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The South Hams River Improvement Project (SHRImP) is a Catchment Restoration 
Funded Project, which was administered by the Environment Agency. The project was 
written and delivered by the Westcountry Rivers Trust in association with the South 
Devon Catchment Partnership.  
The project was delivered over three years (2012-2015), with the primary aim of 
delivering targeted action to make significant steps towards achieving Water 
Framework Directive (WFD) waterbody objectives set out in the 2009 River Basin 
Management Plans.  
This report documents the works delivered under the SHRImP and describes how these 
works were targeted to ensure that efficient on the ground management was delivered 
effectively throughout the catchment.  
Although the SHRImP has completed its final year, the work that has been delivered 
and the valuable information and data that has been collected will provide a solid 
foundation to build upon in the future. This not only provides wider benefits to the 
society and the environment, but also provides a valuable tool to aid in building a 
sustainable future for the catchment as whole.  
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Map showing the distribution and location of the five 
South West CRF target catchments   

Introduction The South Hams 
River Improvement Project 

The Catchment Restoration Fund  
The Department for Environment, Food and Rural Affairs (Defra) created the Catchment Restoration Fund (CRF) 
in 2012 to help achieve the Water Framework Directive (WFD) status objectives set out for waterbodies in the 
2009 River Basin Management Plans (RBMPs).  
The fund was allocated for projects in England to be delivered in 2012/13, 2013/14 and 2014/15. The CRF was 
administered by the Environment Agency to support third sector organisations to deliver catchment-level 
projects designed to fulfil the following objectives: 

 Restore natural features in and around watercourses; 
 Reduce the impact of man-made structures on wildlife in watercourses; 
 Reduce the impact of diffuse pollution that arises from rural and urban land use. 

While the South West of England has some of the UK’s most iconic and beautiful rivers, many of them are 
experiencing pressures, both current and historic, that limit their ability to function naturally and which cause 
them to become ecologically degraded.  
In 2012, responding to these problems, the Westcountry Rivers Trust (WRT) secured CRF funding to deliver over 
£4 million of river restoration and catchment management work over three years on river catchments across the 
South West. These river and catchment restoration projects have been delivered on the rivers of the South 
Hams, the Axe and Exe, the Dart and Teign, the Rivers of South Cornwall and the Taw. 
These river improvement projects were specifically developed using a rigorous evidence-led, partnership 
approach to mitigate the pressure acting on these rivers and improve the health of these precious and vital 
river ecosystems.  



6 

The South Hams 
River Improvement Project 

River Catchment Overview  

Introduction 

River Catchment Overview  South Hams Rivers (Avon, Erme & Yealm) 
Catchment Size:  1,200 km² 
Source   Dartmoor 
Mouth   Various estuaries— 
   Kingsbridge-Salcombe,  
   Avon, Erme & Yealm 
Designations  SSSI, SAC, AONB 
Species    Atlantic Salmon, Trout,  
   Otter, Eel, Lamprey, Bullhead 
WFD RFF   pH, Fish, Phosphate,  
   Hydromorphology,  
   Phytobenthos, Macrophytes 

The South Hams Catchment  
The South Hams rivers, which include the River Avon, 
Yealm and Erme have their sources on Dartmoor within the 
National Park. The moor acts as a natural sponge and 
water filter giving the waters rising a special clarity and 
purity. Historically the primary land use on the moor was 
grazing of hardy breeds of sheep, cattle and ponies. The 
watercourses experience a rapid descent off Dartmoor, 
predominantly through woodland and rough grazing to 
the coastal region where the land use changes to intensive 
arable and livestock farming. 

From source to sea there are conservation interests.  
Dartmoor National Park is designated as a Special Area of 
Conservation (SAC), within which the Atlantic Salmon is a 
named feature of interest. The Salcombe and Kingsbridge 
Estuary is also a Special Area of Conservation. There are 
many conservation designations in between including Sites 
of Special Scientific Interest (SSSI), County Wildlife Sites 
(CWS), and the majority of the lower river sections and 
estuaries are within Area of Outstanding Natural Beauty 
(AONB). All sites of environmental interest are depicted in 
on the report cards for the catchments. 

The catchments tend to be rural with little built up area 
and industry. China Clay is mined within the area and there 
has been historic mining activity across the whole region.  
Agriculture is the main land use but tourism is a significant 
economic factor within this area particularly at the 
moorland end of the rivers and the estuary including 
proximal bathing areas. 

The upper River Avon has a reservoir for strategic water 
supply to South Devon. There are no other large standing 
water bodies within this area. 

Pressures  
All the South Hams rivers are affected by land management 
techniques. Much of the catchment is intensively farmed 
which can often give rise to physical pressures on the river 
corridors through sediment input caused by erosion, and 
chemical pressures through the use of pesticides and 
fertilisers. Sediment input can adversely affect water quality 
and therefore WFD status. Sediment can increase oxygen 
demand in the water column. Settled sediment can infill 
interstitial spaces in the gravels resulting in a reduced 
oxygen supply to eggs or the inability of an adult fish to 
manipulate the gravel into a redd, preventing successful 
spawning. Many links in the aquatic food webs within the 
river continuum are reliant on interstitial space and the 
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fauna of the hyporheic zone are also reliant on a 
through-flow of oxygenated water. Excess 
sedimentation can result in the loss of this vital element 
of river ecology, which can have significant implications 
for higher-level productivity. 

Fertilisers and pesticides associated with agriculture 
have the ability to run straight into water courses if 
distributed at the wrong time or at an incorrect dosage. 
This can result in nutrient enrichment of water and in 
the increased cost of water treatment for potable water. 
Nutrient enrichment can also lead to issues in estuaries 
and standing waters which can affect shellfisheries, and 
recreational use. 

River Catchment Overview  
Map showing an overview of the small streams, tributaries and rivers of the South Hams river catchments.  

Across the area most watercourses experience naturally 
low pH from the moorland water source; however there 
are indications that many years of atmospheric acid 
deposition exceeding soil critical loads have caused a 
lowering of background pH. Many species (especially 
Bullheads are now known to be very sensitive to 
fluctuations in pH. 

Alongside the more generic river improvement issues that 
relate to an entire area, each water course has its own 
separate issues that were assessed at the beginning of the 
project and highlighted for attention.  
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Distribution of soil type  

Designated Sites & Protected Areas 

Land Classification  

Agricultural Land Class  

Landscape Characteristics of the South Hams 
Catchment areas 

River Catchment Overview  

The South Hams 
River Improvement Project Introduction 
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WFD Classification  

Introduction The South Hams 
River Improvement Project 

The most important set of evidence that we can use to assess the condition of the waterbodies in the South 
Hams River Catchments is their Water Framework Directive (WFD) classification. The associated Reason for 
Failure information collected by the Environment Agency also helps us target interventions to mitigate 
pressures acting on these waterbodies. This data is shown on the following two pages. 

WFD condition assessments are currently undertaken by the Environment Agency using methodologies agreed 
with the UK Technical Advisory Group (UK TAG) and recommendations for remedial catchment management 
interventions are made through River Basin Management Plans (RBMPs). 

For surface waters, such as rivers and lakes, the ‘overall status’ of a waterbody is comprised of an ecological and 
a chemical component. The ecological status of a waterbody is primarily measured using a series of biological 
parameters and is recorded on the scale high, good, moderate, poor and bad (with moderate or worse being 
regarded as failure).  

To determine a WFD classification the degree of disturbance to each quality element is assessed against a 
‘reference value or set of values’ for that element. A reference value for a biological quality element is a value 
identified from the range of values the quality element may have when subject to no or only very minor 
alteration as a result of human disturbance (i.e. when it is in a reference, or high status, condition).  

In addition to the biological characterisation of waterbody condition, classifications are also supported by 
assessments of three further components of the environment: 1) morphology (physical structure); 2) hydrology 
(flow and water levels), and 3) chemistry (including general water quality, physico-chemistry, and chemical 
pollutants.). Annex V of the WFD identifies these components as ‘elements supporting the biology’.  

The schematic below shows how Overall WFD status is determined. Once the individual elements have been 
assessed the lowest classification recorded for any of the parameters will form the final WFD classification for 
that waterbody (this is referred to as ‘one out, all out’).  
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Avon Catchment Report Card 2009 
Map showing 2009 WFD Classifications and Reasons for Failure  
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Erme & Yealm Catchment Report Card 2009 
Map Showing 2009 WFD Classifications and Reasons for Failure  

Introduction The South Hams 
River Improvement Project 
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River Avon, Shipley Bridge 

The rivers of the South Hams region in Devon include the Avon, Erme and Yealm. There are a number of 
pressures that effect the WFD status of the South Hams rivers, many of which have failed to reach good 
ecological status. The South Hams River Improvement Project (SHRImP) aimed to improve the catchment’s 
WFD status by restoring its rivers and riparian habitats though a variety of well monitored and practical 
methods.  

Some benefits of the SHRIMP include improving water resource management, helping to improve water quality 
and ensure a more consistent supply of water; improve the ecological health and biodiversity of the river and 
surrounding habitats; improve the leisure environment for recreation and angling; improve fisheries for 
commercial stocks and contribute to flood attenuation and management.  

The SHRIMP project is led by WRT in partnership with South Devon AONB, the Environment Agency, South 
West Water, South Hams District Council, the Avon Fishing Association, Slapton Ley Field Studies Centre, 
Salcombe and Kingsbridge Estuary, and the Aune Conservation Association.  

The South Hams River Improvement Project (SHRImP)  

The South Hams 
River Improvement Project Introduction 
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This report 
This Catchment Restoration Funded Project report has been written from a WFD Reason for Failure point 
of view. This is because all of the work conducted within the project was designed to address specific 
environmental pressures, aiming to restore freshwater habitats to their natural condition and target 
waterbodies failing to reach good ecological status under the WFD. Therefore the report has been divided 
into specific chapters relating to each reason for failure, where a full account of the investigations and 
works conducted to address those failures have been made.  

Introduction The South Hams 
River Improvement Project 
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NUTRIENTS 
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Nutrients The South Hams 
River Improvement Project 

Targeting interventions for nutrients (e.g. phosphorus) 
Flow diagram to illustrate how CRF works within the SHRImP were targeted and driven by WFD. 
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concentrations in watercourses. It is, therefore, important 
for farmers to carry out best practice to minimise soil and 
nutrient loss, which not only reduces environmental 
impacts, but also provides financial savings for the farm. 
With careful planning and changes to land management, 
this can be achieved to good effect. Westcountry Rivers 
Trust carries out detailed farm surveys and provides 
tailored farm advice plans to individual farms, aimed at 
reducing DWPA, optimising farm revenues and 
promoting wider benefits such as improved biodiversity. 
Cost effective management strategies are often 
supported by farm grants and examples include 
improvements to slurry stores, advice on the timing and 
quantity of fertiliser applications, reducing hydrological 
connectivity to surface waters (e.g. using buffer zones) 
and erecting fencing and drinking points to reduce cattle 
access to watercourses.  

Pressures 
Freshwater systems are sensitive to changes in the natural 
balance of nutrients, which is commonly affected by 
human inputs, particularly those derived from agricultural 
practice and sewage treatment works (STWs). Phosphorus 
is often the growth limiting nutrient in freshwater systems 
whereas nitrogen is the limiting factor in transitional 
waters, such that biologically available forms of these 
nutrients are naturally in short supply and quickly become 
exhausted by biological uptake. Diffuse inputs via runoff 
from agricultural land and direct point source inputs from 
effluent discharges can potentially increase the 
bioavailable pool of nutrients (eutrophication), leading to 
excessive algal growth and associated ecological impacts. 
Further to this, under certain conditions, organic inputs 
can increase the concentration of unionised ammonia 
(NH3) in surface waters, which has been shown to be toxic 
to biota.  
The Water Framework Directive has set stringent 
Environmental Quality Standards (EQS) for nutrients in 
surface waters aimed at reducing enrichment and 
associated impacts upon biota. Consequently these 
standards are driving efforts to reduce inputs through 
appropriate management of agricultural practice and 
point sources. It, therefore, follows that there will be an 
overall reduction of nutrient inputs to surface waters. 
However, because P is strongly associated with sediments, 
many watercourses may have an historic ‘sink’ of P in 
sediment storage zones, which could provide an 
additional source of bioavailable P if the sediment is 
remobilised and the particle-bound P is released into 
solution. Nutrient (and particularly P) cycling in freshwater 
systems is, therefore, complex and successful 
management requires a sound understanding of the 
catchment system on a site-specific basis. 

Management 
Diffuse water pollution from agriculture (DWPA) can be 
responsible for significant nutrient inputs to watercourses 
and managing such inputs is complex given the difficulty 
of identifying key source areas. Agricultural soils can be 
rich in nutrients owing to the application of fertilisers and 
manures to improve fertility and consequently soil erosion 
can result in the loss of particle-bound contaminants 
(particularly P) to surface waters. In addition, inputs from 
slurry stores and farm yards and direct defecation by 
cattle can also contribute to elevated nutrient 

Before and after... 
Fencing and controlled crossing point to reduce channel 
bank erosion 

The South Hams 
River Improvement Project Phosphorus 

Targeting interventions for nutrients 
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ACTION Erect suitable fencing along appropriate areas of the main river and along the streams/ditches. 

SAVING Buffering water courses from stock access will reduce the cost of land lost by erosion, reduce the loss of 
or injury to animals and hence vet bills valued at £2.00/animal/ year and reduce direct contamination of 
the watercourse and improve the value of the land. 

ENVIRONMENTAL 
GAIN 

Reducing impact of sedimentation and micro-organisms on natural waters and the protection of bankside 
habitats for wildlife and fish spawning gravels. Increasing the habitat potential along the riverbanks. 
Bathing water improvement. 

Two examples of action summaries provided in farm advice plans 

ACTION Install 620m fencing along both sides of the Forder Brook This will ensure that livestock are prevented 
from eroding the riverbanks and entering the entire river stretch. This will incorporate two controlled 
crossing points at two locations either end of the length proposed for fencing Each crossing point will 
incorporate a double gate system (one at each fenceline, either side of the stream). Consider funding 
assistance offered through the SHRImP. 

SAVING Buffering a water course from arable land and stock access will reduce land lost by erosion and the cost of 
reinstatement, reduce the loss of or injury to animals and hence vet bills valued at £2.00/animal/ year and 
reduce direct contamination of the watercourse and improve the value of the land. 

ENVIRONMENTAL 
GAIN 

Reducing impact of sedimentation and micro-organisms on natural waters and the protection of bankside 
habitats for wildlife and fish spawning gravels. Increasing the habitat potential along the riverbanks 

Before & After… 
A fenced channel bank preventing cattle access 
to the river channel, reducing bank erosion and 
defecation to the watercourse. Overall this will 
reduce sediment and contaminant (nutrient) 
delivery to the river 

Targeting interventions for nutrients 

Overview of a Farm Plan 
WRT farm advisors have undertaken detailed farm surveys 
in sub-catchments across the South Hams with particular 
focus upon those areas impacted on by nutrient 
enrichment. Infrastructure and current management was 
reviewed and existing good practice and opportunities for 
improvements were highlighted. Where opportunities for 
improvement have been identified, the appropriate 
management action was detailed together with an 
explanation of the financial and environmental gains likely 
to be achieved following implementation. 
Recommendations were made with regard to priority 
actions and any works agreed by the farm owner were 
coordinated by WRT. In addition to farm works, WRT has 
been working alongside the Farming and Wildlife Advisory 
Group (FWAG) South West to offer a free soil sampling 
and nutrient testing service to provide farmers with an 
improved understanding of the nutrient requirements of 
their land. This provides financial benefits by ensuring 
nutrient application and crop yield are optimised, whilst 
reducing the potential of nutrient loss to surrounding 
waters. The location and types of farm works undertaken 
within the South Hams River Improvement Project are 
outlined in the delivery map on page 46. 

Phosphorus The South Hams 
River Improvement Project 
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PHYTOBENTHOS, 
MACROPHYTES & 
PHYTOPLANKTON 



19 

Phytobenthos The South Hams 
River Improvement Project 

Targeting interventions for Phytobenthos 
Flow diagram to illustrate how CRF works within the SHRImP were targeted and driven by WFD. 
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The South Hams 
River Improvement Project Phytobenthos 

Phytobenthos  
Phytobenthos are a benthic (they live attached to 
substrates such as rock/stone or large plants) sub-
group of diatom algae. Most are unicellular, but 
they can exist as colonies in the form of filaments or 
ribbons. 
The assessment of phytobenthos in a river is a well-
established method for assessing water quality. It is 
widely accepted that a detailed evaluation of the 
structure and function of phytobenthic (diatom) 
communities in a river can provide robust evidence 
for assessing its ecological condition.  
The criteria for the assessment of diatom 
communities for WFD classification were developed 
through the Diatoms for Assessing River Ecological 
Status (DARES) Project. This project assessed 
diatom assemblages at a series of reference sites 
and developed a model that allows the composition 
of the benthic diatom assemblage in a river to be 
predicted. Comparison of the predicted assemblage 
with that found through sampling allows the 
ecological condition of the river to be assessed.  

Pressures 
Phytobenthic community composition can be 
affected by a wide array of pressures, but they are 
particularly sensitive to changes in the pH and 
nutrient levels in the water and can be used to 
identify rivers impacted by these types of pollution. 
Pollution of this type can be derived at specific 
locations along a river (point sources) or from the 
cumulative effects of many small, highly dispersed 
and often individually insignificant pollution 
incidents (diffuse sources). 
Highly localised point sources of pollution occur 
when human activities result in pollutants being 
discharged directly into the aquatic environment. 
Examples include the release of industrial bi-
products, effluent produced through the disposal of 
sewage, the overflows from drainage infrastructure 
or accidental spillage.  
Diffuse pollution can occur when large amounts of  
slurry, manure, chemical phosphorous-containing  

Amphora Sp.  
Fingle Brook  
(Ensis Ltd 2013) 

fertilisers or agrochemicals are applied to land. If 
these processes coincide with high rainfall events, 
it can lead to run off or leaching from the soil and 
to the subsequent transfer of contaminants into a 
watercourse.  
In addition, the intensive cultivation of land or the 
over disturbance of soil by livestock (poaching) can 
mobilise fine sediment, which may transfer to 
drains and watercourses by water running over the 
surface. Other diffuse sources include pollutants 
mobilised from farm infrastructure such as 
uncovered yards, slurry pits, feed storage areas and 
dung heaps.  

Monitoring  
Waterbodies failing to reach good ecological status 
for Phytobenthos were monitored, and rivers that 
lacked biological data were investigated with 
diatom surveys. SHRImP conducted a catchment-
wide biannual diatom sampling programme, with 
surveys carried out in Spring and Autumn. The 
samples collected were analysed according to 
accredited UKTAG standards and the diatom 
results played a vital role informing and targeting 
the farm advice.  
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Management: nutrients for phytobenthos & macrophytes 

integrated land advice packages were delivered by 
experienced WRT farm advisors, which covered many 
aspects of a farmers practice. The advisor identified where 
the adoption of good practice or best practice may 
minimise the risk that an activity will have a negative 
impact on the environment, and where it may enhance 
the provision of a particular ecosystem service and 
improve WFD.  
In addition to broad advice on good practice, the advisors 
also produced a targeted and tailored programme which, 
through the provision of free soil tests, included specific 
advice on pesticide, nutrient and soil management on the 
farm to mitigate any potential environmental impacts (see 
output map on page 58 for distribution of works).  
A proportion of the SHRImP budget was allocated for a 
farm capital grants scheme.  Funds were available to 
contribute towards 60% of the total cost of advised farm 
improvements. Works covered by the grant scheme would 
generally include: 

 Riparian fencing and preparatory tree work 
 Introducing riparian buffer zones  
 Alternative or improved livestock drinking points 
 Free soil tests 
 Improvements to slurry or manure stores 
 Culverts 
 Farm track improvements (not gravelled) 
 Gate relocations  

Reducing diffuse water pollution from 
agriculture (DWPA) 
Phosphorus (P) concentrations in surface waters can often 
become elevated above natural background levels owing 
to inputs from agricultural and domestic waste sources. 
Diffuse water pollution from agriculture (DWPA) can be 
responsible for significant P inputs to watercourses and 
managing such inputs is complex given the difficulty of 
identifying key source areas.  
Diffuse water pollution is likely to be wet-weather driven 
and inputs of P are often associated with soil loss from 
agricultural hillslopes under eroding conditions. 
Agricultural soils can be rich in P owing to the application 
of fertilsers and manures to improve fertility and 
consequently soil erosion can result in the loss of particle-
bound P to surface waters.  
In addition, inputs from slurry stores and farm yards and 
direct defecation by cattle can also contribute to elevated 
P concentrations in watercourses. It is, therefore, 
important for farmers to carry out best practice to 
minimise soil and nutrient loss, which not only reduces 
environmental impacts, but also provides financial savings 
for the farm. With careful planning and changes to land 
management, this can be achieved to good effect.  

Farm Advice  
All waterbodies failing (or indicated to be failing though 
investigations) to reach good status for Phosphorous and 
Fish were targeted for farm visits and advice.  These  
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Improvements to drainage and storage from a manure store to reduce the transport of organic matter to the 
surrounding watercourse  

The South Hams 
River Improvement Project Phytobenthos 

Farm advice & delivery: Phytobenthos  
Waterbodies within the Erme (GB108046005200 & GB108046005040), Lower Yealm (GB108047004010) and Piall 
(GB108047004020) are currently failing to achieve good status for phytobenthos and Slapton Ley (GB30846472) is failing to 
achieve good status for phytobenthos, macrophytes and phytoplankton.  
Failures for these biological components are often linked to nutrient inputs and so management effort to mitigate this 
pressure often involves assessment of potential point and diffuse sources via walkover surveys followed by targeted 
mitigation practice.  
The main focus of these interventions is often placed upon reducing diffuse water pollution from agriculture using 
methods which aim to lower the connectivity between nutrient sources and the receiving waterbody. The Westcountry 
Rivers Trust farm advice programme provides tailored assessment of farm practice and produces individual farm plans with 
suggestions for works to reduce sediment and nutrient inputs to watercourses.   

Farm Works Outputs 

Catchment No. of Farms 
engaged 

Contracted works Soil Tests 

Avon 33 10 10 

Erme 35 8 8 

Kingsbridge 11 0 5 

Slapton 20 2 4 

Yealm 16 7 0 

Total Outputs   115 27 28 
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BENTHIC 
INVERTEBRATES 

Chironomid larva  
 Photo: Slapton Ley (CC BY-NC 2.0) 
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The South Hams 
River Improvement Project Invertebrates 

Targeting interventions for aquatic invertebrates  
Flow diagram to illustrate how CRF works within the SHRimP were targeted and driven by WFD. 
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upon the findings, suggest methods to improve the 
trophic structure of the ecosystem. The research involved 
a two-phased approach whereby the findings from the 
initial stage one survey were used to inform the more 
targeted stage two research. 

Pictures: Invertebrate sampling at Brent Island 
Community Day 

Invertebrates The South Hams 
River Improvement Project 

Aquatic invertebrates 
The evaluation of invertebrate assemblages in a river is 
perhaps the best method for assessing the impacts of 
environmental stress. Invertebrate samples collected 
using standardised methods are identified to the level of 
taxonomic family or species and their approximate 
abundance in the sample recorded. This data is then used 
to calculate biotic indices which are used to draw 
conclusions about the condition of the river and to make 
comparisons between sites on the same or different 
rivers.  

Of particular interest are Chironomid (non-biting midge) 
larvae, which can be found in most aquatic systems and 
assemblages of which can be used as an indicator of 
contamination as certain species are sensitive to specific 
types of pollutants. In particular, Chironomidae can be 
useful indicators of nutrient enrichment and the 
Chironomid Pupal Exuviae Technique (CPET) has been 
developed to determine the nutrient status of freshwater 
lakes under the Water Framework Directive.   

Pressures & management 
Key pressures impacting upon Chironomid assemblages 
are point and diffuse inputs of nutrients derived from 
domestic sources (STWs and septic tanks) and agricultural 
practice. Slapton Ley (GB30846472) is a waterbody which 
has failed to achieve good status using CPET and reasons 
for failure have been identified as sewage inputs and 
diffuse inputs from mixed agriculture.  
Efforts have been made to reduce these inputs at source 
by diverting one of the sewage outfalls away from the Ley 
and by focusing upon farm practice under the Catchment 
Sensitive Farming Delivery Initiative.  
As part of the South Hams River Improvement Project 
(SHRImP), WRT has a key role in coordinating water 
quality improvement projects in the Slapton Ley 
catchment and maintains a high level of local knowledge, 
both through previous and ongoing research undertaken 
by the Trust, and also by liaising and collaborating with a 
range of stakeholders (including Natural England, the 
Field Studies Council and Environment Agency).  
WRT fisheries experts suggested that an imbalance in the 
trophic structure of fish populations in the Ley may be 
exacerbating the issue of poor invertebrate diversity 
owing to high numbers of grazing species and a lack of 
top predators.  
WRT, therefore, initiated a research programme, which 
aimed to assess fish populations in the Ley and, based  
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FISH 
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Targeting interventions for fish 
Flow diagram to illustrate how CRF works within the TRIP were targeted and driven by WFD. 

Fish The South Hams 
River Improvement Project 
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Barriers to Migration and Abstraction 
Many fish, particularly species that are highly migratory, 
require different riverine environments for the different 
phases of their lifecycle. Anadramous species in particular, 
such as salmon and sea trout, migrate in order to 
reproduce; therefore barriers to migration such as weirs, 
culverts and structures related to abstraction (such as 
hydro-electric machinery) can be significant factors 
underpinning failures in WFD fish status.  
Other barriers, such as dams, not only inhibit migration, 
but they can also have a negative effect on the 
morphology of the river and the natural movement of 
substrate or bed-load material. Where dams are present, 
rivers downstream can become starved of substrate 
material including gravel depletion and therefore fish 
spawning potential in this downstream reach can be 
decreased.  
Habitat management, such as; weir removal, the 
installation of multi-species fish passes, fish friendly hydro 
turbines and the introduction of gravels below dams, are 
all effective but require site specific options appraisals 
before adoption. 
These methods, combined with appropriate monitoring, 
can be highly effective management tools that help to  

maintain or improve the connectivity within a river and 
improve the breeding potential for migrating fish. 
Management options include: 

Multi-species fish passes & easements 

Habitat enhancement 

Weir removal 

Gravel augmentation/rehabilitation 

Avon Dam 

Identification of pressures & Reasons for Failure 

The South Hams 
River Improvement Project Fish 

Investigative monitoring: a key component of fisheries management 
Monitoring is a key component of fisheries management. It is used to investigate the pressures which are causing the 
failure of a waterbody to reach WFD objectives and it is used throughout a management programme to asses its 
effectiveness. Monitoring is most effective if it is conducted regularly so that data can be collected even once a 
management project has ceased, as this ensures future management can be targeted efficiently and effectively.  

Electrofishing surveys are the primary method to assess fish population densities, diversity and distribution within a 
river. Electrofishing is especially effective at monitoring the impact of a barrier on fish movement and the 
effectiveness of the intervention once the barrier has been removed or mitigated. Redd counting is another survey 
method which can be very useful in investigating the impacts of barriers and their mitigation. 

The biological and physiochemical components of water quality can be measured in a number of ways. Biological 
methods commonly adopted include diatom, macrophyte and invertebrate sampling, which uses indicator species to 
assess the levels of nutrient enrichment or pH aberration within a river. In addition to the biological measures of river 
ecological health, the physical and chemical properties of the water are assessed through the taking and analysis of 
monthly water samples to determine whether the water is able to support the good ecological health of the river.  
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Lack of habitat management 
Rivers have historically been managed with a range objectives; 
including fish, firewood and industry. In recent years many of these 
management drivers have declined and, as a result, river management 
has also declined. This loss of management can have a significant 
impact on river ecology and therefore on fish populations.  

A healthy river system requires a heterogeneous mosaic of shaded and 
open areas. Shading stabilises water temperature and provides 
protection from predation for many fish species. However, there is also 
a need for open unshaded areas, which play a key role providing 
sunlight where juveniles fish occur. Light is needed to sustain the 
benthic community of the river, it encourages epithetic algae to grow 
which communities of scrapers and grazing invertebrates are reliant on, 
therefore providing valuable feeding grounds for juvenile fish. 
In the past woody debris in the channel was thought to cause negative 
effects such as flooding and increased bankside erosion. However, if 
woody debris is secure, correctly sited and does not cause increased 
potential for erosion or flood risk, it is more commonly accepted to 
have many ecological and hydrological benefits. 

Modifications, such as revetments and channelization, can have 
significant negative effects on the river fauna. These homogeneous 
habitats often lack riparian vegetation to provide shelter leading to a 
loss of suitable habitat to support fish and other aquatic species.  

Management options include: 

 Coppicing of riparian trees & woody debris management 
 Vegetation revetments to protect banks 
 Flow deflectors to create heterogeneous flow 

Fish The South Hams 
River Improvement Project 

Poor land management & diffuse pollution  
Land management practices, such as intensive farming, can place 
pressures on river health through sediment inputs caused by erosion 
and chemical pressures through the use of pesticides and fertilisers. 
These pressures can negatively impact macrophyte, invertebrate and 
fish communities, which, in turn, has a knock-on effect on the health of 
the whole ecosystem. 
Fish populations, especially salmonid species, are extremely dependent 
on the supply of clean and well oxygenated water. For example, the 
accumulation of silt in spawning gravels can smother eggs and fry, 
while also impacting on the invertebrates which they feed on. 
Management options include: 

 Landowner engagement to give advice & grants 

 Bankside fencing & alternative livestock drinking points 

 Gravel cleaning 
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River Habitat Walkover Surveys  

The South Hams 
River Improvement Project Fish 

Monitoring  

Habitat Walkover Surveys use a fast but detailed method 
to assess the provision of fish habitat in a river system 
and to determine its condition. Walkover surveys also 
identify where there are potential threats to the condition 
of the fish habitats present and where barriers or 
obstacles exist in the river that may act to stop fish 
accessing those habitats.  
Prior to the start of SHRImP only a short length of the 
South Hams rivers had been surveyed by WRT, but during 
the project the River Avon was completed from the Avon 
Dam down to the tidal limit. In addition, the Yealm and 
Erme also had targeted surveys carried out a selected 
locations.  
This archive of catchment wide baseline data not only 
provides a tool to inform works on the ground, but is also 
a way of monitoring any changes in the catchment during 
and/or after the project. 
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Electrofishing Surveys  
Westcountry Rivers Trust undertook semi-quantitative fry 
index electric fishing surveys throughout the Rivers Avon, 
Yealm & Erme in July and August 2014. This was the 
second year of fish monitoring of this type and 
contributed to a longer term data set for the South Hams 
rivers held by the Environment Agency.  

The fry index survey enables a quick, affordable baseline 
of the fry life stage and can be an effective monitoring 
tool to identify key areas which require ongoing 
protection (i.e. successful spawning grounds), areas in 
need of repair (i.e. moderate spawning grounds) and 
areas of poor fish numbers which require significant 
intervention.  

The results of the 2013 and 2014 surveys undertaken by 
WRT have been used alongside long-term data to identify 
areas in need of intervention such as gravel 
augmentation and barrier removals and, to date, several 
schemes have been completed under SHRImP.  

It is important to highlight that the effect of recent 
management can only be assessed with confidence 
following several years of post-mitigation monitoring.  
Below are the key recommendations for actions in each  

Fish The South Hams 
River Improvement Project 

catchment based on the 2 years of electrofishing surveys 
undertaken for SHRImP. 
Avon catchment  
Protection of spawning habitats between Lydia Falls and 
South Brent through increasing awareness of the 
importance of the sites using signage and community 
events. Targeted river bank management in the middle 
reaches where walkover surveys show over-shading. 
Explore farm work grants that were developed under 
SHRImP but not taken up (example Weeks farm, 
Horsebrook). Liaise with Avon Fishing Association to 
target work party efforts. Continued gravel augmentation 
and monitoring of this action between the Avon dam and 
the Bala Brook confluence. Undertake a fish-tagging 
survey to provide data on fish stocks and migration in 
relation to any water releases from the Avon dam.  
Erme catchment  
Protection of suitable fry sites where close to public 
access through awareness (as per Avon 
recommendations). Targeted river bank management in 
the middle reaches where walkover surveys show over-
shading. Further survey of barriers to fish migration. 
Complete walkover survey on upper Erme to identify fish 
habitat issues.  

 



32 

Figure 1: Images of a double (A) and single Fyke net (B), 
and a Fyke net deployed with otter guards (C) and staked 
using fencing pins (D) 
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Slapton Ley Fisheries 

The South Hams 
River Improvement Project Case Study 

sections of the lower Ley. The lack of large pike may 
have reflected the use of otter guards (Figure 1c), 
which could restrict the capture of larger individuals. 
The greatest catch per unit effort was found in the 
Higher Ley and this was attributed to favourable 
habitat and the River Gara offering improved feeding, 
spawning and migration potential.  

Recommendations  
Based upon the findings of the fish population 
assessment, WRT recommended that a further survey 
be undertaken to extend the data with regard to fish 
population structure and refine the sampling method 
to include techniques, which are less likely to create a 
size bias. In addition, to align with recent analysis of 
long-term water quality data for the Ley, 
commissioned by Natural England, WRT suggested 
that the second stage of fish population assessment 
should include a comprehensive appraisal of water 
quality factors alongside the survey data to identify 
possible causes of shifts in species assemblage. 
Fishtek were, therefore, commissioned by WRT to 
undertake the phase 2 research. 

Phase 1: Slapton Ley Fish Assessment 
Methodology 
A survey of the Ley was undertaken to determine 
species assemblage, spatial distribution, relative 
abundance and size distribution of the fish 
population. The Ley was divided into four main areas 
for study and a combination of fyke and seine netting 
was used to capture fish across 48 hour deployment 
periods in summer and autumn, 2013 (Figure 1). 

Summary of findings 
The species caught during the survey were roach 
(Rutilus rutilus), rudd (Scardinius erythropthalmus), 
perch (Perca fluviatalis), pike (Esox lucius) and eel 
(anguila anguila), with perch and rudd being the most 
dominant species. Few roach were found, which was 
attributed to a combination of factors including 
general long-term improvements in water quality 
(high roach numbers have been associated with 
highly eutrophic waters), presence of a pathogenic 
tapeworm and interspecific competition with perch 
and rudd.  

A 

B 

C 

D 

 Figure 2. Small pike caught during the survey 

Introduction  
Slapton Ley is the largest natural freshwater lake in southwest England encompassing an area of around 70ha. The 
Ley and surrounding land is designated as a Site of Special Scientific Interest (SSSI) and National Nature Reserve 
(NNR). The Ley can be broadly divided into the Higher Ley to the north, which consists largely of reed bed and the 
Lower Ley, which is the largest area of open water to the south.  

The Ley receives inputs from three river and stream channels with the most significant input being from the River 
Gara, which flows into the Higher Ley. Slapton Ley is currently failing to achieve good ecological status under the 
WFD (classified as ‘Bad’ in 2013) largely owing to failures for phosphate and biological elements (macrophytes, 
phytobenthos and macroinvertebrates—Chironomidae). The Ley has traditionally suffered from nutrient 
(phosphate) enrichment, which has been attributed to sewage inputs and diffuse water pollution from agriculture 
(DWPA). This, in turn, has influenced excessive plant and algal growth and poor diversity of benthic invertebrates.  
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Figure 3: Algal bloom in the Higher Ley in 2014 

Case Study The South Hams 
River Improvement Project 
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Phase 2: Slapton Ley Fish Assessment 
The aim of the phase 2 research was to: measure the 
current fisheries assemblage within Slapton Ley and 
to identify probable reasons for a shift in population 
dynamics and present options for on-going 
monitoring and mitigation. 

Methodology 
The second phase research involved a combination of 
desktop reviews of existing data and additional field 
surveys in 2014. A multiple-pass electrofishing survey 
was conducted to provide up to date baseline 
information on fish diversity and abundance. Fyke 
netting was conducted alongside the electrofishing 
survey for comparison. Additional biological data 
were derived from recreational fish catch records and 
available data for invertebrates and macrophytes. 
Known data for water chemistry was assessed and 
used to provide an indication of the key 
physicochemical factors, which may be influencing 
fish assemblage in the Ley. 

Summary of findings 
Historic rod catch records (from 1972-2004) provided 
some indication of shifting population dynamics 
largely highlighting the variable dominance of perch. 
In the phase 2 survey, field data also found perch to 
be dominant (87 % of the total catch) with far fewer 
catches of roach and rudd. This may be because of 
the effects of the parasite Ligula intestinalis, which 
reduces roach populations and also because perch 
have been found to become piscivorous during the 
juvenile stages and, therefore, could predate upon 
roach and rudd.  

Improved pike catches in comparison to the phase 1 
survey generally indicated a healthy pike fishery and 
reasonable eel catches were also reported. Overall the 
electrofishing was found to be a more effective 
method than the use of fyke nets, which tend to 
create a size bias in catches. 

A review of water quality data showed that the Ley 
had been eutrophic for a number of years and this 
underpins the presence of large algal blooms (Figure 
3). A striking aspect of the water quality data review 
was the high pH level regularly experienced in the 
Ley, particularly during summer months where values 
in excess of pH 9 have been recorded. This is 
potentially driven by algal blooms and related CO2 

consumption. Exposure to these levels can have direct 
physiological effects on fish and increase the toxicity 
of other components such as ammonia. It is possible 
that prolonged periods of eutrophication have had a 
marked effect on fish community composition. 
 

A range of mitigation methods to improve fish 
community composition were suggested including: 

 Removal of individuals to reduce the numbers of 
the dominant species and restocking with apex 
predators (i.e. pike) to stimulate a trophic cascade 
and restore a balanced community composition  

 Harvesting of macrophytes after the growing 
season to prevent nutrient enrichment from plant 
decay 

 Habitat improvements to encourage pike 
numbers 

Recommendations & conclusions  
It was recommended that a combination of the above 
mitigation practice should be used alongside efforts 
to reduce the input of nutrients at source.  

It was suggested that fish removal and restocking 
efforts should only be undertaken once water quality 
shows signs of improvement in the longer-term, at a 
point where this practice is likely be more effective. 
The harvesting of macrophytes could be carried out in 
the near future to assist in reducing nutrient inputs. 

The outcomes of the research instigated by WRT will 
be used alongside the findings of a report 
commissioned by Natural England, which will assess 
long-term water quality data in detail and assist in 
targeting key contaminant source areas.  

WRT will maintain its key role as a facilitator of 
research and management within the Slapton Ley 
catchment.  
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Gravel Augmentation 
The impact of large dams on river systems is to fragment catchment fluxes of water, sediment and nutrients with 
potentially significant impact on native flora and fauna. Of particular note, large dams totally disconnect the upstream 
coarse sediment supply often resulting in progressive sediment exhaustion downstream and leading to channel incision, 
habitat simplification and an imbalance between volumes of coarse and fine sediment on the channel bed. Approaches to 
offset this impact include the use of programmatic gravel augmentation, sometimes in combination with environmental 
flow releases (aka flushing flows), to both directly replenish spawning and rearing habitats downstream and to partially 
restore the sediment transport dynamics that are integral to the lifecycle requirements of sentinel species such as 
salmonids. .  

Restoration Measures: Fish Habitat 

The South Hams 
River Improvement Project Fish 

Programmes of gravel augmentation ideally require careful 
planning to maximise their potential for benefit, including:  
 Knowledge of the lifecycle requirements of the target 

population such as preferred sediment sizes for 
spawning and rearing and the preferred flow regime;  

 An evaluation of the best practicable locations for 
augmentation and preferred methods of instream 
placement of the gravel. These depend on physical 
factors related to the energetics of sediment 
transport processes and site-specific constraints on 
accessibility within the augmentation zone;  

 An assessment of sediment volume and calibre 
required, and frequency of augmentation, in the 
context of the river’s capacity for sediment transport 
and the resources available for obtaining sediment.  

While techniques for the mitigation of the impact of large 
dams are well known and, in some regards, simple to 
implement, their systematic application and monitoring is 
far less well established and so the learning potential 
from previous projects is generally minimal.  

Further, it has long been understood that achieving a 
balance between the volume of material introduced and 
the capacity of the regulated flows to transport the 
material to meet habitat goals as efficiently as possible is 
technically very challenging. 

 



35 

Works being carried out on Bala Brook 

Case Study The South Hams 
River Improvement Project 

Introduction & rationale for research 
The natural flow regime of the Upper Avon 
catchment has been heavily modified by the presence 
of the Avon Dam on Dartmoor and this was, in part, 
suspected of contributing to fish failures in cycle 1 
classifications under the WFD.  

Historic Environment Agency data also highlighted 
low Ecological Quality Ratios (EQR) for salmon at 
monitoring points in the upper reaches of the 
catchment, below Avon Dam. WRT undertook 
preliminary walkover surveys of the upper catchment, 
which revealed a lack of suitable spawning habitat in 
numerous reaches of the channel likely to be affected 
by non-natural flow regimes.  

Project components 
Identifying river reaches sensitive to changing 
flow regimes 

A study was undertaken to determine the impact of 
dam releases on river stage (and, in turn, habitat 
stability) throughout the River Avon.  

River reaches were defined based upon key 
characteristics including geology, geomorphology, 
hydrology and channel habitat (Figure 3).  

A walkover was then carried out to determine 
appropriate flow gauging points within the defined 
reaches. A hydraulic model was developed for each 
reach to determine those which were most sensitive 
to changes in flow owing to dam releases.   

Findings indicated that areas below reach 4 were 
unlikely to be affected by dam releases and, 
therefore, suitable sites within the upper reaches 
were targeted for habitat improvements. 

 

River reaches defined during the assessment of flow regimes 
in the Avon catchment 

Gravel augmentation in the River Avon   
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Against this background WRT coordinated a detailed 
research programme, with the principal aim of 
restoring gravel spawning habitat in the upper 
reaches of the Avon catchment. This involved 
commissioned collaboration with external parties 
including Plymouth University and Hydro-Logic 
Services to inform key aspects underpinning the 
gravel augmentation programme. The main 
objectives were: 

 To determine sections of the River Avon most 
sensitive to changing flow regimes 

 To identify suitable areas for gravel augmentation 

 To pilot a gravel augmentation procedure 

 To monitor the transport of introduced gravels 

 To suggest additional locations for gravel 
augmentation and refine the methodology based 
upon the findings 
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Gravel augmentation in the River Avon 

The South Hams 
River Improvement Project Case Study 

Bala Brook before the introduction of gravel  

Bala Brook after the introduction of gravel 

Figure 4: Example of three key areas identified as 
appropriate for gravel introductions. The smaller red circles 
show the location of the two sites where the pilot gravel 
augmentation was carried out 

Identifying gravel augmentation sites  
Sites for augmentation were further defined though a 
combination of access and permissions sought by 
WRT and working in partnership with Plymouth 
University. Researchers from the University’s 
Catchment and River Science group undertook 
baseline surveys to assess channel bed characteristics 
and site specific flow dynamics. Five key areas were 
highlighted as suitable for gravel augmentation and 
from these; two were selected for the initial pilot of 
gravel introductions where permission for land access 
had been granted and channel characteristics were 
optimal for habitat creation (Figure 4). With regard to 
the latter it was deemed appropriate to focus upon a 
smaller number of areas offering optimal conditions 
for the purpose of the pilot, to maximise the output 
of the programme and enable a thorough assessment 
of the method used. 

Pilot gravel introductions 
To ensure efficient and effective augmentation, WRT 
undertook significant research into the gravel 
introduction procedure to define site specific 
programmes. The choice of material was based upon 
advice and guidelines provided by Plymouth 
University and the Environment Agency and also the 
availability of local supply. WRT liaised with two 
contractors for the supply of washed gravel and to 
carry out the introductions on-site. With permission 
from the Environment Agency, 30 tons of washed 
material was delivered to the two sites in the Avon 
catchment and the augmentation was undertaken in 
early October, 2014. (Figures 3 & 4).  

Monitoring the transport of 
introduced gravels 
Researchers from the Plymouth University Catchment 
and River Science group are currently monitoring the 
transport of the introduced gravels using a 
combination of impact plate sensors, (to record gravel 
movement at a fixed point) and tracing technology 
(Radio-frequency identification (RFID), which enables 
assessment of transport distances. These data, 
together with data collected during the baseline 
survey and flow data, will be used to determine the 
effectiveness of the current augmentation and make 
informed recommendations with regard to the 
quantity and location of subsequent gravel 
introductions.  

Recommendations  
The pilot gravel augmentation and research outlined 
here has now been used to inform future gravel 
introductions, which are being delivered as part of 
work to remediate heavily modified waterbodies, 
funded by South West Water across a five year period.  
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Removing barriers to fish migration  
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WRT is planning a post mitigation monitoring 
programme that will use electrofishing surveys 
to investigate the influence of all these 
easement and repair works in the Yealm and 
Avon catchments. 

Before & After works at Brook Lake culvert.  

Modifications to river channels can sometimes underpin reasons for failure for biological elements (particularly fish) 
under the WFD owing to the creation of barriers to natural migration. In the Lower Yealm for example, failure to 
achieve good status for biological classification elements in 2009 and 2013 was, in part, attributed to such barriers. 
Westcountry Rivers Trust has adopted a walkover survey protocol to identify areas which serve as barriers to fish 
migration. The information form these walkover surveys is then combined with existing data sets, such as those 
provided by the Environment Agency, and key areas then prioritised for mitigation works. Under the South Hams 
River Improvement Project, WRT has undertaken detailed walkover surveys in the Yealm and Avon catchments to 
assess potential barriers and implement mitigation.  

Channel morphology on the Yealm 
A walkover survey highlighted the need for mitigation 
at numerous points in the catchment where 
modification is likely to affect fish migration. 
Examples included constructed features such as a 
flood bund and raised culvert at Brook Lake. A ford 
was also identified as a major barrier to fish passage. 
WRT discussed the survey findings with the 
Environment Agency to determine a programme of 
mitigation works, which considered the likely impact 
of the modifications upon biota and the ability to 
achieve successful mitigation within the project 
budget. As a major barrier to fish migration, 
mitigation works at the ford was investigated, which 
involved a fully costed assessment based upon 
detailed design plans. Mitigation at the ford was 
deemed to be beyond the project budget and WRT is 
currently pursuing further funding to carry out the 
works.  

The raised culvert at Brook Lake was another priority 
area and mitigation was achievable within the project 

budget, and after consultation with relevant parties the 
culvert was modified to provide suitable flow conditions 
for fish passage. 

Weir easement on the River Avon 
WRT prioritised weirs in the River Avon for mitigation 
works based upon a combination of walkover surveys 
(WRT) and Environment Agency barrier investigations.  
To maximise the benefits for the catchment system, 
WRT focused upon areas which were not highlighted 
for works under the Environment Agency programme. 
The SNIFFER protocol was implemented by WRT at 
select sites to further prioritise areas to carry out works 
within the project budget.  
Easement and repair works were undertaken at Brent 
Island and Venn weir in 2014 and a further easement 
programme completed for Crackhill in 2015. 

Before & After works at Venn weir showing improved 
channel for fish passage 
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Improving channel flow regimes in the Upper Avon 

The South Hams 
River Improvement Project Case Study 

The water release trials 
Trial 1 
Trial 1 was carried out in spring 2014 to align 
with the smolt migration period. This trial was 
defined by short duration, high volume releases, 
which would create favourable conditions for 
downstream migration. The release was designed 
for periods when the flow from the dam is at a 
minimum (the compensation flow (0.68 m3/s)) for 
around four days. A release of 65 megalitres (ML) 
per day (including the compensation flow) would 
then be carried out for approximately two days. 

Trial 2 
This trial release was designed to be carried out 
during prolonged periods of low flow and aimed 
to provide an additional 2.3ML to the 
compensation flow (total 8.2ML) across a 24 day 
period to achieve 55.3ML of extra release in total. 

Trials 3 & 4 
These trials targeted adult migration and 
spawning periods and were designed to promote 
favourable conditions using the same high 
volume, short duration release strategy as 
outlined in Trial 1. 

Avon reservoir outflow and storage recorded by South West Water during the trial period 2014 

Introduction & rationale for research  
A hydraulic assessment of the River Avon was undertaken to determine reaches most sensitive to impoundment by 
the Avon Dam. The study identified key areas in the Upper Avon where irregular flow regimes were most likely to 
impact upon ecology (Hydro-Logic, 2013). The impounding license for the Avon Reservoir requires some water 
release during periods of low flow for the benefit of fisheries: referred to as the ‘fisheries bank’. However, there is 
currently little knowledge regarding the best use of the fisheries bank in terms of the volume of water required to 
be released and, importantly, the timing and duration of the releases. WRT instigated a series of meetings whereby 
members of the Trust together with the Environment Agency and South West Water, reviewed available fisheries 
and river discharge data to determine a programme of trialled water releases. A working protocol was developed 
whereby flow data, made available by South West Water, were assessed by the Environment Agency on a daily 
basis. Trials were then initiated if the flow levels conformed to the agreed flow criteria. Four trial conditions were 
established and these are outlined below. 
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An example of a reach in the Upper Avon where flow regimes are affected by the dam  

The trials established an effective working programme between South West Water and the Environment Agency, 
which produced a working template to enable decisions to be made with regard to the timing and volumes of 
fisheries bank releases.  
There was no water release under Trial 1 owing to naturally higher flow conditions during the spring period. Trials 2, 
3 & 4 were completed in 2014. 
WRT undertook fish a fish tagging study to obtain data on fish movement in respect to the water releases. 
Unfortunately this study did not produce any data due to consenting and weather issues. Fish surveys (semi 
quantitative fry surveys) were also undertaken in the upper Avon, which over time can help to show the effects of 
water releases.  
Whilst existing trials are providing benefits to the river, further monitoring could be useful to target resources more 
effectively and for this WRT recommends repeating fish tagging studies in relation to the water releases. 
Going forward, 2015/16 sees a repeat of the trials in a similar format, which will allow the trials to develop and 
further benefit the river and its fisheries. 
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Turbid waters in the River Piall  

A tributary of the River Piall which drains historic & 
active mining areas 

The South Hams 
River Improvement Project Case Study 

Sediment & copper inputs to the River Piall 
Introduction & rationale for research  
The River Piall in south Devon is a major tributary of the River Yealm, which drains historic and active mining areas 
in the subcatchment. It is suspected that this underpins fish failures under the WFD owing to sediment (and 
potentially copper (Cu)) inputs from the mining sites.  
As part of the South Hams River Improvement Project (SHRImP), WRT carried out a scoping study (Report 2014 by 
Ulex Consulting), which aimed to identify key source areas contributing to sediment and Cu elevation in the river 
and to suggest methods for mitigation. The scoping exercise involved a full review of existing water quality data 
and meetings and site visits with key stakeholders including Imerys and Sebelco mining companies. 

Key Findings 
A review of water chemistry data from the mid-1990s 
revealed that concentrations of Copper (Cu) in the 
River Piall regularly exceeded the Environmental 
Quality Standard (EQS) (annual average concentration 
of 1 µg/L) under previous WFD guidelines. However, 
against the revised standards whereby the 
bioavailability of Cu is considered, concentrations 
were likely to be below the EQS owing to the 
interaction with other physicochemical parameters, 
which serve to reduce bioavailability. In general, a lack 
of spatial coverage of sampling points was identified. 
Several consented discharges enter the River Piall, 
including those from the active and inactive china clay 
works, although monitoring of Cu is not required in 
any of the consents. However, the report findings 
suggested that mining operations were unlikely to 
influence Cu concentrations in surface or 
groundwater and that headwaters draining historic 
sites may also be elevated in Cu.  
Furthermore, there was insufficient baseline data to 
determine the natural, background concentrations in 
the area and underlying geology may provide a 
natural source of Cu to waters in the southern reaches 
of the river. 
Given that there appeared to be no obvious point 
source or major contributing area from available data, 
it was difficult for any suitable mitigation practice to 
be suggested. 

Recommendations 
Owing to the overall lack of suitable spatial data it was 
recommended that a comprehensive monitoring 
programme be undertaken to include inflows to the 
mining areas and all consented outflow points.  

Environmental quality should also be considered using 
the revised methodology whereby screening for 
bioavailable concentrations is carried out using the 
Biotic Ligand Model (BLM) approach.  

On the basis of the findings, it would be desirable to 
undertake a comprehensive monitoring programme 
throughout the River Piall catchment, which will 
include continuous monitoring of key parameters such 
as pH and also routine spot sampling to determine a 
range of metal concentrations, including Cu, and also 
dissolved organic carbon (DOC) and calcium, which 
can affect bioavailability.  

Alongside this, several additional biological surveys 
(invertebrates and semi quantitative electric fishing) 
will also be undertaken. 
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The South Hams 
River Improvement Project Phytobenthos 

Targeting interventions for pH 
Flow diagram to illustrate how CRF works within the SHRimP were targeted and driven by WFD. 
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Phytobenthos The South Hams 
River Improvement Project 

pH & the Environment  
Pressures  
The naturally acidic conditions found in upland areas of 
the UK are exacerbated by acid deposition caused by 
atmospheric pollution. The effect is such that the natural 
buffering capacity (Acid Neutralising Capacity (ANC)) of 
the soil is impaired leading to low pH conditions in 
surrounding waters.   Many Dartmoor rivers, including the 
West Dart, are reported as being below reference ANC 
values, highlighting that these reaches remain acidified 
(Battarbee et al., 2012).   

Ecological Impact 
Numerous studies document the effect of low pH 
conditions upon aquatic biota, which are largely 
associated with Aluminium (Al) toxicity. Al can exist in 
numerous states (species) in freshwaters and is most toxic 
in its monomeric inorganic form (Ali). The formation of Ali 
is strongly correlated with pH with higher concentrations 
found as conditions become more acidic. There is a large 
body of literature reporting that exposure to brief periods 
of low pH and moderate levels of Ali can impact upon the 
survival of Atlantic Salmon (Salmo salar) mainly owing to 
impaired osmoregulation, which reduces tolerance to 
seawater (Kroglund et al. 2007).  

Mitigation 
Many systems are expected to recover naturally given 
overall reductions in acid deposition and sites currently 
below reference ANC values should be closely monitored 
to assess change. 
It is possible to treat highly acidic catchment systems with 
limestone (CaCO3) and this approach has been widely 
adopted in Scandinavia to reduce acute and  

chronic acidification episodes. There are various methods 
for treating watercourses with limestone, which involve 
direct application to the river channel or surrounding 
land in the catchment. Evidence suggests that limestone 
application to highly acidic areas can have ecological 
benefits with salmon and acid sensitive invertebrates 
showing a general increase in abundance following 
treatment (Mant et al., 2013). 
The Upper Avon (GB1080460084940) has previously 
failed to achieve good status for pH under the WFD.  
Evidence suggests that weather conditions can influence 
low pH conditions, which tend to occur when rivers are in 
spate, particularly in upland locations in the UK (Stutter et 
al., 2001). Pulses of low pH in rivers are likely to be more 
pronounced following dry spells and there is a large body 
of literature reporting that exposure to these short events 
can have deleterious effects upon biota( Nilsen et al., 
2013).  
To improve the spatial and temporal resolution of pH 
data for the Avon, WRT has undertaken continuous 
monitoring to determine pH conditions across a 12 
month period. pH sensors (Aquistar TempHion, INW) 
were deployed at two locations in the Upper Avon to 
record pH at 15 minute intervals, with two additional 
sensors placed in the mid and lower river reaches for 
comparison. 
Data show the regular occurrence of low pH episodes 
during rainfall events, when pH can drop close to the 
WFD threshold for good status (pH 5.2 (10-percentile)). 
Monitoring will continue to provide high temporal 
resolution data across seasons and will compliment data 
obtained from biological surveys.  

pH data from the upper Avon at Shipley Bridge showing clear 
troughs in pH associated with wet weather events 
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Project Summary Project Summary 
Overall South Hams River Improvement Project has been extremely successful in its delivery. All works within each failing 
WFD waterbody have been informed through sound science and investigation prior and post-delivery.  This not only 
ensures that a more accurate ecological condition of each water body is identified, but it ensures that all works delivered are 
both efficient and effective.   

Although it is evident that the three year SHRImP project has been successful in its delivery, three years is a relatively short 
period to expect significant improvements in water quality. Recent electric fishing data shows some evidence of 
improvements in trout numbers where coppicing work has been undertaken in the Upper Avon, although data should be 
treated with caution given that improvements can only be detected with confidence following several years of post-
mitigation monitoring.   

However, we can be reassured that works such as barrier easements will improve the rivers connectivity for migrating fish 
species, and the trial water release programme from the Avon Dam clearly demonstrated a positive effect upon flow 
regimes in the Upper Avon. With suitable funding, WRT will continue to monitor fish populations using electric fishing 
surveys and fish tagging programmes in all channels where physical works have been carried out.  

There is clear visual evidence of benefits from farm works such as fencing where channel bank erosion has been significantly 
reduced.  Although these delivery outputs have a small positive impact individually, the cumulative impact throughout the 
catchment will be significant. System recovery following mitigation works will be dependent upon site specific factors and 
those areas having a large storage component of sediment and contaminants may be slower to respond to improvement 
works. However, the use of modelling approaches such as FarmScoper demonstrates the potential for considerable 
reduction in sediment and nutrient delivery to watercourses where works have been undertaken. 

The project has provided a strong baseline to continue working from.  We have conducted  many investigations and works, 
all of which have provided valuable information on the current condition of the river, and pinpointed the locations of some 
specific pressures that still need to be targeted within the South Hams.  It is therefore crucial that this work is continued into 
the future, not only to ensure that the funds provided under the CRF have been spent efficiently, but also because SHRImP 
has provided a management foundation, which  if built upon will ultimately provide a sustainable future for the catchment. 

Improvement works being 
conducted at South Brent Island 
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Project Targets  Outcome 
Achieved? Comments 

16km of fencing installed 18.099 Km installed 

10 drinking points installed 40 installed 

250 soil tests to be made available to 25 
farmers across the Erme, Lud Book & Avon 

180 soil samples achieved 

STWs improvements on the Avon, Erme and 
at Lud Brook 

Fed into future improvement works by SWW 

Vertical profiling of Avon Dam Dam infrastructure not suitable for this approach 

Multi-species fish survey at Slapton Ley Completed over 2 phases 

Fisheries walkover survey on the Erme Completed 

Electrofishing surveys on each river to assess 
fish abundance pre and post works 

Completed  

Weir removal / easements Completed 3 sites on Avon  (venn,  
brent island & crackhill) 

Gravel Augmentation at 20 sites across the 
Avon, Yealm and Piall 

Completed only on the Avon. Surveys carried out 
showed work not needed on Yealm and Piall 

Water impoundment work - reconfiguring the 
flow regime from Avon Dam 

Completed with hydrologic studies 

River bank management - coppicing, laying at 
sites throughout the catchment 

1550m completed over 15.5 sites 

Fish pass improvements at Keaton Weir Assessed and not found to be a priority 

Fish pass improvements at Ivybridge Assessed and not found to be a priority 

Channel reconfiguration and re-naturalisation 
on the Lower Yealm 

Completed over 2 sites 

Reduce impact of china clay extraction and 
improve Water Quality 

Scoping report completed only 

Copper reduction - locate copper point 
source pollution and create natural buffer 

Scoping report completed only 

Summary The South Hams 
River Improvement Project 

Summary of SHRImP Project Achievements
In the original project application a number of targets were proposed. The table is a summary of these targets giving an 
indication of whether each outcome was achieved within the SHRimP (Green = complete, yellow = partly complete, red 
= not complete. These outputs are also summarised on the map over the page:- 
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The South Hams 
River Improvement Project Summary  

SHRimP Delivery Map 
Map showing all WFD targeted works delivered catchment wide under the 
SHRImP (2012/13/14) 
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Summary The South Hams 
River Improvement Project 

Wooded debris, flow deflectors & revetment techniques being utilised throughout the South Hams Catchment 

Future Works  
Future works  on the SHRImP area which have been planned by WRT following the completion of project. 

Monitoring  
 Subject to suitable funding, WRT will undertake fish surveys on all river reaches where physical works (gravel 

introductions and barrier removal/easements) have been undertaken. This includes monitoring the effect of 
the Avon Dam water release programme upon migratory species. The monitoring will combine the use of 
electric fishing surveys and a fish tagging approach.  

 
Physical Works  
Subject to suitable funding the areas outlined below are targeted for further works; 

 River Avon:  Glaze Brook Weir easement 

 River Erme: Gravel augmentation at 5 sites to improve habitat for salmon and sea trout; improvement to fish 
pass at Keaton Weir; improvements to fish pass at Ivybridge 

 Upper Yealm: Gravel introduction downstream of Blatchford Lake 
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The South Hams Improvement Project (SHRImP) is a Catchment Restoration Funded 
Project, which was administered by the Environment Agency. The project was written 
and delivered by the Westcountry Rivers Trust in association with the North Devon 
Catchment Partnership.  
The project was delivered over three years (2012-2015), with the primary aim of 
delivering targeted action to make significant steps towards achieving Water 
Framework Directive (WFD) waterbody objectives set out in the 2009 River Basin 
Management Plans.  
This report documents the works delivered under the SHRImP and describes how these 
works were targeted to ensure that efficient on the ground management was delivered 
effectively throughout the catchment.  
Although the SHRImP has completed its final year, the work that has been delivered 
and the valuable information and data that has been collected will provide a solid 
foundation to build upon in the future. This not only provides wider benefits to the 
society and the environment, but also provides a valuable tool to aid in building a 
sustainable future for the catchment as whole.  
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