-being benefits.

e Priorities for interventions include, protecting special places for nature,
implementing peatland restoration programmes, increasing tree and woodland
cover, tackling multiple sources of pollution, integrating sustainable management
systems and practices, and influencing behaviour change through engaging people
with the land and sea.

Summary for land and sea use management and
change

Land is a finite and valuable asset; it underpins the delivery of ecosystem goods and
services on which the built and natural environment depends for well-being. The most
changes seen within Wales occurred within urban land use, followed by woodland, and
improved productive land. There are growing demands on the limited supply of land to
provide a greater range of multiple services. There is a risk that land has already been
overpromised.

Demand for food and fibre sits alongside increasing policy ambitions for more renewable
energy for the decarbonisation agenda, more organic materials for recovery to land, to
supply housing for a growing population, to store and sequester carbon, to mitigate and
adapt to climate change, maintain and restore habitats for biodiversity and improve
resilience to extreme weather. These are all likely to influence future land use and
management change in Wales. There is a risk of unsustainable land use and management
changes (increased intensity or reduced management intensity) without appropriate
policies and alignment of economic drivers. Farmers and land managers have been
vulnerable to global economic shocks caused by pandemics, war, and extreme weather
events.

The sea plays a vital role in supporting biodiversity, regulating climate, and sustaining
human activities such as fisheries, recreation, and transport. However, it faces growing
pressures from built development and human use. Infrastructure placed in the sea can
directly remove or degrade habitats and alter physical processes like currents and
sediment movement, with impacts often extending beyond the immediate site.
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Coastal development, including defences and transport infrastructure, contributes to
coastal squeeze, preventing habitats from migrating inland in response to sea-level rise.
According to the NRW Evidence Report ‘Understanding the likely scale of deterioration of
Marine Protected Area (MPA) features due to coastal squeeze’ 29% of the Welsh coast
(719km) has some form of linear or shore-parallel structure (this could include a coastal
defence, railway infrastructure, or port infrastructure) which could prevent habitats from
migrating landwards in response to sea-level rise, and therefore cause coastal squeeze.
Marine species are affected through collisions, disturbance, and loss of critical habitats.
Activities such as aggregate extraction and dredging disrupt sediment budgets, can
physically damage sensitive habitats, and disturb wildlife. These pressures also contribute
to pollution and the spread of invasive species, threatening protected sites and valuable
‘blue carbon’ habitats like saltmarsh and seagrass. Effective management and mitigation
are essential to safeguard the health and resilience of the marine environment. Many
pressures on the marine environment relate to unmanaged access and recreation.
Recreational sea angling, recreational boating, bait digging and collection of living
resources and foot access are potentially having the most impact on sites and should be
tackled. Several other recreational activities and unmanaged access can also cause
disturbance of birds and marine mammals; the severity of their effects will be dependent
on the location at which they take place.

Land, sea and marine and terrestrial ecosystems have an important role in climate
mitigation and supporting nature but over the long term the net sink of emission has been
declining. Decisions on future land and sea use and management change must give
greater consideration to land and sea use suitability and capability alongside a land and
sea use change decision making frameworks.

Key changes since SoNaRR2020

Since SoNaRR2020, land use and management in Wales has undergone notable policy
developments influenced by a combination of drivers and pressures. For example, the
Agriculture (Wales) Act 2023 introduced Sustainable Land Management as an overarching
framework. Demand for food and fibre sits alongside increasing policy ambitions for more
renewable energy, more organic materials for recovery to land, more housing for a
growing population and more habitat creation and restoration for nature recovery and
climate resilience. Nutrient neutrality in SAC river catchments for phosphorus discharges
are now key planning and permitting considerations. These changes reflect growing global
and national ambitions for climate mitigation and adaptation, biodiversity recovery, and
sustainable food production, underscoring the need for integrated land use and
management decision-making.

Since SoNaRR 2020, new evidence has provided a better understanding of the key
pressures in the marine environment which can be used to support the development of
more targeted actions to enhance the resilience of marine and coastal ecosystems. The
effects of climate change are becoming more evident and increasing, with new evidence
which predicts significant effects due to coastal squeeze. The planned expansion of
offshore renewable energy has accelerated since the introduction of net zero targets, and
this presents both opportunities and challenges in responding to the climate and nature
emergencies. The publication of an Ocean Literacy Strategy for Wales in 2025 represents

24



an opportunity to increase capacity and engagement, promote behaviour for sustainable
use of marine resources and increase access to well-being benefits.

Full evidence and references in Annex 3: Land use and management change evidence
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Pollution

Pollution is contaminants and other nuisances in the environment which can harm human
health, living organisms or the natural or built environment. These contaminants may be in
the form of substances (e.g. chemicals) or energy (e.g. light, noise, radioactivity, heat).
These contaminants can directly or indirectly change the biological, thermal, chemical,
physical, or radioactive properties of the medium they are in (e.g. water, air, land) in a way
that can create a hazard. These may be produced by natural processes and human
activity.

Key messages for pollution

While air quality in Wales has improved, pollution still impacts health and
ecosystems, making coordinated action under new legislation essential to achieving
environmental goals.

Land and soil pollution incudes atmospheric deposition (e.g. nitrogen, sulphur), land
spreading and application or waste disposal (e.g. heavy metals, pesticides,
microplastics, nutrients above crop need, fly tipping), and from polluted waters (e.g.
runoff, flooding). Contaminants like PFAS, veterinary medicines and other
pharmaceuticals are concerning, but evidence on their long-term effects is limited.
While some pollutants have declined, others persist or increase locally.

0% of Wales’ freshwater and marine bodies achieve good status under the Water
Framework Directive regulations, which has not changed since the last SoNaRR
report. Significant pressures include wastewater, towns and cities, transport,
agriculture and abandoned mines. Growing public concern around impacts of poor
water quality highlights how important our freshwater and marine environments are
to the people of Wales.

Noise pollution in Wales is a public health concern, with 25% of residents report
being affected, especially in urban areas. New Welsh legislation on soundscapes
aims to improve well-being by promoting healthier, more inclusive acoustic
environments.

18.84% of Wales has a dark sky designation. Although awareness of the
opportunities of a night sky and the effects of light pollution are becoming more
apparent, light pollution remains a problem across much of Wales. Light pollution
disrupts the behaviours of whole ecosystems and migratory birds, which rely on
natural darkness. Light pollution where people live can impact human health and
wellbeing.

Strategic interventions, nature-based solutions, and collaborative land and water
management are showing some success in restoring ecosystems and reducing
pollution, but action must be taken at pace and at scale to manage the sources of
pollution and mitigate its impacts.

The SoNaRR 2025 assessment of Pollution is informed by evidence set out in the
Pressures for each Natural Resource and Ecosystem. You will find it in the drivers of
change and pressures detailed evidence within our interactive Power Bl report. All
Ecosystems and Natural resources are affected by pollution and have relevant evidence.
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Indirect drivers of change

Indirect drivers include demographic, economic, socio-political, cultural and behavioural,
and technological changes. While a societal disconnect from nature is a factor, it is
fundamentally reinforced by prevailing economic models and production systems that
externalise environmental costs. This disconnect obscures our dependency on natural
processes, driving unsustainable consumption patterns that accelerate biodiversity loss,
climate change and pollution. The relevant evidence is included within the overall
assessments of Aim 3 and Aim 4.

Assessment of the sustainable management
of natural resources (SMNR) for each
ecosystem

In SoNaRR 2025 we use four interlinked aims as a framework to assess Wales’ progress
towards SMNR. These aims focus on stocks of natural resources, ecosystem resilience,
healthy places for people and a regenerative economy

The SMNR assessments use the evidence set out in the SoNaRR evidence portal. The
evidence in the portal describes the pressures, state, trends of state and impacts on
wellbeing, using evidence available at the ecosystem level. Where suitable evidence is not
available, we have made that clear. A confidence assessment is provided for each
description within the SoNaRR evidence portal.
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Coastal margins ecosystem

Evidence lead: Julie Creer and Heather Lewis
Additional contributor: Ceri Beynon-Davies and Dr Nicola Rimington
External review of evidence: Dr Cai Chad

The coastal margins ecosystem consists of the habitats around the coastline of Wales.
The three most extensive habitats are sand dunes, saltmarsh, and sea cliffs. Others are
saline or coastal lagoons and shingle.

This coastal margins assessment is one of eight ecosystem and three natural resource
assessments that inform the overall SoNaRR2025 report. It builds on the findings of
SoNaRR2020, drawing together updated evidence from subject experts, national datasets,
and collaborative projects such as Sands of LIFE and Dynamic Dunescapes. This
assessment is closely linked to the marine and enclosed farmland ecosystem
assessments.

The assessment is structured around four interlinked aims that guide Wales’ progress
toward the sustainable management of natural resources (SMNR), helping to
communicate the relationship between the environment, well-being, and the economy

Key messages

1. Coastal habitats provide unique biodiversity and valuable services, including flood
defence, blue carbon, recreation and health. These services could be developed as
nature-based solutions for the people and economy of Wales through habitat restoration
and enhancement.

2. Habitat loss and fragmentation, poor condition and loss of biodiversity are affecting
coastal habitats. The main causes include non-sustainable agricultural management,
invasive non-native species and air and water pollution.

3. Climate change will lead to increasing pressures including sea level rise and higher
rates of erosion. Some habitats are naturally able to roll-back inland, responding to
change, but in many cases the coastal habitats are hemmed in by other land use.

4. Recent work on sand dunes demonstrated successful landscape scale restoration of
dune systems across Wales. We now need restoration programmes for saltmarsh and
sea cliff habitats which will benefit biodiversity and increase resilience, carbon
sequestration and natural flood alleviation.

5. Many pressures, including climate change and water quality, require a strategic and
multi-faceted approach to improve ecosystem resilience. Key opportunities include
coastal land use planning, tackling multiple sources of pollution and maximising
outcomes for biodiversity from sustainable agricultural management of coastal habitats
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Coastal Margins Summary SMNR Assessment

Aim 1: Stocks of natural resources are safeguarded and
enhanced

Biodiversity in coastal margin ecosystems is declining, with several species now extinct in
Wales, including the Oysterplant and Belted beauty moth. Many species are restricted to
single localities or specific habitats, such as the Large mason bee and Foxtail stonewort.
Others, like Shore dock and Fen orchid, are in unfavourable condition due to habitat
degradation. Invasive Non-Native Species (INNS), pests, and diseases continue to impact
native biodiversity. Despite eradication efforts under projects like Sands of LIFE, INNS
remain widespread, with climate change likely to exacerbate these impacts. Meanwhile,
diseases such as Myxomatosis, Rabbit Haemorrhagic Disease and Avian Influenza have
caused population declines in rabbits (important for the maintenance of sand dune
habitats) and seabirds.

Air, water, and soil pollution also threaten coastal margins. Nitrogen deposition exceeds
safe levels in dunes, sea cliffs and saltmarsh, which can alter vegetation and reduce
habitat quality. Water pollution from nutrients, contaminants, and marine litter persists, with
saltmarshes and lagoons being particularly vulnerable. Historic landfill sites near the coast
pose ongoing risks with rising sea levels. Soil pollution trends are deteriorating, and
climate-related changes—Ilike increased storminess and sea level rise—are expected to
intensify these pressures. Projects such as Sands of LIFE, Dynamic Dunescapes,
Connecting the Coast and Tir a Mér LIyn have gone some way to restore habitats and
improve species conditions, demonstrating positive steps toward safeguarding natural
resources within the coastal margins ecosystem.

Aim 2: Ecosystems are resilient to expected and
unforeseen change

Coastal margin ecosystems show medium resilience overall, but pressures are causing
deterioration in diversity, extent, condition, and connectivity. Diversity is declining in sand
dunes, saltmarshes, and sea cliffs due to over and under-grazing, stabilisation, and
pollution. Coastal lagoons face species loss and community shifts. While some habitats
benefit from active management, others lack sufficient intervention. Future resilience is
uncertain, with climate change, tourism, and invasive species posing ongoing threats. The
new Sustainable Farming Scheme may offer improvements, but confidence remains low.

Extent is generally stable but has deteriorated historically due to development, erosion,
and historic afforestation. Sea level rise and coastal squeeze threaten future habitat loss,
especially for saltmarshes and dunes. Condition is assessed as low across all habitats,
with pollution, over grazing and under-grazing and vegetation succession contributing to
poor condition. Connectivity is also low, with fragmentation from agriculture and
development. Restoration projects have improved local connectivity, but future trends
suggest further deterioration without sustained action. Projects like Sands of LIFE,

29



Dynamic Dunescapes and Connecting the Coast have enhanced resilience through
targeted habitat restoration and improved land management.

Aim 3: Healthy places for people, protected from
environmental risk

Coastal margin ecosystems provide vital services that protect human health. Saltmarshes
and dunes reduce flood risk and store carbon, helping mitigate climate change. Welsh
saltmarshes sequester over 7,700 tonnes of carbon annually. These habitats also filter air
pollutants, removing 850,000 kg in 2023, and purify water by absorbing nutrients and
heavy metals. Pollination services from dunes and saltmarshes support crop production
and biodiversity. Waste remediation and water purification further enhance environmental
quality and reduce treatment costs.

These ecosystems also support health improvement through recreation and cultural
services. Over 21 million visits were made to coastal margins in 2021/22, generating £70
million in health benefits. Projects like Sands of LIFE contribute £26 million annually to
local economies and support hundreds of jobs. Coastal areas offer spiritual and
educational value, with saltmarshes and sand dunes inspiring art and research. Despite
socio-economic deprivation in some coastal towns, the physical environment remains a
source of well-being. Initiatives like CoastSnap and shoreline adaptation planning are
engaging communities and improving access to nature-based solutions.

Aim 4: Contributing to a Regenerative Economy,
Achieving Sustainable Levels of Production and
Consumption

Coastal margin ecosystems support economic resilience through natural flood protection,
water purification, and high-value agricultural products. Saltmarshes protect 2,000 ha of
farmland and reduce nutrient pollution. Grazing on saltmarshes and dunes produces
premium meat, while rare livestock breeds and plant seeds contribute valuable genetic
resources. Sustainable agriculture, when appropriately managed, enhances biodiversity
and carbon sequestration. However, overgrazing and historic afforestation continue to
degrade habitats, and future trends depend on effective implementation of schemes like
the new Sustainable Farming Scheme.

Tourism and recreation offer economic opportunities but also pose pressures through
trampling and littering. Coastal development and flood defence infrastructure contribute to
habitat loss and fragmentation. Nature-based solutions, such as saltmarsh restoration,
offer co-benefits for climate adaptation and ecosystem regeneration. Projects like Ffermio
Bro and Pembrokeshire Heathland Beef demonstrate how collaborative farming can
support biodiversity and community engagement. With 42 million recreational visits
annually, sustainable tourism has the potential to fund ecosystem restoration and build
resilience, if managed responsibly.
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Key changes since SoNaRR2020

Since SoNaRR 2020, new evidence from vegetation mapping of shingle, selected sand
dunes, and saltmarshes has improved our knowledge base supporting coastal habitat
management. These new data are improving understanding of erosion and accretion
dynamics and informing future management. A new report on coastal squeeze has
modelled its extent around the Welsh coast, alongside additional reports examining
climate change impacts on coastal habitats.

The Nature Networks Programme, launched in 2021, has delivered targeted habitat
management on statutory sites, improving the condition and connectivity of protected
areas and supporting more resilient ecological networks. Invasive Non-Native Species
control has also been strengthened, particularly on sand dune sites, through the Sands of
LIFE AfterLIFE project and Nature Networks funding. Despite these positive
developments, nitrogen and ammonia deposition pressures remain critically high, posing
an ongoing threat to coastal margin habitats. The Sustainable Farming Scheme, launching
in 2026, offers a promising opportunity to bring more coastal habitats into positive
management.

Coastal Margins Full Assessment of SMNR

Aim 1: Stocks of natural resources are safeguarded and
enhanced

The natural resources, as defined in the Environment (Wales) Act 2016. Section 2, most
relevant to Coastal margins are Animals, plants and other organisms; Air; Water; Soil;
Climatic features and processes.

Animals, plants and other organisms

In the coastal margin ecosystems biodiversity is declining due to a reduction in species
population numbers and their distribution along with extinction of some characteristic
species.

Extinct species: Oysterplant (Mertensia maritima) is now lost from its last known location,
a shingle site in north Wales (Jones et al., 2011; Stroh et al., 2020). Blunt bryum (Bryum
calophyllum) and Broad-nerved hump-moss (Meesia uliginosa) are now lost from the last
recorded location at Tywyn Aberffraw (Holyoak, 2015) and the Belted beauty moth (Lycia
zonaria) (last seen on Morfa Conwy in 2012), the Crucifix ground beetle (Panagaeus
cruxmajor) (Tywyn Burrows, 1998) and the Mud wasp (Podalonia affinis) (Gronant Dunes
& Talacre Warren, 2012), are all now listed as extinct in Wales (Bosanquet et al., 2025).

Restricted species: Strandline Beetle (Eurynebria complanata) is restricted in the UK to
the Carmarthen Bay dune systems, having become extinct in Pembrokeshire in 2013
(Howe, 2016; Stewart, 2017, 2023). Declines of the lagoon specialist Spire snail (Ecrobia
ventrosa) have been documented at Cemlyn between 2016 and 2021 (NRW, 2025b).
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There are four invertebrate species in Wales which are restricted to soft cliff habitat: the
Large mason bee (Osmia xanthomelana), known only from Porth Ceiriad and Porth Neigwl
in the UK and with just 15 females recorded in 2024 (Dafis, 2023), the weevil Sitona
gemellatus, the Crane-fly Symplecta chosenensis and the ground beetle Tachys micros
(Bosanquet et al., 2025). A total of 65 coastal and coastal cliff ecosystem species are
restricted to a single Welsh locality including Foxtail stonewort (Lamprothamnium
papulosum), Sea pea (Lathyrus japonicus), the spiders Callilepis nocturna and Dipoena
erythropus, the weevil Trachyphloeus heymesi (at its only UK locality at South Stack) and
the long-legged fly Tachytrechus ripicola (Bosanquet et al., 2025). Dwarf Spike-rush
Eleocharis parvula is restricted at a Wales level to Merionnydd in North-West Wales.
South Stack fleawort Tephroseris integrifolia subsp. maritima is an endemic subspecies
found only at South Stack (Anglesey). Yellow Whitlow-grass is restricted in the UK to sites
in Wales on the Gower Peninsula (Bosanquet et al., 2025). On the upper saltmarsh, a
suite of plant species, including slender hare’s-ear, Bupleurum tenuissimum, and sea
barley, Hordeum marinum, rely on short swards and bare ground created by cattle
poaching.

Unfavourable condition species: Shore dock (Rumex rupestris) populations are in
unfavourable condition; the total Welsh population has decreased from 286 (2016-2017) to
158 (2024). Fen orchid (Liparis loeselli) populations remain in unfavourable condition
across the three sand dune sites where it is found (Kenfig, Whiteford and Pendine).
Petalwort (Petalophyllum ralfsii) is in an unfavourable condition in Wales due to a steady
decline in its known localities from 17 in 1995 to 10 in 2024. These declines are combined
with a reduction in individual numbers, currently there are only five sand dune sites which
have stable or increasing populations (NRW, 2025n). Narrow mouthed snail (Vertigo
angustior) is in unfavourable condition at three of its four Welsh sand dune localities
including Oxwich Burrows and in Pembrey Forest (NRW, 2025m).

Historically, Invasive Non-Native Species (INNS) have negatively affected animals,
plants and other organisms in coastal margin ecosystems. Over the short-term (2020 —
2025) there is a mixed picture, and this is expected to continue into the future. INNS
outcompete or predate native species, affecting their abundance and diversity in Wales’
coastal margin ecosystems (e.g. Sea buckthorn). Climate change may exacerbate
pressures for INNS in coastal ecosystems (e.g. by creating more favourable habitats for
species such as the Hottentot fig). Despite positive actions to eradicate INNS, there are
many areas where INNS remain a significant pressure.

Historically, there is a mixed picture for pests and diseases affecting animals, plants and
other organisms in coastal margin ecosystems. This has not changed over the short-term
(2020 — 2025) and is likely to continue in the future (to 2030). Rabbits on sand dunes have
historically been negatively affected by two diseases, Myxomatosis and Rabbit
Haemorrhagic Disease (RHD). From 1997 onwards there has been a constant decline in
the number of rabbits and these diseases are likely to remain present within rabbit
populations occurring on sand dunes, meaning that sand dune management cannot rely
solely on rabbit grazing to maintain habitat condition in the future. Avian influenza has
severely impacted wildfowl and seabird populations across the globe over the last decade,
attributed to a rise in poultry farming and thus increased disease transmission between
wild birds and poultry (White et al., 2001). Wales has seen mass mortalities in seabird
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populations such as terns, gulls, auks and gannets. There have been significant mass
mortality events in the UK outside of Wales (Griffin & Peach 2025). These have had an
impact on Welsh bird populations. So far populations have been able to recover fully,
however increased frequency and intensity of outbreaks, coupled with other climate
stressors, may lead to long-term declines in wildfowl and sea birds, leading to potential
changes in habitat.

Air

Historically, there is a mixed picture for air pollution affecting coastal margin ecosystems.
This has not changed over the short-term (2020 — 2025) and is likely to continue in the
future (to 2030). Air pollution from sulphur dioxide has decreased over the historic long-
term, however, atmospheric nitrogen deposition (from industrial activities, agricultural
practices, waste management and energy production) has posed a significant threat to
coastal habitats, especially sand dune ecosystems and coastal heath, over the historic
long-term and short-term. Impacts include increases in competitive grass species,
accelerated succession leading to loss of pioneer, stress tolerant and open ground species
(NRW, 2021a). Nitrogen deposition is currently exceeding the critical load range for
coastal sand dunes in Wales (NRW, 2025i, 2025l) and over 90% of Sea cliffs exceed the
critical load (NRW, 2025¢) of the critical load range (NRW, 2025¢) , and if this continues
then air pollution will remain a pressure for coastal margins in the future. Saltmarsh and
vegetated shingle communities are relatively tolerant of Nitrogen deposition compared to
other coastal margins habitats.

Soil

Historically (until 2023), soil (land) pollution has had an unknown effect on coastal
margin ecosystems. Over the historic short-term (2020 — 2025) there is a deterioration in
land pollution. This is expected to continue in the future. 265 out of 1632 individual
authorised and historic landfill sites across the whole of Wales are at the coast and have
the potential to release waste directly into the marine environment, which will affect coastal
margin ecosystems. The release of landfill waste could be further exacerbated by the
effects of climate change, such as sea-level rise and increase in extreme weather events,
in the future (Robbins et al. 2023).

Water

Historically (1980 — 2025), there is a mixed picture for water pollution in coastal margin
ecosystems. This has not changed over the short-term (2020 to 2025) and is expected to
cause a deteriorating trend in the future (2025 — 2035). Saltmarshes, coastal lagoons and
sand dunes are all at risk of, and sensitive to, nutrients and chemical pollution present in
marine and freshwater ecosystems.

There are excess levels of nutrients in transitional waters (particularly estuarine) as a
result of point source or diffuse pollution mainly from agriculture. Of the coastal margin
habitats, coastal lagoons and saltmarsh are situated within the marine environment and
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are therefore exposed to high levels of nutrients within some waterbodies. This is
impacting on the condition of coastal lagoons. The impacts of raised nutrient levels on
saltmarsh are not well understood, however there have been areas where opportunistic
macroalgae has been recorded smothering the pioneer saltmarsh. Out of the 5 coastal
lagoons within Special Areas of Conservation (SACs) in Wales 4 had failures for water
quality due to elevated levels of dissolved inorganic nitrogen (DIN) (Cuthbertson et al.,
2025).

There has been a statistically significant decrease between 2015 and 2020 in the number
of marine litter items found overall in the Celtic Seas Region (OSPAR, 2023). However,
beach litter levels remain high in the UK, with plastic items dominating. Pollution from
historic landfill sites is expected to continue to be an issue in the future, which could also
cause water pollution in the marine environment and affect the coastal margin ecosystem
(Robbins et al., 2023).

Climatic features and processes

Historically (1990 — 2023), there has been a deteriorating trend for changes in intensity
and frequency of weather events affecting coastal margins over the long-term. It is not
possible to provide a short-term trend due to the long-term nature of storm modelling. A
deteriorating trend is expected to continue in the future (2030 — 2050). Since the 1990s
storms have increased in number in the UK, with the mean significant wave height
reducing in the North of the UK and increasing in the South. Recent reductions in numbers
of Fen Orchids may be attributable to long periods of winter flooding and summer droughts
which are predicted to become more regular because of climate change (NRW, 20250). All
populations of narrow mouthed snails are at risk from summer droughts and rising sea
levels as a result of climate change (NRW, 2025m). Dune slacks in England have
experienced drying out due to changes in hydrological conditions which has reduced their
extent, this may be affecting Welsh dune slacks also. Some projections suggest there will
be an increase in frequency and intensity of storms over the next century, but natural
variability could continue to dominate changes in the near future (Wolf, Woolf and
Bricheno, 2020; Oaten et al., 2021). Changes in patterns of rainfall or temperature will
affect vegetation composition of many coastal wetlands. Evapo-transpiration is likely to
increase, leading to greater impact of summer droughts (Burden et al., 2020). The number
of hectares of land at risk of coastal erosion is expected to increase over time in prediction
to 2105.

Historically (1990 — 2020), there has been a deteriorating trend to changes in air
temperature affecting coastal margins over the long-term. This has not changed over the
short-term (2020 — 2025) and is expected to continue into the future (to 2100). The
frequency of discrete periods of regional extreme air temperatures has increased over the
last couple of decades and caused what are known as marine heatwaves (Tinker et al.,
2020). The loss of Oyster plant, Mertensia maritima, which has a northern distribution, has
disappeared from shingle in North Wales which has been attributed to a warming climate
(Jones et al., 2011; Stroh et al., 2020). Climate models predict that the frequency of
marine heatwaves and the maximum daily mean air temperatures around the coast will
continue to increase. Saltmarshes in Wales have been assessed as highly vulnerable to

34



projected changes in air temperature. Over 95% of the spatial extent of the saltmarsh was
assessed as highly vulnerable to increasing air temperatures based on predicted air
temperatures by 2049, under RCP8.5. (Oaten et al., 2021).

Historically (1960 — 2020), there has been a deteriorating trend to changes in water
temperature affecting coastal margins over the long-term. This has not changed in the
short-term (2020 — 2025) and is expected to continue into the future (to 2050). The coastal
habitats affected are primarily saltmarsh, sand dune and coastal lagoons. In the case of
dune slacks, they are vulnerable as increased temperatures can promote algal growth
which can negatively affect their fauna (Burden et al., 2020). Data from the Irish Sea
region shows a strong warming trend over the period 1960 to 2020 of 0.3°C per decade,
with values since 2000 being consistently above the 1991-2020 average (Cornes et al.,
2023). If decadal observations of water temperatures (Cornes et al., 2023) are consistent,
sea surface temperature is likely to have increased by 0.05-0.15°C, over the five years
between 2020 and 2025. In addition to this, 2022 was the warmest year for UK near-
coastal sea surface temperature since 1870 (Kendon et al., 2023). This warming is
expected to continue into the future, with saltmarsh and dune habitats being classed as
having a medium sensitivity and vulnerability to increases in water temperature.

Historically (1900 — 2020), there has been a deteriorating trend to change in sea level rise
affecting coastal margins over the long-term. This has not changed in the short-term (2019
—2025) and is expected to continue into the future to 2080. Sea-level rise and increased
erosion are the greatest risks to coastal habitats into the future. Sea-level rise results in
deeper waters and bigger waves reaching coastal habitats and causing erosion at the
seaward edge and can cause coastal squeeze (Burden et al., 2020). Where coastal
habitats have space to roll-back this has the potential to be mitigated, however there are
few places where this can naturally occur due to the presence of embankments resulting in
coastal squeeze. Mean sea level around the UK has risen by about 12—16 cm since 1900
and evidence suggests that the rate of sea level rise in the UK is increasing (Kendon et al.,
2021). Red hemp-nettle, Galeopsis angustifolia, has only two native populations in Wales.
Baltic bryum (Bryum marratii), is one of Wales’ rarest and most threatened mosses,
(Callaghan and Farr, 2018). Both are under threat from sea level rise. It is predicted that
by 2049 100% of saltmarsh within SACs around the Welsh coast will be highly vulnerable
to sea level rise. along with 50% coastal lagoons in Pembrokeshire Marine SAC (Oaten et
al., 2021). Sea level around Wales is projected to rise by around 1m by the end of the
century. (Oaten et al., 2021). Saltmarsh is considered one of the most vulnerable habitats
at risk from coastal squeeze however no significant changes in the extent of saltmarshes
in Wales have been identified and attributed to sea level rise to date. At a national level,
21% to 25% loss is predicted by 2155 (depending on which sea level rise projection is
used). Whilst the scale of absolute losses of dunes and vegetated shingle associated with
coastal squeeze is predicted to be small, losses are fairly large relative to current habitat
extents; up to 40% and 20% by 2155, respectively (Oaten, Finch and Frost, 2024).

Pressures from economic activity (see Aim 4 for more detail)

Pressures arising more directly from economic activity are also negatively affecting natural
resources in coastal margin ecosystems (see Aim 4 for more details). These pressures
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are (in alphabetical order): access, sport and recreation, afforestation; agricultural
intensification, built development and infrastructure, physical modifications and reduced
land use or management intensity.

Access, sport or recreational activity associated with people visiting coastal margin
ecosystems is affecting animals, plants and other organisms in some areas due to
trampling by foot, cycling, horse riding, access by vehicles and littering (Saunders et al.,
2000; Provoost, Jones and Edmondson, 2011; Natural England, 2015; NRW, 2026)

Historic afforestation, particularly on sand dunes, has led to the reduction in diversity and
abundance of animals, plants and other organisms in some areas (Muioz-Reinoso, 2021).
Most of these historically planted areas continue to be managed for timber production.

Agricultural intensification and Reduced land use / management intensity:
Agriculture is an established practice in many coastal margin ecosystems, and is important
in maintaining habitats, including cliff-tops, coastal grasslands and heathlands, saltmarsh
and sand dunes. However, a careful balance on the intensity of this activity is needed.
Over-grazing is negatively affecting the condition and diversity of animals, plants and other
organisms in some areas.

Built development, infrastructure and physical modifications (e.g., for coastal flood
protection and caravan parks) has led to loss and fragmentation of coastal margin
ecosystems which will get more severe into the future as coastal squeeze increases with
sea level rise and development continues. This also affects the habitat available for
animals, plants and other organisms in some areas.

Progress to meeting Aim 1 (Stocks of natural resources are
safeguarded and enhanced)

The key opportunities taken up since SONaRR2020 comprise:

e The Sands of LIFE and Dynamic Dunescapes projects continued until 2024. These
projects continue to provide benefit to the coastal margin ecosystems (sand dunes
particularly). Habitat has been restored by creating dynamic conditions via mechanical
means, removing scrub, tackling INNS, installing or enhancing grazing infrastructure,
felling conifers and creating early successional habitat. The projects focus on restoring
pioneer conditions benefits much of the specialist dune invertebrate fauna. These
management works have yielded some positive results with sand dune slack specialist
species such as dune slack beetles (Bembidion pallidipenne and Bledius subniger)
responding positively. The works are also expected to increase abundance of specialist
fauna such as Petalwort (Petalophyllum ralfsii) and Fen Orchid (Liparis loeselli).

e Rumney Great Wharf Polders project, funded through Nature Networks. The capital
works were implemented in 2024 to restore saltmarsh along the Rumney Great Wharf
by reinstating and extending the sedimentation polders.

e The ‘Tir a Mér LIyn’ project lead by Partneriaeth Tir a Mor LIyn’ (Partnership) trial
'Payment for Outcomes (PFO)' programme (2018-2022) with three coastal National
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Trust farms on the Llyn; prioritising restoration of coastal heathland grassland habitats.
Improvements to habitat condition were recorded on all 3 farms as a result of PFO
actions by the farmers.

e Connecting the Coast, a project run by Pembrokeshire Coast Park supported positive
management of over 80ha of coastal slopes (Pembrokeshire Coast National Park,
2024).

Opportunities for Action Aim 1

The possible actions identified with respect to achieving Aim 1 in Coastal Margins relate to
INNS and other species management, Pollution management, Species conservation and
enhancement, and Sustainable agriculture, forestry and fisheries.

Action 1. Monitor and control INNS and diseases in affected areas

Action 2. Monitor and control pollution of coastal margin ecosystems with particular
emphasis on water and land sources.

Action 3. Protect and boost native species populations by monitoring, protecting and
restoring key habitats.

Action 4. Change land management practices so that they benefit coastal margin
ecosystems.

Aim 2: Ecosystems are resilient to expected and
unforeseen change

Ecosystem Resilience is assessed in SoONaRR using four ecosystem attributes as proxies.
Diversity, extent, condition and connectivity are assessed for each of the five habitat types
that make up the coastal margin ecosystems. The five habitat types are sand dune,
saltmarsh, shingle, sea cliff and coastal lagoons. There is a large variation in data
availability across each of the habitats making up the coastal margin habitats broad
ecosystem. Many data gaps remain.

Diversity

The overall assessment of coastal margins diversity is ‘Medium’. There is high or
moderate diversity for most ecosystem types, however there are declines in diversity due
to ongoing pressures. Saltmarsh and coastal lagoons have generally low-medium natural
species diversity due to the saline conditions, however both include salt tolerant species
that are restricted to their specific habitat (Cuthbertson et al., 2025; Sherry and Douglas, In
Preparation). Sand dunes have a high natural diversity of types which has suffered
declines. Sea cliff diversity remains high overall and supports the range of habitats
expected, but there are declines in diversity for some areas. Shingle ecosystems have
moderate diversity which are largely maintained but vulnerable to loss.
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The historic trend in saltmarsh, sea cliff, shingle and sand dune diversity is
deterioration. Two of the primary pressures on saltmarshes are over- and under-grazing,
both impact diversity across significant areas of marsh and are ongoing issues. Losses to
diversity have been documented for vegetated shingle in Wales (Jones et al., 2011; Stroh
et al., 2020). Studies show there has been a clear trend towards increasing sand dune
stabilisation that has likely resulted in the loss of diversity (Rhind et al., 2001; Rhind,
Stevens and Sanderson, 2006; Rhind and Jones, 2009; Rhind, Jones and Jones,
2013).Under-grazing is also a pressure on sea cliffs resulting in diversity decline as
agricultural abandonment is leading to replacement of species rich coastal grassland and
coastal heathland with the spread of scrub. In the historic short-term however, the trend for
sea cliff diversity is a ‘mixed picture’ due to positive management and localised but
significant improvements. Coastal Lagoons have suffered significant declines in individual
species abundance and changes in community composition, for example at Cemlyn
lagoon there has been a shift driven by a decline in the Spire snail (Ecrobia ventrosa), a
lagoon specialist, and increases in more opportunistic species.

The future outlook for coastal margin diversity is a mixed picture. For sand dunes,
where long-term management on sites is secured, the outlook is positive, however, for
sites which have little to no management, ongoing pressures will have a more negative
outlook on diversity. For shingle, nitrogen deposition is unlikely to be a limiting factor for
this habitat which currently has no agreed Critical Load, however, ongoing pressures
affecting diversity such as pressures from sports, tourism and leisure activities,
problematic native and non-native species and the effects climate change are likely to lead
to a negative future outlook. For saltmarsh, there are ongoing positive management
actions being carried out within protected saltmarsh sites, these are relatively localised.
The Sustainable Farming Scheme will shortly be phased in which has the potential make a
positive difference to condition. Therefore, long-term future trend has the potential to
improve, but this is of low confidence. For coastal lagoons, active management will be
required to protect them from impacts negatively affecting diversity, such as water quality
and water depth in the future.

Extent

The overall assessment of coastal margins extent is ‘Medium’. The current extent has

remained generally stable across the habitat types. Total sand dune extent is 7919.43
hectares in 2025, although there have been some climate related losses (NRW, 2026).
Saltmarsh change maps show minor increases in the saltmarsh in some places however,
confidence in overall change in extent, taking into account patterns of erosion and
accretion, is low. The total area of vegetated shingle Annex 1 habitat is 52.91 hectares in
2025. The extent of shingle is generally stable despite some losses due to sediment
starvation. Successful restoration projects have made significant improvements to sea cliff
habitat however; in other areas there are continuing losses of cliff top vegetation (NRW,
20259g). The assessment for extent of coastal lagoons is ‘Low’, Wales’ resources cover 84
hectares, 1.6% of the UK lagoon resource (Cuthbertson et al., 2025).
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The long-term historic trend in coastal margins extent is deterioration. Large scale losses
of extent have occurred in three coastal margin ecosystems. For shingle, this is due to
shoreline structures constraining physical processes. For sea cliffs, this is due to both
agricultural intensification and abandonment. For sand dune, approximately 30% of their
original area in Wales has been lost to development and erosion since 1900 (Pye, Blott
and Guthrie, 2017). In Wales, conifer plantations occupy around 1,700 hectares of dune
habitat (approximately 20%), notably impacting the conservation status of these dunes.
This represents a significant loss of habitat (afforestation occurring between 1929 and
1965). The long-term historic trend in saltmarsh ecosystems extent is a mixed
picture.Many saltmarshes have been altered to a greater or lesser extent due to land
claim, changes to hydrological flows and sedimentary processes. However, new evidence
shows that over the last 150 years, marshes in northern Britain expanded due to sediment
inputs, while most southern marshes have eroded (Ladd et al., 2019). The long-term
historic trend for coastal lagoons extent is stable, for the three coastal lagoons (Cemlyn
Lagoon, Morfa Gwyllt Lagoon, Pickleridge lagoon) in Wales which are notified SAC
features due to small scale change (Cuthbertson et al., 2025).

The short-term historic trend (2013 — 2024) in coastal margins extent is a mixed
picture. For saltmarsh, any losses due to sea level rise have been offset by gains due to
expansion within infilling estuaries. However, there is a lack of evidence to confirm this.
For sand dunes, losses to erosion in some locations are being balanced with increases
due to accretion in others. There have been some small-scale reductions in conifer cover
on sand dunes through restoration projects (e.g. Sands for life) in an effort to restore the
underlying sand dune habitat. For sea cliffs, there is ongoing positive management
however losses continue, due to abandonment, agricultural intensification and other
pressures. For shingle, there is little to no contemporary information on short-term trends
of extent. (Heathcote, Finch, Carter, et al., 2022; Heathcote, Finch, Lamacraft, et al., 2022)
will allow future losses or gains to be mapped. For coastal lagoons, there has been some
deterioration over the short terms with losses of 0.19% of Welsh coastal lagoon resource
(Cuthbertson et al., 2025).

The future outlook (2024 onwards) for coastal margin extent is for deterioration to
continue. Mean sea-level rise, coastal squeeze and changes in sediment supply are
contributing to a decline in the extent of sand dunes, saltmarshes and shingle beaches
(Haigh et al., 2022). For sand dunes, there is also currently no plans for any significant
further restoration of historically afforested sand dune habitat. The future outlook for sea
cliff extent is a mixed picture. Coastal squeeze is a known pressure and threat to Marine
Protected Areas (MPAs) and is causing (or likely to cause) the deterioration or loss of
coastal and intertidal features around the coast of Wales (Oaten, Finch and Frost, 2024).
Projected sea level rise figures suggest an 8% loss of UK sand dune area by 2080.
Saltmarsh has been highlighted as the most vulnerable habitat to sea level rise as a result
of coastal squeeze (Oaten, Finch and Frost, 2024) and the likelihood is that the pressures
of climate change will become more apparent in the future. The overall extent of coastal
lagoons is likely to decline over the long-term due to slow retreat of barriers (Green and
Lindenbaum, 2019). There is also potential for catastrophic loss due to breaches of
barriers (MCCIP, 2018).
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Condition

The overall assessment of coastal margins condition is ‘Low’. All of the sand dune
sub-types are classed as being in unfavourable condition (NRW, 2025g, 2025h, 2025i,
2025j, 2025k, 2025l). 61% of Atlantic salt meadows, a saltmarsh sub-type, within Wales
are assessed as being in an unfavourable condition (NRW, 2025f). Approximately 51% of
shingle ecosystems are in good condition (NRW, 2025c, 2025d). Condition of lagoons is
unfavourable for all lagoons, loss of diversity or apparent recent loss of lagoon specialist
species being a causal factor (NRW, 2025b). Sea cliff habitats were assessed for SoNaRR
2020 as ‘Low’, and there is no new condition monitoring information relating to sea cliff
habitats since.

The long-term historic trend in coastal margins condition is deterioration. For sand
dunes, declining condition is mostly attributable to increased vegetation cover and over-
stabilisation because of agricultural abandonment, crashes in rabbit populations, air
pollution, scrub encroachment, and a lack of dynamic condition (Rhind, Stevens and
Sanderson, 2006; Rhind and Jones, 2009; Rhind, Jones and Jones, 2013). For shingle
ecosystems, shoreline structures are disrupting coastal processes and causing sediment
starvation in places. Local damage occurs from trampling and parking. Condition of sea
cliffs have been negatively affected by pressures such as over- and under-grazing
pressures and air pollution. Over-grazing and under-grazing are impacting saltmarshes
and ongoing issues with water quality are affecting condition. Coastal lagoons have
numerous pressures which have caused deterioration in condition, water quality in
particular is a widespread issue causing lagoons to fail condition assessments due to
issues like high levels of dissolved inorganic nitrogen.

The short-term historic trend (2013 — 2024) and future outlook (2024 onwards) for sand
dune, sea cliff and saltmarsh condition is a mixed picture. For sand dunes, where long-
term management on sites is secured the outlook is positive, however, for sites which
have little to no management, ongoing pressures affecting condition such as under-
grazing, pressures from sports, tourism and leisure activities, problematic native and non-
native species and the effects of pollution will have a more negative outlook(Heathcote,
2024c, 2024c, 2024b, 2024a; Heathcote, Gillis, Wallis and Tomas, 2024; Heathcote, Gillis,
Wallis and Williams, 2024). For sea cliffs, there have been several successful restoration
projects and with funding these could continue to improve the condition of sea cliffs.
However significant barriers are present which are preventing cliff top habitats from 'rolling
back' in response to erosion due to the presence of intensive agriculture and to a lesser
extent development (NRW, 2025e€). Air pollution is likely to remain high into the near future
which could affect the condition of both ecosystems. Abandonment of grazing on
traditionally grazed saltmarsh is increasing, and a significant area of saltmarsh is suffering
from overgrazing causing poor condition in the form of a uniform sward structure, low
species diversity, plants being unable to flower and set seed and areas of bare ground due
to livestock poaching and erosion of creek sides. Water quality issues are impacting the
condition of saltmarsh (Lewis, 2025).

The future outlook (2024 onwards) for the condition of shingle and coastal lagoons is for
deterioration to continue. For shingle, very little is known about the current status of these
habitats in Wales, but what is known, is that the range and area of the habitat is likely to be
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affected by shoreline structures and sea level rise. Water quality issues continue to cause
deterioration for coastal lagoons in the historic short term and Due to the vulnerability of
lagoons to climate change, ongoing nutrient issues and presence of litter in lagoons
without current measures to mitigate impacts, this is expected to continue into the future.

Connectivity

Much of the evidence available for coastal margin ecosystem connectivity is linked to
extent.

The overall assessment of coastal margins connectivity is ‘Low’. Saltmarsh and sea
cliff ecosystems have both lost connectivity due to a number of pressures leading to poor
connectivity in many places. Sand dune and shingle has some loss of connectivity
between sites, although they are both generally a clustered resource. Coastal lagoons are
a limited habitat resource and are in relative isolation from each other naturally.

The long-term historic trend in coastal margins connectivity is deterioration. The
short-term historic trend (2013 — 2024) in coastal margins connectivity is a mixed
picture. For saltmarsh, connectivity is poor due to historic land claim for agriculture and
development means that flood defences often truncate the full zonation of saltmarsh,
cutting off the natural transitional margins. 55% of the coastline habitat length in Wales is
constrained, which equates to 255km (Fairley, 2025), the remainder is relatively well
connected... Habitat loss of sea cliffs due to more intensive agriculture, residential and
tourism developments has led to the narrowing and fragmentation of the band coastal
habitats along the clifftops. In the short term the rate of change is less but still present.
Restoration projects have increased connectivity of sand dune habitats in the historic short
term. Restoration projects have increased connectivity of sand dune habitats in the historic
short term.

The future outlook (2024 onwards) for coastal margin connectivity is for
deterioration to continue. Coastal habitats, including shingle, are particularly vulnerable
to sea level rise and changes to wave climate which can impact connectivity. Cliff top
habitats are vulnerable to fragmentation as in many areas they are confined to a narrow
strip along the coast. At many locations there is cliff erosion and loss of connectivity can
occur where habitat is unable to ‘roll-back’. However, there are on-going efforts to improve
connectivity, which have made improvements to cliff top habitats. Erosion, sea level rise,
increased storminess and atmospheric nitrogen deposition all have the potential to have a
negative effect on the future connectivity of sand dune habitat. The threat of coastal
squeeze to coastal margin ecosystems, particularly salt marshes, will also impact
connectivity.

Progress towards meeting Aim 2 (Ecosystems are Resilient to
Expected and Unforeseen Change)

The key opportunities taken up since SONaRR2020 comprise:
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e The Sands of LIFE and Dynamic Dunescapes projects continued until 2024. These
projects continue to provide benefit to the coastal margin ecosystems (sand dunes
particularly). Habitat has been restored by creating dynamic conditions via mechanical
means, removing scrub, tackling INNS, installing or enhancing grazing infrastructure,
felling conifers and creating early successional habitat. 22ha of conifers were felled and
there was 35ha of conifer stump and brash removal at Whiteford, Morfa Harlech and
Newborough (which included already dead and dying trees (affected by coastal
exposure) totalling 5.8ha at Newborough).

e Rumney Great Wharf Polders project, funded through Nature Networks. The capital
works were implemented in 2024. This project could help to restore up to 5 Ha of
saltmarsh in the Severn Estuary, that has previously been eroded.

e The ‘Tir a Mér LIyn’ project undertook and delivered a programme of land management
interventions to improve the connectivity and resilience of the coastal strip on Pen Llyn.
This included changes in grazing regimes to enable plants to flower and set seed and
introducing fencing and a water supply to enable cattle to graze the coastal slope.

e Pembrokeshire Coastal Park's 'Connecting the Coast' project funded by the Nature
Networks was a land management scheme which offers funding for the creation and
maintenance of wildlife habitats along Pembrokeshire’s coastline. The project provides
payments for capital works for management of coastal grasslands and heathlands but
also includes other habitats such as neutral grasslands in the vicinity of the coast.

e A project on the Gower Peninsula (funded by Nature Networks) focused on getting sea
cliff and saltmarsh into good condition has included delivery of INNS removal on areas
of sea cliffs and delivery of capital works to allow controlled grazing on sea cliffs and
saltmarsh.

e A Nature Networks project is starting up within the Burry Inlet. It aims to improve water
quality and improve saltmarsh condition.

Opportunities for Action Aim 2

The possible actions identified with respect to achieving Aim 2 in coastal margin
ecosystems and opportunities to Ecosystem creation, Ecosystem protection, Ecosystem
restoration, INNS and other species management, Integrated plans, strategies and
delivery, Nature based Solutions, Pollution management, Species conservation and
enhancement, and Sustainable agriculture forestry and fisheries.

Action 5. INNS removal to support diversity and condition.

Action 6. Changes in land management to support correct grazing levels and improve
diversity and condition.

Action 7. Increase extent and/or improve condition of sand dune, saltmarsh, sea cliff
habitats.

Action 8. Improve connectivity of coastal margins habitat.

Action 9. Improve and support coastal margin ecosystems species conservation.
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Action 10. Improve air and water quality

Aim 3: Healthy places for people, protected from
environmental risk

Health Protection

Coastal margin ecosystems contribute to human health protection through the supply of

the following regulating services:

¢ Global climate regulation services contribute to reducing greenhouse gas
concentrations and mitigating climate change impacts on people. Coastal margins
habitats hold significant stocks of carbon relative to their extent. Saltmarshes are of
importance and saltmarsh carbon sequestration should be recognised alongside
woodlands for the carbon sequestration service provided.

e Welsh saltmarshes hold up to 50 tonnes of Carbon per hectare in the top 10 cm
of soil (Ford et al., 2019). Saltmarshes in Wales accumulate 7,726 £ 977 t of
organic carbon each year (Smeaton et al., 2024).

« The total contribution of Welsh SAC coastal margin habitats to carbon storage
was estimated to account for almost 10% of the total carbon storage across all
habitats in the Welsh National Marine Plan area.

o The carbon stocks of features such as saltmarsh are vulnerable to climate
change, mainly due to projected rises in sea level (Oaten, Finch and Frost,
2024).

e Coastal protection and storm mitigation services reduce the risk of flooding and
damage to households in coastal areas, including during storm events. Saltmarshes,
shingle beach systems and sand dunes protect against waves, storm surges, and
coastal erosion.

« Saltmarshes and beach systems attenuate waves. As Sand dunes can act as a
physical barrier to prevent flooding (Mehrtens et al., 2023), Narayan et al. (2016)
found that saltmarshes were one of the most effective habitats in terms of wave
reduction, on average reducing wave heights by 72% (95% CI 62-79%).

« New models show the importance of saltmarshes in Wales on estuary
hydrodynamics and flood mitigation (Bennett et al., 2023).

o Arecent study by Renddn et al., (2022) found that there is a willingness
amongst residents in Wales to pay for coastal flood protection, especially
through nature-based solutions, including expanding saltmarsh area and
increasing saltmarsh with high vegetation, compared to traditional defence
structures.

e Air filtration services contribute to reducing concentrations of air pollutants and
lessening the damage to people’s health. Around 850,000 kilograms of air pollutants
were removed by Wales’ Coastal Margins vegetation in 2023 compared with 880,000 in
2007. In 2023, the benefit realised prevented 16 life years lost from long-term exposure
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to particulates (PM2.5 and PM10) and 2 life years lost from long-term exposure to
NO2. In 2023 the avoided burden on mortality is estimated at 1 fewer death from short-
term exposure to Ozone (Office for National Statistics, 2024).

Waste remediation services provide reduced costs of waste disposal to people by
providing an alternative method. Saltmarshes can significantly reduce faecal organism
concentrations and absorb heavy metals such as mercury, cadmium and uranium from
the water, thereby improving water quality (Hudson, Kenworthy and Best, 2021). Waste
remediation services are facilitated by enhanced sediment accumulation by saltmarsh
plants (Lloret et al., 2021).

Water purification services contribute to decreasing pollutants in water which leads to
cleaner water for consumption and for recreational use. Sand dune and shingle
habitats play a role in purifying groundwater through filtration, saltmarsh habitats purify
surface flow and can help to reduce high nutrient levels (Hudson, Kenworthy and Best,
2021)..

Pollination services increase the fertilisation and production of household crops and
flowers. Coastal margin ecosystems provide habitats for pollinator species, particularly
sand dunes and saltmarshes. Sand dunes are hot-spots for pollinator species,
particularly Hymenoptera which utilise the sandy substrate for nesting locations
(Fantinato, 2019). A study of south Wales saltmarshes showed that ungrazed and
lightly grazed saltmarshes can support high abundance of honey bees and
bumblebees via two key food plants: sea aster Tripolium pannonicum and sea lavender
Limonium spp. (Davidson et al., 2020).

Health Improvement

Coastal margin ecosystems contribute to human health improvement through the supply of
the following cultural services:

Recreation-related services provide opportunities for people to enjoy in-situ
interactions with nature and associated physical and mental health benefits.

e In2021/2022, the People and Nature Survey for Wales indicated that people in
Wales made 21,922,081 visits to coastal margin ecosystems for recreation.
Overall 41,849,672 visits are estimated to have been made to coastal margin
and marine ecosystems by people in Wales in the 2021/2022 financial
year(Owen, Rhydderch and Williams, 2025) .

e In 2022, 200,000 people in Wales gained health benefits from recreation in
coastal and marine ecosystems, these health benefits were valued at £70
million(Office for National Statistics, 2023, 2024 ). The value of outdoor activities
across Wales, including in coastal ecosystems, to mental health has been
estimated at £26.5 million per annum (Pembrokeshire Coastal Forum, 2024).

e 1.16 million people visit the sand dune sites within the Sands of LIFE project per
annum with perceived benefits to wellbeing arising from a visit to a Sands of
LIFE site being £5.3 million (Seville et al., 2021).
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Cultural Well-being

Coastal margin ecosystems contribute to people’s cultural well-being through the supply of

the following cultural services:

e Spiritual, artistic and symbolic services are provided by coastal ecosystems as a
source of inspiration for expression (e.g. though art) leading to well-being benefits and
enjoyment. Some recent studies have explored people’s perceptions, values and
attachments to the coast:

« According to the Ocean Literacy in Wales report (2022) 63% of respondents felt
saltmarshes were an underappreciated habitat.

o Thomas et al.(2022) explored the perceptions of people to saltmarshes in two
case studies in Wales. They note how change is inherent not only in the physical
nature of saltmarshes but also in peoples’ relationship with them and the ways in
which they are valued, as values may gain or lose prominence as the
saltmarshes themselves change under different pressures.

« Education scientific and research services provide intellectual development,
advancement of knowledge and understanding for people from interactions with coastal
ecosystems. Several UK universities and schools use Welsh coastal habitats either in
teaching and / or research. 64 peer reviewed papers were published between 2020
and 2024 in the UK for sand dunes and saltmarshes (Data derived from Web of
Science searches). Educational activities on the coast are common for members of the
public, schools, and universities. However, there remains more potential ‘for coastal
place-based learning and fun based sea programmes for both well-being and positive
environmental behaviour’ (Kelly, 2018).

Equitable access

Acott et al., (2023) highlight the strong relational values and personal connections held by
people towards their local coastal environments through case studies along the UK coast
(not in Wales). Using a Community Voice Method, they found that despite levels of relative
deprivation in the case study locations, interviewees expressed strong relational values
and connections to the coast despite material changes and transformations in people's
lives and the places they live, which they argued should be reflected more in coastal
management.

For instance, the WIMD (Welsh Index of Multiple Deprivation) 2019, reveals the North
Wales coastal town of Rhyl as containing the two most overall deprived small areas in
Wales (Rhyl West 2 (the area around Rhyl High Street) and Rhyl West 1 in Denbighshire)
(Welsh Government, 2019a). However, these areas show a lower level of deprivation in
the physical environment domain compared to the other factors used to determine overall
deprivation. This suggests that the deprivation experienced in these coastal areas is not
due to their physical environment, which aligns with Acott et al.’s 2023 study (Acott et al.,
2023).
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Progress towards meeting Aim 3 (Healthy Places for people,
protected from environmental risk)

The key opportunities taken up since SONaRR2020 comprise:

Rumney Great Wharf Polders project, funded through Nature Networks. The capital
works were implemented in 2024 and will restore saltmarsh as well as providing some
flood risk and potentially carbon sequestration benefits.

Improved access to information on coastal erosion and flooding risk and Shoreline
Management Plan policies (NRW, 2024).

Further development of the Memorandum of Understanding with Network Rail who
have substantial coastal assets. It is hoped that closer working will aid consideration of
adaptive approaches in line with Shoreline Management Plan policies.

Engagement with communities is ongoing at specific locations through NRW's Coastal
Adaptation Programme and via Local Authorities where they manage structures facing
change.

Development of a webpage to provide coastal managers with information on options for
nature-based solutions at the coast (NRW, 2025a).

Collaboration with Wales Coastal Monitoring Centre and Local Authorities to implement
CoastSnap, a citizen science project to enable coastal visitors to contribute
photographs to record coastal change. The project aims to engage coastal users in
understanding coastal change as well as contributing data (Wales Coastal Monitoring
Centre, 2024).

Working with Local Authorities to consider the pressures on coastal access as a result
of climate change, increasing erosion and flooding risks, and management policy in
Shoreline Management Plans. This has increased awareness of the need to forward
plan for provision of the Wales Coast Path and Public Rights of Way to maintain good
access into the future.

Opportunities for Action Aim 3

The possible actions identified with respect to achieving Aim 3 in coastal margin
ecosystems relate to Access to nature; Integrated plans, strategies and delivery; Nature
based solutions, and Payment for ecosystem services.

Action 11.Protect and restore coastal margins habitats to increase carbon
sequestration and reduce coastal flooding.

Action 12.Community engagement through consultation.

Action 13.Implementing strategies to ensure physical access to coastal margins
habitats is maintained.

Action 14. Collaboration with stakeholders on coastal margins plans and programmes.
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Aim 4: Contributing to a Regenerative Economy,
Achieving Sustainable Levels of Production and
Consumption

Coastal margin ecosystems contribute to economic well-being through the supply of the
following regulating services:

Coastal protection services: Coastal habitats and ecosystems can provide natural
flood management services to reduce the impact of flooding on various economic
activities (e.g., transport, agricultural and other productive land and wider
infrastructure). The ONS Saltmarsh flood mitigation in England and Wales, natural
capital: 2022 estimate that around 2,000ha of agricultural land (arable, horticultural and
grasslands) in Wales benefits from coastal protection services supplied by saltmarshes
alone (Office for National Statistics, 2022). The estimated value of flood mitigation by
saltmarsh in 2019 was £9 million in Wales (Office for National Statistics, 2022). Sand
dunes also provide a vital function for coastal protection where the foredunes provide
an initial buffer against storm surges and reduce the height of waves, whilst the taller
shifting dunes provide a coastal defence barrier sheltering the hinterland from storm
surges (Mehrtens et al., 2023).

Water purification / waste remediation services (water quality regulation) - Reduced
water treatment costs for water utility and industries to responsibly discharge waste
waters and run-off. The supply of these services is dependent on context. For
instance, when occupying areas within sheltered water bodies, such as within
estuaries, coastal embayment's or back barrier settings, saltmarshes can play a
particularly important role in regulating water quality. For example, they can reduce
high nutrient levels as the ecosystem takes up inorganic nutrients such as phosphates
and nitrates (Hudson, Kenworthy and Best, 2021). Saltmarshes can also significantly
reduce faecal organism concentrations and absorb heavy metals such as mercury,
cadmium and uranium from the water, thereby improving water quality (Hudson,
Kenworthy and Best, 2021).

Coastal margin ecosystems contribute to economic well-being through the supply of the
following provisioning services:

Grazed biomass provisioning: Livestock grazing is carried out, primarily on
saltmarsh, cliff top habitat and sand dune. Saltmarsh can provide productive, valuable
grazing including the production of ‘saltmarsh lamb’, a premium product for Wales
(SoNaRR 2020). Livestock grazing has long been one of the most common uses of
coastal saltmarshes globally (Gedan, Silliman and Bertness, 2009; Barr and Bell, 2017;
Davidson et al., 2017; Muenzel and Martino, 2018; McKinley et al., 2022), with
saltmarsh reared livestock regularly achieving higher than average market price for
their meat (Gedan, Silliman and Bertness, 2009; Jones et al., 2013).

Genetic material services: Rare and traditional livestock breeds are sometimes used
on coastal agricultural grazing land as they are well suited to the conditions (e.g.
Hebridean sheep and Welsh Black cattle, Belted Galloway cattle at Newborough).
Maintenance of such flocks / herds helps to preserve the genetic resource of these
breeds and may also provide valuable genetic material for future commercial livestock
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breeding programmes (Hewitt, 2024). Genetic material, in the form of seeds, is also
periodically harvested from coastal margin habitats for the purposes of reintroducing or
boosting populations of rare species or plant communities at other locations on the
same or different sites (Hewitt, 2024). These important genetic resources may also
support commercial opportunities in the future.

Coastal margin ecosystems contribute to economic well-being through the supply of the
following cultural services:

e Recreation-related services - The People and nature survey for Wales indicated that
people in Wales made 21,922,081 visits to coastal margin ecosystems for recreation
(overall 41,849,672 visits are estimated to have been made to coastal margin and
marine ecosystems combined by people in Wales in the 2021/2022 financial year).
ONS natural capital accounts (2024) contain figures for the numbers values for
recreation and tourism expenditure derived from recreation in Wales at coastal margins
(£120 million in 2022).1.16 million people visit the sand dune sites within the Sands of
LIFE project per annum with perceived benefits to wellbeing arising from a visit to a
Sands of LIFE site being £5,323,009 (Seville et al., 2021).

Events such as sporting events, local group meetings, training and educational events,
hosted at Newborough generate approximately £30,000 of revenue for the local
economy annually, while those at Kenfig contribute around £23,000. For these two
sites alone the combined, value is £66,000. This revenue is in addition to the income
from recreational visitor spending, which refers to the money spent by visitors on
recreational day visits to the sites, as opposed to organized events (Seville et al.,
2021) . In total the Sands of LIFE project sites generate £26.06 million of local income
per annum (Seville et al., 2021). A total of 559.95 person-years of employment was
generated per annum across all sites in the Sands of LIFE project (Seville et al., 2021).

Economic drivers and their pressures on coastal margins

The key direct economic drivers within Wales directly related to the degradation of coastal
margin ecosystems relate to ‘Land and sea use change’. It is highlighted that intensive use
of coastal margin ecosystems for recreation and agriculture are treated as pressures
related to the ‘Land and sea use change driver.” Climate change pressures are considered
to be driven by global economic activity, and the specific economic drivers of pollution
pressures are assessed via the relevant natural resource assessments.

Land and sea use and management change

Agricultural intensification can lead to habitat loss, fragmentation and declines in
biodiversity. At the same time, appropriate levels of gazing are often needed to maintain
ecosystem condition (NRW, 2021b). The long-term (2000 to 2024) and short-term (2020 to
2025) trends indicate grazing levels have intensified on cliff top grasslands and heathlands
in some locations. Application of fertilizer directly applied or through run off will lead to loss
and change in habitat type from unimproved grasslands to semi-improved and improved
grasslands (NRW, 2025e). High levels of grazing on saltmarshes is also affecting the
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condition and diversity of these coastal margin habitats (Sherry and Douglas, In
Preparation). The future outlook (2025 to 2035) for this pressure is mixed; there is
potential that the sustainable farming scheme will help address these pressures (and their
trends) on coastal ecosystems.

Built development and infrastructure, including those associated with leisure and
tourism have historically led to loss and fragmentation of coastal margin ecosystems and
also created barriers for habitats to roll-back in to as coastlines erode. It is estimated that
approximately 30% of sand dunes in Wales have been lost to development and erosion
since 1900 (Pye, Blott and Guthrie, 2017). There is limited evidence and quantitative data
on the long and short-term trends in this pressure. However, aerial imagery identifies
substantial urban areas, caravans / holiday parks along Wales coastline. The future
outlook (from 2025) is mixed, with planned increase for offshore renewable energy
infrastructure such as cabling where it makes landfall, the requirement for upgraded flood
defences due to sea level rise and for tourism are likely to increase.

The long-term trend (1929 to 2025) for afforestation pressures on coastal ecosystems is
mixed. Dunes with conifer plantations have a reduction in biodiversity (Mufioz-Reinoso,
2021), reduced mobility and are less likely to keep pace with climate change (increased
storminess, erosion and sea-level rise) (Choi, Kim and Jung, 2013; Kim, Kong and Choi,
2021; Reeves et al., 2022). Historically planted sand dunes in Newborough and Pembrey
continue to be managed and replanted for commercial timber crops, although some areas
have been restored here and elsewhere via projects such as Sands for LIFE. The future
outlook for this pressure (from 2030 to 2050) is mixed, with no substantial changes in
current forest management plans anticipated.

Many coastal vegetation communities are dependent on appropriate grazing levels to
maintain good condition. Reduced grazing or abandonment, of historically grazed
coastal habitats can lead to dense, coarse vegetation building up or the development of
scrub which out competes other plant species and affects ecosystem condition. The long-
term trend is of increasing abandonment of grazing on cliff tops, leading to increased cover
of scrub, bracken and bramble (NRW, 2021). Reduced grazing on sand dunes is also
leading to accelerated succession, affecting several specialist species (Howe, Knight and
Clee, 2010; Provoost, Jones and Edmondson, 2011; Pye, Blott and Howe, 2014; Pye and
Blott, 2017; Van der Biest et al., 2017). The short-term trend (2020 to 2025) is more
positive, via management agreements to get the right grazing regimes delivering localised
improvements in the condition of coastal margin ecosystems (NRW, 2021b). The future
outlook for this pressure (from 2025 to 2035) is mixed, again the sustainable farming
scheme could play a part in addressing this pressure.

Physical modifications for coastal protection, such as groynes, offshore breakwaters,
sea walls and other coastal defence structures effect coastal processes through changes
to sediment transport and supply (NRW, 2025g). The short-term trend (2020-2025) reveals
this pressure is increasing, as coastal defences continue to be built and upgraded. Several
schemes have been brought forward in response to damage from winter storms (e.g.,
Prestatyn, Rhyl, Kinmel Bay, Llandudno, Hirael Bangor, Barmouth, Aberaeron, Mumbles
and Cardiff and ongoing works at Aberaeron and Mumbles) (Welsh Government, 2023)).
Whilst important for protecting people and property, they result in coastal squeeze and
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loss of habitats such as saltmarsh (Oaten, Finch and Frost, 2024). Given projected climate
change impacts, the future outlook (to 2100) is for this pressure on coastal margin
ecosystems to increase (Oaten, Finch and Frost, 2024).

Access, sport or recreational activity, important to the tourism and leisure sector, are a
substantial pressure on coastal ecosystems due to trampling by foot, cycling, horse riding,
access by vehicles and littering (Gémez-Pina et al., 2002; Natural England, 2015; NRW,
2026). The short-term trend (2014 to 2023) has been an increase in this pressure,
reflecting a significant growth and change in profile in the outdoor activity tourism in Wales
since 2014 (Miller et al., 2023). In 2021/2022, the People and nature survey for Wales
indicated that people in Wales made 21,922,081 visits to coastal margin ecosystems for
recreation (Owen, Rhydderch and Williams, 2025). The number of outdoor recreation visits
to coastal and marine ecosystems has risen from 56 million in 2019 to 39 million in 2022
(Office for National Statistics, 2024 ). The future outlook (2025 to 2050) for this pressure is
mixed, whilst increasing levels of recreational activity are expected in coastal margin
ecosystems, it is important that these are mitigated by management and public
communication interventions.

Contributions of coastal margins to sustainable economic
production and consumption

The Welsh National Marine Plan highlights the role that the tourism and recreation sector
can play in contributing to sustainable development by protecting and promoting access to
the coast and improving the quality of the visitor experience (Welsh Government, 2019b).
The high-level panel for a sustainable ocean economy, also highlights that coastal and
marine tourism is highly dependent on the quality of coastal and marine ecosystems
(Northop, 2022, p. 5). In their report, the High-Level Panel recognise the need to manage
pressures, such as access, sport or recreational activity and the negative environmental
effects. At the same time, the report highlights the important role sustainable tourism can
play in generating revenue to reinvest in and regenerate ecosystems, local markets and
communities and build resilience to future threats and future shocks and crises. Given
there are approximately 42 million recreational visits per year to coastal margins and
marine ecosystems by people in Wales, there is clearly a big potential for this sector to
contribute to a regenerative economy if appropriately managed.

Physical modifications, including those associated with flood defences are identified as a
pressure on coastal margin ecosystems. At the same time, coastal margin ecosystems
can supply important coastal protection services (e.g., sand dunes, shingle and
saltmarsh). Saltmarsh areas can also deliver effective solutions to tackling nutrient
pollution, faecal and heavy metal pollution (Hudson, Kenworthy and Best, 2021), noting
that there will be trade-offs in relation to poorer condition to support biodiversity. These are
examples of how investment in coastal ecosystems can support transitioning away from
investment in ‘grey’ built infrastructure solutions to NbS that deliver co-benefits for nature
and people (e.g., restoration of saltmarsh increases the supply of global climate regulation
services via increased carbon storage and sequestration).
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Similarly, while Agricultural intensification is identified as a pressure, well managed and
targeted livestock grazing in coastal margin ecosystems is also shown to deliver benefits
for biodiversity (NRW, 2021b). These activities often deliver higher value outputs, with
saltmarsh meat regularly achieving higher than average market price (Gedan, Silliman and
Bertness, 2009; Jones et al., 2013). Therefore, sustainable agriculture (e.g., at the right
level of grazing intensity), can contribute to regeneration of coastal ecosystems.
Depending on the individual farm’s carbon footprint, sustainable agriculture can deliver
wider benefits, including increases in global climate regulation services via increased
carbon storage and sequestration (Welsh Government, 2024).

Progress towards meeting Aim 4 (Contributing to a
Regenerative Economy, Achieving Sustainable Levels of
Production and Consumption)

The key opportunities taken up since SoNaRR 2020 comprise:

e The Sustainable Farming Scheme could potentially deliver multiple benefits (e.g.,
nature conservation, food, flood protection, climate change mitigation)

e A Payments for Ecosystems Services (PES) trial was established on the Llyn
Peninsula in 2018 funded by Welsh Governments Sustainable Management Scheme
and the National Trust. The Tir a Mér scheme, offered payments for outcomes (PfO) for
habitats and species, much of this was within habitats on the coastal slopes. The 3
farms in the scheme all showed nature positive improvements and informing numerous
stakeholders on the scope and potential of PfO projects.

e NRW has published information for coastal managers on options for nature-based
solutions at the coast, which has been widely shared with coastal practitioners, and
officers can easily refer to this when providing advice (NRW, 2025a)

Opportunities for Action Aim 4

The possible actions identified with respect to achieving Aim 4 relate to Nature based
Solutions, Payments for ecosystem services, Pollution management, Renewable energy,
Sustainable agriculture, forestry and fisheries, Sustainable construction, and Sustainable
transport.

Action 15. Mitigate pressures from built development and infrastructure (including for
renewable energy and coastal defence)

Action 16. Sustainable agriculture with appropriate grazing intensity to improve coastal
margin ecosystem condition, biodiversity, produce high value produce and climate
change mitigation co-benefits

Action 17. Harnessing sustainable tourism to fund regeneration of coastal ecosystems
and communities
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Action 18. Encourage investment in coastal margin ecosystems for Nature based
Solutions for coastal protection and climate change adaption and for water / waste
purification.

Evidence needs

A wide range of evidence needs has been identified to support the sustainable
management of Wales’ coastal margins. These include updated data on the extent and
condition of key habitats such as sand dunes, saltmarshes, sea cliffs, shingle, and
lagoons, along with improved understanding of habitat change and resilience. Climate
change impacts are a major concern, with evidence needed on habitat rollback, sediment
budgets, and the effects of changing temperature and rainfall patterns on coastal
systems.

Further research is required to understand the ecosystem services provided by coastal
margins, including the role of saltmarshes in supporting fish populations, flood protection,
and nature-based solutions. The impact of human pressures such as agriculture and
recreation also requires further investigation. Restoration and connectivity opportunities
should be identified to reverse habitat fragmentation. Finally, long-term impacts of
chemical and nutrient pollution on coastal ecosystems remain a critical evidence gap,
particularly in relation to saltmarsh.
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Enclosed farmland ecosystem

Evidence leads: Nichola Taylor, Kirsty Charles, Mel Meadon, Sarah Hetherington
External reviewers: James Cooke, Andrew Chambers, Fiona McFarlane

Enclosed Farmland comprises the agricultural land in lowland Wales that is surrounded by
field boundaries. It includes arable crops, horticulture, orchards and temporary grasslands
as well as agriculturally improved permanent grasslands, but excludes areas of enclosed
semi-natural grassland, scrub, farm woodland and habitats in the upland fringes (ffridd).

This Enclosed Farmland assessment is one of eight ecosystem and three natural resource
assessments that inform the overall SoNaRR2025 report. It builds on the findings of
SoNaRR2020, drawing together updated evidence from subject experts and national
datasets such as the ERAMMP Report-105: Wales National Trends and Glastir Evaluation,
ONS Natural Capital Accounts and Welsh Government Agricultural Surveys. This
assessment is closely linked to the Woodland ecosystem assessment, Soils assessment
and the evidence we have set out in the Land and sea use and management change
evidence pack.

The assessment is structured around four interlinked aims that guide Wales’ progress
toward the sustainable management of natural resources (SMNR), helping to
communicate the relationship between the environment, well-being, and the economy

Key messages

1. Enclosed farmland remains vital for food production and cultural identity in Wales, but
its resilience is under increasing pressure from climate change and land use
intensification.

2. The condition of enclosed farmland is deteriorating due to multiple pressures including
extreme weather, pests and diseases, pollution, and invasive species, with significant
implications for biodiversity and ecosystem services.

3. Future risks to enclosed farmland are expected to intensify, particularly from climate-
driven changes such as seasonal drought, flooding, and heat stress, which will impact
productivity and land capability.

4. Practical actions such as integrated pest management, soil health improvement, and
targeted tree planting can help mitigate pressures and enhance resilience on the
ground.

5. Strategic responses including the Sustainable Farming Scheme, climate adaptation
planning, and better land use regulation are essential to safeguard ecosystem services
and support a regenerative economy.
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Enclosed Farmland Summary SMNR Assessment

Aim 1: Stocks of natural resources are safeguarded and
enhanced

Enclosed farmland in Wales is under pressure from biodiversity loss, pollution, and climate
change. Traditional habitats have declined, with farmland birds and pollinators showing
long-term deterioration. However, hedgerows and wood pasture retain higher species
diversity, and some indicators—Ilike hedgerow woody species richness—show marginal
improvement. Pests, diseases, and invasive non-native species (INNS) continue to
threaten farmland ecosystems, with diseases like Ash Dieback and Dutch EIm causing
widespread tree loss. Air pollution, particularly ammonia emissions from agriculture, is
rising and affects sensitive plant communities. Soil health is compromised by compaction,
phosphorus leaching, and microplastics, while water pollution trends remain unclear.

Climate change is intensifying pressures, with more frequent droughts, floods, and heat
stress affecting productivity and land capability. Sea level rise and coastal erosion pose
future risks to farmland and aquifers. Strategic responses include the Sustainable Farming
Scheme (SFS), launching in 2026, which promotes integrated pest management, soll
health, and pollution control. Actions such as tree planting, rotational grazing, and reduced
fertiliser use can enhance resilience and safeguard natural resources.

Aim 2: Ecosystems are resilient to expected and
unforeseen change

The resilience of enclosed farmland ecosystems varies across habitat types. Arable land
and improved grassland have low diversity and condition, while hedgerows and trees
outside woodlands show higher diversity and connectivity. Long-term trends indicate
deterioration in diversity and condition, especially for farmland species and soil health.
Hedgerows have seen recent improvements in extent and species richness, but tree
losses continue due to disease and storm damage. Connectivity is high for hedgerows and
grasslands but low for arable land and isolated trees.

Future resilience depends on land management choices. Sustainable practices—such as
varied swards, reduced inputs, and habitat connectivity—can improve ecosystem health.
Financial incentives and nature-based solutions are needed to support low-input systems
and climate adaptation. The SFS aims to enhance resilience through improved soil health,
habitat coverage, and connectivity. Projects like DeeLIFE and 4 Rivers for LIFE contribute
by advising on land management and planting riparian buffers. However, more evidence is
needed on the impacts of climate change and INNS to guide future actions.
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Aim 3: Healthy Places for people, protected from
environmental risk

Enclosed Farmland contributes to health protection through climate regulation, air filtration,
and water supply. Grassland soils sequester carbon, while vegetation removes air
pollutants, reducing premature deaths. However, agriculture is a major source of ammonia
emissions, which can harm ecosystems and human health. Water abstraction for farming
is increasing, highlighting the need for sustainable water use.

Health improvement is supported through recreation, education, and cultural services. In
2022, over 42 million visits were made to Enclosed Farmland, generating £80 million in
value. The landscape supports equestrian activities, farm education, and research. It also
holds cultural significance, with strong ties to Welsh identity and language. The SFS
promotes public access and cultural conservation. Integrated strategies and community
engagement are essential to maintain access, manage pollution, and adapt to climate
pressures.

Aim 4: Contributing to a Regenerative Economy,
Achieving Sustainable Levels of Production and
Consumption

Enclosed Farmland underpins Wales’ agri-food sector, supporting 49,500 jobs and
producing crops, livestock, and biomass. However, intensification has led to biodiversity
loss, soil degradation, and pollution. Maize cultivation and heavy machinery increase
erosion risks. Organic farming supports biodiversity and soil health but has declined in
area. The SFS and Agricultural Soil Policy aim to promote sustainable practices, including
reduced tillage, crop rotation, and integrated pest management.

Economic pressures and land use changes—such as urban expansion and renewable
energy infrastructure—threaten productive land. Enclosed Farmland also provides
regulating services like flood mitigation and pollination, though evidence is limited. Cultural
services contribute to economic well-being through tourism and traditional farming. Future
opportunities include investing in nature-based solutions, managing organic waste
sustainably, and promoting regenerative and nature friendly practices to balance
production with environmental protection.

Key changes since SoNaRR2020

Since SoNaRR2020, pressures on enclosed farmland ecosystem have intensified with
emerging challenges. Climate change impacts have continued to increase, with more
frequent extreme weather and increasing pressures from pests and diseases affecting
livestock and crops, while new evidence showed soil compaction and nutrient imbalances
have worsened. Biodiversity trends remain concerning: farmland bird declines continue,
though pollinator indicators are stable, but longer term trends remain a concern.
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Hedgerows show modest improvement, but ongoing deterioration in tree health from ash-
dieback remains a concern. Pollution pressures persist, with ammonia emissions rising
contributing to nitrogen deposition and soil phosphorus leaching risks increasing. Land use
change adds to the complexity of pressures. Overall, ecosystem condition and biodiversity
remain low, emphasising the need for accelerated action to meet SMNR aims. Policy
developments, notably the Agriculture (Wales) Act 2023, the Soil Policy Statement and the
Sustainable Farming Scheme, signal opportunities for more resilient ecosystems and soil
resources. Overall, future outlook depends on uptake of nature-friendly practices and
adaptation to climate and market drivers.

Enclosed Farmland Full Assessment of SMNR

Aim 1: Stocks of natural resources are safeguarded and
enhanced

Animals, plants and other organisms

The modified habitats that make up Enclosed Farmland are dominated by a few species.
The high biodiversity in traditional arable systems has largely been lost, and remnants are
localised and very vulnerable. For example, remaining ancient and enclosure hedgerows
are more species diverse. There are signs of improvement of Hedgerow woody species
richness (Emmett, Anthony, et al., 2025). Wood Pasture and Traditional orchards are also
more species diverse.

Historically, both the plants and pollinators of the farmed environment have deteriorated
(1970 to 2020) (Burns et al., 2023). Farmland birds have also deteriorated over the long
term (1994 — 2021) (Burns et al., 2023). Populations of the greater horseshoe bat have
increased both over the long-term (1999 — 2022) and short-term (2018 — 2022) (Boughey
et al., 2024).

Pests and diseases have negatively affected animals, plants and other organisms in
Enclosed Farmland ecosystems over the historic long-term (1970 — 2024). This has not
changed over the short term (2020 — 2025) and is likely to continue in the future (to 2030).
Pests and diseases such as Ash Dieback, Dutch EIm disease and Phytophthora ramorum
have caused largescale tree loss across Wales and negatively affect farmland trees,
including those in hedgerows. (See Woodlands assessment)

Vector-borne diseases, such as bluetongue, can affect livestock health and welfare (cattle,
sheep, goats and deer) and require monitoring and vigilance (DEFRA and APHA, 2025).
First found in south-east England in 2023, it is forecast that by 2100 the bluetongue risk
will extend further north, and the transmission season will extend by up to three months,
with larger outbreaks (Jones et al., 2019). Climate change is also expected to increase the
abundance and distribution of pests and diseases affecting tree health, which has the
potential to affect farmland trees.

65



There is not enough evidence to describe the long-term or short-term trends of Invasive
Non Native Species (INNS) in Wales’ Enclosed Farmland. At a GB level the numbers of
established non-native species has risen at increasing rates for several centuries, recently
reaching the highest total number of established non-native species and the highest
annual rate of new records (Roy et al., 2020). Regular GB Horizon scanning exercises
(Roy et al., 2025) identify INNS that have not arrived but pose the greatest threat to GB,
including those that will affect land management or livestock (e.g. plants like black
swallow-wort (Vincetoxicum nigrum) and Box elder (Acer negundo) which are toxic to
livestock and invertebrates (Hishimonus hamatus and Eobania vermiculata) that can
affect crops were identified during the recent exercise).

The estimated cost of INNS to the agriculture sector in Wales has increased from £71
million per annum in 2010 to approximately £124 million per annum in 2023 (Williams et
al., 2010; Eschen et al., 2023). Should they be introduced in the future, the New Zealand
flatworm (Arthurdendyus triangulates) and Australian flatworm (Australoplana sanguinea)
would predate native earthworms which may affect soil processes (GB Non-native
Species Secretariat, 2016; European Commission. Directorate General for the
Environment., 2018). Yellow legged (Asian) hornet (Vespa velutina) is likely to directly
affect honey production and affect populations of pollinators in the future (Marris, Brown
and Jones, 2011).

Air

The component of the enclosed farmland ecosystem impacted the most by air pollution
are Trees outside Woodlands. Bryophyte-and lichen-rich woodland communities
associated with ancient semi-natural woodlands, small blocks of which will be located
within enclosed farmland. If the ammonia Critical Level for vascular plants is exceeded,
typical ground flora may be lost and replaced with more vigorously growing nutrient-
demanding species.

Historically, there is a mixed picture for air pollution affecting Enclosed Farmland
ecosystems over the long-term (1990 — 2023). Over the short term (2020 — 2023) air
pollution is deteriorating. There are signs that this will revert to a mixed picture in the future
(to 2030 and 2050). Air pollution from ammonia emissions have been increasing since
2011 (Mitchell et al., 2024). It is expected to continue to increase in the future if measures
to control agricultural emissions are not implemented. Nitrogen oxides emissions have
generally decreased over the last 20 years (Mitchell et al., 2024) and should continue to
fall as the plans for net zero are implemented.

Atmospheric nitrogen deposition (from industrial activities, agricultural practices, waste
management and energy production) can lead to nutrient enrichment of soils. These
changes impair plant health, alter vegetation structure and community composition, and
can modify carbon in soils affecting the role of soil in climate regulation. (See Air
assessment)
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Soil

When managed and utilised appropriately organic manures have a valuable role in
improving soil health. Where organic manures are not managed properly, for example over
applied to soil, this activity has the potential to cause harm to the environment. ( (SoNaRR
2025 Land use and management change chapter). Land pollution disrupts soil condition
and introduces harmful substances, leading to soil degradation and impacts on the
animals and plants.

Historically (until 2023), soil (land) pollution trends are a mixed picture on the enclosed
farmland ecosystems. Legacy phosphorus levels have declined over time. Across the UK,
they often exceed agronomic needs, posing risks to water quality—especially in sensitive
river catchments. Limited sub-national data makes it challenging to fully assess the scale
and impact of this issue in Wales (Cordell et al., 2022). Agricultural fertilisers have
contributed to microplastic concentrations in agricultural soils over time (Cusworth et al.,
2024).

Over the historic short term (2020 — 2025), soil (land) pollution has increased. 17% of
Improved Grassland sites and 8% of arable sites surveyed by ERAMMP now exceed
leaching thresholds for Phosphorous. (Emmett, Anthony, et al., 2025). The future outlook
is mixed, linked to the management of pests and diseases and intensification of land
management. The Welsh Sustainable Farming Scheme (SFS) which will launch in 2026,
includes actions aimed at minimising the use of pesticides through Integrated Pest
Management and to improve Soil Health.

Across the UK atmospheric N deposition on soils decreased from 172 to 124 thousand
tonnes of N between 1990 and 2023 and has reduced on average in its proportion of total
inputs over this period from 7.0% to 5.6%. Conversely, atmospheric P deposition has
increased very slightly from 4.9 to 5.2 thousand tonnes over the same period, representing
1.2 to 2.1% of P inputs respectively (DEFRA, 2024b).

Soil pH remained stable between the 2013-16 and 2021-23 survey periods across the
Enclosed Farmland (Semi-improved grassland, Improved Grassland and arable &
Horticulture). 72% of Improved Grassland had a pH below 6 in 2021-23, which has been
identified as a trigger point for reduced grassland productivity on mineral soils. This was
75% in 2013-16. (Emmett, Anthony, et al., 2025)

Water

Good quality and a reliable supply of water is crucial for agriculture, horticulture and
livestock management in enclosed farmland, especially for horticultural businesses as
most will use some form of irrigation from water mains or abstracted from springs, water
bodies (rivers, lakes etc) and boreholes . Water consumptive use in the agricultural sector
was 3% of all licensed abstractions and showed a small increase in use between 2019 and
2024. Over the last 24 years, those reliant on private water supply for agricultural use have
risen (Farr et al., 2022).
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There is no evidence to describe short or long trends of water pollution pressures
impacting on the Enclosed Farmland Ecosystem. A Defra Rapid Evidence Assessment
(REA) of Flooding and Coastal Erosion on Agricultural Land and Businesses in England
and Wales has no specific evidence for Wales. There is limited evidence on saline flooding
affecting crops, plants and soil conditions, with the potential to affect production or
cropping options for several years after the event and contaminants associated with
floodwaters posing a risk to animal health as well as the broader ecosystem (Hess et al.,
2024).

Further evidence about water stocks is contained in the Water SMNR Assessment.

Climatic features and processes

Historically, there has been a deteriorating trend for changes in intensity and frequency
of weather events affecting Enclosed Farmland over the long term (2010 — 2025). This
trend is expected to continue in the future (to 2100). Trees within Enclosed Farmland may
be particularly affected by wind. Arable land may be more at risk of soil erosion and
flooding than grassland due to less soil cover. Wales has experienced a number of
significant weather events in the last five years. Storm Eunice in February 2022 was the
most severe storm to affect Wales since February 2014 (Kendon et al., 2023), as well as
periods of prolonged dry weather in 2022 and 2023.

Historically, there has been a deteriorating trend to changes in air temperature and
seasonal rainfall affecting Enclosed Farmland over the long term (2010 — 2025). This is
expected to continue into the future (to 2100). The frequency of discrete periods of
regional extreme air temperatures has increased over the last couple of decades. The
effects include altered hydrology, season aridity and wetness on soils, changes in soil
organic matter, productivity and heat stress of grazing animals.

Other changes include changes in phenology (Reeves et al., 2025), the regulation of seed
dormancy and germination, the timing of plant and insect life cycles (ller et al., 2021),
which may result in increased risks of frost damage and the loss of synchrony between
different trophic levels. Changes in air temperature are likely to result in increased
pressures from other Drivers of change such as pests and diseases (DEFRA, 2024c).

There is no long term trend data in relation to coastal flooding, coastal erosion or saline
intrusion in relation to impact on enclosed farmland. These risks are all affected by sea
level rise. Historically (1900 — 2020), there has been a deteriorating trend in sea level
rise over the long term. This is expected to continue into the future. Sea-level rise, coastal
erosion and seawater saline intrusion are a future risk to enclosed farmland habitats,
agricultural land and aquifers. The effects may be more pronounced during drought
periods depending on any adjustment to water abstraction rates. The current risk at the UK
national scale is assessed as low and is likely to remain low in the future. The scale of
saline intrusion risk would significantly increase with a more extreme rate of sea level rise.

The amount of agricultural land at risk of flooding from the sea is predicted to rise from
40,000Ha in 2020 to 46,500Ha by 2120 (NRW, 2024b).
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The amount of agricultural land at risk of coastal erosion is projected to increase from
152ha in 2020 to 432ha in 2055 and to 1150 ha by 2105 (NRW, 2024a).

The Climate Change Adaptation Report (AHDB, 2025) identified the following areas as
currently most at threat :

e Farm assets - for example increased flooding leading to waterlogging and soil
erosion, and damage to farm buildings and equipment.

e Productivity - extreme weather events such as heatwaves, extended periods of
prolonged dry weather and drought, high rainfall, and flooding impacting livestock
and crops.

Pressures from economic activity (see Aim 4 for more detail)

Pressures arising more directly from economic activity in enclosed farmland ecosystems
are also negatively affecting the stocks of natural resources (see Aim 4 for more detail).
These pressures are (in alphabetical order): Agricultural intensification and built
development and infrastructure.

Agricultural intensification: Since the end of the Second World War, levels of
agricultural production have increased greatly. Semi-natural habitats have been cultivated,
drained, limed and fertilised to create more productive land (Blackstock et al., 2010).
Extensively managed arable land is the only Critically Endangered habitat in the UK on the
European Red List. Intense management of agricultural land has been identified as the
most significant factor driving species population change in the UK (NRW, 2021a).
Intensive management can cause root damage, compaction, eutrophication and affects
the soil, resulting in changes to hedgerows, farmland and trees. Agricultural production to
produce food is maintained and increased by the use of fertilisers (organic and inorganic),
plant protection products, seeds, energy, animal feed and land. Their use contributes to
emissions of greenhouse gases (SoNaRR 2025 Climate Change and Land Use and
management Change Chapter) and if used in excess contributes to pollution of air, land
and water (SoNaRR 2025 Air, Water and Soils assessments).

Much of Wales’ Built development and infrastructure has developed on what was high-
grade agricultural land. The co-location of urban areas and high-grade soils has resulted in
urban expansion being at the expense of the most productive land and therefore enclosed
farmland. Energy-related infrastructure (wind and ground mounted solar) on enclosed
farmland affects the functioning of the ecosystem, causing habitat fragmentation, loss of
biodiversity, soil and drainage impacts, loss of productive land, and potentially loss of tree
cover.
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Progress towards meeting Aim 1 Stocks of natural resources
are safeguarded and enhanced

The key opportunities taken up since SONaRR2020 comprise:

Welsh Government’s Sustainable Farming Scheme (SFS), which starts in 2026,
aims to support farmers in the sustainable production of food whilst addressing both
the climate and nature emergencies. It addresses the Sustainable Land
Management objective in the Agriculture (Wales) Act 2023 to mitigate and adapt to
climate change. The scheme integrates relevant measures such as actions aimed
at minimising the use of pesticides through Integrated Pest Management and to
improve Soil Health.

Research has found that farmers who are engaged with nature restoration, nature-
friendly or more diverse farming practices are more resilient to extreme weather
events. For example: less scorched land than that of their neighbours during
periods of extreme heat and water stress and less prone to flooding. Greater tree
cover, shelter belts and hedges mean animals are less exposed to heat stress and
given greater protection in cold weather. Lower stocking rates mean fodder
management is easier and there is more resilience in the system. Rotational
grazing can help maintain production while improving soil structure. Reducing
synthetic fertiliser use, increasing crop rotations, water management (e.g. rainwater
harvesting) and reducing tillage help to enhance soil health and fertility while
increasing biodiversity (Farmlytics, 2024).

The UK National Action plan 2025, working for a sustainable future, promotes the
sustainable use of pesticides (DEFRA, 2025b). It is difficult to predict whether the
new actions are likely to be sufficient to reduce the incidence and spread of new,
existing and emerging pest and diseases in the face of climate change, growing
resistance to conventional controls, new virulent strains and globalisation of trade
(DEFRA, 2022).

Welsh Government published A Low Carbon Wales (2019b) which aims to reduce
ammonia emissions through improving efficiency of livestock production, improving
crop and nutrient management, and improving on farm fuel and energy efficiency

Innovative projects have been implemented, for example involving the installation of
ammonia sensors to monitor emission levels and by producing Site Nitrogen Action
Plans (NRW, 2023)

DeeLIFE and 4 Rivers for LIFE alongside other catchment initiatives have been
working to improve land management practices. Between 2020 and the end of
2024, these projects have delivered:

More than 40,000 trees planted on riparian buffers

Over 500m of fencing installed to exclude livestock from river corridors

171 water troughs to reduce livestock need to enter watercourses

120 farms visited with land management advice.

Alongside this, 4 Rivers for LIFE have delivered - 68 farm reports, advising on land
management practices over 7,300 hectares.
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e The GB horticultural PAP (GBNNSS 2025) was developed in partnership with the
horticultural industry and includes a suite of actions that will address horticultural
escapes and hitchhikers, following public consultation it will be adopted and
published and the actions identified will then be delivered. It is hoped that it will
reduce the impact of INNS from Horticulture in future.

e The Wales plant health sentinel site network was established to monitor for plant
pests and diseases (including some INNS) (Welsh Government, 2022b).

Opportunities for Action Aim 1

The possible actions identified with respect to achieving Aim 1 in Enclosed Farmland
relate to Community engagement (place-based approaches), Increase resource use

efficiency, INNS and other species management, Integrated plans, strategies and delivery,

Pollution management, Resource protection, Species conservation and enhancement,
Sustainable agriculture, forestry and fisheries and Waste prevention.

Action 1. Monitor and control INNS and diseases in affected areas.

Action 2. Monitor and control pollution of Enclosed Farmland ecosystems with
particular emphasis on soil, particularly from pesticides and fertilizers.

Action 3. Monitor and control pollution from Enclosed Farmland ecosystems affecting
Air and water, particularly ammonia emissions.

Action 4. Protect and boost native species populations by monitoring, protecting and
restoring key habitats.

Action 5. Adapt agricultural practices to reduce the pressure on watercourses and
mains water supply when source supplies are low.

Action 6. Adapt agricultural practices to take account of pressures from the changing
climate, particularly to protect soils on arable land.

Action 7. Plan for the future risk to enclosed farmland habitats, agricultural land and
aquifers from Sea-level rise, coastal erosion and seawater saline intrusion.

Aim 2: Ecosystems are Resilient to Expected and
Unforeseen Change

Ecosystem Resilience is assessed in SoNaRR using four ecosystem attributes as proxies.

Diversity, extent, condition and connectivity for each of the five habitat types that make up
the Enclosed Farmland ecosystem. The five habitat types are arable land, hedgerows,
improved grassland, trees outside woodlands (parkland, wood pasture, orchards) and
semi-improved grassland. There is very little assessment available for semi-improved
grassland.
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Diversity

The current diversity of Enclosed Farmland extent varies by habitat type. The
diversity of arable land and improved grassland is ‘Low.” Arable land has a generally low
diversity in intensively managed systems, similarly, improved grassland is a modified
habitat dominated by a few species. The diversity of hedgerows and trees outside
woodlands is ‘High’. Ancient hedgerows have a higher diversity than enclosure
hedgerows, overall, there have been marginal signs of improvement of hedgerow woody
species richness (Emmett, Anthony, et al., 2025).

The long-term (1946-2019) historic trend for Enclosed Farmland diversity is
deterioration. For improved grassland, specialist farmland species are in serious decline.
Invertebrates, plants and farmland birds illustrate this particularly. Extensively managed
arable land is the only European Critically Endangered habitat in Wales. Lowland
Farmland Birds and pollinators are in decline from arable land (Emmett, Anthony, et al.,
2025). Farmland species reliant on hedgerows such as brown hair streak butterfly and
spreading bellflower Campanula patula populations have been declining.

The short-term (2019-2024) historic trend for Enclosed Farmland diversity is a mixed
picture. For improved grassland, there has been an increase in the plant indicator
richness, however it is not classed as significant (Emmett, Anthony, et al., 2025) . There
has been a decline in several soil health indicators and a decline in the abundance of
grassland birds between 2013-16 to 2021-23. (Emmett, Anthony, et al., 2025). For Arable
Land there has been no improvement in indictors such as total plant species richness and
arable forbes, no change in pollinators and continued declines in arable birds (Emmett,
Anthony, et al., 2025). A recent report on wood pasture in Wales found that it has high
diversity as it supports a variety of habitats including acid grassland, acid flush and dry
heaths together with a range of structural tree types (Sherry and Douglas, 2023).

The future outlook (to 2024) for Enclosed farmland diversity is a mixed picture. For
improved grassland, the future outlook is dependent on future management. A move
towards more sustainable varied swards managed with less artificial inputs would be
beneficial. Economic pressures leading to further intensification and more inputs to the
system would be detrimental. For Arable land, prospects are poor without financial
incentives in place to support farmers in maintaining low input arable systems, and to
provide increased habitat provision and connectivity across the farmed landscape for
mobile species. For Hedgerows and Trees outside Woodlands, the Sustainable Farming
Scheme will support positive management options. but there is a lack of documented
evidence on the health and loss of farmland trees although they are likely to continue to be
affected by the increasing frequency and intensity of storms. National Trust parklands in
Wales have lost around 30% more veteran trees each year compared to 10 years ago
(National Trust, 2024).
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Extent

The current assessment of Enclosed Farmland extent varies per habitat type. The extent
of improved grassland is ‘High’, the extent of arable land and hedgerows is
‘Medium’, the extent of trees outside woodlands is ‘Low’.

The long-term historic trend for Enclosed Farmland extent varies per habitat type.
For the extent of arable and horticulture land used for crops, the trend is improvement. The
area of arable and horticulture land in Wales increased between 2000 and 2024 from
70,000 ha to 107,800 ha. (Welsh Government, 2024c) There has been a large historical
decline in the area of low-intensity arable land supporting arable plant communities. For
the extent of improved grassland and hedgerows, the trend is a mixed picture. Post
second world war, there was a large increase in extent of improved grassland to increase
productivity, which included hedgerow removal. The extent of improved grassland had
begun to decrease by the 218t century, and the extent of hedgerows had stabilised (NRW,
2021a; UK Centre for Ecology & Hydrology, 2021; Emmett, Anthony, et al., 2025). For
trees outside woodlands, the trend is deterioration. There has been a deterioration in the
extent and condition of parkland and orchards over many decades. There have been large
tree losses of trees outside woodlands due to Dutch EIm disease and Ash dieback and
lack of new tree recruitment (NRW, 2021a).

The short-term (2019-2024) historic trend for Enclosed Farmland extent varies per
habitat type. For the extent of improved grassland and arable land, the trend is a mixed
picture. The extent of arable land increased from 5% to 6% of all land between 2020 and
2024 (Welsh Government, 2024c). Other accounts report 4% extent in 2021 and a
reduction in extent by 24% since 2010 (Emmett, Anthony, et al., 2025). For the extent of
hedgerows, the trend is improvement. There was a 2,200km increase in new and restored
hedgerows to a total length of 52,700km in 2021-23, only 0.1% of new hedgerow was
supported by Glastir management payments (Emmett, Anthony, et al., 2025). For trees
outside woodlands, the trend is deterioration. Two out of 57 sites surveyed in South Wales
have been converted from historic Wood Pasture sites to woodland (Sherry and Douglas,
2023).

The future outlook (to 2040) for Enclosed Farmland extent is a mixed picture. The
extent of improved grasslands will fluctuate with arable land due to economic and market
pressures. The area of productive land could be reduced, for example due to urban
expansion and the use of land for renewable energy production (SoNaRR 2025 Land use
and management change chapter). Hedgerow extent is predicted to be stable or
increasing if there is uptake of hedgerow options in SFS and farmers recognise the
importance of hedgerows in making their farming systems more resilient (Emmett,
Anthony, et al., 2025). Hedgerow tree losses are likely to accelerate due to Ash Dieback
(Chalara). Over the next 5 to 10 years, the main loss of hedgerow extent will likely be due
to Chalara (NRW, 2021c).
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Condition

The current assessment of Enclosed Farmland condition is ‘Low’ for all habitat
types. Improved grassland habitat is dominated by high input/output systems which
reduce land condition. Similarly, arable land is experiencing a declining soil condition,
compaction and high phosphorus concentrations — all of which reduce condition (Emmett,
Anthony, et al., 2025).

The long-term (1946 - 2019) historic trends for Enclosed Farmland condition vary
per habitat type. For the condition of improved/semi-improved grassland, the trend
is a mixed picture. Over time, more areas of improved grassland are being managed in a
sustainable way, minimising input and building soil condition (NRW, 2021a). For all other
habitat types, the trend is deterioration.

The short-term historic trends (2019 — 2024) for Enclosed Farmland condition vary
per habitat type. For the condition improved grassland and hedgerows, the trend is a
mixed picture. There has been an increase in plant indicator richness for improved
grassland but a decline in soil health indicators and the abundance of grassland birds
(Emmett, Anthony, et al., 2025) . For hedgerows, there has been some evidence of an
increase in woody species richness however ground flora species richness has declined
(Emmett, Anthony, et al., 2025) For the condition of arable land and trees outside
woodland, the trend is deterioration. Storms and mismanagement have affected the
condition of trees outside woodland (Sherry and Douglas, 2023). The declining soil
condition of arable land has resulted in deteriorating short term historic trend (Emmett,
Anthony, et al., 2025) .

The future outlook (to 2040) for Enclosed Farmland condition is a mixed picture. For
all habitat types there has been some increases in uptake of improved management
technique which will improve condition, however more support and uptake will be required
in the future to see a large-scale improvement in condition across enclosed farmland
habitat types.

Connectivity

The current assessment of Enclosed Farmland connectivity varies per habitat type.
The connectivity of improved grassland and hedgerows is ‘High’. For improved grassland,
although connectivity is superficially high, the low condition and diversity means that
habitat is fragmented for many species. Hedgerows have a high natural connectivity;
however, this is often affected by gaps. The connectivity of trees outside woodlands is
‘Medium’. In some areas, such as in the fridd, connectivity is often good but, in most
cases, individual trees are isolated, and parkland is also fragmented. The spatial and
temporal connectivity of Arable land has largely been lost and is assessed as ‘Low’.

The long-term (1946 - 2019) historic trend, short-term (2019-2024) historic trend and future
outlook (to 2020) for Enclosed Farmland connectivity is not available.
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Progress towards meeting Aim 2 Ecosystems are Resilient to
Expected and Unforeseen Change

The key opportunities taken up since SONaRR2020 comprise:

e Welsh Government’s Sustainable Farming Scheme (SFS), which starts in 2026,
aims to support farmers in the sustainable production of food whilst addressing both
the climate and nature emergencies. It addresses the Sustainable Land
Management objective in the Agriculture (Wales) Act 2023 to maintain and enhance
ecosystem resilience. The scheme will support climate resilience and should
support Nature Based Solutions.

e DeeLIFE and 4 Rivers for LIFE have been working to improve land management
practices across catchments. Between 2020 and the end of 2024, 4 Rivers for LIFE
have delivered - 68 farm reports, advising on land management practices over
7,300 hectares.

- 2,500 trees planted on riparian buffers. - do we know how much in EF?
- On farm works carried out on 26 farms — what kind of work?

Opportunities for Action Aim 2

The possible actions identified with respect to achieving Resilient Enclosed Farmland
ecosystems relate to Ecosystem restoration, Ecosystem protection, Nature based
Solutions, Ecosystem creation, INNS and other species management, and Sustainable
agriculture forestry and fisheries.

Action 8. More sustainable varied swards managed with less artificial inputs
Action 9. Manage diseased trees and hedgerows

Action 10.Financial incentives to support farmers in maintaining low input arable
systems

Action 11.Improve habitat provision and connectivity across the farmed landscape to
support species movement

Action 12.Improving climate resilience within the farmer environment

Aim 3: Healthy Places for people, protected from
environmental risk

Health Protection

Enclosed farmland ecosystems can contribute to human health protection through the
supply of the following regulating services:

75



e Global climate regulation services: The UK natural capital accounts (Office for
National Statistics, 2024a) estimate that mineral soils under croplands emitted
657,500 tCO2e in 2022. Grassland mineral soils sequester approximately 640,000
to 650,000 tonnes CO2 equivalent per year (general trend from 2000 to 2024). It is
unclear whether Enclosed Farmland leads to net emissions or not (Gregg et al.,
2021).

e Air filtration services: Between 54 and 56 million kilograms of air pollutants have
been removed by Wales Enclosed Farmland vegetation each year between 2007
and 2023. The benefit realised prevented 176 life years lost from exposure to
particulates (PM2.5 and PM10) and 51 life years lost from exposure to NOZ2 in
2023. The avoided burden on mortality is estimated at 44 fewer deaths from short
term exposure to Ozone (Office for National Statistics, 2024a). However, the
agricultural sector is a significant emitter of air pollutants (Mitchell et al., 2024).
Agricultural sources dominate the 23 million kilograms of ammonia emitted to the
atmosphere in Wales in 2022 (see ammonia case study).

e Water Supply: Land used for agricultural purposes accounts for 90% of the total
land area of Wales (Welsh Government, 2024c). Whilst not all land used for
agriculture is enclosed farmland, it does have considerable potential to impact water
supply and affect the provisioning of this ecosystem service, including with respect
to water quality. No estimates on the water supply provisioning of enclosed
farmland is available.

Health Improvement

Enclosed Farmland contributes to human health improvement through the supply of the
following cultural services:

¢ Recreation-related services provide opportunities for people to enjoy in-situ
interactions with nature and associated physical and mental health benefits.

o 1In 2021/2022, the People and Nature Survey for Wales (PaNSW) indicated
that people in Wales made 25,257,483 visits to Enclosed Farmlands for
recreation (Owen, Rhydderch and Williams, 2025). Note that The ONS
estimate that 42 million visits were made to Enclosed farmland in 2022. The
main reason for the difference is that the ONS consider visits to Fields,
farmland and countryside are all to Eclosed Farmland. We have split the
PaNSW results splits this number with the Semi Natural Grassland
Ecosystem.

o In 2022, 100,000 people in Wales gained health benefits from recreation in
Enclosed Farmland. These health benefits were valued at £50 million (Office
for National Statistics, 2024b).

o 39,400 horses were reported in the 2024 agriculture survey, many of which
will be kept on Enclosed Farmland (Welsh Government, 2024c).
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Cultural Well-being

Enclosed Farmland ecosystem contributes to people’s cultural well-being through the
supply of the following cultural services:

Spiritual, artistic and symbolic services are provided by enclosed farmland
ecosystems through the close relationship between Welsh culture, farmland
landscapes and their use for agriculture. The Agriculture, forestry and fishing sector
had the highest share of Welsh speakers across all sectors (43% of the total
working population) (Welsh Government, 2019a, para. 58)

Education scientific and research services provide intellectual development,
advancement of knowledge and understanding for people from interactions with
Enclosed Farmland ecosystems. Across Wales, college farms, educational farm
visits and Forest Schools provide training, an understanding of where our food
comes from and natural environment settings to enhance children's self-confidence
and understanding of their relationship with the world around them. The actively
managed landscapes provide opportunities to research food production, mitigate
environmental impacts, support rural economies, and address the unique
challenges faced by Wales' rural communities.

Amenity (visual and sensory) services and landscapes that many people
cherish. Just under half the landscapes, 933,100 ha, that are associated with
scattered rural and farm settlements are valued as high or outstanding (White
Consultants, 2018). A fifth of Wales is characterised by landcover that contains a
mixture of agriculturally improved land and habitat features, resulting in highly
valued mosaic landscapes (Cottrell and Medcalf, 2019). These tranquil, pastoral
landscapes have a sense of place, time-depth and cultural identity, contributing to
the mental and physical well-being for those that live and work there, and delivering
benefits to those who visit for recreation and tourism.

Progress towards meeting Aim 3 (Healthy Places for people,
protected from environmental risk)

The key opportunities taken up since SONaRR2020 comprise:

Welsh Government’s Sustainable Farming Scheme (SFS), which starts in 2026,
aims to support farmers in the sustainable production of food whilst addressing both
the climate and nature emergencies. It addresses the Sustainable Land
Management objective in the Agriculture (Wales) Act 2023 to conserve and
enhance the countryside and cultural resources while promoting public access and
the Welsh language.

Welsh Government have published a Climate Adaptation Strategy which considers
the interrelated actions needed for addressing climate adaptation and resilience in
Wales (Welsh Government, 2024a). It advocates a One Health integrated approach
to addressing the health of people, animals and ecosystems with relevant ongoing
and new actions.
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e British Equestrian commissioned a literature review to assess the social value of
equestrian activities in the UK. The findings are helping to measure the equestrian
industry’s impact on people’s lives across the UK, including public health and
wellbeing.(British Equestrian, 2025)

Opportunities for Action Aim 3

The possible actions identified with respect to achieving Aim 3 relate to Access to nature, ,
Community Engagement, Integrated plans, strategies and delivery, Nature based
solutions, and Pollution management:
Action 13.Adapt agricultural practices to take account of pressures from the changing
climate, particularly to protect soils on arable land to increase carbon sequestration.

Action 14.Implement strategies to ensure physical access to Enclosed Farmland
habitats is maintained.

Action 15.Collaborate with stakeholders on Enclosed Farmland plans and
programmes.

Action 16.Monitor and control pollution from Enclosed Farmland ecosystems affecting
Air and water, particularly ammonia emissions

Action 17.Adapt agricultural practices to reduce the pressure on watercourses and
mains water supply when source supplies are low

Aim 4: Contributing to a Regenerative Economy,
Achieving Sustainable Levels of Production and
Consumption

Contributions of Enclosed Farmland to sustainable economic
production and consumption

Food production is the foremost ecosystem service provided by Enclosed Farmland; it
underpins the Welsh agri-food sector. Increases in agricultural production seen over the
last few decades have often been at the expense of external environmental costs and of
other ecosystem services (NRW, 2021a). 49,500 people were working on farms in 2024
(Welsh Government, 2024c). Enclosed Farmland faces a difficult balancing act. To meet
different human needs, it must simultaneously produce more food for a rising population;
provide economic opportunities for rural communities; and reduce environmental impacts,
including ecosystem degradation and high greenhouse gas emissions.

Welsh Government’s Sustainable Farming Scheme (SFS), which starts in 2026, aims to
support farmers in the sustainable production of food whilst addressing both the climate
and nature emergencies. It addresses the 4 Sustainable Land Management objectives in
the Agriculture (Wales) Act 2023 which are to produce food and other goods sustainably;
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mitigate and adapt to climate change; maintain and enhance ecosystem resilience; and
conserve and enhance the countryside and cultural resources while promoting public
access and the Welsh language.

The recent WWF report concludes that climate adaptation and mitigation support for
farmers is currently insufficient. Finance and lack of knowledge are key barriers to
transitioning to more nature-friendly systems. Long term investment and support is
required as it takes time for farmland to build resilience (Farmlytics, 2024)

Enclosed Farmland ecosystems contribute to economic well-being through the supply of
the following provisioning services:

Crop provisioning: 330,000 tonnes of agricultural primary biomass (Barley, Oats,
Oilseed rape and Wheat) was produced in Wales in 2023, up from 275,000 tonnes
in 2020. The value of these crops is not provided. Total value of agricultural
biomass production estimated for 2020 was £450 million (2023 prices) (Office for
National Statistics, 2024a).

In 2022, Agricultural Biomass accounted for 16% of the total annual value of the
provisioning services from the natural environment, for the whole of the UK. There
has been an increase in the physical flow of Agricultural Biomass in the UK since
2020, from 93 units to 97 units (Office for National Statistics, 2024a).

There were 107,800 hectares of arable crops in June 2024. (Welsh Government,
2024c). Maize cultivation has steadily increased in Wales, particularly for stockfeed
and bioenergy as reported for the UK (DEFRA, 2025a). In 2024, the area of maize
produced was estimated at 24,500 ha in Wales compared to 6,300 ha in 2000
(Welsh Government, 2024c)

Bioenergy cropping for anaerobic digestion could increase in England and Wales in
the future. Official statistics on the amount and type of crops grown used for
anaerobic digestion are currently limited to maize (DEFRA, 2021)

Recent statistics on the extent of land used for horticulture and orchards suggest
this is in the region of 1,600 ha in Wales (Welsh Government, 2024c). Horticulture
may be more significant in Wales in the future (Food & Drink Wales, 2025).
Grazed biomass provisioning: Permanent grassland is the main component of
agricultural land in Wales, and comprises of improved, semi-improved or
unimproved (semi-natural) depending on the management practices (Welsh
Government, 2023). These grasslands will include Enclosed Farmland, but also
Semi-Natural Grasslands and Coastal Margins. For convenience, total livestock
production is assigned to Enclosed Farmland here, as it is not possible to apportion
across these three broad ecosystem types.

The agricultural sector now makes use of over 90% of land area in Wales (including
farm woodlands & other uses). Farmed ecosystems supply biomass for livestock. In
2024, the total number of sheep and lambs in Wales was 8.75 million and the total
number of cattle and calves is 1.01million. in 2020, the number of sheep and lambs
was 9 million and cattle and calves 1.1 million . (Welsh Government, 2024c) High
priority climate change risks identified by AHDB (2025) identified impacts to soils,
include reduced grazing productivity and quality.
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Fibre provisioning: fibre from woodlands on farms (blocs >0.5ha) is discussed in
the Woodlands assessment. A recent summary was published by Forest Research
on behalf of Welsh Government (Giannelli, 2025). There is no data on fibre
provision specifically from the Enclosed Farmland ecosystem.

Water Supply: Land used for agricultural purposes accounts for 90% of the total
land area of Wales (Welsh Government, 2024c). Whilst not all land used for
agriculture is enclosed farmland, it does have considerable potential to impact water
supply and affect the provisioning of this ecosystem service, including with respect
to water quality. No estimates on the water supply provisioning of enclosed
farmland is available.

The agriculture sector uses water from both surface and groundwater sources. In
2024 67040 MI, 3% of all licensed abstractions, were licensed to the agriculture
sector for consumptive use. This is a small increase from 2019 (63116 MI). This
water is from the freshwater ecosystem. Over the last 24 years, those reliant on
private water supply for agricultural use have risen, (SoNaRR 2025 Water
assessment).

Genetic material services: Rare and traditional livestock breeds are sometimes
raised in Enclosed Farmlands. Maintenance of such flocks or herds helps to
preserve the genetic resource of these breeds

Enclosed Farmland ecosystems contribute to economic well-being through the supply of
the following regulating services:

Soil quality regulation and Soil and sediment retention services: Low intensity
agricultural production benefits soil quality. Intensive grassland management
reduces soil animal biodiversity, including earthworms, and threatens soil
functioning in agricultural systems (NRW, 2021b). Grasslands which are not
ploughed (including pastures) can contribute to soil erosion prevention, in contrast
to cultivated grasslands or arable land (NRW, 2021b). See SoNaRR 2025 Soil
assessment

Waste remediation services : Enclosed Farmland can provide breakdown
services for biological material . The use of this service may exceed the capacity of
enclosed farmland to sustainably supply it due to the pressures of waste materials
being put to land (Rollett and Williams, 2022).

Water flow regulation services: Enclosed Farmland habitats can provide natural
flood management services to reduce the impact of flooding on economic activities
such as productive land, transport and wider infrastructure. In England,
Environmental Land Management schemes are being designed to support farmers
and land managers to provide natural flood management to protect themselves and
other farm businesses in the catchment. In Wales, many of the temporary habitats
in the universal actions of the Sustainable Farming Scheme will support the
reduction of overland flow and will help reduce flooding.

Crops may be able to store more flood water than grass per hectare in Wales (Fitch
et al., 2022)

Features, such as ponds, leaky dams, swales and buffer strips are identified as
potential ways to ‘Work With Natural processes (WWNP) to reduce flooding in
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farmland landscapes (DEFRA et al., 2025). Targeted tree planting can significantly
increase soil infiltration rates and help reduce peak flood flows (Woodland Trust,
2012). The FRS21232 Main report provides an evidence directory of the likely
effectiveness of natural processes, including in farmland, in mitigating flood risks
(DEFRA et al., 2025)

e Biological control services: There is very little evidence to describe this service in
Wales. Across the broad habitats, arable land contains the highest density of aphid
eating hoverflies (Alison et al., 2020).

e Pollination services: SoNaRR 2020 highlighted rapidly declining invertebrate
populations in Enclosed Farmland, indicating a substantial long-term decline
pollinators from Enclosed Farmlands. Over the short-term (between 2013-16 and
2021-23I pollinator indicators were stable in Enclosed Farmland ecosystems)
(Emmett, Bentley, et al., 2025)

Enclosed Farmland ecosystems contribute to economic well-being through the supply of
the following cultural services:

e Spiritual, artistic and symbolic services: The UK NEA (2011) highlighted public
motivation to protect traditional family farm structures and the associated
approaches to traditional livestock husbandry in Wales (pp.1032). It is estimated
that 49,500 people were working on farms in 2024, of which 37,300 are farmers,
business partners, directors and spouses. The remaining 12,200 are employees,
comprised of full-time employees, managers and casual workers (Welsh
Government, 2024c)

e Recreation-related services: The ONS estimate that 42 million visits were made to
Enclosed farmland in 2022, with visitors spending a total of £80million (2023 prices)
(Office for National Statistics, 2024b).

Economic drivers and their pressures on Enclosed Farmland

The key direct economic driver within Wales that relates to the degradation of Enclosed
Farmland ecosystems is ‘Land and sea use management and change.’ Direct exploitation
as a driver of change on Enclosed Farmland is not considered to be a key issue in Wales.
Note that there is some overlap between how pressures on Enclosed Farmland manifest
via the land use / management and direct exploitation drivers. Climate change pressures
are considered to be driven by global economic activity, and the specific economic drivers
of pollution pressures are assessed via the relevant natural resource assessments.

Land and sea use and management change

Historically over the long-term (1946 to 2024) Agricultural intensification through large-
scale land modification such as drainage, fertilisation, and hedgerow removal has
simplified landscapes, negatively impacting biodiversity (SoNaRR 2020). There is a mixed
picture of this pressure over the historic long and short term.

A shift towards livestock farming resulted in a 75% decline in cultivated land (1930s—
1990s) and increased the extent of improved grassland. Hedgerow removal for agricultural
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productivity has stabilised in recent years and there are some tentative positive trends
reported by ERAMMP (Emmett, Anthony, et al., 2025). Over the short-term (2020 to 2024)
there has been a slight increase in the arable area from 5% to 6% (Welsh Government,
2024c) A rise in maize production has been linked to an increased risk of soil erosion
(Jaafar and Walling, 2010; Vogel, Deumlich and Kaupenjohann, 2016; Smith and
Boardman, 2025). Extensively managed arable land is the only Critically Endangered
habitat in the UK on the European Red List. In the future, there is greater arable and
horticultural cultivation potential with predictions of higher temperatures, reductions in field
capacity days and an increase in growing season length (Welsh Government, 2022a).
However, future risks with greater volumes and intensity of rain in the winter and spring
periods and changing timing of access to land may mean this is not realised (Bell,
Naumann and Medcalf, 2021)

The size and weight of field machinery has increased considerably between 1960 and
2010 (Schjegnning et al., 2018). (Schjgnning et al., 2018)The increased use of contractors
may lead to more field operations being carried out under unsuitable conditions as the
farmer is no longer in control of the timing of the fieldwork or the machinery (ADAS, 2019).
Topsoil bulk density (i.e. compaction) has significantly increased between 2016 and 2023
in Improved Grassland, Arable Soils and 13% on Semi-Improved grasslands (Emmett,
Bentley, et al., 2025)

Across the UK there has been a 60% decrease in the total weight of pesticide active
ingredients applied in agriculture between 1990 and 2020 (DEFRA, 2025b). More recent
data shows the weight of pesticides and the number of hectares treated on arable land has
fluctuated whilst the weight of pesticides and number of hectares treated on grassland and
fodder crops has continued to fall (Fera, 2022).

Total application rates of purchased inorganic fertiliser (NPK) has declined overall between
2019-20 and 2022-2023 (Welsh Government, 2024b) which follows broader GB trends.
Trends in organic fertilisers (livestock manures and slurries, waste, sewage sludge and
end of waste materials) are not available. It is estimated that 10 million tonnes of organic
manures are applied to the agricultural landbank in Wales each year. Modelling has shown
in some parts of the country the landbank is already under pressure. (SoNaRR 2025 Land
Use and management change chapter and SoNaRR 2025 Annex 5: Aim 4 Waste
evidence).

Between 2004 and 2024, the size of the Welsh dairy herd increased by 3% and the size of
the beef herd fell by 33%. Poultry numbers are higher than they were 20yrs ago (~3million)
and are similar to numbers in 1999-2001 (Welsh Government, 2024c).

Organic agriculture is one form of sustainable agriculture with standards that prohibit the
use of synthetic fertilisers and pesticides. The focus on utilising lower off-farm inputs with
biological and mechanical pest management has multiple benefits for the environment.
Organic agriculture tends to support higher levels of biodiversity, soil carbon stores and
has fewer negative impacts on water quality and air quality than conventional agriculture
(NRW, 2021a). The organic farming area in Wales fell from 83,100 ha in 2020 to 76,900
ha in 2023, when it was 15% of UK Organic land (DEFRA, 2024a)

82



Policy responses to climate change and the nature emergency, and delivery mechanisms
such as the UK Pesticides National Action Plan and the Sustainable Farming Scheme,
could result in more sustainable land management practices in the future (DEFRA, 2025b;
Welsh Government, 2025c).

The long-term trend (1939 — 2011) for Built development and infrastructure on Welsh
Enclosed Farmland in Wales is deterioration. Urban expansion has often been at the
expense of the most productive land and therefore enclosed farmland. The Best and Most
Versatile land decreased by 21,275 ha between 1939 and 2011. (Welsh Government,
2022c)

Between 1990 and 2021 the area of land classified as urban increased by 76,253ha, or
3.59% of the total area of Wales. Enclosed farmland saw the greatest conversion to urban,
with 41,313ha (or 3.76%) out of a total of 1,099,191ha being converted (Office for National
Statistics, 2024b). ERAMMP reports that urban cover increased by 28% (28,200ha)
between 2010 and 2021. This is an area greater than the increase in woodland area and
the majority has come from improved grassland (Emmett, Anthony, et al., 2025). The
predicted annual loss of BMV land to urbanisation (for example to increase housing
provision) over the next five decades is expected to be minimal when compared to
historical losses. (Lewis-Reddy and Behrendt, 2020; NRW, 2021a)

Wind and ground mounted solar on enclosed farmland affects the functioning of the
ecosystem, causing habitat fragmentation, loss of biodiversity, soil and drainage impacts,
loss of productive land, and potentially loss of tree cover.

Renewable energy infrastructure on enclosed farmland is a relatively new pressure.
Generation of electricity from renewable sources has been steadily increasing over the
past 15 years. In 2023 34% of total electricity generation in Wales came from renewable
sources (Welsh Government, 2025b). Only some of this will have been on enclosed
farmland. More information is provided in the SoNaRR 2025 Aim 4 assessment.

The “boom” in renewable energy capacity installations, some of which will have been sited
on enclosed farmland, has apparently levelled during the last few years. The latest data
shows significant growth in registrations of new domestic and small-scale solar and heat
pump capacity during 2023 (MCS, 2024)).

The Department for Business, Energy and Industrial Strategy proposes that future solar
power will need between 0.8 and 1.6 hectares of land to produce 1MW of power (Solar
Energy UK, no date). The direct impact areas of onshore wind turbines is considerably
less, and land between the turbines can still be used productively. There are many
policies, strategies, plans, guidance and advice notes relevant to built development and
infrastructure on enclosed farmland.

Long term trend data for afforestation is discussed in the Woodlands assessment. Some
of this will have been within enclosed farmland but it is not possible to identify how much.

There is less trend data for Trees outside Woodlands (ToW). In 2016, the extent of ToW in
Wales was 92,700ha, comprising 49,200ha of small woods (<0.5ha), 33,400ha of groups
of trees and 10,00ha of lone trees (Forestry Commission, 2017).
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The ERAMMP National Trends and Glastir Scheme Evaluation Report (2025) reported on
woodland, hedges and veteran trees extent and condition. Content relevant to woodlands
is discussed in the Woodlands assessment. In relation to hedgerows, ERAMMP (2025)
reported that the length of hedgerows (as calculated by the national estimate method) has
increased by 4% of 2010 values however, there is high uncertainty around these
estimates. There has been no change in the total number of individual trees per square.
Additional woody linear features data is available but has not been analysed to date.

Progress towards meeting Aim 4 (Contributing to a
Regenerative Economy, Achieving Sustainable Levels of
Production and Consumption)

The key opportunities taken up since SoNaRR 2020 comprise:

e Welsh Government’s Sustainable Farming Scheme (SFS), which starts in 2026,
aims to support farmers in the sustainable production of food whilst addressing both
the climate and nature emergencies. It addresses the Sustainable Land
Management objective in the Agriculture (Wales) Act 2023 to produce food and
other goods sustainably.

e The Agricultural Soil Policy Statement was published and provides the aim of more
sustainably managed agricultural soils across Wales (Welsh Government, 2025a).

Opportunities for Action Aim 4

The possible actions identified with respect to achieving Aim 4, relate to Nature based
Solutions, Payments for ecosystem services Pollution management, Sustainable
agriculture, forestry and fisheries, Sustainable construction, Sustainable transport and
Renewable energy.

Action 18.Mitigate pressures from built development and infrastructure (including for
renewable energy).

Action 19.Sustainable agriculture with appropriate grazing intensity to improve
enclosed farmland ecosystem condition, biodiversity, produce high value produce
and climate change mitigation co-benefits.

Action 20.Encourage investment in enclosed farmland ecosystems for Nature based
Solutions for climate change adaption and for water / waste purification.

Action 21.Sustainable arable production using practices such as intercropping,
complex multi-year crop rotations, cover crops, reduced tillage and integrated pest
management.

Action 22.Sustainable livestock rearing through improving soil condition, sustainable
forage management and livestock health.

Action 23.Promote Organic practices.
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Action 24.Manage use of Organic manures to improve soil health and not overwhelm
the Landbank.

Evidence Needs

Key evidence needs include baseline data on traditional orchards, hedgerows, veteran
trees, and arable plant assemblages, as well as improved grassland. There is limited
information on the condition of semi-natural habitats within farmland, such as species-rich
arable land and wood pasture. Evidence is also needed to define what constitutes “good
condition” for productive land and to assess species composition in wood pasture and
orchards. Sustainable management practices, including water efficiency and nutrient use,
require further investigation to support agro-ecological approaches that complement
natural systems and work with nature. .

Evidence is needed on soil erosion, compaction, and carbon sequestration potential in
grassland soils. The impact of maize crops for biomass, agroforestry systems, and
emerging contaminants on ecosystem services is also under scrutiny. Behavioural change
in landowners and contractors is a recurring theme, particularly regarding hedgerow
management and restoration of wood pasture. These gaps highlight the need for targeted
monitoring and policy development to enhance the resilience and sustainability of
enclosed farmland in Wales.

A better understanding of the long-term and short-term trends in the establishment and
pathways of Invasive non-native species (INNS) in relation to enclosed farmland is
needed. There is also limited information on the detailed trends of indicators that are used
to estimate the impact of schemes on addressing INNS. There is more evidence about
general trends which tend to be similar at a global/EU and GB level and across most
terrestrial ecosystems.
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Freshwater ecosystem

Evidence Lead : Suzanne Hearn
External reviewer of evidence: Rupert Perkins

Freshwater-based ecosystems occur wherever rainfall, snowmelt or groundwater collects
into rivers and streams, standing waters, or associated bogs, fens, grazing marshes,
wetlands and floodplains.

This freshwater assessment is one of eight ecosystem and three natural resource
assessments that inform the overall SoNaRR2025 report. It builds on the findings of
SoNaRR2020, drawing together updated evidence from subject experts, national datasets,
and collaborative projects such as Four Rivers for LIFE, DeeLIFE and the Upper Wye
Restoration project. This assessment is closely linked to the Water Assessment as well as
to evidence in the Climate Change and Land Use Change assessments.

The assessment is structured around four interlinked aims that guide Wales’ progress
toward the sustainable management of natural resources (SMNR), helping to
communicate the relationship between the environment, well-being, and the economy

Key messages

1. Freshwater ecosystems provide important ecosystem services including drinking water,
renewable energy production, flood and drought mitigation, waste disposal, fisheries
and recreation. However, their ability to do so is increasingly compromised.

2. The resilience of freshwater ecosystems has not improved since 2020, and some
widespread species are undergoing further declines; salmon is predicted to be locally
extinct in some Welsh rivers by 2030. There are huge pressures from climate change,
rural and urban pollution, physical modifications, changes to flow, and invasive non-
native species.

3. More frequent extreme weather events and increasing temperatures are a serious risk
to freshwaters with floods and droughts causing degradation of habitat, wash out of
species, changes in food availability, shifts in species composition and stranding of
species.

4. Restoration projects across Wales are demonstrating the positive impact of
interventions such as restoring gravels and boulders, putting large wood into rivers,
removing bank protection and embankments, re-meandering straightened sections,
creating wooded river corridors and addressing barriers. In total 854 km of river has
been improved, protected or restored since 2020 and this is set to continue into the
future.

5. We must take a collaborative approach to landscape scale catchment management,
ensuring that the Sustainable Farming Scheme delivers for freshwater and improving
our regulation of habitat degradation. Ultimately this relies on society’s awareness of the
environment and the impact of our behaviours.
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Freshwater Ecosystem Summary SMNR
Assessment

Aim 1: Stocks of natural resources are safeguarded and
enhanced

Freshwater ecosystems in Wales face significant pressures from modification, regulation,
pollution, invasive species, and climate change. Most freshwater species recently
assessed under the Habitats Regulation are in unfavourable condition, with salmon and
freshwater pearl mussel in serious decline. Invasive non-native species (INNS) such as
Himalayan balsam and signal crayfish continue to threaten native biodiversity and
riverbank stability. Pollution from nutrients, chemicals, and metals have historically
degraded water quality, though some improvements have occurred. However, emerging
contaminants like microplastics and pharmaceuticals pose new risks, and the future
outlook remains uncertain.

Efforts to safeguard freshwater resources include habitat restoration, INNS control, and
pollution management. Projects like 4 Rivers for LIFE and the Wales Metal Mines
Programme are improving river habitats and reducing pollution. Constructed wetlands and
weather stations help manage runoff and water quality. Water company investments are
addressing storm overflow spills, and research into antimicrobial resistance is advancing
understanding of waterborne health risks. These actions support species conservation and
enhance ecosystem resilience.

Aim 2: Ecosystems are Resilient to Expected and
Unforeseen Change

The resilience of freshwater ecosystems is their capacity to withstand external pressures.
The mechanisms of resilience are generally quite well understood in freshwaters, although
our understanding of the resilience of freshwaters in Wales is hampered by a lack of
national level datasets to measure it.

The assessments of diversity, extent, condition, and connectivity across freshwater
habitats reflect the way ecosystem resilience of freshwaters has been significantly
compromised by human impacts on habitat structure such as invasive species, the extent
of shade, weirs and dams, abstractions, and river-flood plain connectivity. Generally,
assessments are lower in lowland freshwaters compared with those in upland areas, with
upland lakes and rivers assessed higher for diversity and condition.

The main challenge in delivering SMNR for freshwater habitats and species in Wales is
preventing further damage and identifying opportunities to restore natural ecosystem
function in order to build resilience. Restoration projects like DeeLIFE and Salmon for
Tomorrow have improved over 850 km of river environment and enhanced fish migration
routes between 2020-2025. These efforts, alongside updated River Basin Management
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Plans and targeted habitat measures, are stabilising measures of extent and connectivity
and building resilience against climate change and other pressures.

Aim 3: Healthy Places for people, protected from
environmental risk

Freshwater ecosystems support human health by purifying water and regulating extreme
flows. In-stream and riparian processes retain significant amounts of sediment and
nutrients, improving water quality. Constructed wetlands are being trialled to treat effluents
and manage water flow, contributing to safer and cleaner environments.

These ecosystems also enhance well-being through recreation, cultural heritage, and
education. Over 28 million visits were made to freshwater sites in 2021/22, offering
physical and mental health benefits. Traditional fishing methods hold heritage value, and
many freshwater sites support learning and research. However, minority groups remain
underrepresented among visitors. Promoting equitable access and cultural services can
strengthen the role of freshwater ecosystems in public health and well-being.

Aim 4: Contributing to a Regenerative Economy,
Achieving Sustainable Levels of Production and
Consumption

Freshwater ecosystems contribute to the economy through water purification, hydropower,
and recreation. In 2023, hydropower generated 332 GWh, supporting Wales’ renewable
energy goals. Clean water reduces treatment costs for industries and utilities, and nature-
based solutions like wetlands offer cost-effective alternatives to built infrastructure.
Recreational activities linked to freshwater ecosystems support local economies, with
tourism spending reaching £90 million in 2022.

Economic pressures leading to agricultural intensification, built development and water
abstraction remain a concern, especially in the face of the changing climate. However,
nature based solutions, restoration interventions and improved land management are
promoting sustainable land use and enhancing the regenerative potential of freshwater
ecosystems. In addition, planning controls are reducing nutrient inputs into key freshwater
protected sites and rod/net licence exploitation controls have reduced pressure on salmon
and sea trout.

Key changes since SoNaRR2020

Since SoNaRR 2020, new evidence has provided more confidence in the assessment of
key freshwater species and a better understanding of the key pressures notably water
pollution. A high proportion of water bodies are failing targets for nutrients and salmon are
at risk of localised extinction.
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The impacts of climate change are becoming more evident and increasing; new evidence
shows complex interactions with salmonid spawning and survival as well as long term
reductions in cool water stoneflies in response to warming temperatures.

The improved evidence base combined with high levels of public interest and awareness
in the health of freshwaters is enabling a variety of regulatory and restoration responses.
In particular, planning controls on nutrients are in place across riverine protected sites and
we have several large-scale projects working to restore freshwater processes and
features. Moving forwards, finding sustainable funding sources and working collaboratively
across catchments are priorities to deliver long term solutions for nature and communities.

Freshwater ecosystem Full Assessment of SMNR

Aim 1: Stocks of natural resources are safeguarded and
enhanced

The natural resources, as defined in the Environment (Wales) Act 2016. Section 2, most
relevant to the Freshwater Ecosystem are Animals, plants and other organisms; Air;
Water; Soil; Climatic features and processes.

Animals, plants and other organisms

Out of 16 freshwater species assessed as part of the Habitat Regulations 9A reporting, all
but one (otter) are in unfavourable condition. Ten are the same status in 2024 compared
with 2018, five have deteriorated and one has improved (NRW, 2026). Twaite shad is
benefiting from work to improve fish passage in projects such as Unlocking the Severn
(2019). Some species are unfavourable due to reduction in range and population as well
as habitat, (for example salmon, freshwater pearl mussel and white clawed crayfish).
Other species (river lamprey, brook lamprey and bullhead) are favourable in terms of
range and population, but the habitat is of insufficient quality (NRW, 2026).

Salmon and Sea trout are in serious decline across Wales and are threatened. In 2023 all
23 principal salmon rivers in Wales failed their conservation limits and are classed as at
risk (Cefas, Environment Agency, and NRW, 2024). Clean water species such as Dippers
have recolonised previously polluted urban rivers in Wales as clean-water invertebrates
have shown some recovery in recent years (Maznikova, Ormerod and Gomez-Serrano,
2024) .

Historically Invasive, Non-Native Species (INNS) have caused deterioration of freshwater
animals, plants and other organisms. (1970 - 2025). The future outlook is that this is
expected to continue. INNS introduce pests and diseases and outcompete or predate
native species affecting their abundance and diversity in Wales’ freshwater ecosystems
(e.g. Signal crayfish) (Bubb, 2004; GB Non-native Species Secretariat, 2011b; JNCC,
2019). INNS cause structural instability in riverbanks (e.g. Himalayan Balsam) (GBNNSS,
2011a, 2011d; Greenwood, Gange and Kuhn, 2020). INNS increase localised flood risk by
blocking channels, interfering with navigation and water supply (GB Non-native Species
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Secretariat, 2011a, 2017a, 2017b). INNS are a potential future risk (e.g. Pink salmon and
Topmouth gudgeon to Atlantic wild salmon stocks) (GBNNSS, 2011h; JNCC, 2019a;
Spikmans et al., 2020). Climate change may exacerbate pressures for INNS in freshwater
ecosystems.

Air Quality

Historically, air pollution has caused deterioration of air, water and soil quality in
freshwater ecosystems. The future outlook is variable for different air pollutants. Air
pollution causes acidification (deposition of sulphur dioxide, nitrogen oxides and ammonia
leading to reduction in pH level). At a national level, acidification has reduced (1990 to
2025) and is expected to continue to reduce into the future.

Acidification is still a problem in some catchments for example above Llyn Cwellyn in the
Afon Gwryfai SAC in North Wales. Diatom analysis suggests that Llyn Cwellyn has
suffered from progressive but moderate acidification since the 1860s, with a decline of
around 0.8 pH units. From the 1980s to 1995 subtle changes in diatom composition
suggest a slight reversal, thought to be caused by a drop in sulphur deposition within the
catchment.

The upstream waterbody in the Afon Gwyrfai a Llyn Cwellyn SAC (Gwyrfai - upstream of
Cwellyn) failed targets for pH and acid neutralising capacity in the 2024 SAC compliance
assessment (NRW, 2025a). This is likely to be due to a historic problem with moderate
acidification in the upper catchment. Ongoing monitoring indicates a gradual improvement
due to reductions in atmospheric deposition and changes in forestry practices (NRW,
2022).

Water

Historically, water pollution has caused deterioration of air, water and soil quality in
freshwater ecosystems (1970 to 2025). The future outlook is variable for different water
pollutants. Water pollution from nutrients, chemicals, metals and bacteria reduces water
quality which impacts freshwater organisms, groundwater and drinking water. Invertebrate
and water quality data indicates progressive long-term recovery from past effects of gross
organic pollution in urban areas of Wales between the late 1980s and early 1990s
although this has stalled in recent years. This could be due to a combination of climate
change, emerging contaminants, CSOs, legacy contaminants and some locally
underperforming sewage infrastructure (Pharaoh et al., 2023).

Some nutrient pollution (e.g. orthophosphate and ammoniacal nitrogen) has reduced over
the long term in Welsh rivers (1990 to 2023), whilst other nutrients (e.g. nitrates) show no
clear trend. Chemical pollution (e.g. from cypermethrin) has reduced over the long term
but over the short term there have been some increases (e.g. in diazinon).

Metal pollution (largely from abandoned metal mines) has remained constant over the long
and short term, with some localised improvements seen as a result of site specific
intervention. Bacteriological pollution has improved over the long term (1980 to 2024) with
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significant improvements in waste water treatment works, but storm overflows remain a
source of pollution over the short term.

Heavy metals, polycyclic aromatic hydrocarbons (PAHSs), polychlorinated biphenyls (PCBs)
and polybrominated Diphenyl Ethers (PBDEs) that enter waterbodies are persistent and
can be toxic and bioaccumulate in the food chain. Levels are likely to have increased
during the 20th century due to the development and manufacture of new compounds and
increasing population levels (Whelan et al., 2022). Bans and restrictions have been put in
place on the production and use of many of these persistent chemicals. Despite this the
future outlook is unknown

New chemicals, pharmaceuticals and microplastics are of emerging concern for water
pollution. The water environment could be a vector of Antimicrobial resistance to humans,
and residual antimicrobial pollution may favour resistant strains. There is concern that they
may impact on ecosystems directly as well as human health, but mechanisms are not fully
understood.

Water Quantity is discussed in the SoNaRR 2025 Water assessment.

Climatic features and processes

Changes in intensity and frequency of weather events has negative impacts on
freshwater ecosystems. The future outlook is that this is expected to continue. Wales is
predicted to experience warmer, wetter winters and hotter, drier summers, with a greater
frequency of extreme events including heavy rainfall events and more intense droughts
(Lowe et al., 2019). High river flows and heavy rainfall can increase pollution to freshwater
ecosystems. Increased runoff from land increases the levels of contaminants and
sewerage systems become overwhelmed more frequently.

High flows and flooding increase erosion which re-shapes river channels and affects
sediment movement as well as affecting spawning success, juvenile survival and washing
out rooted macrophyte plants. Low flows and drought affects migration, spawning success
and mortality of fish. Droughts also cause species such as pearl mussels to be stranded;
expose water plants to physical damage, ultraviolet light, heat stress or frost; and can
increase concentrations of pollutants in the water.

Changes in water temperature also cause deterioration of freshwater ecosystems. The
future outlook is that this is expected to continue. Between 1990 and 2006, river waters in
England and Wales warmed by about 0.3°C per decade. (Orr et al., 2015). Data from
tributaries upstream of LIyn Brianne show a long-term reduction in invertebrate abundance
over four decades which coincides with increasing temperatures (pers. comm, 2024). Fish
species are also exhibiting a long term and short-term response to the changing climate.
The decline of arctic charr populations is correlated with warming lake temperatures and
the warm 2016 winter is linked to reduced salmon spawning and recruitment. Other long-
term impacts recorded in Wales include phenological changes, increased incidence of
INNS, shifts in community composition, reduction in water quality and increased algal
blooms. All these impacts are likely to intensify as water temperatures continue to increase
in future decades.
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Pressures from economic activity (see Aim 4 for more detail)

Pressures arising more directly from economic activity are also negatively affecting natural
resources in freshwater ecosystems and ecosystem resilience (see Aim 4 for more detail).
These pressures are (in alphabetical order): abstraction of water; agricultural
intensification; built development and infrastructure, freshwater fisheries; physical
modifications.

Abstraction of water, especially from small watercourses and groundwater, combined
with inefficient use, can severely impact ecosystems — particularly during dry periods — by
reducing river flows, lowering lake and groundwater levels, drying wetlands, and degrading
water quality. Elevated temperatures, increase in pollution concentration and reduced
oxygen levels further threaten aquatic life, hindering fish migration and increasing
vulnerability to disease and predation. See also Water Assessment.

Agricultural Intensification is identified as a concern with respect to the management of
land used for farming, particularly in relation to the affects it has on land drainage, soil
compaction, loss of riparian corridor habitat, erosion and pollution to watercourses.

Built development and infrastructure is also a pressure of concern leading to an
increase in the risk of flooding and pollution, along with loss of habitats, species and
connectivity between rivers and flood plains, and between rivers and ponds/lakes.

Freshwater fisheries has been a pressure in the past. Direct exploitation of salmon and
eels is now not permitted anywhere in Wales.

Physical modifications have a detrimental effect on river and lake processes and overall
ecosystem functioning and reduce ecosystem resilience to other pressures.

Progress to meeting Aim 1 - Stocks of natural resources are
safeguarded and enhanced

The key opportunities taken up since SONaRR2020 comprise:

e INNS management in collaboration with Bannau Brycheiniog National Park
Authority and West Wales Rivers Trust, as part of 4 Rivers for LIFE. Providing
benefits to SAC rivers through habitat improvement and reducing livestock access
to the river, which reduces nutrient and sediment inputs.

e Constructed wetlands for water flow attenuation and treatment.

e 12 Weather stations installed across South Wales rivers between 2020 and 2025.
They allow farmers to plan their farming activities, such as slurry spreading,
herbicide spraying, grass cutting; to minimise the run-off from land into river.

e Water company investment to address environmental impact of discharges to the
water environment include a significant programme to address storm overflow spills.

e The Wales Metal Mines Programme started in 2020 with an overall aim of reducing
metal mine pollution to land and rivers. There are 25 projects in the pipeline to carry
out measures at over 50 sites.
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e Our understanding of Antimicrobial Resistance (AMR) in Wales has improved
through a literature review on existing data and knowledge; risk mapping of AMR at
catchment level; and Molecular analyses of wastewater and some river water for
AMR genes.

Opportunities for Action Aim 1

The possible actions identified with respect to achieving Aim 1 in Freshwater ecosystems
relate to INNS and other species management, Pollution management, Species
conservation and enhancement, Research and technology, Resource protection, and
Sustainable agriculture forestry and fisheries.

Action 1. Control INNS in freshwater ecosystems that introduce pests and disease,
outcompete or predate native species, effect bank stability, cause flooding, reduce
navigation and clog pipes.

Action 2. Protect and boost native species populations by enhancing native habitats.
Action 3. Research air pollution and its effects on freshwater ecosystems.

Action 4. Control water pollution and protect freshwater ecosystems from its negative
effects.

Action 5. Remediation of contaminated waters, including ground water, effected by
new chemicals, microplastics and pharmaceuticals.

Action 6. Adapt freshwater ecosystems (especially heavily modified areas) to increase
resilience to changing climatic processes and support native species.

Action 7. Research the emerging contaminants in freshwater ecosystems, including
groundwater.

Aim 2: Ecosystems are Resilient to Expected and
Unforeseen Change

Ecosystem Resilience is assessed in SoNaRR by using four ecosystem attributes as
proxies: diversity, extent, condition and connectivity for each of the seven habitat types
that make up the Freshwater ecosystem. The seven habitat types are upland rivers,
lowland rivers, upland (low nutrient) lakes, lowland (higher nutrient) lakes, marl lakes,
ponds and flood plains. There is a large variation in data availability across each of the
habitats making up the freshwater broad ecosystem. Many data gaps remain.

Diversity

Historically habitat and species diversity of freshwater ecosystems has declined over the
long term (WWF 2018). The historic short term is a mixed picture, with urban streams
showing some improvements (Pharaoh et al., 2023). Rivers and most lakes are described
as stable since 2014 (NRW, 2026). Marl lakes have deteriorated since 2014 (NRW, 2026).
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Ponds have deteriorated between 2016 and 2023 (Emmett et al., 2025) The current
assessment of diversity is different across the habitat types. 4 habitat types have low
diversity (upland rivers, lowland rivers, lowland lakes, flood plains), 2 have medium
diversity (marl lakes, ponds) and 1 has high diversity (upland lakes). The future outlook is
a mixed. Most lakes are assessed as deteriorating with marl stable to 2050 There is
limited evidence to assess the future trends of rivers, ponds and flood plains (NRW, 2026).
Habitat restoration measures such as growth of riverside trees and removal of barriers are
expected to create improvements, but this will take some time to take effect.

Extent

Historically extent of freshwater ecosystems have declined over the long term with many
rivers straightened and simplified to single channels with much reduced features and
processes (NRW, 2021). However, very little, if any channelisation of rivers or filling in of
lakes has occurred in Wales over the last 20-30 years and it is therefore highly unlikely
that there has been a detectable change in area of freshwater habitats in recent years
(JNCC, 2019, 2019).

The future outlook is a mixed picture for all river habitat types. All lakes are assessed as
stable to 2050. There is limited evidence to assess the future trends of ponds and flood
plains (NRW, 2026). In the absence of improvements to the current regulatory system,
further gradual habitat loss is likely, especially for ponds and rivers. However, the use of
the Stop Notices in cases of physical damage to rivers is having a positive impact (NRW,
2024c, 2024a) and the planned restoration work will increase the extent of river habitat
(see opportunities Aim 2).

Condition

Historically over the long and short-term, the condition of freshwater ecosystems show a
mixed picture (Emmett et al., 2025). There has been a general and widespread decline in
the countryside, especially in lowland areas and a gradual improvement in the uplands
due to ongoing recovery from acidification and marked recovery in post-industrial areas,
largely due to mine closures and in some instances, mine water treatment. The condition
of marl lakes has deteriorated over the long-term (1995 — 2024) and short-term (2014-
2024). The current assessment of condition is different across the freshwater habitat
types. Five habitat types are assessed as low for condition (lowland rivers, lowland lakes,
marl lakes, ponds and flood plains), two are assessed as medium for condition (upland
rivers, upland lakes) and none are assessed as high (Emmett et al., 2025; NRW, 2025b,
2026). The future outlook is a mixed picture for all habitat types except marl lakes, which is
predicted to be stable to 2050. Whilst there is significant restoration activity across many
catchments in Wales planned for future years, pressures are continuing and, in some
cases, increasing.
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Connectivity

Historically over the long term, the connectivity of freshwater ecosystems is deteriorating.
Over the short-term it is a mixed picture. The current assessment of connectivity is
different across the habitat types with two habitat types assessed as low (lowland rivers
and flood plains), two habitat types assessed as medium (upland rivers and ponds). The
future outlook to 2050 is a mixed picture for all relevant habitat types. There is increasing
awareness of the importance of connectivity for freshwaters and this is starting to translate
into practical restoration projects (NRW, 2024e, 2024b).

Progress towards meeting Aim 2 (Ecosystems are Resilient to
Expected and Unforeseen Change)

The key opportunities taken up since SoNaRR 2020 comprise:

e Largescale freshwater restoration projects are addressing a range of pressures and
making rivers more resilient. These include DeelLIFERIver, 4 Rivers for LIFE, Upper
Wye; NRW’s River Restoration Programme, Salmon for Tomorrow, Sustainable
Fisheries Programme; and work by organisations such as the National Trust and
Rivers Trusts across Wales through the Inland Fisheries Habitat Grant. Between 2020
and the end of 2024, these projects resulted in:

o 854 km of river environment improved, protected or restored.
o 100 ha of habitat created, protected or restored.

o 77 barriers to migratory fish improved.

o 954 km of habitat connectivity improved for migratory fish.

e Updated River Basin Management Plans were published for Wales in 2021

e Salmon and SeaTrout Plan of Action - National and Cross-border Byelaws
implemented and enforced, Fish Eating Bird Review concluded, and implementation
project initiated. Additional monitoring of salmon migration on the Usk. Habitat
measures delivered through Salmon 4 Tomorrow and Inland Fisheries Habitat
Restoration programmes.

Opportunities for Action Aim 2

The possible actions identified with respect to achieving Resilient Freshwater ecosystems

relate to Ecosystem restoration, Ecosystem creation, Ecosystem protection, Integrated

plans, strategies and delivery, Nature based Solutions, Pollution management Species

conservation and enhancement, and Sustainable agriculture, forestry and fisheries.
Action 8. Improve connectivity of lowland rivers and flood plains

Action 9. Improve condition of lowland rivers, lowland lakes, marl lakes, ponds and
flood plains

Action 10.Prevent habitat loss, particularly for ponds and rivers.
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Action 11.Improve (species and habitat) diversity of upland rivers, lowland rivers,
lowland lakes, flood plains

Action 12.Adapt rivers to increasing temperatures resulting from climate change (i.e.,
River shading via afforestation or riparian habitat)

Aim 3: Healthy Places for people, protected from
environmental risk

Health protection

Freshwater ecosystems contribute to human health protection through the supply of the
following regulating services:

Water purification services contribute to cleaner water for people to consume and
use for recreation. The supply of these services is dependent on context, including
catchment sizes, morphology, climatic conditions, and topography. It is estimated that
in-stream processes in catchments retain about 173 tonnes of nitrogen every year,
while riparian habitats account for about 29 tonnes of retention (Economics for the
Environment Consultancy and UK Centre For Ecology & Hydrology, 2022)

Water flow regulation services - There is evidence that river restoration can slow
flood flows through the reintroduction of features such as meanders and encouraging
reconnection of rivers with their floodplains and enable the storage of floodwaters on
floodplains (DEFRA et al., 2025).

Health Improvement

Freshwater ecosystems contribute to human health improvement through the supply of the
following cultural ecosystem services:

Recreation-related services provide opportunities for people to enjoy in-situ
interactions with nature and associated physical and mental health benefits. In
2021/2022, people in Wales made over 28 million recreational visits to freshwater
ecosystems (PaNS 2021/2022, NRW analysis — subject to update) (e.g. walking,
recreational fishing, open water swimming, boating and canoeing). The Office for
National Statistics (2024) estimates that visits to freshwater ecosystems increased by
approximately 12% between 2019 and 2022, with around 100,000 people gaining
related health benefits from these visits per year in Wales (same as estimated for
2009) (Office for National Statistics, 2024 ). Recreational fishing of migratory fish is
underpinned by the nursery population and habitat maintenance services that maintain
fish stocks.

Recreation-related ecosystem services are often enjoyed in combination with visual
and sensory amenity services. In 2017, around 70% of inland waters are considered of
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high or outstanding landscape value in terms of their scenic quality, integrity, character,
or rarity. (White Consultants, 2018)

Nursery population and habitat maintenance services cause an increase in the
supply of relevant provisioning and cultural ecosystem services used by people.
Upland rivers and streams provide important spawning and nursery habitat for salmon
Salmo salar and trout Salmo trutta and contribute to maintaining stocks important for
recreational fishing. In 2023, Wales recorded the lowest catches of both salmon (252
nets, 848 rods) and sea trout (610 nets, 5,669 rods) since consistent records began in
1970s (Salmon Stocks and Fisheries in England and Wales 2023). There is an ongoing
decline in the capacity of freshwater ecosystems to supply this service.

Cultural Well-being

Freshwater ecosystems contribute to people's cultural well-being through the supply of the
following cultural services:

Spiritual, artistic and symbolic services: Traditional methods of net fishing for inland
fish species are recognised as having a heritage value (Russell et al., 2011, p. 1020). In
2023 a total of 252 Salmon and 610 Sea trout were caught using these techniques
(Cefas, Environment Agency, and NRW, 2024)

Education, scientific and research services. There are multiple nature reserves,
SSSIs and other freshwater ecosystem sites that provide learning and research
opportunities for people in Wales. However, indicators for the scale of the use of this
service are unavailable for freshwater ecosystems discretely.

Equitable access

Minority groups are under-represented among visitors to waterways, national parks, and
heritage sites — for example, before the Covid-19 pandemic only ~1% of visitors to UK
National Parks were from Black or Asian backgrounds (Welsh Government, 2024)

See SoNaRR 2025 Aim 3 assessment for equitable access and flood risk

Progress towards meeting Aim 3 (Healthy Places for people,
protected from environmental risk)

The key opportunities taken up since SoNaRR 2020 comprise:

Natural Resources Wales are working with the water industry and others on the use of
constructed wetlands for a variety of uses ranging from flow attenuation to treatment.
NRW has committed to work with Dwr Cymru on two trials at Tremeirchion Sewage
Treatment Works and Pontyfelin storm overflow aimed at providing evidence and
potential solutions to treating effluents.
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Opportunities for Action Aim 3

The possible actions identified with respect to achieving Aim 3 in the freshwater
ecosystem relate to Access to nature, Nature based solutions, Payment for ecosystem
services, and Pollution management.

Action 13.River restoration and wetland construction to improve water quality for

recreational use and direct consumption

Action 14.River restoration and wetland construction to reduce flood risk where

appropriate

Action 15.Increase opportunities to visit river ecosystems (especially of high visual and

sensory value) to support health improvement

Action 16.Promote the role of freshwater ecosystems in contributing to cultural heritage

and learning

Aim 4: Contributing to a Regenerative Economy,
Achieving Sustainable Levels of Production and
Consumption

Freshwater ecosystems contribute to economic well-being through the supply of the
following regulating services:

Water purification services (water quality regulation) - Reduced water treatment
costs for water utility and industries that abstract water direct from rivers - The
supply of these services are dependent on context, including catchment sizes,
morphology, climatic conditions, and topography (Economics for the Environment
Consultancy and UK Centre For Ecology & Hydrology, 2022)

Pollination services - Increase in fertilisation and production of agricultural crops
and commercial horticulture - The contribution of pollinators to crop production in
Wales is not known (Welsh Government, 2019, p. 3), Freshwater ecosystems
contribute to economic well-being through the supply of the following provisioning
services:

Energy from Hydropower - In 2023 the estimated hydropower generation in Wales
was 332 GWh across 380 projects (Welsh Government, 2025)

Water supply for distribution - 523 million cubic meters abstracted by Welsh Water
in 2023 for the public supply (Office for National Statistics, 2024)
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Freshwater ecosystems contribute to economic well-being
through the supply of the following cultural services:

e Recreation-related services - over 28 million recreational visits to freshwater
ecosystems (e.g., for walking, recreational fishing, open water swimming, boating,
and canoeing) (Owen, Rhydderch and Williams, 2025). These visits are linked to
the leisure economy and include around 37,000 rod licenses (Environment Agency,
2025, tbl. 22), participation in canoeing of 61,500 adults and 62,000 children and
around 1,600 boats counted on canals in Wales (Canal and River Trust, 2024b,
2024a).

Economic drivers and their pressures on freshwater
ecosystems

The key direct economic drivers within Wales directly related to the degradation of
freshwater ecosystems relate to Land and sea use and management change and Direct
exploitation. Climate change pressures are considered to be driven by global economic
activity.

Land and sea use and management change

Historically (1970 — 2025) agricultural Intensification has negatively affected animals,
plants and other organisms in freshwater ecosystems, particularly in areas of intensive
dairy farming (for example in West Wales and the lower Dee catchment) (Pharaoh et al.,
2024). Over the shorter term (2020 to 2025) numbers of cattle, calves, sheep and pigs
have decreased and numbers of poultry have increased. Pollution from agriculture and
land management are amongst the top pressures on freshwaters in Wales in terms of
impact and likely future development (NRW, 2024d). See Freshwater ecosystem Aim 1 for
more information on pollution trends.

The future outlook is that there will be more pressure on the limited supply of land to meet
the predicted increase in global demand for food and timber (Confor, 2022; Meat
Promotion Wales, 2024). Agricultural Intensification can result in increased land drainage,
soil compaction, loss of riparian corridor habitat, erosion and pollution to watercourses.

Historically (1970 to 2025) built development and infrastructure has led to deterioration
of freshwater ecosystems. The Building in floodplains is a key concern due to the increase
in the risk of flooding and pollution, along with loss of habitats, species and connectivity
between rivers and flood plains, and between rivers and ponds/lakes.

Historically the pressure of physical modifications has been increasing (1970 to 2025).
The number of incidents involving river modifications reported increased from
approximately 100 per year between 2016 to 2020 to approximately 200 per year between
2021 and 2024 (NRW, 2024c). Physical modifications have a detrimental effect on river
and lake processes and overall ecosystem functioning and reduce ecosystem resilience to
other pressures. See Aim 2
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Direct Exploitation

Direct exploitation of freshwater ecosystem services by the economy is as a result of direct
abstraction of water, and freshwater fisheries.

Water is abstracted from surface waters and groundwater and is used for household
water supplies, agriculture, amenities, crown estates, industry and the environment.

Small water courses and groundwaters that supply abstractions and groundwaters are
particularly vulnerable during prolonged dry periods.

Historically (1995 to 2020) the volume of water supplied by DWwr Cymru has reduced from
1000 MlI/d to 850 MI/d. About half of this reduction is due to reduced leakage, the rest is
due to reduced demand from heavy industry and customers increasing appreciation of the
value of their water supply and subsequent reduction of usage. (Dwr Cymru Welsh Water,
2024). Over the shorter term (2019 to 2024) the trend is less clear, with most sectors
increasing their water demand but Industry reducing by 11% (licensed abstractions by
sector).

Hafren Dwfrdwy predict a long-term decline in demand for water in North East Wales,
driven by a falling population over the next 60 years (Hafren Dyfrdwy, 2024).

Considered to have had an impact on the freshwater ecosystem in the past, recent trends
(2020 — 2025) show that fisheries as a pressure has reduced due to exploitation controls.
Other pressures such as climate change are having a greater impact (ICES, 2022; Cefas,
Environment Agency, and NRW, 2024). Harvesting of salmon and eels is no longer
permitted anywhere in Wales. The last eel fisheries operating in Wales were closed in
2021. Byelaws in 2020 have addressed concerns about declining salmon and sea trout
stocks across Wales. Legal exploitation is now at a low level for these species, and it is
thought that illegal exploitation in rivers and estuaries is also at a low level.

The impact of climate change and the level of unreported or illegal fishing for salmon at
sea and particularly in the high seas outside of Economic Exclusion Zones remains a key
concern. Some scientists believe this may be one of the main causes of the continued
decline in salmon (Dadswell et al., 2022)

Contributions of Freshwater ecosystem to sustainable
economic production and consumption

Electricity generated from hydropower and pumped hydropower facilities plays an
important role in Wales in decarbonising the energy sector. 4% of all Wales renewable
energy generation in 2023 was from hydropower (Welsh Government, 2025). Therefore,
water plays an important role in supporting the transition to a circular economy and
achieving net-zero emissions in Wales. However, the hydropower sector is associated with
the highest land use intensity of energy generation (see Aim 4, Annex on Circular
Economy Deep Dive). The Welsh Government has set a target for renewable electricity
generation to be equivalent to 100% of annual electricity consumption by 2035. In 2023,
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renewable electricity generation in Wales was equivalent to 53% of its electricity
consumption, including losses

Safeguarding and enhancing clean water resources will reduce chemical and energy costs
associated with water treatment. Green (or nature based) solutions can contribute to these
cost savings whilst also serving to build back the stocks of nature in catchments (Dwr
Cymru Welsh Water, 2023).

There is evidence that investment in river restoration and constructed wetlands in the right
places improves water quality (Carstensen et al., 2020), decreasing investments in
treatment works, and mitigates flood risk (reducing the need for built infrastructure
solutions). (DEFRA et al., 2025)

Those visiting Freshwater ecosystems in Wales for tourism and recreation spent around
£90 million in 2022 (Office for National Statistics, 2024 ), providing opportunities to boost
the local economy..

Progress towards meeting Aim 4 (Contributing to a
Regenerative Economy, Achieving Sustainable Levels of
Production and Consumption)

The key opportunities taken up since SoNaRR 2020 comprise:

e Water meter uptake increased from 40% to 47% in the Dwr Cymru area between
2019 and 2020/21. (Hafren Dyfrdwy customer research shows limited appetite for
universal metering, as the area they serve is not water stressed)

e Welsh Government study identified potential abstraction hotspots for private water
supplies.

» Various regulatory work as well as proactive projects such as the DeeLIFE and 4
Rivers for LIFE have been working to improve land management practices across
catchments. Between 2020 and the end of 2024, the following has been delivered:

o 500km of riparian corridor improved or created

o More than 40000 trees planted

o 120 farms visited.

o 68 farm reports completed, advising on land management practices over
7,300 hectares.

o On farm works carried out on 26 farms.

Opportunities for Action Aim 4

Action 17.The possible actions identified with respect to achieving Aim 4 relate to
Access to Nature, Increase resource use efficiency, Nature based Solutions,
Payments for Ecosystem Services, Pollution management, Research and
technology, Sustainable agriculture, forestry and fisheries, and Sustainable
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construction, Increase participation in freshwater recreation to boost local
economies

Action 18.Invest in river restoration and wetlands taking a nature based approach to
improve biodiversity, water quality and flood protection where costs are beneficial

Action 19.Research, development and implementation of water efficiency measures
across all sectors.

Action 20.Identify opportunities for water transfer schemes to contribute to a
regenerative economy on a UK-wide scale

Action 21. Implement vision of the Climate Resilient Fisheries Strategy to ensure
sustainable managed fisheries allow more people from more backgrounds to
connect with nature.

Evidence Needs

There is a critical need to assess the current extent, condition and trends in freshwater
ecosystems in Wales. Evidence gaps include the extent of physical modifications, the
impacts of climate change and the vulnerability of freshwater-dependent species. Tools for
measuring ecosystem health and the benefits of restoration interventions are also needed,
alongside improved monitoring of species such as lamprey, frogs, and toads. These
insights are essential for informing sustainable management and enhancing the resilience
of freshwater ecosystems under increasing environmental pressures.

A significant number of evidence needs relate to understanding the sources and impacts
of water pollution, including fine sediments, emerging contaminants, and agricultural
runoff. There is a call for reliable source-apportionment methods and tools to quantify the
ecological effects of pollutants on species like salmon and freshwater pearl mussels.
Additionally, the role of regulatory practices, abstraction pressures, and water efficiency in
shaping ecosystem health requires further investigation.
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Evidence lead: Jenny Oates
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The marine ecosystem includes the intertidal and subtidal inshore areas. The intertidal is
the area between the high water mark and low water that is inundated with seawater at
some stages of the tidal cycle. The subtidal is the area that is permanently immersed in
seawater

This marine assessment is one of eight ecosystem and three natural resource
assessments that inform the overall SoONaRR2025 report. It builds on the findings of
SoNaRR2020, drawing together updated evidence from subject experts, national datasets,
and collaborative projects such as the Marine Climate Change Impacts Partnership. This
assessment is closely linked to the Coastal Margins ecosystem assessment and Water
assessment.

The assessment is structured around four interlinked aims that guide Wales’ progress
toward the sustainable management of natural resources (SMNR), helping to
communicate the relationship between the environment, well-being, and the economy

Key messages

1. Wales has a rich and diverse marine ecosystem which can provide many important
services for people and the economy, including food, energy, blue carbon and
recreation. Some of these services could be developed as nature-based solutions for
the people and economy of Wales through habitat restoration and enhancement.

2. Around half of the species and habitats assessed in Welsh marine protected areas
(MPAs) are in unfavourable condition. There are multiple causes; one of the main
causes is water pollution. The condition of habitats outside MPAs is thought to be an
equally mixed picture.

3. Climate change is leading to increasing pressures affecting Welsh marine ecosystems,
including sea level rise and increased temperatures. Expansion of offshore renewable
energy to meet net zero targets needs careful management to meet the requirements of
both the climate and nature emergencies.

4. Effective marine management to reduce pressures, actions to restore habitats, and a
collaborative approach to landscape scale catchment management to tackle multiple
sources of pollution, are required to improve resilience of marine ecosystems.
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5. Addressing many of the known pressures requires a collaborative, strategic and multi-
faceted approach, for example through marine planning, building the evidence base,
and influencing behaviour change through engaging people with the sea.

Marine ecosystem Summary SMNR Assessment

Aim 1: Stocks of natural resources are safeguarded and
enhanced

Welsh seas contain a rich variety of natural resources. Populations and habitats show
mixed trends, and key pressures affecting their condition and extent include climate
change, disease, water pollution, invasive species and marine activities. Climate change
is a growing threat with increasing sea temperatures, accelerating sea level rise and
increasing ocean acidification. Climate induced changes in species distributions and
survival, and the extent and condition of coastal habitats are already being observed.

Water pollution remains a persistent issue. Excess levels of nutrients in estuaries (point
and diffuse, e.g. from agriculture), are impacting condition, and contaminants like mercury
and PCBs are still present at harmful levels in some areas. Marine litter, especially
plastics, remains widespread despite some short-term improvements. Although there is
low confidence in the data available for more recent trends of marine Invasive Non-Native
Species (INNS), they continue to impact biodiversity and marine industries. Anthropogenic
underwater noise is widespread and likely to increase with expanding marine
development. Highly Pathogenic Avian Influenza has led to sharp declines in
internationally important seabird populations since 2021.

Funding mechanisms are being developed to support delivery of actions to safeguard and
enhance species and habitats (e.g. Marine Fund Cymru), and there is a growing emphasis
on developing and communicating evidence to help target effort to support positive
outcomes. Going forwards, SMNR and strategic planning need to be climate-smart, taking
account of predicted changes and adapting approaches to meet the implications of a
changing climate.

Aim 2: Ecosystems are Resilient to Expected and
Unforeseen Change

Marine ecosystem resilience is assessed through diversity, extent, condition, and
connectivity. There is a mixed picture for diversity in Welsh seas. Declines have been
noted in some specific areas, such as the intertidal habitats in Milford Haven and the horse
mussel beds in Pen LIyn A'r Sarnau Special Area of Conversation, although diversity of
many habitats remains stable. Marine habitat extent also shows a mixed picture in long
and short term trends. For intertidal habitats, the long term trend is a decrease in extent,
but the short term trend is more variable. The picture for subtidal habitats is also mixed
although there are known decreases in extent of maerl beds.
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Over the long-term, condition of habitats has been deteriorating in the intertidal zone linked
to pressures including overgrazing, water pollution, coastal development and activities like
bait digging. Condition of subtidal habitats show mixed trends. Connectivity across
marine habitats is generally high and stable.

Actions to enhance resilience of marine ecosystems are gaining momentum, this includes
recovery of habitats and species through the removal of pressures and active restoration.
Work is also progressing to fill evidence gaps to understand the factors which are
impacting resilience, and to identify which areas are most suitable for recovery and
restoration to target action and deliver positive outcomes.

Aim 3: Healthy Places for people, protected from
environmental risk

Marine ecosystems support human health by regulating climate, protecting coasts, and
purifying water. Crucially, Welsh marine habitats store over 113 million tonnes of carbon,
comparable to Welsh forests, and sequester thousands of tonnes annually. Seagrass and
kelp help reduce coastal erosion and flood risk. Bathing water quality is high, with 94% of
designated sites rated Excellent or Good in 2025.

Marine ecosystems play an important role in well-being through recreation. A 2021/22
report showed people in Wales made approximately 20 million visits to the marine
environment, and research shows that most people recognise the positive impact on their
mental and physical health. Marine ecosystems also support cultural services including
education, research, and spiritual value. Access remains unequal, with inland and lower-
income communities facing barriers, though the connection of local communities to their
coastal areas remain strong. Wales is the first country in the UK to publish an Ocean
Literacy Strategy (published in 2025), with a range of actions proposed to strengthen
people’s connections with the marine environment.

Aim 4: Contributing to a Regenerative Economy,
Achieving Sustainable Levels of Production and
Consumption

The offshore renewables sector in Wales provides an important contribution to the
economy; offshore wind investment in Wales reached £103 million in 2023, with future
projects expected to create thousands of jobs. Tourism and recreation contribute
significantly to the economy, with nearly 20 million marine visits annually. Sustainable
tourism could help regenerate ecosystems and communities if managed well. The marine
environment also contributes to Wales’ economy through providing a means of global
trade, seafood, sand for construction and coastal protection.

Pressures from renewable energy infrastructure, and recreational activities are likely to
increase, but evidence, guidance and mapping tools are being developed to support
sustainable marine planning. Fisheries management plans and monitoring systems are
being implemented to help ensure long-term sustainability. Strategic planning aims to
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balance development with environmental protection, addressing both the climate and
nature emergencies as well as supporting the economy.

Key changes since SoNaRR2020

Since SoNaRR 2020, new evidence has provided more confidence in the assessment of
marine habitat condition and a better understanding of the key pressures which include
water pollution. The condition of marine intertidal habitats and the extent of subtidal
habitats have deteriorated. Seabird populations have suffered sharp declines due to Highly
Pathogenic Avian Influenza.

The effects of climate change are becoming more evident and increasing for marine and
coastal ecosystems, and new evidence predicts significant effects due to coastal squeeze.
The planned expansion of offshore renewable energy has accelerated since the
introduction of net zero targets and this presents both opportunities and challenges in
responding to the climate and nature emergencies.

The improved evidence base is supporting the development of more targeted actions to
enhance the resilience of marine and coastal ecosystems. These restoration and recovery
agendas are receiving increased and needed attention, and identifying and developing
sustainable funding mechanisms to support delivery is a priority. The publication of an
Ocean Literacy Strategy for Wales in 2025 represents an opportunity to increase capacity
and engagement, promote behaviour for sustainable use of marine resources and
increase access to well-being benefits.

Marine ecosystem Full Assessment of SMNR

Aim 1: Stocks of natural resources are safeguarded and
enhanced

Animals, plants and other organisms

Seabirds: 2019 -2025: Deteriorating. We reported in SoNaRR2020 that auks, gannet,
Manx shearwater, and terns had healthy population increases. There have been
reductions since 2000 in most gull species except Great black-backed gulls and a
reduction in shags and cormorants. Since avian influenza arrived in the UK in 2021,
populations of gannets, terns and guillemots have been hit by mass mortalities. For
example, in 2023, Northern gannets on the third largest colony in the world, Grassholm,
declined by 57%, Sandwich tern decreased by 42% in Wales and common tern decreased
by 39% in Wales. Reductions in black-headed gull and guillemots are yet to be assessed
(Tremlett, Morley and Wilson, 2024).

Wintering Waders: 2010/11 - 2020/21: Deteriorating. Wales has seen large declines in
grey plover, bartailed godwit and black-tailed godwit. The UK has seen an increase in
black tailed godwit and smaller declines in grey plover and bar-tailed godwit. Wales and
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the UK have also seen a similar decline in oystercatcher, curlew, and dunlin. Knot have
increased over the UK but have seen a decline in Wales whilst Wales has seen an
increase in redshank compared to a decrease across the UK (Austin et al., 2023).

Wintering Wildfowl: 2010/11 - 2020/21: Deteriorating. Wales has seen decreases in
Greenland white-fronted geese, wigeon, teal and great crested grebe similar to the UK but
often these decreases are greater. Wales has also seen decreases in Pintail and Shoveler
whilst these have increased across the UK. Wales has seen an increase in Gadwall and
shelduck whereas these have declined across the UK (Austin et al., 2023).

Grey Seal 1992 to 2025: Improving. Over the long-term, the grey seal population at
monitored sites in Welsh waters has shown an upward trend in pup production(Strong et
al., 2006; J. C. Bull et al., 2017; J.C Bull et al., 2017; Morgan, Morris and Stringell, 2018;
Bull et al., 2021; Robinson et al., 2023; Bliche and Bond, 2024).

Harbour Porpoise 2005 to 2022: Unknown in Welsh inshore waters. Significant decline
between 2005 and 2022 in Celtic and Irish Seas. The harbour porpoise population in the
Celtic and Irish Seas Management Unit are subject to high levels of fisheries bycatch.
(Hammond et al., 2013, 2021; Rogan, E et al., 2018; Gilles A et al., 2023; Paradell et al.,
2024).

Bottlenose Dolphin 2001 to 2024: Stable in Cardigan Bay. The population associated
with the coast of Wales has been generally stable over the longer term with several
hundred individuals. There is some evidence of a population decline in the last decade or
so from a peak in 2008/2009 but a slight upswing in recent years. Future outlook is that the
population in Wales will continue to be stable (Lohrengel et al., 2017, 2025; Geelhoed et
al., 2022; Inter-Agency Marine Mammal Working Group, 2023).

Increases in water temperature are leading to an apparent northward shift in some
warmer water cetacean species around the UK. This is resulting in novel food-web
interactions, increased predation risk and competition for prey species. Evidence
continues to show that changes in summer algal blooms and zooplankton affect important
prey species such as sand eels (Martin, Banga and Taylor, 2023). Increases in warm-
water fish species in UK waters continue to be observed, along with local declines of some
cold-affinity species. Several species of cephalopods have shown noticeable increases in
abundance and geographical spread in UK waters due to ocean warming (Fox et al.,
2023).

The number of Invasive Non-Native Species (INNS) in Wales has generally been
increasing since the 18" century and accelerated from the 1950s due to increased trade
and travel globally (Seebens et al., 2023), which is likely to be reflected in marine INNS.
Data collected more recently suggests there is some conflict in the data available for more
recent trends of INNS in marine ecosystems. One assessment notes rates of new
introductions is stable (from 2009-14) and decreasing (2015-2020) (OSPAR Commission,
2017; Steehr et al., 2022; Cefas, in prep). Other sources for general INNS indicate a
general continuous increase for INNS. Marine pathways for INNS in Wales are unlikely to
change substantially in the medium term (2025 to 2070) (Dewey, N. et al., 2021).
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Invasive Non-Native Species (INNS) impact on biodiversity and ecosystem resilience
through competition with native species, predation, disease, altering structure of
ecosystems, genetic impacts such as hybridisation, spreading disease or interfering with
the genetic integrity of native species (Welsh Government, 2017; Tillin et al., 2020; Roy et
al., 2023). INNS can have economic costs for marine sectors such as fisheries (Eschen et
al., 2023), due to increased cleaning time and restriction on movement of stock. Many
other sectors can be negatively affected, such as the marine recreation sector and industry
(GB Non-Native Species Secretariat, 2024).

Pests and diseases have affected marine animals. The Highly Pathogenic Avian
Influenza (HPAI) is a new and major threat to internationally important seabird populations
in the UK (Tremlett, Morley and Wilson, 2024). HPAI caused mass mortality of seabirds in
the UK and Wales in 2022 and 2023. Recent evidence suggests that the avian flu virus is
changing and adapting to infect mammals, including marine mammals (Plaza et al., 2024).
In the future there is a risk that this emerging pathogen could impact new environments
and species.

Water

Historically, there is a mixed picture for water pollution in marine ecosystems (1980 to
2025). This has not changed over the short term (2020 to 2025) and is likely to continue in
the future (to 2030). Types of water pollution include nutrients, chemicals, metals, bacteria,
suspended solids, warm water, and litter (which reduces water quality or leads to
entanglement, ingestion and bioaccumulation which impact marine organisms). See
SoNaRR 2025 Water assessment.

There are excess levels of nutrients in transitional waters (particularly estuarine) as a
result of point source or diffuse pollution mainly from agriculture, which is impacting marine
feature condition. For the 20 habitat features across the marine SACs in unfavourable
condition, 9 had a primary failure for water quality (nutrients (DIN only)) (45%) (Hatton-
Ellis, et al., 2025). Some of these may also have failed for other water quality indicators
such as contaminants, phytoplankton or nuisance algae. 44 of the 56 (79%) transitional
and coastal waterbodies assessed in the WFD 2024 cycle 3 interim assessment were
classified with a less than Good status for the overall waterbody classification (NRW,
2025c).Contaminants, including metals, show a mixed picture over the long-term (1980 to
2025). Concentrations of pollutants in stranded marine mammals along the coast of Great
Britain have declined over the last three decades, although persistent organic pollutants
are still present at concentrations that are likely to significantly impact marine mammal
health (Williams et al., 2023).

Over the shorter term, heavy metals and other persistent pollutants in sediments and biota
are stable or have declined in UK waters since 2019 (DEFRA et al., 2024). Some
contaminants, such as mercury and the very toxic PCB CB118, exist at levels in the biota
in the Irish Sea which are likely to cause damage to marine organisms (DEFRA et al.,
2024). Trend analysis of PBDEs, a class of fire retardants, and PCBs, a group of
persistent organic pollutants has been carried out as part of the UK’s Clean Seas
Environmental Monitoring Programme (Marine Scotland, 2022). The Irish Sea and Celtic
Regions include monitoring sites within Welsh Seas but also include some English and
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Scottish sampling points. The data shows that the majority (99%) of time series show no
trend or downward trend for PBDEs and PCBs between 2014 and 2019. (Marine Scotland,
2022)

Restrictions have been put in place on the production and use of many persistent
chemicals (NRW, 2022). It is expected that levels in the environment will gradually reduce.

Historically, bacteriological pollution has improved over the long term (1980 to 2024) with
significant improvements in wastewater treatment works, but storm overflows remain a
source of pollution over the short term (Whelan et al., 2022; NRW, 2024).

Concentrations of suspended particulate matter deteriorated between 1998 and 2015 in
the Western English Channel and Celtic Seas (summer) and Irish Sea (spring) (Silva,
Biermann and Rees, 2016).

Marine litter in the Celtic Seas Region has improved over the short-term (2015 — 2020)
(OSPAR, 2023). The UK has not yet achieved Good Environmental Status for marine litter
(add ref), and overall trends across the OSPAR regions show that, beach litter levels
remain high, with plastic items dominating. Results from Marine Conservation Society
volunteer surveys in 2024 give some high level indications of trends in beach litter. There
was a 4% increase in litter in Wales compared to 2023; 99% of beaches surveyed found
drinks litter, however there was a decrease of 24% in drinks-related litter in Wales
compared to 2023 (Marine Conservation Society, 2024). The current annual global
production of plastics is predicted to double by 2045 (Enevoldsen, Isensee and Lee,
2024). The influence of climate change on atmospheric and ocean circulation may affect
some of the pathways for and retention of marine litter.

Historically, underwater noise has increased in marine ecosystems globally (1960 to
2025). Trends since the 1990s are less known (Merchant et al., 2016). Underwater sound
is the most pervasive input of human-caused energy in the marine environment and is
omnipresent in the seas around the UK (Tasker et al., 2010). Over the shorter term (2018
to 2024), there is a mixed picture. Shipping noise increased in the Celtic Seas Region
between 2018 and 2022 (DEFRA et al., 2024) . Levels of impulsive noise have remained
stable in the Celtic Seas region since 2017 (DEFRA et al., 2024). Between 2022 and 2024
there has been minimal impulsive noise in harbour porpoise SACs in Wales (JNCC,
2024a). In Welsh waters, anthropogenic underwater noise is widespread and likely to
increase with expanding marine industrial development. For instance, impact piling
associated with offshore windfarm construction and other built infrastructure are identified
as particular disturbance concerns for marine mammals in the UK (Sinclair et al., 2023)

Climatic features and processes

Historically, changes in intensity and frequency of weather events have been a mixed
picture in relation to effects on marine ecosystems (1990 to 2020). The future outlook is
that this is expected to lead to further deterioration to 2100.

Strong winds, heavy rain and rough seas have been shown to impact reproductive
success and overwinter survival for some breeding seabirds (Burton et al., 2023). Some
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intertidal reef biotopes are likely be highly vulnerable to changes in wave exposure by
2049 (Oaten et al., 2021). Projected increases in rainfall over winter months towards the
middle and end of the century may be linked with changes in water quality around the
coast (Oaten et al., 2021). Direct impacts from changes in severe weather events are likely
increase in the future for coastal habitats (Burden et al., 2020), and for seabirds and
waterbirds (Burton et al., 2023).

Water temperature has increased over the long-term (1990 to 2020). The future outlook is
that this is expected to continue. Between 1960 and 2020, the Irish Sea region warmed by
0.3°C per decade, with values since 2000 being consistently above the 1991-2020
average (Cornes et al., 2023). Water temperature is predicted to increase by 0.3°C per
decade to 2049 and between 0.25°C and 0.4°C per decade to 2100. The main effects on
mobile species (marine mammals and birds) around the UK continue to be geographic
range shifts, reduction in suitable habitats, food web alterations and increased prevalence
of disease (Burton et al., 2023; Martin, Banga and Taylor, 2023).

Historically, over the long term (19951995 to 2020) Ocean Acidification has deteriorated.
The North Atlantic contains more anthropogenic COz2 than any other ocean basin, and
ocean surface measurements between 1995 and 2013 show increasing acidity of 0.0013
units per year (MCCIP, 2020). Some fin-fish larvae may be sensitive to changes in ocean
acidification. Ocean acidification is predicted to increase to 2050. The rate of change in
coastal waters is projected to be faster in some areas (such as the Bristol Channel) than
open sea areas (such as the Celtic Sea). It is predicted that by 2050, half of the subtidal
reef communities in Pembrokeshire Marine SAC will be highly vulnerable to changes in
pH, with the full extent of the maerl bed in Milford Haven being of medium vulnerability.
(Oaten et al., 2021).

Historically, sea level rise has increased between 1990 and 2020. Mean sea level around
the UK has risen by about 12—-16 cm since 1900 and evidence suggests that the rate of
sea level rise in the UK is increasing (Kendon et al., 2021), It is predicted that by 2049 all
Saltmarsh communities around the Welsh coast will be highly vulnerable to sea level rise,
along with coastal lagoons in Pembrokeshire Marine SAC. Sea level around Wales is
projected to rise by around 1m by the end of the century. This will mean that by 2099
intertidal features of marine SACs (including intertidal areas of reef, intertidal aspects of
estuaries, mudflats and sandflats not covered by seawater at low tide and sea caves along
the coast), and all saltmarsh communities will be highly vulnerable to sea level rise (Oaten
et al., 2021).

Pressures from economic activity (see Aim 4 for more detail)

Pressures arising more directly from economic activity are also negatively affecting natural
resources in marine ecosystems:

¢ Infrastructure development is a growing pressure due to offshore windfarms. The
overall marine footprint of an Offshore Wind Farm can be considerable. This is in
addition to anthropogenic underwater noise, which is widespread and likely to
increase with expanding marine industrial development.
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Physical modifications such as coastal defences, railway infrastructure and port
infrastructure are a pressure on intertidal ecosystems. They have the potential to
prevent habitats from migrating landwards in response to sea-level rise, causing
coastal squeeze (See SoNaRR 2025 Coastal margins assessment)

Of Access, sport and recreational activity, sea angling, boating, bait digging and
collection of living resources, and foot access have the potential to have the most
impact on marine ecosystems

There is not sufficient evidence at a Welsh scale to describe the effect of Fisheries on the
Welsh marine ecosystem. A number of quota fish species in the Celtic and Irish Seas
continue to be fished beyond recommended scientific advice (Cefas, 2024). While the vast
majority of these fish are caught outside of Welsh waters by non-Welsh boats their status
reflects on populations within Welsh waters.

Progress to meeting Aim 1 - Stocks of natural resources are
safeguarded and enhanced

The key opportunities taken up since SONaRR2020 comprise

Reporting indicators developed for all our European marine sites (SACs and SPAs).

Condition assessments completed for all the Welsh only European marine site
features.

New conservation advice packages for 12 marine sites
Marine protected area Condition Improvement Programme to

o Develop a strategic forward plan setting out management requirements for
maintaining and improving the MPA Network across Wales.

o Pull together evidence associated with pressures and threats affecting
marine protected areas feature condition.

o ldentify and develop marine projects currently being delivered under the
Welsh Governments funded Nature and Climate Emergency Programme
(2022-2025).

o Work with external stakeholders to share information and advice to support
the delivery of projects that aim to improve marine protected area features
across Wales.

The Wild Oysters Conwy project to restore a native oyster reef in Conwy Bay.

Wales Native Oyster Restoration Project (WNORP) between 2020 and 2023
focussed on establishing and monitoring restoration plots in Milford Haven to
establish the feasibility of restoration. Native oysters were released to re-establish a
historic biogenic reef in Milford Haven in Spring 2024. Funding has been secured to
deliver Natur am Byth! which will scale up the trials from WNORP and implement
management measure that should enable to recovery of seagrass at Porthdinllaen.
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e Rumney Great Wharf Polders project, funded through Nature Networks. The capital
works were implemented in 2024 to restore saltmarsh along the Rumney Great
Wharf by reinstating and extending the sedimentation polders.

e NRW projects to better understand the contribution of marine habitats to carbon
sequestration and storage in Wales. (Armstrong et al., 2020; Brook et al., 2022;
Robbins, Armstrong and Frost, 2022; Robbins et al., 2022; Gihwala et al., 2024;
Gihwala, Frost and Upson, 2024)

Opportunities for Action Aim 1

The possible actions identified with respect to achieving Aim 1 in marine ecosystems
relate to INNS and other species management, Pollution management, Research and
technology, Species conservation and enhancement, Sustainable Agriculture, Fisheries
and Forestry, and Sustainable construction .

Action 1. Monitor and control INNS and diseases, particularly Avian Bird Flu, in
affected areas.

Action 2. Control pollution of marine waters, with particular focus on storm water
overflows, nutrient enrichment from terrestrial sources and litter, including beach
litter, in affected areas.

Action 3. Manage noise impacts on marine animals from construction of offshore built
development and infrastructure, its operations and wider maritime activities.

Action 4. Protect and boost native species populations by monitoring, protecting and
restoring key habitats.

Action 5. Protect and boost native species populations by reducing by-catch.

Aim 2: Ecosystems are Resilient to Expected and
Unforeseen Change

Ecosystem Resilience is assessed in SoONaRR using four ecosystem attributes as proxies.
Diversity, extent, condition and connectivity are assessed for each of the two zones that
make up the marine ecosystem. The zones are Intertidal, which is high water to low water,
and Subtidal, which is permanently immersed in seawater from low water to 12 nautical
miles offshore.

Diversity

Marine Protected Area condition assessments for many habitats show no concerning
patterns in species richness and diversity indicators. Historically, diversity has been
deteriorating at some localised sites. This includes a steep decline in species diversity at
Bais Bank South sandbank, and the Modiolus beds in Pen Llyn a’r Sarnau SAC. There
have also been large declines in sponge species richness in Menai Strait & Conwy Bay
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SAC and declines in red sea fingers and pink sea fan at Skomer MCZ. There has been a
decrease in species richness and diversity at Milford Haven Inlets since 2015, as well as
issues with the species composition of communities indicator within the Milford Haven
waterway (NRW, 2025a). The historic short term is deteriorating for subtidal habitats and a
mixed picture for intertidal habitats. The current assessment of diversity is medium across
both habitat types. Specific localised declines in diversity are likely to continue; however,
many habitats are likely to remain stable in diversity.

Extent

Over the historic long-term (1995 to 2024), while the range is stable the area of assessed
Intertidal and subtidal habitats has decreased (NRW, 2026). Over the shorter term (2013
to 2024), while the range is stable for all habitats, the area of mudflats, sandbanks and
reefs has decreased giving an overall mixed picture (NRW, 2026) . The current
assessment of extent is medium for both intertidal and subtidal. The future outlook to
2036 is a mixed picture (NRW, 2026). The range is expected to remain stable for all
habitat types except maerl beds which has a very negative future trend, while the area of
most intertidal and subtidal habitats is expected to decrease. The long term trend for the
area of large shallow inlets and bays is overall stable. (NRW, 2026)

Condition

Over the historic long-term (1995 to 2025), the condition of Subtidal habitats is a mixed
picture, and the condition of Intertidal habitats is deteriorating. Various historical impacts
have led to deterioration of condition in intertidal habitats. For example, bait digging has.
resulted in significant impacts on the fauna of intertidal mudflats and sandflats (Evans et
al., 2015). Many intertidal habitats are in unfavourable condition due to excess nutrients
(Hatton-Ellis, et al., 2025). The short-term trend (2013 to 2024) is a mixed picture for both
zones. (NRW, 2026). The current assessment of condition is Low for intertidal and medium
for subtidal. The future outlook is a mixed picture to 2036 (NRW, 2026). Programmes,
measures, and policies are in place with the aim of improving the management of the
marine environment including the MPA network and the condition of its features.
Investigations into failures of Water Framework Directive elements will be carried out and
measures to improve water body status are being identified for the next River Basin
Management Plans.

Connectivity

Historically connectivity of marine ecosystems has shown a mixed picture in the long and
short-term. Between 1995 and 2025 there has been some localised disruption to
connectivity through alterations to hydrological processes. Overall intertidal habitats
remain well connected. There have been no major changes to connectivity of intertidal and
subtidal habitats in recent times although there has been some localised disruption. The
current assessment of connectivity is High across both zones. Marine Protected Areas
protecting intertidal habitats are well connected overall, with a small gap in the connectivity
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of littoral rock and some, localised alterations to hydrological processes in nearshore
areas. Future outlook is stable across both zones. There are not considered to be any
barriers to connectivity across intertidal habitats in the near future unless there are major
changes due to coastal developments. It is unknown whether there will be any barriers to
connectivity either locally or on a larger scale across subtidal habitats. There may be a
deterioration in connectivity if there are changes in oceanic currents or frontal
systems.(NRW Expert judgement).

Progress towards meeting Aim 2 (Ecosystems are Resilient to
Expected and Unforeseen Change)

The key opportunities taken up since SoNaRR 2020 comprise:

e The Welsh Marine Protected Areas Network Completion Project identified Areas of
Search - smaller areas are being identified for designation to address key gaps in
species and habitats to complete the MPA network, predominantly in offshore
waters.

e Wales National Marine Plan includes policy ENV_01: Resilient Marine Ecosystems
which includes a mandatory element based around the mitigation hierarchy; to
avoid, minimise or mitigate adverse impacts on ecosystem resilience. Alongside
this, ENV_01 encourages proposals which restore or enhance marine ecosystems,
including both dedicated nature positive projects, as well as the inclusion of
restoration and enhancement actions in development projects.

e We are working to develop strategic mapping of the opportunities for enhancing the
resilience of marine and coastal ecosystems.

e We have published an evidence report "Restoring marine and coastal habitats in
Wales: identifying spatial opportunities and benefits".

¢ We have developed a marine and coastal restoration work programme which seeks
to develop guidance, advice and evidence that will help ensure appropriate
activities take place in the most suitable location to contribute to building the
resilience of marine and coastal ecosystems in Welsh waters (NRW, 2025b).

e Project Seagrass have teamed with several other partners to create the Seagrass
Ocean Rescue project. Their current project in North Wales is currently the largest
active seagrass restoration project in the UK and is pioneering seagrass restoration
methodologies (Swansea University, no date)

¢ We are involved in the ReMeMaRe Programme which is an initiative in England
seeking to restore 15% of their priority habitats (Saltmarsh, Seagrass and Native
Oysters) by 2043. Sitting within the group provides opportunities to share
knowledge across all nations that benefit all within the group e.g. development of
the restoration project platform at a UK level.
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Opportunities for Action Aim 2

The possible actions identified with respect to achieving Resilient Freshwater ecosystems
relate to Ecosystem creation, Ecosystem protection, Ecosystem restoration, and Species
conservation and enhancement.

Action 6. Improve condition of Intertidal and subtidal habitats
Action 7. Prevent further declines and increase extent of intertidal habitats.

Action 8. Address localised declines in diversity through identifying and managing
pressures

Aim 3: Healthy Places for people, protected from
environmental risk

Health protection

Marine ecosystems contribute to the protection of human health through the supply of the
following regulating services:

Global climate regulation services contribute to reduced concentrations of Green House
Gases in the atmosphere leading to reduced climate change impacts on people. Welsh
marine habitats store at least 113 million tonnes of Carbon over the long term (equivalent
to 10 years of Welsh emissions of Carbon), making them a significant carbon store
alongside Welsh woodlands and forests (Armstrong et al., 2020). (Armstrong et al., 2020).
Welsh SAC Annex | features contribute almost 10% of the total carbon storage across all
habitats in the Welsh National Marine Plan area. Their rate of sequestration accounts for
approximately 47% of the total carbon sequestered within Welsh habitats (12,300 t of
carbon per year) (Robbins et al., 2022).

Coastal protection services contribute to reduced risk of flooding to households in
coastal areas. Seagrass meadows and kelp forests can help to stabilise marine sediments
and reduce the erosive power of waves and can act as a nature-based solution to reduce
coastal flood and erosion risk (Smith and Chausson, 2021). See Coastal Margins
assessment for the contribution of Saltmarsh to this service.

Health Improvement

Marine ecosystems contribute to human health improvement through the supply of the
following cultural ecosystem services:

Recreation-related services contribute opportunities for people to enjoy in-situ
interactions with nature and associated physical and mental health benefits. This service is
likely to be used in combination with the visual and sensory amenity service in marine
(and associated coastal margin) settings. In 2021/2022, people in Wales made 19,927,591
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visits to marine ecosystems for recreation (21,922,081 visits to coastal margins) (Owen,
Rhydderch and Williams, 2025).

Outdoor swimmers in Wales reported that they swam for their mental health, fun or
exercise (McAllister, 2023; Palma and Marks, 2023). 84% of people believe visits to the
marine environment are good for their mental health and 78% report that such visits are
good for their physical health (Atkinson et al., 2022). The Office for National Statistics
estimate that visits to Welsh Coastal and marine ecosystems for recreation decreased by
approximately 32% between 2019 and 2022, although the associated number of people
gaining related health benefits from these visits remained stable at around 200,000 (Office
for National Statistics, 2024)

In 2025, 102 of Wales’ 109 designated marine or coastal bathing waters were assessed to
be of Excellent or Good quality (based on microbiological parameters). Of the reminder 5
were considered ‘Sufficient’ and 2 ‘Poor’ quality(NRW, 2024; Welsh Government, 2025). In
2025, 21 Welsh beaches achieved a Blue Flag Award.13 beaches in Wales were awarded
the Green Coast Award. 15 beaches in Wales achieved the Seaside Award (Keep Wales
Tidy, 2025). Efforts to maintain and improve bathing water quality and beach amenities are
not only crucial for human health but also for local economies . Water purification
services contribute to cleaner water for people to use for recreation. Restoration of marine
habitats would improve water quality through the removal of pollutants and nutrients from
the water column and by lowering turbidity rates. Shellfish in particular play a key role
through filtering algae and suspended particles out of the water column and the removal of
excess nutrients and contaminants (Armstrong et al., 2021). Recreational fishing is
underpinned by the nursery population and habitat maintenance services that
maintain fish stocks.

Cultural Well-being

Marine ecosystems contribute to people's cultural well-being through the supply of the
following cultural services:

Spiritual, artistic and symbolic services: According to the Ocean Literacy in Wales
report, the overriding emotional response to the marine environment is concern (48%)
followed by wonder/awe (41%) (Atkinson et al., 2022). In their evaluation of the use of
marine ecosystem services at 151 UK marine sites, Bryce et al (2016) identify multiple
service benefits that contribute to (subjective) cultural well-being. These include
engagement with nature, place identity and therapeutic value.

Education, scientific and research services: Several leading universities in Wales
deliver world-leading marine courses at undergraduate and postgraduate level, attracting
students and research activity in Wales that has significant economic value. Multiple
dimensions of biodiversity, as found in rock pools, can enhance human interest and
conservation initiatives that maintain and/or restore biodiversity could also help stimulate
interest in ecosystems with wider educational and recreational benefits (Fairchild et al.,
2018).
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Equitable access

There is limited evidence with respect to equitable access to marine ecosystems.
Generally, those with higher disposable incomes will have greater ability to travel to marine
ecosystems from inland areas. At the same time, Acott et al., (2023) highlight the strong
relational values and personal connections held by people towards their local coastal
environments through case studies along the UK coast (not in Wales). Using a Community
Voice Method, they found that despite levels of relative deprivation in the case study
locations, interviewees expressed strong relational values and connections to the coast
despite material changes and transformations in people's lives and the places they live
which they argued should be reflected more in coastal management.

Progress towards meeting Aim 3

The key opportunities taken up since SoNaRR 2020 comprise:

e An Ocean Literacy working group under the Coasts and Seas Partnership has
developed a Strategy for Ocean Literacy in Wales. Work is underway to secure
resource to support further engagement around and delivery of actions under the draft
strategy (Atkinson et al., 2022).

Opportunities for Action Aim 3

The possible actions identified with respect to achieving Aim 3 relate to Access to nature,
Nature based solutions, Payment for ecosystem services, Pollution management, and
Research and technology.

Action 9. Protect and restore Marine habitats to increase carbon sequestration, reduce
coastal flooding and improve water quality

Action 10.Maintain and improve access to marine ecosystems for recreation, learning
and wider cultural well-being.

Aim 4: Contributing to a Regenerative Economy,
Achieving Sustainable Levels of Production and
Consumption

Marine ecosystems contribute to economic well-being through the supply of the following
regulating services:

Coastal protection services reduce the risk of flooding damaging infrastructure in coastal

areas; agricultural land and impacting on other businesses. (Smith and Chausson, 2021)
See SoNaRR 2025 Coastal margins assessment for details.
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Marine ecosystems contribute to economic well-being through the supply of the following
provisioning services:

Wild fish and other natural aquatic biomass: There has been a reduction in Welsh and
non-Welsh shellfish landings over the last 7-8 years, with finfish landings remaining small
but stable. Landings from non-Welsh boats reduced from 3220t in 2021 to 213t in 2023
due to fish now being landed direct to EU member states (Seafish, unpub.).This period of
reduced catches coincides with significant impacts to the fishing industry from EU exit, the
Covid pandemic and the cost-of-living crisis.

The number of active Welsh vessels reduced from 263 in 2020 to 223 in 2023, with the
number of people working in the fishing industry reducing from 129FTEs to 109FTEs in the
same period. Gross Value Added (GVA), and Operating profits reduced from £8.69m and
£2.96m respectively in 2020 to £5.99m and £2.08m in 2023 (Seafish, unpub.). In 2022 the
combined GVA of fishing and aquaculture to the economy in Wales was £13 million
(Welsh Government, 2024). (Welsh Government, 2024). The Wales National Marine Plan
identified both these sectors for development (Welsh Government, 2019) (Welsh
Government, 2019) In this regard, future shifts in fish species ranges due to climate
change could lead to new opportunities for fisheries (Fox et al., 2023).

Energy from Wind and tidal power: £103.4 million of spending and investment was
made in marine renewable energy in Wales in 2023, nearly four times the figure recorded
in the past 5 years (since 2018).

The industry sustains 440 full time equivalent jobs (Marine Energy Wales, 2023). Floating
offshore wind is expected to play an increasing part of Wales’ offshore energy mix in the
future. f Test and demonstration projects off the south Pembrokeshire coast provide the
capability to generate more than 400MW of electricity capacity. Project Development areas
have recently been announced by the Crown Estate which could unlock a further 4.5GW in
the Celtic Sea, with the first 1GW estimated to create 3,000 full-time equivalent jobs and
£682 million in supply chain opportunities in Wales and SW England (Welsh Government,
2023a)

Marine ecosystems contribute to economic well-being through the supply of the following
cultural services

Recreation-related services: Expenditure by the 19,927,591 visits to marine ecosystems
and the 21,922,081 visits to associated coastal margins (Owen, Rhydderch and Williams,
2025) contributes to the economy locally and nationally. The ONS (2024 ) estimate that the
combined number of visits to marine and coastal ecosystems fell from around 56 million in
2010 to 38 million in 2022 (-32%). They also estimate the overall expenditure associated
with these visits (e.g., travel costs) was around £120 million in 2022, approximate £3 per
visit in 2022.

Borger et al.(2021) estimated the willingness of people to pay for recreational visits to blue
spaces across 14 European countries to be considerably higher at € 41.32 per visit, and €
50.55 per visit for the UK specifically. They also find a one-level improvement in water
quality can lead to a nearly 7 % increase in visits, whereas a one-level deterioration leads
to around 20% fewer visits.
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Outdoor activity providers contribute £272.87 million net to the Welsh economy each year.
£205 million remains within Wales. The total net impact on the Welsh economy is
estimated at £1.6 billion and supports around 31,000 jobs (the report does not focus
specifically on coastal and marine outdoor sector providers but those in the sector as a
whole across Wales) (Miller et al., 2023).

Economic drivers and their pressures on marine ecosystems

The key direct economic drivers within Wales likely to be connected to the degradation of
marine ecosystems relate to Land and sea use and management change. Climate
change pressures are considered to be driven by global economic activity, and the
specific economic drivers of pollution pressures are assessed via the relevant natural
resource assessments.

Land and sea use and management change

Built development and infrastructure associated with marine renewable energy
generation has become an increasing pressure on marine ecosystems since the
commissioning of the UK’s first commercial scale offshore windfarm (North Hoyle) off the
North Wales coast in 2003. The overall marine footprints of an Offshore Wind Farm (OWF)
can be considerable. Gwynt y Mor OWF, further off the North Wales, coast has a footprint
of around 124 km? ,including the export cable corridor. These developments can also
change physical processes (e.g., currents), create collision hazards and other forms of
disturbance (e.g., noise as highlighted in Aim 1). (Marine Energy Wales, 2023)

Whilst the pressure of infrastructure development is stable over the short-term (2020 to
2025), the UK government’s commitment to achieving 50 GW of offshore wind generating
capacity by 2030 means offshore renewable development will progress at a rapid pace
over the next five years at least.

The Crown Estate are looking at a range of scenarios with a maximum generating capacity
of 140GW from offshore wind by 2050 (The Crown Estate, 2023).

Over the long-term (2005 to 2025), physical modifications have caused a deterioration of
intertidal ecosystems due to habitat loss associated with their footprint, restricting habitat
movement due to sea level rise and hydrodynamics and sediment transport. This is
expected to continue in the future (to 2105). 29% of the Welsh coast (719km) has some
form of linear or shore-parallel structure (a coastal defence, railway infrastructure, port
infrastructure) which could prevent habitats from migrating landwards in response to sea-
level rise, causing coastal squeeze. (Oaten, Finch and Frost, 2024). Several coastal
defence schemes have been completed, especially since the winter storms of 2013/4
which caused widespread damage to infrastructure and communities around the Welsh
coast (NRW, 2014). Over the recent shorter term (2020 to 2025) more coastal defence
structures have been built than during the preceding 5-10- years, due to the multiple
funded schemes under Welsh Government’s Coastal Risk Management Programme.
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Physical modification of the Welsh sea bed due to dredging and disposal has been
relatively stable between 2005 and 2017. There were 13 open disposal sites designated
for the disposal of material dredged under licences determined by NRW (as of end 2017).
These sites receive a combined average of 3,008,129 wet tonnes material per annum
(across all open sites) (Clarke and Rees, 2020). The future trends are unknown.

Access, sport and recreational activities such as sea angling, boating (anchoring,
mooring and launching), bait digging and collection of living resources, and foot access
have the potential to affect marine ecosystems in Wales (Roberts et al., 2020) . In
2021/2022, people in Wales made 19,927,591 visits to marine ecosystems for recreation
(21,922,081 visits to coastal margins) (Owen, Rhydderch and Williams, 2025).

There is limited data for Wales on trends in the effects of recreational activities on marine
(and coastal) ecosystems. At the OSPAR level it is a challenge to obtain standardised
quantitative environmental information about recreational impacts on marine and coastal
ecosystems (Pachernegg, 2021). It is also important that the potential of tourism to
contribute to the sustainable management of marine natural resources is realised.

Direct Exploitation

Historical trends for the pressure of fisheries on marine ecosystems in Wales are not
available. At a UK level, in 2020, 56% of quota fish stocks were fished within acceptable
mortality ranges, increasing from 11% in 1990 (JNCC, 2024b). Over the shorter term, 33
out of 43 stocks in 2022 in ICES Celtic Seas Ecoregion were fished at or below Maximum
Sustainable Yield compared to 30 out of 45 in 2019 (ICES, 2022, sect. 7.1).
Implementation of a range of Fisheries Management Plans by 2028 will improve our
understanding of the sustainability of many of the marine fisheries in Welsh waters.
Marine fisheries can affect target species and non-target species through bycatch, prey
depletion and disturbance, and the wider marine ecosystem through habitat interactions.
The evidence to determine whether marine fisheries in Welsh waters are sustainable or
not is limited.

Aggregate Extraction off the South Wales Coast and in Liverpool Bay has continued at
approximately the same rate between 2011 and 2020 (The Crown Estate and MPA Marine
Aggregates, 2022). Future demand is unknown.

Contributions of marine ecosystems to sustainable economic
production and consumption

Electricity generated from offshore renewable energy is playing an increasingly important
role in Wales in decarbonising the energy sector. Whilst this is directly supporting the
transition to a circular economy and achieving net-zero emissions in Wales, development
of associated infrastructure needs to be planned in a way that minimises pressures on
marine wildlife and wider ecosystem services. To support the environmentally sustainable
development of offshore renewable energy, We have produced the following guidance:

e Natural Resources Wales / Marine renewable energy developments
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https://naturalresources.wales/guidance-and-advice/business-sectors/marine/marine-renewable-energy-developments/?lang=en

e Natural Resources Wales / Offshore wind developments

We are collaborating on a number of projects, consultations, reviews and initiatives at a
strategic level. Key external partners include Welsh and UK Government, The Crown
Estate, National Grid and Marine Energy Wales. These include input to:

e WG 's Renewable Energy Deep Dive, Strategic Locational Guidance, Marine Energy
Programme Board, Tidal Lagoon Challenge, WNMP Spatial Approach and End to End
Marine Licensing review.

e UK Government's Consultation on Compensatory Measures, Strategic Environmental
Assessment, Offshore Energy Plan, National Policy Statements, British Energy Security
Strategy 2022 Offshore Wind Environmental Improvement Package, Offshore Wind
Environmental Standards and Offshore Wind Strategic Compensation.

e The Crown Estate's Offshore Wind Evidence & Change Programme, Pathways to Growth
Initiative, Strategic Enabling Actions Programme, Round 4 Plan Level work and Round 5
Areas of Search.

e OFGEM / National Grid Holistic Network Design and Offshore Transmission Network
Review.

e Marine Scotland's Cumulative Effects Framework.

We also plays a key role in delivering the Consenting Strategic Advisory Group (CSAG)
Action Plan and contributing to the CSAG Science and Evidence Sub-Group alongside
Marine Energy Wales, The Crown Estate, Welsh Government and other stakeholders

The Welsh National Marine Plan highlights the role that the tourism and recreation sector
can play in contributing to sustainable development by protecting and promoting access to
the coast and improving the quality of the visitor experience (Welsh Government, 2019).
The high-level panel for a sustainable ocean economy, also highlights that coastal and
marine tourism is highly dependent on the quality of coastal and marine ecosystems
(Northop, 2022, p. 5). In their report, the High-Level Panel recognise the need to manage
pressures, such as access, sport or recreational activity and the negative
environmental effects. At the same time, the report highlights the important role
sustainable tourism can play in generating revenue to reinvest in and regenerate
ecosystems, local markets and communities and build resilience to future threats and
future shocks and crises. Given there are approximately 42 million recreational visits per
year to coastal margins and marine ecosystems by people in Wales, there is clearly a big
potential for this sector to contribute to a regenerative economy if appropriately managed.

After EU exit mussel aquaculture declined by over 90% due to changes in export
regulations. Oyster aquaculture has remained steady but small-scale (Seafish, unpub.).
Seaweed aquaculture is in its infancy, with a single farm in west Wales, but there is
growing interest in this industry. The Welsh National Marine Plan identifies aquaculture as
a sector to develop in Wales (Welsh Government, 2019). Developing the sector could
reduce reliance on imported aquaculture products, with potentially high carbon footprints.
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Progress towards meeting Aim 4

The key opportunities taken up since SoNaRR 2020 comprise:

Welsh Government have been working with stakeholders to develop their spatial approach to
marine planning, focusing on understanding more about which marine activities are likely to be
appropriate in a particular place, while also understanding what we need to do to protect and
enhance the marine environment.

Welsh Ministers committed to developing understanding and planning tools to provide greater
spatial direction for development through marine planning, balancing protecting the marine
environment with supporting thriving coastal communities and marine industries (Welsh
Government, 2023b).

We have developed maps showing environmental considerations for strategic marine planning.
The maps, now available on data map Wales, bring together currently available data for birds,
marine mammals, seabed habitats and fish to support WG and others to explore potential future
opportunities for sustainable use and management of the Welsh marine area. Maps have been
developed for the following sectors: aggregates; aquaculture; cabling; floating offshore wind;
tidal range energy; tidal stream energy; and wave energy.

In 2023, The Crown Estate commenced work on their Whole of Seabed Programme which is
mapping seabed space needed to meet future demand for a wide range of industries,
infrastructure, and habitats to 2050. They are exploring their role as steward of the seabed and
coast, to forward plan how the seabed is managed to support nature recovery, jobs and
regeneration, and net zero priorities.

The Blue investment working group under the Coasts and Seas Partnership is working on the
establishment of MARINE Fund Cymru, to secure funding from a variety of sources to support
priority actions for the sustainable management of marine natural resources, particularly around
nature recovery.

The new UK Fisheries Act 2020 and the nine emerging Welsh Fisheries Management Plans
provide a long-term plan to achieve and report on sustainable fishing. In addition, the recording
of daily landings by under 10m vessels fishing vessels and the requirement for inshore vessel
monitoring systems (iVMS) on all under 12m vessels will improve data associated with fishing.
Several permitted fisheries undergo annual Habitats Regulation Assessment including cockle,
whelk and scallop fisheries. The Assessing Welsh Fishing Activities (AWFA) project has
delivered an evidence base on impacts on protected features from various fishing gears to Welsh
Government.

With support from the EU, we have produced a tool to help guide site selection for aquaculture
activities (seaweed and fish) in an environmentally sustainable way (NRW, no date).

Opportunities for Action Aim 4

The possible actions identified with respect to achieving Aim 4relate to Awareness raising,
Increase resource use efficiency, Nature based Solutions, Pollution management,
Renewable energy (worldwide), Research and Technology, Sustainable agriculture,
forestry, and fisheries, Sustainable construction, and Sustainable transport.
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Action 11.Monitor and develop the fisheries and aquaculture sector in an
environmentally sustainable way

Action 12.Develop offshore renewable energy to decarbonise the energy sector where
appropriate and in an environmentally sustainable manner

Action 13.Minimise impacts effects on marine species and habitat from Industry and
development opportunities

Action 14.Minimise impacts effects on marine species and habitats from physical
modifications such as coastal defences, ports and coastal railways and shipping

Action 15.Develop sustainable tourism and recreation opportunities in marine
ecosystems

Evidence Needs

One of our key evidence needs in the marine ecosystem is to have a better understanding
of the extent and condition of our habitats and species and the underlying physical
conditions and processes that support them. These gaps hinder the ability to evaluate
ecosystem condition, biodiversity, and the effectiveness of Marine Protected Areas. Other
evidence needs for the marine ecosystem in Wales focus heavily on understanding
pressures and impacts from human activities. Key gaps include the extent, distribution,
and effects of commercial and also recreational fishing, including bycatch of marine
mammals, impacts on fragile habitats, and the sustainability of fisheries. There is also a
need to assess the consequences of nutrient inputs and invasive non-native species.

Further evidence is required to understand ecological functions and services, such as
carbon sequestration, sediment and other physical processes. Addressing these gaps will
support more robust assessments of the state of marine environments and inform
sustainable management strategies under SoNaRR.
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Mountain, moorland and heath ecosystem

Evidence lead: Jim Latham
External reviewer of evidence: Paul Sinnadurai (Bannau Brycheiniog National Park)

Mountainous habitats are those above the climatic tree-line. Moorlands and heaths include
upland and lowland heathlands, moorlands, blanket bog, montane habitats (including
ffridd), inland rock habitats and stands of bracken in the lowlands. This ecosystem is often
interspersed with other ecosystems such as Semi-natural grasslands, Woodlands and
Freshwater. Coastal and dune heathlands are covered in the Coastal margins assessment

This Mountain, Moorland and Heath assessment is one of eight ecosystem and three
natural resource assessments that inform the overall SoNaRR 2025 report. It builds on the
findings of SoNaRR2020, drawing together updated evidence from subject experts and
national datasets such as the Habitats Regulations 9A Report for Wales, due to be
published in January 2026; ERAMMP Report-105: Wales National Trends and Glastir
Evaluation, ONS Natural Capital Accounts and the National Peatland Action Programme.
This assessment is closely linked to the Soils assessment and the evidence we have set
out in the Land and sea use and management change evidence.

The assessment is structured around four interlinked aims that guide Wales’ progress
toward the sustainable management of natural resources (SMNR), helping to
communicate the relationship between the environment, well-being, and the economy

Key messages

1. This ecosystem comprises a diverse range of habitats of high biodiversity importance
and provides key benefits including carbon storage, flood mitigation, food, fibre and
some of Wales’ most iconic species and landscapes. Peatlands, in healthy condition,
are particularly effective at carbon sequestration covering just 4% of the land and
storing 30% of our land-based carbon.

2. The majority of MMH ecosystems occur in the uplands, which accounts for 19.3% of the
Welsh land. In contrast, the lowland peatlands and heathlands are frequently small,
highly fragmented and heavily impacted by neighbouring land uses.

3. Key pressures come from climate change, INNS, air and groundwater pollution,
changes in land use, and land management practices especially agricultural
intensification, historic afforestation, drainage and declines in traditional grazing.

4. Action must be taken to manage protected sites to improve the condition of their
features, and to build wider ecosystem resilience by restoring priority habitats and
addressing pressures such as nitrogen pollution.

5. Action to meet renewable energy and tree planting targets will need careful
management to meet the requirements of both the climate and nature emergencies. As
peat soils are now confined to just 4% of the Welsh landscape, it is essential to avoid
any further losses through development pressure.
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Mountain, Moorland and Heath Summary SMNR
Assessment

Aim 1: Stocks of natural resources are safeguarded and
enhanced

Mountain, moorland and heath (MMH) ecosystems in Wales support iconic species such
as red grouse, ring ouzel, and the Snowdon beetle, alongside rare plants like Alpine
saxifrage and three-lobed water crowfoot. However, pressures from invasive non-native
species (INNS), nitrogen pollution, and land-use change have degraded habitats.
Rhododendron ponticum alone has spread across 2,000 hectares in Snowdonia. Air and
water pollution continue to exceed critical thresholds, particularly in peatlands and
heathlands, with nitrogen deposition and agricultural runoff contributing to habitat decline.
Climate change intensifies these pressures through increased droughts, storms, and
wildfires, threatening carbon-rich soils and biodiversity.

Efforts to safeguard resources include the National Peatland Action Programme (NPAP),
which restored over 3,600 hectares of peatland, improving carbon storage and habitat
condition. Local projects like the Carneddau Landscape Partnership and Celtic Rainforest
LIFE have targeted INNS control and afforestation impacts. Monitoring networks and
citizen science initiatives support data collection and community engagement. Despite
progress, further action is needed to manage protected sites, reduce pollution, and prevent
development on vulnerable peat soils, which store 30% of Wales’ land-based carbon but
cover only 4% of its area.

Aim 2: Ecosystems are Resilient to Expected and
Unforeseen Change

Resilience in MMH ecosystems is assessed through diversity, extent, condition, and
connectivity. Species diversity is medium in upland heath and rock habitats but low in
alpine and peatland areas due to nitrogen deposition and overgrazing. Habitat extent has
deteriorated long-term, especially in lowland areas, though upland heathland shows signs
of recovery. Peatland extent may be increasing due to restoration, but mapping challenges
remain. Condition is generally poor, with five of seven habitat types assessed as low.
Connectivity is weakest in fragmented lowland habitats, while upland peatlands show
better integration.

Restoration efforts under NPAP and LIFE Quaking Bogs have improved hydrology,
erosion control, and vegetation management across thousands of hectares. Future
resilience depends on continued habitat restoration, sustainable grazing, and collaborative
land management. The Sustainable Farming Scheme proposes cooperative approaches
for peatland stewardship. However, climate change poses ongoing risks, including altered
species ranges and increased carbon emissions from degraded peat. Maintaining and
enhancing habitat condition, especially outside protected sites, is essential to support
resilient ecological networks.
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Aim 3: Healthy Places for people, protected from
environmental risk

MMH ecosystems protect human health by regulating climate, air, and water. Peatlands
store significant carbon but release greenhouse gases when degraded. Restoration has
reduced emissions by over 6,000 tonnes of CO,-equivalent annually. Vegetation filters air
pollutants, preventing premature deaths and life years lost. Peat and organic soils regulate
water flow, reducing flood risk. However, damage from past land use has weakened these
services. NPAP’s hydrological improvements over 2,110 hectares help restore these
functions.

These landscapes also support cultural and recreational well-being. Over 17 million visits
were made to MMH areas in 2021/22, with Yr Wyddfa alone attracting over 540,000
visitors. MMH ecosystems offer educational opportunities and preserve cultural heritage,
including peat-cutting traditions and archaeological remains. Despite widespread Open
Access, physical environment deprivation persists in some areas. Recreational
pressures—such as erosion and disturbance—require integrated management to ensure
sustainable use and equitable access for local communities.

Aim 4: Contributing to a Regenerative Economy,
Achieving Sustainable Levels of Production and
Consumption

MMH ecosystems support sustainable economic activity through water purification, grazed
biomass, pollination, and tourism. Peatland restoration improves water quality and reduces
treatment costs. Less Favoured Areas, mainly MMH, host 25% of Welsh farms, though
profitability relies on subsidies. Heather-rich habitats support pollinators and high-value
honey production. Recreation generates £40 million annually and supports jobs in tourism
and outdoor leisure.

However, economic pressures—intensive grazing, afforestation, and renewable energy
development—threaten ecosystem integrity. Windfarm construction on peatlands causes
habitat loss and hydrological disruption. Drainage remains a concern, though ditch-
blocking has improved conditions. NPAP aims to restore 45,000 hectares of peat by 2030.
Sustainable land management, appropriate grazing, and mitigation of recreational impacts
are key to balancing economic use with ecological regeneration. Harnessing tourism to
fund restoration and community benefits offers a promising path forward.
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Key changes since SoNaRR2020

Overall, there appear to have been few significant changes to Mountain, moorland and
heaths since SONaRR2020 in terms of drivers and pressures, resilience, ecosystem
services and benefits and progress towards SMNR. This is not unexpected, given the time
it may take for many drivers of change to generate a response in such extensive and
complex ecosystems and also given limitations in evidence to demonstrate change. One
major change is the unparalleled rise in Renewable Energy applications with the potential
to impact upon peatland habitats, peat soils and other semi-natural upland habitats.
Woodland creation to meet national targets may also have undesirable impacts on these
ecosystems, and climate change remains a universal pressure. Peatland restoration and
management to improve condition has increased through the National Peatland Action
Programme and LIFE projects. The forthcoming Sustainable Farming Scheme offers
opportunities for ecosystem improvements to mountain, moorland and heath and better
achievement of SMNR.

Mountain, Moorland and Heath Full Assessment of
SMNR

Aim 1: Stocks of natural resources are safeguarded and
enhanced

Animals, plants and other organisms

The Welsh uplands, including Eryri) has lost many key species including nesting eagles
and dotterel, but other species still characterise the Welsh upland such as ravens and red
grouse, while on the mountain fringes and in the fridd, ring ouzel and whinchat populations
are found. High screes still retain populations of rainbow leaf beetle (the so-called
Snowdon beetle), and the rare ground beetle Leistus montanus has recently been
rediscovered here. On lowland peatlands, the rosy marsh moth thrives on Cors Fochno
and southern damselfly responds to careful management in Pembrokeshire and Anglesey.
Relict arctic-alpine plants, including tufted saxifrage Saxifraga cespitosa, Alpine saxifrage,
S. nivalis, and the ferns Alpine woodsia Woodsia alpina, oblong woodsia W. ilvensis,
survive, mostly in Snowdonia, though some are found in Bannau Brycheiniog. Wet
heathlands, for example, support three-lobed Water crowfoot Ranunculus tripartitus,
restricted to the western fringes of Wales, while Ivy-leaved Bellfower Wahlenbergia
hederacea is fairly widespread on heaths and ffridd.

In recent years, the importance of some uplands for the rapidly declining water vole has
been highlighted (Walsh and Hall 2005, Parry 2018). In Y Migneint (in Eryri National Park)
they avoid the non-native mink which have predated them elsewhere on lowland
watercourses. Water vole also retain strongholds in lowland wetlands on Anglesey where
mink are still rare.
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Historically Invasive Non-Native Species (INNS) have negatively affected animals, plants
and other organisms in Mountain, Moorland and Heath (MMH) ecosystems. Over the short
term (2020-2025) this deterioration has continued and is expected to continue into the
future. Rhododendron ponticum in Eryri National Park has spread to over 2,000 hectares
since it spread from gardens and estates in the 19™" century (Jackson, 2008). The total
extent of other INNS such as cotoneaster and Himalayan balsam have not been mapped
but are known to have increased at specific sites. The spread of plant INNS has been
exacerbated in the historic short term by changing land management practices, particularly
decreased grazing. It is likely that the global trend for an increase in the number and
abundance of INNS will be reflected in the MMH habitats and that this will largely be
exacerbated by climate change, changes to land management practices and the lack of
strategic national control plans for Wales. There are local strategies for the control of
rhododendron. Modelling in Eryri suggests that the distribution range of this species may
contract as a result of predicted climate change and land use changes (Manzoor et al.,
2018).

Air

Historically air pollution has negatively affected animals, plants and other organisms in
MMH ecosystems. Over the short term (2020-2025) this deterioration has continued and is
expected to continue into the future. The area of exceedance of nitrogen critical loads
(NCL) for MMH habitats has not improved between 2010 and 2024. For heathland and
montane habitats, 100% of the habitat extent lies within an area where NCL has been
exceeded (NRW, 2026). The data shows an increase in acidity on dwarf-shrub heaths soil
possibly as the result of nitrogen deposition (Emmett et al., 2025). Despite projected
reductions in the overall deposition loads of reactive nitrogen in the UK, air pollution is
expected to remain a high pressure and threat to MMH habitats in Wales. It is estimated
that nitrogen will continue to accumulate in peat until at least 2030 (Payne, 2014).

Water

Historically water pollution has negatively affected animals, plants and other organisms in
MMH ecosystems. Over the short term (2020-2025) this deterioration has continued and is
expected to continue into the future. Inorganic nitrogen concentration continue to exceed
site-specific threshold for nitrogen in groundwater for some fen (lowland peatland)
habitats, with agriculture the most likely immediate sources. This is reflected by the
currently ‘poor’ overall status for a number of key sites, including the Corsydd Mon and
Llyn Peninsula fens. Diffuse water pollution is also cited as a key pressure for transition
mires e.g. Cors Crymlyn and Corsydd Eifionydd. The latest ERAMMP report (Emmett et
al., 2024) shows both a long-term and short-term decline in fen marsh and swamp
habitats. The future outlook suggests a continuing of this deterioration as the resolution of
this continuing pressure requires comprehensive catchment-level integration of a range of
measures aimed at reducing nutrient inputs for MMH habitats. These interventions are not
currently underway.
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Climatic features and processes

Historically (2010 - 2025), there has been a deteriorating trend to changes in intensity
and frequency of weather events affecting MMH ecosystems over the short and long
term. A deteriorating trend is expected to continue in the future (2030 — 2050). Observed
and recorded increases in the intensity and frequency of weather events, namely droughts,
floods and storms, over the long and short-term, have a negative impact on MMH
ecosystems. Habitats that are dependent on high or intermittently high-water tables, such
as habitats with peaty soils, are likely to suffer disproportionately (NRW, 2021a).

Additionally, wildfire incidence has increased in the short-term with 7% more occurring in
2022/2023 compared to 2021/2022 (Welsh Government, 2023a). Heathland is considered
to be more susceptible than peatland to wildfire after drought (Grau-Andres et al., 2018).
Over the coming decades it is predicted that the frequency of extreme weather events will
increase in Wales (Lowe et al., 2019). This may increase the frequency of wildfire
occurrences on heathland.

Other impacts are expected for MMH ecosystems in the future, such as the reduction of
bog mosses, increases in vascular plants and changes in vegetation phenology. In the
long-term changes in the vegetation will impact on carbon sequestration and will further
affect climate through changes in carbon dioxide and methane flux (Antala et al., 2022).
The release of dissolved inorganic carbon from peatlands is also predicted to increase
until 2049, due to prolonged droughts and late summer and autumn storms (Lee et al.,
2020). Modelling evidence indicates it will become progressively harder to restore blanket
bog from modified land-cover types as climate change progresses (Bell, Naumann and
Medcalf, 2020).

Historically (1961 — 2025), there has been a deteriorating trend to changes in air
temperature affecting MMH ecosystems over the short and long-term. A deteriorating
trend is expected to continue in the future (2025 - 2100). Rises in temperature may alter
the bio-climatic envelope for MMH species, particularly at high altitudes as many of these
species have a minimum altitude where the species is viable. A mean temperature
increase of 1°C could be equivalent to a rise in minimum altitude of 130m, leading to
potentially large reductions in area for some montane heath or grassland species (Holden
and Rose, 2011; Turner, 2020). Average temperatures in Wales have increased between
2020 and 2025 with UK average temperature increase in 2023 exceeding 1.4°C (Met
Office, 2023). In the future, it is predicted that temperatures will continue to increase in
Wales (Lowe et al., 2019). This will likely have a predominantly negative effect on
peatland, heathland and montane habitats. Upland woodland habitats are likely to expand
but changes in species composition may occur.

Pressures from economic activity (see Aim 4 for more detail)

Pressures arising more directly from economic activity are also negatively affecting natural
resources in MMH ecosystems (See Aim 4 for more details). These comprise:
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Intensive grazing (agricultural intensification) impacts MMH habitats by resulting in the
loss of species diversity and conversion of heathland, montane and peatland habitats to
species-poor grasslands e.g. acid and marshy grassland and grassland habitats on deep
peat.

Afforestation: Historic afforestation in the uplands, particularly the planting of conifers in
the post war years, included the planting of significant areas of peat soils. The planting of
deep peat is no longer permitted but legacy issues associated with afforested deep peat
and the self-seeding of conifers from these areas into open habitat remain, impacting the
MMH ecosystem.

Reduced management intensity: Livestock grazing is essential to maintain the structure
and floristic composition of many MMH habitats, particularly against the current backdrop
of atmospheric nitrogen deposition. However, too much or too little grazing or grazing at
the wrong time of year with unsuitable livestock can cause the decline of habitat structure
and composition and increase species-poor vegetation, for example upland acid-grassland
or Molinia-dominated peatlands (NRW, 2021b). Burning has been a traditional practice on
some MMH habitats particularly upland heathland. Controlled burning can be used to
mimic the natural fire cycle and reduce nitrogen. However, it can negatively impact on fire
sensitive habitats and habitat mosaics. Some upland birds prefer areas of more open
vegetation, short grassland and managed moorland e.g. chough, ring ouzel and curlew
and may continue to decline without appropriate management.

Unmanaged access, sport and recreational activity: Access and recreation pressures
have been recorded on heathlands. Impacts include footpath erosion, vehicle damage,
disturbance, especially by dogs, to livestock and breeding birds, and fouling which causes
localised soil enrichment. Recreational impacts on subterranean fauna are generally
poorly understood, but hibernating bats are particularly sensitive to human disturbance.
Built development and infrastructure: This pressure refers to the construction of
windfarms on MMH specifically blanket bog in the uplands. Wind-power generation poses
two immediate pressures: loss of habitat beneath the footprint of infrastructure (including
turbine footings, crane pads, tracks and quarries) and impacts on areas of peatland
adjacent to infrastructure posed by hydrological and fragmentation issues. Wind-farms
have the potential to alter existing grazing. Management practices, though Habitat
Management Plans can represent positive impacts.

Drainage: This pressure is particularly problematic for and relevant to peatlands where
drainage causes habitat change, changes to the hydrological system, erosion, increased
run-off, and increased greenhouse gas emissions. Grazing livestock losses also occur in
drainage ditches.

Progress to meeting Aim 1 (Stocks of natural resources are
safeguarded and enhanced)

The key opportunities taken up since SONaRR2020 comprise:
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Carneddau Landscape Project has demonstrated community engagement in INNS
(Himalayan balsam) control. Local Record Centres continue to collect data from
volunteers (Carneddau Partnership, 2025).

The North Wales Wildlife Trust's Limestone grassland restoration Nature Networks
Fund project tackles cotoneaster on sites with limestone grassland and heath
(North Wales Wildlife Trust, 2025)

The Celtic Rainforest Life project has supported work to remove rhododendron
ponticum and Sitka spruce (European Commission, 2024b)

Development of Scorecard approach on Common Land. Additional SAC monitoring
undertaken. Tir a Mér LIyn Project (LIlyn Landscape Partnership) and National Trust
developed a trial Payments by Results scheme for the coastal habitats. Although
this included lowland heathlands non were included in the trial. The trial completed
in 2024 and is searching for funding for 2025 (Gwynedd Council, no date; National
Trust, no date).

Wales plant health sentinel site network was established to monitor for plant pests
and diseases (including some INNS) (Welsh Government, 2022c).).

National Peatland Action Programme is a 5-year plan of peatland restoration in
Wales, 2020 — 2025. The Welsh Government funded, Natural Resources Wales
managed, National Peatland Action Programme (NPAP) was initially established as
a five-year Programme of peatland restoration in Wales 2020 — 2025 (NRW, 2020).
As a nature-based solution some key benefits identified through NPAP’s restoration
objectives were tackling the Climate and Nature emergencies. Following the
successful delivery of 3600ha peatland restoration ahead of target (NRW, 2025e),
promising records on some key species, and establishing the strategic foundations
for upscale, Welsh Government has indicated the aim for NPAP to treble its
restoration targets by 2031. This ambition for beyond 2025 brings with it added
capacity - including Delivery, Monitoring, Data and Evidence capacity — which will
enable NPAP to operate with significantly greater impact and to coordinate with
partners more extensively to achieve its objectives.

LIFEquake is a five-year project funded by EU LIFE which aims to restore peatland,
quaking bogs and their wider supporting wetland landscapes to favourable
conservation status .

Opportunities for Action Aim 1

The possible actions identified with respect to achieving Aim 1 relate to INNS and other
species management, Pollution management, Research and Technology, Species
conservation and enhancement, Soil protection, and Sustainable agriculture, forestry and
fisheries and.
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Action 1. Support Control of Agricultural Pollution Regulations 2021 and additional
measures to protect highly vulnerable sites from nutrient/nitrate pollution.

Action 2. Undertake research within the ecosystem to better understand the structure,
function, fertility and nutrient cycles of its soils and historical changes therein.

Action 3. Use citizen science to collect INNS data, and community engagement to
undertake INNS management.

Action 4. Continue restoring peatlands and other soils key to maintaining carbon
storage and reducing GHG emissions (NPAP)

Aim 2: Ecosystems are Resilient to Expected and
Unforeseen Change

Ecosystem Resilience is assessed in SoNaRR by using four ecosystem attributes as
proxies: diversity, extent, condition and connectivity for each of the seven habitat types
that make up the mountain, moorland and heath (MMH) ecosystem. The habitat types are
lowland heathlands, lowland peatlands, upland heathlands, upland peatlands, upland rock
habitats, alpine and boreal heath and grassland, wider upland matrix. There is a large
variation in data availability across each of the habitats making up the mountain, moorland
and heath broad ecosystem. Many data gaps remain.

Diversity

The current assessment of species diversity is Medium for four MMH habitat types
(lowland heathland, lowland peatlands, upland heathland, and upland rock habitats). The
highest diversity of lowland heathland is found on coastal, limestone and wet heaths,
whereas inland heaths and heath within the Ffridd have lower diversity. There has been a
minor positive change in species diversity of lowland peatland due to restoration of the
hydrological integrity of some raised mire, the absence of peripheral lag fen remains an
issue. Many upland heathland sites continue to exhibit limited floristic and structural
diversity as a result of past management, the more atlantic heaths are typically more
species rich. For upland rock habitats there has been reports of some decrease in the total
species richness in inland rock (Emmett et al., 2025), which typically have high species
diversity within Special Areas of Conservation (SACs).

The current assessment of species diversity is Low for three MMH habitat types (upland
peatlands, alpine and boreal heath and grassland, wider upland matrix). The range of
morphological and ecological variation of upland peatlands is low due to the impact of past
management. There has also been a recent reported decrease in Sphagnum which
suggests a loss of diversity (Emmett et al., 2025) . Diversity is low for alpine and boreal
heath and grassland mainly due to reactive nitrogen deposition and overgrazing. Historic
loss of macro lichens has not been reversed but there has been a small but not significant
recovery of Racomitrium lanuginosum (upland moss) (Turner, 2020). The wider upland
matrix is characterised by low species and structural diversity, but they have wider species
benefits, particularly for specialist birds.
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There has been no significant change in the species diversity of MMH ecosystems in the
historic short-term (2020-2025) for any habitat type. There is no long-term historical trend
or future outlook diversity assessment available for MMH Ecosystems.

Extent

The current assessment of extent for two MMH habitat types (lowland heathland and
lowland peatland) habitat type is low. Many sites for both habitat types have reduced in
extent and ongoing losses due to poor management are known to be an issue.

The current assessment of extent for three MMH habitat types (upland peatlands, upland
rock habitats, alpine and boreal heath and grassland) is medium. EU Habitats Directive
Article 17 recorded 42 ha of Alpine and Boreal habitat extent in 2019 (Turner, 2020). There
is around 9,900 hectares of upland rock habitat, the extent of rock substrate is largely
unchanging (NRW, 2021b). Revised Peatland Map shows 81,927 ha of peatland (Welsh
Government, 2022b). ERAMMP shows an increase in total bog of 29% which may reflect
restoration or previous difficulties in mapping this habitat type (Emmett et al., 2025).

The current assessment of extent for two MMH habitat types (the upland heathland and
the wider upland matrix) is high. Upland heathland remains a major component of the
MMH ecosystem (Emmett et al., 2025; NRW, 2025b). In the wider upland matrix, semi-
natural grasslands cover over 140,000 hectares and continuous bracken around 3600
hectares. (Emmett et al., 2025)

Over the historic long-term (1945-2025) the extent of MMH ecosystems has deteriorated
for all habitat types. Lowland and upland heathlands and peatlands had substantial post
war losses. For peatland this was due mainly to forestry in the uplands and agricultural
improvement in the lowlands (Emmett et al., 2025). There is less information available for
the long-term trends of upland rock habitats, alpine and boreal heath and grassland and
the wider upland matrix. It is likely that quarrying has affected upland rock habitats since
1945, however long-term quarry faces have also developed natural vegetation.

The short-term (2020-2025) historic trend in extent for lowland heathland is
deterioration. The extent of lowland heathland continues to decline as a result of bracken,
scrub and woodland invasion (NRW, 2025b). The short-term (2020-2025) historic trend in
extent for upland heathland is improving. There are indications that the habitat is
beginning to spread because of reduced grazing (Emmett et al., 2025; NRW, 2025Db,
2025c)The short term (2020-2025) historic trend in extent for all other habitat types is
unknown. An increase in total bog (lowland and upland peatland) has been recorded by
ERAMMP. This may reflect restoration, but also the difficulties of attributing satellite
images to this broad habitat. Major projects have focused on improving condition, not
extent (Emmett et al., 2025)

The future outlook (to 2030) for extent of lowland heathland and peatland is a
deterioration. For lowland peatland, the future prospects assessment of four Annex 1
habitats with a lowland presence indicates a status of “poor”. A reduction of grazing on
lowland heathland is likely to lead to losses because of increasing tree and scrub cover
(NRW, 2025c, 2025b).
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The future outlook (to 2030) for extent of upland heathland and peatland is a mixed
picture. For blanket bog (the dominant upland peatland) the prospects for habitat area
have been scored as ‘positive’ (NRW, 2018). In the longer term, climate change will
present a challenge to the extent of upland peatlands, but this may be tempered by
managing for improved ecosystem condition and resilience. Upland Heathland extent is
limited by heavy sheep grazing. If grazing continues to decline in the uplands, then
heathland would be expected to increase. However, some losses would occur to woodland
regeneration on existing heathland.

The future outlook (to 2030) for alpine and boreal heath and grassland is stable. Upland
rock habitats and the wider upland matrix is unknown. There is little evidence available for
these habitat types, due to this, the future trends are considered not predictable.

Condition

The current assessment of condition for five MMH habitat types (lowland heathland,
lowland peatland, upland peatland, alpine and boreal heath and grassland, wider upland
matrix) is low. For lowland heathland, a high proportion of the resource is in poor
condition, often under grazed and unmanaged, although there are some local
improvements particularly along the coast. EU Habitats Directive Article 17 reporting in
2019, used in SoNaRR 2020 concluded unknown or poor condition for lowland and upland
peatlands., There has been no evidence to suggest an improvement in overall condition
(Emmett et al., 2025). For alpine and boreal heath and grassland, there has been no
evidence to suggest significant change in condition since SoNaRR 2020, but there has
been some localised recovery in areas with low grazing pressure. The wider upland matrix
is known to have large blocks of uniform habitat which suits some species such as Chough
and Wheater, whereas other species (e.g. Stonechat) would prefer a more varied mosaic.

The current assessment of condition for two MMH habitat types (upland heathland and
upland rock habitats) is medium. For upland heathland, the condition of SSSIs and SACs
is poor, but improvements have been detected at some upland sites although overall these
sites remain unfavourable (NRW, 2025b, 2025c). The ERAMMP data suggest overall
stability in dwarf-shrub heath condition but with an increase in soil acidification which is of
concern (Emmett et al., 2025). For upland rock habitats, total species richness has
reportedly decreased, and condition is variable but generally considered to be fair (Emmett
et al., 2025).

Connectivity

The current assessment of connectivity for three MMH habitat types (lowland heathland,
lowland peatland, alpine and boreal heath and grassland) is low. There has been no
evidence of significant change for these three habitat types since SoNaRR 2020. Lowland
heathlands are highly fragmented and survive in unconnected parcels. Lowland peatlands
have poor connectivity between habitat blocks (NRW, 2022) . Alpine and boreal heath
and grassland are inevitably tightly restricted to their bioclimatic envelope but are further
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constrained by pollution and over-grazed acid grassland and scree/boulder fields (Turner,
2020).

The current assessment of condition for four MMH habitat types (upland heathland,

upland peatland, upland rock habitats, wider upland matrix) is medium. There has
been no evidence of significant change for these four habitat types since SoNaRR 2020.
Upland heathland is one of the most extensive upland habitats. Upland peatland is the
most interconnected of the peatland resource, primarily due to extensive development of
blanket bog. These two upland habitats have significant potential to enhance connectivity.
For upland rock habitats, connectivity is not a relevant indicator as the occurrence of rock
substrate is governed by geological and geomorphological processes. The wider upland
matric covers large areas but poor condition limits connectivity.

Trends in Condition and Connectivity

The long-term past trend (2012-2025) in condition and connectivity for three habitat
types (lowland heathland, lowland peatland and alpine and boreal heath and grassland) is
deteriorating. For lowland heathland, SoNaRR 2020 reported no lowland heathland in
favourable condition and generally poor connectivity. There has been no new evidence.
For lowland peatland, ERAMMP reports in bogs and blanket bogs a decline of 10%
Sphagnum cover and an increase in topsoil acidity. In fen, marsh and swamp, total
species richness and plants favouring high moisture levels have declined (Emmett et al.,
2025). The most recent monitoring of alpine and boreal heath and grassland shows
unfavourable condition (NRW, 2025d).

The long-term past trend (2012-2025) in condition and connectivity for three habitat
types (upland heathland, upland peatland and upland rock habitats) is a mixed picture.
The condition of upland heathland has been unfavourable, with only one site (Rhinog
SSSI) consistently recorded as favourable, but connectivity remains high (NRW, 2025b,
2025c). Despite unfavourable condition assessments, there has been some improvement
in condition for upland peatland through the National Peatland Action Programme (NRW,
2025a). Evidence for SoNaRR 2020 suggested a mixed picture for upland rock habitats,
due to a mixture of favourable and unfavourable SAC condition assessments. No new
evidence is available.

There is no long-term past trend for the wider upland matrix.

The short-term past trend (2020-2025) in condition and connectivity for two habitat types
(lowland heathland and upland rock habitats) is deteriorating. The short-term historic
trend of lowland heathland reflects the long-term historic trends. For Upland rock habitats,
ERAMMP 2024 reports a decrease in the total species richness in inland rock (Emmett et
al., 2025).

The short-term past trend (2020-2025) in condition and connectivity of three habitat
types (lowland peatland, upland heathland and alpine and boreal heath and grassland) is a
mixed picture. There have been some recent lowland peatland improvements in the
historic short-term through the National Peatland Action Programme. The short-term
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historic trend for upland heathland reflects the long-term historic trend. Although overall
alpine and boreal heath and grassland habitat remains in unfavourable condition, recent
monitoring suggests some improvement because of declining grazing in a few locations
(NRW, 2025d).

There is no short-term historic trend for upland peatland.

The future outlook of condition and connectivity for two habitat types (lowland heathland,
alpine and boreal heath and grassland) is deterioration. For lowland heathland, continued
reduction in grazing and other management in the lowlands is likely to lead to loss of
lowland heathland because of increasing tree and scrub cover. Article 9A records future
prospects for alpine and boreal heath and grassland as deteriorating due to unfavourable
condition, atmospheric deposition of nitrogen and climate change (NRW, 2025b, 2025c,
2025d).

The future outlook of condition and connectivity for four habitat types (lowland peatlands,
upland peatlands, upland heathlands, upland rock habitats) is a mixed picture. There has
been no new evidence with which to assess the future outlook of peatlands since SoNaRR
2020. As with the future extent of upland heathlands, increased connectivity and condition
of this habitat type in the future is dependent on grazing decline. If this continues, it will
require careful management to maintain the populations of some upland birds that require
a more open habitat (cough ring ouzel, curlew) (NRW, 2025b, 2025c). Despite reports of
declining species richness for upland rock habitats, the sample size remains too small to
change the SoNaRR 2020 assessment of future outlook for this habitat type.

Progress towards meeting Aim 2 (Ecosystems are Resilient to
Expected and Unforeseen Change)

The key opportunities taken up since SoNaRR 2020 comprise:
e The National Peatland Action Programme (NRW, 2020) identified ultra modified
peatlands as a priority action theme listing the following national actions:

1. Assess the scale suitability and potential sites for restoration
2. Establish collaborative dialogue with private land managers

3. Establish field-scale trials (feasibility & viability) for wet agriculture and paludiculture
techniques.

e The National Peatland Action Programme 2020-2025 (NRW, 2020) has delivered:
e Hydrological management over a footprint of 2110 ha
e Erosion control over a footprint of 715 ha
e Vegetation management over a footprint of 435 ha
e Grazing management over a footprint of 638 ha
e Tree removal over a footprint of 770ha
e Life Quaking bogs (2022 — 2026) (NRW, 2024a) has so far delivered:
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e Mown 52 hectares of peatland

e Removed 72 hectares of scrub

e Installed 66km of fencing

e Completed 64 hectares of scrapes to bog surface.

e The sustainable farming scheme (SFS) includes tier 3 cooperative schemes that
could establish incentives to encourage cooperation between neighbouring holdings
on peatlands, but these are not scheduled to start until the end of the decade.

Opportunities for Action Aim 2

The possible actions identified with respect to achieving Aim 2 relate to Ecosystem
restoration, Ecosystem creation, Ecosystem protection, Species conservation and
enhancement, Nature based Solutions, Sustainable agriculture, forestry and fisheries and
Community engagement.

Action 5. Establish local community examples to demonstrate ecosystem resilience at
appropriate scales.

Action 6. Maintain and enhance habitat outside protected sites, particularly Priority
Habitat, (s7 Environment (Wales) Act 2016) which must, at very least, be protected
from loss and damage.

Action 7. Manage protected sites towards favourable conservation status, enabling
these sites to ‘function as core areas of a resilient ecological network.’

Action 8. Work in collaboration with the SFS to encourage cooperation between
neighbouring holdings on peatlands.

Action 9. Restore the natural altitudinal tree line where appropriate.

Aim 3: Healthy Places for people, protected from
environmental risk

Health protection

MMH ecosystems contribute to the protection of human health through the supply of the
following regulating services:

e Global climate regulation services: Peatlands occupy around 4% of the land
mass in Wales and store between 30% and 15% of the carbon stored in Wales,
depending on evidence source (Smith et al., 2007; Williamson, Fitch and Evans,
2019). Due to habitat damage from activities such as afforestation and overgrazing,
Welsh peatlands (including areas converted to other land cover types) release
around 500 kt CO2-equivalent (CO2eq) every year (Evans et al., 2017). Peatland
bodies under intensive grassland and arable cropland have the highest greenhouse
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gas emissions from peatlands in Wales (Welsh Government, 2022b). It is predicted
that recent work to block 771km has reduced GHG emissions by 6,030 t CO2-eq
(Williamson, Fitch and Evans, 2019).

e Airfiltration services: Around 4 million kilograms of air pollutants have been
removed by Wales’ MMH vegetation each year between 2007 and 2023. In 2023,
the benefit realised prevented 23 life years lost from long-term exposure to
particulates (PM2.5 and PM10) and 3 life years lost from long-term exposure to
NO2. In 2022 the avoided burden on mortality is estimated at 5 fewer deaths from
short term exposure to Ozone (Office for National Statistics, 2024).

e Water flow regulation services create lower peak flows in wet periods reducing risk
of flooding to households. MMH habitats, particularly on peat and organic soils,
retain large amounts of surface water, slowing discharge and regulating flow;
damage leads to more rapid run-off. Direct exploitation of peatlands in the past
have reduced this service. The National Peatland Action Programme has improved
hydrological management over 2110 ha and reduced erosion over 715 ha (see Aim
2 and Aim 4 for further information).

Health Improvement

MMH ecosystems contribute to human health improvement through the supply of the
following cultural services:

Recreation-related services are provided by MMH ecosystems. In 2021/2022, people
in Wales made 17,437,539 visits to MMH ecosystems for recreation (Owen, Rhydderch
and Williams, 2025) . Almost all the land area included within the MMH ecosystem is
Open Access as defined by the Countryside and Rights of Way Act 2000 (CRoW Act).
Eryri National Park visitor monitoring figures (2022) for the mountainous areas indicate
that over 540,000 thousand people alone visited Yr Wyddfa itself and 75,500 visited
Cader Idris (Eryri National Park, 2023). The Office for National Statistics estimate that
visits to Welsh MMH ecosystems for recreation increased by 15% between 2019 and
2022, with the associated number of people gaining related health benefits from these
visits remaining the same at around 100,000. (Office for National Statistics, 2024)

Visual and sensory services providing local sensory benefits enjoyed by people,
these services are enjoyed in combination with recreation-related services. A total of
333 km? of Heathland (Dwarf shrub heath) landscapes are evaluated as outstanding or
high, and recognised as nationally and regionally important in Wales’ LANDMAP
Landscape Habitats (Cottrell and Medcalf, 2019).

Cultural Well-being

MMH ecosystems contribute to people's cultural well-being through the supply of the
following cultural services:
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e Spiritual, artistic and symbolic services are provided by MMH ecosystems, There is
ground-based and documentary evidence of the traditional method of peat cutting, with
over 930 peat cutting and possible peat cutting locations recorded, and a further 517
records for other physical remains, including peat stacks and peat stands (Royal
Commission on the Ancient and Historical Monuments of Wales, 2021). Peatlands play
a unique role in preserving archaeological remains and recording the development of
the landscape and the influence of humans (Hughes, 2010). Historic poetry (Hedd Wyn
and Llwyd, 1994) and contemporary poetry such as ((Rhys, 2007) reflects the ongoing
strong cultural and spiritual inspiration provided by Welsh peatlands.

e Educational services are provided by MMH ecosystems. MMH areas are frequently
used for educational and research purposes. The National Parks are particularly
popular with education trips; however, the number of trips and participants is not
routinely recorded. The uplands provide Welsh universities with research and
educational opportunities, for example Pwillpeiran at Aberystwyth University is a
research centre dedicated to the uplands.

Progress towards meeting Aim 3 (Healthy Places for people,
protected from environmental risk)

The key opportunities taken up since SoNaRR 2020 comprise:

e The National Peatland Action Programme 2020-2025 (NRW, 2020) has delivered Hydrological
management over a footprint of 2110 ha. As a nature-based solution some key benefits
identified through NPAP’s restoration objectives were tackling the Climate and Nature
emergencies as well as mitigating against flood and fire risks.

e Some awareness has been raised about the state of montane heath via Cymdeithas Eryri
magazine.

¢ Blue Cross has worked with the Welsh Government to produce a course aimed at reducing
livestock worrying (Blue Cross, 2023)

Opportunities for Action Aim 3

The possible actions identified with respect to achieving Aim 3 relate to Access to nature,
Community engagement, Education and Awareness, and Integrated plans and strategies

Action 10.Increase awareness and education about the condition of the ecosystem.

Action 11.Establish an integrated approach to managing recreational pressures to
ensure sustainable use of the MMH habitat resource. Assess the impacts of large
Challenge Events and specific activities on key habitats and species to inform
decisions and management.

Action 12.Sustainable Land Use and Land Management Change. Create a coherent
and integrated approach to land use and management change priorities across all
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ecosystems at appropriate scales. This could help to support place-based delivery
for our Public Services Boards and via Area Statements.

Aim 4: Contributing to a Regenerative Economy,
Achieving Sustainable Levels of Production and
Consumption

Contributions of Mountain, moorland and heath to sustainable
economic production and consumption

MMH ecosystems contribute to economic well-being through the supply of the following
regulating services:

e Water purification services: The uplands are crucial for improving the quality of
water reaching lowland river systems. Peatland restoration offers a potentially
cheaper and more sustainable option to improve the quality of raw water arising
from peaty catchments, avoiding costly treatments and the use of chemicals. It is
suggested that re-establishing Sphagnum on degraded peatlands could reduce
costs and improve efficiency (Ritson et al., 2016).

MMH ecosystems contribute to economic well-being through the supply of the following
provisioning services:

e Grazed biomass provisioning services: 79% of land in Wales is designated as a
Less Favoured Area (LFA), mainly in MMH areas. Cattle and sheep farming on LFA
land is the most common farm type in Wales, accounting for 25% of all farms. LFA
cattle and sheep farming is completely reliant on income from subsidies (basic
payments and agri-environment payments) and diversification, as farming is not
profitable on LFA land (Welsh Parliament Senedd, 2022). There has been a small
reduction on the number of sheep and cattle in Wales in 2024 compared to previous
years ((Welsh Government, 2024)

e Pollination services: Habitats with a high proportion of heathers provide a nectar
source for pollinators over a long season. ERAMMP 2024 (Emmett et al., 2025)
reports pollinator indicators stable for MMH. Heathlands have long been an
important resource for beekeepers and ‘heather honey’ has twice the value of other
domestic honeys (UKNEA, 2011).

e Water supply services for direct household consumption is an important
provisioning service provided by upland areas. Around 93% of the water supplied to
consumers in Wales originates from surface water or is abstracted from rivers with
large upland catchments (Dee, Usk, Severn, Tywy and Wye). (NRW, 2021b)

MMH ecosystems contribute to economic well-being through the supply of the following
cultural services:
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e Recreation-related services: In 2021/2022, people in Wales made over 17 million
visits to MMH ecosystems for recreation (Owen, Rhydderch and Williams, 2025)
These visits support employment in tourism and outdoor leisure related activities.
The ONS value tourism to these areas at £40 million in 2022 (Office for National
Statistics, 2024). It is estimated that the three Welsh National Parks are visited by
12 million people each year (Auditor General for Wales, 2022).

e Education, scientific and research services: MMH ecosystems provide
opportunities for schools, businesses and research organisations to use the
environment for intellectual interactions. The National Parks are particularly popular
with education trips; however, the number of trips and participants is not routinely
recorded so it is difficult to get an overall picture.

Economic drivers and their pressures on MMH ecosystems

The key direct economic drivers within Wales related to the degradation of MMH
ecosystems relate to Land and sea use change and Direct exploitation. Climate change
pressures are considered to be driven by global economic activity.

Land and sea use change

Intensive grazing (agricultural intensification) impacts MMH habitats by resulting in the
loss of species diversity and conversion of heathland, montane and peatland habitats to
species-poor grasslands e.g. acid and marshy grassland and grassland habitats on deep
peat.

The long-term trend (1990-2020) is deterioration. Heathland habitats have become
highly fragmented as a result of past intensification particularly in the lowlands
(Blackstock et al., 2010). Past conversion of lowland raised bog and fen habitats to
agricultural land continues to impact the remaining peat body through changes to the
hydrological system. There has been a widespread loss of semi-natural vegetation
(ffridd) and net replacement by improved grassland (Milsom et al., 2003). There is
insufficient monitoring data to provide a short-term trend (2020-2025) however
intensive grazing remains a localised issue in lowland peatlands and a widespread
issue in upland peatlands. For heathland, intensive grazing is recorded as a reason for
failure on the Eryri SAC (Harrison, 2024a). Dry heath has been shown to be recovering
from overgrazing on Llanllechid Common in the Eyri SAC (Harrison, 2024b) although
overall the site remains overgrazed in agricultural terms and grazing hotspots persist
(NRW, 2025c). Intensive grazing remains a key reason for the unfavourable condition
of montane habitats although there is evidence of reduced grazing in some locations
(Turner, 2020; Turner and Harrison, 2022).

The future outlook is a mixed picture. Historic intensification will continue to impact
on MMH habitats through the effects of fragmentation, eutrophication and changes to
hydrological systems. Further conversion of habitat to improved agricultural land should
be prevented by the environmental impact assessment (agriculture) (Wales)
Regulations 2017. The National Peatland Action Programme (NRW, 2020) has
identified hyper-modified peatlands as a priority action theme.
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Afforestation: Historic afforestation in the uplands, particularly the planting of conifers in
the post war years, included the planting of significant areas of peat soils. The planting of
deep peat is no longer permitted but legacy issues associated with afforested deep peat
and the self-seeding of conifers from these areas into open habitat remain, impacting the
MMH ecosystem.

o The long and short-term historic trend (1990-2025) is improving. Heathland has
been restored following forestry removal in a few locations over the past 20
years. Examples include restoration of lowland heath at Penlan Forest in
Pembrokeshire, and the restoration of upland heath on the lower slopes of
Liwytmor, Carneddau within the NRW Abergwyngregyn Forest. No extent data is
available. The National Peatland Action Programme has removed trees from
7770ha of deep peat (NRW, 2024b). This figure is for the total land area where
management has taken place. The density of trees removed will vary from site to
site.

e The future outlook is a mixed picture. Wales’ ambition around new woodland creation
means that woodlands are likely to be created within the MMH ecosystem in the future.
Given the current controls around woodland creation, such as policy, regulation and
guidance, it should be well designed and planned to support the MMH ecosystem. The
current focus of the National peatland Action Programme is to restore areas of
peatland with low yield class plantations (Natural Resources Wales, 2024). However, to
deliver the overall target of 45,000 ha of peat restoration required to attain the Net Zero
ambition, an expanded focus of our more modified peatlands will be required as part of
the 2030 target for 1800 ha of peat restoration per annum (Welsh Government, 2022a

Th.Reduced management intensity: Livestock grazing is essential to maintain the
structure and floristic composition of many MMH habitats, particularly against the current
backdrop of atmospheric nitrogen deposition. However, too much or too little grazing or
grazing at the wrong time of year with unsuitable livestock can cause the decline of habitat
structure and composition and increase species-poor vegetation, for example upland acid-
grassland or Molinia-dominated peatlands (NRW, 2021b). Burning has been a traditional
practice on some MMH habitats particularly upland heathland. Controlled burning can be
used to mimic the natural fire cycle and reduce nitrogen. However, it can negatively impact
on fire sensitive habitats and habitat mosaics.

e The long and short-term historic trend (1990-2025) is a mixed picture. In 2024 the
number of sheep and lambs in Wales was 8.7 million, similar to the 2023 figure. This is
the lowest level since 2011. Under grazing has been cited as a current pressure across
8 of the 9 peatland/wetland Annex 1 habitats (NRW, 2026). Recent declines in grazing
levels in the uplands have initiated the slow recovery of vegetation in some areas
(Turner, 2020; Harrison, 2023, 2024b)) though many habitats still show impacts of
heavy grazing, including the suppression or loss of heathers, the prevalence of grasses
and loss of plant species diversity. The National Peatland Action Programme 2020-
2025 (NRW, 2020) has delivered work to address under-management issues. Cutting
on blanket bog or heathland is an alternative to burning but has more resource
implication, rewetting reduces the need for resource intensive cutting.
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o The future outlook (2025 to 2100) is a mixed picture. Heather cutting and controlled
burning are likely to decline unless there is a commercial reason to carry on (grouse
moors). A decline in management will have positive effects, for example, recovery of
fire-sensitive habitats and species, and negative effects for example the potential for
more frequent and severe wildfire. Decreasing grazing will tend have a negative impact
on lowland heaths resulting in poorer structural and floristic diversity but is likely to be
positive in the uplands with heathland spreading into acid grassland, improvements in
the condition of montane habitats and the increase in woodland cover.

Unmanaged access, sport and recreational activity: Access and recreation pressures
have been recorded on heathlands. Impacts include footpath erosion, vehicle damage,
disturbance, especially by dogs, to livestock and breeding birds, and fouling which causes
localised soil enrichment. Some of these effects are positive; for example, footpaths can
create firebreaks and maintain open ground micro-habitats on heathland, but dogs can
discourage graziers from turning out livestock. Impacts on rock-based habitats include
footpath erosion across scree fields and localised damage to sensitive cliff and ledge
vegetation from climbing and (occasionally) ice climbing. Caves have more specific issues
which include the impact of increased CO2 levels associated with respiration on delicate
cave formation. Recreational impacts on subterranean fauna are generally poorly
understood, but hibernating bats are particularly sensitive to human disturbance.

« The long-term historic trend is a mixed picture. For example, Eryri National Park
figures for visitor numbers on Y Wyddfa show a decline on some paths whilst there is
an increase in visitor numbers on all paths on Cader Idris (Eryri National Park, 2023).
In the high montane environment damage from recreational pressure is site specific, for
example on the path from Llyn y Cwn to Y Garn in the Glyderiau where an area of
montane habitat has been partially destroyed (Turner, 2020).

o The future outlook is a mixed picture. Recreational pressure is likely to continue to
have an impact in “honey pot” areas or where habitats are particularly sensitive. The
two upland National Parks (Eryri and Bannau Brycheiniog) have strategies for
managing visitors and repairing eroded paths in the uplands (Bannau Brycheiniog
National Park, 2007; Eryri National Park, 2022). Cwm Idwal in Eryri is one of the most
important areas for arctic alpines in Wales and is also a popular winter climbing
location.

Built development and infrastructure: This pressure refers to the construction of
windfarms on MMH specifically blanket bog in the uplands. Wind-power generation poses
two immediate pressures: loss of habitat beneath the footprint of infrastructure (including
turbine footings, crane pads, tracks and quarries) and impacts on areas of peatland
adjacent to infrastructure posed by hydrological and fragmentation issues. Wind-farms
have the potential to alter existing grazing. Management practices, though Habitat
Management Plans can represent positive impacts.

e The long and short-term trend (2000 to 2025) is deteriorating. The generation of
energy from renewable sources, mainly wind and solar has been increasing over the
last 15 years. There were 754 onshore wind projects in 2023 (Welsh Government,
2025). Whilst the location of these is not specific a proportion will be constructed on
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MMH and have an impact on peatland habitats. The number of windfarm developments
on peat is greatest in Ceredigion and Powys whilst the density of turbines is greatest in
South Wales. (Chico et al., 2023). Despite Planning Policy Wales Edition 12 (2024)
promoting the avoidance of both peat soils and peatland habitats several recent
schemes overlapping with peat have been approved and many more are likely to be
forthcoming. Renewable Energy Generation is cited as a High priority pressure and
threat for blanket bog (NRW and JNCC, 2026).

o The future outlook (2025 to 2050) is Deteriorating. The Welsh Government target is
to meet 70% of Wales’ electricity demand from Welsh renewable electricity sources by
2030. In addition to the 2030 target, in 2023 the Minister for Climate Change proposed
an additional target of achieving 100% renewable electricity generation in Wales by
2035 (Welsh Government, 2023b). There are a number of schemes at the planning
stage which are likely to have a negative impact on blanket bog habitat and the deep
peat resource.

Direct Exploitation

Drainage: This is particularly problematic for and relevant to peatlands where drainage
causes habitat change, changes to the hydrological system, erosion, increased run-off,
and increased greenhouse gas emissions. Grazing livestock losses also occur in drainage
ditches.

e The long-term trend (2000-2024) is improving. Considerable ditch blocking has
been undertaken across Wales over the last 20 years e.g. the Life Active Blanket
Bog in Wales project (2006-2011) blocked 485 kilometres of drains on the Berwyn
and Migneint SACs (European Commission, 2024a). An estimated total length of
open drainage channels of 1,512 km remained across the Welsh peatland
landscape in 2019 (Williamson, Fitch and Evans, 2019). The ERAMMP report
(Emmett et al., 2025) shows an improving long-term trend for blanket bog whilst the
report does not specify what activities have led to the improving condition ditch
blocking over the last 20 years will be a contributory factor to this trend. However,
the short-term trend (2020-2025) is a mixed picture. The 2025 Habitat Regulation
9a assessment finds that the overall conservation status of blanket bog (H7130) is
“‘unfavourable bad”, with a trend of “deteriorating” (NRW and JNCC, 2026).

e The future outlook is a mixed picture (2025-2030), moving to uncertain over the
long term (2030-2100). Welsh Governments Climate Adaptation Plan (2024)
includes , ‘we will commitments concerning the restoration of 45,000 ha of peat,
with an annual delivery programme of 1,800 ha/annum by 2030. The National
Peatland Action programme is currently being upscaled to continue to deliver action
for peatlands. The environmental impact assessment (agriculture) (Wales)
Regulations 2017 should prevent any new drainage of peatlands, but this is not
certain.

Progress towards meeting Aim 4

The key opportunities taken up since SoNaRR 2020 comprise:
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e The winter monitoring equipment set up by us and BMC in 2013 to provide live
temperature data on the turf was updated in 2023 as part of the Tlysau Mynydd
Eryri Natur am Byth project (The British Mountaineering Council, 2023). This aims
to encourage climbers not to use ice axes and crampons when the turf is too warm
to avoid damage to sensitive alpine-arctic communities. There is a presumption
against publicising some areas where recreational pressures are currently fairly low
in order to protect sensitive habitats e.g. the Rhinog in Eryri (NRW, 2024c)

e Glastir agreements have enabled some managers to deliver more appropriate,
reduced grazing levels. However, the interim Wales Habitat Scheme has received
fewer applications than expected and payment rates, especially to large upland
farms may have discouraged some applicants.

Opportunities for Action Aim 4

The possible actions identified with respect to achieving Aim 4relate to Education and
Awareness, Payments for Ecosystem Services Pollution management, Renewable energy
(worldwide), Sustainable agriculture, forestry and fisheries, Sustainable construction,
Sustainable transport, and Waste prevention.

Action 13.Adapt land management systems and practices. Work to maintain healthy
soils to increase the ecosystem’s resilience to the effects of climate change.

Action 14.Mitigate pressures from built development and infrastructure (including for
renewable energy)

Action 15.Sustainable agriculture with appropriate grazing intensity to ecosystem
condition and biodiversity to deliver high value products and climate change
mitigation co-benefits

Action 16.Mitigate impact of recreational pressure on “honey pot” areas or where
habitats are particularly sensitive.

Action 17.Harness sustainable tourism to fund regeneration of MMH ecosystems and
communities.

Evidence Needs

Evidence needs for the mountain, moorland and heath ecosystem focus heavily on
understanding and enhancing ecosystem resilience and condition. Key gaps include the
current health and trends of MMH habitats, condition on protected sites, identifying drivers
of change such as climate, land use, and pollution, and evaluating the effectiveness of
restoration techniques.

A second theme centres on ecosystem services and sustainable management. Evidence
is needed to map shallow peat and organic soils, quantify carbon sequestration benefits,
and assess the greenhouse gas balance of transition mires. Further gaps include
understanding the provisioning of genetic and timber resources, visual and sensory
amenity values, and the role of MMH in water regulation and flood mitigation. Barriers to
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peatland restoration and landowner engagement also require exploration to support policy
and practical interventions.
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Semi-natural grassland ecosystem

Evidence lead: Stuart Smith

Semi-natural grasslands fall into five broad categories, developed in response to local
climate, soil, hydrology, geology, and management: acid, neutral, calcareous, marshy and
the rare calaminarian grassland. Semi-natural grasslands occur in both upland and
lowland situations.

This semi-natural grassland assessment is one of eight ecosystem and three natural
resource assessments that inform the overall SONaRR2025 report. It builds on the findings
of SoONaRR2020, drawing together updated evidence from subject experts, national
datasets, and assessments. Related assessments include Enclosed farmland and
Mountain, Moorland and Heath as well as evidence about drivers of environmental
change, such as Land and sea use and management change.

The assessment is structured around four interlinked aims that guide Wales’ progress
toward the sustainable management of natural resources (SMNR), helping to
communicate the relationship between the environment, well-being, and the economy

Key messages

1. Semi-natural grasslands are vitally important for biodiversity and provide a range of
key ecosystem services such as pollination, clean air and water, and a supply of
sustainably produced food. They capture and store large amounts of soil carbon
and have the potential to retain even more if managed to restore their natural
diversity of plants and soil fungi.

2. The resilience of semi-natural grasslands has not improved since 2020. Grassland
priority habitat is still being lost, and site condition, especially in the lowlands, is
generally poor, mainly due to under-grazing. Semi-natural grasslands remain the
most fragmented of all ecosystems.

3. Semi-natural grasslands are impacted by a wide range of ongoing pressures, in
particular undermanagement, as well as agricultural intensification, atmospheric
nitrogen pollution and climate change. Areas of unmapped grassland habitat are
highly vulnerable to land use change, including for forestry, energy generation and
housing.

4. The condition, protection and monitoring of grassland sites urgently requires
increased investment and focus. Many sites which were identified as needing
‘priority protection’ decades ago are still not legally protected; even within protected
sites, only 9% of all grassland features are considered to be in ‘favourable
condition’.

5. There have been notable successes from local grassland projects and initiatives,
but a lack of a coordinated approach to improving grassland resilience at scale and
over the long term. The Sustainable Farming Scheme is a key opportunity for
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improving grassland resilience across Wales, should it be sufficiently resourced and
well targeted.

Semi-natural grassland ecosystem Summary
SMNR Assessment

Aim 1: Stocks of natural resources are safeguarded and
enhanced

Semi-natural grasslands in Wales continue to be lost through agricultural intensification,
although the rate of those losses is thought to have reduced in recent years.

There are also recent examples of grassland habitat being lost through land-use change,
including from afforestation and built development/infrastructure, although woodland
verification and planning controls generally limit such losses.

Undermanagement remains the main cause of poor condition of semi-natural grasslands,
and grassland habitats are under sustained pressure from invasive species, air pollution,
and climate change. Non-native plants like cotoneaster and Himalayan balsam threaten
native biodiversity, with their spread expected to worsen if there is insufficient intervention.
Airborne pollutants such as ammonia and nitrogen oxides exceed critical loads across
most grassland types, altering soil chemistry and reducing species diversity. Climate
change is disrupting plant and animal life cycles, with evidence of mismatches between
flowering times and pollinator activity and declines in moth and bryophyte populations.
These pressures collectively degrade the ecological integrity of grassland habitats.

Efforts to safeguard and enhance semi-natural grasslands include management
interventions on statutory sites and via agri-environment schemes, targeted invasive
species control, pollution reduction, and climate adaptation strategies - however progress
is often limited by insufficient resources. Only 10% of grassland priority habitat is under
statutory protection, and new SSSI designations since 2020 have been limited. Regulatory
improvements and clearer guidance need to be more fully implemented. Without increased
investment and management, the outlook to 2050 remains one of continued deterioration,
particularly in the face of intensifying climate impacts and land-use pressures.

Aim 2: Ecosystems are Resilient to Expected and
Unforeseen Change

Resilience in semi-natural grasslands is assessed through diversity, extent, condition, and
connectivity.

Lowla