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Executive Summary

The first management plan for Loe Pool and its catchment was produced in 1998 (Wilson and Dinsdale, 1998).  The report identified Loe Pool to be not only in an advanced stage of eutrophication but also suffering from a number of other inter‑related and equally complex problems.  It set out a wide range of management measures with an aim to rehabilitate Loe Pool to a state that is ecologically stable, and one that the local community finds attractive.  

The Loe Pool Management Forum (LPMF) has worked extremely hard to implement those recommended management measures.  This 2002 revision of the management plan aims to review progress to date and to consider scientific and legislative developments in order to guide future work.

The level of progress achieved towards reducing nutrient inputs to Loe Pool is considerable.  Implementation of the UWWT Directive will significantly reduce phosphorus inputs from Helston STW in 2003.  Contributions from agriculture are being addressed; the negotiation of CSS Target Area status for the catchment, the production of Whole Farm Plans for NT tenant farms and the appointment of a FWAG Project Officer, are key components of an on-going process.  Efforts must continue to reduce other external sources of nutrients, particularly Culdrose STW.

Experience elsewhere has shown that reversal of the eutrophication process may not be automatic.  A water quality monitoring programme is essential in order to set targets and monitor progress.  Experimental work is required to devise the best practicable means of improving water quality.  These two measures will inform the need for the system to be manipulated in order to achieve a clear water state, and will equip the Forum with the site specific knowledge necessary should biomanipulation be required.

The chemical composition of the sediment within Loe Pool suggests that the internal release of phosphorus could be less of a problem than in other similar lakes.  However, the proliferation of Water Net increases phosphorus availability from this source.  The establishment of a procedure to control Water Net is therefore a priority.  

The lower reaches of the River Cober feature a number of complex problems, brought about by past mining activity and more recent attempts to alleviate flooding in Helston.  The result is a loss of aesthetic qualities, a lack of habitat diversity and separation of the River from its floodplain.  It is clear that government policy is now adverse to the continued use of engineered flood defences, such as those currently employed on the River Cober. A new management strategy for the River is an urgent priority.

The LPMF has achieved a great deal since its inception.  This is attributable the exceptional intra-agency collaborative management process, and to the maintained commitment of each of the Forum members.  Community involvement is crucial to the fulfilment of a number of measures, such as controlling pollution from Helston.  A move to promote local ownership of the issues facing Loe Pool and its catchment is recommended. 

1. Introduction

Loe Pool is the largest natural freshwater lake in Cornwall.  The national significance of its ecological habitat is reflected in its designation as a Site of Special Scientific Interest (SSSI).

The Pool is, however, one of a growing number of British lakes that are suffering from the effects of advanced eutrophication.  Eutrophication is defined as the input of elevated levels of nutrients, mainly nitrogen and phosphorus, to a water body or course from its catchment.  In the early stages, eutrophication leads to an increase in productivity within existing communities.  With continued inputs of nutrients the ecosystem suffers from deterioration in water quality, changes in community structure, reduction in species diversity and frequent occurrence of summer algal blooms.  Lakes and other enclosed inland waters suffer more frequently from eutrophication than rivers owing to the lower turnover of water.

The first management plan for Loe Pool and its catchment with respect, primarily, to water quality, but encompassing related issues, was produced in 1998 (Wilson and Dinsdale, 1998).  This Loe Pool Catchment Management Project (LPCMP) Final Report identified Loe Pool to be not only in an advanced stage of eutrophication, but also suffering from a number of other inter‑related and equally complex problems.  The history of intensive mining activity in the catchment has produced a highly silted River that, in turn, exacerbates the existing problem of flooding in Helston. Engineering attempts to ameliorate the situation by channelising the River have served to produce a featureless corridor more or less devoid of wildlife interest, and the separation of the River from its floodplain.

The LPCMP seeks to address these problems in the short and long term.  The aim for Loe Pool is not its restoration, since this term implies that the lake was once in a pristine, stable, freshwater state (Wilson and Dinsdale, 1998).  To our knowledge, this has never been the case. Furthermore, it would not be possible to eradicate the effects of past mining activity.  The objective, then, is to rehabilitate Loe Pool to a state that is ecologically stable, and one that the local community finds attractive.
Objectives for water quality, water levels, nature conservation and community involvement were provided in the 1998 report, together with a description of the measures necessary to achieve them.  The Loe Pool Management Forum (LPMF) has worked extremely hard to implement these measures over the past four years.  This 2002 review aims to take stock of the work completed to date and produce a commentary on these achievements.  The review also provides an opportunity to take account of new scientific information and developments in policy and legislation and to prepare for the next stage in the rehabilitation of Loe Pool.

Where discussions of the issues and management options within this report are often limited to a summary, a more comprehensive review can be found in Wilson and Dinsdale (1998).

2. Progress Review 1998-2002

2.1 Reducing the Impact of Agriculture

The encouragement of an overall reduction in the intensity of farming in the catchment was considered to be the most effective means of reducing the impact of agriculture on Loe Pool (Wilson and Dinsdale, 1998; section 4.1).  In addition, the enhancement and creation of floodplain and riparian vegetation was recommended in order to buffer watercourses from nutrient and soil losses.  Incentives for such objectives are available through the Countryside Stewardship Scheme (CSS).

The negotiation of CSS Target Area status for the Cober catchment was a priority one measure in 1998 assigned to implementation phase one (1998 to 1999) (Wilson and Dinsdale, 1998; sections 4.1, 4.4 and 5.2).  The encouragement of farmers to enter the Scheme was a priority one measure assigned to implementation phase two (2000 to 2004).  Both measures have been completed successfully.  CSS Target Area status was achieved in 1998.  The then Ministry of Agriculture, Fisheries and Food (MAFF), English Nature (EN) and Cornwall Wildlife Trust (CWT) funded farm visits in 1998 (LPMF minuted meeting, 1st December, 1998).  The Environment Agency (EA), the Pennon Group (of which South West Water (SWW) is a part), Cornwall County Council (CCC), Kerrier District Council (KDC) provided funding towards a Farming and Wildlife Advisory Group (FWAG) Project Officer in post for the period 2002-2004 (Rule, 2001; 2002).

Detailed field-by-field advice on sediment run off risk and potential mitigation has been produced for all National Trust (NT) tenant farms adjacent to Loe Pool (Haycock, 1999).  The FWAG Project Officer and LPMF members involved in farm visits and/or completing landowners’ applications for the CSS have received buffer zone training, based on the principles of this work (Rule, 2001; 2002).  Trained personnel are now targeting CSS visits to high-risk areas and cropping practices with an aim to maximising reductions of nutrients and soil entering watercourses (measure 1.4).

FWAG visited ca. 20 farms within the catchment regarding the CSS during the period 1998 to 2002 (letter from A. Keast, FWAG to J. Dinsdale, 14th August, 2002).  In this period, the organisation submitted five applications, all of which were successful.  A further 30 farm visits are planned for the period 2002-2004. A map of total CSS uptake within the Cober catchment is available on a GIS database maintained by the Department of Environment, Farming and Rural Affairs (DEFRA).  Reference to this database is important to ensure farm visits target key holdings (Rule, 2001; 2002; measure 1.4).  A review of the progress made towards reducing the impacts of agriculture on water quality of Loe Pool will be carried out in 2004 (A. Keast, FWAG, in prep.).

The production of Whole Farm Plans for NT tenant farms adjacent to Loe Pool was a priority two measure assigned to implementation phase one (1998 to 1999). Each of the tenant farmers within the Penrose Estate now has either a FWAG report or a Whole Farm Plan (Rule, 2002).  This is a major success for the NT and the LPMF as a whole, achieved within a relatively short period of time.  Many of the farmers have accepted the land management recommendations made within these reports; specific issues are being addressed with the help of the NT.  Two tenanted farms have entered into the CSS. The NT cannot force significant changes to farming practice within existing tenancies on the Penrose Estate; however, key requirements can be written into any new tenancy agreements.

The River Cober catchment was included, along with the whole of the Lizard Peninsula, as a proposed special project area to receive enhanced agri-environment payments (LPMF minuted meeting, 15th March, 2000).  This proposal has yet to receive funding.  The LPMF should continue to investigate other ways to encourage more sustainable farming methods within the catchment (measure 1.4).    Perhaps, following the excellent example set by the NT, this could be best achieved through the production of FWAG reports or Whole Farm Plans for key holdings in the catchment.

At this relatively early stage in the programme, the level of progress achieved by the LPMF in implementing initiatives to reduce the impact of agriculture on the water quality of Loe Pool is considerable.  In particular, the negotiation of CSS Target Area status for the catchment, the production of Whole Farm Plans for NT tenant farms and the appointment of a FWAG Project Officer, are key components of an on-going process. 

2.2 Addressing Sources of Sediment in the Catchment

Silting of the lower reaches of the Cober is recognised to be a key issue in the management of Loe Pool and one that cannot easily be solved (Wilson and Dinsdale, 1998; sections 3.2, 3.3 and 4.6).  Ideally sediment inputs to the River should be addressed at source and industries in the catchment, such as quarrying and construction, were identified as a potential source of sediment to the River system.  An investigation of the levels of sediment loss from minor sources was a priority three measure in 1998 assigned to implementation phase one (1998 to 1999) (Wilson and Dinsdale, 1998; sections 4.2 and 5.2).  It was also considered that a sediment trap/detention pond would help to alleviate the problem to some extent and could act as a failsafe, catering for accidents and extreme events.  The determination of sources of sediment causing silting of the Cober, in order to inform the siting of a sediment trap/detention pond, was a priority two measure in 1998 assigned to implementation phase two (2000 to 2004) (Wilson and Dinsdale, 1998; sections 4.6 and 5.2).  The assessment of the feasibility of constructing a sediment trap/detention pond was a priority one measure, assigned to implementation phase two (2000 to 2004).

The LPMF considers that sediment loss from minor sources is not currently of sufficient importance to warrant a specific investigation (Rule, 2000).  However, sediment losses from industry will be included within the proposed project to determine sources of sediment to the River.  This research project to map catchment sediment pathways is to be developed by Truro College in collaboration with EN (Rule, 2001; 2002).  Historic suspended solids data from routine monitoring by the EA is to be analysed as part of this project (LPMF minuted meetings 17th September 1999 and 3rd November 2000) (measure 1.9).

The feasibility of constructing a sediment trap/detention pond in the lower Cober valley will be considered as part of the proposed multifunctional River Floodplain Scheme (Rule, 2001; 2002) (measure 1.3).  Three potential sites have already been identified (letter from M. Rule, EA to N. Haycock, Haycock Associates Ltd, 2nd December, 1999).  The River Floodplain Scheme is addressed in section 2.6.

2.3 Reducing Nutrient Losses from Septic Tanks and Other Minor Sources

Septic tanks, Coronation Lake and fish farms were among the potential minor sources of nutrients identified by the LPCMP (Wilson and Dinsdale, 1998; sections 4.3 and 5.2).  Investigation of the levels of nutrient loss from these minor sources was assigned to implementation phase one (1998 to 1999) as a priority three measure in 1998. 

There has been a change of emphasis on the investigation of the levels of nutrient loss from minor sources (Rule, 2000).  A programme to assess accurately the contributions from minor sources is not planned unless addressing the major sources of nutrients, namely the two STWs and agricultural sources, proves to be insufficient (measure 3.3).  Action will be taken if routine monitoring of water quality by the EA identifies any abrupt changes in the situation.

If nutrient losses from Coronation Lake are shown to have an impact on Loe Pool at some point in the future, it could be argued strongly that rectification is the responsibility of KDC.  Under the Countryside and Rights of Way (CRoW) Act 2000, KDC, as a public body, has ‘the duty set out in subsection (2) in exercising its functions as far as their exercise is likely to affect the flora, fauna (etc) features by reason of which a Site of Special Scientific Interest is of special interest’ (HM Government, 2000).
Advice on managing septic tanks more effectively is provided in a leaflet available from the EA or the NT (Rule, 2000).  A proactive programme of delivery within the catchment has been considered but is not currently considered to be a priority (Rule, 2001; 2002).
2.4 Reducing the Impact of Sewage Effluent

2.4.1 Helston STW
In order to comply with the UWWT Directive, SWW is required to demonstrate a phosphorus removal rate of at least 80% or a concentration of 2 mg/l in the final effluent at the Helston Sewage Treatment Works (STW) (Council of the European Communities, 1991).

The negotiation of early compliance with the UWWT Directive was a priority one measure in 1998 assigned to implementation phase one (1998 to 1999) (Wilson and Dinsdale, 1998; sections 4.5 and 5.2).  Legally, SWW does not have to comply with the Directive until 2004.  However, following lobbying by the community and the LPMF, the phosphorus removal plant is scheduled to be operational in March, 2003 (Rule, 2002) (measure 1.1).

SWW has chosen a chemical treatment system in order to comply with the Directive.  Iron or aluminium salts will be used to achieve phosphorus precipitation (P. McNie, SWW, pers. comm.).  EN objects to the use of aluminium as the precipitant owing to its toxicity (LPMF minuted meeting, 27th March, 2002).  At a national level, the EA is fully aware of the risks involved in using aluminium and is seeking a presumption against its use for cases of phosphorus removal affecting SSSIs (EA, 2001).  This concern needs to be translated to the local level, enabling the EA to persuade SWW to choose iron as the precipitant at Helston STW.

Implementation of the UWWT Directive and upgrading of the works (nitrification) will reduce the BOD, ammonium and phosphate levels in the sewage effluent but the issue of high nitrogen loads remains. Loe Pool is overloaded with nitrogen by between three and twelve times (Wilson and Dinsdale, 1998; section 4.5).  The reduction of nitrogen levels in the effluent at Helston STW has been identified as a local issue by the EA, and has been the subject of much discussion at the LPMF meetings (e.g. LPMF minuted meetings, 17th September, 1999; 3rd November, 2000; 27th March, 2002).  The removal of ammonia from sewage effluent via nitrification has been suggested, as have the potential for using the eastern Willow carr as a denitrification zone and the use of vertical flow wetlands or grass filters (e-mail from N. Haycock, Haycock Associates Ltd to K. Hearn, NT, 31st March, 1999).

2.4.2 Culdrose STW
Royal Naval Air Station (RNAS) Culdrose STW discharges into Carminowe Stream, which carries a phosphorus concentration ten times greater than that of the Cober above Helston (Geatches, 1997).  This, coupled with the fact that implementation of the UWWT Directive at Helston STW is unlikely to achieve the (then) DETR standard for total phosphorus in the Lake, supports the case for tertiary treatment at RNAS Culdrose STW (Wilson and Dinsdale, 1998; section 4.5).  The use of constructed wetlands or Reed Bed Treatment (RBT) systems, as an alternative to the more costly chemical or enhanced biological treatment, was considered.  However, RBTs do not appear to reduce phosphorus levels sufficiently, especially over time (Wilson and Dinsdale, 1998; section 4.5).  The LPCMP therefore endorsed the installation of a more technically sophisticated method of nutrient removal at RNAS Culdrose STW.

The negotiation of the installation of enhanced biological tertiary treatment at RNAS Culdrose STW was a priority one measure in 1998 assigned to implementation phase one (1998 to 1999) (Wilson and Dinsdale, 1998; sections 4.5 and 5.2).  The Ministry of Defence (MoD) expressed its support for the LPCMP and its willingness to carry out an assessment of the current discharge consent in 1999 (Rule, 2000).  Good progress has been made towards negotiating improvement of the effluent from RNAS Culdrose (LPMF minuted meeting, 27th March, 2002).  EN and SWW are liaising over possible standards and options for improving the STW, but funding this non-statutory requirement is a critical difficulty for RNAS Culdrose at this time of international conflict (Rule, 2002) (measure 1.2).

RNAS Culdrose is taking steps to reduce their phosphorus exports at source, for example through promoting the use of reduced-phosphate detergents on site and re-routing water from vehicle washing facilities to the treatment works.  The Air Station must be congratulated on this more sustainable approach to the management of potentially damaging substances.  Culdrose is hoping that if this action is successful, it may negate the need for tertiary treatment at their STW (WO Barnes, RNAS Culdrose, pers. comm.).  It is, however, unlikely that such measures will reduce phosphorus concentrations in the effluent to an acceptable level.

Parallels have been drawn between the situation at RNAS Culdrose and that at Slapton Ley, Devon, where SWW is to install tertiary treatment at a small STW on the grounds that it contributes to the eutrophication of the Lake (P. McNie, SWW, pers. comm.).  However, this measure is being implemented at Slapton Ley as part of a pilot Eutrophication Control Action Plan (ECAP) under the EA’s Eutrophication Strategy (EA, 2000; ENDS Report, 2000).  Comparisons may well be more relevant in the future, when ECAPs are fully developed and certainly when the EU Water Framework Directive is implemented.  The main requirement of the Directive is that “good” status – ecological, chemical and/or quantitative – is achieved in all surface and groundwaters by 2015 (ENDS Report, 2001).  It is therefore likely that, in order to achieve “good” water quality status for Loe Pool, sources of phosphorus such as those from RNAS Culdrose will need to be addressed.

RNAS Culdrose has been informed of the implications of the impending Directive (letter from M. Rule, EA to WO Barnes, RNAS Culdrose, 10th July, 2002).  It was also advised that the MoD may be under a duty to rectify the impact of its sewage discharge under the CRoW 2000 and reminded of its Memorandum of Understanding with EN.  It is hoped that the MoD will respond favourably to this discussion.

2.5 Programme on Pollution from Helston Street Drainage

Street drainage from Helston was among the potential sources of pollution identified by the LPCMP (Wilson and Dinsdale, 1998; sections 4.7 and 5.2).  A number of measures were recommended in order to address this issue.  An assessment of the feasibility of incorporating a litter screen, oil filter and possibly a sediment trap on the stream carrying runoff from Helston was a priority two measure in 1998 assigned to implementation phase two (2000 to 2004).  The initiation of an education programme on pollution in the town was a priority two measure and improvement of street cleaning and maintenance of highway drains was a priority three measure.  Both of these measures were assigned to implementation phase one (1998 to 1999).  The need for further investigation into the contribution of combined sewer overflow (CSO) events was also raised.

The feasibility of screening runoff from Helston and improvement of street cleaning and maintenance of highway drains has been discussed with KDC but not timetabled for action (Rule, 2000). The initiation of an education programme on pollution in the town has been discussed by the LPMF but again not timetabled for action (Rule, 2001).  The NT is to liaise with County Highways and KDC in order to progress these measures (Rule, 2001; 2002).  Inviting a representative from KDC to sit on the LPMF may help to address this (measure 1.13). 

If pollution from Helston street drainage is shown to have an impact on Loe Pool then CCC and KDC have a duty to rectify this impact under the CRoW Act 2000 (HM Government, 2000).
Large amounts of litter enter the River Cober via Helston’s leats during Flora Day each year (M. Rule, EA, pers. obs.).  In 1999, the EA and NT installed a temporary litter screen downstream of Helston for the duration of this spring celebration in the town (Rule, 2000).  The screen was very successful, with eight sacks of rubbish collected (LPMF minuted meeting, 3rd November, 2000).  It is to be installed and managed annually (Rule, 2002).

A review of CSO events in the catchment found the current situation to be satisfactory (P. McNie, SWW, pers. comm.).  SWW has made improvements to a number of dual manholes in the Helston area in order to minimise surface water-sewage mixing. 
A separate approach to addressing the issue of urban runoff pollution, using vegetated and/or non-vegetated sediment trap/detention pond downstream, was presented  (Wilson and Dinsdale, 1998; sections 4.6 and 5.2).  Progress regarding a sediment trap/detention pond to be situated within the lower catchment is given in section 2.6 (measure 1.3).

2.6 Rehabilitation of the River Cober from Helston to Loe Pool

It has been recognised that under the current management strategy, the River Cober from Helston to Loe Pool does not fulfil its drainage function sustainably, it is expensive to maintain, and minimal provision is made for wildlife habitats (Wilson and Dinsdale, 1998; section 3.2; Haycock, 1999).

The LPCMP recommended the development of a multifunctional River Floodplain Scheme for this section of the River Cober as a priority one measure in 1998 assigned to implementation phase two (2000 to 2004).  Such a scheme would take into consideration the drainage functions, and the reception of discharges, but also recognise resources such as nature conservation and fisheries (Wilson and Dinsdale, 1998; section 4.8).  The management of the River is inter-linked with the Loe Pool Water Level Management Plan (WLMP), coastal and catchment processes (Haycock, 1999). 

Haycock and Vivash (1999) have compiled an excellent description of the current issues associated with the River Cober downstream of Helston.  Included are the footpath on the western bank, the repeated woodland clearance from both banks (and the consequences of exposing the river to direct solar radiation) and the channel profile (which provides little refuge for plants or animals).  Haycock and Vivash (1999) also provide preliminary comments on river and floodplain management, but state that it is not possible to prescribe more detailed management due to the lack of a suitable hydrological and hydraulic model.  Halcrow (1999) produced a hydraulic model that clarifies the flood protection requirements for Helston (N. Haycock, Haycock Associates Ltd., pers. comm.).

The recent Planning Policy Guidance note, on Development and Flood Risk (PPG25), issued by the Office of the Deputy Prime Minister (ODPM, 2001), underlines the trend towards more sustainable approaches to flood defence.  It states: “Soft engineering techniques such as creating, preserving and enhancing natural flood meadows and washlands… can be of great value in attenuating flooding as well as contributing to biodiversity” (ibid. para. 11).  The document makes it clear that government policy is now averse to the continued use of engineered flood defences, such as those currently employed on the River Cober.

2.6.1 The Lower Section (downstream of the boardwalk)

Analysis of river profiles indicates that the lower reach of the River Cober, on NT property, has a negligible gradient, with a 1km section effectively forming an extension of Loe Pool (Haycock and Vivash, 1999).  Since it is part of the Lake, dredging this section of the channel does not assist with the flood protection of Helston.  The LPMF must ensure that there is no further desilting maintenance within this section (measure 1.3).

The employment of more sustainable management within this lower reach of the River Cober, downstream of the boardwalk, that better serves the ecology of the area, is a key desire of the LPMF (minuted meeting to discuss the review of the Loe Pool WLMP, 27th July, 2000).  The management recommendations put forward by Haycock and Vivash (1999) include narrowing the channel to reduce local silt deposition (it would be carried on to Loe Pool), allowing woodland ingrowth to offer shading to the channel and lowering the levee to allow the lateral spread of flood water.  Handcut channels could also assist lateral flow.  These would allow peak flows to spread effectively and may promote the reinstatement of the multiple channel delta drainage pattern as indicated by the 1906 mapped profile of the marsh edge.  

The overall goal for this section of the River Cober is to encourage the natural regeneration of the river form in response to the hydrology of the system without compromising the other functions of the channel.  Further discussions between the EA Flood Defence Section and the NT are required in order to draw up firm proposals regarding river management.  A new management strategy for this section of the River should be put in place following implementation of the UWWT Directive (N. Haycock, Haycock Associates Ltd, pers. comm.) (measure 1.3). 

If necessary, it may be argued that the EA have a duty to rectify the impact of the current river maintenance regime under the CRoW Act 2000 (HM Government, 2000).  In any case, EN must be consulted before carrying out or authorising such operations that may damage the SSSI.  This includes those operations that take place on land outside a SSSI and which may affect the features of interest.  Indeed, under Planning Policy Guidance note: Nature Conservation (PPG9), EN must be consulted about any planning proposals as far as 2km upstream of a SSSI (DoE, 1994). 

2.6.2 The Mid-Section (Zachary’s Bridge to the boardwalk)

It is recognised that the land between Zachary’s Bridge and the NT boardwalk, which includes land owned by the NT as well as the KDC amenity area, has become an important recreation resource for Helston (Wilson and Dinsdale, 1998; Haycock and Vivash, 1999).  Whereas the lower reach of the River may be allowed to regenerate naturally (section 2.6.1), it is suggested that improving the ecology of this section will require active work (Haycock and Vivash, 1999).  

The EA Flood Defence engineers are to undertake further survey work of the River from Helston to Loe Pool in summer 2002 in order to document recent sediment accumulation levels and the effect of the WLMP (Rule, 2001; 2002).  Management and restoration options for the mid-section of River Cober downstream of Helston will be considered in light of this data.  The redesign of this section of the River Cober channel, in order to facilitate public access, stable in-channel habitats and machine access (if required), should be considered (measure 1.3).

A number of management recommendations have been put forward for this section of the River.  Haycock and Vivash (1999) recommended the redesign of Zachary’s Bridge and the footbridges within the KDC amenity area to improve both flood flow and flood carrying capacity.  Lowering the berm alongside the River Cober has also been suggested (letter from M. Rule, EA to N. Haycock, Haycock Associates Ltd, 30th October, 2000; Rule, 2001; 2002).  This would serve to increase the floodwater capacity and the silt storage capacity of the channel as well as improving the value of the habitat for wildlife.  The redesign, or perhaps the removal, of hydrological links between Coronation Lake, the KDC amenity ponds and the River Cober should also be considered.  This would remove the threat of introduced species, such as Rudd (Scardinus erthrophthalmus), Water Fern (Azolla filiculoides) and Parrot’s Feather (Myriophyllum aquaticum) to Loe Pool from these sources (section 2.9).  Each of these management options could be investigated as part of a multifunctional River Floodplain Scheme but could equally well be addressed individually (measure 1.3).

Some future desilting of this section of the River may be unavoidable.  Stewart (2000) recommends a botanical survey of the River prior to any dredging work in order to identify important plant communities and colonies of species (measure 1.3).

2.6.3 The Upper Section (through Helston)

The main river restoration options highlighted for this urban section of the River Cober relate to addressing street drainage (section 2.5; measure 1.12) and the installation of a sediment trap/detention pond (Wilson and Dinsdale, 1998; section 4.6; Haycock and Vivash, 1999).  Three potential sites for a sediment trap/detention pond have been identified (letter from M. Rule, EA to N. Haycock, Haycock Associates Ltd, 2nd December, 1999) and preliminary calculations made of the land area required (D. Davies, Truro College, pers. comm.).

Long-term sustainable solutions to the management of the floodplain through and below Helston have also been considered (Haycock and Vivash, 1999).  All parties are urged to consider a policy shift in favour of no further development of the floodplain and towards flood protection focused on the properties at risk rather than on river engineering solutions (measure 1.3).  This approach aligns with government policy provided in PPG25: Development and Flood Risk (ODPM, 2001).  Local planning authorities are now obliged to recognise that the susceptibility of land to flooding is a material planning consideration.  They must be aware that “engineered flood reduction measures may not always be the appropriate solution, since they can have economic and environmental costs and impacts on the natural and built environment, need maintenance and replacement and cannot eliminate all risk of flooding” (ibid. para. 8).  This new guidance goes further, in advocating that planning decisions in flood-risk areas should apply the precautionary principle. It is clear therefore that, if government policy is heeded, no new development in this area should be sanctioned.

It is hoped that some progress will be made on the issues affecting this section of the River, through a partnership with the Helston Market Town Initiative (HMTI) funded through the EU.  The HMTI plans to develop the St John’s area of the town and it is recommended that the LPMF’s consultant Nick Haycock and a representative from the EA’s Flood Defence Team are closely involved in this initiative.  It is in relation to the semi-derelict areas of St John’s that the issue of inappropriate development may arise.  In line with government policy on the development of brown-, rather than green-field sites, such areas may be exempt from the constraints on other floodplain locations outlined above (ODPM, 2001).  It is therefore essential that early consultation with HMTI is made and the case presented for appropriate and sustainable development.

2.7 Water Level Management Plan

The implementation of a WLMP to instate natural seasonal fluctuations, in order to create conditions for a diverse littoral and submerged flora was a priority one measures in 1998 assigned to implementation phase two (2000 to 2004) (Wilson and Dinsdale, 1998; sections 4.9 and 5.2).  

In 1998 a provisional WLMP for Loe Pool was proposed (Halcrow, 1998).  This comprised a set weir level of 3.8m AOD during the winter months and a lower level, 2.75m AOD, during the summertime.  Before this plan was implemented, research towards a multifunctional River Floodplain Scheme (Haycock and Vivash, 1999) revealed that the effects of this proposed WLMP were insufficiently understood.  Of particular concern were the likelihood of seawater incursion and the poor bathymetric data for Loe Pool, which meant the littoral areas created by given water level management strategies could not be predicted accurately.  Reference to tidal levels (Haycock and Vivash, 1999) and a bathymetric survey (Mason Survey, 2000) were undertaken and these data fed into the revised WLMP (Haycock, 2000).

The revised WLMP recommended that the Loe Bar weir level be permanently set to 3.5m AOD, except in extreme flood events when it could be lowered to 3.05m AOD if necessary (Haycock, 2000).  Given the variation in river flows, a littoral edge is sustained without the need to manage summer and winter levels artificially.  The resultant mean water level is in the order to 3.7-3.8mAOD.  The maximum tolerated peak is 4.8m AOD; at this level much of the Willow carr and reedbed will be covered by 100-400mm of standing water and static water levels in the River will extend to within 100m of Zachary’s Bridge.  The revised WLMP was implemented in October 2001 (Rule, 2002) by fixing metal plates to the outlet weir.

Water is abstracted from Loe Pool to irrigate the surrounding farmland. The cumulative effects of these abstractions were largely unassessed (Wilson and Dinsdale, 1998).  As part of a review of abstraction permissions, the EA commissioned an analysis of the impact of these abstractions on water levels in Loe Pool.  Maximum daily permitted abstractions were found to have a negligible effect on Lake water levels and permissions were regranted (e-mail from N. Haycock, Haycock Associates Ltd. to A. Cameron, National Trust 30th June, 2000; memo from M. Rule, EA to L. Careless, EA , 11 July, 2000).

Changes in water level management may affect both lake and floodplain communities (Wilson and Dinsdale, 1998; section 3.3).  Regular long-term monitoring of the littoral, carr and macrophyte communities was recommended to inform any future adjustments to the WLMP and specific habitat management decisions (Wilson and Dinsdale, 1998; section 4.9).  The need to investigate the geomorphological evolution of Loe Bar and to revisit the hydraulic model of Loe Pool in order to inform the future water level management of the Lake was also recognised  (Haycock and Vivash, 1999; Rule, 2001).

A botanical survey undertaken in October 1999 intended to provide baseline data with which to evaluate the effects of the WLMP and other lake management (Stewart, 2000).  The report includes maps of the main plant communities and short descriptions of each section of the shore.  Transects were also established through the Lake and the River. The decline in rooted macrophyte vegetation and benthic inundation communities was confirmed.  Nuttall’s Waterweed (Elodea nuttallii) was the only pelagic (i.e. within the water column) species recorded.  Remnants of mesotrophic littoral plant communities persist but weed communities predominate.  There has been an increase in the proportion of shore supporting reeds from 7.5% in 1946 to 30% in 1999.  The reasons behind this are not clear and require further research as well as careful monitoring.  Historic shoreline flora data indicates the presence of a draw down zone at Loe Pool (N. Stewart, pers. comm.) and increasing the current seasonal fluctuations in water level would considerably benefit the existing inundation/benthic plant communities (Stewart, 2000).  Further details of the botanical survey are given in the report summary reproduced in Rule (2000).

Stewart (2000) was working with the provisional WLMP proposed by Halcrow (1998).  He recommended a further botanical survey subsequent to the implementation of this WLMP as lower summer water levels would provide improved access to the inundation/benthic species.  However, implementation of the revised WLMP (Haycock, 2000) produced similar water levels to those experienced at the time of Stewart’s survey; a repeat survey would therefore be unlikely to yield additional information.  

A monitoring interval of five years for the littoral communities and one year for the benthic transects should be adequate to evaluate the effects of the WLMP and other lake management (Stewart, 2000) (measures 1.5 and 1.6).  In addition, logging of weekly water level readings by the NT will provide useful information on the extent of the draw down zone (LPMF minuted meeting 3rd November, 2000) (measure 1.5).

An Otter (Lutra lutra) survey of Loe Pool was undertaken in 2001.  Otters are resident or regular visitors to the Lake.  The large stand of undisturbed reedbed, along with the wooded lake margins, are ideal for Otter (NT, 2001).  

A baseline water table survey of the Willow carr was undertaken over the period 1998-2000 using nine permanent sampling stations (Shoulders, 1999; Collins, 1999; Barrett, 2000).  It is recommended that these stations be resurveyed for 12 months following implementation of the WLMP (measure 1.5).  This information will be of use in any future modelling of the hydrology of the River and Lake system.  In the long term, more detailed monitoring of the carr may be prescribed in connection with the multifunctional River Floodplain Scheme (LPMF minuted meeting, 1st December, 1998). 

A geomorphological survey of Loe Bar was proposed in order to predict the future evolution of the Bar and the implications for the management of Loe Pool (Haycock and Vivash, 1999).  This project has received funding from the EA and is due for completion in Month, 200?? (consultancy contractors?, in prep.)(measure 1.5).

A review programme is required in order to evaluate the success of the water level management of Loe Pool, in terms of the parameters discussed, and to ensure any necessary adjustments are undertaken.  It is recommended that the first review be carried out in 2006, five years after implementation.  At this time, consideration should be given to hydrological and chemical modelling (e-mail from N. Haycock, Haycock Associates Ltd to K. Hearn, NT, 31st March, 1999), littoral plant communities (Stewart, 2000) and sea level change scenarios (Haycock and Vivash, 1999) (measure 2.3).

2.8 Water Quality Monitoring Programme

The LPCMP Final Report recognised that a full monitoring programme is essential in the rehabilitation of Loe Pool (Wilson and Dinsdale, 1998).  Such a programme should be regarded as an integral part of the whole project.

To date, water quality monitoring has been confined to a routine monitoring programme undertaken by the EA on the River Cober (EA minuted internal meeting, Conservation and Biology teams, 28th November, 2000).  Additional parameters were monitored within Loe Pool in order to provide data for the UWWT Directive case.  However, following designation of Loe Pool as a Sensitive Area under the UWWT Directive in 1998, the EA ceased in-lake monitoring and reverted to routine river monitoring.  The EA propose to recommence the in-lake monitoring programme  upon implementation of the UWWT Directive at Helston STW, but the duration of this programme it is not yet known (M. Rule, EA, pers. comm.).  

A new measure to initiate an appropriate water quality monitoring programme is proposed (measure 1.6).  The programme must be designed to provide information which will genuinely contribute to the conservation of Loe Pool.  It is considered that this should be based upon biological measures of water quality within Loe Pool in order to inform the design of the mesocosm experiments (section 2.11) and to monitor progress towards an ecologically stable state, the long-term goal of the LPCMP.  The programme will include algal, zooplankton, macrophyte (section 2.7; measure 1.6) and fish (section 2.12; measure 1.7) monitoring.  Monitoring suspended solids downstream of Lowertown is also recommended in order to determine the contribution from Helston street drainage and Helston STW (EA minuted internal meeting, Conservation and Biology teams, 28th November, 2000) (measure 1.6).  Regular monitoring of the water quality of the streams feeding into Loe Pool should also be considered.  Truro College students recorded unexpectedly high nitrate levels when sampling Penrose Stream (LPMF minuted meeting, 17th September, 1999).  A farm slurry tank was thought to have been the cause (D. Davies, Truro College, pers. comm.), however, the outcome remains unclear.

This site-specific water quality monitoring programme should be designed to supplement the national UWWT Directive programme.  The monitoring of parameters not included in the national programme will need to commence prior to the implementation of the improvements at Helston STW in order to provide baseline results.  These additional parameters should then be monitored alongside UWWT Directive programme and provisions must be made to continue the full site-specific programme once the UWWT Directive programme finishes.  The LPMF may need to seek external funding for this site-specific monitoring programme (measure 1.6).  

In addition to funding requirements to undertake survey work, in-lake sampling necessitates boat access to Loe Pool.  Launching a boat from the shore is extremely difficult at present (M. Rule, pers. comm.), and therefore requires the provision of a suitable facility (measure 1.6). 

Wilson and Dinsdale (1998) established the first water quality target for Loe Pool, a mean annual total phosphorus concentration of 10 to 35 (g/l by 2005-2015.  There is a frequent call to propose further water quality targets against time in order to measure the success of eutrophication management (e.g. LPMF minuted meeting, 26th March, 1999).  For example, it is currently unclear what achievements are expected from the implementation of the UWWT Directive.  Water quality targets would inform the need for further actions to be put in place if the quality to be achieved falls short of the ecological targets, such as addressing phosphorus released from lake sediments and/or from minor external sources.  Consideration should therefore be given to setting further water quality targets (letter from N. Haycock, Quest Environmental to K. Hearn, NT, 2nd June, 1999) (measure 1.6).  

A hydrochemical model of Loe Pool would assist in the specification of these targets (e-mail from N. Haycock, Haycock Associates Ltd to A. Cameron, NT, 24th November, 1999). Such modelling could also be used to refine the water quality monitoring programme and to inform future revisions of the WLMP (section 2.7).  The current EA nutrient model for Loe Pool (Murdoch, 1997) may suffice, though this is not based on accurate bathymetry and assumes a static water level of 4.1mAOD with no account of meteorological conditions. It would be useful to feed data on the supply of phosphorus from lake sediments into the nutrient model once these become available (section 2.10) (letter from N. Haycock, Haycock Associates Ltd to K. Hearn, NT, 11th September, 2001).  The inclusion of data on the contribution of minor sources of nutrients within the catchment would further refine such a model (sections 2.3 and 2.5; measure 3.3).  

2.9 Control of Invasive Plant Species

2.9.1 Water Net

The Water Net in Loe Pool is not likely to decline purely as a response to reductions in phosphorus or nitrogen loadings (Wilson and Dinsdale, 1998; section 4.10).  Some method of control is therefore advocated.  The LPCMP reviewed nutrient limitation, application of algicides, natural growth regulators and mechanical removal.  Of these, mechanical removal is considered most appropriate.  Regular harvesting of macroalgae from the Lake would serve to remove phosphorus from the system, reduce the potential for phosphorus release from the sediment (section 2.10), and enhance the prospects for establishment of higher plants, by increasing light levels in the water column.  The use of natural algal regulators, barley straw and the herbivorous zooplankton community, are also deserving of further investigation.

The mechanical removal of Water Net from Loe Pool presents major difficulties, not least machinery access to the Lake and disposal of the enormous quantities of waste plant material.  Further investigation of the mechanical removal of Water Net from Loe Pool was a priority one measure in 1998 assigned to implementation phase one (1998 to 1999) (Wilson and Dinsdale, 1998; sections 4.10 and 5.2).  The LPMF considered that it was not appropriate to progress this measure until implementation of the UWWT Directive (Rule, 2000).  However, an investigation into the mechanical removal of Water Net from Loe Pool should now be undertaken, with action on the results following implementation of the UWWT Directive (measure 1.8).

Field and laboratory based research on the potential of barley straw to control Water Net in New Zealand produced a range of effects from varying degrees of inhibition through to enhanced growth (Wells et al., 1994).  The use of barley straw could be considered along with the investigation of the mechanical removal of Water Net (measure 1.8).  If effective, barley straw would provide several advantages over mechanical removal.  It is less ecologically invasive and relatively inexpensive.

In a balanced lake system, herbivous zooplankton are the most important component of the lake food web for controlling algal growth.  A brief zooplankton survey of Loe Pool revealed an impoverished community comprising two species, both of which are inefficient grazers of the dominant phytoplankton group (Jackson, 2001).  It has been hypothesised that the high levels of heavy metals present in Loe Pool inhibit the zooplankton community (Jackson, 2001; Olosundé, 2002).  The manipulation of the zooplankton community in order to control algal blooms should be considered along as part of the proposed mesocosm experiments (measure 2.1).  There is a need for further baseline zooplankton surveys in order to inform these experiments (measure 1.6). 

As outlined in the LPCMP Final Report (Wilson and Dinsdale, 1998), the majority of research on Water Net has taken place in New Zealand, where infestations have caused significant economic, recreational and ecological impacts. Recent research has revealed that while some macrophyte beds were smothered by Water Net, it was also associated with enhanced invertebrate and fish numbers (Wells and Clayton, 2001).  In a number of aquatic habitats in the central North Island, a sudden decline in Water Net occurred in 1995 (Wells et al., 1999).  Possible causes of this decline include physical factors, increase in grazer pressure, disease and loss of genetic vigour. The implication of this is that, while a significant decrease in nutrient concentrations may not in itself cause the demise of Water Net, other factors associated with such a change may bring about a natural decline in the population. Nevertheless, this scenario may not occur and reliable measures need to be implemented.
2.9.2 Other Aquatic Plant Species
Parrot’s feather (Myriophyllum aquaticum) is present in the lake complex which forms part of KDC amenity area (M. Rule, EA, pers. obs.) but has not been recorded in Loe Pool (Stewart, 2000).  The mechanical control of this non-native aquatic species in the amenity lakes has been recommended, with the use of herbicides limited to follow-up spot treatment (letter from T. Renals, EA to J. Mitchell, KDC, 8th May, 2001).  These recommended techniques were applied in April 2002.  KDC is to consider alterations to the outlet structure from these amenity lakes in order to safeguard Loe Pool from introductions in the future (Rule, 2002) (measure 1.11).

Nuttall’s Waterweed was recorded in Loe Pool for the first time during a recent botanical survey (Stewart, 2000).  At the time of survey this was the only pelagic species recorded and, as such, it is likely to become a major constituent of the vegetation with improvement of the water quality.  This has mixed implications for nature conservation.  In the short term Nuttall’s Waterweed may help the recovery of rooted vegetation (which could trigger a shift from an algae-dominated turbid water state to a clear water state (section 2.11)).  However, in the longer term Nuttall’s Waterweed is likely to slow the development of a diverse aquatic flora.

Options for the control or eradication of Nuttall’s Waterweed are given in Stewart (2000). However, management success is considered to be limited and recolonisation a possibility.  The LPMF have taken the decision to accept that Nuttall’s Waterweed was a natural part of the flora of Loe Pool.  An annual assessment of species abundance is recommended as it may spread rapidly even without changes in water quality (Stewart, 2000) (measure 1.11).

2.9.3 Terrestrial Plant Species 

The spread of the vigorous non-natives Japanese Knotweed (Fallopia japonica) and Himalayan Balsam (Impatiens glandulifera royale) along the margins of the River Cober and the extension of the latter into both the carr and reedbed was noted in the LPCMP Final Report (Wilson and Dinsdale, 1998).  The NT and EN are committed to controlling invasive species within the Site of Special Scientific Interest (SSSI) as necessary (NT and EN, 2000).  The extent of the colonies of Japanese Knotweed and Himalayan Balsam, the vulnerability of invaded and adjacent habitats and management recommendations have been documented in a report commissioned by the NT (Dinsdale, 2000).

The NT and EA must ensure that any maintenance regime follows current advice of the Japanese Knotweed Control Forum For Cornwall (Rule, 2001) (measure 1.11).  Information on control methods is available via their web-site:  http://www.ex.ac.uk/cornwall_knotweed_forum.htm.

Japanese Knotweed appears to have been successfully eradicated from the banks of the River Cober through the KDC amenity area (Rule, 2002).  The NT hope to commence a control programme for Japanese Knotweed and Himalayan Balsam within the Penrose Estate in the near future (A. Cameron, NT, pers. comm.).  Once existing stands of these invasive plant species are under control, a naturally balanced river system will reduce the incidence of further spread and reintroduction (section 2.6; measure 1.3).

2.10 Physical and Chemical In-Lake Restoration Measures

The experience in a number of lake restoration projects is that after external sources of nutrients have been reduced, conditions improve initially, but thereafter phosphorus concentrations continue to be high and water quality does not improve.  The reason for this is that internal sources, i.e. the reservoir of phosphorus in the sediment, become important (Wilson and Dinsdale, 1998; section 4.11). 

A measure to assess the internal release of phosphorus from the sediment within Loe Pool was put forward in the second annual review of the LPCMP (Rule, 2001). Olosundé (2002) has undertaken an excellent post-graduate research project in response to this measure.  The research found that the concentration, speciation and distribution of phosphorus were typical of lake sediments that can act as strong sources of internal phosphorus loading.  However, the long history of mining in the catchment has produced a sediment relatively rich in iron (Olosundé, 2002).  As iron-rich sediments act best as sinks for phosphorus and control further cycling (Reynolds and Davies, 2001), the presence of a high iron to phosphorus ratio suggests that sediment phosphorus will remain stably bound following UWWT Directive implementation.

Reductive conditions at the sediment-water interface can counteract the efficacy of the sediment iron in binding phosphorus (Ryding and Forsberg, 1977).  Concern has been raised that this may occur within Loe Pool via two processes (Olosundé, 2002).  First, net release of sediment phosphorus may be enhanced during seasonal thermal stratification.  Occasional stratification is thought to occur in the deepest areas of Loe Pool (P. O’Sullivan, University of Plymouth, pers. comm.), however, the frequency is considered to be insufficient to justify the installation of destratification equipment (Wilson and Dinsdale, 1998).  Second, and perhaps more importantly, net phosphorus release may potentially occur from the sediment during periods of enhanced primary production, i.e. algal blooms, that create reducing conditions.  If this is indeed the case, addressing algal blooms should be a priority in order to ensure against internal inputs of nutrients.  Progress to date regarding the control of macroalgae is outlined in section 2.9 (measure 1.8).  

The findings of this research project should be fed into any future nutrient modelling of Loe Pool.
2.11 Biological In-Lake Restoration Measures 

Physical and chemical in-lake restoration measures tend to be highly invasive and reliant on technology.  A different, but no less scientific, approach is to use natural biological controls to restore a stable, diverse lake community.  The LPCMP considered biomanipulation to be appropriate biological restoration tool for use in Loe Pool (Wilson and Dinsdale, 1998; section 4.12). 

The poor biotic structure within algae-dominated lakes contributes to resistance to recovery, once the external phosphorus load has been reduced.  In shallow lakes, biomanipulation is employed, based on the hypothesis of ‘alternative stable states’ (Timms and Moss, 1984; Scheffer, 1990).  This suggests that, at moderate nutrient levels, a substantial reduction in the fish stock would trigger a shift from algae-dominated turbid water state to a macrophyte-dominated clear water state.

A survey of the fish to provide data for biomanipulation was a priority one measure in 1998 assigned to implementation phase one (1998 to 1999) (Wilson and Dinsdale, 1998; sections 4.13 and 5.2). The use of experimental enclosures (or mesocosms) to determine the best practicable means of achieving a clear water state through biomanipulation was a priority one measure in 1998 assigned to implementation phase two (2000 to 2004) (Wilson and Dinsdale, 1998; sections 4.12 and 5.2). 

A fish survey was undertaken by the EA in October 1998.  The results of this, and the requirements for subsequent surveys, are discussed in section 2.12 (measure 1.7).  The 1998 survey revealed that Perch (Perca fluviatilis) were introduction to Loe Pool during the period 1990-1995 (EA, 1998). Their colonisation of the Lake has been very successful and as juvenile Perch feed on zooplankton (Goldspink and Goodwin, 1979) their presence will decrease the potential grazing on the alga, assisting in its proliferation.

Mesocosm experiments permit the observation of the site-specific effects of a range of biomanipulation measures.  The implications of the control of the Perch population, the control of Water Net, manipulation of the zooplankton community and the planting of macrophytes should be considered as part of these experiments. The combination of conditions that produce the best results can then be applied to the lake as a whole. The LPMF considered that it was not appropriate to begin these experiments until implementation of the UWWT Directive, as the water quality before and after would not be suitably comparable (Rule, 2000).  It may also be sensible to monitor the natural response of the lake to the UWWT Directive improvements and perhaps to await the control of Water Net blooms before implementing a biomanipulation strategy.  However, the mesocosm experiments should be undertaken in the near future (measure 2.1) in order to inform the application of a biomanipulation strategy as necessary (measure 3.1).

2.12 Recreation and Amenity

2.12.1 Public Access
Visitor pressure along the western bank of the River Cober downstream of Zachary’s Bridge and across the boardwalk was identified as impacting upon the wildlife value of this section of the River (Wilson and Dinsdale, 1998). Managing public use of these paths, in order to reduce disturbance to wildlife was a priority one measure in 1998 assigned to implementation phase one (1998 to 1999) (Wilson and Dinsdale, 1998; sections 4.13 and 5.2).  

The LPMF has chosen to manage public access within the lower Cober valley through seeking Local Nature Reserve (LNR) designation.  Creation of a LNR is being progressed in partnership with Helston Town Council (HTC) and KDC (Rule, 2000).  Progress is subject to agreement of landowners to sell or lease their property (Rule, 2001) (measure 1.10). 

The NT aims to retain the permissive path along the western bank of the River and across the boardwalk; there is to be no access to the riverbanks downstream of the boardwalk (A. Cameron, NT, pers. comm.).  In order to minimise the ecological impact of this path, consideration is to be given to elevating the cross valley boardwalk in order to alleviate the impairment of floodwater passing down valley (Haycock and Vivash, 1999) and redesigning the bank side path to restrict surface erosion (measure 1.10).

2.12.2 Fishery

The NT aims to maintain the wild brown Trout fishery in Loe Pool supported by natural spawning.  Perch, a fish of clear vegetated waters of moderate productivity (Hosper et al., in press), are also present (Wilson and Dinsdale, 1998; section 2.7).  The Perch may be currently impacting upon the Trout population through intraspecific competition for space and food. This, along with the quality of the water, angling pressures and other factors, may threaten the resident Trout population.

An annual fish survey of Loe Pool to provide information on the status of Trout was a priority one measure in 1998 assigned to implementation phase one (1998 to 1999) (Wilson and Dinsdale, 1998; sections 4.13 and 5.2).  Enforcement of the Loe Pool and River Cober angling regulations, including submission of catch records by those fishing the Lake, were priority two measures assigned to implementation phase one (1998 to 1999).
A seine net survey, undertaken by the EA in October 1998, provided qualitative data on the fish populations within Loe Pool (EA, 1998).  There was evidence of healthy adult Trout in Loe Pool however Perch were the dominant species at the sites surveyed, out-numbering the Trout almost ten to one.  A single Rudd was recorded.  

Analysis of fish scales and catch records indicated that Perch were introduced to Loe Pool during the period 1990-1995 (EA, 1998). The large numbers and rapid growth of individuals show that their colonisation has been very successful.  It is predicted that the population will tend towards large numbers of small individuals in the long term.  

In addition to the seine net survey, a fish rescue was carried out in the River Cober prior to river maintenance in June 1998 (EA, 1998).  The difference in age distribution of the Trout between the Lake and River is of interest.  Only individuals aged three years and over were recorded in the Lake while fish of all ages were recorded in the River.  This could suggest a migratory population (EA, 1998).

A second annual survey was undertaken in November 1999, using identical methodologies to the first (S. Toms, EA, pers. comm.).  On this occasion, few fish were netted and the findings were not presented as a written report.  To date, this annual seine net survey has not been repeated.  

It has been suggested that the quality of the Trout fishery could be improved by controlling the Perch population (letter from S. Toms, EA to A. Cameron, NT, 14th February, 2000).  Such management would have the added advantage of favouring the Otter population (NT, 2001). The LPMF support the investigation of some form of Perch control (LPMF minuted meeting, 15th March, 2000). It is recommended that the full impact of the option of Perch management be considered as part of the biomanipulation strategy for lake rehabilitation (section 2.11; measure 3.1) before any action is taken.

A number of methodologies for Perch management have been put forward for consideration (EA, 1998).  Limiting the species reproduction is thought to be a more feasible approach to controlling population numbers than the direct culling of individuals (Simon Toms, EA, pers. comm.).  In order to inform this management, further fish surveys were proposed (LPMF minuted meeting, 15th March, 2000).  The use of Fyke nets and anglers were considered.  Fyke netting was rejected as unsuitable for the site geography; a one-off angling event was considered to be a more appropriate.  An angling event was organised in April 2000.  A fixed number of anglers of a proven standard were chosen to fish the Lake for a set time in order to provide scientifically robust data.  Unfortunately inclement weather conditions resulted in few fish caught, all of them Trout (i.e. no Perch) (LPMF minuted meeting, 3rd November, 2000).

The future management of the fish populations requires some careful consideration and research in order to inform the need for and methodology of Perch population control.  The effects of the relatively recently established Perch on the resident Trout population, as well as on the lake ecology as a whole, remains unclear. A seine net survey every three years, applying identical methodologies to those applied in 1998, will provide the required information on the Loe Pool Trout population (S. Toms, pers. comm.) (measure 1.7).  A measure to design additional fish surveys was put forward in the second annual review of the LPCMP (Rule, 2001).  Mark-recapture and tagging were considered in order to estimate population size and provide information on population growth and population structure (EA, 1998).  These two survey techniques would provide detailed information on Trout population dynamics.  However, they would be costly and, unless the NT wishes to develop the fishery as a commercial asset, such detailed information is unlikely to be required.  Analyses of Perch gut content would be extremely informative; the dietary proportions of fish of fry (Trout, Perch, Rudd etc) and zooplankton would be of particular interest.  The impact of Perch on the ecology of the Lake will be considered as part of the biomanipulation strategy for lake rehabilitation (section 2.11; measure 3.1).

The Penrose Estate Office relinquished responsibility for the management of the Loe Pool fishery to the NT in 1999 (Rule, 2000).  A review of the angling regulations followed and new regulations were put in place in 2000 (Rule, 2001).  These included the reinstatement of the requirement for licence holders to submit annual catch records.  Logging catch records will allow the impact of angling on the Trout population to be monitored and inform future changes to the restrictions.  
The EA continues to enforce the existing national angling bylaws on the River Cober (Rule, 2001).  There is anecdotal evidence to suggest that lake Trout move into the River during the summer months (Wilson and Dinsdale, 1998; section 4.13).  If this is the case, then the need for site specific regulations should be considered.  A survey to ascertain the seasonal movements of Trout between the Lake and the River is recommended (measure 1.7).  Acoustic surveys may provide this information (LPMF minuted meeting, 3rd November, 2000) if a number of repeat surveys of the Lake are undertaken, covering all seasons (S. Toms, EA, pers. comm.).  In addition, fishing pressure on the River Cober may be controllable in part through the LNR project (section 2.12; measure 1.10)

The River Cober downstream of Helston provides a poor habitat for Trout (Haycock and Vivash, 1999).  The channel, devoid of any refuge sites with high water temperatures, may cause difficulties for the passage of fish upstream.  The merits of a number of management options for this section of River are discussed in section 2.6.  The quality of the spawning beds in the River Cober may also be limiting the Loe Pool Trout population (EA, 1998).  This requires further investigation (measure 1.7).

 2.13 Public Awareness and Community Involvement

The LPMF created the measure ‘to promote the LPCMP widely’ with the specific aim of promoting public awareness and community involvement (LPMF minuted meeting, 1st December, 1998).  

A number of activities completed by the LPMF and others have helped to progress this measure.  The LPCMP Final Report was circulated widely in 1998 and 1999 and oral presentations were made to a wide range of audiences from local colleges and research seminars to international conferences (Dinsdale, 1998; 1999; Wilson, 1998; Salter et al., 2001).  Members of the LPMF met with HTC in 1998.  An annual review of the LPCMP is circulated to local councils, MPs and some local residents as well as the LPMF members and other interested parties (measures 1.14, 2.4 and 3.5).  The EA created two display panels illustrating the LPCMP.  These are on permanent display at the NT Chyvarloe Base Camp and are available for use by all members of the LPMF.  Venues and events covered to date include the Royal Cornwall Show and Falmouth Green Fair.  The NT is producing an education pack for use by schools and colleges (NT, in press) and the LPMF has held a guided walk for local residents.

The LPMF hopes to continue to boost the public profile of the LPCMP.  A high level re-launch of the Project has been suggested, timed to coincide with the completion of the improved Helston STW in March 2003 (LPMF minuted meeting, 27th March, 2002) (measure 1.15).  Other plans to disseminate information about the LPCMP include a website, a peer-reviewed publication (Salter et al., in prep.) and more frequent media releases, perhaps via a regular ‘Loe Pool’ column run by school groups (Rule, 2002) (measure 1.15). The five-yearly review is to be made as widely available as possible, perhaps through its production in an interactive CD format (measures 2.5 and 3.6).

Perhaps what is needed to complement this work is a move to promote local ownership of the issues facing the Loe Pool and the aims for its future.  Designation of the lower Cober valley as an LNR will assist in this (section 2.12; measure 1.10), as will inviting representatives from local government and local residents with a particular interest in the Lake to the LPMF (section 2.14; measure 1.13).  In addition to these measures, consideration should be given to appointing a liaison officer in order to develop community involvement in the Project (measure 1.15). 

2.14 The Loe Pool Management Forum: The Catchment Management Process

The LPMF was established in June 1996.  For the first two years representatives from the EA Conservation Section, the NT, EN, Helston School, Cornwall College, SWW and the University of Plymouth held occasional meetings that focused primarily on the issue of water quality.  The Forum quickly came to recognise that a holistic approach is required in order to realise as fully as possible the potential for sustainable enhancement of the entire Cober catchment.  

Since 1998 the Forum has met bi-annually to discuss the wide range of inter-related and complex issues identified by the LPCMP Final Report.  In 2002, the LPMF created a measure ‘to include all stakeholders in the LPMF meetings’ in the hope that best advice regarding the management of Loe Pool will be received and the experience gained by the LPMF is shared through its implementation (Rule, 2002).  The Forum has expanded to include representatives from RNAS Culdrose, Truro College, EA Flood Defence Section and FWAG.  It is recommended that consideration be also given to inviting representatives from KDC, HTC and local residents with a particular interest in the Lake in the near future (measure 1.13).

The LPMF has achieved a great deal since its inception.  This must be attributable to an exceptional intra-agency collaborative management process that has been developed.  It is rare for such bodies to exist in the first place and even more rare for them to maintain momentum and commitment over a period of years.  The dedication of individuals within the Forum is also notable.  In particular, Martin Rule from the EA Conservation Section has been unstinting in his determination to motivate and inform the Forum.  He was also instrumental in securing funding for the production of the LPCMP Final Report, which proved to be a pivotal point in the history of the Forum.

The LPCMP Final Report documents the many and complex issues relating to the management of Loe Pool (Wilson and Dinsdale, 1998).  Although the descriptive parts of that report, the literature review and the chapter on issues, may remain largely unaltered for many years, the prescriptive sections, on the available management options and recommendations, continue to evolve and progress continues apace.  The management plan therefore requires regular updating.  It is recommended that the current progress review programme, the production of an annual report (Rule, 2000; 2001; 2002) and a five-yearly review of the management plan, continues in the future (measures 1.14, 2.4, 2.5, 3.5 and 3.6). 

3. Recommendations for Future Management

3.1 Introduction

The members of the LPMF must be congratulated on their hard work and attention to detail over the past four years.  They have made considerable progress towards the four objectives for Loe Pool set in 1998.  The objectives were:  

1. To bring about a change in water quality from an algae-dominated turbid water state to a macrophyte-dominated clear water state, characteristic of mesotrophy

2. To instate more seasonal fluctuations in water levels, in order to create conditions for a more diverse shoreline and submerged flora

3. To maximise the nature conservation value of Loe Pool and its catchment

4. To interest and involve the community in the management of Loe Pool and its catchment

These objectives for water quality, water levels, nature conservation and community involvement still stand (Rule, 2000; 2001; 2002) and the measures necessary to achieve them are little altered.  Many of the measures assigned to the first phases of implementation in 1998 (i.e. phase one (1998-1999) and phase two (2000-2004)) have been completed.  A summary of the progress made towards each of the measures identified in 1998 is provided in the Appendix.  A key measure, the implementation of the UWWT Directive at Helston STW, is to be online in March 2003.  Since the timetable for many of the 1998 measures was determined largely by the timing of the introduction of nutrient stripping at Helston STW (Wilson and Dinsdale, 1998), a review of the phases of implementation is considered appropriate at this time.

This chapter sets out the management measures for the period 2002 to 2015.  These comprise on-going measures from the LPCMP Final Report and new measures adopted since 1998, measures completed since 1998 are not included.  The management measures are divided into three progressive phases.  A large proportion of the measures, fifteen in all, are assigned to the first phase of implementation (to the end of 2005).  The majority of these are ongoing projects, many of which will be completed within this phase.  Phase Two (2006 to 2010) focuses on the mesocosm experiments and completion of the River Floodplain Scheme.  In the longer term (2011-2015), the effects of reduced pollution from the catchment should emerge.  However, if further efforts are required in order to implement eutrophication reversal in Loe Pool at this stage, the Forum will be armed with the results of the investigations carried out in Phases One and Two and a biomanipulation strategy can be employed.  
An indication is given as to which objective each measure assists in achieving: water quality (WQ), water levels (WL), nature conservation (NC), and community involvement (CI), as did the 1998 phases of implementation.  The measures are divided into sub-actions, following the example of Rule (2001; 2002).  As a consequence of each measure having a range of sub-actions, the lead organisation has been attached to the sub-action, rather than to the measure as a whole, as it was in 1998.  In an attempt to simplify the format, the level of priority, categorising as a special project or core work, and the costing bands are not included in the future implementation phases section. The 1998 targets for Phase three are retained as these provide the best measurable evaluation of progress currently available.  However, the LPMF is to consider setting further water quality targets (measure 1.6).  It is hoped that this streamlining will enable progress to be audited and reviewed more easily, which will be helpful in the production of the annual report. 

3.2 Management Measures and Phases of Implementation 2002-2015
Phase One (2003-2005)
	
	Measure
	Objective
	Sub-actions

	1.1
	Early compliance with UWWT Directive


	WQ 
	1. SWW plan  to be operational March 2003, construction from April 2002



	1.2
	Negotiate installation of tertiary treatment at Culdrose


	WQ
	1. EN and SWW to liaise over possible standards and options

2. MoD and LPMF to look at potential funding



	1.3
	Develop River Floodplain Scheme


	WQ

NC
	1. LPMF to ensure no further dredging of lower section of the River Cober (on NT property) is undertaken
2. NT and EA to develop alternative management strategy for the lower section of the River Cober 
3. NT, KDC and EA to consider the redesign of the River Cober from Zachary’s Bridge to the NT boardwalk
4. EA and KDC to consider design of Zachary’s Bridge and footbridges within the KDC amenity area

5. EA to investigate lowering berm through KDC amenity area

6. EA and KDC to investigate severing hydrological links between the River Cober and Coronation Lake / the amenity ponds

7. EA to undertake a botanical survey of the River prior to any dredging
8. LPMF to assess feasibility of constructing a silt trap

9. All parties to favour no further development of the floodplain with flood protection focused on properties rather than river engineering


	1.4
	Encourage farmers to enter land into CSS


	NC
	1. LPMF to continue to support FWAG Project Officer

2. LPMF to ensure farm advice and CSS is targeted to maximise reductions of nutrients and soil entering water courses

3. LPMF to continue to investigate other ways to encourage more sustainable farming



	1.5
	Review WLMP


	WL
	1. EA to supervise a study of the geomorphology of Bar

2. NT to log lake water level readings weekly

3. NT to initiate 5 yearly monitoring of  littoral flora and annual monitoring of benthic plant communities 

4. NT to monitor willow carr water table each month for 1 year 

5. LPMF to review 2000 WLMP in 2006 



	1.6
	Initiate an appropriate water quality monitoring programme
	WQ

NC
	1. LPMF to seek funding for and  initiate an appropriate in-lake monitoring programme
2. EA to monitor SS downstream of Lowertown
3. EA to monitor WQ of feeder streams
4. NT to provide suitable boat launch

5. NT to initiate bi-annual monitoring programme macrophytes in Loe Pool

6. LPMF to set further WQ targets




Phase One (cont.)
	
	Measure
	Objective
	Sub-actions

	1.7
	Maintain wild brown Trout fishery
	NC
	1. EA to undertake 3 yearly seine net survey to monitor fish populations

2. EA/NT to design and carry out survey of Perch gut content 

3. EA/NT to carry out repeated acoustic surveys of Loe Pool to assess seasonal movements of Trout
4. EA/NT to assess quality of Trout spawning beds in River Cober


	1.8
	Control Water Net blooms


	NC
	1. Investigate the control of Water Net by mechanical removal and possibly the use of barley straw

2. Act on results of this investigation 

	1.9
	Determine sources of sediment to the Cober


	WQ
	1. Truro College and EN to research catchment sediment pathways 
2. Feed findings into Floodplain Scheme (measure 1.3)

	1.10
	Manage public access within Lower Cober valley


	NC
	1. NT to redesign the western bank side path upstream of the boardwalk to restrict surface erosion
2. NT to consider elevating boardwalk

3. EN/EA to continue to seek designation of LNR



	1.11
	Develop control programmes for invasive non-native species 
	NC
	1. EA/KDC to develop project to reduce Parrot’s Feather in amenity area and prevent it’s spread to Loe Pool

2. NT to initiate an annual assessment of Nuttall’s Waterweed in Loe Pool 

3. NT/EA/KDC to ensure maintenance regimes follow current advice of the Knotweed forum



	1.12
	Develop a programme on pollution from Helston street drainage


	CI

WQ
	1. NT/KDC to initiate a community education programme 

2. NT/KDC to negotiate improved street cleaning and maintenance of drains

3. NT/KDC to assess feasibility of screening Helston road runoff



	1.13
	Include all stakeholders in LPMF meetings
	CI
	1. Consider inviting KDC representative

2. Consider inviting HTC representative

3. Consider inviting interested local residents 


	1.14
	Prepare annual reports on progress of management plan and circulate widely


	
	

	1.15
	Promote public awareness and local ownership of the LPCMP 
	CI
	1. LPMF to provide appropriate news stories to the media on a regular basis

2. School groups to consider running regular ‘Loe Pool’ columns in local papers

3. Consider re-launching the LPCMP in 2003

4. Consider appointing a liaison officer to develop community involvement



Phase Two (2006 to 2010)
	
	Measure
	Objective
	Sub-actions

	2.1
	Employ mesocosm experiments


	WQ

NC
	1. Consider implications of  Perch control/removal

2. Consider implications of zooplankton introductions

	2.2
	Continue to develop River Floodplain Scheme and act on findings


	WQ

NC
	

	2.4
	Review WLMP


	WL
	

	2.5
	Prepare annual reports on progress of management plan and circulate widely


	
	

	2.6
	Prepare five-yearly review  of management plan and circulate widely


	
	


Phase Three (2011 to 2015)
	
	Measure
	Objective
	Sub-actions

	3.1
	Implement best biomanipulation strategies established in mesocosm experiments and fish surveys


	WQ

NC
	

	3.2
	Monitor implementation of biomanipulation strategies


	WQ

NC
	

	3.3
	Assess nutrient contributions from minor sources as necessary
	WQ
	1. EA to evaluate nutrient inputs from Coronation Lake

2. EA to evaluate nutrient losses from septic tanks
3. EA to investigate levels of nutrient losses from fish farms
4. LPMF to consider further nutrient modelling to inform action on minor sources  
5. LPMF to take appropriate action to reduce nutrient contributions from these minor sources as necessary


	3.4
	Consider the feasibility of introducing Strapwort


	NC
	

	3.5
	Prepare annual reports on progress of management plan and circulate widely 


	
	

	3.6
	Prepare five-yearly review  of management plan and circulate widely


	
	


	PRIVATE 

Targets

Clear water, with mean Secchi disc transparency (SDT; a measure of water clarity) of 6 m to 3 m, and minimum SDT of 3 m to 1.5 m.


Mean annual total phosphorus concentration of 10 to 35 g/l.


Mean annual chlorophyll a concentration of 2.5 to 8 g/l, and a maximum of 8 to 25 g/l.


Eradication of Water Net.


Macrophyte, rather than algae, dominated community, composed of a diverse range of species such as Potamogeton natans, Ranunculus peltatus, Elatine hexandra and charophytes, and with a TRS of between 5.5 and 7.


Diverse assemblage of benthic macroinvertebrates indicative of mesotrophic waters, such as Oligochaete species Peloscolex ferox, Potamothrix moldaviensis and Nais elinguis.

Diverse community of shoreline plants.


Healthy population of Trout.
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Appendix: 

1998 Phases of Implementation (from Wilson and Dinsdale, 1998)
Phase One (1998-1999)

	
	Measure
	Objective
	Type of Work
	Priority
	Progress

	1.1
	Negotiate CSS Target Area status
	WQ

NC


	EN core
	1
	Completed 1998

	1.2
	Survey fish in Loe Pool
	NC
	EA core

NT SP


	1
	Completed initial survey 1998.  Further surveys to be undertaken.

	1.3
	Negotiate installation of tertiary treatment at Culdrose


	WQ
	EA core


	1
	Ongoing 

	1.4
	Survey shoreline and marginal flora 


	NC

WL
	NT SP
	1
	Completed baseline survey 2000.  Further surveys to be undertaken

	1.5
	Monitor hydrology of carr


	NC

WL
	NT SP

EA SP


	1
	Completed baseline survey 2000.
Further surveys may be undertaken

	1.6
	Minimise public use of Lower Cober paths


	NC
	NT core
	1
	Ongoing

	1.7
	Negotiate production of NT Whole Farm Plans
	WQ

NC
	NT core

EA core


	2
	Completed 2002

	1.8
	Investigate mechanical removal of Water Net


	NC
	EA SP
	2
	Not progressed

	1.9
	Negotiate enforcement of Loe Pool angling regulations


	NC
	NT core
	2
	Completed 2000

	1.10
	Enforce River Cober angling regulations


	NC
	EA core
	2
	Completed 2001.  Appropriate measures in place

	1.11
	Initiate education programme on pollution


	CI

WQ
	EA SP

KDC core
	2
	Not progressed 



	1.12
	Evaluate nutrient inputs from Coronation Lake


	WQ
	EA core
	3
	Measure no longer considered to be a priority at present.  It will be reconsidered 2010+



	1.13
	Evaluate nutrient losses from septic tanks


	WQ
	EA core
	3
	Measure no longer considered to be a priority at present.  It will be reconsidered 2010+



	1.14
	Investigate levels of nutrient losses from fish farms


	WQ
	EA core
	3
	Measure no longer considered to be a priority at present.  It will be reconsidered 2010+



	1.15
	Investigate levels of sediment losses from industry


	WQ
	EA core
	3
	This measure is to be progressed as part of measure 2.9

	1.16
	Improve street cleaning and maintenance of drains


	WQ
	KDC core
	3
	Not progressed 




Phase Two (2000 to 2004)
	
	Measure
	Objective
	Type of Work
	Priority
	Progress

	2.1
	Early compliance with UWWT Directive by SWW


	WQ 
	EA core

SWW core
	1
	Planned to be operational March 2003

	2.2
	Develop River Floodplain Scheme


	WQ

NC
	EA core

NT/EN SP
	1
	Ongoing

	2.3
	Encourage farmers to enter land into CSS


	NC
	EN core

NT core
	1
	Ongoing

	2.4
	Implement proposed WLMP


	WL
	EA core
	1
	Completed 2001.  A review programme is required



	2.5
	Employ mesocosm experiments


	WQ

NC
	NT/EN/EA SP


	1
	Measure deferred until implementation  of UWWTD 



	2.6
	Monitor implementation of WLMP


	WL
	EN/NT SP
	1
	Not progressed

	2.7
	Assess feasibility of constructing sediment pond


	WQ
	EA SP
	1
	This measure will be progressed as part of measure 2.2

	2.8
	Prepare annual reports on progress of management plan


	
	LPMF
	1
	Completed to date

	2.9
	Determine sources of sediment to the Cober


	WQ
	EA/CC SP
	2
	Not progressed

	2.10
	Assess feasibility of screening Helston road runoff


	WQ
	KDC/EA SP
	2
	Not progressed 



	2.11
	Act on investigation into sediment losses from industry


	WQ
	EA core
	2
	Awaiting progress of 2.9

	2.12
	Act on investigation into nutrient losses from fish farms


	WQ
	EA core


	2
	Measure no longer considered to be a priority at present.  It will be reconsidered 2010+

	2.13
	Act on septic tank assessment


	WQ
	EA core
	2
	Measure no longer considered to be a priority at present.  It will be reconsidered 2010+



	2.14
	Act on Coronation Lake assessment 


	WQ
	EA core

KDC SP
	2
	Measure no longer considered to be a priority at present.  It will be reconsidered 2010+




	Targets 

80% enrolment in CSS 


Establishment of diverse shoreline flora




Phase Three (2005 to 2015)
	
	Measure
	Objective
	Type of Work
	Priority
	Progress

	3.1
	Implement best biomanipulation strategies established in mesocosm experiments


	WQ

NC
	NT/EN/EA SP
	1
	

	3.2
	Monitor implementation of biomanipulation strategies


	WQ

NC
	NT/EN/EA SP
	1
	

	3.3
	Prepare annual reports on progress of management plan


	
	LPMF
	1
	

	3.4
	Introduce Strapwort


	NC
	EN SP
	3
	


	PRIVATE 

Targets

Clear water, with mean Secchi disc transparency (SDT; a measure of water clarity) of 6 m to 3 m, and minimum SDT of 3 m to 1.5 m.


Mean annual total phosphorus concentration of 10 to 35 g/l.


Mean annual chlorophyll a concentration of 2.5 to 8 g/l, and a maximum of 8 to 25 g/l.


Eradication of Water Net.


Macrophyte, rather than algae, dominated community, composed of a diverse range of species such as Potamogeton natans, Ranunculus peltatus, Elatine hexandra and charophytes, and with a TRS of between 5.5 and 7.


Diverse assemblage of benthic macroinvertebrates indicative of mesotrophic waters, such as Oligochaete species Peloscolex ferox, Potamothrix moldaviensis and Nais elinguis.

Diverse community of shoreline plants.


Healthy population of Trout.
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