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About Natural Resources Wales

Natural Resources Wales is the organisation responsible for the work carried out by
the three former organisations, the Countryside Council for Wales, Environment
Agency Wales and Forestry Commission Wales. It is also responsible for some
functions previously undertaken by Welsh Government.

Our purpose is to ensure that the natural resources of Wales are sustainably
maintained, used and enhanced, now and in the future.

We work for the communities of Wales to protect people and their homes as much as
possible from environmental incidents like flooding and pollution. We provide
opportunities for people to learn, use and benefit from Wales' natural resources.

We work to support Wales' economy by enabling the sustainable use of natural
resources to support jobs and enterprise. We help businesses and developers to
understand and consider environmental limits when they make important decisions.

We work to maintain and improve the quality of the environment for everyone and we

work towards making the environment and our natural resources more resilient to
climate change and other pressures.
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Evidence at Natural Resources Wales

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

We will realise this vision by:

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

1 Securing our data and information;

1 Having a well-resourced proactive programme of evidence work;

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

1 Communicating our evidence in an open and transparent way.

This Evidence Report series serves as a record of work carried out or commissioned

by Natural Resources Wales. It also helps us to share and promote use of our
evidence by others and develop future collaborations.
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1. Crynodeb Gweithredol

Mae Cyfarwyddeb Nitradaudér UE yn eihaugwneud h
adnabod a dynodi Parthau Perygl Nitradau bob pedair blynedd yn seiliedig ar
grynodiadau nitradau syén fwy naodr | efelau d
nitrogen yn debygol o achosi anghydbwysedd n
(ewtroffigedd neu orfaethu).

Roedd Cymru a Lloegr wedi cytuno ar ddull o asesu tystiolaeth ar gyfer ewtroffigedd

trwy gyfrwng grRp technegol a oedd yn cynnwy
asiantaethaudr ||l ywodraeth, arbenigwyr annib
undebau amaethyddol a chwmnpau dRr. Yn fyr,
tystiolaeth wedi 0i phwysoli er mwyn cyfuno t
modd adnabod dyfroedd wedi 6u gorfaethu © | ef
adroddiad hwnynadolygu 6r dysti ol aeth sydd ar gael am
Cymru gan ddefnyddiodor dull hwn, gan gynnwys

amgylcheddol diwygiedig ers yr adolygiad diwethaf.

Cafodd data ansawdd dRr ei gasojdloloo 88 o | yn
lynnoedd ar hyd a lled Cymru gan ddefnyddio data CNC a chan drydydd partion lle

mae ar gael. Defnyddiwyd setiau data cyfredol, yn enwedig gwaith monitro a

gynhaliwyd ar gyfer y Gyfarwyddeb Fframwaith
Credirmaidy maé6r adol ygiad mwyaf cynhwysfawr o ewt

hyd yma. Er bod y datadén dda o safbwynt gofo
ar gael ar gyfer pob corff o ddRr yr ystyrir
bryd, nidarwyiwadd fdfowsnonell au wedi 0i gwbl hau ar
ywén debygol y bydd canlyniadau hynnydédn newi
Cafodd 25 o gyrff dRr eu nodi fel rhai syodn
seiliedig ar nall heai écobdagal cemeghawsant eu
gan ystyried yr hyder ystadegol yn y canlyni
hwn:

A Roedd wyth corff dRr yn dangos tyst

gynnwys yr holl Barthau Perygl Nitradau cyfredol (LIyn Coron, Llyn Syfaddan,
LI'yn Hanmer Mere a LlIlynnoedd Bosherston),
(LIlyn Maelog, Llyn yr Wyth Eidion, LIlynnoedd Fali, Llyn Traffwll a Llyn

Pencarreg).
A Roedd tri c h o mdystolaethi® ewtrgffigedd, gefildymwy s r hy
Tegid, Cronfeydd DRr Plas Uchaf a Dol wen,
A Roedd y 14 corff dRr arall yn dangos

annigonol, o ewtroffigedd i gael eu hystyried yn Barthau Perygl Nitradau, neu
roedd modd eu hanwybyddu am resymau eraill .

Bydd tystiolaeth o6r adroddiad hwn yn cael e
arni, ynghyd ag unrhyw dystiolaeth arall ar y llynnoedd dan sylw.

A Mae CNC yn ar @lefelaulnyderbchbetio yr wyt h cor
Ewtroffigedd yn cael eu dynodi 6n Barthau F
ganlyniadau dosrannu ffynonellau ac adolygiad cymheiriaid gan y Panel
Arbenigol.
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A Mae CNC yn argymell bod y aPanel Arb
lefelau hyder is, gan nodi bod tystiolaeth o ewtroffigedd yn wannach yny
lleoliadau hynny a bod angen cyngor arbenigol.

A Mae CNC yn argymell na ddylai dal gy
yn yr adroddiad hwn gemsd Ntadauatrgaht odi 6 n Bartt
ewtroffigedd Il ynnoedd, gan fod y dysti ol &
ydynt wedi 6u hewtroffeiddio, neu nad oes

Wrth gynnal y gwaith hwn, cyflwynwyd sawl gwelliant posibl i arferion samplu a
safonau amgylcheddol. Yn arbennig, mae datblygu safon nitrogen neu faethynnau
unedig ar gyfer llynnoedd yn cael ei ystyried yn flaenoriaeth ac argymhellir bod

LI'ywodraeth Cymru yn gofyn | Gyfarwyddeb Ff
Argymhelirhef yd bod y Gr Rp Technegol ar Barthau F
gytuno ar ddi weddariadau i 6r dull asesu yn vy

newidiadau i rwydwaith samplu CNC hefyd fel bod pob llyn ag ewtroffigedd posibl
syon bwysi g anrywiaethlyncgehet foniiro yom & dyfodol.

Fel arolwg cyffredinol o bwysau maethynnau a
hwn yn berthnasol hefyd i reolaeth amgylcheddol ehangach, gan gynnwys

bl aenoriaethu gweit hr edol-amgylclzeddgleleaior cynl | un
Safleoedd o Ddiddordeb Gwyddonol Arbennig ac Ardaloedd Cadwraeth Arbennig,
Cynllunio Rheoli Basn Afon adr Datganiadau A
nodi bod dull asesu Parthau Perygl Nitradau yn weddol geidwadol ac felly gall

llynnoedd lle nad yw dynodiad Parth Perygl Nitradau yn briodol fod yn destun

mesurau rheoli dalgylch rhagofalus hefyd, yn
ffrwyth cydweithio. Mae hyn yn hynod o bwysig i reoli llynnoedd oherwydd, unwaith

maeodr br os e ®arsvaith, gadl &dferellyndoedd fod yn araf wedyn.
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2. Executive Summary

The EU Nitrates Directive requires Member States to identify and designate Nitrate
Vulnerable Zones every four years based on evidence that nitrate concentrations
exceed safe levels for human health, or that nitrogen levels are likely to be causing
harmful imbalances on the aquatic environment (eutrophication).

England and Wales have previously agreed a method for assessing the evidence for
eutrophication via a technical group that included representatives from Government,
Government Agencies, independent experts and stakeholders, including the farming
unions and water companies. In brief, the method uses a weight of evidence
approach to combine evidence from water chemistry and biology. Waters that are
eutrophicated can then be identified with different levels of confidence. This report
reviews the available evidence of eutrophication on Welsh Lakes using this method,
including some changes that have resulted from updated environmental assessment
methods since the last review.

Water quality data was collated from 88 lakes and ecological data from 101 lakes
throughout Wales using data from NRW and where available from third parties.
Existing datasets were used, especially monitoring carried out for the Water
Framework Directive and the Habitats Directive. This is believed to be the most
comprehensive review of lake eutrophication in Wales to date. Although these gave
good spatial coverage, sufficient data was not always available for all water bodies
considered at risk of eutrophication. At present source apportionment has not been
completed for all water bodies, though it is not considered likely that source
apportionment results will alter the overall conclusions.

Twenty-five water bodies were identified as being potentially at risk of eutrophication
based on either chemical or ecological data and were examined in greater detail and
taking into account statistical confidence in the results. The key findings of this
assessment are as follows:
1 Eight water bodies showed evidence of eutrophication with high confidence:
this included all of the existing NVZs (LIyn Coron, Llangorse Lake, Hanmer
Mere and Bosherston Lakes), plus five additional water bodies (LIlyn Maelog,
Llyn yr Wyth Eidion, Valley Lakes, Llyn Traffwll and Llyn Pencarreg).
1 Three water bodies exhibited some evidence of eutrophication. These are Llyn
Tegid, Plas Uchaf & Dolwen Reservoirs, and Witchett Pool
1 The remaining fourteen water bodies showed no or insufficient evidence of
eutrophication to be considered as NVZs, or could be ruled out for other
reasons.

The evidence from this report will now be submitted to an Expert Panel for scrutiny,
together with any other evidence on the lakes that they request.

1 NRW recommends that the eight water bodies with High Confidence of
Eutrophication be designated as NVZs subject to the results of source
apportionment and peer review by the Expert Panel.

T NRW recommends that the three water bodies with lower confidence be
considered by the Expert Panel, noting that the evidence of eutrophication is
weaker at these locations and that independent expert advice is needed.
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1 NRW recommends that the catchments of all other water bodies assessed in
this report should not be designated as NVZs on grounds of lake
eutrophication, as the evidence either exists that they are not eutrophicated, or
there is insufficient evidence to designate.

During the course of the work, several potential improvements to sampling practices

and environmental standards were identified. In particular, development of a nitrogen

or unified nutrient standard for lakes is considered a priority and it is recommended

that Welsh Government request the WFD UKTAG to develop this. It is also

recommended that the NVZ Technical Group reconvene to agree future updates to

the assessment met hod. Mi nor changes to NRWO
recommended to ensure that all potentially eutrophicated lakes of biodiversity

importance are monitored in future.

As a general review of nutrient pressures on lakes in Wales, this work is also relevant
to wider environmental management, including operational prioritisation, agri-
environment scheme targeting, SSSI and SAC management, River Basin
Management Planning and forthcoming Area Statements. However, it should be
noted that the NVZ assessment method is relatively conservative and therefore lakes
where NVZ designation is not appropriate could still be subject to catchment
management measures on a precautionary basis, especially where these are low-
cost and / or collaborative. This is especially important to lake management as, once
eutrophication takes hold, lake restoration can be slow.
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3. Introduction

This report presents a synthesis of the evidence base relating to nutrient pressures in

Welsh lakes. The context for this work is the 2015-16 review of Nitrate Vulnerable

Zones (NVZs)i n support of Walesbds obligations und:¢
However, the evidence thus collated is extensive and can be used in other

operational and policy contexts. Eutrophication is a relevant pressure in many

situations, and levels of evidence for eutrophication vary, both due to the extent of

monitoring data available and because ecosystems are inherently variable. An

understanding of the impacts of nutrients on Welsh lakes is therefore useful for a

variety of purposes.

There are about 550 lakes of 1 ha or more in area in Wales (Hughes et al. 2004 i
Figure 3.1). These cover a combined catchment area of approximately 305,000 ha.
About 150 of these have some survey or monitoring data.

The general definition of eutrophication used by European legislation is as follows
(Carvalho et al. 2006):

6The enrichment of water by nutrients, es
phosphorus (P) and/or nitrogen (N), causing an accelerated growth

of algae and higher forms of plant life to produce an undesirable

disturbance to the balance of organisms present in the water and to

the quality of thewaterc oncer ned 6

In other words, demonstrating eutrophication requires both (i) evidence of elevated
nutrient levels compared to what would be expected and (ii) ecological evidence of
impacts related to nutrients.

3.1. The Nitrates Directive Evidence Review Process

The Nitrates Directive (91/676/EEC) is intended to protect waters against nitrate
pollution from agricultural sources. Member States are required to identify waters that
are or could become polluted by nitrates and to designate all land draining to them
and contributing to the pollution as Nitrate Vulnerable Zones (NVZs). Farmers in
designated areas must follow an Action Programme to reduce pollution from
agricultural sources of nitrate. The criteria for identifying waters as polluted are
established in the Directive, which also sets out monitoring requirements. NVZ
designations must be reviewed at least every four years.

Waters that are or could be affected by pollution are to be identified using the
following criteria:
1 surface freshwaters which contain or could contain, if preventative action is
not taken (i.e. Action Programme measures), more than 50 mg I* nitrate;
1 groundwaters which contain or could contain, if preventative action is not
taken, more than 50 mg I'* nitrate;
1 natural freshwater lakes, other freshwater bodies, estuaries, coastal waters
and marine waters which are eutrophic or in the near future may become
eutrophic if preventative action is not taken.
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Figure 3.1. Left: Distribution of the lakes (here defined as water bodies > 1ha in area) in Wales. Right: Map of their catchments. Data from
Hughes et al. (2004). Base mapping © Crown Copyright and database right 2013. Ordnance Survey 100019741.
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This report analyses the data in respect of current and potential new lake Nitrate

Vul nerabl e Zones in Wales against the o6eutro
separate reviews of the status of surface and groundwaters against the 50 mg I

threshold.

The Directive also specifies that the following considerations must be taken into
account when applying these criteria:
1 the physical and environmental characteristics of the water and land;
1 current (scientific) understanding of the behaviour of nitrogen compounds in
the environment (water and soil); and,
1 current understanding of the impact of preventative action.

Under Atrticle 6 for the purpose of designating and revising the designation of
vul nerabl e zones, Member States shalll: Arevi
surface water s, estuari al and coast al waters

At each NVZ review, changes and factors unforeseen at the previous review must be

taken into account. The periodic nature of reviewing NVZs means that each review
necessarily presents a 6snapshotd assessment
review. This latest review was undertaken using data from 2009 onwards.

3.2. The Eutrophic Waters NVZ Criteria

In contrast to the surface waters and groundwaters criteria, which are defined with
respect to a single threshold of 50 mg I* nitrate based on water quality monitoring
data, the identification of eutrophic waters requires the balancing of an often complex
evidence base. Eutrophication in lakes can result in a variety of different ecological
symptoms of damage which may manifest themselves to different extents depending
on the type of water concerned. These different strands of evidence need to be
combined in a consistent manner to arrive at a judgment as to whether a water body
is negatively affected by eutrophication. Examples of this include:
1 Changes to the aquatic plant community;
1 Low dissolved oxygen, especially in deep lakes;
1 Nuisance growths of certain plant species, especially filamentous algae
(blanket weed);
1 Loss of sensitive fish species requiring high oxygen levels, such as trout and
charr and,;
1 Algal blooms.

The existing method statement for identifying lake NVZs includes a structured and
evidence-based method for combining these criteria (Environment Agency 2012),
which was agreed by a technical group of regulators, scientists and stakeholders.
This method makes extensive use of existing monitoring methods and standards
used for implementation of the Water Framework Directive (WFD). This approach
was used as a means of maximising efficiency by reducing monitoring costs and
aligning Directives. Lakes were initially screened against chemical data, using
thresholds identified in the scientific literature, to establish whether eutrophication
was likely. Candidate lakes were then assessed against other ecological data to
identify impacts (Environment Agency 2012).
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The process for identifying candidate waters follows the following stages:

1. Focusing in on water bodies of concern i using data from national
monitoring programmes, operational investigations, risk assessments and
local knowledge to identify water bodies likely to be at risk of eutrophication
which warrant more detailed examination.

2. Detailed investigation of individual water bodies i evidence collated from
various sources and compared against the suites of criteria outlined above.

3. Quality assurance and submission to national panel i since much lake data
is held nationally, a local consultation is held prior to consideration of the
evidence by an expert national panel, ensuring consistency in the assessment
procedure.

4. Identification of land i land draining directly to the candidate polluted water
(eutrophic), and the WFD catchments of surface waters upstream of the
eutrophic water are identified and mapped.

This report deals with the first two stages of this process and constitutes the
evidence base for consideration by the national panel (Stage 3). Indicative catchment
maps are also provided to inform stage 4.

Since the previous review, a number of updates to the technical method used have
become necessary, reflecting changes to WFD classification tools (WFD-UKTAG
2013, 2014a; 2014b; 2014c). In addition, the Environment Agency have developed a
Weight of Evidence tool for assessing eutrophication impacts in a more structured
and objective way that takes into account statistical confidence in the data
(Environment Agency, unpublished). The details of these updates are explained in
the methods section. However, the essential principle of the NVZ review, that
evidence of eutrophication requires both evidence of elevated nutrient levels and
evidence of ecological changes linked to nutrient enrichment, remains unchanged.
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4. Methods

As described in the introductory section, the NVZ method operates on the principle of
assessing evidence relevant to eutrophication. This evidence generally falls into
three categories:

1 Chemical data (nutrient concentrations).

1 Plant community structure and function, (including algal production). This is
the main biological response to elevated nutrient concentration. There are
already well-established ecological methods for measuring the impact of
eutrophication on lakes using WFD classification tools.

1 Secondary and other effects, such as low dissolved oxygen, effects on other
flora and fauna and effects on water use, such as recreation. These are
assessed using environmental standards where available, as well as other
evidence.

1 Evidence that the lake is nitrogen limited

4.1. Nitrogen Thresholds

There is good evidence to indicate the effects of nitrogen concentrations on lake
ecology (Maberly et al. 2002, 2003; James et al. 2005; see also the review by
Durand et al. 2011). However, this information has not yet been translated into
nitrogen standards for freshwater in the UK. Instead, Environment Agency (2012a)
risk classes have been used (Table 4.1.1), reflecting the threshold of 1-2 mg I'* as
either the mean total nitrogen or the 75%ile total oxidised nitrogen, which is related to
aguatic plant species richness (James et al. 2005). It should be noted that these risk
classes reflect the statistical distribution of nitrogen concentrations in at risk lakes in
England and Wales in the 2012 assessment, rather than reflecting evidence-based
ecological thresholds.

As for phosphorus, it is possible that different standards may be appropriate for

upland lakes, but no suitable standard has been proposed. Accor di ngly the 6\
category used by Environment Agency (201 2) has been subdivided i
(<0.5mglt) and 641 mgvd). ThiDis pbrely for information purposes and does

not affect the analysis. Ideally, a unified eutrophication standard reflecting the impact

of both nitrogen and phosphorus on lake ecosystems could be produced.

Risk Class 75%ile TON- | Annual Mean TN
N (mg ") (mg I'Y)

Very Low <0.5 <0.5

Low 0.5-1.0 0.5-1.0

Low-Medium >1.0-1.7 >1.0-1.5

Medium >1.7-35 >1.5-2.0

Medium 1 High >35-6.0 >2.0-4.0

Table 4.1.1. Risk classes used in the 2012 assessment (Environment Agency 2012).
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It is not considered that the risk categories in the existing published method are
supported by evidence, and additionally they do not incorporate an assessment of
confidence in the data. To address these issues, for future assessments it is
recommended that the bands used in Table 4.1.1 are replaced by the risk categories
as shown in Table 4.1.2.

Confidence
>905% 75-95% | 25-75% <25%
Higher of 0.5 L L L VL
75%ile TON-N
or Annual Mean 1.0 M ML L L
et | 2o [N W | L

Table 4.1.2. Recommended confidence-based risk categories for nitrogen risk categories. H
= High; MH = Medium-High; M = Medium; ML = Medium-Low; L = Low; VL = Very Low.
Where a value fits more than one risk category, the worse risk category applies.

In order to comply with the existing method, NRW has decided to report against the
existing categories (Table 4.1.1.). However, confidence in failing the nitrogen target is
reported as both the confidence of failing the 1 mg It and 2 mg I* values, which
represent the lower and upper ends of the range over which nitrogen impacts were
reported by James et al. (2005), using the confidence categories in section 4.5
below. This approach provides a statistically robust basis for decision making that
relates directly to the ecological evidence.

4.2. Updates to the WFD monitoring methods

Although every effort has been made to follow the previous NVZ designation method,
some updates to the NVZ assessment method have been necessary, primarily to
ensure that the assessment of eutrophic impacts in lakes for the NVZ review remains
aligned with current assessment and reporting under the Water Framework Directive.
The NVZ review will therefore be making use of the most recent data and most
reliable ecological assessment tools.

Since the last round of NVZ reviews and designation, NRW has extended the scope
of the national lake monitoring programme, resulting in an improved national data
set. We have updated the data used to assess compliance with the nitrogen
thresholds to cover the period 2010 1 2014, for existing designations and any other
lakes which have sufficient data available for assessment. Where there is doubt
regarding the status of a lake, we will include longer-term data to provide context
where it is available.

For supporting evidence of eutrophication impacts from the WFD classification
(phosphorus and biological elements), we have used the latest version of the
classification currently available, carried out in 2014 using data from 2011-2013 (or
2008-2013 for macrophytes). In cases where formal classification data are not
available, we will still assess them against WFD tools where possible.
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There has been significant research and development undertaken under the direction
of the WFD UK Technical Advisory Group (UKTAG) to improve the performance of
our WFD biological tools. These tools have, in some cases, been substantially
revised, and have been tested against the assessment methods used in other
European Member States through the process of intercalibration, ensuring that the
good/moderate class boundaries set within different Member States to define good
status are essentially equivalent. The current versions of the tools therefore
represent the best available measure of the biological elements under consideration,
and in particular their response to nutrient conditions.

The revised versions of the tools were adopted for use in reporting water body status
for the WFD for the second River Basin Management Plans, published in 2015, after
public consultations by both the WFD UK Technical Advisory Group (UKTAG 2013),

and DEFRA (2014).

There have been no changes to the environmental standards for supporting elements
for lakes relevant to the NVZ Eutrophic method (total phosphorus and dissolved
oxygen).

The updated biological tools are as follows:

Phytoplankton

This classification tool has been substantially revised; the new tool is referred to as
PLUTO (Phytoplankton Classification with Uncertainty Tool i WFD-UKTAG 2014c).
This now includes three, rather than two, metrics. The previous tool used chlorophyll
and percentage of nuisance cyanobacteria (blue-green algae). In the new tool, the
phytoplankton abundance is still measured with chlorophyll a (an indicator of algal
biomass), species composition is assessed using the Plankton Trophic Index (PTI),
and bloom intensity assessed from the biovolume of cyanobacteria. Ecological
quality ratios (EQRS) are calculated for the individual metrics, then combined to
produce an overall EQR and hence a status class for phytoplankton. It is possible to
derive a classification based only on the chlorophyll metric if detailed taxonomic
information is not available to calculate the PTI and biovolume metrics.

NRW collects phytoplankton data annually as part of its WFD monitoring in lakes, as
well as from a few lakes not identified as WFD water bodies. Limited data are also
available from protected sites (SSSIs and SACs). The WFD classification is based on
data from the preceding three years.

Macrophytes (aquatic plants)

Lake LEAFPACS 2 (WFD-UKTAG 2014b) is a revised version of the original
macrophyte tool, based on the same survey methodology, and comprising five
metrics describing different aspects of the lake macrophyte community. The metrics
are as described for the original Lake LEAFPACS method, with the exception of
relative cover of invasive alien species, which has been removed from the tool (as
there was no evidence of a relationship with nutrients). There are also minor changes
to the nutrient scores for some of the macrophytes.

NRW collects macrophyte survey data from a wide range of water bodies in Wales,
including WFD water bodies and other sites. This sampling method is also used in

www.naturalresourceswales.gov.uk Page 19



FOR REVIEW BY EXTERNAL PANEL

monitoring of protected sites (SSSIs and SACs) designated for lake habitat. Results
are based on all data from the preceding 6 years, normally 1-2 surveys.

Phytobenthos (benthic diatoms)

The updated tool (DARLEQ 2 1 WFD-UKTAG 2014a), is based on a single metric,
the Lake Trophic Diatom Index (LTDI). There has been some revision of the LTDI
scores in the new tool, based on a re-analysis of diatom-nutrient relationships using
an improved data set for lakes.

NRW collects phytobenthos data from WFD surveillance lakes only, resulting in a
smaller dataset available than for phytoplankton and macrophytes. Results are based
on data from the preceding three years.

4.3. Impact of the classification tool updates

UKTAG carried out a detailed assessment of the likely impact of adopting the new
versions of the tools on classification results, for its public consultation (WFD-
UKTAG, 2013). Although there have been changes in the detail, the overall picture
remains broadly similar in terms of the proportion of water bodies at Good Status or
better (WFD-UKTAG 2013).

4.4. Interpretation of other evidence

The NVZ method also requires other evidence to be taken into account, much of
which is also included in the Weight of Evidence tool (see 4.5 below). These data
include evidence of high nutrient concentrations in inflow streams; low dissolved
oxygen; fish kills or declines of sensitive fish species; and failures to meet favourable
condition for Special Areas of Conservation (SAC) designated under the Habitats
Directive and / or Sites of Special Scientific Interest (SSSI) designated under the
Wildlife and Countryside Act.

4.5. Update to the Environment Agency Weight of Evidence (WoE) Tool

In addition to the updated biological classification tools, the EA has developed an
improved assessment of the Weight of Evidence (WoE) of eutrophication impact in
lakes. This tool is designed to collate and assess the ecological, chemical and social
evidence of eutrophication in a single, objective manner.

In the previous NVZ method, the confidence of eutrophication assessment is based
on combining the confidence derived from individual biological classifications into an
overall confidence of eutrophication. This involved combining the results of quality
elements in a rule-based way to reach a judgment regarding impact. However, the
rules used did not take into account the statistical confidence in the evidence, and
consequently the resulting judgments had the potential to be rather arbitrary.

The EA has developed this concept further, for use in WFD, by developing a Weight

of Evidence spreadsheet tool to assess the likelihood of eutrophication impact. This

is based on both the relevant WFD classification results and the reported statistical
confidence in those results, but alson all ows
into consideration, including a specified range of non-WFD indicators and evidence

from third parties if available.

The method has four elements:
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1. Combination of the core eutrophication sensitive WFD classification results
(total phosphorus, phytoplankton overall, chlorophyll, macrophytes, diatoms)
using their reported statistical confidence of class, to produce a certainty of
eutrophication impact based on the classification tools alone. This is similar to
the confidence of eutrophication assessment in the current NVZ method, but
the inclusion of confidence in class is an important addition;
2. Pressure indicators 1 a weighted score is allocated to a restricted range of
pressure indicator data, primarily related to wider evidence of phosphorus
pressure,togi ve a fApressure related scorebo
3. Ecological indicators i weighted scores are allocated to evidence from other
WFD tools which reflect nutrient pressure (e.g. the chironomid tool CPET), and
a wider set of ecological indicators (e.g. algal blooms, fish kills, dissolved
oxygen,pal aeoecol ogical evidence) to;give an
4. Use indicators - scores allocated to e.g. Drinking Water Protected Area risk,
Conservation condition assessment with respect to nutrients, t o gi ve a HAu
related score 0

Within the WoE tool, indicator scores are combined into a total score, which is then
translated into a recommendation on whether the certainty obtained from the core
WFD classification tools should be increased or decreased, to give a final certainty of
eutrophication impact. Details of the rules used for combining results are provided in
Appendix 1.

The following confidence values are used in the WoE tool in relation to classification
tool results (Table 4.5.1). These have also been used for reporting confidence
intervals of nitrogen concentrations:

Confidence that the tool Descriptive Terminology
classification result is worse
than Good Status

No Data No Data

0-25% Good or Better

>25-75% Uncertain Evidence of Eutrophication
>75-95% Quite Certain Evidence of Eutrophication
>95% Very Certain Evidence of Eutrophication

Table 4.5.1. Confidence levels used in this report.

NRW Operational staff have been consulted and have added information for their
lakes to this WoE assessment, which has been used to inform risk assessment for
eutrophication for the second River Basin Plans. For water bodies where this WoE
assessment has been completed, this protocol brings a more formal and structured
process to the consideration of the wider evidence already used in the current NVZ
method.

We have therefore adopted the WoE approach, to replace the WFD confidence of
eutrophication assessment described in section 4.3.2 of the existing method
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statement. This will result in a statement of the certainty of eutrophication impact,
ranging from uncertain to very certain, for each water body, to be included in the final
assessment for consideration by the Panel. This has been combined with the
evidence of nitrogen concentrations to identify water bodies affected by
eutrophication involving elevated nitrogen levels.

4.6. Combination of nitrogen and WoE results

Nitrogen and WoE tool results have been combined following the rules used by
Environment Agency (2012, Table 4.5), modified to allow for the revised category
descriptions used by the WoE tool. These are shown in Table 4.6.1 below, which has
been reformatted for clarity.

It should be noted that according to the screening rules in Environment Agency
(2012), there should be a category of lakes with high nitrogen but weak evidence of
eutrophication. However, no rules for classifying the evidence base for these lakes
are described in Environment Agency (2012). It is here assumed that lakes falling

into this category would be considerlpgd
Nitrogen Risk Category
. Med- . Medium- Very
High High Medium Low Low Low
C =
L @®© P
D2 |Quie ML | ML L Ma Ma Ma
s Certain
O % Uncertain Ma Ma Ma Ma N N
L
o Y | Good or
=% | Better N N N N N N

Table 4.6.1. Matrix showing the rules for combining WoE confidence of eutrophication and
nitrogen risk categories to reach an overall assessment of the evidence base supporting
eutrophication. Strength of evidence categories used in the cells are VH = very high; H =
High; MH = Medium-High; ML = Medium-Low; L = Low; Ma = Marginal; N = No or insufficient
evidence of eutrophication.

In making recommendations for the next stage (consideration by expert panel), NRW
has taken the following approach in relation to the evidence strength as identified in
Table 4.6.1:
1 Medium-high or greater: Submit to Expert Panel for review with
recommendation to designate as NVZ.
1 Marginal to Medium-Low: Submit to Expert Panel for their opinion with no
specific recommendation.
1 No / Insufficient Evidence: Do not submit to Expert Panel.

All of the above also require the following conditions to be met:

1. The water body is not a pumped storage reservoir
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2. Agriculture contributes at least 17% of the estimated nitrogen loading as
estimated by source apportionment.!

4.7. Nitrogen Limitation

In order to help understand the likely role of nitrogen in the eutrophication of
candidate lakes, monitoring data for each lake considered potentially eutrophic has
been examined to establish whether they show evidence of seasonal nitrogen-
limitation of primary production. In lakes where nitrogen limitation is important,
nitrate-N concentrations of may drop to very low levels during the growing season. A
molar N:P ratio of 16:1 or less is widely used to indicate the point at which the
transition from phosphorus to nitrogen limitation occurs, and although not universal it
remains a good overall ratio (Kolzau et al. 2014). Although nitrogen limitation can be
predicted with some confidence using nutrient ratios (Kolzau et al. 2014), it can only
be confirmed using bioassay techniques. This type of work requires detailed
experimental work and is beyond the scope of the NVZ method.

Evidence of nitrogen limitation does not necessarily mean that nutrient N is not
contributing to eutrophic disturbance (Environment Agency 2012). Where a lake is
enriched with phosphorus, additional nitrogen supports increased production and
may directly suppress the growth of certain species (e.g. James et al. 2003).
Likewise, reductions in nitrogen loading are expected to help reduce primary
production and possibly increase the period of seasonal nutrient N limitation, leading
to a reduced risk of eutrophic disturbance.

Where chemical data are sufficient to allow identification of seasonal patterns of
nitrogen limitation, this is identified in the text and using graphical analysis.

1 The 17% threshold arises from European Court of Justice case law, in which a judgment against the
Belgian Government established that 17% contribution of nitrogen loading from agriculture was still
significant and therefore than NVZ designation was warranted.
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4.8.

Data used in the Assessment

Datasets used in this report are summarised in Table 4.8.1. In line with the
requirements of the NVZ method, only recent data have been used for assessing the
eutrophication status of lakes. Wider data sources have been used as additional
information, in particular to provide relevant context.

Date Datasets
Data Type Range
Water chemistry 2009-2015 NRW water chemistry dataset; Lake
condition assessments.
WEFD classifications; Lake condition
Dissolved Oxygen 2009-2015 | assessments; other published
sources.
Phytoplankton 2009-2015 | WFD classifications
Macrophytes 2009-2015 WEFD classifications; Lake condition
assessments.
Diatoms 2009-2015 | WFD classifications.
Additional Nutrient Impacts | Any Published Sources.
Chironomids (invertebrates) | 2009-2015 | WFD classifications.
Damage to Fish Any Published Sources
Relevant Palaeolimnological An Lake condition assessments;
Evidence (change in Di-TP) y published sources.
Algal blooms 2009-2015 | NRW Operational Data.
Land Cover Data 1985 Phase 1 Habitat Survey
onwards

Table 4.8.1. List of datasets used in this report.

4.9. Catchment Land Use

Catchment land use details have been provided as contextual information with the
individual lake accounts considered at risk of eutrophication in Section 6. This is
based on the Phase 1 Habitats Survey dataset, a comprehensive land cover GIS
dataset collected to a standard method covering the whole of Wales (Howe et al.
2005; Blackstock et al. 2010). Habitat Types have been graded into three different
categories reflecting their nutrient risk:

Semi-natural Habitats and Low Intensity Agriculture. These are habitat types that

reflect either the absence of agriculture, or low intensity farming methods. The
following habitats were assigned to this category:

A. Woodland and Scrub. All types except Al1.2.2 (Planted Coniferous Woodland)
and A.4.2 (Felled Coniferous Woodland);

Heathland. All types;
Mire. All types;

nmoow

www.naturalresourceswales.gov.uk

Grassland and Marsh. All types except B.4 (Improved Grassland);
Tall Herb and Fern. All types;

Swamp, Marginal and Inundation. All types;
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G. Open water. All types (but see below);

H. Coastland. All types, though in practice many of these would not be found in
the catchment of freshwater lakes;

I. Rock Exposure and Waste. Type |.1.x only (Natural Rock Exposures).

Intensive Agriculture. These are habitat types that reflect more intensive farming
practices considered likely to result in leaching of nutrients that could cause
eutrophication:

B.4. Improved Grassland;

J.1.1. Arable

Other Land Uses. These are a mixture of other non-agricultural land uses that could
result in elevated nutrient levels. Coniferous forestry has been included here because
elevated nutrient levels in several lakes may be linked to forestry. Other land uses in
this category are mainly linked to housing or built-up areas, where risks are mainly
linked to waste arrangements (sewers, septic tanks and storm drains), but road
drainage and leachate from refuse tips may also be relevant.

[.2.X. Quarries, Spoil, Mine and Refuse-tip;

J.1.2 - J.1.5 Amenity Grassland, Ephemeral / short perennial, Introduced scrub,

Gardens.
J3.x. Caravan site, Sea-wall, Buildings, Tracks.
J.4.Bare ground.

For details of the classification method, see JINCC (2010).

Some lakes in the assessment had a relatively high lake : catchment ratio, thus
artificially inflating the proportion of low intensity land use in the catchment. Where
standing water covered more than 5% of the overall catchment and there were no
upstream lakes that could account for this, land use percentages were recalculated
excluding the standing water category. This has been indicated in the land use
summary tables.

4.10. Source Apportionment

Where source apportionment had already been carried out, this information was
utilised again. Specific details are provided in Appendix 2 (Environment Agency,
undated). Since the available input data have not changed, source apportionment
values calculated for the previous NVZ review have been used where available.

Lakes that had not previously been assessed were subject to source apportionment
using a spreadsheet tool (Edwards, 2016). In brief, the total N load to the lakes from
all sources was estimated by multiplying the total catchment flow by the 75%ile
concentration of total oxidised nitrogen in each lake. All NRW-consented discharges
were identified for each of the lake catchments, and the average N load was
estimated for each of these point sources, based on consented flows and actual or
estimated N concentrations. The N load from consented discharges was then
subtracted from the total N load to give an estimate of the N load from diffuse
sources.

The apportionment of the N load from diffuse sources was based on the breakdown
of land use. In the absence of any other information it was assumed that there is no
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difference in N yields between different land use categories. This method should
provide a minimum estimate of the N contribution from agricultural land, assuming
that, in reality, intensively farmed land will have a higher N yield than other types of
land use.

4.11. Pumped Storage Reservoirs

During the previous NVZ review, a policy decision was taken to exclude certain man-

made lakes lacking conservation value and where lakes have artificial catchments

(Environment Agency 2012a). The following criteria were used for a lake to qualify
forexclusionand are referred to as OPumped Storage
report:

1 Must be classed as an artificial water body under WFED, or it must be possible
to show that it would qualify using existing WFD criteria and;

1 The majority of water is derived by engineered means (e.g. pumped or large
inter-catchment transfers).

Examples of this are purpose-built water storage reservoirs which provide temporary
water storage in concrete / stone / clay lined bowls. In contrast, impounded
catchment reservoirs, particularly where they have significant value to society, e.g.
for recreational or conservation wildlife reasons, are not eligible for exclusion.
Likewise, man-made lakes (e.g. broads, gravel and clay pits), especially where they
are of sufficient age to be consideredi n at u r @.b. Baskedton Lake) are not
excluded on this basis.

Where a lake/reservoir is included as an NVZ and it has a mix of engineered and
natural water supply, the natural (topographically defined) catchment of these waters
should be designated as an NVZ but the source of any pumped water should not be
included. The Nitrates Directive refers to land draining to waters, but the engineered
process of pumping is not a natural draining process and breaks the environmental
link between catchment and water body (Environment Agency 2012a).

4.12. Managing Uncertainty

All datasets contain uncertainty, and those shown here are no exception. All the data
collected has been subjected to quality assurance procedures designed to minimise
uncertainty, including the data analysis, sampler and surveyor training and rigorous
quality control checks at all stages. Statistical uncertainty also arises from the effects
of small sample size, and from the true answer being close to a boundary value.

Although these uncertainties cannot be eliminated, their effect on the eventual
outcome can still be managed. Throughout this report, uncertainty is reported in
terms of its consequences for decision making, rather than its absolute value.

Several specific sources of uncertainty are discussed below and individually in the
assessments.

4.12.1 Phosphorus Model and Humic Lakes

Some lakes in Wales are humic (peat-stained). These lakes naturally have higher
phosphorus concentrations and productivity than corresponding lakes with clear
water (Nurnberg & Shaw 1999) but are nevertheless sensitive to further nutrient
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additions (Donali et al. 2005; Kaste & Solheim 2005). The phosphorus model does
not take account of this, with the result that phosphorus classifications in humic lakes
tend to be lower than in clear water lakes of comparable ecological quality. This has
been taken account of by downgrading the certainty of phosphorus failures in humic
|l akes to OoUncertaino.

4.12.2 Detection limits for total phosphorus

NRW has access to two methods for measuring phosphorus, referred to here as the
standard method and the high-resolution method. The standard phosphorus method
has a detection limit of 20 ug I'*. The more expensive high-resolution method is used
in circumstances where measurements of low concentrations are required, and has a
detection limit of about 2 ug I'1. Certain lakes have mean nutrient concentrations that
are just above 20 ug I'* and in this case some readings are often below the detection
limit of the standard method, which potentially affects the calculation of the mean.
When calculating the mean value for small datasets a value of half the detection limit
(10 pg I'Y) has been used for any datapoints below the detection limit: for larger
datasets a statistical approach based on the frequency of different measurements
has been used. Where relevant, the potential consequences for the decision of using
different values for readings below the detection limit is discussed.

4.12.3 Other factors affecting the tools

In certain water supply reservoirs where water levels fluctuate substantially over the
course of a year, the composition and abundance of the aquatic plant community
may be substantially affected, resulting in a low classification using the macrophytes
tool that is not related to nutrients. Where this situation occurs, the results of the
macrophytes tool have been excluded. In situations where other factors are thought
likely to have affected the classification for any tool, confidence levels have been
adjusted accordingly. These and other statistical and ecological outcomes that may
have affected the outcome of the assessment are discussed in the individual
accounts.
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5. Results

Ecological and water quality data for the relevant time period were available from 101
different lakes across Wales (Appendices 3 and 4), comprising a wide range of water
body types. For the assessment, data were used from January 2009 to December
2014 (more recent data were not available at the time of analysis in summer 2015
due to quality assurance procedures). As monitoring intensity and timescales varied
widely, we have reported on the number of samples and confidence intervals.

Due to the monitoring requirements of the Water Framework Directive, water supply
reservoirs were over-represented in the monitoring network relative to natural lakes.
Conversely, a number of SSSI lakes that had previously received condition
assessments and been identified as Unfavourable due to eutrophication (Burgess et
al. 2006, 2009) lacked more recent water quality monitoring data and so could not be
assessed against the NVZ criteria.

5.1. Nitrogen concentrations

Mean total nitrogen and 75%ile total oxidised nitrogen results for 88 Welsh lakes
where adequate data were available are summarised in figures 5.1.1 and 5.1.2
respectively. For both determinands, the majority of lakes had low concentrations
that were very unlikely to be a cause for concern (<0.5 mg/l). For TON,10 lakes had
75%ile concentrations exceeding 1 mg I of which 6 also exceeded 2 mg It (Figure
5.1.1). For TN, 14 lakes had mean TN levels exceeding 1 mg I'%, of which 5 also
exceeded 2 mg I'* (Figure 5.1.2). There was a good correlation between TN and
TON, especially at higher nitrogen concentrations (Figure 5.1.3), suggesting that
absence of either TN or TON data is unlikely to significantly alter the conclusion in

most cases.
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Figure 5.1.1. Frequency distribution of the 75%ile TON concentrations of Welsh lakes.
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Figure 5.1.2. Frequency distribution of the mean TN concentrations of Welsh lakes.
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Figure 5.1.3. Relationship between Mean TN and 75%ile TON concentrations (mg I%).

There was a weaker relationship between TN and TP (Figure 5.1.4). Although there
was a fairly good correlation at phosphorus concentrations below about 50 pg I'* TP
and about 0.5 mg I-1 TN, there was much more scatter in the relationship above
these concentrations (Figure 5.1.4). This presumably reflects enrichment by either
nitrogen or phosphorus starting to alter nutrient availability in the lakes.

www.naturalresourceswales.gov.uk
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Figure 5.1.4. Relationship between Mean TN (mg I*) and geometric Mean TP (ug I%)
concentrations.

Based on the nitrogen data alone, the following lakes have high nitrogen levels (>2
mg I'Y) and therefore are considered at high risk of eutrophication:

Bosherston Lakes (Western, Central and Eastern)
Plas Uchaf & Dolwen Reservoirs

Llyn Maelog

Llyn yr Wyth Eidion

= =4 —a -

The following additional lakes have elevated nitrogen levels (>1 mg I'!) and are at risk
of eutrophication:

Llyn Coron
Llandegfedd Reservoir
Cefni Reservoir
Hanmer Mere
Llys-y-Fran Reservoir
Llyn Dinam

Llyn Alaw

Llangorse Lake

A =a-_a-a_-98_4a_-9_-°

5.2. Ecological Evidence using the WoE Tool

Ecological evidence was compiled from 101 lakes throughout Wales in relation to the
eutrophication pressure. Of these, 80 were considered to have either no
eutrophication problem, or a problem that was uncertain. These are listed in
Appendix 4.
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m Very Certain
Quite Certain
= Uncertain

m No problem

Figure 5.2.1. Confidence of eutrophication impact in Welsh lakes

21 | akes were considered to
of eutrophication impact (Figure 5.2.1). These are as follows:

Very Certain:

Bosherston Lakes (Eastern Arm)
Hanmer Mere

Llandegfedd Reservoir
Llangorse Lake

Llyn Coron

Llyn Dinam

Llyn Pencarreg

Llyn Tegid

Witchett Pool

=2 =2 =49 _-9_-9_9_-9_-9

Quite Certain:

Eglwys Nunnydd Reservoir
Llwyn-On Reservoir

Llyn Bedydd

Llyn Elsi Reservoir

Llyn Padarn

Llyn Tryweryn

Pant-yr-Eos Reservoir
Plas Uchaf and Dolwen Reservoirs
Ty Mawr Reservoir
Wentwood Reservoir
Ynysyfro Reservoir

E LS

have

either

Potentially, any or all of the above lists could be included in NVZs. The evidence
relating to each of these water bodies is summarised in greater detail in section 6,

www.naturalresourceswales.gov.uk
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such that a decision can be made in relation to potential NVZ designation and / or
other potential actions.

Fifteen lakes were considered at risk of eutrophication based on previous data, but
lacked sufficient chemical data information to be considered for NVZ designation in
this review. These are listed in Appendix 5. All are SSSI lakes that are not
considered as water bodies under WFD.
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6. Summary Information for Individual Lakes

This section outlines the status of individual lakes considered either eutrophic, or at
risk of being eutrophic, in greater detail, in order to inform decision making.

6.1. Bosherston Lakes

Bosherston Lakes are a series of partially connected artificial lakes near the village of
Bosherston on the south coast of Pembrokeshire, created by damming a small
limestone stream for ornamental purposes between 1780 and 1860
(www.nationaltrust.org.uk). They are owned by the National Trust and much valued
as a tourist attraction.

Water Body IDs: GB31047014 (Central Arm); GB31047013 (Eastern
Arm); GB31047015 (Western Arm / Central Lake)

Alkalinity: Marl

Humic Type: Clear

Depth Type: Very Shallow

Naturalness: Artificial, naturalised

Protected Area: Natura 2000, SSSI

Catchment Area: 1807 ha

The lakes are very shallow and alkaline, with water levels that fluctuate substantially.
The lakes are subdivided into several hydrological units by a series of causeways
which function as water control structures in summer, but are overtopped in winter
(Holman et al. 2009). The larger Eastern Arm is predominantly surface water fed from
a sandstone catchment, whereas the smaller Western and Central Arms are
predominantly groundwater fed from a karstic limestone aquifer (Holman et al. 2009).
In the Western and Central Arms the plant community consists mainly of Chara
hispida, whereas the Eastern Arm tends to be dominated by nutrient-tolerant species
such as Potamogeton crispus, Myriophyllum spicatum and Elodea canadensis.

Bosherston Lakes are part of the Pembrokeshire Bat Sites and Bosherston Lakes

Special Area of Conservation (SAC) designated under the Habitats Directive for their

OHard oligotrophic wateChara®pphobleabihtit &t veTGleit
is currently considered unfavourable with high confidence due to eutrophication

(Hatton-Ellis & Culyer 2014). Patterns of nitrogen availability in the lakes indicate that

they are occasionally nitrogen limited in summer (Hatton-Ellis & Culyer 2014).

The catchment of Bosherston Lakes is medium sized (just over 1800 ha i see Figure
6.1.1) and consists of about 66% intensive farmland, 30% semi-natural habitats and
less than 5% other land use types (Table 6.1.1.). Most of the agriculture is intensive
dairy farming (Environment Agency 2012b). Environment Agency (2012b) estimated
the nitrogen loading from agriculture as being 99.5% of the total N loading.

There are 194 water samples for the Bosherston lakes (71 from the Eastern Arm, 70
from the Central Arm and 53 from the Western Arm), covering a period from January
2009 to December 2014. These cover all three water quality determinands, but only

www.naturalresourceswales.gov.uk Page 33


http://www.nationaltrust.org.uk/

FOR REVIEW BY EXTERNAL PANEL

TON data are available from the Western Arm and Central Lake. Ecological data
comprises macrophyte surveys, phytoplankton and diatoms. This is an excellent
quality dataset.

Area % of
Land Use (ha) | Catchment
Semi-natural broadleaved woodland 83.06 4.7
Planted broadleaved woodland 6.91 0.4
Semi-natural mixed woodland 11.3 0.6
Planted mixed woodland 65.99 3.8
Dense scrub 29.33 1.7
Semi-improved neutral grassland 253.53 14.5
Bracken 3.03 0.2
Tall ruderal herb 7.77 0.4
Swamp 4.52 0.3
Standing water 31.47 1.8
Dune slack 1.52 0.1
Dune grassland 24.13 1.4
Coastal grassland 1.88 0.1
lllegible code 1.54 0.1
Total Semi-natural and Low Intensity Agriculture 30.1
Arable 370.4 21.1
Improved grassland 784.88 44.8
Total Intensive Agriculture 65.9
Amenity grassland 7.35 0.4
Gardens 2.42 0.1
Buildings 46.34 2.6
Bare ground 2.09 0.1
Quarry 8.76 0.5
Total Other 3.7

Table 6.1.1. Land use in the Bosherston Lakes catchment.
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Figure 6.1.1. Surface water catchment of Bosherston Lakes (Hughes et al. 2004). Base mapping © Crown Copyright and database right 2013.
Ordnance Survey 100019741.
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The Key Indicators for Bosherston Lakes are as follows:

Western Arm and Central Lake

Indicator Result Certainty < Good
Total Oxidised Nitrogen 75%ile 3.97 Very Certain > 2
Total Phosphorus No Data
Phytoplankton Good Good or Better
Macrophytes Good Good or Better
Diatoms Good or Better
Condition Assessment Unfavourable
Palaeolimnology Decline
Overall WoE Tool Conclusion Uncertain Eutrophication Problem
Overall Eutrophication Evidence Marginal

Central Arm
Indicator Result Certainty < Good
Total Oxidised Nitrogen 75%ile 3.87 Very Certain > 2
Total Phosphorus Good Good or Better
Phytoplankton Good or Better
Macrophytes
Diatoms Good or Better
Palaeolimnology
Overall WoE Tool Conclusion Certain No Eutrophication Problem
Overall Eutrophication Evidence Evidence does not support NVZ

Designation

Eastern Arm

Indicator Result Certainty < Good
Total Oxidised Nitrogen 75%ile 4.88 Very Certain > 2
Total Phosphorus Poor Very Certain
Phytoplankton Good
Macrophytes Poor Very Certain
Diatoms Very Certain
Overall WoE Tool Conclusion Very Certain Eutrophication Problem
Overall Eutrophication Evidence Very High

Table 6.1.2 Key indicators for Bosherston Lakes. See Table 4.6.1 for an explanation of
evidence categories.

The overall picture for Bosherston Lakes is consistent with long-term monitoring data
and previous studies of the ecology of the lakes (Holman et al. 2009; Hatton-Ellis &
Culyer 2014).
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Source Apportionment

NRW source apportionment for the Bosherston Lakes catchment indicated that the %
N contribution from agricultural land was 94.6%, with the contribution from intensive
agriculture being 64.9% (Table 6.1.3). These results indicate that agriculture is the
main contributor to nitrogen loading in the catchment and agree with the previous
Environment Agency (2012b) assessment.

Catchment area (ha) 1807
% Semi-Natural and Low Intensity Agriculture 30.1
% Intensive Agriculture 65.9
% Semi-Natural and All Agriculture 96
Number of consented discharges in catchment 3
Total N load from consented discharges (kg/day) 1.80
Mean catchment TON concentration (mg/l) 4.9
Total catchment flow (I/s) 290.0
Total catchment N load (kg/day) 122.3
Total catchment diffuse N load (kg/day) 120.5
Total catchment agricultural/semi-natural N load (kg/day) | 115.7
Total catchment intensive agricultural N load (kg/day) 79.4
% N contribution from all agricultural/semi-natural land 94.6
% N contribution from intensive agriculture 64.9

Table 6.1.3. Source Apportionment results for Bosherston Lakes.

Recommendation: Bosherston Lakes

Due to high nutrient concentrations and associated ecological impacts indicative of
eutrophication in the larger Eastern Arm, it is recommended that Bosherston Lakes
remain a Nitrate Vulnerable Zone. The majority of the estimated nitrogen loading is
considered to be agricultural.

Since the catchment of all three lakes is small and with a strong groundwater
component, it needs to be managed as a single unit. In particular, de-designation of
the catchments of the better quality Western and Central Arms but retention of the
NVZ for the Eastern Arm would likely encourage increased spreading of N in the
catchment of the Western and Central Arms and thereby risk deterioration.
Therefore, major boundary changes to the NVZ are not recommended. However,
there is a small anomaly in the existing NVZ boundary near the Devils Quoit
(SM981951) where the NVZ boundary does not correspond with the contour map.
This is presumably a digital elevation modelling error and needs to be corrected. It
would result in a small increase in the area of the NVZ of about 1 ha.
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6.2. Plas Uchaf and Dolwen Reservoirs

These are two connected artificial reservoirs in Denbighshire impounding a small
tributary of the Afon Elwy. They are shallow and alkaline, and are designated as a
drinking water protected area, and contribute to the main water supply for the Vale of
Clwyd. Plas Uchaf Reservoir is partly fed by an abstraction from the Afon Aled,
supported by releases from Aled Reservoir. Dolwen Reservoir is fed by surface water
drainage. The immediate catchment of the lakes is 85% intensive agriculture (Table
6.2.1). Source apportionment estimates that the % N contribution from intensive
agriculture is 86.8% (Edwards 2016).

Water Body ID: GB31033261

Alkalinity: High

Humic Type: Clear

Depth Type: Shallow

Naturalness: Artificial, Impounded (Dolwen); Pumped (Plas Uchaf)
Protected Area: Drinking Water

Catchment Area: 226 ha

There are 20 water quality samples from Plas Uchaf and Dolwen Reservoirs,
sampled approximately quarterly between July 2010 and November 2014. These
include TN, TON and TP. Two phosphorus readings were below the 20 ug I
detection limit and were set to 10 ug I for the purposes of analysis. The only
ecological data available are for phytoplankton.

Water quality results indicate that levels of both nitrogen and phosphorus are high,
with both TON and TN levels exceeding the 2 mg I threshold with high confidence
(TN =2.90 + 0.38 mg I'* (95% CI)). Although classified as moderate, calculation
using the most recent data places the phosphorus classification as just within Poor
status, with confidence of being worse than good Very Certain (Table 6.2.2).

Biological data at Plas Uchaf and Dolwen Reservoiors are poor, with only

phytoplankton data being available. The phytoplankton tool indicates that the lakes

are failing to reach Good Status under WFD. This is based only on chlorophyll data.

Since no confidence in class data are availa
(Table 6.2.2) and resultsinanoveral | eutrophication eviidence
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Land Use Area (ha) | % Cover

Semi-natural broadleaved woodland 2.69 0.8
Dense scrub 2.47 0.7
Unimproved acid grassland 2.85 0.8
Semi-improved acid grassland 0.53 0.2
Semi-improved neutral grassland 3.14 0.9
Bracken 2.84 0.8
Dry acid heath 6.68 1.9
Dry heath / acid grassland mosaic 1.73 0.5
Standing water 11.11 3.2
lllegible code 2.14 0.6
Total Semi-Natural and Low Intensity Agriculture 10.4
Arable 7.63 2.2
Improved grassland 297.49 84.6
Total Intensive Agriculture 86.8
Planted coniferous woodland 6.59 1.9
Buildings 3.65 1.0
Total Other 2.9

Table 6.2.1. Land use in the Plas Uchaf & Dolwen Reservoirs catchment (excludes
abstraction catchment).

Indicator Result Certainty <Good
Total Oxidised Nitrogen 75%ile 3.14 : erta
Total Phosphorus e erta
Phytoplankton Moderate Uncertain
Weight of Evidence Tool Quite Certain Eutrophication
Conclusion Problem

Overall Eutrophication Evidence Low

Table 6.2.2 Key indicators for Plas Uchaf and Dolwen Reservoirs. See Table 4.6.1 for an
explanation of evidence categories.

Welsh Water report that the lakes have a history of bluegreen algal blooms, causing
problems at water treatment works (R. Bowen pers. comm.). This provides some
support for the phytoplankton status.
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Source Apportionment

Source apportionment for the Dolwen Reservoir catchment (Edwards 2016) indicated
that the % N contribution from agricultural land was 97.2%, with the contribution from
intensive agriculture being 86.8% (Table 6.2.3). There are no consented discharges
in the catchment. These results indicate that agriculture is the dominant source of
nitrogen loading in the catchment.

Catchment area (ha) 226
% Semi-Natural and Low Intensity Agriculture 10.4
% Intensive Agriculture 86.8
% Semi-Natural and All Agriculture 97.2
Number of consented discharges in catchment 0
Total N load from consented discharges (kg/day) 0.0
Mean catchment TON concentration (mg/l) 3.1
Total catchment flow (I/s) 36.0
Total catchment N load (kg/day) 9.8
Total catchment diffuse N load (kg/day) 9.8
Total catchment agricultural/semi-natural N load (kg/day) 9.5
Total catchment intensive agricultural N load (kg/day) 8.5
% N contribution from all agricultural/semi-natural land 97.2
% N contribution from intensive agriculture 86.8

Table 6.2.3. Source Apportionment results for Dolwen Reservoir.

Recommendation: Plas Uchaf and Dolwen Reservoirs

Nutrient levels in these water bodies exceed the values required by both WFD and

the Nitrates Directive method, resulting in blue-green algal blooms. This is in principle
consistent with the NVZ method definition of
recommended that the catchment of these reservoirs should be considered for NVZ

designation. However, the overall evidence strength is considered to be Low.

In reaching a decision it should be noted that the ecological data supporting
designation are relatively low confidence, and that the effects of the abstraction on
Plas Uchaf Reservoir are uncertain. Water quality in the Aled catchment is
reasonably good, but it is possible that high algal loads are nevertheless being
sustained by constant replenishment of nutrients from upstream.
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Figure 6.2.1. Surface water catchment of Plas Uchaf and Dolwen Reservoirs (Hughes et al.

2004). The additional area incorporated due to the abstraction is not shown.
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6.3. Llyn Coron

Llyn Coron is a natural, high alkalinity, very shallow lake about 28ha in area lying at
the head of the Aberffraw Dune system in southern Ynys Mon. It is fed by a small
stream, the Afon Ffraw, and probably also by groundwater from the adjacent dunes.
The lake habitat of LIyn Coron is designated as a Special Area of Conservation
(SAC) feature under the Habitats Directive.

The catchment area is 2044 ha (Hughes et al. 2004), about 88% of which is intensive
agriculture (Table 6.3.1). Environment Agency (2012c) calculated that more than
99% of nitrogen loading in the catchment is from agriculture.

Water Body ID: GB31033337

Alkalinity: High

Humic Type: Clear

Depth Type: Very Shallow

Naturalness: Natural

Protected Area: Natura 2000, SSSI
Catchment Area: 2044 ha
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Figure 6.3.1. Surface water catchment of LIyn Coron.
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Land Use Area (ha) | % Cover

Semi-natural broadleaved woodland 5.71 0.3
Planted broadleaved woodland 1.32 0.1
Planted mixed woodland 4.23 0.2
Dense scrub 17.08 0.9
Semi-improved acid grassland 1.89 0.1
Semi-improved neutral grassland 62.78 3.2
Marshy grassland 37.12 1.9
Bracken 4.68 0.2
Swamp 2.6 0.1
Standing water 27.05 1.4
Dune grassland 14.49 0.7
Acid / neutral cliff 1.98 0.1
Total Semi-Natural and Low Intensity Agriculture 9.2
Improved grassland 1728.16 87.3
Arable 21.49 1.1
Total Intensive Agriculture 88.4
Gardens 2.24 0.1
Planted coniferous woodland 1.09 0.1
Caravan site 2.21 0.1
Buildings 38.07 1.9
Tracks 2.16 0.1
Total Other 2.3

Table 6.3.1. Land use in the Llyn Coron catchment.

Data quality for LIyn Coron is excellent, with data for three different ecological tools
and 72 water samples collected monthly over the review period. There are data for all
relevant ecological indicators (phytoplankton, macrophytes and diatoms).

Water quality results indicate that levels of both nitrogen and phosphorus are high,
with nitrogen levels exceeding the 1mg/l threshold and high phosphorus
concentrations (geometric mean of c. 80 ug I'!) indicative of Poor ecological status
using the WFD classification tool. In spite of the presence of an existing NVZ,
nitrogen concentrations have been increasing over the course of the assessment
period, from a 12 monthly mean TN of 1.5 mg I'* in 2009-10 to more than 2 mg I in
2013-14 (Figure 6.3.2).
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Figure 6.3.2. Nitrogen concentrations in Llyn Coron 2009-2014. The red line shows the mean
TN calculated over the previous 12 months.

All of the classification tools used indicate that Llyn Coron is worse than Good status,
with high confidence in the case of macrophytes and diatoms (Table 6.3.2). Aquatic
plant, planktonic algae and diatom species present are restricted to those tolerant of
high nutrient concentrations.

The WoE tool indicates evidence of eutrophication with high confidence, with the lake
being classified at Poor Ecological Status overall and none of the classification tools
indicating that the lake is at Good status. Llyn Coron is also failing to meet its
performance indicators for the Habitats Directive and is therefore considered
Unfavourable.

Indicator Result Certainty <Good

. Very Certain > 1mg |
Mean Total Nitrogen Quite Certain < 2 mg
Total Phosphorus Very Certain |
Phytoplankton Moderate
Macrophytes Moderate Very Certain
Diatoms Moderate Very Certain |
SAC Condition Assesment Unfavourable Very Certain |
Weight of Evidence Tool . L
Conclusion Very Certain Eutrophication Problem
Overall Eutrophication .
Evidence High

Table 6.3.2 Key indicators for LIyn Coron. See Table 4.6.1 for an explanation of evidence
categories.
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Recommendation: Llyn Coron

Nutrient levels (both nitrogen and phosphorus) in LIyn Coron exceed the values
required by both WFD and the Nitrates Directive method. In addition, there is very
strong, high confidence ecological evidence of ecological impacts of eutrophication
(Table 6.3.1). More than 99% of the nitrogen loading to the lake comes from
agricultural sources (Environment Agency 2012c)

This is consistent with the NVZ method defin
recommended that LIyn Coron should be retained as an NVZ. The increasing

nitrogen levels in the lake are a cause for concern and suggest that the NVZ

measures are not having the desired effect in this catchment.
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6.4. Llyn Maelog

Llyn Maelog is a very shallow, natural alkaline lake in southwest Ynys Mon, again
lying close to sea level at the head of a dune system and designated as a Site of
Special Scientific Interest (SSSI) for its lake habitat. It is very similar in area to Llyn
Coron (23.8 ha).

The catchment area is 1840 ha (Hughes et al. 2004), 81% of which is intensive
farmland (Table 6.4.1). Environment Agency (2012f) estimated the contribution of
agriculture to be just over 98% of the total nitrogen loading to the lake.

Water Body ID: 33160
Alkalinity: High

Humic Type: Clear

Depth Type: Very Shallow
Naturalness: Natural
Protected Area: SSSI
Catchment Area: 1840ha

As it is not designated as a SAC and is less than 50 ha in area, Llyn Maelog is not
considered to be a water body under UK rules and therefore no formal WFD
classification results are available. However, recent macrophyte survey and
phosphorus data using the WFD method are available and these data have been
used to assess whether the lake is eutrophic. Additionally, orthophosphorus rather
than total phosphorus data are available and therefore the phosphorus concentration
in the lake will have been underestimated. 24 water samples are available, collected
monthly over a two year period (2013-2014). This is sufficient for analysis.

Water quality results indicate that levels of both nitrogen and phosphorus are high,

with 75%ile TON levels exceeding the 2mg/l threshold. Orthophosphorus

concentrations are just over 60 ug I, placing the lake in Moderate status. The

Good/Moderate boundary for this lake is 35 ug I'* and the Moderate / Poor boundary

7lpuglt, so there is a significant risk of the
total phosphorus instead of orthophosphorus were measured.
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Land Use Area (ha) | % Cover
Semi-natural broadleaved woodland 3.33 0.2
Dense scrub 34.49 1.9
Semi-improved acid grassland 10.54 0.6
Semi-improved neutral grassland 40.67 2.3
Marshy grassland 66.62 3.7
Bracken 8.00 0.4
Wet heath 1.86 0.1
Dry heath / acid grassland mosaic 3.07 0.2
Valley mire 33.17 1.9
Basin mire 2.07 0.1
Swamp 8.37 0.5
Standing water 24.93 1.4
Dune grassland 1.40 0.1
Quarry 17.37 1.0
Unknown 16.35 0.9
Total Semi-Natural and Low Intensity Agriculture 15.3
Improved grassland 1394.56 78.3
Arable 44.98 2.5
Total Intensive Agriculture 80.8
Amenity grassland 1.42 0.1
Gardens 7.77 0.4
Buildings 57.44 3.2
Tracks 1.73 0.1
Total Other 3.8

Table 6.4.1. Land use in the LIlyn Maelog catchment.

The plant community was surveyed in September 2014. Although a reasonably
diverse community is present, Leafpacs2 gave a result of Poor ecological status due
to the dominance of nutrient-tolerant species, high cover of filamentous algae and
low cover of aquatic plants, with 99% confidence that the ecological quality is worse

than good.

A diatom based palaeolimnological study of Llyn Maelog (Burgess et al. 2009)
recorded a high degree of floristic change in the diatom assemblages between the
top and bottom of the core, with a squared chord distance dissimilarity score of 1.44
between core top and bottom. This was reflected in the di-TP trophic index scores
which increased from 94 at the bottom of the core to 235 at the core top, indicating
nutrient enrichment, reduced water clarity and a switch from benthic to pelagic

production (Burgess et al. 2009).

These results are reflected by a SSSI condition assessment from 2009 (Burgess et
al. 2009) which concluded that the lake was in unfavourable condition due to nutrient
enrichment.
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Indicator Result Certainty <Good
Total Oxidised Nitrogen 75%ile 3.09 : erta

Total Phosphorus Moderate : erta
Macrophytes : erta
Palaeolimnology : erta
Weight of Evidence Conclusion Very Certain Eutrophication Problem
Overall Eutrophication Evidence High

Table 6.4.2 Key indicators for LIyn Maelog. See Table 4.6.1 for an explanation of evidence
categories.

Recommendation: Llyn Maelog

There is high confidence evidence both of elevated nitrogen and phosphorus at Llyn

Maelog, with resulting ecological impact on the aquatic plant community. This is a

high confidence evidence base consistent with the NVZ method definition of
eutrophicd and it is therefore recommended
considered for NVZ designation.

The high proportion of agricultural land in the catchment suggests that agriculture is
likely to be a major source of nutrients to the lake and therefore that an NVZ could be
beneficial. It should be noted however that there are active sewage discharge
consents in the catchment which should be taken into account.
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Figure 6.4.1. Surface water catchment of LIyn Maelog.
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6.5. Cefni Reservoir

Cefni Reservoir is an artificial water body, one of the main drinking water supplies for
Ynys Mon. It is near the centre of the island and close to the town of Llangefni. It is
fed by water from the catchment. More than 85% of the catchment consists of

intensive agriculture (Table 6.5.1).

Water Body ID: GB31032926
Alkalinity: High

Humic Type: Clear

Depth Type: Very Shallow
Naturalness: Artificial, impounded
Protected Area: Drinking Water
Catchment Area: 4068 ha

Land Use Area (ha) | % Cover

Semi-natural broadleaved woodland 62.06 1.6
Planted mixed woodland 10.09 0.3
Dense scrub 7.1 0.2
Semi-improved neutral grassland 63.87 1.6
Marshy grassland 103.65 2.6
Wet heath 8.28 0.2
Valley mire 89.34 2.2
Swamp 11.13 0.3
Standing water 64.12 1.6
Total Semi-Natural and Low Intensity Agriculture 10.6
Improved grassland 3287.64 82.6
Arable 108.55 2.7
Total Intensive Agriculture 85.3
Planted coniferous woodland 62.67 1.6
Felled coniferous woodland 8.93 0.2
Buildings 67.65 1.7
lllegible code 15.32 0.4
Total Other 3.9

Table 6.5.1. Land use in the Cefni Reservoir catchment.

There were 56 water samples from Cefni Reservoir over the period 2010-2014,
coupled with phytoplankton and aquatic plant data. This is considered to represent a

high quality dataset.

Water quality results indicate that levels of both nitrogen and phosphorus are
elevated, with nitrogen levels exceeding both the 1mg/l thresholds and phosphorus
concentration consistent with Moderate Ecological Status. Although these levels
constitute risk factors, they are not reflected in the biological data, with both
phytoplankton and macrophytes showing Good Status. Confidence levels in all of

these results were very certain (Table 6.5.2).
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Indicator Result Certainty < Good

_ Very Certain > 1m
MeanTotal Nitrogen 1.39 Not > 2mg

Total Phosphorus Moderate Very Certain
Phytoplankton Good Good or Better
Macrophytes Good Good or Better
Weight Qf Evidence Tool Uncertain Eutrophication Problem
Conclusion

Overall Eutrophication Evidence Marginal

Table 6.5.2. Key indicators for Cefni Reservoir. See Table 4.6.1 for an explanation of
evidence categories.

These results are best interpreted as reflecting a situation where the water chemistry
constitutes a risk factor to future eutrophication. It is not known why increased
nutrient levels are not reflected in the plants, but potential explanations may include
the use of the lake as a water supply reservoir resulting in relatively high flushing
rates; the relatively high dissolved organic carbon content of the water suppressing
plant growth, or grazing of algae by zooplankton. Nevertheless, it is recommended
that preventative works be undertaken in the catchment of Cefni Reservoir to reduce
the risk of future eutrophication.

Recommendation: Cefni Reservoir

Phosphate and Nitrate levels in Cefni Reservoir exceed the values required by both
WFD and the Nitrates Directive method. At present there is no evidence of these
elevated nutrient levels stimulating increased algal or plant growth. However, these
nutrient levels pose a potential risk factor for future eutrophication.

At this stage the evidence does not support the designation of Cefni Reservoir as a

Nitrate Vulnerable Zone. However, elevated nutrient levels provide some cause for
concern and in the | ight of the reservoiraos
potentially justify preventative catchment measures in order to prevent possible

future deterioration.
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Figure 6.5.1. Surface water catchment of Cefni Reservoir.
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6.6. Valley Lakes

The Valley Lakes are a cluster of eight interconnected lakes and ponds adjacent to
the RAF Valley airbase in western Ynys Mon. Like many other lakes on the island
they are coastal, very shallow and alkaline. The largest lakes are Llyn Penrhyn
(22.3ha) and Llyn Dinam (9.7ha) (Hughes et al. 2004) and these are the only ones
that are regularly monitored. Both are natural in origin. LIyn Traffwll is immediately
adjacent to these, but lies in a different catchment and so is assessed separately.

Water Body ID: GB31032948 (Dinam); 32968 (Penrhyn)
Alkalinity: High

Humic Type: Humic (Dinam); Clear (Penrhyn)

Depth Type: Very Shallow

Naturalness: Natural

Protected Area: Natura 2000 and SSSI (Dinam); SSSI (Penrhyn)
Catchment Area: 223 ha (Dinam); 160 ha (Penrhyn)

All of the Valley Lakes are protected areas, designated as the Llynnau y Fali SSSI.
Llyn Dinam is additionally designated as a Special Area of Conservation (SAC) under
the Habitats Directive for its eutrophic lakes feature. The catchments of the two lakes
differ markedly. LIyn Dinam has a rural catchment with (Table 6.6.1) nutrients coming
predominantly from diffuse sources, whereas the smaller catchment of LIyn Penrhyn
is heavily influenced by the RAF Valley air force base and associated housing,
including sewage discharge and road runoff (Figure 6.6.1). Both lakes have a
groundwater influence.

Llyn Dinam

The Llyn Dinam catchment originally digitised by Hughes et al. (2004) has been
redigitised as the original catchment map is not consistent with more up to date
information on the local topography and drainage patterns. Intensive agriculture
covers 75% of the catchment (Table 6.6.1).

There are 69 water samples from Llyn Dinam, covering a period from January 2009
to October 2014. Ecological data comprises phytoplankton, macrophytes and
diatoms. This is an excellent dataset.

A single measurement for total nitrogen of 3.75 mg It was much higher than any
other value in the TN dataset. However, it should be noted that concentrations
adjacent in the series were also elevated to a lesser extent, so this value is not
necessarily an error. Removal of this datapoint would have resulted in a small
reduction in the overall mean total nitrogen, to 1.01 mg %,

Three values of total phosphorus of 811, 1430 and 961 ug It were much higher than
any other values in the dataset, and were not consistent either with TP
measurements in previous or subsequent months, or with Ortho-P samples from the
same sample. These were removed from the analysis.
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Land Use Area (ha) | % Cover

Semi-natural broadleaved woodland 0.72 0.3
Dense scrub 5.48 2.5
Semi-improved acid grassland 6.29 2.9
Semi-improved neutral grassland 7.17 3.3
Marshy grassland 5.16 2.4
Bracken 0.81 0.4
Dry heath / acid grassland mosaic 0.28 0.1
Swamp 8.28 3.8
Standing water 9.46 4.4
lllegible code 3.18 1.5
Total Semi-Natural and Low Intensity Agriculture 21.6
Improved grassland 161.55 74.7
Arable 0.75 0.3
Total Intensive Agriculture 75.0
Buildings 6.75 3.1
Tracks 0.45 0.2
Total Other 3.3

Table 6.6.1. Land use in the Llyn Dinam catchment.
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Figure 6.6.1. Surface water catchments of the Valley Lakes (left) and Llyn Traffwll (right)
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Nitrate concentrations in Llyn Dinam are generally fairly low for a low altitude lake.
TON concentrations drop to near zero during the growing season (Figure 6.6.2). In
contrast, phosphorus concentrations are high throughout the year, with
orthophosphorus generally reaching a minimum in February-March (Figure 6.6.3).
This is consistent with Poor status with High confidence (Table 6.6.2).
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Figure 6.6.2. Nitrogen concentrations in Llyn Dinam, 2009-2014.

Llyn Dinam P
——T1P
400 ! o—Ortho-P

Figure 6.6.3. Phosphorus concentrations in LIyn Dinam, 2009-2014.

Nitrogen: Phosphorus ratios in the lake indicate that nitrogen limitation is possible in
the lake between about May and September, with phosphorus being more likely to be
limiting the rest of the time (Figure 6.6.4). However, the relatively high concentrations
of phosphorus throughout most of the year mean that P is only likely to be limiting in
early spring.
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Figure 6.6.4 Molar TN: TP ratio in LIyn Dinam, adjusted so that zero is the level at which
nitrogen is likely to be limiting, based on the Redfield ratio.

The ecological tools in LIlyn Dinam indicate that the lake is not at Good status, and
the lake is failing its SAC conservation objectives. Whilst the phytoplankton data are
indicative of Good status, both the macrophyte and diatom tools indicate
eutrophication. Using the WoE tool, this gives an overall Very Certain confidence of

eutrophication.

Indicator

Result

Certainty < Good

Mean Total Nitrogen

1.05

Total Phosphorus

Very Certain

Uncertain > 1 mg

Phytoplankton Good Good or Better
Macrophytes Moderate Uncertain
Diatoms Moderate : erta
Weight (.)f Evidence Tool Very Certain Eutrophication Problem
Conclusion

Overall Eutrophication Evidence

Medium-High

Table 6.6.2 Key indicators for LIyn Dinam. See Table 4.6.1 for an explanation of evidence

categories.
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Source Apportionment

Source apportionment for the Llyn Dinam catchment (Edwards 2016) indicated that
the % N contribution from agricultural land was 88.4%, with the contribution from
intensive agriculture being 68.7% (Table 6.6.3). These results indicate that
agriculture is the main contributor to nitrogen loading in the catchment.

Catchment area (ha) 223
% Semi-Natural and Low Intensity Agriculture 21.6
% Intensive Agriculture 75
% Semi-Natural and All Agriculture 96.6
Number of consented discharges in catchment 4
Total N load from consented discharges (kg/day) 0.05
Mean catchment TON concentration (mg/l) 0.2
Total catchment flow (I/s) 27.1
Total catchment N load (kg/day) 0.6
Total catchment diffuse N load (kg/day) 0.5
Total catchment agricultural/semi-natural N load (kg/day) 0.5
Total catchment intensive agricultural N load (kg/day) 0.4
% N contribution from all agricultural/semi-natural land 88.4
% N contribution from intensive agriculture 68.7

Table 6.6.3. Source Apportionment results for LIyn Dinam.

Llyn Penrhyn

Seventy-four water samples have been collected from Llyn Penrhyn, covering a
period from January 2009 to September 2015. These water samples have been
collected and paid for by RSPB as part of their routine monitoring of the site.
Although data for phosphorus are available for all samples, TON data are only
available for 38 of these and chlorophyll for nine. Of the ecological indicators, only
macrophyte data are available. This is considered an adequate dataset.

Nitrogen concentrations in LIyn Penrhyn are very low for a lowland lake, reflecting
low levels of agricultural activity and extended periods when the lake is nitrogen
limited in summer. In contrast, phosphorus concentrations are very high, reflecting
the long-term impact of the RAF Valley sewage treatment works, which discharges
into the lake. Improvements to the treatment at this works have resulted in a
considerable drop in TP from an annual mean of ¢. 1000 ug It in the early 1990s to
about 250 ug I'* today. However, this value is still consistent with Bad ecological
status. The WFD Good / Moderate boundary value for this lake is a geometric mean
of 34 ug I'L.

Macrophyte survey data indicates that the lake is not meeting its condition
assessment targets (Burgess et al. 2006; Goldsmith et al. 2014b), with high cover of
nutrient tolerant taxa and desirable species restricted to small areas of the lake and /
or shallow water. This conclusion also applies to two smaller lakes in the system,
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Llyn Cerrig-bach and Llyn Treflesg, for which no water quality data are available
(Goldsmith et al. 2014c).

Indicator Result Certainty
Total Oxidised Nitrogen 75%ile 0.16 Not > 1 mg
Total Phosphorus Bad C erta
Macrophytes Moderate Quite Certain
Weight (.)f Evidence Tool Very Certain Eutrophication Problem
Conclusion

Overall Eutrophication Evidence Medium-High

Table 6.6.3. Key indicators for LIyn Penrhyn. See Table 4.6.1 for an explanation of evidence
categories.

Recommendation: Valley Lakes

There is very certain evidence of elevated phosphorus at both Llyn Dinam and Llyn

Penrhyn, with resulting ecological impacts on the aquatic plant and diatom

communities. Nitrate concentrations are relatively lower in both lakes, and in Llyn

Penrhyn especially there is evidence that plant growth is nitrogen limited in summer.

This is consistent with the NVZ method defin

For Llyn Dinam, the majority of nitrogen and phosphorus are likely to come from
agriculture. This is not the case for LIyn Penrhyn, however, where a high proportion
of nutrient loading comes from the sewage treatment works. A previous Review of
Consents study showed that although some backflow did occasionally occur from
Llyn Penrhyn to Llyn Dinam, nutrient transfer via this method was insignificant. Rukin
(in prep) estimated that about 14.5% of phosphorus entering LIyn Penrhyn was from
agriculture. The proportion of N from agriculture is likely to be higher because
sewage discharges tend to be relatively phosphate-rich. It is therefore possible that
less than 18% of the nitrogen entering LIyn Penrhyn originate from agriculture and
the very low measured nitrate values in the lake tend to support this.

It is therefore recommended that the catchment of LIyn Dinam be designated as an
NVZ. No specific recommendation is provided on designation of the Llyn Penrhyn
catchment but its close proximity and hydrological connections to Llyn Penrhyn via
groundwater suggest that its incorporation in an NVZ for management purposes may
be justified.
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6.7. Llyn Traffwll

Llyn Traffwll is another shallow, alkaline lake in western Anglesey adjoining the
Valley Lakes. It is owned and managed by the RSPB as a nature reserve and
designated as a Site of Special Scientific Interest for Lake Habitat. It has a small
catchment (Figure 6.6.1), 89% of which consists of intensive agriculture (Table 6.7.1).

Water Body ID: 32964
Alkalinity: High

Humic Type: Clear

Depth Type: Very Shallow
Naturalness: Natural
Protected Area: SSSI
Catchment Area: 312 ha

The dataset from Llyn Traffwll is not as extensive as for many other lakes. The RSPB
collected fourteen water samples between December 2009 and January 2011. These
samples have been analysed for Total Phosphorus, Total Nitrogen and
Orthophosphorus but not Nitrate. NRW surveyed the site for macrophytes and carried
out an SSSI condition assessment (Goldsmith et al. 2014b) but there are no
chlorophyll, diatom or palaeolimnology data.

Water chemistry data are similar to the Valley lakes, with high levels of phosphorus
consistent with Bad Ecological Status, but low nitrogen concentrations well below the
1 mg It threshold. Extended periods of nitrogen concentrations below the detection
limit in summer suggest the lake may be nitrogen limited, but due to the relatively
high detection limit of 0.2 mg I'* used it was not possible to confirm this.

Land Use Area (ha) | % Cover

Dense scrub 2.02 0.7
Semi-improved acid grassland 2.68 1.0
Semi-improved neutral grassland 2.63 1.0
Marshy grassland 5.52 2.0
Bracken 4.65 1.7
Swamp 0.6 0.2
Standing water* 38.09 N/A
lllegible code 1.11 0.4
Total Semi-Natural and Low Intensity Agriculture 7.0
Improved grassland 238.37 86.2
Arable 7 2.5
Total Intensive Agriculture 88.7
Buildings 11.77 4.3
Total Other 4.3

Table 6.7.1. Land use in the Llyn Traffwll catchment. Standing water has been excluded from
the cover calculations due to the high lake : catchment area ratio.
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Using the macrophytes classification tool, the biology was on balance assessed as
moderate, with 68% confidence of being worse than Good. Overall, the WoE tool
gave a result of Very Certain Eutrophication Problem. The SSSI condition
assessment of Unfavourable due the nutrient impacts (Goldsmith et al. 2014b)
supported this conclusion

Indicator Result Confidence <Good
Total Oxidised Nitrogen 75%ile 0.63 Good or better

Total Phosphorus ~ Bad B VeryCertain Certam
Macrophytes

Palaeolimnology

SSSI Condition Assessment
Weight of Evidence Tool
Conclusion

Very Certain
Very Certain

Very Certain Eutrophication Problem

| Unfavourable |

Overall Eutrophication Evidence Medium-High

Table 6.7.2 Key indicators for Llyn Traffwll. See Table 4.6.1 for an explanation of evidence
categories.

Source Apportionment

Source apportionment for the Llyn Traffwll catchment (Edwards 2016) indicated that
the % N contribution from agricultural land was 95.7%, with the contribution from
intensive agriculture being 88.7% (Table 6.1.3). There are no consented discharges
in the catchment. These results indicate that agriculture is the dominant source of
nitrogen loading in the catchment.

Catchment area (ha) 312
% Semi-Natural and Low Intensity Agriculture 7
% Intensive Agriculture 88.7
% Semi-Natural and All Agriculture 95.7
Number of consented discharges in catchment 0
Total N load from consented discharges (kg/day) 0.0
Mean catchment TON concentration (mg/l) 0.6
Total catchment flow (I/s) 38.9
Total catchment N load (kg/day) 2.1
Total catchment diffuse N load (kg/day) 2.1
Total catchment agricultural/semi-natural N load (kg/day) 2.0
Total catchment intensive agricultural N load (kg/day) 1.9
% N contribution from all agricultural/semi-natural land 95.7
% N contribution from intensive agriculture 88.7

Table 6.7.3. Source Apportionment results for Llyn Traffwll.
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Recommendation: Llyn Traffwll

There is evidence of elevated phosphorus at LIyn Traffwll, with resulting ecological
impacts on the aquatic plant community and SSSI feature. Nitrate concentrations are
low, however, and it is probable that plant growth is nitrogen limited in summer.
Confidence in this conclusion is moderate, due to the relatively small dataset, but it is
consistent with the pattern also observed in the adjacent Valley Lakes.

Due to the high confidence of eutrophication in the WoE tool, Llyn Traffwll is

considered to be eutrophic with Medium-High confidence. This is consistent with the

NVZ method defi g6t iaond ot oésut heplkif ore recomn
catchment should be considered for NVZ designation.

6.8. Llyn Alaw

Llyn Alaw is an artificially constructed reservoir and at 308 ha is the largest lake on
Ynys Mon. It is the main public water supply for the northern part of the island and is
moderate alkalinity and very shallow. The reservoir was constructed on a lowland fen
and hence the water is naturally rather peaty. It is designated as a Drinking Water
Protected Area and Site of Special Scientific Interest for its lake habitat.

Water Body ID: GB31032538
Alkalinity: Moderate

Humic Type: Humic

Depth Type: Very Shallow
Naturalness: Atrtificial, impounded.
Protected Area: Drinking Water, SSSI
Catchment Area: 3339 ha

The catchment of LIyn Alaw consists mainly of intensive agriculture (91%).

There are 69 water samples from Llyn Alaw, from January 2009 to December 2014.
This is coupled with biological data on both phytoplankton and macrophytes. This is
considered an excellent quality dataset.

Nitrogen concentrations in LIyn Alaw are slightly elevated, with TN exceeding the 1

mg It threshold with low confidence (TN = 1.03 + 0.07 mg I'1 (95% CIl)). The 75%ile

winter nitrate was lower at 0.66 mg I'X. The phosphorus data from Llyn Alaw is

indicative of Moderate ecological status, with high confidence. However, it should be

noted that because Llyn Alaw is peat influenced, total phosphorus levels may be

naturally higher than expected, hence the phosphorus model may in this case be

unduly pessimistic. For this reason the confidence of less than Good for phosphorus

has been reduced to O60Uncertaind (Table 6.8.2
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Land Use Area (ha) | % Cover
Semi-natural broadleaved woodland 7.88 0.3
Planted broadleaved woodland 5.17 0.2
Planted mixed woodland 1.9 0.1
Dense scrub 19.01 0.6
Semi-improved acid grassland 2.08 0.1
Semi-improved neutral grassland 32.05 1.1
Marshy grassland 44.21 15
Fen 5.99 0.2
Valley mire 19.28 0.6
Swamp 21.35 0.7
Standing water* 288.25 N/A
Inundation vegetation 12.98 0.4
Acid / neutral rock 6.89 0.2
lllegible code 2.45 0.1
Total Semi-Natural and Low Intensity Agriculture 6.1
Improved grassland 2587.23 86.9
Arable 127.56 4.3
Total Intensive Agriculture 91.2
Planted coniferous woodland 11.78 0.4
Amenity grassland 5.71 0.2
Buildings 58.15 2.0
Tracks 2.18 0.1
Total Other 2.7

Table 6.8.1. Land use in the Llyn Alaw catchment. Standing water has been excluded from

the cover calculations due to the high lake : catchment area ratio.

Both the macrophyte and phytoplankton results indicate that Llyn Alaw is Good

Status with high confidence. This results in an overall WoE conclusion of Certain No

Eutrophication Problem.

Indicator Result Confidence < Good
Mean Total Nitrogen 1.03 Uncertain > 1 mg
Total Phosphorus Moderate Uncertain
Phytoplankton Good Good or Better
Macrophytes Good Good or Better
Weight Qf Evidence Tool Certain no eutrophication problem
Conclusion
Overall Eutrophication Evidence Evidence doe_s not support NVZ
Designation

Table 6.8.2 Key indicators for LIyn Alaw. See Table 4.6.1 for an explanation of evidence
categories.
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Recommendation: Llyn Alaw

As for Cefni Reservoir, the chemistry in LIyn Alaw shows some signs of enrichment.
This is not reflected in ecological impacts, suggesting that the lake is at present
sufficiently resilient to absorb this pressure. However, these nutrient levels may pose
a potential risk factor for future eutrophication.

At this stage the evidence does not support the designation of LIyn Alaw as a Nitrate

Vulnerable Zone. However, slightly elevated nutrient levels provide some cause for
concern and in the |Iight of the reservoiros
justify preventative catchment measures in order to prevent possible future

deterioration.
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Figure 6.8.1. Surface water catchment of Llyn Alaw.
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6.9. Llyn yr Wyth Eidion

Llyn yr Wyth Eidion is a small, alkaline, shallow kettle-hole lake within the Cors

Erddreiniog fen system,

desi gnat @hdradfalker

type. There have been 19" century modifications to the drainage patterns that are
thought to have contributed to long term damage to the lake (Davidson et al. 2009).
The lake is not designated as a water body under WFD and therefore the targets
used are the SAC management plan targets (CCW 2008).

Water Body ID: 32761
Alkalinity: Marl

Humic Type: Clear

Depth Type: Shallow
Naturalness: Natural
Protected Area: SAC, SSSI

Catchment Area: c. 273 ha (but with groundwater influence)

The catchment of Llyn yr Wyth Eidion is smaller than that shown on the UKLakes
dataset, because the drainage of about 100ha of land to the north of the lake was
recently diverted away. The catchment area and land use has consequently been
modified (see Figure 6.9.1 and Table 6.9.1). About 70% of the land use of Llyn yr
Wyth Eidion consists of intensive agriculture (mainly improved grassland) with most
of the remainder being habitats associated with the Cors Erddreiniog fen system

(Table 6.9.1).

Land Use Area (ha) | % Cover

Semi-natural broadleaved woodland 11.65 4.3
Planted mixed woodland 7.3 2.7
Dense scrub 3.84 1.4
Semi-improved neutral grassland 2.38 0.9
Marshy grassland 7.81 2.9
Bracken 0.73 0.3
Wet heath 1.01 0.4
Basic flush 2.69 1.0
Valley mire 21.06 7.7
Swamp 0.68 0.2
Standing water 0.65 0.2
Total Semi-Natural and Low Intensity Agriculture 22.0
Improved grassland 182.68 66.9
Arable 8.68 3.2
Total Intensive Agriculture 70.1
Quarry 6.36 2.3
Caravan site 10.61 3.9
Buildings 1.43 0.5
Total Other 6.7

Table 6.9.1. Land use in the Llyn yr Wyth Eidion surface water catchment.
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Figure 6.9.1. Surface water catchment of Llyn yr Wyth Eidion.

There are only five water samples collected from the lake itself within the sampling
period. These consist of a sample from January 2009 that was part of the CCW
condition assessment (Burgess et al. 2015) and five samples collected by EA Wales.
Three additional samples collected in April, July and October 2008 (Burgess et al.
2012) are added for context. The CCW samples included data for TP, TN and TON.
The EA Wales samples included only one TP measurement, and data for
orthophosphorus was measured using the standard detection limit. All four samples
were below the detection limit. Additional water quality data has been collected
during various projects associated with the Anglesey Fens Life Project, and although
this could not be used to directly assess the standard NVZ metrics, it has been used
to provide context. Biological data is restricted to a macrophyte survey (Goldsmith et
al. 2014c), but there is a full SAC condition assessment (Burgess et al. 2013),
detailed palaeolimnological data for this site (Goldsmith et al. 2013) and for the
nearby Llyn Cadarn (Davidson et al. 2009).

Despite the small sample size, chemical data are indicative of high nitrogen levels.

Mean TN was 2.03 + 0.44 mg I* (95% CI) and the estimated 75%ile TON was 1.72
mg I'1. This is well above the 1 mg I TN target for the site in the NRW SAC Core
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Management Plan, and supported by data from two nearby boreholes? which record
mean Nitrate-N between 2009 and 2015 as 4.47 and 3.23 mg I respectively. Total
phosphorus concentrations in the lake were estimated as 19.53+ 4.23 ug I'* (95% ClI)
which is above the SAC management target of 15 ug I'* with high confidence.
Confidence in this conclusion is very certain.

The condition assessment (Burgess et al. 2013) concluded that the SAC feature was
unfavourable with high confidence due to elevated nutrient levels, absence of the
stoneworts that are a characteristic feature of this lake type and loss of sensitive
aguatic plant species (Table 6.9.2). The current plant community consists
predominantly of Fontinalis antipyretica and water lilies. Underwater photography
indicates a total lack of macrophytes below about 3 m depth. More recent plant
survey data (Goldsmith et al. 2014c) indicate that this situation still pertains.

A palaeolimnological study (Goldsmith et al. 2013) indicates a dramatic switch from a
stonewort dominated marl-producing lake to a degraded more peaty lake during the
mid to late 19 century, probably associated with drainage works carried out at this
time. This lends support to the conclusion that the lake is damaged, but suggests that
other causes than nutrient enrichment are contributing to the damage. However,
there is little doubt that there are both elevated nutrient levels and consequent
ecological impacts at Llyn yr Wyth Eidion.

Indicator Result Confidence < Good
Total Nitrogen 2.03 Very Certain > 1mg
Uncertain > 2mg

Very Certain

Total Phosphorus
Dissolved Oxygen

Macrophytes Very Certain
Palaeolimnology Very Certain
Expert Judgment Conclusion Very certain eutrophication problem
Overall Eutrophication Evidence High

Table 6.9.2. Key indicators for LIyn yr Wyth Eidion. See Table 4.6.1 for an explanation of
evidence categories.

Due to the type of data available it has not been possible to use the WoE tool as per
other assessments. Instead an expert judgment conclusion of Very Certain
Eutrophication Problem has been reached based on the principles used in the WoE
tool (Table 6.9.2).

2 Sample points 28110 and 28111.
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Source Apportionment

Source apportionment for the Llyn yr Wyth Eidion catchment indicated that the % N
contribution from agricultural land was 92.1%, with the contribution from intensive
agriculture being 70.1% (Table 6.1.3). There are no consented discharges in the
catchment. These results indicate that agriculture is the dominant source of nitrogen
loading in the catchment.

Catchment area (ha) 273
% Semi-Natural and Low Intensity Agriculture 22.0
% Intensive Agriculture 70.1
% Semi-Natural and All Agriculture 92.1
Number of consented discharges in catchment 0.0
Total N load from consented discharges (kg/day) 0.0
Mean catchment TON concentration (mg/l) 2.0
Total catchment flow (I/s) 47.8
Total catchment N load (kg/day) 8.4
Total catchment diffuse N load (kg/day) 8.4
Total catchment agricultural/semi-natural N load (kg/day) 7.7
Total catchment intensive agricultural N load (kg/day) 59
% N contribution from all agricultural/semi-natural land 92.1
% N contribution from intensive agriculture 70.1

Table 6.9.3. Source Apportionment results for Llyn yr Wyth Eidion.

Recommendation: Llyn yr Wyth Eidion

Despite a relatively small dataset, there is strong evidence of both elevated nutrient
concentrations and consequent ecological impacts at LIyn yr Wyth Eidion, with High
Confidence. This gives an overall High quality evidence base for eutrophication
(Table 4.6.1). It should be noted that irrespective of the true nitrogen concentration,
the confidence of eutrophication is at least Medium-High and potentially Very High.
When considering whether NVZ designation is appropriate, consideration should be
given to downgrade the overall risk to Medium-High in the light of the relative paucity
of water chemistry data. Source apportionment indicates that agriculture is the
principal source of N loading in this lake.

Based on the above, Llyn yr Wyth Eidion should be considered for NVZ designation.

It should be noted that the best chance of restoring the lake should also include other
measures including diverting the present inflow stream from the south away from the
lake, as was the case in the 19t century.
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6.10. Llangorse Lake

Llangorse Lake is a large (140 ha), shallow, high alkalinity lake in the Brecon
Beacons National Park, and is the largest natural lake in South Wales. The lake is
designated as an SSSI and SAC for lake habitat and is much valued for recreational
uses including boating, windsurfing and swimming.

The catchment is rural and consists mainly of a mixture of improved pasture and
upland grassland and heath (Figure 6.10.1). About two-thirds of the catchment
consists of intensive agriculture (Table 6.10.1). Environment Agency (2012d)
calculated that just over 99% of nitrogen loading in the Llangorse Lake catchment
comes from agricultural sources.

Water Body ID: GB30940067
Alkalinity: High

Humic Type: Clear

Depth Type: Very Shallow
Naturalness: Natural

Protected Area: Natura 2000, SSSI
Catchment Area: 2254

The environmental history and eutrophication status of Llangorse Lake has been very
well studied. Historically, the main focus has been on pollution from two sewage
treatment works which caused very severe eutrophication impacts during the mid
1970s (Duigan et al. 1999; Bennion & Appleby 1999; Benson-Evans et al. 1999;
Wade 1999). These were diverted by the early 1990s and since then the lake has
undergone a marked recovery in quality. However, nutrient concerns and associated
ecological problems persisted (Burgess et al. 2006; Hatton-Ellis 2012a) and a study
of catchment nutrient inputs (May et al. 2008) demonstrated that these needed
reducing and that the lake was nitrogen limited during the growing season (May et al.
2010). The catchment of the lake was designated a Nitrate Vulnerable Zone in 2012.

There are 67 water samples from Llangorse Lake, from January 2009 to November
2014. This is coupled with biological data on phytoplankton, diatoms and
macrophytes. This is an excellent quality dataset.

Nitrogen concentrations in Llangorse Lake are slightly elevated, marginally
exceeding the 1 mg It threshold with peaks occurring in winter (TN = 1.01 + 0.12 mg
I1 (95% ClI); 75%ile TON = 0.81 mg I'). In the growing season (around April-
October), nitrate levels are very low, although total nitrogen remains fairly significant,
indicating that all available nitrogen is being absorbed by phytoplankton and other
plants (Figure 6.10.2).
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Land Use Area (ha) | % Cover

Semi-natural broadleaved woodland 66.25 3.0
Planted mixed woodland 3.67 0.2
Felled broadleaved woodland 1.15 0.1
Unimproved acid grassland 4.86 0.2
Semi-improved acid grassland 18.89 0.9
Semi-improved neutral grassland 74.53 3.4
Marshy grassland 34.58 1.6
Bracken 174.93 7.9
Dry acid heath 93.07 4.2
Wet heath 2.17 0.1
Dry heath / acid grassland mosaic 15.23 0.7
Wet heath / acid grassland mosaic 4.1 0.2
Swamp 15.79 0.7
Standing water 123.15 5.6
Total Semi-Natural and Low Intensity Agriculture 28.8
Improved grassland 1371.81 61.8
Arable 94.38 4.3
Total Intensive Agriculture 66.1
Planted coniferous woodland 65.55 3.0
Amenity grassland 2.16 0.1
Caravan site 1.29 0.1
Buildings 37.95 1.7
lllegible code 10.65 0.5
Total Other 5.4

Table 6.10.1. Land use in the Llangorse Lake surface water catchment.
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Figure 6.10.1. Surface water catchment of Llangorse Lake.
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Figure 6.10.2. Nitrogen concentrations in Llangorse Lake, 2009-2014.

Phosphorus concentrations in Llangorse Lake remain very high, and may even be
increasing slightly. Using the WFD phosphorus model, they are suggestive of Bad
Ecological Status. This may in part be due to phosphorus being released from lake
sediments, but also reflects high phosphorus loadings from the catchment (May et al.
2008, 2010).

Biological data from Llangorse Lake indicate significant ecological evidence of
eutrophication. All three classification tools resulted in a result worse than good, two
of them with Very Certain levels of confidence. This results in an overall WoE
conclusion of Very Certain Eutrophication Problem (Table 6.10.2). These results
support the SAC Condition Assessment results of Hatton-Ellis (2012a) who
concluded that Llangorse Lake was in unfavourable condition due to eutrophication.

Indicator Result Confidence < Good
Total Nitrogen 75%ile 1.01 Uncertain > 1
Total Phosphorus Bad s erts
Phytoplankton Moderate C erta
Macrophytes Moderate Uncertain
Diatoms : erta
Weight (.)f Evidence Tool Very certain eutrophication problem
Conclusion

Overall Eutrophication Evidence Medium-High

Table 6.10.2 Key indicators for Llangorse Lake. See Table 4.6.1 for an explanation of

evidence categories.
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Recommendation: Llangorse Lake

Llangorse Lake has well-documented historical evidence of eutrophication and it is
not surprising that this is reflected in recent data. Phosphorus concentrations remain
high throughout the year. Nitrate concentrations are an important factor restricting
plant growth during the growing season. There is very certain evidence
demonstrating ecological impacts of eutrophication in Llangorse Lake. Using the
decision matrix (Table 4.6.1), this gives an overall evidence base confidence of
Medium-High. Just over 99% of nitrogen loading to the lake is estimated to come
from agriculture (Environment Agency 2012d).

On this basis it is recommended that the NVZ for Llangorse Lake should be retained.

6.11. Hanmer Mere

Hanmer Mere is a natural kettle-hole mere, one of the Shropshire-Cheshire mosses
and meres complex and the only one of any significant size in Wales. It is designated
as a Site of Special Scientific Interest and National Nature Reserve for its lake habitat
and is part of the Shropshire-Cheshire wetlands Ramsar site. The lake is
predominantly groundwater-fed and was designated a Nitrate Vulnerable Zone in
20009.

Water Body ID: GB31134780
Alkalinity: High

Humic Type: Humic

Depth Type: Very Shallow
Naturalness: Natural
Protected Area: Ramsar, SSSI
Catchment Area: 93 ha

The catchment of Hanmer Mere consists mainly of intensive farmland (75%), with
17% cover of semi-natural habitats and 8% cover of other, much of which is part of
the village of Hanmer to the north of the lake (Table 6.11.1; Figure 6.11.1). Just over
78% of nitrogen loading to the lake is estimated to come from agricultural sources
(Environment Agency 2012e)

There are 68 water samples from Hanmer Mere, from January 2009 to November

2014. This is coupled with biological data on phytoplankton, diatoms and
macrophytes. This is considered an excellent quality dataset.
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Land Use Area (ha) | % Cover
Semi-natural broadleaved woodland 5.7 7.8
Planted broadleaved woodland 4.01 55
Planted coniferous woodland 0.06 0.1
Planted mixed woodland 1.6 2.2
Dense scrub 0.06 0.1
Semi-improved neutral grassland 0.79 1.1
Swamp 0.16 0.2
Standing water* 17.57 N/A
Total Semi-Natural and Low Intensity Agriculture 17.0
Improved grassland 50.75 69.5
Arable 4.46 6.1
Total Intensive Agriculture 75.7
Amenity grassland 0.66 0.9
Gardens 1.46 2.0
Buildings 3.26 4.5
Total Other 7.4

Table 6.11.1. Land use in the Hanmer Mere surface water catchment. Standing water has
been excluded from percentage calculation due to high lake area : catchment area ratio.

Total nitrogen concentrations in Hanmer Mere are elevated, exceeding the 1 mg
threshold (TN = 1.74 + 0.15 mg I'* (95% ClI); 75%ile TON = 0.45 mg I'%). Total
phosphorus concentrations are very high, with an annual mean of 886 ug I,
equivalent to Bad ecological status. Very low nitrogen concentrations in summer
suggest that Hanmer Mere may be nitrogen limited, as is the case for several other of
the Shropshire-Cheshire meres (James et al. 2003).

These results are reflected in the biological classification data. Both the macrophyte
and phytoplankton results indicate that Hanmer Mere is at Moderate Status, whilst
the diatom tool indicates gives a classification of Poor status. All three tools are very
certain that the water body is worse than Good status. This results in an overall WoE
conclusion of Very Certain Eutrophication Problem (Table 6.11.2).
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Figure 6.11.1. Surface water catchment of Hanmer Mere.
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