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Plant and Animal Names:
Species are referred to throughout in both English and Latin in the first instance, and thereafter by the English name only, except in cases where none exist, or where the Latin name is in more common usage.

Executive Summary
The Project was initiated by the Loe Pool Management Forum in order to produce a management plan for the Cober catchment with respect, primarily, to water quality, but encompassing the related issues of nature conservation and water levels. A further aim of the Project was to assemble a comprehensive review of relevant literature. The catchment suffers from a number of inter‑related problems, but the most pressing is that of the eutrophication of Loe Pool, and the consequent demise of its nature conservation and amenity value.

1. In the upper catchment, extensive agriculture still prevails to a large extent, but there is a need to conserve and enhance its value for the maintenance of water quality and nature conservation. This may be achieved through the designation of the catchment as a target area for the Countryside Stewardship Scheme (CSS).

2. In the lower catchment, agriculture is more intensive, and a greater need therefore exists for the establishment of buffer zones and the enhancement of wetland features to retain nutrients. Again, designation of the catchment as a target area for the CSS would enable compensation to be paid to farmers for such work. In addition, since most of the holdings surrounding Loe Pool are owned by the National Trust, the opportunity is presented for the implementation of `whole farm plans'.

3. 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. In the short‑term, a number of remedies may be applied, such as more environmentally‑sensitive dredging procedures. In the long‑term, however, there is a need to develop a multifunctional River Floodplain Scheme, that addresses the issues in an holistic manner, based on integrated knowledge of the River and its catchment.

4. Loe Pool is in an advanced stage of eutrophication, and exhibits the classic symptoms of potentially toxic algal blooms and an almost complete lack of submerged macrophytes. The major source of phosphorus inputs to the lake is effluent from Helston STW, although contributions from Culdrose STW and agricultural runoff may also be important. The problem is exacerbated by the presence of Water Net, a macroalga that blooms during midsummer, smothering other organisms. Implementation of the UWWT Directive will reduce significantly inputs from Helston STW by the year 2004. However, experience elsewhere has shown that reversal of the eutrophication process is not automatic, and it is highly likely that the system will need to be manipulated in order to achieve a clear water state. Experimental work is therefore required, to devise the best practicable means of improving water quality, and to establish a procedure for eliminating Water Net.

5. At present, the water levels in Loe Pool are entirely unnatural, being higher in summer than they are in winter. The Water Level Management Plan (WLMP), devised in 1997, recommends reversing this situation, so that stretches of shoreline are exposed in summer. The main impetus behind the WLMP is to create conditions suitable for the re‑introduction of Strapwort and for locally rare littoral flora. It is recognised that the instatement of seasonal fluctuations would be a vast improvement over the current regime. However, Strapwort has never been widespread in southern England, and it is not in any danger of extinction in Europe. A programme to reintroduce Strapwort to the shores of Loe Pool is not, therefore, considered to be of high priority at this time. Nevertheless, the new water levels will provide conditions conducive to the development of a shoreline community, which will increase the overall diversity of the site.

6. Community involvement is felt to be crucial to the fulfilment of a number of measures, such as controlling pollution from Helston. Public awareness and education programmes are therefore recommended, in order to interest and involve the community in the management of Loe Pool and its catchment.
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1. Introduction
Loe Pool is the largest natural freshwater lake in Cornwall, and is therefore a significant ecological habitat, reflected in its designation as a Site of Special Scientific Interest (SSSI). The land around Loe Pool is owned by the National Trust (NT), and lies within Cornwall Area of Outstanding Natural Beauty and Cornwall Heritage Coast. It plays a prominent role in the local tourist economy, as well as providing an important recreation facility for local people.

The Pool is, however, one of a growing number of British lakes that are suffering from the effects of advanced eutrophication (O'Sullivan, 1992). Eutrophication is defined as ecological change brought about by elevated levels of nutrients, mainly nitrogen and phosphorus, from the lake catchment (Figure 1.1). The main sources of nutrients are runoff from agricultural land and effluent from sewage treatment. In the early stages, eutrophication leads to an increase in productivity within the existing communities. With continued inputs of nutrients the ecosystem suffers from a deterioration in water quality, changes in community structure, reduction in species diversity, and frequent occurrence of summer algal blooms.

There is ample evidence from water analysis data that Loe Pool is eutrophicated (Geatches, 1997), but many of the symptoms of nutrient enrichment are not so well documented. For example, changes in the fish community are reported by anglers and other observers, but have not been quantified. The most obvious symptom, and the one which brought the problem to the fore, is the occurrence of potentially toxic algal blooms, experienced most years since at least 1968 (Flory and Hawley, 1994). These are linked circumstantially to fish kills (Turk, 1985), dog deaths, and sickness in humans (Geatches, 1997). In addition to fears about the effects of toxic algal blooms on the recreation and amenity significance of Loe Pool, concerns have also been raised about the ecological value of the site as an SSSI.

1.1 The Role of the Environment Agency
The Environment Agency (EA) came into being on 1st April 1996 as a result of the Environment Act 1995. The Agency encompasses the work of the former National Rivers Authority (NRA), and carries responsibility, among its other functions, for flood defence, water pollution control, water resource management, and fisheries. It also has a duty generally to promote the conservation of wildlife dependent on the aquatic environment. The EA has drawn up Local Environment Agency Plans (LEAPs) for all river catchments in England and Wales. Several catchments, including that of Loe Pool, are grouped together to form the West Cornwall Catchment. The LEAP for this area (EA, 1997b) recognises that the Agency carries management responsibility for most of the issues relevant to Loe Pool, and that it was in a position to take the lead in carrying plans and ideas forward. It was decided to set up a management forum for Loe Pool, to include the Agency and other interested bodies.

1.2 Development of the Project
The Loe Pool Management Forum was established in June 1996. It currently consists of representatives from the EA, the NT, English Nature (EN), Helston School, Cornwall College, South West Water and University of Plymouth (which has carried out the vast majority of research on eutrophication of Loe Pool).

The Forum has met occasionally over about eighteen months in order to draw up a proposal document for securing funding for the development of a management plan for the catchment. Initial meetings focused primarily on the issue of water quality, but the Forum now recognises that other issues, such as water levels, are inter‑related and that a more holistic approach is required in order to realise as fully as possible the potential for sustainable enhancement of the entire catchment. In March 1998, the Forum secured funding from the EA to employ consultants to draw up a management plan for the catchment. The consultants, Janet Dinsdale and Helen Wilson, set up the Loe Pool Catchment Management Project.

1.3 Aims of the Project
(a)
To produce a management plan for Loe Pool and its catchment with respect, primarily, to water quality, presented as part of a final Project report.

(b)
To assemble a comprehensive review of relevant literature.

(c)
To examine the potential of a range of management options for reducing nutrient inputs to Loe Pool in order to enhance its nature conservation and amenity potential, in consultation with representatives of interested organisations and with individuals, taking into account the objectives of the Water Level Management Plan, and advised by current literature on the subject.

(d)
To examine the potential of a range of management options for improving water quality for nature conservation in the upper catchment, in particular the possibility of using the Stewardship Scheme to extend and enhance wetland areas and river corridors.

(e)
To develop a database of point and diffuse sources of nutrients and sediment within the catchment, and thereby identify those requiring further investigation or remediation.

(f)
To inform and interest the community via press releases, leaflets and guided walks.

(g)
To involve the community, particularly groups such as farmers, in contributing to the improvement of water quality and biodiversity.

(h)
To recommend areas of future research and data collection necessary to obtaining a fuller representation of the current condition of Loe Pool and its catchment.

(i)
To produce published material of academic quality.

(j)
To investigate the potential of using ECoS to model the effect of a range of management options on Loe Pool.
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2. Literature Review
A considerable amount has been written about Loe Pool. However, the majority of this literature remains unpublished, in the form of internal reports and academic dissertations. The accompanying list is reasonably comprehensive and provides the source(s) of material. The following summary aims to draw the literature together under areas of interest, and to highlight the more important documents.

In this and subsequent sections, the authors refer to the upper and lower catchment. The upper catchment is defined as the subcatchments of Bodilly and Medlyn Streams and the River Cober down to Lowertown. The lower catchment covers the subcatchments of Carminowe, Penrose and Trevarno Streams, as well as land draining into the Cober below Lowertown.

2.1 Historical Context
A comprehensive history of Loe Pool and its catchment is provided by Coard and O'Sullivan (unpublished). It contains a full list of sources, including Toy's The History of Helston (1934) and various recollections of members of the Rogers family (1857 to 1960). It is divided into sections covering (a) history of Loe Pool and Loe Bar, (b) mining history of the catchment of Loe Pool, (c) changing area and shape of Loe Pool and Loe Bar, and (d) historical aspects of eutrophication.

2.2 Geology
A brief description of the geology underlying Loe Pool is provided by the NT (1989b). Further details of catchment geology are given by Coard (1987), who states that the Pool itself is underlain by Lower Devonian slates and the upper catchment by Carnmenellis granite. Soils are primarily loamy, mostly well‑drained, with impeded drainage locally.

2.3 Land Use in the Catchment
All the land immediately surrounding Loe Pool and much of the adjacent farmland forms part of Penrose Estate and is owned by the NT (Figure 2.1). Figure 2.2, produced from a land cover database held by Cornwall Wildlife Trust (CWT), shows the majority of the area from Loe Valley Willow carr to the north around to Penrose Park in the west, and to Loe Bar in the southwest, to be natural, semi‑natural and plantation woodland, managed for amenity and nature conservation. NT (1998) provides a full vegetation description. The open marshy area in the north west corner, where Penrose Stream flows into Loe Pool, is grazed by cattle. Around the eastern margins of the Pool lies a large area of planted woodland, Degibna Woods, but the majority of land is agricultural. It consists mainly of arable, with some areas of pasture, mostly in the Nancewidden Valley and at the head of Carminowe Creek. Almost all the arable fields bordering Loe Pool include 10 m buffer zones (land taken out of production to act as a sink for agri‑chemicals), though not those on the north shore of Carminowe Creek. Some of these buffer zones qualify for compensation under Countryside Stewardship Scheme (CSS) Agreements between NT tenants and MAFF.

In the upper catchment, farming is adapted to the relatively low agricultural value of the land. Stock are rotated between lowland heath, productive grassland and winter water‑logged Rush pasture and wet heath (Figure 2.2). The settlement pattern consists of a number of small villages and dispersed farms. Remnants of the former mining industry, derelict engine houses and chimneys, are evident.


A survey of land use in the catchment was carried out by Peters (1990). Parish agricultural returns were used to deduce land use between 1870 and 1985 in studies by Elliott (1994) and Wilson (1994).

2.4 Industry in the Catchment
An indication of potentially polluting industries within the catchment is provided by the LEAP Consultation Report (EA, 1997a), which lists discharge consents and abstraction licences. There are four consented discharges: Helston STW, RNAS Culdrose STW, Dacum Fish Farm, and Boscadjack Fisheries. Eleven abstraction licences are granted for: spray irrigation on five farms in the lower catchment, amenity purposes (Helston Council and Godolphin Manor), Helston cattle market, hydroelectric power at Trelubbas, Boscadjack fish farm, and South West Water (SWW) at Wendron. The majority of abstracted water is returned to the River, by one means or another. The abstraction by SWW is by far the largest, consisting of up to 3,000 Ml per year. During times of low river flow, abstraction is supplemented by transfers from Stithians Reservoir, direct to Wendron Water Treatment Works (WTW). The abstracted and transferred water is used to supply Helston, and, after treatment, is discharged back into the Cober. The Consultation Report also notes the existence of mineral workings in the area, including Trannack Granite Quarry, situated at Coverack Bridges.

2.5 Conservation Interest in the Upper Catchment
Some five hundred sites in Cornwall are highlighted by CWT (formerly the Cornwall Trust for Nature Conservation: CTNC) as being of at least county value for nature conservation. There are nineteen Cornwall Nature Conservation (CNC) sites in the catchment (Figure 2.3), nine of which are wetlands linked to the River Cober (CTNC, 1986 a‑f). These were selected by examination of aerial photographs, surveyed on the ground in 1986, and a site report produced. Although CNC sites bear no statutory weight, and are subject to normal planning controls, their identification is of value to this project.

The five wetland CNC sites in the upper catchment are:

Porkellis Moor (Grid Ref. SW 690320): Porkellis Moor consists of a complex patchwork of diverse semi‑natural habitats (CTNC, 1986a). Of major conservation importance are extensive areas of Willow (Salix spp.) carr, Rush (Juncus spp.) marsh, wet heath, and a system of 23 ponds with oligotrophic waters. The area is important for bird diversity and Silver Washed Fritillary (Argynnis paphia), which is abundant. The site is considered to be one of the best in Cornwall for Odonata (Dragonflies and Damselflies) and Bryophytes (Mosses and Liverworts).

Boquoi Downs (Grid Ref. SW 668335): Although fairly small, this site constitutes an extremely valuable wetland area, consisting of Willow carr and wet heath, with notable Odonata species (CTNC, 1986b). It is currently under threat of drainage for agriculture.

Bodilly Valley (Grid Ref. SW 665323): The vegetation of Bodilly Valley consists of Willow carr bordering the stream, surrounded by a Purple Moor Grass (Molinia caerulea) and Juncus marsh complex (CTNC, 1986d). Notable pteridiophytes grow in the carr, including Royal Fern (Osmunda regalis).

Figure 2.3: Cornwall Nature Conservation Sites in the Catchment (CWT)

Calvadack Moor (Grid Ref. SW 690355): This site lies on the same granite mass as Carnmenellis Moor, and presents a good example of habitat gradation from heath dominated slopes through Molinia‑Juncus complex to Willow carr and marsh (CTNC, 1986e). The wetland areas are lightly grazed and particularly diverse.

Medlyn Moor (Grid Ref. SW 707335): Medlyn Moor features Willow carr with interspersed patches of Juncus meadow (CTNC, 1986f).

The extent to which past mining activity has affected the landscape and ecology of the catchment is highlighted in reports by Johnson and Halliday (1978a,b) and in a study by Brooks (1979). The reports were produced as a result of a proposal by Consolidated Gold Fields Ltd. to use alluvial tracts on Porkellis Moor for the mining and processing of detrital tin ore. Relic features of the mines now form an integral part of the landscape and the majority of semi‑natural vegetation has developed on disturbed alluvial areas, which provide a diverse range of habitats.

2.6 Conservation Interest in the Lower Catchment
There are four CNC sites in the lower catchment that include areas of wetland (Figure 2.3). These are:

Higher Roseawen (Grid Ref. SW 650298): This is a very small area of mixed broadleaf woodland in a narrow valley. There is no survey data available for this site.

Lower Cober Valley (Grid Ref. SW 665295): This site covers the area from Coverack Bridges down to Lower Town along the River Cober. The steep valley sides are largely broadleaf woodland, with scrub in more recently disturbed areas. The valley floor holds extensive areas of very wet carr. Again, CWT hold no survey data for this site, but Dippers (Cinclus cinclus) are known to breed within the area (M. Rule, CBPS, pers. comm.).

Loe Pool (Grid Ref. SW 645250): The Loe Pool site includes the Loe Valley as far as Zacharys Bridge, and the Penrose Valley to Venton Vedna (CTNC, 1986c).

Carminowe Valley (Grid Ref. SW 665243): Carminowe Stream passes through a very narrow wooded valley, some of which has been replanted in recent years. CWT hold no survey data for this site.

In addition to these sites, a good range of Odonata species are associated with the fringes of the River Cober itself (NT, 1992; 1996b).

Flood alleviation work on the lower Cober between St John's Bridge and Loe Pool has severely compromised the River's ecology. Through Helston and southwards to Loe Pool the Cober flows in an artificially modified channel, the shaping of which has been well recorded. The River was first channelised in 1946/7, which served to straighten and deepen the channel below Helston to improve the capacity and thus reduce the incidence of flooding in Helston (Freeman and Scott, 1986; Coard, 1987). Work carried out to further channelise and straighten the River occurred in 1988, and is documented by SWW (1988b). Slides showing progress of this engineering project are held by David Davies, Truro College (for more details see section 2.9).

There is little in the literature on the condition of the Cober from Lowertown to the Kerrier District Council (KDC) amenity area, except for EA in‑stream biological data. Biological Monitoring Working Party (BMWP) scores for the Cober at Lowertown range from 95 to 179, with an average of 135 for the period 1990 to 1997, indicating very low levels of organic enrichment. Conversely, BMWP scores for the River downstream of the STW for the same period range from 38 to 121, with an average of 79, suggesting that the effluent causes moderate to high levels of organic enrichment.

The land to the south is owned by the NT and a survey was completed as part of the Penrose Estate Evaluation (NT, 1989a). This revealed that continuous engineering work has resulted in poor diversity of aquatic flora and fauna. However, there was interest in the presence of two Starwort species, Callitriche obtusangula and C. platycarpa, along with a first record for Unbranched Bur‑Reed (Sparganium emersum). The River banks as they near the Pool below Zacharys Bridge are reported by the NT (1996b) as being eutrophic, and highly disturbed as a result of silt dredging (section 2.9). The dredging work introduced the vigorous non‑natives Japanese Knotweed (Fallopia japonica) and Himalayan Balsam (Impatiens glandulifera), and the latter is now spreading into the carr and Reedbed systems around the Pool (NT, 1998). Details on damselfly and dragonfly species in this area are given in NT (1989b), with further records available from S. Jones (VC Recorder).

Loe Pool and the lower reaches of the Cober have provided a breeding ground for Otter (Lutra lutra) in the past (NT, 1989b). There are unconfirmed reports of spraints along the lower reaches, but it is thought that the Cober is not as well used by Otters as other rivers in the area (D. Davies, Truro College; M. Rule, EA Fisheries, Ecology and Recreation, pers. comms.). Mink (Mustela vison) are more frequently seen in the lower Cober than are Otters (S. Bury, NT Lizard and Penrose, pers. comm.). A dead animal was seen floating close to the Cober inlet in 1996 (NT, 1998; Robin Howard, NT Lizard, pers. comm.). 

The carr at the Helston end of Loe Pool is a relatively recent feature. It developed on the vast amount of sediment, mostly silts and clays, deposited during the late nineteenth and early twentieth centuries (Coard, 1987; NT, 1989a). The open expanse of Willow and associated swamp communities are of high biological interest (CTNC, 1986c; NT, 1996b). The area represents a threatened habitat, since it is one of the largest remaining carrs in West Cornwall. In addition, the very unusual associated ground flora represents one of the most extensive communities of its type in this area. Of particular value in terms of biodiversity is the lichen flora (CTNC, 1986c), the wetland invertebrates, and the birdlife (NT, 1979, 1989a, 1996b). A full description of the flora and fauna are given in NT (1989a, 1996b).

Helston flood alleviation scheme deprives the carr of seasonal floodwaters and dissects the woodland into two, with abrupt margins against the River banks (NT, 1989a; section 2.9). The NT Biological Evaluation of the area (NT, 1989a) reports the carr to be drying out and describes encroachment by Oak (Quercus sp.) and Sycamore (Acer pseudoplatanus). A possible solution to the problem was proposed by the NT (NT, 1991b), and approved by NRA water engineers. However, in the final stages leading up to implementation, a funding difficulty prevented completion (NT, 1995). A revised programme was proposed in 1995, but this was not supported by the EA (letter from M. Rule, EA Fisheries, Ecology and Recreation to R. Howard, NT Lizard, 29th July 1996). A further survey (NT, 1996b) states that the drying process appears not to be accelerating, and may in fact have ceased. The report recommends a full hydrological survey to inform any management. There has been no further work to date.

In addition to the problems associated with the Willow carr, implementation of the flood alleviation scheme appears to have created a further problem in the lower reaches of the Cober. Details of increased public access to the River banks and popularity of this route following the construction of the boardwalk through the carr in 1988 are outlined in section 2.14.

2.7 Conservation Interest of Loe Pool
Loe Bar and the area of carr at the head of the lake were designated as an SSSI in 1951, and the boundary was not extended to include Loe Pool itself until 1986 (Nature Conservancy Council, 1986). The site lies within Cornwall Area of Outstanding Natural Beauty and forms part of Cornwall Heritage Coast.

The SSSI has been the subject of various botanical studies by staff of and consultants to EN (formerly the Nature Conservancy Council: NCC). These documents are kept in the files at Truro, but many are undated, with no named author, and so are not listed below. However, one report is of particular relevance to water quality. It details a survey undertaken in 1969 (Anon, undated), before Loe Pool was an SSSI. It concluded that "the lake is an enriched mesotrophic rather than naturally eutrophic" and "the fact that considerable nutrient enrichment is taking place here may detract from its conservation interest".

As part of the Natural Areas delineation process, EN has drawn up a Whole Site Objective Statement for Loe Pool (EN, undated). This document provides a useful basis for nature conservation priorities. The objectives include maintaining Loe Pool as a roosting site for wintering birds, conserving populations of nationally rare and scarce invertebrates and the dragonfly assemblages, maintaining the mosaic of Willow carr and Reedbed habitats, and ensuring that the water quality and water level management are suitable for the reintroduction of Strapwort (Corrigiola litoralis). 

2.7.1 Fish
The native Trout (Salmo spp.) of Loe Pool are well‑recorded throughout history, noted for both the size of the population and the morphology and behaviour of individuals. Their taxonomy has been much disputed: local residents refer to them as land‑locked Sea Trout, Carew (1602) described the Trout as a unique subspecies, a genetic isolate, but others have judged specimens to be no different (e.g. Couch, 1838).

The population is now much diminished. Several authors report a decline in the quality of the Trout fishery during the nineteenth and twentieth centuries (Turk and Turk, 1976; Beharrett, 1988). Canon Mossop, the only person to fish the Loe by boat this century apart from the previous owner Captain Lionel Rogers, recalls that the fishery was very healthy until the 1970s. At that time, the average fish weighed around one pound, large fish almost two pounds, and three to five Trout could be caught for each hour of fishing effort. Since then, Mossop has seen dwindling returns, and by 1990 an average of four or five hours fishing effort was required to catch one Trout. Increasingly, in latter years these fish are marginally larger in size, in the range of one and a half to two pounds. Annual records of other anglers fishing from the shore, show a similar decline over this period (letter from A. Bleby, to R. Howard, NT Lizard and Penrose, 8th June, 1997; N. Stewart, pers. comm.).

Recent authors attribute the population decline, at least in part, to the influx of mine sediment (Turk and Turk, 1976; Beharrett, 1988). Beharrett (1988) states that the practice of Bar Breaking would also have contributed to the reduction in population size. Water quality issues have taken their toll on fish populations in recent years, with local anglers reporting annual deaths at times of peak algal blooms since the late 1970s; in the bloom of 1976, two thousand fish, mainly Trout, are reported to have suffocated (Turk, 1985). The NT apportions further blame to heavy fishing of the River Cober during the spawning season (NT, 1989b).

Historically, few fish species were recorded in the lake (Coard and O'Sullivan, unpublished). There is no local knowledge of Pike (Esox lucius) in the Pool. However, Rudd (Scardinius erythrophthalmus) populated the River Cober and Loe Pool in recent years, after being introduced from Coronation Lake in 1943 (Freeman and Scott, 1986; NT, 1991a). Local anglers no longer report catching Rudd, but there has been a large increase in the number of Perch (Perca fluviatilis), not seen in Loe Pool before 1994 (letter from A. Bleby, to R. Howard, NT Lizard and Penrose, 20th October, 1997). Both Coard (1987) and Beharrett (1988) suggest such changes in fish community could affect resident Trout numbers. Lack of angling interest in the lake reflect the poor state of the Trout fishery today (Penrose Estate Office, pers. comm.).

2.7.2 Birds
Loe Pool is a significant ornithological site (CTNC, 1986c). The British Trust for Ornithology considers Loe Pool to be of importance within the county for wintering wildfowl, the diversity of wintering birds, and the quality of the breeding community (NT, 1979). The site is reported to support a maximum of eighty species of wintering birds, with up to 1200 wildfowl present (NT, 1989b), and frequently attracts rarities during autumn migration and in winter (NT, 1998). CBPS have maximum monthly counts for many species of waterfowl, dating from 1959.

2.7.3 Macrophytes
The submerged and floating flora of Loe Pool have not been the subject of many studies, owing largely to restricted boat access (section 2.14). Brief surveys were undertaken by Johns (1874), Vallentin (1902) and NT (1989a), but mainly from the shore. A more extensive study was carried out by Turk in 1964, and reported in Turk and Turk (1976). This survey is believed to have extended to waters accessible by wading and a short excursion on the lake, close to the Bar.

Johns (1874) recorded Amphibious Bistort (Polygonum amphibium), Perfoliate Pondweed (Potamogeton perfoliatus), Lesser Pondweed (P. pusillus), Six Stamened Starwort (Elatine hexandra), Beaked Tasselweed (Ruppia maritima) and Spiral Tasselweed (R. spiralis). In addition to these, Vallentin (1903) discovered the charophyte Nitella hyalina in 1898. Disappearance of brackish water plants (Tasselweeds) is thought to be associated with decline in salinity following the permanent opening of the drainage adit (Coard and O'Sullivan, unpublished). During the mid‑nineteenth century, Penrose Creek was covered by Amphibious Bistort for a time and this was the only species of macrophyte recorded in the NT (1989a) survey. Turk and Turk (1976) reported a small population of Horned Pondweed (Zannichellia palustris), which has not been recorded since, and that Perfoliate and Lesser Pondweed were present. These authors also recorded that Carminowe Creek was covered in a turf of the locally very rare Six Stamened Starwort. The area to the north is reported to have supported dense beds of macrophytes during the early 1980s (P. O'Sullivan, University of Plymouth, pers. comm.). For further details of records of littoral and shoreline macrophytes see Table 2.1. Unfortunately, both Turk and Turk (1976) and NT (1989a) focus primarily on species of interest and consequently records are not comprehensive.

The bottom of the main body of the lake is said to be composed of fine bedrock, rather than silt (Turk and Turk, 1976). In contrast, Coard (1987) describes the top 30 cm as being unconsolidated, brown, highly bioturbed sediment.

2.7.4 Macroinvertebrates and Plankton
Historically, there appears to have been a lack of local interest in the plankton and macroinvertebrates of Loe Pool. Vallentin (1902) reports a diverse zooplankton community during his study from 1899 to 1901. Turk conducted a brief survey of the area near the Bar in 1964 and reported a very rich invertebrate life (Turk and Turk, 1976).

Blooms of cyanobacteria have been experienced at Loe Pool in most years since at least 1968, and these have been monitored by the (then) NRA since 1989. Water Net (Hydrodictyon reticulatum) had also been present in the Pool since 1989, but never over a significant area. In 1993, while collecting samples, officers from the NRA noticed unusually large masses of Water Net, covering about a quarter of the surface area of the Pool. A study by Flory and Hawley (1994) endeavoured to investigate the reasons for a shift away from cyanobacteria to Water Net in that year. Although their work was inconclusive, they theorised that early growth of Water Net may have provided shelter for zooplankton, which in turn may have restricted the growth of phytoplankton. They did not discount the possibility that a more vigorous strain of Water Net had developed.

Following this work, the Natural History Museum became interested, and set out to resolve the question of whether Water Net may control blooms of Microcystis aeruginosa. The work found no evidence of a significant interaction between Water Net and planktonic algae, and little to substantiate the idea that Water Net mats provide refugia for zooplankton (John et al., 1998; John et al., in prep.). The work did, however, produce a database on the seasonality of Water Net, other planktonic green algae and major groups of zooplankton during the two year study. Mike Lister, Cornwall College, is currently engaged in work on the interactions within plankton communities and their responses to water quality and climatic factors (Mike Lister, Cornwall College, pers. comm.).

The EA has been monitoring algal succession since 1989 and a summary of results for 1995 and 1996 is provided in Geatches (1997). This illustrates the spring blooms of various diatoms overlapping with the summer blooms of blue‑greens, notably M. aeruginosa and Anabaena species.

2.7.5 Bryophytes
Loe Pool has been recorded as a Grade B Bryophyte Register Site (Hodgetts and Newton, 1987). A total of 61 taxa were identified within the SSSI, none of which were of exceptional interest.


2.8 Conservation Interest of Loe Pool Margins
The fringe habitats of Loe Pool form an integral part of the SSSI, which is valued mainly for the size of the lagoon, as well as for the scarcity of some of the species and habitats that occur in association with it. However, some marginal habitats merit particular attention.

2.8.1 Shoreline Communities
A large proportion of the shores of Loe Pool are steeply shelving woodland with no beach (NT, 1989a). On the more shallow gradients in front of Loe Valley, Common Reed (Phragmites australis) predominates. Until the late 1980s, margins of Carminowe Creek and shores by Degibna Farm were grazed, and these open beaches supported a diverse array of summer annuals and aquatic perennials, flowering on exposure, such as Shoreweed (Littorella uniflora), Needle Spike‑Rush (Eleocharis acicularis) and Strapwort (Corrigiola litoralis) (NT, 1989a; Byfield, 1992). The majority of the adjacent fields are no longer grazed, and Byfield (1992) claims that the cessation of grazing led to a decline in diversity of open shore species. However, the NT was in favour of grazing reduction in order to improve transitional habitats around the margins, towards those seen in Loe Valley and Penrose Creek (NT, 1989a). 

Loe Pool is known for its association with the extremely rare Strapwort, which once occurred on the Bar and grazed margins of Carminowe Creek. It is listed as a Schedule 8 plant under the Wildlife and Countryside Act 1981, and is designated by EN as a priority 1 species for plant conservation in England (EN, undated). Loe Pool was one of only two native British stations; its geographic distribution is now restricted to a single site, Slapton Ley NNR in south Devon (Byfield, 1992). The last reliable record for Loe Pool was a single plant in 1904 (Margetts and David, 1981; Perring and Farrell, 1983), although there are anecdotal reports of occasional plants on Loe Bar and Carminowe Creek in the 1960s (NT, 1979; CTNC, 1986c). For many of the other rarities there is only a single record, unconfirmed reports, or they have not been seen for some time (Table 2.1).

In a report for the EN Species Recovery Programme, Byfield (1992) hypothesized over the causes of extinction of Strapwort and put forward conservation management recommendations to improve conditions for the regeneration or reintroduction of a population at Loe Pool. He states that the single most important priority for the UK conservation of Strapwort must lie with the enhancement of the population at Slapton Ley and that issues of grazing, water level management and water quality must be addressed before any reintroductions are attempted at Loe Pool. EN currently appears very interested in a reintroduction programme (cf. Halcrow, 1998).

2.8.2 Reed Beds
Reed beds are considered to be of particular importance under the Biodiversity Action Plan (Anon, 1995), as they are a scarce habitat in Cornwall (CTNC, 1986c). Full details of the extensive stands of Common Reed that fringe the Loe Valley margins are given in NT (1989a). Byfield (1992) reports Common Reed to be spreading around the Pool’s margins following the cessation of grazing.

2.8.3 Wet Meadows
The wet meadow in the north‑west corner of Loe Pool below Penrose House forms a well developed hydrosere, showing transitional development from open water to well‑drained grassland (NT, 1998). This area is open to cattle grazing and is noted by the NT as the principle area of biological interest within Penrose Park. Species lists for this area are held on NT and CWT files. There is a similar wet meadow at the head of Carminowe Creek.

2.8.4 Loe Bar
Loe Bar is noted in the citation for Loe Pool SSSI as being a classic coastal landform and as an integral part of the beach system extending from Porthleven to Gunwalloe (NCC, 1986). It is a feature of considerable biological and geomorphological value. As such, there are various references to it in the EN files, as well as several studies (Turk, 1964; Murphy, 1986; Hills, 1984; Spalding, 1988). A summary of the historical development of Loe Bar is provided by Coard and O'Sullivan (unpublished), although speculations on its formation have been the subject of a number of student dissertations, including Bernard (1982), Miners (1992) and Horton (1997).

Murphy (1986) reports the results of a botanical study of Loe Bar, as well as providing a summary of the geomorphology and history of formation. The paper also analyses the effects of the most recent breachings of the Bar in 1979 and 1984 on the flora of the exposed shingle bank. David Davies, Truro College, holds a library of slides showing morphological changes of the Bar in recent years, including an ongoing annual fixed point photography project which he began in 1979. The slides include one showing the sea breaching the Bar in 1978, believed to be the last incident (D. Davies, Truro College, pers. comm.), though minor marine incursions have been recorded since (S. Rundle, University of Plymouth, pers. comm.).

The NT recently compiled a comprehensive evaluation of the Bar’s biology and geomorphology (NT, 1996c). They state that the Bar is a naturally dynamic system, which is building and moving landward and that the movement of the Bar and deposition of shingle mean that the plant and animal communities are constantly changing. This natural situation is complicated by human disturbance, not least by the frequent breaking of the Bar in the last century (Coard, 1989). The local custom of cleaning ploughshares in the sand of the Bar at the end of the day continued as late as 1979 (Spalding, 1988).

Loe Bar is of outstanding interest for its shingle flora and fauna (NT, 1996c). Open pioneer vegetation, which is in a continuous cycle of renewal and destruction, supports a wide range of national rarities of plants and invertebrates. Perhaps most importantly, the Bar is the only known site in Britain of the Cornish subspecies of the Sandhill Rustic Moth (Luperina nickerlii leechi). Consequently, considerable attention has been given to this species (Spalding, 1988; EN files; NT, 1989a). The presently expanding population of Yellow Horned Poppy (Glaucium flavum) has been followed with some interest (Hirst and Phillips, 1997), and historically the Bar provided a breeding site for the Red Data Book species Ringed Plover (Charadrius hiaticula) (NT, 1989a; Spalding, 1988).

2.9 Water Level Management
Water level management in order to prevent flooding has been an issue for the people of Helston ever since the Bar consolidated and enclosed the mouth of the Cober. Coard and O'Sullivan (unpublished) provide a history of the cycle of flooding and Bar breaking over the centuries. In recent times, serious floods connected with the Cober occurred in December 1979, November 1984 and January 1988 (SWW, 1979, 1988a). In response to the first two events, the Bar was cut in February 1979 and November 1984, respectively (Murphy, 1986). A fourth flood event in Helston in June 1993 was associated with the Town Leat, rather than water levels in the Cober and Pool (NRA, 1993a).

A brief history of the most recent flood alleviation schemes is given by Halcrow (1998), but see also section 2.6. A two phase programme is reported, in which the first phase saw improvements to the adit in response to the 1984 event. Subsequent flooding in 1988 prompted the second phase, which itself comprised three stages. Stages one and two were channel improvements downstream and upstream of Zacharys bridge, respectively, and are documented by SWW (1988b). The work was completed in 1989, and D. Davies of Truro College holds slides showing the progress. Stage three of the scheme consisted of the excavation of a silt pond between Mill Lane and Lower Town. It is thought that this third stage was rejected owing to high levels of metals within the potential site (M. Rule, EA Fisheries, Ecology and Recreation, pers. comm.), but the full details of this report are no longer available. Non‑completion of this final stage means that the River bed between Loe Pool and Zacharys Bridge requires dredging every three to five years, in order to maintain channel capacity.

The question of water levels is considered an important factor in enhancing the nature conservation value of the site, as stated by EN (undated) in its Objectives for Loe Pool. Improvements to the outflow structure in 1986 allow better control of lake water levels. Levels are currently managed on an informal agreement drawn up in November 1992 between EA, EN and NT. Halcrow (1998) recommends a new water level management plan to be adopted by the EA. The proposal comprises lowering the current summer water level to below that of the winter (the opposite of the current situation), which would entail modification of the outlet structure. One of the benefits of this scheme is that it would create favourable conditions for the re‑introduction of Strapwort and for locally rare littoral species. Extensive marginal habitat created during the summer months would increase habitat diversity. The scheme would also reduce the risk of flooding during the summer. The single disadvantage was identified as being that existing marginal and Willow carr habitats would dry out, but it is thought that these communities would shift over time in line with the new water levels. Finally, the report stressed that the potential benefits of the proposed change in water level management were highly dependent on improvements in water quality.

2.10 Water Quality in the Upper Catchment
River water quality in the catchment is routinely monitored by the EA for compliance with various environmental standards. The LEAP Consultation Report (EA, 1997a) provides a summary assessment of invertebrate biological surveys for the Cober. It states that invertebrate communities are of better quality in the upper catchment, but that biotic scores are influenced by mild acid contamination from former mining activity and by localised agricultural impacts. Bodilly Stream is classified by the EA as being of `Excellent' quality, while the Cober down to Lowertown is regarded as `Good'. EA surveys have revealed that the Cober supports Brown Trout (Salmo trutta), Eel (Anguilla anguilla) and Three‑spined Stickleback (Gasterosteus aculeatus), and that introduced or escaped Rudd (Scardinius erythrophthalmus) are also present. There has been a general improvement in water quality since the farm campaigns of the late 1980s.

The EA has drawn up River Quality Objectives (RQOs) for the Cober, in order to comply with the Surface Waters (River Ecosystem) (Classification) Regulations 1994. Bodilly Stream is required to comply with RE Class 2 and the rest of the upper Cober to RE Class 1 (EA, 1997a). Water quality currently complies with the RQOs.

Jenkin (1997) studied the effect of local geology, land use, mining activity, and point and diffuse pollution potential on the chemical composition of five Cornish rivers, including the Cober. The results indicate that the water quality of the Cober is within limits set by the EA for heavy metals.

2.11 Water Quality in the Lower Catchment
The LEAP Consultation Report (EA, 1997a) notes that biotic scores for the lower reaches of the Cober are affected by nutrient enrichment, especially below Helston STW. The results produce a biological classification of `Moderate'. Under the RQOs for the Cober, this stretch is required to comply with RE Class 2, which it does.

GCSE and A Level students from Helston School have been studying water quality of the River Cober for more than ten years, under the supervision of David Davies, ex‑Head of Geography. Students generally sample freshwater invertebrates and carry out simple chemical analyses. Some of these reports are available from the School.

As outlined in section 2.9, the original SWW flood alleviation scheme, under which the River Cober through Helston and on to Loe Pool was channelised, included plans for a sediment trap that were not carried out. The NT management plans repeatedly refer to the necessity for sediment control in the Cober, which would obviate the need for the current practice of dredging the River bed (NT, 1989b, 1992, 1996b, and others undated).

The STW serving RNAS Culdrose, which employs several thousand people, discharges into Carminowe Stream. Until recently, the STW was classified as Crown Exempt (Geatches, 1997). There is now a discharge consent for the site, but tertiary treatment is not stipulated. Routine monitoring of Carminowe Stream by the EA commenced in 1994. Data on orthophosphate show that the stream carries ten times the concentration of the Cober above Helston STW (Murdoch, 1997). It is likely that Culdrose STW is the major source of orthophosphate to Carminowe Stream (Geatches, 1997). In addition, biological surveys by the EA indicate poor water quality, and the presence of sewage fungus suggests organic enrichment (R. Wood, EA Biology, pers. comm.). This information contradicts commonly held views, based mainly on personal observations of water clarity and studies by pupils at Helston School, that quality was generally high (S. Gilbert, CBPS; D. Davies, Truro College, pers. comms.).

2.12 Water Quality in Loe Pool
A considerable amount of literature exists on the water quality of Loe Pool. The vast majority of this work emanates from a research group at the University of Plymouth headed by Dr Paddy O'Sullivan, who has studied various aspects of Loe Pool for about twenty years. The literature may be divided into three distinct areas: (i) palaeolimnological research, i.e. analysis of lake sediment cores, (ii) water quality monitoring and assessment, and (iii) modelling studies.

2.12.1 Palaeolimnological Research
Between 1979 and 1993, a number of BSc students at the University of Plymouth (previously Plymouth Polytechnic and Polytechnic South West) have undertaken Honours projects using palaeolimnological techniques applied to Loe Pool. Unfortunately, copies of many of the early dissertations are no longer available, but the majority are summarised in various papers by Paddy O'Sullivan and colleagues.

Simola et al. (1981), the earliest published paper on the palaeolimnology of Loe Pool, describes what was thought to be the first reported instance of a long sequence of laminated lake sediments from Great Britain. The significance of the laminations is that they reflect, indirectly, the climate over south west England. The sediments, in terms of their chemistry, indicate the history of the catchment, first, the period of mining activity (about 1870 to 1938), and second, in more recent years, the eutrophication of the Pool. The stratigraphy is described further in O'Sullivan et al. (1982).

Coard et al. (1983) summarises the work of several undergraduates, namely Lacey (1979), Cousen (1981), Dean (1981), Eglinton (1982) and Rodwell (1982). Diatom and cladoceran analysis, magnetic studies, and evaluations of tin concentrations and sterol content were undertaken. The work underlines the conclusions reached by Simola et al. (1981), as well as indicating that the laminations are annual (i.e. varves). O'Sullivan (1983) uses the work carried out on Loe Pool as the basis for a review of annually‑laminated lake sediments.

Parallel postgraduate research work was undertaken by Coard (1987) and Pickering (1987). The former focused on the correlation of palaeolimnological evidence with historical information, and provided the basis for Coard and O'Sullivan (unpublished). Pickering concentrated on chemical and physical analysis of the sediment and, with Coard, contributed to several of the papers mentioned above.

In 1989, Loe Pool was the subject of an excursion during the Vth International Symposium on Palaeolimnology, for which O'Sullivan et al. (1989) provided a guide, summarising research in this area. That same year, a seminar was held at (then) Polytechnic South West on Mycrocystis blooms in the south west, to which O'Sullivan (1989) contributed a paper using Loe Pool as an example.

2.12.2 Water Quality Monitoring and Assessment
In the early 1990s, EN became increasingly concerned about the deterioration of freshwater SSSIs as a result of eutrophication. Several independent evaluations were commissioned, including Wilson (1995), outlined in the next section, and Carvalho and Moss (1994). The latter study, also reported in Carvalho and Moss (1995), examined existing data on 102 SSSIs, including Loe Pool, for evidence of eutrophication. They concluded that the conservation interest of Loe Pool had been reduced and that the main source of phosphorus was Helston and Culdrose STWs, although agricultural activities may be a significant source of nitrogen. The management options proposed were that phosphorus removal at both STWs is urgently required, and should be introduced at the very least at Helston STW. They also recommended that the NT should be encouraged to impose stricter controls on nutrient inputs on those farms for which they are responsible.

The work carried out by researchers from the Natural History Museum on Water Net (section 2.7.4) recorded not only various groups of plankton, but also physico‑chemical factors for the two years. Sodium, potassium, magnesium, calcium, nitrate, ammonium, chloride, phosphate (as soluble orthophosphate) and sulphate were determined (John et al., 1998).

A number of water quality studies have been carried by HND/DipHE students at Cornwall College. Jones (1997) attempted to correlate phosphate concentrations in the Cober to rainfall levels, but the investigation proved inconclusive. Struggles (1997) analysed water from the River Cober above and below the STW, and concluded that the majority of orthophosphate emanated from sewage effluent.

The most reliable data on the water quality of Loe Pool are those produced by the EA. These are available to the public on request. However, Geatches (1997) provides a summary of recent data relevant to DETR criteria for waters subject to eutrophication, i.e. total phosphorus, orthophosphate, chlorophyll a, water clarity, dissolved oxygen and algal succession.

2.12.3 Modelling Studies
Historical records, together with results from palaeolimnological studies, were employed by O'Sullivan (1992) to model the changing phosphorus loads on Loe Pool. A more detailed study used information on historical land use in conjunction with data on fertiliser application rates and loss coefficients to model the changing phosphorus and nitrogen loadings (Elliott, 1994; Wilson, 1994; Acott et al., 1995). A similar approach was employed by Wilson (1995) to predict current loadings on a number of SSSI standing waters including Loe Pool. This work concluded that Loe Pool was hyper‑eutrophicated and estimated that between 62% and 81% of the phosphorus entering the lake was derived from sewage effluent.

In the first round of Sensitive Area (Eutrophic) designations under the 1991 EC Directive on Urban Waste Water, the case of Loe Pool was rejected by the Government following representations by SWW. Subsequent work by the EA in modelling (Murdoch, 1997) and monitoring has shown that the site exceeds DETR criteria on a regular basis and that during the summer months close to 100% of the orthophosphate loading derives from Helston STW. This evidence, summarised by Geatches (1997), has secured designation of Loe Pool as a Sensitive Area and action by SWW to comply with the Directive. SWW has, until very recently, refused to accept that effluent from Helston STW was responsible for a high proportion of the phosphorus load to Loe Pool, stating in 1993: "Consent limits are not set [for Helston STW] for nitrogen and phosphorus as the levels of these nutrients in the final effluent are negligible." (letter from H. Richards, Waste Water Technician, SWW to C. Wilson, University of Plymouth, 6th January 1993)

2.13 Other Scientific Studies
In April 1990, Marsh et al. (1993) carried out a particle tracing experiment at Loe Pool. It revealed that about 90% of the tracer particles were deposited within 150 m and 225 m of the Cober inlet. The authors concluded that, during normal flows, the areas of accumulation of sediment correspond with the maxima of tracer particle concentration. However, most sediment enters the lake during spate conditions when the circulation might be different from those of the experiment.

2.14 Recreation and Amenity
There are no official records of the levels of fishing on the River Cober, but some illegal angling is known to take place (EA, 1997a). No public recreational activities are permitted on Loe Pool itself. Boating and swimming are prohibited at the request of the Rogers family. Fishing is licensed and carefully limited in order to control the impact (NT, 1998). Fishing rights are reserved by the Rogers family, whose agents sell the tickets (NT, 1989b). In theory, according to the Penrose Estate Office licence, anglers must be resident in the old borough of Helston or in Porthleven, they may only fish from specific places on the bank, and they must not wade in the Pool. Anglers must also submit annual catch records. Ticket sales are restricted to fifty per annum, the season is from 1 April to 30 September, and a size limit of ten inches is imposed. In practice, there is little enforcement of any of these regulations, but interest in the fishery is generally low.

The NT (1989a) considers the native Trout population to be under severe pressure from angling as well as water pollution. It has suggested various measures to conserve the species:

(a)
preventing angling in the spawning grounds of the Cober

(b)
investigating ways of enhancing spawning grounds

(c)
monitoring all catch records by liaising with current licence holders and restricting if necessary

(d)
preventing rainbow Trout escaping into the Pool.

There is no public vehicular access to the Pool margins. The coast path runs across Loe Bar and there is a permitted access path around the inland margins of the Pool. The footpath on the West bank is the former metalled driveway of Penrose Estate. On the East side, the paths have never been surfaced and are therefore uneven and slightly muddy. NT (1989a) reports that the construction of the causeway through the carr in 1988 completed a full circular path close to the Pool margin, and consequently increases considerably the number of people using the paths. In this report it was stated that there should be no public access along the River banks and that the boardwalk access should be strongly discouraged. The current levels of public access in what was previously a very quiet and undisturbed area are incompatible with the fragile wetland vegetation, the important bird life and the presence of Otter. There is no further reference to this issue in subsequent NT reports on the locality (NT, 1996b, 1998). The Penrose Estate is very popular with walkers. The number of visitors to Loe Pool each year is estimated to be over 30,000 (NT, 1998).


2.15 Loe Pool Catchment Literature
This catalogue contains most of the publications found through the literature review. It includes some historical literature, but for a fuller list please refer to Coard and O'Sullivan (unpublished). For each publication, the main source is provided, but this does not necessarily mean that copies are available from that person. Publications referred to in the following chapters are listed separately at the end of this Report.
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3. Current Issues in the Loe Pool Catchment
3.1 Water Quality in the Upper Catchment
The EA considers the biological water quality of the upper reaches of the Cober, Bodilly Steam and Medlyn Stream to be generally good (EA, 1997). These water courses also comply with the recently introduced River Quality Objectives (RQOs). However, RQOs do not require consideration of nutrient levels. Although it is known that the majority of phosphorus input to Loe Pool is from sewage effluent (Geatches, 1997), other sources of nutrients may be significant, particularly agriculture (Peters, 1990; Wilson, 1995).

3.1.1 Agriculture
Agriculture in the upper catchment is devoted mainly to extensive beef stocking and dairy farming, with the majority of land given over to permanent pasture (CWT, 1995), as shown in Figure 3.1. A high proportion of the River Cober and Medlyn Stream valleys have been used for mining in the past, and the disturbed alluvial areas are unsuitable for farming. These areas have developed semi‑natural vegetation (mostly Willow carr), that is unlikely to be exporting nutrients. In addition, broad areas of Willow carr span the River where mining has not occurred. These Willow carrs form the basis of the wetland CNC sites described in section 2.5. However, there are stretches where the floodplain has been reclaimed for agriculture and fields extend to the edges of streams, providing suitable conditions for nutrient and soil loss (J. Dinsdale and H. Wilson, pers. obs.). Some farm buildings, including animal waste storage units, are situated close enough to streams to provide a potential point source of nutrients.

3.1.2 Septic Tanks
About 75% of the population of the catchment is connected to mains sewerage (EA, 1997). The remaining 25%, essentially the population residing outside of Helston, are served by septic tanks or other private facilities. Well maintained septic tanks are actually much more effective at removing nutrients than secondary treatment at STWs, with up to 90% of nitrogen and 97% of phosphorus retained (Wagner and Heyl, 1993). However, many of the facilities in the catchment may be old and less effective than they might be, or they may be badly sited. In addition, systems that were installed for a certain capacity may now be overloaded. The extent of the problem is, at present, unknown.

3.1.3 Other Sources of Nutrients and Sediment
The only other industries in the upper catchment, apart from agriculture, likely to contribute nutrients and/or sediment to the River are fish‑farming and quarrying. Dacum Fish Farm on Medlyn Stream and Boscadjack Fisheries on the Cober are granted discharge consents by the EA for effluent disposal (EA, 1997). Such consents do not generally contain limits on nutrient levels in the effluent, and it is possible that high concentrations are being exported (Moss et al., 1996; Maitland and Morgan, 1997). Boscadjack Fisheries is also granted an abstraction licence (section 3.3.1) for the same amount of water as is discharged. The situation regarding a discharge consent and/or an abstraction licence for Trannack Quarry is unclear, but incidental runoff from the working area may contribute significant amounts of sediment to the River.

3.2 Water Quality in the Lower Catchment
The EA considers the water quality of the lower reaches of the Cober to be fair, based on biological criteria, and it also complies with the RQOs set for this stretch (EA, 1997). However, RQOs do not require consideration of nutrient levels. There are three other watercourses in the lower catchment, none of which has been routinely monitored by the EA until 1994. These watercourses include Carminowe Stream, which receives effluent from Culdrose STW. Although the impact of sewage effluent on water quality in Loe Pool is well documented, agriculture may provide a significant source of nutrients (Peters, 1990; Wilson, 1995).

3.2.1 Agriculture
Land in the subcatchments of Penrose and Carminowe is generally of a higher agricultural grade than in the upper catchment, and it therefore tends to be more intensively farmed. Much less land is devoted to permanent pasture and more to arable, cereals, and market gardening (CWT, 1995). This is also the case in the Trevarno and lower Cober subcatchments, but the proportion of temporary and permanent grassland is increased. The export of nutrients from arable land and market gardening is generally higher than from permanent pasture (Wilson, 1995), not least because the soil is exposed to erosional processes for a significant proportion of the year. In addition, these crops generally require higher fertiliser inputs, particularly phosphorus, than permanent grassland (Peters, 1990). It is therefore likely that nutrient losses from agriculture in the lower catchment are significant, particularly where riparian vegetation is removed or too narrow to act as a buffer.

The proximity of several farms and agricultural buildings to Loe Pool, particularly those around the eastern shores and Carminowe Creek, may mean that their relative contribution is higher, especially ones that do not employ buffer zones. These farms may also contribute to algal proliferation in the Pool, since runoff may contain pesticides toxic to the zooplankton that prey on algae (Irvine et al., 1989; MacKenzie, 1998). However, all farms adjacent to the Pool are owned by the NT, which may prove to be an advantage in terms of introducing measures to reduce nutrient and pesticide losses.

3.2.2 Sewage Effluent
In the early 1980s, palaeolimological research at the University of Plymouth linked the eutrophication of Loe Pool to continued inputs of nutrients in sewage effluent from Helston. It is only recently, however, that SWW has acknowledged any responsibility, and are now impelled to act by the designation of Loe Pool as a Sensitive Area (Eutrophic) under the EC Urban Waste Water Treatment (UWWT) Directive. Following designation in July 1998, SWW must comply with the Directive by the year 2004 (T. Geatches, EA Water Quality, Bodmin). It may therefore be quite some time before the phosphorus levels entering Loe Pool are reduced.

Data produced by the EA (Geatches, 1997) has revealed that the water quality of Carminowe Stream is not as good as previously thought. It is likely that Culdrose STW is the major source of orthophosphate to Carminowe Stream. The STW contributes not only to the overall phosphorus levels in Loe Pool, but it is also liable to produce localised impacts.

Figure 3.1: Arable and Improved Grassland in the Catchment (CWT)

3.2.3 Silting of the Cober
As reported by Coard and O'Sullivan (unpublished), infilling of the lower reaches of the Cober has been ongoing for at least 160 years (Figure 3.2), and is mainly associated with periods of deep mining during the late nineteenth and early twentieth centuries. As a consequence of past infilling, the gradient of the River channel between Zacharys Bridge and the outlet into Loe Pool is currently very shallow (G. Angell, EA Flood Defence, to quantify). The process of infilling still continues, since a large proportion of the material carried in suspension settles out as the water slows down. Accumulation of deposited material further decreases the gradient.

The problem of silting is exacerbated by the fact that the Cober below Helston is channelised, and therefore separated from its floodplain. Silt that would normally be deposited on the floodplain during spates (Maitland and Morgan, 1997), now accumulates on the River bed or is carried through to Loe Pool. The low gradient of the Cober compounds the issue of flooding in Helston, because the slow flow is ineffective in delivering water to the Pool in times of spate, and, as a result, areas of the town built within the floodplain are susceptible to inundation (section 2.9).

The problem of silting was recognised by SWW in the design of the 1988 flood alleviation scheme, when the construction of a siltation pond was recommended as a third phase of the plan (SWW, 1988). This final phase was, however, never completed and silt must be continually removed in order to alleviate the danger of flooding (sections 2.6 and 2.9). Dredging of the River bed has been deemed necessary in 1992 and 1998 (Figure 3.3).

The sources of current silt deposits have not yet been investigated. Effluent from Helston STW contains 30 mg/l suspended solids, a rate that is unlikely to make a significant contribution to silt accumulation. Agricultural and urban runoff are therefore likely to be the major carriers of silt. Since so little (8%) of the catchment is urban (CWT, 1995), erosion of agricultural soil is most likely to be the major source.

The environmental impact of silting and of the consequent mechanical dredging of the River bed are four‑fold:

Disturbance to River Habitats: The continual build‑up of silt creates an unstable, and possibly unsuitable, substrate to support submerged and floating flora (Maitland and Morgan, 1997). Disruption of the substrates produces a significant impact on benthic invertebrates (Cummins, 1992). High suspended solids in the watercourse exclude filter feeding invertebrates, favouring detritivores, with a consequent loss in diversity. Fish are therefore affected by a loss of food supply. Suspended particles are an irritant to fish gills, which affects oxygen uptake. Silting causes smothering of spawning gravels and pools used by fish, which favours cyprinids and percids over salmonids. The silt itself is likely to be nutrient‑rich, encouraging the growth of attached and filamentous algae, further degrading the environment for other organisms. The flow within the lower reach is capable of moving loose sediment to create a variable bed. However, any favourable habitats established under these conditions are destroyed completely during the dredging process, and the resultant unsorted gravels produce a reduction in habitat variation.

Disturbance to Bankside Habitats: During dredging, heavy machinery travels the full length of the River bank removing material for a period of eight to ten weeks (Figure 3.3). Disturbance to fauna and vegetation is inevitable.

Figure 3.3: Dredging of the Cober in 1998 (a) Right Hand Bank in KDC Amenity Area (b) Left Hand Bank on NT Land (J. Dinsdale)

The degree of damage is, to some extent, dependent upon the timing of the operation and the amount of care taken by machine operators. Generally, the engineers prefer to undertake work in midsummer when drier weather generates lower flows, thus improving accessibility. While the dredging work continues, irrespective of frequency, it is necessary to maintain the raised access track on the right hand bank (section 2.9). The bank effectively isolates the floodplain from the watercourse. This is of particular relevance to the Willow carr which is no longer seasonally inundated by the Cober’s floodwaters.

The bankside vegetation is regularly cut to maintain access (section 2.9). In areas of restricted public access, this management programme sustains an open grassy community with high frequency of Hemlock Water Dropwort (Oenanthe crocata). While such open vegetation is useful as nesting and feeding habitat for birds and riparian insects, the natural Willow cover, destroyed in the construction of the access track, was of much greater conservation value. The fibrous roots of Willow stabilise the River banks, while the tree canopy minimises diurnal temperature fluctuations, and provides shading, allochthonous food supply and an important habitat for invertebrates (Andrews and Rebane, 1994).

Clearing the bankside vegetation of the Lower Cober produces a second, perhaps greater, impact on the conservation value of the riparian habitat, in that it provides unauthorised access for the public. On NT property, from the lower KDC amenity pool to the boardwalk, trampling pressure results in a metre wide tract of completely bare ground, close to the right hand bank. This level of public use causes considerable disturbance to wildlife and vegetation in and around the River and carr (section 3.6.1).

Influx of Silt into Loe Pool: During the dredging process, silt is constantly resuspended and carried downstream into Loe Pool. During normal flows, the majority of silt is deposited within 150 m and 225 m of the Cober inlet (Marsh et al., 1993). The build up of silt within this area of Loe Pool inevitably impedes flow during times of spate, adding to the problem of flooding upstream. In addition, the influx of suspended sediment for a significant part of the summer will affect water quality in the vicinity of the Cober inlet. The wider impacts of dredging on the ecology of Loe Pool are largely unknown.

Off‑Site Impacts: It is unacceptable for the excavated silt to be dumped alongside the River, as it was in the past, and therefore the large amount of material (2,000 tonnes in 1998) has to be taken away and disposed of elsewhere; it is an expensive exercise, costing about £40,000 in 1998 (letter from G. Angell, EA Flood Defence, 21st September 1998). In the long‑term, the practice of periodic dredging cannot be sustainable, and a more acceptable alternative needs to be found.

3.2.4 Urban Runoff
Urban runoff has been described as a cocktail of pollutants that vary from site to site, and over time at a particular site (Cutbill, 1994, cited in CIRIA, 1998). On average, urban runoff contains four to five times the nitrogen and between two and fifty times the phosphorus of water flowing from woodland (Henderson‑Sellers et al., 1988; Harper, 1992). It may also contain eroded surface material (e.g. tarmac), atmospheric deposits, petrol and diesel engine byproducts, and trace metals (Tourbier, 1994). The pollution potential of urban runoff is exacerbated by accidental spillage and wilful disposal. People often regard stormwater drains as disposal units for any liquid waste, including oil and paint. The diesel spill from Water‑ma‑Trout industrial estate in 1997 served to raise public awareness of the direct and rapid link between road drains and the River Cober.

There is relatively little urban area (434 ha) within the catchment (CWT, 1995), most of which is represented by Helston, but added to this is 145 km of road. These impervious areas increase the volume of surface water runoff. Urban sewerage system are designed to remove surface water runoff as quickly and as efficiently as possible. This approach does not recognise the impact of such pollution on receiving waters.

Road drains are generally served either by separate stormwater sewers or by combined sewer systems (Hall, 1984). Separate stormwater sewers are designed to discharge directly into local water courses. Combined sewer systems accommodate both foul sewage and stormwater within the same pipes. During times of dry weather the sewage is treated before discharge. Following a storm event, overflow structures limit the volume of runoff that is carried to the STWs and the excess is discharged untreated. Such combined sewer overflows (CSOs) are usually designed to operate when the current exceeds six times dry weather flow.

Both separate and combined systems operate in Helston. A separate stormwater system is in use within the new housing development area to north‑east of the town, with stormwater discharged directly into the River Cober. Within the historic centre of town, stormwater combines with water diverted from the Cober via Helston Kennels, and some domestic rainwater, to flow into an unnamed stream (NRA, 1993a). The unnamed stream discharges into the River Cober in the St. John’s area of the town. This stream water carries not only the pollutants of road runoff but also general street litter from the Kennels. There is no screening at point of discharge. The majority of runoff from the remainder of Helston is dealt with by CSOs. It is understood that SWW carried out a Drainage Area Analysis for the Helston sewerage system prior to a resewerage scheme in 1994 (NRA, 1993a), but there is no information available regarding the discharge frequency of untreated sewage into the Cober (P. McNie, SWW, pers. comm.).

Each road drain does include a silt sump, which studies demonstrate reduces suspended solids by between 34% and 79% (Corderey, 1976). However, during a storm event, basal sediments are likely to be disturbed and flushed out, so that regular emptying of silt sumps is necessary for them to perform their function (CIRIA, 1998). Cornwall County Council (CCC) Highways are responsible for the maintenance of these. At present their cleaning is contracted out, with KDC acting as agent (letter from J. Calvert, KDC Services, 30th July, 1998). Road drain sumps are checked every eight months (A. Newton, CCC Highways, pers. comm.).

Obviously, Helston, being the largest residential area, and adjacent to the River, must provide the greatest source of pollutants and nutrients from urban runoff. In addition, it is the only area where CSOs are in operation. However, some of the larger, similarly situated villages, such as Carnkie, may contribute locally significant levels of pollutants in road runoff.

3.2.5 Helston Cattle Market
Helston cattle market is granted a licence to abstract water from the Cober, but does not require a consent to discharge. The waste water is thought to go to the STW (Coard and O'Sullivan, unpublished), but drains discharging into the Cober adjacent to the market are surrounded by straw and animal waste (J. Dinsdale, pers. obs.). If waste water from the market is entering the River, this could cause localised impacts, with high levels of nutrients and BOD.

3.2.6 Other Sources of Nutrients
Coronation Lake, a popular local amenity, is hydrologically linked to the Cober. It is populated by a large number of wildfowl, that are fed by visitors. Large quantities of guano pass from Coronation Lake to the Cober via the outlet weir (J. Dinsdale, pers. obs.).

The KDC amenity area is situated on the site of the former town tip, which was closed in the 1970s. Considering the age and size of the site, it is unlikely to provide a source of nutrients today (C. Brewer, EA Environmental Protection, pers. comm.).

3.3 Hydrology
The natural hydrology of the lower reaches of the Cober and of Loe Pool have been altered significantly over the years, mainly to alleviate flooding in Helston, but also for amenity purposes. The ecological implications of most these changes are largely detrimental. For instance, Coronation Lake and the KDC amenity ponds are linked hydrologically to the Cober, and may be a source of enriched water and introduced species, such as Rudd, Water Fern (Azolla filiculoides) and Parrots Feather (Myriophyllum aquaticum). However, the three most important issues relating to hydrology are the level of water abstraction, the channelisation of the lower reaches, and the implications of the current and proposed water level management.

3.3.1 Water Abstraction
The level of abstraction from the River is related to water quality in that the lower the riverflow, the lower the dilution factor for discharges and runoff. Low flows are not conducive to healthy, diverse river habitats, especially for fish (Maitland and Morgan, 1997). Of the five licensed surface water abstractions in the upper catchment, South West Water (SWW) is granted by far the largest (EA, 1997), and is therefore likely to have the greatest impact. However, considering the licence dates from 1980, restrictions placed on the level of abstraction do appear to take downstream ecology and other uses into consideration (C. Valvona, EA Water Resources, pers. comm.).

Water is also abstracted from Loe Pool itself as irrigation for the surrounding farmland. Each new application to the EA is considered on an individual basis, but the cumulative effects are largely unassessed (M. Rule, EA Fisheries, Ecology and Recreation, pers. comm.).

3.3.2 Channelisation
Until fairly recently, the performance of the River as a drain for Helston, and as a carrier of effluent were the primary concerns related to the hydrology of the Loe valley. Historically, river engineering has been anything but sensitive to wildlife habitats, and this is certainly the case with the River Cober. The adverse impacts of channelisation and reprofiling (Figure 3.3) on the conservation value of the River and its floodplain are numerous, but the more important issues are:

(a)
loss of aesthetic qualities presented by a straight, uniform, and unvegetated stretch of River

(b)
distinct lack of habitat diversity, and paucity of associated flora and fauna

(c)
separation of the River from its floodplain, and consequent loss of seasonal inundation.

The issue of channelisation is inextricably linked to several other concerns, notably the perceived need to carry stormwater away from Helston as quickly as possible, the necessity for periodic dredging of the channel, and the implementation of the water level management plan. In recent years, attitudes towards river engineering have changed. There is a greater realisation that the shape and dimensions of a river are essentially self‑determined, and that an engineering scheme that imposes an unnatural regime will inevitably lead to instability, loss of design performance and efficiency, and adverse environmental impacts. The need for continual maintenance of the Cober's channel bears this out. 

3.3.3 Water Level Management Plan
The present water level management in Loe Pool is entirely artificial, with summer levels higher than those in winter. This arrangement will affect not only littoral vegetation, but also benthic organisms, fish, aquatic birds and mammals (Maitland and Morgan, 1997), because of the lack of exposed margins and of large expanses of shallower water in the summer. The proposed plan is to reverse this situation, partly so that Strapwort may re‑establish on the shoreline. However, the implications of this regime may not be entirely straightforward, and require further discussion.

Flooding: Lower summer levels in the Pool will increase the gradient in the River bed between Zacharys bridge and Cober outlet. This will decrease the risk of flooding in the summer (Halcrow, 1998; G. Angell, EA Flood Defence, pers. comm.). It is also thought that this will assist in alleviating siltation in the lower reach of the Cober (Halcrow, 1998), presumably owing to the associated increase in water velocity. The actual impact of the prescribed lowering of the summer water level on silt deposition from the River has not been calculated (letter from G. Angell, EA Flood Defence, 21st September 1998).

Cober Valley Reedbeds and Carr: Halcrow (1998) identified the drying out of existing marginal habitats and carr as a major disadvantage of the prescribed WLMP. The construction of a bund around these habitats in order to retain water would itself produce an unacceptable impacts. It was assumed that the Reed and carr communities would shift over time in line with new water levels, but it is not known whether this would in fact be the case.

The Cober Valley beds comprise very tall dense areas of Common Reed, interspersed with occasional Common Reedmace (Typha latifolia) (NT, 1996). Common Reed exhibits a moderate degree of flood tolerance, persisting where the water table is as low as 1 m below the ground, and tolerating up to 1 m inundation (Haslam, 1972). Its growth and succession into the perimeter of a lake is enhanced in nutrient enriched waters (Ulrich and Burton, 1985). Although the associated oxygen depletion within the root zone can limit growth, such depletion is unlikely at this site, since surface water from the carr feeds into the Reed bed and prevents stagnation. Based upon available site information and published literature on Common Reed, it is reasonable to assume that the existing beds will expand relatively rapidly to cover the exposed shore at the head of Loe Pool when lowering of summer water levels occurs.

Most freshwater Reedbeds will change over time to scrub and carr woodland through natural succession (Andrews, 1991). The annual accumulation of dead Reed stems leads to drier conditions and colonisation by other vegetation (Andrews and Rebane, 1994). In dense Reedbeds, especially those that are wet, scrub invasion may be slow (Wheeler and Shaw, 1987). Along the Carr‑Reed transition in the Cober Valley the build up of Reed litter is apparent, and a tall herb community is present with Hemlock Water Dropwort, Purple Loosestrife (Lythrum salicaria), Water Mint (Mentha aquatica) and Reed Canary‑Grass (Phalaris arundinacea). Ward (1991) states this Common Reed‑tall herb community is most susceptible to colonisation by Willow. Localised seeding of Willows has been noted by NT (1996). Available evidence therefore suggests that Willow carr will extend into the area currently occupied by the Common Reed‑tall herb community, when lowering of summer water level occurs.

A question still remains, however, over the impact of the WLMP on the area of Carr furthest from the Pool. Drying out of this upper section, above the boardwalk, has been suspected in the past (NT, 1989), and at that time the design of a solution proved very complex. The age structure of the carr is not known, but loss of this upper section may be an issue if it supports an older, more diverse woodland structure.

Shoreline: The shores of Loe Pool are quite varied. In the narrow central neck, steep rocky slopes, clothed with oak or exotic evergreens, descend into deep water. Parts of Carminowe Creek are bare and stony close to the shore, but are generally well vegetated above the water level. River alluvium fills the head of the Pool. Changes in water level will produce the greatest effect on gradually shelving shores. Byfield (1992) calculated that a water level 0.75 m below that maintained at the time of his survey would expose an average depth of 8.5 m of shore around Carminowe Creek and up to 24 m at the head of the Pool. Halcrow (1998) prescribed lowering the summer levels by between 0.80 m and 1.05 m, which would produce even more exposed shoreline in these areas than envisaged by Byfield (1992).

It is the flora associated with these shallow shores that have declined in recent years. Coard and O’Sullivan (unpublished) and Byfield (1992) hypothesise that large influxes of mine waste and permanent use of the Loe Bar adit may both have raised the mean lake level, and led to a decline in the amplitude of seasonal fluctuations in the lake. Since the restoration of the adit in 1986, water levels in the Pool have been disconnected from natural seasonal changes. It is to be expected that the current WLMP, which sees the summer level raised 0.3 mAOD higher than the winter levels, the reverse of a natural system, will have led to population declines in many littoral species.

Lowering the summer water levels and restoring more natural fluctuations in water levels will produce significant ecological benefits for the shallow shores of Loe Pool. The littoral macrophytes persisting in the Pool (Appendix 3) flower on emergence, and a summer draw‑down would increase their available habitat. The soft, moist mud exposed on lowering lake summer water levels contains high levels of organic matter, and supports a diversity of invertebrates. As a result of increased invertebrate density and diversity, the exposed shores would provide excellent feeding grounds for birds (Andrews and Rebane, 1994).

The recommendations contained in the Halcrow Report (1998) did not consider the timing or speed of drawdown, both of which are extremely important (Maitland and Morgan, 1997). For example, rapid lowering of water level tends to reduce species diversity on the exposed shoreline. Byfield (1992) considered that a programme which commenced in early May, saw a gradual reduction in water level over a period of two months and restoration to winter levels in October would benefit shoreline flora.

Closely connected to the impact of the WLMP is the management of the seasonally exposed shore. The seasonal fluctuations in lake water level may be sufficient to maintain an open vegetative sward dominated by annuals and with a high proportion of bare ground. However, one major issue which may arise in years following the implementation of the new WLMP is the loss of this open shore habitat to taller competitive vegetation. Common Reed is known to have increased on the shores of Loe Pool since cessation of grazing in late 1980s (Byfield, 1992; S. Bury, NT Lizard and Penrose, pers. comm.). Although Reedbeds are favoured for their rich associated birdlife, a pure Reedbed is, structurally, a very simple habitat of little botanical interest, and with a relatively small number of niches available for animals and plants (Tyler, 1991). Shore management will emerge as an issue when the dominance of Common Reed impinges on the diversity of shoreline habitats.

Strapwort: EN is very keen to implement a species recovery programme for Strapwort at Loe Pool (Halcrow, 1998). On the periphery of its range, Strapwort is a diminutive plant, found in only small numbers and scattered populations. These outlying populations are not genetically distinct from those in the Loire, the European stronghold of Strapwort (Durka, 1998).

A number of factors are known to influence the population dynamics of Strapwort at its remaining native site Slapton Ley, south Devon. Coker (1962) compiled a Biological Flora for Strapwort. Byfield (1992) identified water level, grazing and water quality as important environmental influences on Strapwort. Mills (1996) adds to this list climatic factors, in particular, summer sunshine hours.

The seasonal fluctuation of the prescribed WLMP was chosen to provide the open shoreline required by Strapwort (Halcrow, 1998). Further consideration must, however, be given to length and timing of the summer draw‑down period and the life‑history of Strapwort. Coker (1962) infers a minimum requirement of four months from germination to seed set. The period of drawdown needs to include an interval with climatic conditions suitable for germination, development and seed production. To date, the persistence of Strapwort seeds in the soil has not been investigated. However, an index calculated from Coker’s descriptions of the weight and dimensions of seeds, places Strapwort within the domain of those which persist over five years (sensu Thompson, 1993). Thus, Strapwort develops a reservoir of viable seeds in the soil, and germination which does not result in seed‑set serves only to deplete this seed bank.

Grazing cattle maintain the short open sward required by Strapwort, and the disturbance they cause brings germinable seeds to the surface. This latter requirement is particularly important in a depositional environment such as Loe Pool; the very small seeds of Strapwort will be rapidly covered by silt, and so incorporated into the seed bank. They must then be exposed to light in order for germination to take place. Mills (1996) observed that although grazing is essential for successful recruitment of Strapwort, unrestricted access depletes the seed bank and disturbs established plants. He recommended an access regime with the exclusion of stock during the main period of flowering and seed set.

Since grazing is required in order to maintain populations of Strapwort on the lake shore, the impact of grazing on other aspects of the Pool environment, in particular water quality (see below), must also be considered. Although access for animals is not a problem around Loe Pool, since the wetland at the head of Carminowe Creek is grazed, fences will need to be constructed. Some of these will be fairly close to the margin of the Pool and consideration must be given to aesthetics.

Although Halcrow (1998) reported that there is no evidence to suggest that Strapwort is compromised by eutrophicated waters, there may be two indirect effects excluding reintroduction of Strapwort at Loe Pool. First, blown surface mats of Water Net and algal scum currently accumulate and cover shores in the sheltered shallow bays of the Pool (Florey and Hawley, 1994). These are the potential reintroduction sites for Strapwort, and it is difficult to imagine the low competitive annual thriving beneath dense mats of dry Water Net. Second, the potential toxic effects of algae may exclude the grazing of cattle on the shoreline.

Submerged Macrophytes: In lake restoration, the lowering of water levels in spring in order to promote the growth of submerged macrophytes is a recognised means of triggering a shift from a stable turbid water state to a stable clear water state (Hosper, 1998). However, the speed and timing of drawdown is extremely important. A maximum fluctuation of 0.5 m per week is thought to be the limit for encouraging submerged macrophytes (Maitland and Morgan, 1997).

Water Quality: The indirect effects of lower summer levels on water quality will be an increase in temperature and a decrease in water residence time. A rise in temperature may be detrimental, in that algal productivity will be promoted, particularly that of Water Net (Hawes and Smith, 1993). However, this may well be offset by a decrease in water residence time, since nutrients will pass through the system at a faster rate.

As outlined above, the reintroduction of Strapwort will require summer grazing by cattle along Carminowe Creek shoreline. Water quality may be impaired locally not only in terms of direct nutrient inputs from waste, but also by the effects of trampling and stirring up of sediments.

Loe Bar: It is not envisaged that lower summer water levels will have any negative impact on the vegetation of Loe Bar.

3.4 Water Quality in Loe Pool
The water quality of Loe Pool has undoubtedly suffered as a consequence of eutrophication (section 2.12). The process of eutrophication tends to be complex and non‑linear (Hosper, 1998). As a consequence, its effects are also multifarious and often perplexing to unravel. Added to this, it is probable that other issues specific to Loe Pool, such as water level management, high levels of silting, and past influx of mine waste, have interacted with eutrophication to complicate matters. It is difficult, therefore, to attribute some effects solely to eutrophication. Nevertheless, declining water quality has greatly affected the site, primarily in terms of its value to nature conservation and to amenity.

The literature review in Chapter 2 highlights the fact that there is limited or no data on changes in several trophic levels of the aquatic community, such as phytoplankton, zooplankton, and invertebrates. For other levels, such as macrophytes and fish, the records are incomplete or anecdotal. The lack of reliable data renders an analysis of the impacts of deterioration in water quality extremely difficult. However, extrapolations can be made.

3.4.1 Effects on Conservation Value
There is anecdotal and documented evidence to suggest that Loe Pool was once a macrophyte‑rich, mesotrophic lake, albeit impacted by mining activity. The system may well have been inherently unstable, owing to its morphology and hydrology, with widely fluctuating water levels, periodic bar‑breaking, and marine incursions. However, the geology and soils of the catchment, prior to the advent of intensive agriculture, would probably have produced an external nutrient load sufficient to place Loe Pool in the mesotrophic category (Anon, undated).

Phytoplankton: Elevated nutrient levels generally produce excessive growth of phytoplankton, of which an important effect is a reduction in the depth of the euphotic zone (Wetzel, 1983). Dense phytoplankton populations are sufficient to reduce light to a level where it is inadequate to support the growth of submerged macrophytes (Jupp and Spence, 1977). Eutrophic waters produce larger algal crops more frequently, and for a longer duration; furthermore, there is a change in the prevalent species. Species associated with mesotrophic waters tend to decline with eutrophication, to be replaced by those such as Tabellaria fenestrata and Asterionella formosa. Nitrogen‑fixing blue‑green algae, such as Microcystis aeruginosa, are given an advantage by high phosphorus and low nitrogen levels in the summer, and cause nuisance blooms (Wetzel, 1983). Dense phytoplankton populations tend to deplete carbon dioxide levels, with an associated increase in pH, and cause spatial variations in oxygen levels (Talling, 1976). Such conditions lead to the exclusion of salmonids and favour cyprinids that are more able to feed in turbid conditions (Andrews, 1995).

These characteristic symptoms of eutrophication are all found at Loe Pool. Algal succession during 1995 and 1996 consisted of spring and early summer blooms, particularly of A. formosa and Staurastrum species, overlapping with summer and autumn blooms of blue‑greens, such as M. aeruginosa and Anabaena species (Geatches, 1997). Blooms of blue‑greens exceeded the warning threshold used by the EA during both summers (Figure 3.4). During 1994, 1995 and 1996, between 88% and 100% of samples exceeded standards for water clarity. In the same period, standards for chlorophyll a (used as a measure of algal productivity) were exceeded a significant number of times. The 1998 macrophyte survey (Appendix 3) confirmed that submerged species were absent from all but the shallowest water, most likely as a result of severe shading by phytoplankton.

Water Net Blooms: Water Net, a green alga that forms a cylindrical sac‑like network has been observed in Loe Pool since 1989, and reached nuisance levels in 1993 (Flory and Hawley, 1994). It is not known how Water Net reached Loe Pool, but it now appears to be prolific over large areas of the lake (Figure 3.4). Loe Pool is one of only a few sites in England where Water Net is observed, and it has therefore attracted attention from researchers at the Natural History Museum (John et al., 1998). Most research on growth of the alga has, however, been carried out in New Zealand (NZ), where it reached nuisance levels in lakes and rivers since its introduction in 1986 (Wells, 1994).

Figure 3.4: (a) Blue‑Green Algae (b) Water Net 1998 (R. Wood and J. Dinsdale)

Water Net is able to tolerate a temperature range of 5C to 40C, but the optimal level for growth is 25C (Hawes and Smith, 1993). It has a low minimum nitrogen requirement, with dissolved inorganic nitrogen (DIN) concentrations above 0.03 mg/l supporting healthy populations, which, according to the NZ researchers, suggests that nitrogen is likely to be the major limiting nutrient (Hall and Cox, 1995). Very low N:P ratios for nutrient sufficient cells implies that the alga is unable to store nitrogen (Hawes and Smith, 1993). No relationship was observed between the health of Water Net populations and dissolved reactive phosphorus (DRP) concentrations (Hall and Cox, 1995). It was concluded that Water Net is able to occupy a niche in NZ which precludes other filamentous algae by low nitrogen concentration and N:P ratio (Hawes and Smith, 1993).

The main mechanisms for the spread of Water Net in NZ are considered to be boats being moved between waterbodies and transfer by waterfowl (Hall and Cox, 1995), both of which may be the source of introduction to Loe Pool. No effective management method has been developed for use in NZ, although some control has been achieved by mechanical removal. The current situation is that Water Net has almost disappeared of its own accord, with only small patches remaining and certainly not at nuisance levels (J. Hall, NIWA, NZ, pers. comm.).

Macrophytes: Records of the submerged and floating flora from surveys carried out during three time periods is presented in Table 3.1, together with results from the 1998 survey (Appendix 3). Direct comparisons between these periods are not easy to make, because few surveys cover the whole lake, and estimates of abundance are not always recorded. However, a rough indication of changes induced by nutrient enrichment can be ascertained by using the system devised by Palmer (1989), under which a wide range of species are assigned to a trophic site type (oligotrophic, mesotrophic, eutrophic), and ascribed a Trophic Ranking Score (TRS) between 1 and 10.

The data suggest that, in the period before intensive agriculture (1874 to 1927), species present were mostly those associated with mesotrophic conditions (Palmer, 1989). Indeed, Lesser Bladderwort (Utricularia minor), recorded in 1927 (Margetts and David, 1981), is strongly associated with oligotrophic waters (Palmer, 1989). Two species, Amphibious Bistort and Lesser Pondweed, are more indicative of eutrophic waters. However, the latter is known to be frequently over‑recorded for Small Pondweed (P. berchtoldii) (Stace, 1991), a species that generally requires lower nutrient levels. The average TRS for this period may range between 6.9 and 7.3, which supports the idea of a mesotrophic system.

During the second period, 1961 to 1981, Lesser Bladderwort is no longer recorded, but Brackish Water Crowfoot (Ranunculus baudotii), a species exclusively associated with eutrophic waters in coastal ponds, emerges. The average TRS for this period is 8.5, which strongly indicates a shift towards eutrophic conditions (Palmer, 1989). During 1981 to 1989, both Perfoliate and Lesser Pondweed are not recorded, while another species exclusively associated with eutrophic waters, Horned Pondweed, is registered. Average TRS is 8.2, a slightly lower number than for the previous period, but higher than for the present time.

These figures underline one of the limitations of the TRS system, which is that relative abundance is not taken into account. The TRS for a species remains the same whether it is abundant or rare.





For instance, Six Stamened Waterwort was recorded as abundant during the 1961 to 1981 period, but it is now occasional. This significant change is therefore not taken into account. The conclusions of the 1998 survey are that the remnants of a mesotrophic‑associated community is now restricted to the very shallow water around the edges of Carminowe Creek, and that elsewhere submerged macrophytes have been more or less eliminated by the presence of dense populations of phytoplankton and Water Net. An exception is provided by the appearance of an aquatic moss Amblystegium riparium, not included in Table 3.1, which is indicative of enriched conditions (R. Wood, EA Biology, pers. comm.).

Fish: The use of Loe Pool as a Trout fishery over the centuries suggests that, aside from periods of intensive mining in the catchment, the water quality was such that suitable conditions for salmonids (clear water, presence of macrophytes, and areas of clean gravel beds) were present in the River and lake. Changes in fish community structure as a result of deterioration of water quality may have contributed to the imbalance between zooplankton and phytoplankton in the Pool. Though a fish survey has never been undertaken on Loe Pool, anecdotal evidence suggests that, historically, the Pool supported a poor diversity of fish species but a reasonably sized population of Trout. Changes during this century include an increase in the number of Rudd, latterly replaced by Perch, and a concurrent decline in the size of the Trout population (section 2.7.1). Perch and Rudd both lay their eggs in submerged vegetation, and the recent expansion in Water Net populations may have led to an increase in site availability for these fish, while the quality of salmonid spawning beds in the Cober has been in decline. It is likely that heavy deposits of silt prevent alevins of Trout from emerging from gravel beds, and so cause their death (Crisp, 1989).

Conservation Value of the Native Trout: Concerns about fish conservation relate solely to the resident Trout population. The conservation status of the Loe Pool Trout has been elevated by claims of genetic distinction based upon visual descriptions (section 2.7.1). It is not clear, however, if these claims are well founded. Nationally, the Trout is a polymorphic species showing considerable variation in morphology and physiology (Elliott, 1989), and extensive interpopulation variation. This variability led earlier workers to recognise up to ten species/subspecies in the British Isles (e.g. Houghton 1879; Günther, 1880). The description of the Loe Pool Trout as a land‑locked Sea Trout closely fits that of silver Lake Trout: a migratory fish smolting (gaining silvery scales) on route to a large inland body of water (Günther, 1880). Today, anglers report the Trout of Loe Pool to resemble Sea Trout in their size, build and strength, but lacking the silvery scales.

Currently, only one species of Trout, Salmo trutta is recognised (Elliott, 1989, 1994; Maitland and Campbell, 1992). Morphological distinctions are accounted for by differences in life histories, rather than genetics. The extensive genetic variability between populations occurs because individuals remain in their natal stream, or return to it to spawn. Furthermore, Trout which stay in the natal stream may form separate populations from those which migrate downstream to a lake, estuary or the sea because of variations in breeding time. However, where spawning coincides, cross‑breeding frequently occurs (Maitland and Campbell, 1992). Thus, populations of Sea Trout, Lake Trout, Brook Trout, etc. are not sufficiently genetically isolated, and are therefore no longer acknowledged as distinct species or subspecies.

Ubiquitous stocking of rivers and lakes has, however, done much to reduce the genetic differentiation between populations. Recent work has begun to emphasise the importance of genetic conservation in this species, in particular the need to identify those isolated populations that still exist (Ferguson, 1989; Elliott, 1994). The Loe Pool Trout are indeed more isolated than most populations, because the Pool has been physically separated from the sea for at least six hundred years (Beharrett, 1988), and perhaps much longer (Coard and O’Sullivan, unpublished). Added to this, the Pool is reputed never to have been stocked (Penrose Estate Office Records; Canon Mossop, personal friend of Rogers family, pers. comm.). However, the Trout have not been genetically isolated for a sufficient period of time to be of importance for their genetic ancestry (M. Elliott, Institute of Freshwater Ecology, Cumbria, pers. comm.). Thus, their conservation value lies solely in being the only population of Brown Trout native to a Cornish lake.

Waterfowl: It might be expected that waterfowl populations would respond to changes in water quality, since eutrophication is linked to plant and invertebrate community changes. Furthermore, there has been an increase in perch, which are known to compete with benthivorous waterfowl for food (Winfield et al., 1992).

The average numbers of common waterfowl species since 1959/60 are shown in Figure 3.5. Numbers fluctuate widely from year to year, but there are no consistent trends over time. In addition, the diversity of waterfowl populations appear to be unaffected by the decline in water quality (S. Gilbert, A. Pay, CBPS; S. Bury, NT Lizard and Penrose, pers. comms.), and there are no records of abnormal deaths (S. Bury, NT Lizard and Penrose, pers. comm.).

There has been a four to five fold increase in Cormorants (Phalacrocorax carbo) on the Pool since 1994 (CBPS, 1991‑1996). There has been an increase in inland Cormorant sightings nationally, over a similar time period (Hatcher, 1998). The increase noted at Loe Pool may reflect the change in the fish community towards greater numbers of Perch.

3.4.2 Effects on Amenity Value
Loe Pool is an important tourist resource for the area, with 30,000 visitors to the Penrose Estate each year (NT, 1998). For much of the time, the views around the Pool from the permissive and coastal paths are exceptionally scenic. However, from May to September, throughout the height of the tourist season, the appearance of the water body is tainted by algae, and the large mats of senescent Water Net that accumulate on sheltered shores. Add to this the necessity of warning notices extolling the danger of the poisonous water, and the scene is somewhat less attractive. In the minds of visitors, such sights reflect badly on Cornwall and on the NT.

3.5 Loe Bar
The continued consolidation of Loe Bar is of paramount importance to the survival of the Pool as a freshwater habitat. It is unlikely, in the foreseeable future, that natural conditions will change sufficiently to threaten it. However, if global warming proves to be a reality, and sea level rise occurs, the Bar may be eroded or overtopped by waves. The repercussions for the Pool will be a change to brackish conditions and a consequent switch in species.

Figure 3.5: Numbers of Wildfowl Observed on Loe Pool During Winter Months (CBPS)

3.6 Recreation and Amenity
3.6.1 Visitor Pressures
There have been complaints from local residents to the consultants regarding use of mountain bikes on eastern, unsurfaced paths of the lake, and also a request from local bird watchers that dogs be kept on the lead around the Pool. Currently, within the Penrose Estate visitor pressures are not generally considered an issue. The exception is along the bank of the Cober, where the construction of the machinery access track from Zacharys Bridge to Loe Pool (section 2.9) has created a major public access problem. The track provides a convenient route for walkers from the town of Helston, the KDC amenity area or car park, down to the Pool’s permissive circular path and the Estate drives (Figure 3.6). It is not designated a public right of way, yet it remains one of the most heavily used footpaths in the catchment (A. Cameron, NT Lizard and Penrose, pers. comm.). Following work detailed in the 1988 flood alleviation scheme (section 2.9), the access track as far as the Pool edge was heavily used by the public (R. Howard, NT Lizard and Penrose, pers. comm.). A fence erected by the trust in 1995 successfully deters access to the River banks beyond the boardwalk. However, the circular routes down the track, and either across the board walk and returning via the Estate driveway, or via Lower Nansloe’s drive, remain favourite short circular routes. The resultant disturbance produces an enormous impact upon the value of the banks for wildlife, affecting the value of the site for birdlife and bank mammals, and causing localised trampling of flora. In 1995 and 1996, the carr was very dry and this opened up access to dogs, to the detriment of the ground flora (A. Cameron, NT Lizard and Penrose, pers. comm.). This level of public access is considered incompatible with the fragile wetland communities (section 2.14). Attempts to prevent access from KDC amenity area on to NT property have been unsuccessful. Padlocked post and rail gates have been erected on the NT‑KDC boundary (Figure 3.6) on a number of occasions, with signs indicating that the area is of nature conservation value and not open to public access. These have been ignored and the structures vandalised (A. Cameron, NT Lizard and Penrose, pers. comm.).

3.6.2 Angling Pressures
At this critical time for the native Trout population (section 3.4.1), consideration must be given to the effects of angler activities, both in the River and in the lake, on the fish community imbalance. Although it is generally assumed that interest in the Loe Pool fishery is low, there are no recent records of the number of fish taken from the lake. The EA is aware of some illegal rod fishing on the Cober, but reductions in staffing levels and funding mean that routine policing is not carried out (EA, 1997).

Figure 3.6: Access Along the Lower Reaches of the River Cober
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4. Options for Management
4.1 Agri‑Environment Schemes in the Upper Catchment
In the long term, the most effective means of reducing the impact of sediment and nutrient loads from agriculture is to address the problem at source, i.e. at the farm level. The intensification of agriculture in the post‑war era has entailed not only substantial increases in fertiliser application rates (Chalmers et al., 1990), but also the adoption of practices that exacerbate soil erosion (Arden‑Clarke, 1988). Two basic strategies have been adopted in order to reduce the level of agricultural impacts on the environment (Potter, 1991). One approach is to accept modern intensive farming, and reduce its effect on water quality through the removal of waterside land from agricultural production (the land diversion strategy). The other approach is to encourage farmers to adopt methods and systems of production that result in an overall reduction in the intensity of farming (the extensification strategy). In practice, reducing agricultural nutrient and soil losses may entail using aspects of both strategies.

In the upper catchment, the land consists of a mosaic of lowland heath and permanent grassland, with a small proportion of arable land (Peters, 1990; CWT, 1995). Within the catchment there are a number of Cornwall Nature Conservation (CNC) Sites, many of which consist of tracts of Willow Carr on floodplains of the River and streams (section 2.6). Comparatively little agricultural improvement has occurred in recent years, but a large proportion of the Cober and its tributaries is bordered by only narrow bands of woodland, and, on a number of holdings, land is farmed up to the watercourse on one or both banks.

Part of the solution therefore is to encourage the enhancement and creation of floodplain and riparian vegetation, the effect of which would be to buffer watercourses from nutrient and soil losses, to connect CNC sites and other semi‑natural wetlands for the benefit of wildlife, and to improve the landscape value of the catchment. In addition, some areas would benefit from being farmed less intensively, and in others, traditional practices need to be reintroduced. Incentives for such objectives are available to farmers through the CSS, administered by MAFF. There are certain types of landscape, habitats and features which are eligible for CSS, including waterside land, old meadows and pastures, lowland heath, field boundaries, and field margins on arable land. Although the Scheme is not restricted to any designated area, it is targeted to particular priority areas in each county. Appendix 2 outlines the case for the Cober catchment to become a priority area. The benefits of a successful application of CSS in the catchment are many fold, but several aspects are of particular importance. 

4.1.1 Floodplain Wetlands
Floodplain wetlands provide a wide range of functions. They serve as sinks for suspended sediment (Walling et al., 1996), nutrients (Burt and Haycock, 1996) and heavy metals (Macklin, 1996). A further function is that they store water in the long‑term, which provides maintenance of base flows during dry periods (Newson, 1997). The faster surface water is delivered from the land to the stream channel, the more immediate the effect of heavy rainfall, in terms of downstream flooding. Conversely, the greater the capacity of the upper catchment to retain water, the slower its release to the stream channel, and the less likelihood there is of surges of water, and resultant flood events.

The capacity of floodplains for retention has led to the recognition that the reinstatement of floodplain wetland can buffer many of the effects of intensive farming. In areas where land adjacent to watercourses has been agriculturally improved, the establishment of effective buffer zones usually requires the removal of drains. Undrained grassland has been shown to be reasonably efficient in reducing nitrate loss, through the process of denitrification (Haycock and Burt, 1990), whereas for phosphorus, which is mainly transported through surface runoff, woodland buffer zones appear to be more effective (Phillips, 1989).

Buffer zones are increasingly designed with the dual aim of enhancing both water quality and nature conservation interest. In some respects, however, these two objectives may not be reconcilable. The trapping and assimilation of excess nutrients in the riparian zone may increase the fertility of the soil to the extent that a diverse, species‑rich plant community may not develop (Bakker, 1987). In order to overcome this, the more exacting requirements necessary for nature conservation need to be adopted. For instance, the width required for an efficient nutrient buffer zone is 15 m to 30 m, whereas for habitat conservation a width of about 80 m is needed (Haycock and Muscutt, 1995).

While the potential of constructed buffer zones for reducing nutrient loads is clear, several critical questions have been raised (Muscutt et al., 1993). First, investigations into their efficacy have been carried out in other countries (mainly the United States), where soils, climate and drainage systems may be different from those of the UK. Second, the long‑term performance of constructed buffer zones has yet to be fully evaluated. It has been suggested that riparian areas may reach an equilibrium, such that retained nutrients would subsequently be released (Ormenik et al., 1981), or that conversion to more mobile nutrient forms may occur (Dillaha et al., 1986). It follows therefore that the wider the buffer zone, the longer it will maintain its capacity for efficient retention, and the more potential there is for a balanced system to develop. 

Figure 4.1 illustrates the land use 50 m either side of the River and streams for the whole catchment. A fair proportion in the upper catchment is defined as woodland, wetland, marginal grassland or heath, and these areas need to be maintained and enhanced in order to retain their buffering capacity. However, a high proportion is under improved grassland, and some arable exists as well. The reinstatement of floodplain woodland in these zones could be achieved via the CSS. The benefits of reinstating functional floodplains in the upper catchment are, in the long‑term, far reaching. It will not only enhance wildlife and landscape value in the immediate area, but the impact will undoubtedly be felt downstream in terms of reduced sediment and nutrient loads, and, potentially, lower levels of River surges.

4.1.2 Field Margins on Arable Land
Under the CSS, there is the option to create networks of uncropped or grassy margins around arable fields, in order to provide wildlife habitats and corridors, and to act as buffer zones (MAFF, 1997). There is a school of thought that suggests that riparian buffer zones may not be as effective as those placed down‑slope of arable fields, since the latter are closer to the source of nutrients (D. Scholefield, Institute of Grassland and Environmental Research, pers. comm.). Whether this is the case or not, the establishment of grassy margins around arable fields is likely to reduce nutrient, sediment and pesticide losses, as well as enhancing wildlife potential.

Figure 4.1: Current Riparian Land Cover in 50 m Zones (CWT)

4.1.3 Field Boundaries
Changes in farming practices have led to the removal or neglect of traditional field boundaries (MAFF, 1997). Under the CSS, field boundaries can be restored or rebuilt following traditional practices, for the enhancement of wildlife and landscape. However, field boundaries also provide a role in reducing nutrient and sediment losses through interrupting and slowing runoff. Hedgerows and vegetation below walls are likely to trap sediment and assimilate nutrients.

4.2 Reducing Sediment Losses from Industry
It is possible that industry in the catchment, such as quarrying, are contributing silt to the River. A potential remedy to this situation is for water used for washing down surfaces to be channelled into settling ponds prior to discharge, and the sediment disposed of on land. For temporary operations such as housebuilding, sand bags can be used to intercept runoff containing soil and sand (Cooke et al., 1993).

4.3 Reducing Nutrient Losses from Septic Tanks and Other Minor Sources
About 25% of the population in the catchment are served by septic tanks (EA, 1997) that may be acting as a source of nutrients. The only approach to this potential source is to assess the effectiveness of present septic tanks, and, if problems are confirmed, to advise and encourage residents to upgrade and update their systems. In some cases, advice on managing septic tanks more effectively may be sufficient to solve the problem of overloading (American Ground Water Trust, 1990).

Other minor sources of nutrients may include fish farms, of which there are two in the catchment. If high concentrations of nutrients are detected, their discharge consents may need to be adjusted. Coronation Lake may also act as a source, as a result of large bird populations. Action may therefore need to be taken to prevent guano from entering the River. 

4.4 Agri‑Environment Schemes in the Lower Catchment
In the lower catchment, agriculture tends to be more intensive and a much higher proportion of land is devoted to arable (Peters, 1990). For this reason, as well as the proximity of the area to Loe Pool, changes in agricultural practices need to be encouraged. Figure 4.1 illustrates the land use adjacent to water courses and the lake, and demonstrates the relatively high proportion devoted to improved grassland and arable. Buffers zones, especially on arable land adjacent to the Pool, are necessary to reduce runoff containing nutrients, sediment and pesticides. As outlined in section 4.1, the CSS provides an ideal opportunity for land to be converted to buffer zones.

The NT, which owns most of the farmland around the lake, needs to be actively involved in encouraging more of their tenant farmers to enter waterside land into CSS agreements. In addition, the production of whole farm plans by tenant farmers would address problems of pollution in a more holistic manner.

4.5 Reducing the Impact of Sewage Effluent
4.5.1 Use of Non‑Phosphate Detergents
It has been estimated that detergents contribute about 10% to 25% of phosphorus exported to surface waters in the UK (Wilson and Jones, 1994). The elimination of phosphorus from detergents may, therefore, provide reductions in loadings from Helston STW. Sodium tripolyphosphate (STPP) is added to detergents as a `builder', which performs a number of functions. Its most important role is in softening the water by sequestering calcium and magnesium ions. STPP also maintains pH at required levels and prevents redeposition of dirt particles on clothes. Essentially, STPP allows surfactants in detergents to operate at maximum efficiency, thereby reducing the amount of powder needed.

As a result of concern about eutrophication, and consequent legislation in several countries, manufacturers have gradually replaced STPP with alternative builders (Wilson and Jones, 1994). The majority of domestic detergents in Germany, Italy, Switzerland, Austria, Norway and the Netherlands, and a significant proportion in France, Belgium, Sweden and Denmark, no longer contain STPP. In the USA, initiatives to curb the use of phosphate in detergents began during the early to mid 1970s (Jones and Hubbard, 1986). By the mid 1980s, phosphate detergent bans were implemented in several states, particularly those around the Great Lakes. In the UK, the process of replacement has taken much longer, and it is only during the last few years that phosphate has steadily lost its market share (Wilson and Jones, 1994).

Several alternative builder systems have been developed, although some, such as EDTA and NTA, have aroused reservations about their acceptability on environmental and health grounds (Wilson and Jones, 1994). The most widely‑accepted alternative to STPP is zeolite A, which is derived from aluminium oxide, and is apparently inert. However, zeolite A does not fulfil all the functions of STPP and must be used in conjunction with co‑builders, usually polycarboxylic acids (PCAs), which are petroleum‑based compounds.

As mentioned above, detergent phosphate bans were implemented in the USA during the mid 1980s. Such bans, which often provoked controversy, were introduced within the catchments of lakes affected by eutrophication, in attempts to improve water quality. In a number of States in which legislation was introduced, limnological investigations were carried out to assess the impact of bans. In a summary of research covering five States in which bans were implemented, Maki et al., (1984) came to the conclusion that the elimination of detergent phosphate did not measurably improve lake water quality. Most studies reported that any changes were too small to observe, compared to natural variations. The reason given for the lack of improvement was that the reductions in phosphorus loadings caused by the bans were generally insufficient to induce a change in trophic status.

In response to the conclusions drawn by Maki et al., (1984), and subsequent criticism of detergent phosphate bans, Lee and Jones (1986) reported the development of a general relationship which could be used to evaluate the potential benefits of such bans. It was based on the finding that a 20% reduction in phosphorus loading must be achieved in order to produce a discernible effect on water quality, independent of the trophic status of a water body. Lee and Jones concluded that eutrophication‑related water quality could rarely be improved by a ban, and only where a high proportion of the phosphorus entering a water body is derived from detergents.

A more recent contribution to the continuing debate over the use of phosphates in detergents is provided in a report by Wilson and Jones (1994). These authors compared life cycle assessments (LCAs) of STPP and of zeolite‑PCA. The relatively new, and still developing, discipline of LCA evaluates the environmental impact of products and processes from `cradle to grave'. The results of the study indicated that there are no appreciable differences in environmental impact between the two builders when assessed over their full life cycle. The authors emphasised, however, that there were a number of uncertainties concerning the environmental fate of zeolite‑PCA, and that the few studies carried out indicated that caution should be exercised. There was evidence to show that if STPP substitutes are persistent in the environment, their use could lead to heavy metals being mobilised, with potentially adverse consequences, of particular relevance in this catchment. In addition, the use of zeolite‑PCA produces a significant increase in waste water sludge generation, and reduces the nutrient value of sludge when it is applied to farmland. In Switzerland, a detergent phosphate ban introduced in 1986 caused other unwelcome side‑effects, including increases in the volume of detergent usage (15%), and in the sales of decalcifiers (54%) and stain removers (31%).

There are, therefore, a number of factors to take into account when assessing the applicability of encouraging a switch to non‑phosphate detergents in Helston. It is difficult to assess accurately the proportion of phosphorus currently contributed by detergents, but an estimate would be between 27% and 36% (based on Wilson, 1995). It is probable therefore that if all the residents of Helston adopted the use of non‑phosphate detergents, a discernible change in water quality would ensue. However, full co‑operation is unlikely, and, considering the possible adverse side‑effects, a campaign to promote the use of non‑phosphate detergents would not be advisable.

4.5.2 Diversion of Effluent from Helston STW
Diversion of effluent from sewage treatment entails the construction of pipelines to reroute wastewater out of a lake's drainage basin (Cooke et al., 1993). The effluent may be diverted downstream of the lake, to another catchment, or directly to sea. Such an option may seem attractive, but there are several drawbacks:

(a)
The diverted effluent may have a deleterious effect on recipient waters (Dunst et al., 1974), so that the problem of enrichment is merely shifted elsewhere. Diversion to sea, rather than rivers, is more acceptable, since the dilution factor is higher.

(b)
Depending on the distance and logistics involved, the cost of diversion can be high (Cooke et al., 1993). The benefits of diversion (based on estimates of the proportion of phosphorus contributed by sewage effluent) must, therefore, be weighed against the costs.

(c)
As a result of diversion, the flushing rate of a lake may be reduced significantly, increasing the length of time nutrients are retained (Moss et al., 1990). This may produce undesirable changes in the phytoplankton, despite a reduction in phosphorus load.

For some lakes, however, diversion of sewage effluent may be a viable option, particularly for those lying close to the sea. In England, diversion has been implemented at Alderfen Broad, where phosphorus‑rich stream water was re‑routed around the lake, and at Barton Broad, where effluent from a STW was diverted to sea (Moss et al., 1988). After diversion in 1979, Alderfen Broad initially experienced reduced total phosphorus concentrations and phytoplankton populations, clear water and the establishment of submerged macrophytes (Perrow et al., 1994). However, diversion also led to a decrease in water level and flushing rate, which seems to have encouraged increases in internal phosphorus loading and concentration, so that the initial favourable effects were not maintained.

A well‑documented case of water quality improvement following diversion is that of Lake Washington, USA (Cooke et al., 1993). The main reason for rapid recovery was the fast rate of water renewal (0.4 per year) in relation to depth (mean of 37 m). In addition, the large hypolimnion had not reached an anoxic state, so that its internal loading, after diversion, was insignificant. The diverted water contained 88% of the lake's external phosphorus load, but, in terms of volume of inflow, was not sufficient to reduce significantly the flushing rate.

These cases serve to illustrate that, for diversion to produce a marked improvement in water quality on a long‑term basis, the effluent should represent a significant proportion of external phosphorus load, but not of inflow volume (Moss, 1988). This maxim seems to apply particularly in the case of shallow lakes in which internal loadings are potentially high.

In the case of Loe Pool, the effluent from Helston STW represents a highly significant proportion of the phosphorus load (Wilson, 1995; Geatches, 1997), and, on an annual basis, about 15% of the inflow volume (calculated from EA data). It may appear initially that diversion is a viable option in terms of the likely response of the Pool, based on evidence from elsewhere. However, the proportion of the inflow represented by the effluent will be notably higher in the summer months, particularly since, during low flows in the Cober, supply is supplemented by water from Stithians Reservoir (EA, 1997). Without the inflow from effluent, the summer flushing rate may be reduced significantly, with potential negative implications for the system.

From the point of view of SWW, diversion of effluent is economically and logistically infeasible, especially compared to the installation of tertiary treatment (P. McNie, SWW, pers. comm.). The location of Helston STW at the bottom of a valley means that diversion to another catchment is practically impossible, and piping the wastewater around Loe Pool and out to sea would be prohibitively expensive, at a cost of £1,000 per metre.

4.5.3 Tertiary Treatment at Helston STW
Tertiary treatment of wastewater is most often directed at the reduction of nutrient levels, and a phosphorus removal rate of 90% or more may be achieved (Wilson and Jones, 1994). This may be accomplished through either chemical or enhanced biological treatment, or a combination of both (Yeoman et al., 1988). Chemical treatment involves the addition of calcium, iron or aluminium salts in order to achieve phosphorus precipitation. Biological removal relies upon enhanced phosphorus uptake by bacteria, in excess of normal metabolic requirements, within the activated sludge process used for secondary treatment.

Chemical phosphorus removal, usually with ferric sulphate as the precipitant, is the method most commonly employed in Britain (Wilson and Jones, 1994). The main advantages of using ferric sulphate are the low cost, and the de‑watering properties of the sludge produced (Yeoman et al., 1988). However, ferric phosphate, the precipitate, is relatively inaccessible to plants, which limits utilisation of the sludge as fertiliser. Additionally, iron is not the most efficient precipitant and may cause corrosion and staining. A disadvantage of chemical methods in general is the increased volume of sludge produced, by between 15% and 35%, which may exacerbate disposal problems (Yeoman et al., 1988; Thomas and Slaughter, 1992).

Enhanced biological methods generally produce less sludge, of a quality more suitable for use as fertiliser (Yeoman et al., 1988). The rate of phosphorus removal is often higher, but loss of efficiency may occur with changes in operating conditions, such as the ratio between chemical oxygen demand and phosphorus concentration, such that it may be necessary to use chemical processes as a back‑up. Other problems include the uncontrolled growth of bacteria, which may lead to bulking of the sludge, and the high degree of operator skill required by the process. One advantage of advanced biological treatment is the saving on operational costs (10% to 20%) of chemical precipitants. A further benefit is that nitrogen is removed at similar rates to that of phosphorus.

In order to comply with the UWWT Directive, SWW is considering the options available, and the costs involved, and is most likely to choose chemical dosing (P. McNie, SWW, pers. comm.). Installation expenditure will be in the region of £200,000, and chemical precipitants will cost £15,000 to £20,000 per year. Under the Directive, SWW must demonstrate a phosphorus removal rate of at least 80% or a concentration of 2 mg/l in the final effluent (Council of the European Communities, 1991). However, modelling by the EA estimates that 90%, and preferably 100%, removal would ensure compliance with the DETR standard of 50 mg/l total phosphorus in the lake (Geatches, 1997). If even lower concentrations are needed to achieve a clear water state, other sources of phosphorus, such as agricultural runoff and Culdrose STW, will also need to be addressed.

Legally, SWW do not have to comply with the Directive until 2004. It is not beyond the realms of possibility, however, that the company may be persuaded by community pressure to comply sooner than this, so that restoration measures can be implemented earlier. Under the Directive, SWW is required only to reduce phosphorus levels, and not nitrogen (Council of the European Communities, 1991), despite the fact that Loe Pool is overloaded with the latter by between three and twelve times (calculated from Peters, 1990).

4.5.4 Tertiary Treatment at Culdrose STW
Culdrose STW serves the Royal Naval Air Station HMS Seahawk. About 900 personnel are accommodated full‑time at Culdrose, and some 2,500 visit the site daily (letter from Capt. C. Quarrie, RNAS Culdrose, to P. O'Sullivan, University of Plymouth, 29th March 1993). The effluent is discharged into Carminowe Stream, which carries a phosphorus concentration ten times greater than that of the Cober above Helston STW (Geatches, 1997). This, coupled with the fact that implementation of the UWWT Directive at Helston STW is unlikely to achieve the DETR standard for total phosphorus in the lake, supports the case for tertiary treatment at Culdrose STW. The question is whether the Ministry of Defence would be willing to finance the installation of chemical or enhanced biological treatment. An alternative to the more costly methods outlined above is the use of constructed wetlands. This method of treatment is becoming increasingly popular, as it is seen as more environmentally‑friendly and `natural' than technological methods.

Constructed wetlands or Reed Bed Treatment (RBT) systems consist of soil or gravel filled beds, in which the Common Reed and/or other species are planted (Cooper et al., 1990). They may be used for complete treatment of sewage after primary settlement. More commonly, however, RBTs are employed to `polish' wastewater effluents. The advantages of using RBTs for tertiary treatment, rather than the methods outlined above, are low capital and maintenance costs, simple construction, and an ability to withstand a wide range of operating conditions.

The Reeds perform a range of functions within constructed wetlands (Brix, 1994). Various physical effects are the most important. These include stabilising the surface of the bed, providing conditions for physical filtration, and increasing the surface area available for microbial growth. Other important functions include oxygenation of the rhizosphere, which aids aerobic degradation of organic matter and the process of nitrification. The aesthetic and wildlife value of macrophytes may also be significant, especially in areas devoid of such habitat.

In the UK, a number of RBTs have been constructed, most of which are specifically designed to provide cost‑effective tertiary treatment at smaller STWs (Green and Upton, 1994). Performance data from several RBTs indicate that they are highly effective in reducing total suspended solids (TSS), biochemical oxygen demand (BOD) and ammoniacal nitrogen concentrations. RBTs do not, however, appear to reduce phosphorus levels substantially. Results from five sites demonstrate that, on average, total phosphorus is reduced by 21%, from 9.5 mg/l to 7.8 mg/l. Orthophosphate levels are lowered by an average of 15%, from 8.9 mg/l to 7.8 mg/l. These performance levels are enhanced by the inclusion of comparatively newly RBTs, which seem to possess greater capacity for precipitation of phosphorus. The older systems monitored achieve only 3% to 14% total phosphorus and 0% to 11% orthophosphate removal rates.

The use of constructed wetlands for tertiary treatment seems to be gaining acceptance among water companies that are seeking cost‑effective ways of meeting more stringent discharge consents on TSS and BOD levels at smaller STWs. In terms of phosphorus concentrations, however, this method does not appear to achieve sufficient reductions, especially over time. It may therefore be the case that a more technically sophisticated method of nutrient removal will need to be installed at Culdrose STW, albeit with added cost implications.

4.6 Sediment Trap/Detention Pond in the Lower Catchment
Silting of the lower reaches of the Cober is an issue that cannot easily be solved, since part of the problem is the low gradient of the River caused by infilling during periods of mining (Coard and O'Sullivan, unpublished). Current contributions to the silting of the Cober are thought to derive from erosion of agricultural soil and urban runoff from Helston, with the former providing the major source (section 3.2.3). There remains a need to quantify the relative contribution from these sources. This would require a study using mineral magnetics or petrology.

The volume of silt transported down the River can, however, be reduced in order to alleviate the problem to some extent. Ideally, silt carried in runoff from the catchment should be dealt with at source by the establishment of buffer zones and agricultural extensification (sections 4.1 and 4.4), and by the use of sediment traps for industrial areas (section 4.2). The implementation of such schemes may not, however, be comprehensive, and, in any event, a sediment trap in the lower catchment could act as a failsafe, catering for accidents and extreme events.

The preferred approach to treating both agricultural and urban runoff is the use of impoundments such as detention ponds (CIRIA, 1998). These are designed to reduce flow velocities sufficiently to allow sedimentation of suspended solids. This in turn reduces turbidity and BOD of discharges and retains a high proportion of nutrients, organics and metals (Halcrow et al., 1998). Detention ponds are sometimes referred to as balancing lagoons, and many are used as temporary storage for stormwater, which is then allowed to flow into the drainage system at a reduced rate (Ferguson, 1991). The ponds may act as wetland features for amenity and wildlife purposes. The scale of such constructions ranges from small ponds serving housing estates, to large flood storage reservoirs, such as Willen Lake, Milton Keynes, (Hall et al., 1993). Detention ponds have traditionally been used purely for flood control, but an increasing number are being designed as a means of improving water quality in terms of suspended solids and nutrients (Toet et al., 1990; Breen et al., 1994; Startin and Lansdown, 1994). A well‑designed pond, with an area related to the size of the catchment and its runoff characteristics, is capable of removing about 80% of suspended solids and 47% to 68% of total phosphorus (Cooke et al., 1993).

In the Cober catchment, options for the design of detention ponds hinge on their location. The 1988 Helston flood alleviation scheme included the proposal for a silt trap between Lowertown and Mill Lane (SWW, 1988; Halcrow, 1998). This trap would have treated agricultural runoff from the upper catchment. Obviously, in order to include the treatment of urban runoff, a detention system must be situated downstream of the town. The ideal option would be to treat both urban and agricultural runoff, and this could be achieved using two separate systems or a combined system.

4.6.1 Combined Treatment Downstream of Helston
The size of a detention pond is determined by the size of the storm event to be treated and the required retention time (Halcrow et al., 1998). Ideally, when treating agricultural runoff, the largest possible storms should be catered for as these carry the majority of suspended material. It is recommended that a constructed wetland be designed to treat storms with a return period of 10 years and have a minimal retention time of 30 minutes for this storm event. From preliminary calculations based upon these recommendations, it is possible to estimate that treatment of the entire Cober flow downstream of Helston (but above the STW outflow) would require a retention volume of 18,000 m‑3 (e.g. 150 m x 60 m x 2 m). This would involve a very large hard‑engineered detention pond, and an even greater area would be required if substrate and vegetation were to be included. It is highly unlikely a pond of this size could be accommodated within the urban area of Helston, unless, perhaps, it could be sited within the KDC amenity area, and the design incorporates recreation and amenity benefits for the community. However, the problem of raised levels within the amenity area needs to be addressed. In addition, this measure may not be acceptable to local people.

4.6.2 Treatment of Urban Runoff
The system of stormwater management within Helston is discussed in section 3.2.4. Runoff from the centre of town combines with water diverted from the Cober via Helston Kennels, and some domestic rainwater, to flow into an unnamed stream (NRA, 1993a), that then discharges into the River Cober in the St. John’s area of the town. The peak discharge recorded in the unnamed stream is 4 m3s‑1, and this is considered to have a hundred year return period. In some sections, the hydraulic capacity of the unnamed stream is currently restricted to less than 0.5 m3s‑1, and dry weather flows are generally much less than this. A detention pond is perhaps inappropriate to treat the discharge from the unnamed stream, owing to the intermittent and unpredictable nature of the stormwater flow and the difficulties envisaged in redirecting the stream to a suitable treatment site. The stream incorporates tributaries along its full length to St. Johns, a low point in the town. An alternative option is to screen for litter, and filter out oil and solids at the point of discharge. There is limited scientific data available on the efficiency of oil and grit separators, but current designs claim to remove 70% to 90% of particles less than 0.1 mm in size, while providing a 1 ppm oil outflow control (Weatherbee and Bryant, 1995). Unfortunately, this would not remove the majority of the pollution load of urban stormwater, since it tends to be attached to particles less than 150 m in size (Halcrow et al., 1998).

4.6.3 Treatment Upstream of Helston
The design of a detention system to reduce suspended solids within the River Cober’s flow upstream of Helston appears at this stage to be an ideal solution to river management. Since the reasoning behind the rejection of this scheme in the past is unclear (section 2.9), perhaps this option should be revisited.

The storm flow and thus the required retention capacity is estimated to be less than downstream of Helston, and the area of land required is less critical in the more rural area between Lowertown and Mill Lane. Hard engineered structures that attenuate flow during storm events show poor performance for suspended solid removal due to re‑suspension during high flows. The strong turbulent nature of the inlet and outlet flows counteract the settling abilities of fine particles (Halcrow et al., 1998). The inclusion of Reed beds may assist the removal of fine particles through the combined filtering action of the root system and supporting substrate. The Reed bed system can also participate in the removal of soluble pollutants through tissue uptake via the roots. It is likely that sediment loads are too high for vegetated lagoons alone, and that a system combining vegetated and non‑vegetated will be most effective.

An alternative to diversion to a detention pond involves the damming of the River and flooding of land upstream. The construction of small reservoirs (pre‑dams) upstream of lakes and reservoirs is a measure most commonly used in order to reduce suspended solids and nutrient loads in water supplies, and has been implemented in Germany, Denmark, the former Czechoslovakia (Benndorf and Pütz, 1987), and India (Karul et al., 1997). Pre‑dams are designed with a theoretical water retention time of a few days, a relatively low mean depth (<3 m), and surface release of water (Benndorf and Pütz, 1987). The processes governing nutrient removal are uptake by algae and sedimentation. An optimal water retention time allows diatoms and other fast‑growing algae to thrive, but flushes away slow‑growing blue‑greens and zooplankton. The bottom sediment is removed every five to ten years, after emptying by bottom release of the water.

A full feasibility study of the options is recommended. This should include a study of the hydraulics of prospective sites in order to ensure that there is no risk of flooding, but also to minimise the construction engineering involved. Site access for machinery is a major consideration, especially to the high maintenance areas. Maximising the nature conservation value and aesthetic qualities of the construction is extremely important.

Reinstatement of the meanders of the River Cober downstream of Helston, in order to use the Willow carr and Reed beds as a treatment system is addressed in section 4.8.1.

4.7 Programme on Pollution from Helston Street Drainage
A number of options are recognised to address the issue of pollution from Helston’s street drainage:

(a)The establishment of a community and local business education project to minimise disposal of liquid household waste into stormwater drains and the kennels.

(b)The disconnection of Coronation Lake from the River Cober. This would serve two purposes. First, it would remove the threat of non‑native species introductions from these amenity water bodies to Loe Pool (section 3.3). Second, it would serve to reduce nutrient inputs to the Cober.

(c)An improved cleaning regime for Helston’s road drain sumps. This may help to reduce the contribution of road runoff to the sediment of the lower Cober. Moves toward an optimal cleaning regime could be made in consultation with CCC Highways and KDC Services.

(d)
Minimising the frequency of combined sewage overflow events, by upgrading the facilities. This may reduce significantly the periodic pollution of the Cober and Loe Pool. Further investigations into the present frequency of overflow events is required.

(e)
The incorporation of a litter screen, oil filter and possibly a sediment trap within the unnamed stream, or at the point of discharge into the Cober. This requires a feasibility study, as available space is likely to be limited. It must be considered in consultation with EA Flood Defence, as the stream has a history of flooding (NRA, 1993a).

A separate approach to addressing the issue of urban runoff pollution, using vegetated and/or non‑vegetated detention ponds downstream, is outlined in section 4.6. 

4.8 River Cober Rehabilitation
There is a need to develop a management plan for the lower section of the River that takes into consideration the drainage functions, and the reception of discharges, but that also recognises resources such as nature conservation and fisheries. The lower reach of the River Cober has, for many years, been regarded solely as a transport system with little heed paid to nature conservation. Under the current management strategy, the River does not fulfil its drainage function sustainably, it is expensive to maintain, and minimal provision is made for wildlife habitats (section 3.2.3). The lower Cober valley is a complex hydrological system (section 3.3), and a balance between these demands must be made on integrated knowledge of the River and its catchment. There is not an easy solution.

Options for river rehabilitation need to be assessed with regard to their impact on channel stability, their influence on flow hydraulics (velocity and depth), and on flood capacity of the channel. Such integrated approaches to sustainable resource utilisation are being adopted throughout Europe, Australia and North America and are rapidly becoming part of river and vegetation management practices (Holmes and Hanbury, 1995).

4.8.1 Reinstatement of Meanders
The adverse environmental impacts of river channelisation are outlined in section 3.3.2. Reinstatement of the Cober’s original course is often considered as a restorative option (e.g. Wilson, 1995), since it serves to recreate the original river habitats and to reconnect the floodplain. The natural course of the River Cober meandered extensively to the west of its present channel, between Zacharys Bridge and the current site of the NT boardwalk. Much of this course was the site of Helston’s town refuse tip during the first half of this century (Coard, 1987). The refuse tip was closed in the 1970s and the site landscaped to provide an amenity area. Rerouting the River Cober through this area is not recommended, while it has an amenity function, since little would be gained from the works in terms of wildlife habitat. Channelisation would be necessary in order to protect the amenity area from flooding. As an amenity area, the banks would need to be mown regularly, and there would be continual public access. If the site is made available for nature conservation, the option to reinstate the meanders could be investigated further. However, careful consideration must be given to the site's past use as a refuse tip and exposure of contaminated substrates.

Reinstatement of the meanders downstream of the KDC amenity area, within the Willow carr owned by the NT, is perhaps a more feasible option. However, the disturbance caused by an engineering project within this waterlogged and densely wooded area may preclude the construction of a new course through the carr. The option remains to allow the River to form its own course through the carr. Initially, owing to the topography within the carr, such action is likely to generate a large amount of lateral water movement. Releasing the River Cober into the carr in this way would effectively use the woodland and the adjacent Reedbed as a treatment system.

In undertaking a redirection of the River Cober, consideration must be given to the STW outflow. Ground level within the carr is estimated to be higher than the bed of the Cober channel, into which the effluent is discharged. If this is the case, reinstating the River's meanders would compromise its drainage functions, making it necessary to retain the current channel. A maintenance route would still be required, and thus the public access and aesthetic issues associated with current channel would not be addressed.

4.8.2 Renegotiation of River Dredging Procedure
Dredging presents the greatest potential, not only to destroy, but also to create, wildlife habitats (Holmes and Hanbury, 1995). Even within the present uniform channel of the lower Cober, future dredging works offer the opportunity either to improve the wildlife potential of the River, or to perpetuate the previous adverse impacts. Immense improvements could be made within the River channel, without compromising its drainage functions.

Dredging methods that consider wildlife retain or recreate in‑stream and bankside diversity (Brookes, 1994). They do not leave a barren uniformity of steep trapezoidal banks. In the interest of wildlife, opportunities could be sought during future dredging to improve both longitudinal and cross‑sectional variations in profile, in order to create variations in velocity and flow resistance across the river (Holmes and Hanbury, 1995). Steep sloping banks encourage ruderals, and these should be reprofiled to create habitats for typical riverside vegetation. Important edge habitats can be encouraged where there are shallow underwater margins. Shaping the foot of the bank to create a wet shelf close to the summer water levels, encourages the re‑establishment of emergent vegetation (Fox, 1994). With the development of a more natural, diverse river profile, during each dredge some areas will be left intact. These undisturbed beds will act as a biological store for recolonising species (Hey, 1994). For example, the lower Cober is one of the few sites in Cornwall supporting the Unbranched Bur‑Reed. Its survival rate through the 1998 dredging is not known, but in the future it could be increased by leaving stands of Bur‑Reed undredged. These stands themselves affect local flow and provide vital habitats for aquatic fauna.

4.8.3 Bankside Habitat Improvements
Clearing Machinery Access Track: While dredging continues, and vegetation clearance along the Cober access track is required, undertaking annual cutting in late autumn will optimise botanical interest, by allowing for flowering and seed‑set. Animals also benefit from an increased food availability under this regime. They are, however, deprived of a rich energy source during their main time of need, i.e. late winter. Mowing less frequently than once a year will provide the tall vegetative winter cover and food that attracts many birds and animals that are not found on open banks (Holmes and Hanbury, 1995).

Otter Habitat Facilities: Otters are known to live in the catchment (section 2.6), but there are few suitable tree root systems for holts in the lower reaches of the Cober. Willow and Alder (Alnus glutinosa) possess fibrous roots, and do not lend themselves to cavity forming (MacDonald and Mason, 1983). Holts could be built with cut brush and logs (for designs see, for example, Andrews, 1995; Holmes and Hanbury, 1995). Such holts also have the advantage of providing breeding and hibernating habitats for other mammals and birds.

4.8.4 Long‑Term River Rehabilitation
In the event that the need for dredging is negated through work to reduce sediment losses at source (sections 4.1, 4.2, and 4.7), or with the assistance of detention ponds (section 4.6), the River Cober may instigate its own recovery. The lack of repeated disturbance would allow zones of increased bedload transport to develop (Hey, 1994), a process enhanced by the establishment of aquatic vegetation in more suitable habitats (Wade, 1994). Without the need for vehicular access, the artificially reinforced River banks could be topped. Removal of some of the imported rubble would allow the carr to redevelop up to the River banks. It is entirely feasible that the River will instigate a natural degree of meandering and its own habitat diversity.

However, after more than fifty years of engineering, rehabilitation of the River channel and floodplain is a complex issue. The range of options discussed above depend to a large extent on future circumstances and the outcome of other related issues. In the long‑term, therefore, there is a need to develop a multifunctional River Floodplain Scheme, that takes into account the role of drainage and reception of discharges, and addresses the issues of public access and nature conservation, in an holistic manner.

4.9 Implementation of the WLMP
It is recognised that the instatement of seasonal fluctuations recommended by Halcrow (1998) would be a vast improvement over the current regime (section 3.3.3). The timing and speed of the drawdown have yet to be clarified, and there is no precedent of recurrent seasonal fluctuations at Loe Pool. Byfield (1992) hypothesized that a programme which commenced in early May, saw a gradual reduction in water level over a period of two months and restoration to winter levels in October, would benefit shoreline flora. Based on surveys of natural systems, a drawdown of less than 0.5 m a week is recommended (Maitland and Morgan, 1997). Such a programme would more closely follow a natural temperate cycle than the present regime.

The WLMP will produce an enormous impact on both lake and floodplain communities (section 3.3.3). Regular long‑term monitoring of the shoreline, carr and macrophyte communities is required to inform any future adjustments to the WLMP and specific habitat management decisions.

One of the main justifications for the WLMP is to provide suitable conditions for the reintroduction of Strapwort. However, this plant has never been widespread in southern England (section 2.8.1). It is not in any danger of extinction in Europe, and peripheral populations appear not to offer further genetic diversity (section 3.3.3). Hence, a programme to reintroduce Strapwort to the shores of Loe Pool cannot be considered of high priority at this time. Nevertheless, the new water levels will provide conditions conducive to the development of a shoreline community, which will increase the overall diversity of the site.

4.10 Control of Water Net
Although some factors in the growth of Water Net may be peculiar to NZ, the information researchers there have collected may have implications for the control of Water Net in Loe Pool. The conditions found favourable for Water Net in NZ were, however, sometimes contrary to conclusions reported by researchers elsewhere. For example, in the UK, Moss (1973) suggested that eutrophication was the requirement for excessive growth. Although the research in NZ has shown that Water Net can thrive under relatively low nitrogen concentrations, the alga is obviously not averse to eutrophicated conditions.

4.10.1 Nutrient Limitation
The research in NZ into Water Net suggests that the alga is not likely to decline purely as a response to reductions in phosphorus or nitrogen loadings, since it was established that DIN concentrations as low as 0.03 mg/l support healthy populations and no relationship between the health of colonies and DRP was found (Hall and Cox, 1995). However, conditions in NZ may be different from those in Cornwall, and it is likely that different strains of the alga exist (Flory and Hawley, 1994). It may be helpful therefore to analyse data for Loe Pool, in order to ascertain any relationships between nutrient concentrations and blooms of Water Net (Figure 4.2).


Figure 4.2 illustrates the possible relationships between TIN, Water Net and Microcystis aeruginosa, based on EA data, and the work of Flory and Hawley (1994) and John et al. (1998). In 1993 Flory and Hawley (1994) observed that a bloom of Water Net continued until autumn, and that M. aeruginosa was not detectable. They speculated that an inhibitory effect may be in operation, but, in retrospect, it is more likely that the unusually high levels of TIN (above 4 mg/l) during that summer deprived the nitrogen‑fixing M. aeruginosa of its usual competitive advantage. Algal data for the summer of 1995 are not complete, since monitoring did not begin until late August. However, Water Net had declined by this time and M. aeruginosa bloomed during the late summer and autumn. The same pattern was observed in 1995 and 1996 (John et al., 1998), but no data are available for 1997. It is tempting to speculate that, in 1995 and 1996, low nitrogen levels curtailed the blooming of Water Net, but data for the summer of 1994, when concentrations of TIN remained above 2 mg/l, refute this argument. It appears therefore that attempts to control Water Net in Loe Pool by reducing DIN concentration to less than 0.03 mg/l would promote blooms of M. aeruginosa. Added to this, small primary colonies of Water Net appear in Loe Pool in early to mid June (John et al., 1998), when TIN levels are about 4 mg/l (EA data). It is highly improbable that DIN levels could be reduced to below 0.03 mg/l during June in order to control the proliferation of Water Net.

4.10.2 Application of Algicides
In NZ, trials on cultured Water Net were carried out with various types of herbicides, including chelated copper, simazine and hydrogen peroxide (Hall et al., in prep.). Copper‑triethanolamine complex proved the most promising, and a field trial was carried out. With a surface application calculated to produce 0.3 mg/l copper in the water column, control of surface and mid‑water growths was achieved, but benthic Water Net was unaffected (Wells, 1994). Copper concentrations returned to pre‑treatment levels within six to twelve hours, and no toxic effects were detected in invertebrates or fish.

One of the major problems associated with the use of algicides (section 4.11.5) is that the dead biomass remains within the lake (Klapper, 1991). This is likely to rise to the surface, and the decaying biomass will result in oxygen depletion, which may cause repercussions for the entire ecosystem. Algicides should, therefore, be used only as a very last resort.

4.10.3 Natural Growth Regulators
Extracts of decomposing barley straw liquor have been reported to inhibit the growth of several planktonic and filamentous algae (Welch et al., 1990; Everell and Lees, 1996). Research in NZ on the potential of barley straw to control cultured Water Net produced a range of effects from varying degrees of inhibition through to enhanced growth (Wells et al., 1994). Field trials showed that where barley straw did inhibit Water Net, it was insufficient to warrant its use, especially since enhanced growth was also observed. The use of barley straw as an inhibitor of other algae will be discussed in section 4.12.1.

4.10.4 Mechanical Removal
Mechanical removal of Water Net in NZ proved to be the most common method of control used to alleviate the accumulation of surface floating mats (Hall et al., in prep.). Initially, lake‑side residents spent a considerable amount of time and effort raking the alga from the water in front of their properties. More significant results were achieved by council workers using excavators with free‑draining buckets. Eventually, a conveyor type mechanical harvester with a three metre collection width was employed. Various pumping systems gave limited success and were more costly to operate than the harvester. Disposal of the large amounts of Water Net proved expensive, and investigations into the possibility of using it as animal feed or compost were confounded by the high metal content of the waste.

Mechanical removal of Water Net from Loe Pool presents at least two major difficulties. First, access to the water's edge for heavy machinery is extremely limited. Second, disposal of large quantities of waste may be costly, with few available alternative uses. However, the degree of success achieved in NZ and the comparatively non‑invasive nature of this method, may recommend examination of the possibilities.

4.11 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 (e.g. Perrow et al., 1994). The reason for this is that internal sources, i.e. phosphorus stored in the upper layers of the sediment, become important. Loe Pool has experienced high levels of phosphorus inputs over a long period of time, and it may be the case that internal release becomes a problem. There are several options available to minimise the effects of internal release.

4.11.1 Washout
This involves flushing the lake system with nutrient‑poor water. Cross‑catchment transfers of water from Stithians Reservoir are used to supplement water supplies to Helston during times of low flow in the Cober. However, this water is pretreated at Stithians and is piped directly to storage tanks at Wendron. It would therefore be impractical and expensive to use this source. Furthermore, chlorinated water would not be acceptable for the purpose. This option is therefore likely to be highly impractical, given a lack of suitable water supply.

4.11.2 Sediment Sealing
Sediment sealing is most often used in water supply reservoirs (Anglian Water Services Ltd., 1991) and consists of isolating the sediment from the overlying water by physical or chemical means. Physical isolation has been achieved by the use of plastic sheeting or a thick layer of inert material, such as pulverised fly ash (Moss et al., 1996). However, in lakes where nature conservation is a high priority, such action is obviously inappropriate, since benthivorous fish and birds would be deprived of their food source and aquatic plants would not survive. Chemical isolation involves the addition of either alum or iron sulphate in order to bind the phosphorus in the sediment. Alum is, however, toxic to aquatic plant roots, and iron sulphate has been shown to damage invertebrate communities (Extence et al., 1992). A more promising means of chemical sealing is the Riplox method (Moss et al., 1996), which injects nitrate as an oxidant into the sediment surface, thus favouring the formation of iron phosphate. Although this method mimics natural processes, it requires specialist equipment and operators and is therefore extremely expensive.

4.11.3 Sediment Removal
This involves the removal of phosphorus‑rich layers of sediment (Cooke et al., 1993; Maitland and Morgan, 1997). Sediment dredging has been carried out at a number of sites in the Norfolk Broads, with mixed success (e.g. Perrow et al., 1994). Some major disadvantages of sediment removal is the cost involved, the problem of disposal of large amounts of slurry, between 1.25 and 5 million tonnes for a lake the size of Loe Pool (Moss et al., 1996; Hosper, 1998), complete disruption of the benthic community (Moss et al., 1996), and, most significantly, the fact that such effort and expense may not solve the problem (Boers et al., 1998). Added to this, in the case of Loe Pool, the sediments contain a unique profile composed of annual laminations (Coard et al., 1983), which dredging would destroy. Furthermore, removal of the phosphorus‑rich uppermost sediment would expose the metal‑rich layers underneath, with toxicity implications for the entire ecosystem.

4.11.4 Biomass Removal
In theory, the removal of excessive plant growth (usually of macrophytes) may extract sufficient phosphorus from the lake system. However, following the reduction of external loadings, it is unlikely that phytoplankton production will decline sufficiently for excessive macrophytic growth to occur (section 4.12). It is more probable that algal biomass will continue to represent the largest proportion of plant productivity. The most suitable target for the application of this measure is therefore Water Net and other macroalgae, which would be far easier to extract than phytoplankton. Water Net is currently prolific over a large proportion of the lake during the summer (Appendix 3), and is likely to remain so without some sort of control measure (section 3.4.1). Extracting macroalgae from the lake on a regular basis during the summer months would therefore serve not only to remove phosphorus from the system, but would also increase the likelihood of controlling Water Net, and enhance the prospects for establishment of higher plants, by increasing light levels in the water column. Mechanical removal of Water Net proved to be the most successful means of controlling this nuisance alga in NZ (section 3.4.1).

4.11.5 Destratification
Destratification, or artificial circulation, is a technique for aerating lakes, using pumps, jets, and bubbled air (Cook et al., 1993). It is most widely applied in deep, thermally‑stratified reservoirs, where a high proportion of the sediment surface becomes anoxic during the summer months. Circulation may reduce phytoplankton biomass and release of phosphorus from the sediments, and induce a shift away from blue‑green algae to diatoms and green algae.

In general, the shallower the lake, the less the control by thermal stratification on internal recycling of phosphorus (Cook et al., 1993). In a shallow, polymictic lake, such as Loe Pool, wind‑induced mixing ensures that stratification occurs only infrequently in the deepest area (P. O'Sullivan, University of Plymouth, pers. comm.), leading to occasional instances of anoxia during the summer months (Simola et al., 1981). The costs involved in installing destratification equipment is therefore not justified by the extent of the problem of anoxia at the sediment‑water interface.

4.11.6 Application of Algicides
A wide range of algicides are commercially available, and have been used extensively in the USA to eliminate nuisance blooms (Klapper, 1991). The most common form of algicide is copper sulphate, since the action and persistence of copper are fairly well understood, and the cost is relatively small. Effects on algae include inhibition of photosynthesis, cell division, and nitrogen fixation (Cooke et al., 1993). Algae vary considerably from species to species in their response to copper sulphate, but blue‑greens are generally less sensitive to algicides than diatoms (NRA, 1990).

As outlined in section 4.10.2, a major drawback to the use of algicides is that the dead biomass remains within the lake (Klapper, 1991). This is likely to rise to the surface, causing an unsightly skin, that may need to be induced to settle by applications of alum, which brings its own complications in terms of toxicity. The decaying biomass will result in oxygen depletion, which, combined with the elimination of the primary producers, may cause repercussions for the entire ecosystem. Although algicides can be a highly effective solution to predictable algal blooms, the benefits are temporary (days), and their use does little to address the problem in the long‑term (Cook et al., 1993). Algicides should, therefore, be used only as a very last resort.

4.12 Biological In‑Lake Restoration Measures
Physical and chemical in‑lake restoration measures tend to be highly destructive and reliant on technology. A different, but no less scientific, approach is to use natural biological controls to restore a stable, diverse lake community.

4.12.1 Natural Algal Growth Regulators
As outlined in section 4.10.3, decomposing barley straw is thought to inhibit the growth of several planktonic and filamentous algae (Welch et al., 1990; Everell and Lees, 1996). However, the mechanism by which results are achieved are not fully understood. There appear to be three schools of thought; first, that algae are outcompeted for nutrients by bacterial populations using the straw as a substrate (NRA, 1990), second, that bacterial decomposition of the straw produces algal growth inhibitors (Newman and Barrett, 1993), and third, that the straw itself is the source of inhibitors, produced by, or derived from, oxidised lignin (Ridge and Pillinger, 1996). Likewise, reductions in algal productivity are not always predictable, and some results have been negative (e.g. Kelly and Smith, 1996).

On the whole, most experiments have produced positive results, and Barrett et al. (1996) identify several advantages to the use of barley straw:

(a)the relatively low cost

(b)its selectivity to algae, rather than macrophytes

(c)a single application can inhibit growth for six to eight months

(d)the long‑lasting `slow release' effect allows treatment before bloom formation

(e)applied in a suitable form, it can provide a good habitat for invertebrates

Cyanobacteria appear to be particularly susceptible to the active agent released by barley straw, and growth inhibition of 95% has been achieved for M. aeruginosa (Newman and Barrett, 1993). Rotting barley straw has also been reported to inhibit the growth of species of Saprolegnia, the cause of major fungal diseases in fish and other aquatic animals (Cooper et al., 1997). However, research in NZ observed that Water Net is not generally affected by this treatment (section 4.10.3), and this is of particular relevance to Loe Pool. The use of barley straw during the early stages of restoration, while Water Net is still present, may produce detrimental effects by releasing the Water Net from competition with other algae for nutrients and light. In the longer term, however, this measure may prove to be a cost‑effective and environmentally‑benign means of controlling algal blooms.

4.12.2 Biomanipulation
In a strict sense, biomanipulation means any adjustment of the biological community in order to achieve a desired end (Moss et al., 1996). In the context of lake restoration, Shapiro et al., (1975) introduced the term to mean the use of biological interactions in order to vary algal abundance and species composition. The poor biotic structure within algae‑dominated lakes contributes to resistance to recovery, once the external phosphorus load has been reduced. Change is brought about by `top‑down' control of algal blooms through fish stock management. In shallow lakes, biomanipulation is based on the hypothesis of `alternative stable states'. This suggests that at moderate nutrient levels two alternative stable states may exist: a turbid water state and a clear water state (Timms and Moss, 1984; Scheffer, 1990). A major disturbance of the turbid water system by a substantial reduction in the fish stock would trigger a shift from an algae‑dominated turbid water state to a macrophyte‑dominated clear water state. According to Reynolds (1994), biomanipulation is likely to be successful only in small and shallow lakes, where submerged and peripheral macrophytes can become dominant.

Planktonic algae are grazed by a range of animals represented by the zooplankton, of which Water Flea (Daphnia) populations are the most capable of consumption at a rate exploitable in biomanipulation (Reynolds, 1994). The population dynamics of Daphnia are controlled, on the one hand, by the quality and quantity of food resources, and on the other by the abundance of zooplanktivorous fish and invertebrate zooplanktivores. All juvenile fish and many adult fish feed on zooplankton (Hosper et al., in press). An abundance of planktivorous fish will maintain low populations of zooplankton, and thereby perpetuate the dominance of phytoplankton. Biomanipulation addresses this problem in one of two ways: either by the removal of planktivorous fish, such as Roach (Rutilus rutilus) and Rudd, or by the introduction of piscivores, such as Pike (Esox lucius) and Perch.

In Loe Pool, the most common fish is reportedly the Perch (section 2.7.1). This is a fish of clear, vegetated waters of moderate productivity (Hosper et al., in press). Young Perch are zooplanktivorous, and it is only in much later stages that larger individuals (> 25 cm) shift fully to piscivory. In highly productive systems, such as Loe Pool, recruitment of Perch to fully piscivorous stages is limited. Indeed, it is suggested that top‑down control of zooplanktivorous fish by Perch can only be expected in lakes with total phosphorus concentrations as low as 20 to 30 g/l. The mean annual total phosphorus concentration for Loe Pool (1994‑96) stands at 323 g/l (Geatches, 1997). It is self‑evident that Perch are not, at present, exerting an influence over levels of phytoplankton. This is perhaps because the majority are remaining at the planktivorous stage and are themselves part of the problem. The introduction of Pike to Loe Pool is not a viable option, since this fish would decimate what is left of the native Trout population (Craig, 1996).

It appears from the literature that options for biomanipulation at the whole‑lake level may be restricted to the removal of significant numbers of smaller Perch and any other zooplanktivorous fish, such as Rudd. However, there is an approach that may be used to inform the biomanipulation process on a site‑specific basis. This employs experimental enclosures (or mesocosms), in which, for instance, fish are reduced or excluded, and Daphnia and/or macrophytes introduced (e.g. Shriver et al., 1995; Beklioglu and Moss, 1996). The combination of conditions that produce the best results can then be applied to the lake as a whole. The conditions induced in Loe Pool by eutrophication are, as with most lakes, a combination of classic and atypical symptoms. In order to ascertain the optimal range of biomanipulation measures, a better understanding of the community structure is required. 

4.13 Recreation and Amenity
4.13.1 Access problems
The most immediate solution to the River Cober access issue, outlined in section 3.6.1, is to prevent access from the KDC amenity area to the Loe Pool permissive path. This solution has been unsuccessful in the past, but if the work was carried out in conjunction with KDC, it may be possible to erect a barrier to redirect walkers onto the Estate Driveway, via an existing path through the lower amenity ponds (Figure 3.2). A redirection may be met more favourably by local residents than the previous `dead end’. A second option to deter use of the Cober banks is to dismantle the boardwalk and the adjoining bridge. This would automatically address the issue, as there would be no access to River banks from the circular path. An additional advantage of this option is that disturbance by the public would be prevented in all but the periphery of the carr. This fulfils an aim previously put forward by NT personnel (NT, 1989; section 3.6.1). Either option would, of course, be met very unfavourably by the enormous number of local residents currently enjoying the use of this route.

4.13.2 Angling Pressures
Enforcement of existing national bye‑laws regarding angling on the River would help to reduce pressure on the resident Trout population. Routine policing is particularly important during the spawning season. There is anecdotal evidence to suggest that lake Trout move into the River during the summer months (A. Bleby, pers. comm.). If this is the case, then the need for enforcement is underlined.

On a national basis, the EA recognises that individual rivers bear specific problems and that fish stocks are under pressure (EA, 1998). Significant restrictions in exploitation by anglers are needed if further declines in fish stocks are to be avoided. The EA is currently in consultation over appropriate actions, including new national bye‑laws and `catch and release' schemes.

Similarly, the regulations imposed by the Penrose Estate Office regarding angling in Loe Pool are not adequately enforced (section 2.14). Although it is often stated that interest in the fishery is low, there are no quantitative data to support this statement. Reinstating the requirement for licence holders to submit annual records of their catches would allow the impact of angling on the Trout population to be monitored, and provide information on the need for restrictions.

4.14 Legislative Measures
It is evident that designation as an SSSI has done little to protect or improve the water quality, and therefore the nature conservation value, of Loe Pool. One of the underlying reasons for this lack of protection for freshwater SSSIs in the past has been the lack of legal power to define surrounding buffer land. Guidelines for the selection of SSSIs state "... there can be no other category of protected land with legal status. Either surrounding land is regarded... as being of sufficient interest to be included within the site, or it is not" (NCC, 1989, p.34).

This situation is, however, changing through implementation of the EC Directive on Habitats 1992 (Reid, 1994). This Directive aims to conserve habitats that are of international significance through the establishment of Special Areas of Conservation (SACs). In order to qualify for international designation, a site must already warrant SSSI status. The degree of protection afforded to SSSIs is not, however, sufficient to conform with that required by the Directive. As part of a revision of planning policy, the then DoE introduced a new requirement for consultation on planning applications for development adjacent to SSSIs (DoE, 1994). Previously, local planning authorities (LPAs) were advised to confer with EN about applications which may affect SSSIs indirectly, but the decision to consult lay with the LPA. In the light of the Directive on Habitats, it became clear that this situation required clarification. EN has therefore been requested by government to define consultation areas around all SSSIs, but giving priority to those for sites of international importance. A consultation area would not normally extend beyond about 500 m from the boundary of an SSSI, although for wetlands it may extend as far as 2 km upstream. The boundaries of such areas must be notified to LPAs by EN, who may also request consultation about certain types of development beyond the 2 km maximum.

Although Loe Pool does not qualify as a site of international importance, the definition of a 2 km consultation area will help to control development that adversely affects water quality. It may, however, be some time before such areas are defined. In addition, the problem of activities that lie outside the planning system, particularly agriculture, has not been addressed.

Under the Water Resources Act (WRA) 1991, the (then) NRA was given the power to introduce Statutory Water Quality Objectives (Ball and Bell, 1994). These provide legally binding targets for water quality to be achieved within certain timespans. Those for rivers (RQOs) have already been introduced in the Cober catchment, but a similar system for lakes is still under development (Moss et al., 1996). The work, begun in 1990, will produce a system of lake classification and provide the EA with a range of water quality objectives for specific lakes. The system is nearing completion, but the results have not yet been finalised. The EA will not, however, be provided with any additional powers. Moves towards achieving lake water quality objectives will need to be made under existing powers that do not include restricting agricultural activities.

A legislative tool that may be used by the EA to introduce controls on agriculture is designation of a catchment as a Water Protection Zone (WPZ). Provisions for the designation of WPZs have existed since the Control of Pollution Act (COPA) 1974, but never brought into force, and reintroduced by the WRA (Ball and Bell, 1994). An area may be designated as a WPZ by order of the Government in response to an application by the EA. The order confers on the EA the power to prohibit or restrict activities that are likely to result in water pollution. WPZs provide an ideal legal instrument for reducing diffuse pollution of both surface water and groundwater. In particular, they could be used to address eutrophication at the catchment level (NCC, 1991). One important difference between COPA and the WRA is that a new provision states that WPZs may not be used to control nitrate losses from agricultural land, since this function is deemed to be provided by designation of Nitrate Sensitive Areas (see below).

The main drawback to WPZs is that there is no provision for compensation payments (Ball and Bell, 1994). This may be the reason for the ambivalence displayed by the NRA towards WPZs. Towards the end of 1992, it launched its groundwater protection policy, which carries no statutory weight, rather than pressure the government to introduce WPZs for this purpose (ENDS Report, 1992). Yet in the NRA Water Quality Strategy (NRA, 1993b), in relation to the prevention of diffuse sources of pollution, it is stated: "The NRA will continue to... develop a policy for the identification of Water Protection Zones,... and take account of these in catchment planning." [ibid., p.11]

The only application by the NRA for WPZ designation was not, however, directed at diffuse, but industrial, sources of pollution in the River Dee catchment (ENDS Report, 1994). The reluctance of the NRA to utilise WPZs for the prevention of diffuse pollution (apparently perpetuated by the EA) may be a reflection of its unwillingness to press Government for implementation of mandatory schemes for which there is no compensation payable, and which focus on sources that are "less easily controlled... [and] cannot be reliably sampled by conventional means" (NRA, 1993b, p.11). The implementation of WPZs has always been strongly opposed by agricultural interests (Ball and Bell, 1994). The case for mandatory controls on diffuse sources of phosphorus is not easily made under these circumstances.

As mentioned above, the control of nitrate from agricultural sources is thought by the Government to be provided by Nitrate Sensitive Areas (NSAs). Provisions for NSAs were brought in under the WRA in anticipation of the introduction of Nitrate Vulnerable Zones (NVZs) under the EC Directive on Nitrates 1991. The primary aim of NSAs and successor NVZs is, however, to ensure that drinking water supplies (mainly groundwater boreholes in central and eastern England) do not exceed the World Health Organisation's limit of 50 mg/l. This legislation cannot therefore be applied to the Cober catchment, and there are no other similar powers to control agricultural nitrate. The alternative is the use of voluntary schemes, such as the CSS (sections 4.1 and 4.4), aimed at general environmental improvement, that directly and indirectly control nutrient losses.

The future for water quality does, however, seem positive, in that the EU is proposing a framework Directive on Water Resources (ENDS Report, 1997). This will integrate the substantial body of legislation adopted since 1975 and provide a more comprehensive framework for water quality objectives. In terms of eutrophication, point and diffuse sources of nutrients will need to be identified, monitored and addressed. Rather than adopting a sectorial approach, the framework Directive will attempt to deal with all aspects of pollution of surface waters, and, as such, may provide the necessary controls on surface water eutrophication. Needless to say, the complexity of the task of drafting such legislation and the lengthy negotiations involved mean that it will be a number of years before it is introduced. However, a draft produced in 1997 proposed to place a duty on Member States to prepare plans for each river basin to ensure that most surface waters achieve "good" ecological and chemical status by the year 2010.
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5. Recommendations

5.1 Introduction
Loe Pool is not only in an advanced stage of eutrophication, the most extensive and pervasive threat to water bodies across Europe, but it also suffers 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 Loe Pool Catchment Management Project seeks to address these problems in the short and long term. Attention is also given to the upper catchment, where the worst effects of agricultural intensification have not taken hold. The conservation and enhancement of its value for the maintenance of water quality, nature conservation and landscape are essential for the fulfilment of many of the objectives of this Project.

The aim for Loe Pool is not its restoration, since this term implies that the lake was once in a pristine, stable, freshwater state. 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.

This chapter is divided into two sections. In the first, objectives for water quality, water levels, nature conservation, and community involvement are provided, together with a description of the measures necessary to achieve them. A full monitoring programme is essential, and should be regarded as an integral part of the programme. Each measure is allocated to one of three levels of priority, so that limited funds may be apportioned wisely.

In the second section, the measures are divided into three progressive phases. These phases are determined largely by the timing of the introduction of nutrient stripping at Helston STW, which is estimated to be by the end of 2004. In the short term (to the end of 1999), a wide range of measures can be investigated or implemented. In the medium term (2000 to 2004), further measures can be implemented, some based on investigations carried out in phase one. In the longer term (2005 to 2015), the effects of reducing phosphorus loads from Helston STW will emerge, and efforts can be made to implement eutrophication reversal.

For each measure the level of priority (P) is reiterated, and an indication is provided as to which objective it assists in achieving: water quality (WQ), water levels (WL), nature conservation (NC), and community involvement (CI). Delivery of measures is divided into two categories of work. Where possible, measures are to be absorbed into the core work of the various agencies involved. If a measure is outside the remit of the agencies' normal activities, then it is allocated to a specific agency as a special project (SP). The search for funding for these SPs needs to begin as soon as possible, and an indication of project costs is provided in the following bands:


A:
< £1,000


B:
£1,000 to £5,000


C:
£5,000 to £20,000


D:
> £20,000

For some measures, action has already been initiated (). Implementation of the management plan needs to be recorded, in the form of an annual report, so that progress may be audited and reviewed. Practical targets are given, since these can provide a measurable evaluation of progress.

The report attempts to document the many complex issues relating to the management of Loe Pool. Although the descriptive parts, the literature review and the chapter on issues, may remain largely unaltered for many years, the prescriptive sections, on the available options and the recommendations, should be seen as flexible and evolving. The plan will require regular updating to take account of new scientific information, changes in the ecological system (as implementation of specific management recommendations takes place), developments in policy and legislation, and new extrinsic threats to the site. The report will no doubt evoke further discussion within the various agencies involved in the management of Loe Pool, and in the wider community. What is required in the immediate future is for all interested parties to endorse the objectives and recommendations, so that the project may be carried forward.




5.2 Objectives and Measures for Management
5.2.1 Water Quality
PRIVATE 
Objective: To bring about a change from an algae‑dominated turbid water state to a macrophyte‑dominated clear water state, characteristic of mesotrophy.

6
Priority One Measures
· Negotiate Countryside Stewardship Scheme Target Area status for the Cober catchment, in order to reduce nutrient export from agriculture; encouragement of farmers to enter the Scheme (sections 4.1 and 4.4).

· Early compliance with Urban Waste Water Treatment Directive by South West Water, so that restoration measures can be implemented as soon as possible (section 4.5.3).

· Negotiate installation of enhanced biological tertiary treatment at Culdrose STW, in order to reduce nutrient inputs from this source (section 4.5.4).

· Assess feasibility of constructing sediment detention pond; action on results (section 4.6).

· Develop a multifunctional River Floodplain Scheme, in order to reduce the level of periodic sediment influxes to Loe Pool (section 4.8.2).

· Employ mesocosm experiments to determine best practicable means of achieving a clear water state through biomanipulation; implementation and monitoring (section 4.12.2).

Priority Two Measures
· Negotiate production of Whole Farm Plans for NT tenant farms adjacent to the Pool (section 4.4).

· Determine sources of sediment causing silting of the Cober (section 4.6).

· Assess feasibility of pollution screening on the stream carrying runoff from Helston; action on results (section 4.6.2).

· Initiate education programme on pollution from Helston street drainage and Kennels (sections 4.7).

Priority Three Measures
· Investigate levels of sediment loss from minor sources, such as quarrying and housebuilding; action on results, if necessary (section 4.2).

· Investigate levels of nutrient loss from minor sources, such as septic tanks, fish farms and Coronation Lake; action on results, if necessary (section 4.3).

· Improve street cleaning and maintenance of drains in Helston, in order to reduce pollution from this source (section 4.7).

5.2.2: Water Levels
PRIVATE 
Objective: To instate more natural seasonal fluctuations, in order to create conditions for a more diverse shoreline and submerged flora.
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Priority One Measures
· Implement proposed Water Level Management Plan; monitor the effects, especially on shoreline and aquatic flora (section 4.9).

· Survey and map shoreline flora, to provide baseline data for evaluation of effects of implementation of Water Level Management Plan (section 4.9).

· Monitor hydrology of the Willow carr, in order to evaluate effects of implementation of water Level Management Plan (section 4.9).

5.2.3: Nature Conservation
PRIVATE 
Objective: To maximise the nature conservation value of Loe Pool and its catchment.
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Priority One Measures
· Negotiate Countryside Stewardship Scheme Target Area status for the Cober catchment, in order to enhance its nature conservation value; encouragement of farmers to enter Scheme (sections 4.1 and 4.4).

· Develop a multifunctional River Floodplain Scheme, in order to enhance habitats for wildlife (section 4.8.2).

· Survey and map shoreline flora, to provide baseline data for evaluation of effects of implementation of Water Level Management Plan (section 4.9).

· Monitor hydrology of the Willow carr, in order to evaluate effects of implementation of Water Level Management Plan (section 4.9).

· Annual survey of the fish of Loe Pool to provide information on the status of Trout and data for biomanipulation (section 4.12.2).

· Employ mesocosm experiments to determine best practicable means of achieving a clear water state through biomanipulation; implementation and monitoring (section 4.12.2).

· Minimise public use of the paths along the lower reaches of the Cober, in order to reduce disturbance to wildlife (section 4.13.1).

Priority Two Measures
· Negotiate production of Whole Farm Plans for NT tenant farms adjacent to the Pool (section 4.4).

· Investigate mechanical removal of Water Net (section 4.10.4).

· Negotiate enforcement of Loe Pool angling regulations, including submission of catch records by licence holders (section 4.13.2).

· Enforce River Cober angling regulations (section 4.13.2).

Priority Three Measures
· Introduce Strapwort to appropriate shorelines (section 4.9).

5.2.4 Community Involvement
PRIVATE 
Objective: To interest and involve the community in the management of Loe Pool and its catchment.
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Priority One Measures
· Negotiate Countryside Stewardship Scheme Target Area status for the Cober catchment, in order to encourage farmers to conserve water quality and wildlife (sections 4.1 and 4.4).

· Encourage public awareness of the nature conservation value of the lower reaches of the Cober (section 4.13.1).

Priority Two Measures
· Initiate education programme on pollution from Helston street drainage and Kennels (section 4.7).

Priority Three Measures
· Initiate programme of advice on managing septic tanks more effectively, in order to reduce possible nutrient losses (section 4.3).

5.3: Phases of Implementation
Phase One (1998-1999)
	PRIVATE 

P
	Measure
	Objective
	Type of Work
	Costings

Band
	Initiated

	1
	Negotiate CSS Target Area status
	WQ

NC


	EN core
	-
	

	1
	Survey fish in Loe Pool
	NC
	EA core

NT SP


	-

A
	

	1
	Negotiate installation of tertiary treatment at Culdrose


	WQ
	EA core


	-
	

	1
	Survey shoreline and marginal flora 


	NC

WL
	NT SP
	B
	

	1
	Monitor hydrology of carr


	NC

WL
	NT SP

EA SP


	A

A
	

	1
	Minimise public use of Lower Cober paths


	NC
	NT core
	-
	

	2
	Negotiate production of NT Whole Farm Plans
	WQ

NC
	NT core

EA core


	-

-
	

	2
	Investigate mechanical removal of Water Net


	NC
	EA SP
	B
	

	2
	Negotiate enforcement of Loe Pool angling regulations


	NC
	NT core
	-
	

	2
	Enforce River Cober angling regulations


	NC
	EA core
	-
	

	2
	Initiate education programme on pollution


	CI

WQ
	EA SP

KDC core
	A

-
	

	3
	Evaluate nutrient inputs from Coronation Lake


	WQ
	EA core
	-
	

	3
	Evaluate nutrient losses from septic tanks


	WQ
	EA core
	-
	

	3
	Investigate levels of nutrient losses from fish farms


	WQ
	EA core
	-
	

	3
	Investigate levels of sediment losses from industry


	WQ
	EA core
	-
	

	3
	Improve street cleaning and maintenance of drains


	WQ
	KDC core
	-
	


Phase Two (2000 to 2004)
	PRIVATE 

P
	Measure
	Objective
	Type of Work
	Costings

Band
	Initiated

	1
	Early compliance with UWWT

Directive by SWW


	WQ 
	EA core

SWW core
	-

-
	

	1
	Develop River Floodplain Scheme


	WQ

NC
	EA core

NT/EN SP
	-

D
	

	1
	Encourage farmers to enter land into CSS


	NC
	EN core

NT core
	-

-
	

	1
	Implement proposed WLMP


	WL
	EA core
	-
	

	1
	Employ mesocosm experiments


	WQ

NC
	NT/EN/EA SP


	D
	

	1
	Monitor implementation of WLMP


	WL
	EN/NT SP
	B
	

	1
	Assess feasibility of constructing sediment pond


	WQ
	EA SP
	B
	

	1
	Prepare annual reports on progress of management plan


	
	LPMF
	A
	

	2
	Determine sources of sediment to the Cober


	WQ
	EA/CC SP
	B
	

	2
	Assess feasibility of screening Helston road runoff


	WQ
	KDC/EA SP
	B
	

	3
	Act on investigation into sediment losses from industry


	WQ
	EA core
	-
	

	3
	Act on investigation into nutrient losses from fish farms


	WQ
	EA core


	-
	

	3
	Act on septic tank assessment


	WQ
	EA core
	-
	

	3
	Act on Coronation Lake assessment 


	WQ
	EA core

KDC SP
	-

-
	


	PRIVATE 

Targets

80% enrolment in CSS


Establishment of diverse shoreline flora




Phase Three (2005 to 2015)
	PRIVATE 

P
	Measure
	Objective
	Type of Work
	Costings

Band
	Initiated

	1
	Implement best biomanipulation strategies established in mesocosm experiments


	WQ

NC
	NT/EN/EA SP
	D
	

	1
	Monitor implementation of biomanipulation strategies


	WQ

NC
	NT/EN/EA SP
	C
	

	1
	Prepare annual reports on progress of management plan


	
	LPMF
	A
	

	3
	Introduce Strapwort


	NC
	EN SP
	C
	


	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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Survey of Aquatic Macrophytes 1998
Site: Loe Pool

Date: 24.6.98  Time spent:  6hrs

Surveyors: Helen Wilson, Martin Rule, Janet Dinsdale. Oarsman: Anthony Lewis

Survey Method: By boat, using a mechanical grab to bring a small section of the substrate and the attached macrophytes to the surface. Using the grab, two samples were collected per station. Data are qualitative.

	PRIVATE 

Station
	Depth

(m)
	Notes on Substrate
	Macrophytes Present
	Notes on Fauna

	1
	0.0
	Silt
	-
	-

	2
	1.0
	Silt
	-
	-

	3
	1.5
	Silt
	-
	-

	4
	2.0
	Silt
	-
	Chironomus ripallus

	5
	0.5
	Silt
	Littorella uniflora

Elatine hexandra
	-

	6
	1.0
	Rocky
	-
	-

	7
	4.0
	Silt
	-
	Chironomus ripallus

Oligochaetae

	8
	5.0
	Silt/ Rock
	-
	-

	9
	<1.0
	Rocky
	Littorella uniflora
	-

	10
	<1.0
	Rocky
	Littorella uniflora

Eleocharis acicularis
	Acroloxus lacustris

	11
	1.5
	Reddish fine silt/ Rocky
	-
	-

	12
	<1.0
	Rocky
	Littorella uniflora
	-

	13
	2.5
	Silt (with anoxic layer)
	-
	-

	14
	3.0
	Silt
	-
	-

	15
	1.5
	Sand/Silt 

(with anoxic layer)
	-
	-

	16
	3.5
	Fine Silt
	-
	-

	17
	8.0
	Silt
	-
	-

	18
	<1.0
	Rocky
	Littorella uniflora
	-

	19
	7.0
	Silt
	Amblystegium riparium
	Chironomus ripallus

	20
	7.0
	Silt
	-
	Chironomus ripallus

Oligochaetae

	21
	1.5
	Rocky
	-
	-

	22
	2.5
	Silt
	-
	-

	23
	3.0
	Silt
	-
	-

	24
	2.0
	Silt
	-
	Oligochaetae

	25
	0.5
	Silt
	-*
	-

	26
	<1.0
	Silt
	-*
	-

	27
	<1.0
	Silt
	-*
	-

	28
	1.5
	Silt
	-
	Oligochaetae

	29
	2.0
	Silt
	-
	-

	30
	1.0
	Silt
	-
	Oligochaetae

	31
	<1.0
	Silt
	-
	-

	32
	1.0
	Silt


	Polygonum amphium
	Oligochaetae


* Large quantities of Hydrodictyon reticulatum

Sampling Stations of the Loe Pool Macrophyte Survey 1998
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THE COUNTRYSIDE STEWARDSHIP SCHEME:
A Draft Proposal for the Designation of the Cober Catchment as a Target Area
1. Introduction
The River Cober catchment is located between the Land's End and Lizard peninsulas in the far south west of Cornwall, covering a total area of some 55 km2. The catchment extends from the source of the Cober on Carnmenellis Moor in the north, to Loe Pool in the south, and encompasses a number of tributaries, namely Medlyn, Bodilly, Trevarno, Penrose and Carminowe Streams. Loe Pool is a coastal freshwater lake, impounded by a naturally‑formed shingle bar. It is an important natural resource, both as a local and tourist amenity area, and, as recognised by its SSSI status, as a wildlife conservation site.

For several decades, the lower part of the Cober catchment has been suffering from a number of environmental problems:

(i) Eutrophication of Loe Pool, caused by excess nutrients from sewage effluent and agricultural runoff, leading to deterioration in water quality, and reduction in wildlife and amenity value (Coard et al., 1983; Carvalho and Moss, 1995).

(ii) Silting of the lower reaches of the Cober and Loe Pool, necessitating periodic dredging of the River (National Trust, 1998).

(iii) Engineering of the lower reaches of the Cober as part of a flood defence scheme for Helston, that has severely damaged the amenity and wildlife value of the area (National Trust, 1998).

Part of the basis of this proposal is that land use determines the quantity and quality of the water environment (Gardiner and Perala‑Gardiner, 1997). Management of the relationship between land use and the water environment is therefore a crucial factor in ensuring the health of rivers and lakes. The problems outlined above can be ameliorated, to varying extents, by improving the management of the land‑water interface.

The Cober catchment contains a large number of semi‑natural wetland areas, nine of which are Cornwall Nature Conservation (CNC) Sites. At present, these sites are fragmented, some are in danger of agricultural improvement, and many are neglected following cessation of traditional farming practices. Many former wetland areas bordering the River and streams have been agriculturally improved, reducing the natural filtration function of these areas. Riverside vegetation is absent or degraded in many places. The results of these changes are that runoff is delivered more rapidly to the stream, exacerbating problems of flooding, and is more likely to contain excessive levels of nutrients and sediment.

The diversity of the environmental problems associated with the Cober catchment mean that an holistic approach is required in order to address them. The Loe Pool Catchment Management Project was set up in March 1998, in line with recommendations contained in the Local Environment Agency Plan (LEAP) for West Cornwall (Environment Agency, 1997), with the aim of producing a comprehensive management plan for the Cober catchment. The Project will examine and assimilate recommendations from previous initiatives, such as the Loe Pool Water Level Management Plan (Halcrow, 1998), in order to incorporate all aspects of the aquatic environment. The Project aims to explore the potential of a range of options to improve water quality for nature conservation and amenity, in particular those that improve management of the land-water interface. Designation of the Cober catchment as a target area for the Stewardship Scheme is seen by the Project as contributing a unique opportunity to encourage the extension and enhancement of wetland areas and river corridors, as well as providing numerous other ecological and amenity benefits.

2. Existing Conservation Interest
The Cober Catchment is an area of high nature conservation interest. The Cober is sourced on the elevated and exposed Carnmenellis Moor. The plateau is formed by a large granite intrusion which gives the area its distinctive topography and character. The river and its tributaries dissect the upper catchment, forming small scale landscapes with a wide range of habitat types on each small farm. The land supports vegetation typical of thin acidic soils, a mosaic of lowland heath and permanent grassland with a small proportion of arable land. There has been comparatively little agricultural improvement in recent years and sizeable tracts of seasonally waterlogged marginal fields and semi-natural aquatic habitats remain.

Within the catchment there are nineteen CNC Sites, many covering a variety of semi‑natural habitats, showing transitions from dry heath, through unimproved grassland and scrub, to valley mire communities. Many smaller semi-natural areas exist outside these wildlife sites, for example, narrow strips of dry or wet woodland border much of the river and its tributaries. These not only provide habitat for wildlife and improve the nature conservation value of the adjacent water courses, but also perform two important functions on a wider level. First, they act as wildlife corridors, allowing species migration between larger wetland sites (Nature Conservancy Council, 1990). Second, they operate as buffer zones between the watercourse and the surrounding agricultural land (Muscutt et al., 1993). There are extensive areas of unimproved marginal grassland with high winter water tables that are especially important habitats for plants and birds.

Within more intensively farmed improved grassland and arable areas, the aquatic conservation interest lies in open ditches. These extend the aquatic network, and provide corridors for dispersal between larger wetland sites for plants and invertebrates. They are also likely to support surviving remnants of the wetland communities characteristic of the area before it was drained (Nature Conservancy Council, 1990).

Cornish hedges are a key nature conservation feature of the county. Much local structural variation exists, dependant upon the availability of construction materials and exposure. Within the catchment the hedges are stone-faced, often topped with scrubby species, but generally treeless. These hedges provide a valuable nesting and feeding habitat for mammals, birds and reptiles, as well refuge for a range of invertebrates and plants. They also perform a corridor function, providing routes along which wildlife can move freely throughout the farm.

3. Existing Landscape Interest
The Cober catchment provides a fine example of an historic landscape type. The landscape of the upper catchment is bleak, exposed and typically Cornish. The settlement pattern consists of a number of small medieval villages with dispersed farms relating to the medieval enclosures (Cornwall County Council and Countryside Commission, 1994). Farming systems are adapted to the relatively low agricultural value of the land. The seasonal rotation of stock between lowland heath, productive grassland and winter water-logged rush pasture/wet heath has maintained an extremely diverse landscape. Being on the tip of the Southwest peninsula, never far from the coast, the maritime influence on the area is apparent in the almost treeless landscape. Cornish hedges delimit small fields of Anciently Enclosed Land and form a distinctive pattern (Cornwall County Council and Countryside Commission, 1994).

The catchment possesses a strong visual association with its former mining industry. The derelict engine houses and chimneys form an integral part of the current landscape. They are of enormous landscape value, serving as reminders of an important era in Cornish history.

The Cober eventually flows into Loe Pool, which forms the focus of the Penrose Estate. In contrast to the exposed upper catchment, much of the surrounding area consists of deeply wooded parkland. Large natural areas of open freshwater, such as Loe Pool, are uncommon in Cornwall, and are therefore valuable landscape features. The Estate includes areas of fertile arable farmland, within a tranquil country estate.

4. Proposed Wildlife and Landscape Improvements
(i) Existing Wetlands
Areas that experience a significant reduction in water table level during the summer months were traditionally used for summer stock grazing. The resultant open habitats, such as wet heath and rush pasture, provided prime examples of gradual transitions between aquatic and terrestrial systems that are very important habitat for wildlife. Wet grassland and grazing marsh are important in terms of their capacity to control flood waters and provide significant water storage in the catchment (Newson, 1997). Such seasonally grazed wetlands have been constantly under pressure in the latter half of this century and are now rare in England and Wales (Andrews and Rebane, 1994). Where the economic value of land is high wetlands are drained and improved for agriculture. Conversely, a major threat to existing wetlands in the Cober catchment comes from agricultural abandonment of such marginal land. For example, in recent years Porkellis Moor has experienced an ingression of willow species at the expense of valley mire communities. It is most likely that this has arisen as a result of reduced summer grazing levels. Loss of wetland habitats through agricultural improvement is well understood, but degradation following the neglect of traditional management is often less appreciated (Bakker, 1987). For a brief period, neglected agricultural grasslands flower prolifically and appear to be very rich in wildlife. However, low growing plants are soon shaded out and scrub invasion follows (Andrews and Rebane, 1994). Willow scrub itself is of high conservation value, since this habitat supports an exceptionally large invertebrate fauna. However, in abandoned grazing marsh, willow scrub is gained at the expense of open habitat species and the traditional landscape type.

(ii) Enhancing Waterside Habitats as Buffer Zone
Fields that are used for arable or grass production within the catchment are often relatively steeply sloping, and near valley bottoms, in order to maximise both soil depth and drainage. The resultant runoff can exacerbate eutrophication and silting problems in nearby watercourse and further downstream (Newson, 1997). A large proportion of the Cober and its tributaries are bordered by narrow bands of either dry or wet woodland, that are generally less than 5 m in width. Narrow strips of semi-natural vegetation do perform a number of important functions. For example, plant roots resist bank erosion, and shading improves river habitats by regulating temperature (Delong and Brusven, 1994). Much wider zones of up to 30 m are recommended in order to buffer runoff from agricultural land (Haycock and Muscutt, 1995). Extending these semi‑natural margins would both enhance their function as buffer zones and improve the conservation value of the habitat.

On a number of holdings within the catchment, land is farmed right up to the watercourse on one or both banks. In these areas, the watercourse is unprotected from agricultural runoff, as well as being more susceptible to bank erosion (Morgan, 1995). Unfenced banks provide stock access along the whole length of each field. This often causes disturbance of the river bed and fouling of the water. Furthermore, these open banks fragment the water habitat network, and movement of wildlife between wetland sites is restricted. In these areas the reinstatement of semi‑natural waterside vegetation is likely to improve water quality considerably.

The enhancement and creation of waterside vegetation offers a combination of different environmental benefits: buffering of watercourses, linking of CNC Sites and other semi‑natural wetlands, and improvement in the diversity of the landscape.

(iii) Hedgerows
Cornish hedges are a key feature of the Cober Catchment landscape, being of historical, archaeological and nature conservation interest. Some management is required in order to ensure the continuity of the traditional field pattern and to enhance their nature conservation value. Work required to achieve this includes:

· Repair/restoration of stone faced earth banks
· Replanting shrubby species where necessary
· Maintenance according to traditional local practices, for example ’casting-up’
(iv) Permanent Grassland
The majority (73%) of farmland in the upper catchment consists of permanent grassland (Peters, 1990). Drainage is largely via an open ditch system, that requires maintenance in order to sustain plant and invertebrate diversity. Profiling of ditches, control of vegetation and regulation of water levels can help to enhance conservation value (Newbold et al., 1989).

Whilst the catchment appears to have a comparatively large number of hay meadows, there has been a move towards early silage crops in more productive valley fields. Wildlife would benefit from the maintenance and reinstatement of hay meadows, in order to allow meadow plants to set seed and minimise disturbance to ground nesting birds.

(v) Arable Land and Grass Leys
The majority of arable land and grass leys are to be found in the lower catchment (Peters, 1990). These areas could be managed in various ways to enhance wildlife value, including the establishment of grass margins. It is especially important for watercourses adjacent to these types of land uses to be buffered as described under 4(ii) above, since they tend to export higher levels of nutrients and sediment (Wilson, 1995). In particular, arable land bordering Loe Pool needs to be targeted.

5. Public Benefits
The whole of the Cober catchment is a significant area for nature conservation and landscape interest. Well‑managed Cornish hedges and river margin vegetation will add to the aesthetic value of the countryside and contribute interest through provisions for wildlife. Traditional grazing will sustain the beauty and diversity of the landscape. Better management of the land‑water interface would help to improve water quality in the River Cober and Loe Pool. Paths along the Cober from Helston to Lowertown are very popular with people from the town, and a reduction in silting and eutrophication will reduce costs associated with river dredging, enhance river wildlife, and thus people's enjoyment of the area. Circular walk and paths in the vicinity of Loe pool are used by 30,000 people each year (National Trust, 1998). Improvements to water quality, leading to minimisation of algal blooms, would have immense aesthetic benefits for the Pool. The upper catchment is accessible via many footpaths, bridleways and tracks. The main Helston to Redruth road passes along the full length of the catchment, giving outstanding views across the countryside and beyond, to the coast and the Lizard Peninsula.
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