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Executive summary

About this Report

The River Wye SAC (Special Area of Conservation) is failing to meet phosphate targets in
some reaches and is very close to the threshold in others. There have been reports of
algal blooms in the river and recognition of ecological decline over a number of years.

The scale of data being captured in the Wye Management Catchment is increasing
exponentially as more continuous monitoring sondes, autosamplers, remote sensing, and
citizen scientists are deployed.

All this data contributes to the overall picture of what is happening in the catchment. We
will combine new evidence with existing datasets four times a year to contribute to a
common understanding among all stakeholders of the issues and actions required.

The report covers:

1. What are the main variables contributing to algal blooms in the Wye?
2. What other ecological and water quality issues does the data show?
a. When did these occur?
b. Where did these occur?
3. Which locations, sectors and activities were responsible for the ecological
and water quality issues identified in the data?
4. What recommendations can be made for regulatory, partnership and industry
sector actions to prevent the reoccurrence of ecological and water quality issues
identified in the data?

If the available data does not allow us to answer a question, we describe what data is
needed to be able to answer it.

If you have any feedback on this report or additional information to contribute to future
reports, please contact Enguiries WestMids@environment-agency.gov.uk
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Figure 1: River Wye Management Catchment within England and associated Operational
Catchments and major tributaries.

Summary of Conclusions

This includes and builds on conclusions drawn from previous reports.

We can currently conclude, based on the latest available data, that:

1. What are the main variables contributing to algal blooms in the
Wye?

Significant algal growth occurs on the main River Wye during the summer. A large amount
is filamentous algae and diatoms covering the riverbed. The relative proportion of riverbed
to free floating algal growth is currently unknown.

Excessively high summer water temperatures on the main River Wye are a major
contributing factor to this algal growth.

Water column phosphate concentrations appear to increase temporarily prior to this algal
growth, following summer rainfall events, while river flows are relatively low. These
temporary increases are likely to contribute to the algal growth. More frequent and
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widespread orthophosphate, total phosphorus, and sediment nutrient data is required in
partnership, to continue to build an understanding of contributing factors to these algal
blooms.

Water column nitrogen concentrations are excessive throughout the catchment, but
nitrogen is not the most important nutrient causing algal blooms. If phosphate availability
to aquatic plants were low enough, it would limit algal growth.

2. What other ecological and water quality issues does the data
show?

Salmonid fish populations have declined over the last 10 years, and there has been a shift
to the headwaters of the Lugg for the main Atlantic Salmon population in the English
sections of the Wye.

Invertebrate populations currently appear to be generally healthy, although some smaller
tributaries are affected by sedimentation and water quality issues.

Macrophyte communities sampled in 2021 show evidence of eutrophication across the
whole catchment.

Nutrients within the water column are a bigger problem in tributaries than the main Wye.
Sediment analysis is needed to build a more complete understanding. Since 2010, there
has been an increasing trend in orthophosphate on tributaries of the Wye and an
increasing trend in nitrogen across most of the catchment.

There have been short-term water quality improvements in some parts of the catchment.
However, these are minor compared to the long-term decline and fall short of the SAC and
SSSI targets in the Lugg Catchment.

Rainfall events correlate with increases in phosphate and turbidity across the whole Wye
Management Catchment, confirming that diffuse pollution is a component of water quality
issues in the catchment.

3. Which locations, sectors and activities were responsible
for the ecological and water quality issues identified in the data?

Analysis of Citizen Science data collected since the start of 2021, and new incidents
reported since October 2021, supports and enhances the analysis of Environment Agency
data.

Arable agriculture, particularly maize and autumn sown crops like winter wheat on
permeable soils or those prone to surface-run-off contribute significantly to orthophosphate
concentrations.

There has been a significant increase in the proportion of land managed as arable since
2016, particularly maize and potato crops, which are more susceptible to soil loss.
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Sewage treatment works (STW) discharge rates are significant contributing factors to
orthophosphate concentrations. STW phosphorus limits are effective in reducing the
contribution to orthophosphate concentrations, however, combined sewer overflows
(CSO0s) and agricultural run-off are suspected to contribute towards target exceedance
where phosphorus limits are in place.

The number of poultry units in a catchment shows a positive but very weak correlation
(R?=0.04) with orthophosphate levels and appears to show a stronger link with nitrogen
levels and total phosphorus. Total phosphorus data is currently too sparse to demonstrate
a causal relationship and this analysis does not account for pathways of impact outside
the unit such as spreading of manure or digestate on fields outside the catchment where
the poultry units themselves are located. Further investigation is needed to demonstrate
that this is a cause and confirm the pathways.

Sewage discharge and agriculture account for the largest share of environmental incidents
reported to the Environment Agency in the Wye Management Catchment between
01/11/2020 and 31/03/2022.

4. What recommendations can be made for
regulatory, partnership and industry sector actions to prevent the
reoccurrence of ecological and water quality issues identified in
the data?

Taking a catchment-based approach all contributing partners in the Wye Management
Catchment could target investigations, analysis and remedial actions in key five focus
areas:

1 River Arrow near Kington

River Arrow near Pembridge and Curl Brook
River Lugg and tributaries near Presteigne
Little Lugg and Withington Marsh Brook
River Frome

= =4 4 9

These five areas have been identified as upstream parts of the catchment with high
phosphate concentrations relative to the wider catchment, taking the size of watercourse
into account. They also experience a high proportion of the pressures identified in this
report.

Significant reduction in nutrient input from all sources is required across the whole
catchment to contribute to the recovery of river quality including macrophytes. Reducing
run-off and leaching of nutrients from land during summer rainfall events when dilution is
low, and temperatures are high is an important element of this remedial activity.

Further investigations in partnership should include understanding the pathways and
impacts of manures and wastes that are spread to land and a comprehensive appraisal of
options to mitigate the impacts of poor water quality, including whether we could manage
water resources differently to create more dilution.
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Where Citizen Scientists can support the efforts of land managers and discharge
operators to reduce the impact of their operations by targeted monitoring and evaluation in
response to identified high nutrient events, we would encourage them to do so and have
suggested areas to undertake further monitoring.

Efforts to increase shade by tree planting and better management of riparian trees could
help mitigate high temperatures. We are developing a high temperature and algal bloom

early warning system to enable us to respond to excessive temperatures with advice and
extra monitoring.

12 of 44



Data Sources

Citizen Science Monitoring

We are working with a variety of partners in the development and delivery of a Citizen
Science monitoring programme. This additional resource is used to collect water quality
data throughout the Wye Management Catchment and will help to identify and prioritise
where measures can be targeted to reduce inputs of pollution.

We politely request Citizen Scientists to follow our data collection and reporting
guidance to ensure the data can be used effectively.

We are extremely grateful for the commitment of Citizen Scientists in the catchment, who
have contributed to a higher resolution of data, which bolsters shared efforts to understand

the issues affecting the Wye Management
Catchment. This data is also contributing to
ongoing calibration of improved water quality
models for the catchment.

Details of the Citizen Science Groups are
available here: Citizen Science Groups | The
Wye Catchment Partnership

We have used data from the following groups
in this report and thank them for their efforts.

1 Campaign for the Protection of Rural
England, Herefordshire

1 Friends of the Lugg

1 Friends of the Upper Wye

1 Wye Salmon Association

Open data and details of methodologies can
be found here Wye Catchment Collaborative
Monitoring Network | The Wye Catchment

Partnership

Figure 2: Citizen Science sampling points
within the Wye Management Catchment in
England.

Citizen Science Group
@ CPRE
@ FoL
@ Frouw
Q@ wsa
I:l English Wye Operational catchments
D Wye Management catchment

[ Enctand Wales Border
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Continuous Data Loggers (sondes)

Sondes are remote water quality measuring units, which are comprised of a probe placed
in a waterbody and a unit that collects and transmits data in real time. Data is cleaned

prior to analysis by omitting erroneous measurements caused by probe fouling or sensor
malfunctions.

One sonde was deployed between October 2021 and April 2022 on the River Lugg at

Mor t i

mer

A

0s Cross. The sondes present

on t

to prevent flood conditions from damaging them (Figure 3). They have been returned in

spring 2022 and will be supplemented with additional units during the summer and

autumn. Several water quality parameters were recorded at 30-minute intervals at each
site. Dissolved Oxygen, Temperature and Turbidity and Ammonium have been examined

in detail.

Wye catchment sonde locations, 10/21-04/22

o, .
‘ Mortimers
Cross

Aol

Legend
. Sondes

Catchment Boundaries

I:‘ English Wye Operational catchments

D Wye Management catchment

D England Wales Border

0 85 17
1km

n copyright and database rights 2022 Ordnance Survey 100024198
Environment Agency copyright and/or database rights 2022. All rights rese

Figure 3: Locations of sondes deployed over winter 2021 that were used in this analysis.
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Algal samples

No new algal samples were collected since the last report as there is limited algal growth
over winter.

A comprehensive algal sampling programme has been developed for spring and summer
2022, which will inform future reports.

Routine Water Quality Sampling

TheEnvi ronment Agencyds water qualityWwattata I s a
Quality Data Archive.

The water quality parameters analysed for this the report were orthophosphate (also
known as soluble reactive phosphate), ammonia, dissolved oxygen and total oxidised
nitrogen (TON).

Invertebrates
The Environment AgencyO0s macroinvertebrate da

EA Ecology & Fish Data Explorer

Crop Map of England

Since 2016 the Rural Payments Agency has been using satellite imagery collected by the
European Space Agencyob6s Sentinel net work to a
England. The project is known as CROME (Crop Map of England) and assigns crop types

using a machine learning approach called Random Forest Classification. Large validation

efforts were undertaken to ensure reasonable accurate classification of crop types, with
approximately 18300 field visits conducted to validate the crop assignments generated by

the classification system.

To generate crop cover area England has been divided into approximately 32 million
equally sized hexagonal tiles, each 4156 square meters (0.42 hectares) in area. The
English portion of the Wye Management Catchment contains approximately 452,000 tiles;
each individually assigned a cover type.

Although CROME classifies arable land by individual crop, with the exceptions of maize
and potato, crops have been aggregated into mixed arable for this report to account for
crop rotation cycles and to simplify analysing changes in land use. The cover of
permanent grassland, woody plants (trees, shrubs and hedgerows), non-
agricultural/sparsely vegetated land, and open water were also classified. This had made it
possible to compare changes in rural land cover between 2016 and 2020. There are some
caveats around overall accuracy of the classification, with it predicted to be 84% accurate
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in 2016 and 70% accurate in 2020. However, due to the large number of classification
tiles, this still makes it possible to observe overall changes in land use with reasonable
confidence.

UKCEH (UK Centre for Ecology & Hydrology) Land
Cover Map 2019

The UKCEH Land Cover Maps show land cover across Great Britain using UKCEH Land
Cover Classes. These are based on UK Biodiversity Action Plan broad habitats.

The 2018, 2019 and 2020 datasets used in this report (Morton, et al., 2020; Morton, et al.,
2020; Morton, et al., 2021) were developed by the UK Centre for Ecology & Hydrology by
classifying satellite images from 2018, 2019 and 2020 respectively. The 2020 data has a

higher 10m resolution.

National Soil Map

The National Soil Map is produced by Cranfield University (National Soil Resources
Institute, 2001) and was last updated in 2013. It details soil associations across England
and Wales and includes typical characteristics of soil series in each association.

Environment Agency remote sensing analysis of
poultry units

During 2021 the Environment Agency analysed current and historic LIDAR data alongside
available permit data to identify possible poultry units and assess change. This analysis is
exploratory and subject to change so is not currently available as open data.

Environment Agency permitted discharge outlets

These data provide details of all permit details as required under the Environmental Permit
Regulation. Information is held for all permit holders and covers all substances that are
controlled.

The dataset is available as open data on the Defra Data Services Platform.

Natural Resources Wales permitted discharge outlets

These data provide details of all permit details as required under the Environmental Permit
Regulation. Information is held for all permit holders and covers all substances that are
controlled.

The dataset is available as open data on the Lle Geo-Portal for Wales.
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Welsh Water combined sewer overflows

Welsh Water/ Dwr Cymru monitor their combined sewer overflows and report spills as
Event Duration Monitoring. These reports include the site, number of spill incidents per
year, number of hours spilled and percentage outage in the monitoring.

17 of 44


https://www.dwrcymru.com/en/our-services/wastewater/river-water-quality/combined-storm-overflows?msclkid=e851c781cf8711ec8184346b2ff44484

Analysis Methods

We have used the following exploratory, statistical, and spatial methods in this analysis.

Time series analysis

Parameters associated with algal blooms and other water quality problems were combined
on single time series plots, where each parameter was available; particularly, temperature,
dissolved oxygen, turbidity, ammonium, chlorophyll, orthophosphate as P, total oxidised
nitrogen as N and daily mean flow. The flow gauging station, monthly sampling point and
sonde location were matched based on proximity and how representative the sites were.

Indicative Water Framework Directive (WFD)
Classifications

Where sufficient data has been collected over the last 12 months for quality elements that
are assessed under WFD, indicative WFD classifications have been produced using this
recent data. These are not formal classifications but allow comparisons with the 2019
formal classification and previously reported indicative classifications. An update to the
formal classifications is scheduled for 2022 and the next full classification is scheduled for
2025.

Spatial Mapping

Plotting each data source on a map of the River Wye Management Catchment allows a
comparison of the results for each Operational Catchment or Waterbody. This helps locate
the sources and pathways of ecological and water quality problems identified.

Watershed analysis

The potential sources of nutrients for each sampling point have been analysed. A
watershed analysis was carried out to determine the area that drains to each sampling
point, which was overlaid with the following datasets to obtain summary statistics:

1 RPA Crop Map of England 2018-2020

UKCEH Land Cover Map 2018-2020

Environment Agency remote sensing analysis of poultry units in 2021
Environment Agency permitted discharge outlets

Natural Resources Wales permitted discharge outlets

Welsh Water combined sewer overflows

National Soil Map

= =4 4 -8 A8 2
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These summary statistics were plotted against Environment Agency measurements of
reactive orthophosphate as P, total phosphorus as P and total oxidised nitrogen as N and
Citizen Science measurements of phosphate.

Invertebrate analysis

The macroinvertebrate indices we review include the WHPT Average Score Per Taxon
(ASPT), Biological Monitoring Working Party (BMWP), Proportion of Sediment sensitive
Invertebrates (PSI), Empirically weighted Proportion of Sediment sensitive Invertebrates
(EPSI), and Number of Taxon (NTaxa). These indices are compared to predicted scores
for each site to produce a WFD classification using the River Invertebrate Classification

Tool (RICT).

Hydroecological Validation

Hydroecological validation (HEV) uses ecological and hydrological data to help us assess
the ecological response of a site to river flow. It compares the ecological community we
would expect to find at a site with physical and chemical characteristics under un-impacted
conditions with the ecological community we observe in our collected sample data. By
incorporating hydrological data, we can then look at whether there any observable
patterns in measured flow and the condition of the ecological community. HEV is also
used to infer the effect of other pressures, such as water quality, sediment, and
morphology.

The results from HEV could provide us with evidence where water resources activities,
such as abstraction, might be contributing to an ecological problem. In turn this helps us
decide where we need further investigation and possible action to protect river ecology.

Data Used

Historical macroinvertebrate survey data (from 2000 to end of 2021) from survey sites
within the Wye Management Catchment have been analysed. Not all sites have recent
data (within the last three years) but do have useful historic data.

A screening process was undertaken as not all sites were suitable for HEV assessment.
Data pre 2000 was excluded as AQC and audit systems were not in place for
macroinvertebrate analysis until 2000 and data could be deemed to be more reliable.

Only HEV assessments are included where we have sufficient ecology data to understand
the link with flow. As a general guide, sites with less than 9 samples are not suitable for
this purpose

Poor water quality can mask any impacts due to low flows. This would be seen on the
HEV plots where the NTaxa (number of scoring taxa) and ASPT (Average Score Per
Taxon) values would be below the Good/Moderate boundary line, suggesting that water
quality issues were affecting the suitability of the site as an indicator of flow issues. Sites
where this was the case are shown in Figure 12
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Sedimentation (PSI) Index

The proportion of sediment sensitive invertebrates (PSI) is an invertebrate metric
developed to act as a proxy to describe temporal and spatial impacts of sedimentation and
is used in HEV analysis.

SPEAR Analysis

SPEAR (SPEcies At Risk) is a trait-based approach, linking a specific environmental
stress and invertebrate community composition.

SPEARpesticide €Stimates the contamination by pesticides in a watercourse and is based on
invertebrate monitoring data. It is calculated as the relative abundance of vulnerable taxa
at risk to being affected by pesticides.

In the analysis for this report, we used this metric to test whether sites may be affected by
pesticides. However, this methodology has not yet been adopted in the UK and we await
the results of further work, currently being undertaken, on this analysis tool to determine
whether we can confidently apply it and present the results in this context.

Total Reactive Phosphorus Index (TRPI) Analysis

The Total Reactive Phosphorus Index is an index that has been produced to use
macroinvertebrate data to assess the impact of elevated phosphorus levels in rivers. We
have trialled the use of this on a small subset of river surveillance sites within the Wye
Management Catchment. There was an issue with the method for defining the site types
as the Wye appears to be a borderline case. The Al tool used in the original study is no
longer available and for the index to be applied and tested nationally and objectively, we
would need the tool. The multi-pressure Walley Hawkes Paisley Trigg index (WHPT) was
developed and responds to oxygen, organic, fine sediment, flow and nutrients. This is
now the standard index used in WFD classification.
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Results

The results section of this report is divided into three sections to answer the questions
posed at the start of this analysis.

1. What are the main variables contributing to algal blooms in the Wye?

2. What other ecological and water quality issues does the data show?

3. Which locations, sectors and activities were responsible for the ecological
and water quality issues identified in the data?

1. What are the main variables contributing to
algal blooms in the Wye?

The report covering data up to 31/10/2021 highlighted increases in chlorophyll and
dissolved oxygen (DO) levels detected by sondes at Holme Lacy (Figure 4) and Ross on
Wye (Figure 5) that indicated two periods of increased photosynthesis on the River Wye
during the summer. These signalled periods of increased algal growth.
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Figure 4: Holme Lacy daily mean sonde data, Ballingham Citizen Science orthophosphate
data, Holme Lacy Bridge monthly orthophosphate and total oxidised nitrogen
measurements, Redbrook daily mean flow data, and Broomy Hill daily total rainfall data.
Between 11/05/2021 7 11/09/2021.
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Figure 5: Ross on Wye daily mean sonde data and Citizen Science orthophosphate, Wilton
Bridge monthly orthophosphate and total oxidised nitrogen measurements, Redbrook daily
mean flow data, and Broomy Hill daily total rainfall data. Between 11/05/2021 1 11/09/2021.
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The report covering data up to 31/10/2021 suggested that high summer water
temperatures on the Rive Wye are one of the key drivers of prolific algal growth.

Both phosphorus and nitrogen play a role in river eutrophication, although the main limiting
nutrient, and therefore most important factor, in freshwater river systems is usually
phosphorus. This is still most likely the case for the River Wye, as all sampling points
continue to fall within the zones where phosphate is typically the limiting nutrient
(Mainstone & Parr, 2002) (Figure 6).

Median Orthophosphate vs Median N-P Ratio 2019-2022 by Operational Catchments for English Sites in the Wye Management Catchment
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Figure 6: Median orthophosphate as P plotted against median N:P ratio (Total Inorganic
Nitrogen as N:Orthophosphate as P) by Operational Catchment for Environment Agency
sampling points in the Wye Management Catchment. Colours by zone of typical nutrient
limitation (Mainstone & Parr, 2002). Note log scales.

Available monthly phosphate and nitrogen data for 2021 for Ross on Wye and Holme Lacy
generally fall into the zone where phosphate would usually limit plant growth
(orthophosphate <0.05mg/lI and N:P ratio >8 (Mainstone & Parr, 2002)). None of the
sampling points fall into zones where nitrogen would typically limit plant growth.

The previous report indicated that higher time resolution phosphate monitoring could
contribute to an improved understanding of the role of nutrients in this algal growth.

Some Citizen Science data collected more frequently than the monthly Environment
Agency sampling, suggests there may have been increases in phosphate concentrations
immediately prior to the periods of higher algal activity (Figure 4 & Figure 5).

There is some discrepancy between high measurements at Ross on Wye and Fawley and
zeros recorded upstream at Ballingham, which is downstream of Holme Lacy. However,
this extra data suggests the contribution of excess nutrients in the water column to the
algal growth may be greater than can be seen with standard monthly sampling. The
increases in phosphate appear to correspond to summer rainfall events captured by the
rain gauge at Broomy Hill (Hereford), suggesting that diffuse pollution via run-off plays a
role in contributing to these blooms.
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Figure 7: Data from handheld phosphate meters collected by Wye Salmon Association
Citizen Science Group. The results have been converted from ppm orthophosphate to mg/I
orthophosphate as P for comparison with other figures in this report.

Citizen Science data collection was not widespread enough at that time to identify where
run-off in the catchment contributed most during these rainfall events as many groups
began or increased the coverage of their sampling in autumn 2021.

We do not have sufficient data to explore whether the blooms would still occur at these
excessively high-water temperatures with lower water column concentrations of
phosphate.

Additional forms of nutrient monitoring such as sediment analysis are also still needed to
explore the role that other sources of nutrient uptake play.
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2.What other ecological and water quality issues
does the data show?

Water quality

There were no apparent issues with dissolved oxygen or temperature recorded by the

sonde deployed on t he Ri vbetweerLQctghgr 2621 antMAprilt i mer 0

2022. This is likely due to cooler conditions and associated reductions in photosynthesis.
Dissolved Oxygen levels were consistent during this time, and never fell below 90%
saturation. The dissolved oxygen concentrations recorded are indicative of good water

guality and able to support pollution sensitive fish and invertebrate communities. (Figure 8)
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Figure8: Ti me series plot of temperature and DO
Cross sonde (Lugg), 01/10/21-31/03/22

Several periods of increased turbidity and ammonium were detected by the sonde during
the same period (Figure 9) and there is a positive, albeit weak, correlation (R value: 0.3)
between the two parameters. However, there were no periods where ammonium
concentrations were great enough to adversely impact the ecology of the watercourse
between October and April.
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Figure 9: Time series plot of turbidity and ammonium readings collected from the
Mortimerds Cross sondl/e3/22.Lugg) , 01/10/ 21

All periods of increased turbidity either occurred during or shortly after periods of rainfall
(Figure 10), suggesting that periods of increased turbidity are caused by runoff of soil
caused by rainfall and increased mobilisation of in channel sediments due to increased
river flow.

Figure 10: Time series plot of turbidity and daily rainfall (Leominster rain gauge) readings
coll ected from the Morti M¥&rOM@Is31/03f2D.ss sonde (Lugg),




























































