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1 Introduction 

1.1.1 Scott Wilson Scotland & Ireland Ltd. were contracted by the Scottish Environment Protection 
Agency (SEPA) to undertake a research project and feasibility study into the control of two 
species of invasive macrophyte, Canadian waterweed (Elodea canadensis) and Nuttall’s 

waterweed (E.nuttallii) within thirteen mesotrophic lochs in Scotland. Ten of these lochs are 
designated as Sites of Special Scientific Interest (SSSI) by Scottish Natural Heritage (SNH).  

1.1.2 The thirteen mesotrophic lochs have been selected from a pool of 32 chosen as priorities for 
conservation by the UK Lakes Habitat Action Plan (HAP). Each loch considered within this study 
faces anthropogenic pressures including nutrient enrichment, fish stocking, abstraction and 
introduction and spread of invasive non-native species. They also support biodiversity priority 
species such as the slender naiad (Najas flexilis), Shetland pondweed (Potamogeton rutilis) and 
stoneworts (e.g. species of Chara and Nitella). Intervention to control invasive non-native 
species threats in these lochs is considered a step towards better management of these lochs. 
This project is driven by meeting UK Lakes HAP targets, the Nature Conservation (Scotland) Act 
2004, the Scottish Biodiversity Strategy and Local Biodiversity Action Plan targets with a view to 
safeguarding populations of priority plant species.    

1.2 Aims 

1.2.1 An appraisal of appropriate control and containment measures (mechanical, biological, chemical 
and environmental) used to subdue Elodea spp. swards in mesotrophic lochs was undertaken. 
The aim of the study was to: 

 Provide a research report investigating the appropriate control and containment measures 
for Elodea spp. including a review of world-wide literature. This report will exhibit a sound 
understanding of the ecology of Elodea spp. and the conservation priority species; 

 Provide site-specific recommendations for control at the 13 lochs where the management 
aim is to conserve native plant assemblages; and 

 Provide background on the 13 loch sites from site visits and desk-based research, this will 
include information on the distribution of Elodea spp. at the sites in relation to conservation 
priority species and the physical site conditions which will affect control and containment. 

1.3 Lochs reviewed 
1.3.1 The thirteen lochs reviewed as part of this study are: 

 Loch Scaraidh (Western Isles) 

 Loch Croghearraidh (Western Isles) 

 Loch Grogary (Western Isles) 

 Loch nan Gad (Argyll) 

 Tangy Loch (Argyll) 
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 Lindores Loch (Fife) 

 Monzievaird Loch (Perth & Kinross) 

 Loch Craiglush (Perth & Kinross) 

 Butterstone Loch (Perth & Kinross) 

 Loch Eye (East Highland) 

 Loch Ussie (East Highland) 

 Loch Flemington (East Highland) 

 Loch Kindar (Dumfriesshire) 

1.4 Structure of the document 
1.4.1 Chapter 2 sets out the methods used in producing this report.  Chapter 3 provides a summary 

of the literature review; highlighting aspects of the ecology of Elodea species and the key 
species of conservation interest.  Chapter 4 provides an overview of the range of control 
measures that may be used to manage aquatic plants, and Chapter 5 considers the strengths, 
weaknesses, opportunities and threats (SWOT) of these options in the context of the current 
study.  Chapter 6 provides a review of the current status of plant communities in each of the 13 
mesotrophic lochs, focussing upon the occurrence of Elodea species and the key species of 
interest (mainly Najas flexilis and Potamogeton rutilus).  The choice of appropriate control 
method for Elodea in each site is considered.  Chapter 7 provides some conclusions. 
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2 Methodology 

2.1.1 The methodology agreed with the SEPA was to carry out a review of the literature followed by a 
site visit of each loch, resulting in a site specific recommendation for the best strategy to deal 
with Elodea spp. in each loch. 

2.2 Desk Based Research 

2.2.1 A review of the literature was carried out, using all forms of resource including web-based 
information, peer-reviewed journals, books and consultation with macrophyte experts. Topics  
covered included the;  

 ecology of the invasive species involved,  

 ecology of the protected species involved, 

 impact of Elodea  species on native species, 

 methods of control for invasive aquatic plants, both general and specific to Elodea species, 

 literature specific to each loch where available (including past reports and surveys). 

2.2.2 This research was collated into a literature review and is included in this report. 

2.2.3 Email contact was made with a number of individuals known to have experience of weed 
control/Elodea species.  A summary of people contacted is provided in Appendix 1. 

2.3 Site Visits 

2.3.1 Site visits were necessary so that decisions on treatment were suitably informed and appropriate 
to each loch. Due to seasonal and budgetary constraints, the site visit was never considered to 
be an in-depth survey of the plants in the loch although notes were made if the plants concerned 
were encountered.  The exception was Loch Grogary, for which no site data existed (see Section 
2.4). 

2.3.2 A pro-forma was prepared, to be completed during the site visit, to ensure consistent collection 
of data. Information collected included; 

 General description of the loch, 

 Recreational use of the loch, 

 Condition of the water, 

 Presence of plants in the strandline, 

 Access provisions at each loch, both by road and direct access to the water, 

 Wildlife using the loch, 

 Surrounding land-use, 
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 Condition of the bank, 

 Other comments.    

2.3.3 Each site was visited between September and November and visits took between one to two 
hours. Notes were taken on vehicular access to the water front and boat access to the water as 
this would have a significant impact on possible treatment measures. Illustrative photos were 
also taken of the loch.  

2.3.4 Using the information collected during the site visits and the literature review, strategy(s) for 
each loch were devised.  

2.4 Site Survey Loch Grogary 

2.4.1 As there was no existing macrophyte data for Loch Grogary, a macrophyte survey was 
undertaken.  The method was based on the methods developed by SNH for Site Condition 
Monitoring (JNCC, 2004) and the standard macrophyte method used by SEPA (2007a). 

2.4.2 The whole perimeter of the loch shore was walked and the species present noted.  More detailed 
investigations were conducted at four locations around the shore.  At each location a 100m 
length of shoreline was marked out.  Plants found washed up and growing at the water’s edge 

were recorded within 20m intervals (i.e. 0-20m, 20-40m etc.).  Distinction was made between 
plants growing and those that were washed up, and a rough level of abundance was allocated 
(using a three-point scale).  A wader survey was also undertaken.  Plants were recorded within 
an area of approx 1m2 at depths of 0.25, 0.5, 0.75 and >0.75m.  These were identified by direct 
observation and use of a plant grab.  Again, rough abundance scores were assigned using a 
three point scale.  Copies of the completed field sheets are contained in Appendix 2. 
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3 Literature Review 

3.1 Ecology of Elodea canadensis and Elodea nuttallii 

3.1.1 Canadian waterweed was first recorded wild in the UK in 1836 (Simpson, 1984). Its expansion 
was at first prolific, but slowed down in the 1900s, becoming a more modest component of 
aquatic habitats.  It has often been replaced by Nuttall’s waterweed which was first recorded wild 
in the UK in 1966, and is now known from more than 650 sites, including several sites in the 
Western Isles.  Both species are native to North America where they occur in lakes, ponds, 
canals and slow moving water.  Both species are commonly sold in the UK as oxygenating 
plants for ponds or aquaria, and can easily escape into the wild if unwanted plants are thrown 
into rivers and lakes.   

Identification 

3.1.2 Both species appear superficially similar, comprising green stems supporting whorls of 3 
(occasionally 4 or 5) leaves.  The physical differences between the two species can be 
summarised as (Dadds & Bell, 2007); 

 Stems: both Elodea species have long rounded, branching stems up to 3m long.  

 Leaves: both species have strap-like, stalk-less leaves in whorls of 3 (occasionally 4 or 5).  If 
the leaves are mostly in whorls of four or five, or are arranged spirally (do not look near the 
tip of a shoot to ascertain this, but lower down the stem), then it is not Elodea. Nuttall’s 

Waterweed can normally be distinguished by having some leaves which are strongly 
recurved, so that they curve backwards and point to the stem below.  The leaves are also 
often strongly twisted, and typically narrow (to 3mm wide) with sharp tips.  Canadian 
Waterweed does not exhibit recurved or twisted leaves, and the leaves are typically broader 
(to 5.5mm wide) with blunt tips.  The most reliable measurement to separate these species 
has been found to be leaf width 0.5mm below the tip: in Nuttall’s Waterweed it is 0.2-0.7mm 
(rarely 0.8mm), whilst in Canadian Waterweed it is 0.8-2.3mm (rarely 0.7mm).  If you find 
material where this measurement is intermediate, and it does not exhibit strongly recurved or 
twisted leaves, then it is not possible to name the species. 

Ecology 

3.1.3 Elodea canadensis is a relatively light-demanding plant with a high compensation point (Brown 
et al.. 1974). It requires a silty rather than sandy substrate and a supply of iron in the reduced 
form. Exhaustion of a critical micronutrient such as iron could explain the decline of 
E.canadensis in the late 1800s (Sculthorpe, 1967).  It is also able to utilise bicarbonate rather 
than carbon dioxide for photosynthesis (Bowmer et al. 1995).  This provides it with a competitive 
advantage in alkaline waters, where carbon dioxide can become limiting. It is also able to grow 
under an ice-covered loch but will be damaged if exposed to frost while emergent. 

3.1.4 Elodea shows its main growth between mid-April and mid-September, although it can show 
reduced growth outside these times (Simpson, 1986).  It overwinters using short, unbranched 
stems, or through the production of turions (Simpson, 1986).  The maintenance of some above-
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sediment plant material may give the plant some competitive advantage in the spring over those 
species that have to regenerate totally from turions. 

3.1.5 After introduction to a new site, E.canadensis often grows in abundance to nuisance levels, over 
a period varying from a few months to 4 years, it then may persist for up to 5 years then 
gradually wanes to a non-nuisance level at which it persists (Wingfield et al. 2004). The reasons 
for this initial nuisance growth phase are not clear, but are typical of species that act as initial 
colonisers of new water bodies.  If a management process such as cutting / thinning of the sward 
happens during this cycle then the process may begin again – reaching nuisance levels. 

3.1.6 E.nuttallii has also been reported to follow a similar pattern of growth then subsidence to non-
nuisance levels (Hamabata, 1997; Simpson, 1990).  

Habitat 

3.1.7 E.canadensis and E.nuttallii favour static and slow-moving water, such as ponds, lakes, ditches 
and canals, however E.nuttallii generally grows in more nutrient-enriched (eutrophic) water than 
E. canadensis. E.nuttallii has replaced E.canadensis at many sites in the UK due to 
eutrophication and is now being replaced by Lagarosiphon major (curly waterweed – this is 
sometimes erroneously called  Elodea crispa although it is not a member of the Elodea genus). 
Elodea spp. tend to act as metal ion pumps, taking up metals from the sediment and releasing 
them into the water. E.nuttallii is very copper tolerant, occurring in calcareous and eutrophic 
waters exhibiting a high tissue demand for phosphorus and nitrogen.  

Method of dispersal 

3.1.8 E. canadensis produces few seeds in its native range.  All plants within Europe are believed to 
be female, although there are records for male plants in a pond on the Braid Hills (Edinburgh) 
dating from 1879 until 1903 (Simpson, 1986).  Simpson (1986) reports conducting an intensive 
search for male flowers between 1978 – 1983, but without success.  This means that 
reproduction is purely by vegetative means; turions are produced in the autumn but the plant is 
probably spread through fragments of plant material (Preston & Croft, 1997). Therefore plants 
can be readily transferred on equipment, boats, wildlife, and as a result of aquaria and pond 
material being dumped in the wild.  

3.1.9 E.nuttallii also exhibits vegetative spread in the UK, and only female flowers are known in Britain 
(Preston & Croft, 1997). This species does not produce turions. 

3.1.10 In general E.nuttallii starts to regenerate new lateral shoots as the temperature reaches 6-8oC. 
E.nuttallii has been seen to rapidly displace E.canadensis in as little as 1-3 years.     

3.2 Ecology of priority conservation species 

3.2.1 The aim of this project is to identify ways of controlling Elodea species at certain sites whilst 
avoiding impacts on native plant assemblages.  However, the brief identifies that particular 
attention should be paid to impacts upon UK Biodiversity Action Plan (UKBAP) priority species in 
these sites, principally, Najas flexilis (slender naiad) and Potamogeton rutilis (Shetland 
pondweed), as these may be the driver for intervention.  Descriptions of the ecology of these two 
species are provided below.  Some of the sites considered also support other UKBAP species: 

Comment [a1]: is it possible to 
describe/ explain/suggest why initial 
nuisance phase occurs? 
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Chara aspera (a stonewort), Nuphar pumila (least water-lily) and Elatine hexandra (six-stamened 
waterwort).  A summary of the ecology of Chara species is also provided, as these are a specific 
feature of some water bodies under the Habitats Directive. 

Slender Naiad (Najas flexilis) – from Wingfield et al. (2004) 

3.2.2 First discovered in Scotland in 1875, N.flexilis is known as a European Protected Species and is 
listed in Annexes II and IV of the EC Habitats Directive and protected under Schedule 8 of the 
WCA (1981) and Schedule 4 of the Conservation (Natural Habitats &c.) Regulations, 1994.  

3.2.3 N.flexilis is a glabrous plant, with linear, sessile leaves which are opposite and whorled. Flowers 
are inconspicuous (1-3 at each leaf axil).  It spreads via underwater pollination (hydrophily), 
cannot reproduce vegetatively (Hutchinson, 1975) and is an annual plant. Therefore it is reliant 
upon annual seed production to survive.  Whilst it is possible that some seeds may survive in the 
seed bank for more than one year, their longevity is not understood (Wingfield et al, 2004). 

3.2.4 The water chemistry range where N.flexilis is believed to survive (in N.America) are as follows: 
pH in the range of 6.0 – 9.0 (SNH No.017; Jackson & Charles, 1998; Moyle 1945; Roberts et al. 
1985), and alkalinity (mg/l) ranging from a minimum of 6mg/l to a recorded maximum of 307.7 
mg/l (SNH No.017; Jackson & Charles, 1998; Moyle 1945; Pip 1988; Roberts et al. 1985). When 
pH is lower than this then the reproductive viability is reduced (seed production drops).  At higher 
alkalinities it becomes outcompeted by species able to utilise bicarbonate in place of carbon 
dioxide. 

3.2.5 Najas is usually found in depths of 1.5m or more but has been found growing in depths of 30cm. 
It grows in silty, organic, flocculent sediments which are often found at depth. Pip & Simmons 
(1986) found it growing at 12-14m depth in Shoal Lake, Ontario. Therefore high water clarity is 
useful for N.flexilis as it is most suitable to deeper sediments.  

3.2.6 N.flexilis is tolerant of disturbance due to being an annual, taking advantage of early colonisation 
of newly disturbed sediments. Indeed, work in America (Hagley et al. 1996 quoted by Wingfield 
et al. 2004) suggests that Najas can be favoured by disturbance of substrates, and may be 
limited in some sites to areas that receive annual disturbance (e.g. from wave action). 

3.2.7 Wingfield et al. (2006) suggest eutrophication and acidification are the main threats to N.flexilis. 
Nitrogen and phosphorus often limit primary production in mesotrophic lakes. An increase in 
these nutrients would increase photosynthetic production which would in turn decrease available 
dissolved carbon dioxide which is used by N.flexilis. It is low-growing (reaching a maximum 
height of 30cm) so other plants may overtop it and limit its growth in this way – although this is 
unlikely given its affinity with low light, and deeper waters.  

3.2.8 Acidification appears to reduce the ability of N. flexilis to produce seeds (potentially fatal for an 
annual). Titus and Hoover (1991, 1993) found that seed production per plant dropped 
considerably from 95.5 to 0.25 per plant when pH was dropped from 7.5 to 5. Wingfield et al. 
(2006) also found that acidification affected the ability of N. flexilis to produce seeds. 

3.2.9 The seeds are elliptical with a smooth and shiny brown coat and are produced from late summer  
to early autumn (August – October). 0-43 seeds are usually found on an individual plant. The 
seeds are intolerant to desiccation (Hay and Muir, 2000).  



  

 11 

3.2.10 Seedlings begin to appear from early summer (June) in Scotland (Wingfield et al. 2004). There is 
little knowledge on N. flexilis seedbank persistence (Wingfield et al. 2004), and Wingfield et al. 
(2004) propose that seed should be collected from a range of sites for preservation at the seed 
bank maintained by the Royal Botanic Garden (RBG) Kew.  

3.2.11 There have been several studies assessing the factors governing germination of Najas seeds.  
In 1936, Muenscher found that N.flexilis seeds did not germinate when stored at room 
temperature whereas seeds stored in chilled water for 7 months germinated well.  In 1968, 
Wetzel & McGregor found that seeds germinated after a dormancy period of 15-20 days at 4oC.  
Kew Royal Botanic Gardens have published data showing the germination success of 
rehydrated Najas flexilis seeds under varying conditions 
(http://data.kew.org/sid/SidServlet?ID=15958&Num=l65). Highest germination rates were 
achieved when the seeds were sown in anaerobic water. Wingfield (et al 2004) conducted 
germination experiments and found that germination was greatest in light, deoxygenated 
conditions at warm temperatures (around 16oC.  This suggests seeds are prevented from 
germination in autumn and stimulated to germinate in summer.  

Shetland Pondweed (Potamogeton rutilis)  

3.2.12 This is a nationally rare species.  The last published information (SNH No.017), identifies 12 
locations in Easter Ross, east Inverness-shire, Tiree, the Western Isles and Shetland. However, 
recent information from SNH (M. Hennessy pers comm.) suggests that this total may now have 
risen to 13 sites. The lochs are usually calcareous or sandy in nature. Worldwide, this species 
occurs in mainland Europe and Western Asia (Palmer et al. 1994). 

3.2.13 It grows in lowland mesotrophic or eutrophic sites that receive some base-enrichment.  It is 
usually found in sites with a high number of other pondweed species.  Its ecological preferences 
in Britain are poorly understood, as it tends to grow in deep water and consequently is usually 
found as material washed up in the strandline rather than directly observed in situ (Preston & 
Croft, 1997).  It has been recorded from depths of 1 – 2 m in Shetland lochs.  In the Hebrides it 
is found in machair lochs situated on the junction of acid rock and calcareous dune sand 
(Preston, 1995; Preston & Croft, 1997).  Sites supporting P. rutilus tend to have a rich 
Potamogeton flora (Preston 1995).   

3.2.14 Preston & Croft (1997) report Shetland pondweed in Loch Grogary and “Loch Scarie” as growing 

over stony, gravely, sandy and silty substrates at a depth of 0.25 – 0.75m – but this was in a dry 
summer.  By contrast, Wallace 2005) reports that P. rutilus prefers fine sediments that have 
mean organic contents ranging from 12% to 29%.   

3.2.15 Like many pondweed species, Shetland pondweed survives the winter as turions (winter buds), 
which develop in the autumn.  It does flower in Britain, but no fruiting material has been recorded 
(Preston & Croft, 1997). 

3.2.16 P. rutilus is under threat from eutrophication (nutrient enrichment) via intensive agriculture and 
developments such as housing (specifically in Shetland).   It was first recorded from Loch Ussie 
in 1994, growing in deep water. By 1997 it was thought to have become extinct in Loch 
Flemington (where it was first recorded in 1975) as a result of pollution (Preston & Croft, 1997).  
Wallace (2005) suggests that competition from Elodea nuttalli is at least a partial cause of its 
decline in Loch Grogary (called Croghearraidh in this report) and Scarie (called Scaraidh in this 

http://data.kew.org/sid/SidServlet?ID=15958&Num=l65
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report), noting that the declining abundance of P. rutilus is mirrored by an increase in abundance 
of E. nuttalli. 

Stoneworts 

3.2.17 Stoneworts are the most complex of the green algae.  Their growth form resembles that of many 
higher plants. They grow submerged in a variety of water bodies, although some species are 
able to survive periods of exposure on wet mud (Moore, 1986)  Some species are characterised 
by rough stems, created by the deposition of calcium carbonate, and some also have a 
characteristic strong smell resembling garlic. 

3.2.18 Charophytes are a taxonomically difficult group.  Species of Chara and Nitella are the most 
common examples found in Scotland.  Chara species are generally found associated with more 
base-rich conditions, and consequently are more characteristic of meso-eutrophic water bodies.  
Species of Nitella are also found in mesotrophic conditions, but are generally accepted as 
indicators of more oligotrophic conditions.  Many of the species are sub-divided into different 
varieties. 

3.2.19 They are composed of a main stem with lateral branchlets at intervals along the stem. Gaseous 
exchange takes place over the whole surface area of the plant along with via the rhizoids. They 
tend to be fast-growing species compared to other macrophytes dominating in low light deeper 
water.  

3.2.20 Charophytes are found in waters ranging between pH 6 and pH9.  Species of Chara are usually 
associated with the higher pH levels, and are found in hard water, which is calcium rich and low 
in phosphate.  Some species are able to utilise bicarbonate ions. Many species lay down a 
surface layer of calcium carbonate, which is responsible for the “rough” feel of the stems. 

3.2.21 They will grow in a range of aquatic habitats including lochs ponds, and puddles.  They may be 
associated with stable water bodies, but can also occur in areas subject to drastic change and 
can be associated with transient water bodies that dry out in summer (Moore, 1986). They are 
often primary colonisers of newly dug or cleared ditches. 

3.2.22 In deep, clear-water bodies species of Chara may dominate the deeper areas and form dense 
carpets.  They are important primary producers in aquatic systems, act as sinks for nutrients, 
and provide a large surface area for colonisation by micro-organisms and invertebrates. 

3.2.23 Most species are found growing on silt, mud, peat and sand.  The dense growths on these 
substrates can act to stabilise fine particles. 

3.2.24 Charophytes can reproduce sexually via Oospores and also produce vegetative propagules 
known as bulbils (which are formed at the rhizoid joints).  Oospores are highly resistant cells that 
are able to remain viable for some years. 

3.2.25 Oospore production is thought to be linked to environmental conditions, rather than specific 
seasons, with day length appearing to act as a trigger.  Some species may be perennial in deep 
waters, but act as annuals in shallow areas (Moore, 1986).  Some species can survive under ice 
cover. 
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3.2.26 The BSBI Charophyte handbook (Moore, 1986) recognises over 25 taxa of Charophyte, of which 
only three taxa of Chara (Chara aspera, C. globularis, C. virgata) and two taxa of Nitella  (Nitella 
flexilis, N. opaca) have been recorded from the lochs of interest for this study. The Charophyte 
handbook (Moore, 1986) does not recognise C. virgata as a species, and it is assumed that this 
refers to C. globularis var. virgata. 

3.2.27 Two varieties of Chara aspera are recognised (Moore, 1986).  C. aspera var. aspera is a shallow 
water species (2 – 4 m depth), and grows on calcareous sand, and is tolerant of brackish water. 
It has a pH range of 6 to 9.  Many records for these species are from Orkney and Shetland.  In 
Britain this species appears to rely upon vegetative reproduction (Moore, 1986). C. aspera var. 
virgata is found in peaty alkaline waters, and also seems to rely upon vegetative reproduction, 
although ripe oospores can be found. 

3.2.28 Three varieties of Chara globularis are recognised (globularis, virgata, and annulata) (Moore, 
1986).  Var. aspera occurs frequently throughout Europe in a variety of habitats, although it 
appears to be absent from brackish and running water.  It is considered perennial in deep water 
and can survive under ice-cover (Moore, 1986). C. var. virgata is able to tolerate lower pH levels 
than most other Chara species, and is often found in northern areas of Scotland in peaty water in 
bogs.  Var. annulata is usually found on stony sand and clay at lake margins, and is mainly 
confined to Scotland and Ireland. 

3.2.29 Two varieties of Nitella flexilis have been described (var. flexilis, var. spanioclema).  N. flexilis is 
widespread throughout Britain.  It appears to tolerate a range of pH levels and is able to compete 
with other submerged aquatics.  It is able to grow as winter or summer annuals or survive as a 
perennial in deeper water (Moore, 1986).  

3.2.30 Charophytes  are susceptible to dichlobenil, especially applied early in the season (April – June). 
They tend to be unpalatable to grass carp, but may die back due to turbid conditions. They will 
be susceptible to dense shade but not to decomposing barley straw (CEH, 2004).     

3.3 Interaction between Elodea species and priority species 

3.3.1 Concerns about the potential impact of non-native species on native populations have been well 
documented (e.g. http://www.plantlife.org.uk/uk/plantlife-campaigning-change-invasive-
plants.html).  The spread of invasive or nuisance vegetation will alter the structure of aquatic 
ecosystems and may result in ecosystem degradation, changes in water quality, and changes in 
habitat for fish and wildlife populations. Invasive aquatic vegetation spreads rapidly and 
colonises both degraded and healthy ecosystems. 

3.3.2 There are numerous case studies from around the world and the UK demonstrating the potential 
impact of invasive non-native species (e.g. see Pieterse & Murphy, 1990).  For example, water 
hyacinth infestations in Africa have been responsible for serious damage to water supply dams 
and the spread of disease.  In the UK, Australian stonecrop (Crassula helmsii) has invaded 
nature conservation sites in the New Forest.  Discussions with researchers at Queen’s 

University, Belfast (C. Harrop, Queen’s University, pers comm.) indicate that another invasive 
species that has a similar growth form to Elodea spp. (Lagarosiphon major) does act as an 
inhibitor to other aquatic plants, and has acted to outcompete charophyte communities (Caffrey, 
2007).  

http://www.plantlife.org.uk/uk/plantlife-campaigning-change-invasive-plants.html
http://www.plantlife.org.uk/uk/plantlife-campaigning-change-invasive-plants.html
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3.3.3 Elodea species are relatively new to the British flora, and their introduction to water bodies is 
generally perceived to be undesirable and likely to lead to adverse effects on the native flora e.g. 
through competition for nutrients (CEH, 2004).  However, there has been little targeted research 
investigating the relationship and competition between Elodea spp. and native submerged 
macrophytes.  In addition to concerns about Elodea potentially leading to the loss of certain 
native species, decreases in abundance and frequency of native species are also an issue of 
concern in sites designated for their nature conservation importance. Such declines in the 
abundance and frequency of “desirable” species could lead to a designated site being classified 

as “unfavourable” during Site Condition Monitoring.  Evidence for the nature and scale of 
interaction between Elodea species and the priority species was reviewed as part of this study. 

3.3.4 Elodea spp. typically creates dense mono-specific stands below the surface.  It is able to survive 
the winter above soil level, and hence is at a competitive advantage against several native 
species that are annuals.  As Elodea is able to utilise bicarbonate ions, it may be able to out-
compete other species, such as Najas flexilis which are reliant upon carbon dioxide.  

3.3.5 Whilst the ecological requirements of Elodea would suggest that it has a competitive advantage 
over many native species, the literature is inconclusive as to whether it is responsible for the loss 
or decline of native species, or whether it just utilises the habitats of these other species if they 
decline due to changing environmental factors.  The Loch of Harray on Orkney suffered severe 
growths of Elodea canadensis in the late 1980s, although it was only first recorded from the loch 
in 1984 (ICOL, 2004).  At its peak, vast swathes of vegetation were washed up on the loch 
shore, and it impeded fishing activity at the site.  The Elodea population declined in 1990, but still 
remains a component of the flora.  Detailed macrophyte surveys were conducted in 2002.  
Based on these surveys it was concluded that “No macrophyte species are thought to have been 
lost due to colonisation by Canadian pondweed (or other causes).” (ICOL, 2004).  Indeed, 
Elodea was considered to have a major influence on the ecology of Loch of Harray through 
acting as a nutrient sink and as refugia for zooplankton and fish, and the populations of wintering 
wigeon and mute swan were observed to increase following colonisation by Elodea (these 
species use it as a winter food stuff). 

3.3.6 Wingfield et al. 2004, concluded that competition between Elodea and native species may not be 
fierce in larger waterbodies that are physically heterogeneous and so offer a variety of 
microhabitats, some of which will provide conditions best suited to native species.  The effect of 
competition with other macrophyte species upon the fitness of Najas plants was investigated.  
Macrophyte biomass was not found to have a significant relationship with Najas fitness due to 
the range of other factors that influence this.  It was concluded that whilst competition was 
probably influencing the fitness of Najas, other factors may act as more effective indicators of 
fitness (Wingfield et al. 2004). 

3.3.7 By contrast, Wallace (2005) quotes research in Scandinavia that showed that the distribution of 
Najas flexilis was reduced as a result of competition with Elodea canadensis.  

3.3.8 Najas flexilis populations are known to have declined in several of the Lunan Lochs.  Elodea is 
present in several of these lochs, and it has been suggested that Elodea populations should be 
controlled (alongside other measures, such as controlling nutrient inputs) to help promote 
recovery of Najas flexilis (Murphy & Hall, 2005).  However, it is not clear whether the scale of 
Elodea growth is a cause of the problem, or has occurred as a consequence of other 
environmental changes in the lochs.  For example, nutrient levels in the lochs have increased, 

Comment [a2]: ICOL not in 
references. 
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which has led to algal blooms, which may have acted to shade-out the Najas (Murphy & Hall, 
2005).  Also at high pH levels the availability of carbon dioxide compared to bicarbonate is 
reduced, reducing the ability of Najas to photosynthesise.   

3.3.9 Likewise, Najas flexilis has apparently disappeared from Tangy Loch, whilst Elodea has 
colonised the site.  Surveys conducted for SNH (Scott Wilson, 2004), suggest that the site may 
have undergone some degree of acidification, which would affect the ability of Najas to set seed.   

3.3.10  Wallace (2005) suggests that the abundance of P. rutilus may be affected as a result of 
competition with Elodea canadensis, noting that the biomass of P. rutilus declines with 
increasing biomass of E. canadensis is Loch Ussie.  Wallace (2005) also suggests that an 
increasing abundance of E. nuttalli in Lochs Grogary (Croghearraidh) and Scarie (Scaraidh) is 
responsible for observed decreases in abundance of P. rutilus in these sites. 

3.3.11 Whilst it is unclear whether there is a direct cause and effect between Elodea growth and the 
decline of some native species, or whether these are both symptoms of the same cause (e.g. 
nutrient enrichment), Elodea is able to utilize and dominate habitats that are vacated by some 
native species.   

3.3.12 The presence of Elodea spp at a site is a material consideration when assessing the condition 
status of SSSIs. The JNCC (2005) common standards guidance sets limits for the amount of 
each species (assessed as % frequency) that can be present in different types of site.  It states 
“If Elodea canadensis or Elodea nuttalii have become naturalised and occur at low frequency, 
then the feature may be classed as favourable, provided all other attributes meet their targets.”  
The maximum permissible frequency of Elodea species in favourable sites is currently under 
review (M. Hennessey, SNH, pers comm.). 

3.3.13 In summary, whilst the presence of Elodea species may be undesirable, as it is a non-native 
species, there is inconclusive evidence as to whether it acts to exclude native species.  Some of 
the evidence of Elodea infestations in Scotland suggest that it is able to exploit changing 
environmental conditions better than some native species, taking over areas that were once 
dominated by native species, but its appearance is not necessarily the cause of their decline. 
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4 Control methods 

4.1.1 Numerous books and papers have been produced discussing control measures for invasive 
aquatic species (e.g. Pieterse & Murphy, 1990).  The following descriptions provide an overview 
of the range of control methods that are available to limit or remove aquatic plant growth.  It is 
not designed to be a comprehensive review of every method that has ever been tried, but does 
provide a summary of the main approaches. 

4.1.2 Control methods for aquatic plants can be grouped into the following categories: 

 Mechanical: the use of tools to physically remove the species, 

 Chemical: the introduction of chemicals such as herbicides to kill the species, 

 Biological: the introduction of another organism to control the focal species, 

 Environmental: an alteration of  environmental conditions to prevent further growth / 
reproduction. 

4.1.3 Bowmer et al.. (1984) suggest that control of E.canadensis is most effective during two main 
periods; the first being to coincide with the time when the biomass is approaching nuisance 
levels e.g. early summer and secondly during March-April before fragmentation occurs and 
propagules are initiated. 

4.1.4 Prevention of infections with Elodea is obviously more effective than controlling it once it is 
established in a site.  Whilst there are voluntary campaigns in place to raise awareness of 
invasive aquatic weeds (e.g. Plantlife are encouraging the public to survey garden centres for 
the species that they sell), there is no system in place to prevent the spread of Elodea between 
sites.  For example, in Ireland, boats that leave Lough Corrib are required to be washed down 
using powerwash facilities, to reduce the risk of spreading Lagarosiphon to other freshwater 
bodies. 

4.2 Mechanical 

4.2.1 Mechanical methods involve the use of tools to physically cut the plants and/or remove plants 
from the substrate and/or water body.  Many methods involve the use of machinery such as 
weed cutters and harvesters, but hand tools and chains can also be used.  The physical removal 
of plants by hand is also considered in this section. 

4.2.2 Hand weeding of shallow, discrete areas of infestations (no more than circa 1m2 in size) may 
result in success and is the easiest option to implement. Hand weeding is costly and labour 
intensive so is only a viable option in areas of sparse infestation, in shallow water.  It has been 
tested as a control mechanism for Lagarosiphon in Lough Corrib in Ireland, but was found to be 
unsuccessful as the plant had colonised areas of fine silt, which became dislodged during 
removal hampering the visibility of divers (Caffrey, 2005). 

4.2.3 Cutting using machines will largely depend on access to the site (getting machines and 
vehicles onto the shore or into the water body) and the amount of plant to be controlled. The 
disadvantages of such methods is that they can lead to further increases in the population of the 
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weed species if it is able to reproduce from stem and leaf fragments (as is the case with Elodea 
spp.). This method would also cause the removal of large amounts of benthic fauna and flora 
(fish and target conservation species in particular). It may also cause high turbidity and possibly 
anoxic conditions which will inhibit growth of nearby target conservation species. Removal of the 
material will result in large quantities of waste to be disposed of which is a further logistical issue 
and expense.  However, it is a method that has been tried and tested around the World, is fairly 
predictable in terms of its results and has been used as a management tool in at least one of the 
sites investigated for this study (Lindores Loch). 

4.2.4 By using a weed cutter and simply cutting rather than uprooting the Elodea spp. it may be 
possible to decrease the plants’ vigour sufficiently to stem its spread within a waterbody. 

However, if cuts are not frequent enough this may have the effect of simply stimulating the plant 
to re-grow to nuisance levels. Cuts would have to be repeated at least three times in a growing 
season to have any effect. It is also inevitable that this process will allow the escape of some 
plant fragments from which new plants will re-grow. Therefore only if this process is going to be 
conducted to a very high standard should it be considered.  

4.2.5 Weed cutting using a deep-cutting V-blade followed by immediate removal of cut material has 
been found to be effective in trials of Lagarosiphon control in Lough Corrib, Ireland, achieving up 
to 95% initial removal (Caffrey, 2005).  The work is still in the early stages of assessment, but so 
far the most successful approach has been to cut the plant during the winter months 
(Lagarosiphon  remains green over the winter), at bed level.  At this time of year the stems of the 
plant are more erect, which makes cutting more effective, and the cut material floats to the 
surface making collection and removal easier.  Cuts during the summer months have been found 
to be less effective as the plant develops a more spreading habit, and the cut material stays on 
the bottom of the lake rather than rising to the surface for removal. As this species has formed 
large mono-dominant stands there have not been any concerns about the removal of species of 
conservation interest (and most of these would be dormant during the winter months).  
Preliminary assessments suggest that the growth of Lagarosiphon was still reduced around 8 
months after cutting, and any plant growth was probably attributable to new settlement rather 
than regeneration of the in situ plants. A GPS is being used to help identify areas for cutting, and 
success is checked by a dive team.  Cutting during the winter can be difficult due to high winds 
and wave conditions, which drives the cutting machine off course, meaning that areas may have 
to be re-cut.  Whilst this approach is achieving some success it is labour-intensive and costly.  
For example, the boat cutter cost in the order of 80,000 euros, and the harvester would cost in 
the region of 50,000 euro.  A minimum of 6 staff have been employed on a full-time basis over 
the winter months in an attempt to control the species in the site.  Approximately 29ha can be 
covered in a day (Dr. J. Caffrey, Central Fisheries Board, Ireland, pers comm.).  Whilst the aim 
of control methods for Lagarosiphon in Lough Corrib is eradication, it is not known whether 
cutting will achieve this. 

4.2.6 Rotovating or rototilling the sediments in which the macrophytes grow is another option. This 
method churns up the sediment releasing nutrients, which may lead to anoxia and turbidity, and 
would also potentially create fragments of Elodea, which could colonise new areas of the water 
body.  The newly churned sediment would re-create conditions associated with a new water 
body.  This may work in favour of some of the species of conservation interest, including 
Charophytes and Najas flexilis, which are known to be early colonisers of new water bodies.  
(Moore, 1986, Wingfield et al. 2004).  Work in America (Hagley et al. 1996) found that N. flexilis 
thrived in a water body in trenches and holes that had been created during experiments to lime 
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the lake. Wingfield et al. (2002) quote other American work that suggests that N. flexilis thrives 
after some kind of disturbance to a lake such as dredging or winter drawdown in artificial 
systems. 

4.2.7 Suction dredging has been used with success to control Lagarosiphon beds as it uproots the 
plants and directly discharges all dredged materials into a collection bag, the contents of which 
can then be disposed of. This method requires specialist equipment and expertise and therefore 
carries a high monetary cost.  This method is unlikely to be appropriate in sites that support 
Najas flexilis as it would remove the seed stock upon which the species relies for regeneration.  
It cannot be used in hard bottom or rocky substrates.    

4.2.8 In conclusion, mechanical methods are effective in producing instant results, but are often labour 
intensive to implement.  The effects can be predicted fairly accurately. Their success in 
achieving long-term control is uncertain, and the method is likely to require implementation on a 
regular basis. Cutting may generate large quantities of nutrient-rich biomass that need to be 
disposed of, and may also create fragments of plants which will colonise new areas.   The 
creation of areas suitable for colonising species such as Najas may be advantageous, but the 
effects on P. rutilus are less clear. 

4.3 Chemical 

4.3.1 Chemical methods (herbicides) are frequently used as a control for terrestrial weeds in 
agricultural systems, and their use has been extended to the aquatic habitat.   

4.3.2 The ideal aquatic herbicide should be of high phytotoxicity, able to kill a plant fast and should 
rapidly degrade from the water column.  Whilst they are a relatively simple and cheap option to 
use it can be difficult to achieve the required level of control due to complications with uptake 
and exposure, and methods that might assist with this (e.g. the use of gel alginates) are not 
currently licensed within the UK.  

4.3.3 Herbicides may be referred to by several names: their chemical formulation, their chemical name 
(some times known as the active ingredient) or their brand name.  For example, the chemical 
name of dichlorbenil is 2, 6-dichlorobenzonitrile (C7H3Cl2N), which is the active ingredient of a 
range of commercial herbicides including Casoron G, Cetis Dichlobenil granules, Dicore etc.  

4.3.4 There is concern about the impact of herbicides on non-target organisms and their use in aquatic 
systems, or near water courses, is strictly controlled.  Currently only two active ingredients are 
licensed for use in water (glyphosate and dichlobenil), and one of these (dichlobenil) is shortly to 
be de-listed.  Even where chemicals are licensed for use in aquatic systems it is probable that 
their use within sites designated for nature conservation purposes would be controversial and 
may be politically unacceptable. 

4.3.5 The following review focuses upon the chemicals which are currently licensed for use in UK 
waters, although brief mention is made of other chemicals, not currently licensed, that have been 
shown to be effective. 

4.3.6 Dichlobenil (or Dichlorbenil) is a broad spectrum residual herbicide acting mainly through the 
roots. Currently there are 26 formulations licensed for professional use, and 2 products licensed 
for amateur use (Pesticides Safety Directorate, 2009).  Some examples of products include 
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Casoron G, Certis Dichlobenil granules and Dicore.  It is usually applied in granular form. 
Granules should be spread over the affected area early in spring, with only one application 
required per growing season. The European Commission has recently announced (6th 
November, 2008), that the sale and use of products containing dichlobenil is to be banned.  The 
ban for advertisement and sale of products containing this substance comes into effect from 18th 
March 2009, but existing supplies of material can still be used up until 18 th March 2010 (EC 
Decision 2008/754/EC). 

4.3.7 Dichlobenil has been used on an experimental basis at Lough Corrib to control Lagarosiphon 
major.  It was found to be ineffective when administered on top of the plant canopy, but had 
some success when it was applied to the plant at substrate level after cutting (J. Caffrey, Central 
Fisheries Board pers comm.). 

4.3.8 Glyphosate (N-(phosphonomethyl) glycine) will soon become the only chemical licensed for 
use in the control of aquatic plants.  It was originally developed as a herbicide specifically to treat 
infestations of couch grass (Elymus repens) in arable fields (ECUS, 2005), and tends to be less 
successful in controlling dicotyledons.  It is most commonly applied as “Roundup” for treatment 

of bankside and emergent plants, where it can be applied as spot treatments, usually as part of 
gel formulations.  Dyes can be added so that operators can see which plants have already been 
treated.   It is usually recommended only for treatment of bankside, emergent and floating-leaved 
plants.  It is generally considered to be ineffective for submerged species, principally because 
the formulations become too dilute. 

4.3.9 A range of other chemicals have been used historically for submerged weed control, but which 
are no longer available. For example, diquat (in the form of Reglone) has been used successfully 
in trials to control Australian stonecrop (Crassula helmsii) at Swanholme Lakes in Lincolnshire.  
Diquat alginate (“Midstream”) was applied at a rate of one litre per 100 m3 in water over 0.3 m 
deep, and at 0.5 l per 100 m3 in water less than 0.3 m deep and most of the C. helmsii had 
disappeared within two weeks (ECUS, 2005).  It can also be used for submerged species.  Wells 
& Clayton suggest that it may not affect some conservation priority species including 
Charophytes and Potamogetons.  However, one of the authors of this report (Bell, 1991) has 
carried out toxicity tests on Potamgoeton perfoliatus using diquat, and found it to be relatively 
sensitive to low concentrations.  There is also research to show that Elodea may not be any 
more sensitive to diquat than other priority species such as Najas; Blackburn (1965) found that 
diquat concentration of 1 mg/l was sufficient to achieve a minimum of 85% mortality for Elodea, 
Najas and Ceratophyllum species under conditions of continuous exposure.  Murphy & Hall 
(2005) report work by SNH to control Elodea in the Western Isles in the 1990s.  This involved the 
use of diquat-alginate to treat Elodea, and this was considered to be successful in killing a 
substantial proportion of the Elodea without damaging the slender naiad population. 

4.3.10 Terbutryn, a broad spectrum herbicide, has also been used previously for weed control. It can be 
applied in granular form or with gels.  

4.3.11 There are other chemicals which are not regarded as herbicides but which can have a significant 
effect on weed growth. For example, rotting barley straw is often quoted as a possible algal and 
higher plant suppressant following its use on the Chesterfield Canal.  However, it was not found 
to be effective at Loch Flemington (May et al. 2001), or Turdale Water (M. Hennessey, SNH, 
Pers comm.). Ferric alum is added to water to precipitate phosphorus and this technique is used 
in reservoirs. In the USA and Canada various dyes (e.g. “Aquashade”) are added to water which 
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have the effect of changing the light wavelength resulting in shading submerged plant growth 
(see paragraph 4.5.6). It is highly likely that there are other non-herbicidal chemicals which could 
affect pH, nutrient availability, environmental conditions or directly impact on plant survival and 
vigour which could be developed for aquatic weed control. 

4.3.12 In summary, the number of conventional herbicides available for aquatic and bank-side weed 
control has been reduced in recent years, and soon only a single product, glyphosate, will be 
available.  This is of limited value for the control of submerged species, and is likely to be highly 
unselective in its application.  The most serious loss in recent years was diquat, which in its 
liquid form (Reglone) was useful for the control of some floating leaved and submerged species. 
The loss of its gel formulation, Midstream, from UK production now means that chemical control 
of submerged weeds is very problematic.  

4.4 Biological 

4.4.1 The ideal biological control agent has a strong link with the species that it is trying to limit, is able 
to effect adequate management, and does not impact upon other non-target species.  As with 
chemical controls, the use of a non-native introduced species into a site of conservation 
importance is likely to be controversial. 

4.4.2 Biological methods for plant control in the UK are less well documented, although there are 
examples from around the world. There are many examples of where the biological control agent 
has resulted in greater damage than the species that it was intended to control, and there are 
rigorous testing methods required prior to the release of non-native species. Fish, notably grass 
carp (Ctynopharyngodon idella), have been used to control plant growth. Again, these tend to be 
non-specific in their choice of target food, and often show a preference for soft-leaved species 
(e.g. those we are trying to protect) in favour of tougher species such as Elodeas (Clayton & 
Wells 2005). There would also be concern about introducing coarse fish species into important 
game fishing sites and SSSIs. Nonetheless, grass carp are not known to breed in UK waters and 
so would be unlikely to become a pest themselves. In lakes in New Zealand grass carp have 
been stocked at 30 fish per hectare to provide adequate weed control (Chisholm, 2007). 
However, the stocking density is very much dependent on a number of factors including the 
amount of vegetation, size and shape of the loch, the size of the fish being introduced and other 
environmental factors such as temperature.  

4.4.3 There has been some work in Ireland on using biological control agents for Azolla filiculoides, 
commonly known as Water Fern or Floating Fern using a frond feeding weevil, Stenopelmus 
rufinasus. Although not native to Ireland it was first recorded there in 2007 associated with the 
Azolla (Jaffrey & Baars, 2008), although how it was introduced is not known.  Populations were 
supplemented with captive grown weevils.  It was found to be effective in eradicating the fern 
over a season, and then died out due to lack of food (Baas & Caffrey, 2008).   

4.4.4 There has also been recent interest in using biological control agents for Japanese knotweed 
(Fallopia japonica). 
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Beavers as Biological Control for Elodea 

4.4.5 Beavers are the second largest rodent in the world growing up to 4 feet long (Sargent, 2006). 
The European beaver (Castor fiber) is strictly herbivorous eating a wide range of water and 
riverbank plants (Harris, 2008). The diet tends to be seasonal depending on the availability of 
vegetation throughout the year. In spring and summer the tendency is to eat both terrestrial and 
aquatic vegetation as opposed to in winter when the only food available is that which can be 
harvested from felled trees such as bark, cambium and leaves (Sargent, 2006). The European 
beaver was widespread in the British Isles up until around 450 years ago, when it was hunted to 
extinction for its castoreum, meat and fur (Sargent, 2006).  

4.4.6 In North America, preferred foods of North American species of beaver include Elodea as stated 
in the habitat suitability index for beavers (Allen, 1983); “Aquatic vegetation, such as duck potato 
(Sagittaria spp.), duckweed (Lemna spp.), pondweed (Potamogeton spp.), and water weed 
(Elodea spp.) are preferred foods when available” 

4.4.7 On account of Elodea remaining in a vegetative form over winter, it is possible that this would be 
a preferential food source throughout the year, especially in winter when other green material is 
rare to non-existent. Predation of this plant in winter would also be beneficial on account of the 
plants growth being halted for a number of months. Placing a persistent predation pressure on a 
species should at least put it at a less competitive standing within the eco system, thereby 
reducing the mass of plant within the environment of the lochs allowing growth of other species.  

4.4.8 It is not known which native species beaver may prefer to eat, or their impact on native plant 
species. Beavers will be introduced to Scotland in the Knapdale forest from Spring 2009 as part 
of a five year trial re-introduction of the species.  Elodea is present in some of the lochs, and will 
be monitored as part of the overall assessment of impacts of beaver on aquatic vegetation.  

4.5 Environmental 

4.5.1 Environmental controls usually involve manipulating conditions at a site such as water quality, 
water level, and light levels. The use of such approaches is usually reliant upon a good 
knowledge of the ecology of the individual species present to ensure that the method does not 
impact upon the species that it is hoped to protect.  

4.5.2 By reducing the nutrient load in lochs it may be possible to alter conditions so that Elodea spp. 
are placed at a disadvantage. Flocculation can be used to precipitate out phosphates that are 
stimulating plant growth. Catchment-wide nutrient management may be able to alter conditions 
sufficiently to have an effect.  Measures such as dredging and removing nutrient-rich sediments 
may be undesirable as they will remove the seed stock. 

4.5.3 Several of the sites reviewed as part of this study are thought to be suffering from some form of 
nutrient enrichment.  At some sites an increase in Elodea and decline in Najas has occurred 
over the same broad timescales as changes in nutrient status.  At some of these sites it is not 
clear whether it is the change in nutrient status, appearance of Elodea or some combination of 
the two factors, which has influenced Najas populations.  Nevertheless, nutrient management 
may be a possible control measure for Elodea. 
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4.5.4 In addition to manipulating nutrient levels, there have been some experiments with altering other 
aspects of water quality, principally pH.  Many of these experiments arose following concerns 
about acidification of water bodies resulting from acid rain or forestry.  Work in America has 
shown that liming of Thrush Lake helped to achieve short-term increases in Najas populations, 
although these increases were thought to be due as much to changes in physical conditions 
(creation of disturbed areas of substrate) as to changes in water quality (Wingfield et al., 2004).  
Acidification is not thought to be a factor in disappearance of Najas at most of the sites reviewed 
for this study, although there is some information to suggest that this may be a possibility at 
Tangy Loch (see section 6.6). 

4.5.5 Water level drawdown has been used in drainage canals and hydro-electric lakes in Australia 
and New Zealand respectively. It is not always effective with weeds often re-growing to previous 
levels once water levels are restored. The cost both financially and ecologically (loss of fish and 
other fauna, other flora and effects such as shoreline erosion or subsidence) for this method to 
be employed in natural loch systems renders it infeasible.   

4.5.6 Inert chemicals in the form of a dye can be added to the waterbody to attenuate light, hindering 
light penetration, hindering photosynthesis and suppressing plant growth (see paragraph 4.3.11). 
The application of dyes will only be effective in a small waterbody but will not be selective so 
only isolated areas of Elodea spp. can be treated.  

4.5.7 Benthic covers which are fastened to the substrate of a water body could be used which will 
cause the die-back of all rooted vegetation. There are obvious issues with selectivity associated 
with this method. Various cover materials can be used including polypropylene, polyethylene, 
PVC, nylon, synthetic rubber and fibreglass.  

4.5.8 Weed Control Fabric has been used in trials to control C. helmsii at the Mochrum Lochs in 
Dumfries (ECUS 2008). The installation of material was labour intensive, and the results are not 
yet available.  Research by the RSPB has shown this method to be effective, providing the 
material is left in situ for six months.   

4.5.9 Black geotextile material was placed in sample plots within Lough Corrib in Ireland.  Whilst this 
was found effective in controlling plant material (principally Lagarosiphon), there were practical 
difficulties in positioning the material and fixing it to prevent it floating to the surface (Caffrey, 
2007).  More recently further trials have started using Jute-based fabrics usually used on road 
schemes.  This material sinks readily, and can be relatively easily positioned and fixed by divers.  
The early results suggest that this has been effective in achieving localised control of 
Lagarosiphon, and that there has been some natural colonisation by Charophytes through the 
mesh in the fabric.  The success will be monitored throughout 2009 (J. Caffrey, Central Fisheries 
Board, pers comm.). 

4.5.10 It has already been noted in paragraph 4.2.6 that Najas flexilis has been observed to thrive in 
disturbed areas of lake beds.  Creation of artificially disturbed areas may, therefore, favour this 
species. 

 

 

Comment [a3]: The draft copy I 
received from snh did not have a 
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5 SWOT Analysis 

5.1.1 The preceding chapter has summarized the range of control measures that are available for 
aquatic plants.  The potential strengths, weaknesses, opportunities and threats (SWOT) of each 
of these methods with respect to the objectives of this study are now summarized.  An 
assessment of the “do nothing” option has also been included. Table 5.1 also provides an 
overview of the key features of each control measure, including indicative costs (where 
available). 

5.2 Mechanical  

5.2.1 This includes hand pulling, cutting with hand tools or machines, rotovating and creating disturbed 
areas of the loch bed. 

Strengths 

 All methods produce an “instant” effect in terms of removing Elodea. 
 All methods are easy to control. 
 All methods have predictable results. 
 Can be carried out at the small scale (e.g. hand picking by divers) or at a larger scale 

using commercially available machinery. 
 Most methods are well-understood, and there is a case history of their application in a 

range of different habitats, including SSSIs. 
 Creation of disturbed areas of loch substrate can be carefully targeted to avoid impacts on 

other key species. 

Weaknesses 

 All methods (other than hand picking) are non selective in terms of the species removed... 
 Can only be used in mono-dominant stands of target species. 
 It can be difficult to harvest all areas efficiently using machines (due to equipment being 

blown off course). 
 Results in the generation of large quantities of nutrient-rich material that has to be 

disposed off. 
 Machines can only be used at sites with road access and/or boat access. 
 Suction dredging would remove the seedbank of desirable species such as Najas flexilis. 
 Rotovating can only be carried out in areas with relatively firm substrates. 
 Cutting will interrupt the aquatic system developing its own macrophyte balance involving 

Elodea, so once a regime of cutting is commenced, it may need to be continued long-term 
in order to maintain Elodea at acceptable levels 

Opportunities 

 Rotovating or disturbing substrates may create disturbed habitats that are particularly 
favoured by Charophytes and Najas. 

 It is reversible, so the efficacy of the method can be tested. 
 It is relatively easy to implement. 
 Can act as a method for removing nutrients from a system. 
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 There have been preliminary good results with cutting of Lagarosiphon in Lough Corrib, 
Ireland. 

 Creating disturbed areas of substrate or deeper pools provide a “safe” experimental 
option. 

 Creation of disturbed areas may provide conditions suitable for introduction of seeds from 
alternative sources. 

 As Elodea can remain green over the winter months whilst many native species survive as 
winter buds, turions, or seeds, there may the potential to cut Elodea without direct impacts 
on native species. 

Threats 

 Decomposition of cut material could result in de-oxygenation events and impacts on 
aquatic fauna. 

 Hand picking can only be carried out successfully in areas with good water visibility. 
 Any fragments of Elodea not removed from the loch would be able to colonise new areas 

within the site. 
 The benefits of cutting and removing Elodea for Potamogeton rutilus are unknown. 
 It is unlikely to fully eradicate Elodea from a site. 
 Evidence suggests that disturbance would need to be repeated frequently to maintain 

populations. 

5.3 Chemical 

5.3.1 This considers the use of both herbicides and dyes. 

Strengths 

 High control rates for some species have been obtained with some herbicides. 
 The application is often relatively simple. 
 Substrates remain undisturbed (and seed banks should remain unaffected). 

Weaknesses 

 All herbicides that are commercially available have been developed primarily for terrestrial 
use. 

 There may be undesirable toxic effects on other elements of the flora and fauna. 
 There may be de-oxygenation events as a result of breakdown of dead plants (treatment 

early in the growing season is recommended by DEFRA to reduce this). 
 

Opportunities 

 The applications can be targeted at individual plants through the use of alginates and 
weed wipers. 

 There may be opportunities to develop new formulations of chemicals that are licensed for 
use in the water. 
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Threats 

 The use of chemicals in sites designated for nature conservation purposes is unlikely to be 
acceptable. 

 Those chemicals that remain licensed for use are likely to have limited impact against 
Elodea. 

 Those herbicides likely to be most effective (notably diquat-alginate) are no longer 
licensed for use.  

 The use of dyes, which alter the wavelength of light in water, may be unselective in terms 
of their effects on submerged species. 

 Chemicals are unselective in terms of their impacts. 

5.4 Biological 

Strengths 

 The ideal biological control agent should be selective for the species to be controlled. 

Weaknesses 

 No biological control agent specific to Elodea spp. has yet been identified. 
 The introduction of non-native coarse fish species into sites of high conservation and 

native fishery value is likely to be unacceptable. 

Opportunities 

 The trial re-introduction of beaver will allow an assessment of the potential to use this 
species in controlling plant growth. 

Threats 

 Grass carp and other fish have been used, but these are non-selective and are just as 
likely to target the priority species. 

 Grass carp can cause reduction in water quality through nutrient recycling and disturbing 
sediments. 

5.5 Environmental 

5.5.1 This considers a range of measures such as shading of the substrate, changes in water quality, 
and seasonal draw-down of water.  Disturbance to the sediment has been considered under 
mechanical methods (Section 5.2) 

Strengths 

 Covering of the substrate by shading materials can achieve good control of weed species 
and modify conditions sufficiently to prevent re-colonisation by nuisance species. 

 Water quality management is good practice even in the absence of the need to control 
nuisance species. 
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Weaknesses 

 The benefits of changing water quality conditions are unproven in re-establishing the 
species of conservation interest. 

 Effectiveness of all methods is likely to be low in sites where no Najas has been recorded 
for some time. 

 It is not known how long materials would need to stay in place before Elodea is eradicated. 
 Shading will lead to the release of nutrients as plant material dies – possibly leading to de-

oxygenation events. 
 The effectiveness of draw-down events in limiting Elodea growth is untested in the UK. 
 As Elodea is a significant component of relatively deep areas of shallow lochs, it may 

require substantial draw-down or complete removal of water to be effective – which is 
likely to have unacceptable consequences on other aquatic life. 

Opportunities 

 There are two recent practical examples of the application of the use of shading material in 
the UK and Ireland. 

 Recent work in Ireland suggests that jute-type material may enable Charophytes to grow 
through the material, whilst suppressing weed species. 

 There are some catchment management and water quality management programmes 
already in place for some of the sites considered during this project. 

 The Water Framework Directive provides a useful framework for water quality 
management. 

Threats 

 All the methods are generally non-selective (although shading materials can be located in 
areas dominated by Elodea). 

 Introduction and maintenance of shading material can be difficult to implement, particularly 
in large sites. 

 Effectiveness of all methods in promoting the growth of P. rutilus is unknown. 

5.6 “Do nothing” 

Strengths 

 Enables a water body to develop its own “equilibrium” of plant communities . 
 Is generally the cheapest option. 
 Avoids the uncertainties of control measures (which may impact upon desirable as well as 

undesirable species). 

Weaknesses 

 Species of conservation value may be lost to the site. 
 Species of conservation value may show reduced abundance or frequency at a site. 

Opportunities 

 Allows for monitoring and assessment of “natural” competition between invasive species 
and species of conservation interest. 
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Threats 

 Public perception of a lack of action in controlling invasive species. 

5.7 Conclusions 

5.7.1 In considering suitable control methods there are two elements to consider: what methods will be 
effective in containing or controlling Elodea species; and what methods will enable/promote the 
growth of desirable species of conservation interest, notably Najas flexilis and Potamogeton 
rutilus.  

Methods to control Elodea 

5.7.2 The preceding discussion has shown that there is no single method that is likely to be effective in 
controlling Elodea in mesotrophic lochs.  No examples of the complete eradication of Elodea 
from a site have been identified, and it is likely that efforts will be focussed upon control and 
containment to ensure that species of conservation value can be maintained in a site. 

5.7.3 Chemical methods and the use of biological control agents are unlikely to be suitable at the 
present time, due to an absence of suitable agents.   

5.7.4 Mechanical methods offer some potential, particularly in terms of instant removal of Elodea from 
a site.  They also provide the potential to remove nutrients from a site, but may need to be 
implemented on a regular basis. 

5.7.5 The choice of environmental methods is fairly limited, but managing water quality will have 
benefits for all aspects of the aquatic ecosystem.   

Methods to promote Najas flexilis and Potamogeton rutilus 

5.7.6 There is some information showing the success of different methods in favouring the growth of 
Najas flexilis, but little information about research into promotion of P. rutilus in sites. 

5.7.7 Water quality parameters appear important in influencing the competitive success of Najas in 
sites.  Thus, methods that help to maintain or establish favourable water quality in lochs will be 
beneficial, although they may not be sufficient on their own in re-establishing Najas.  It would be 
anticipated that maintenance of good water quality would also help favour P. rutilus. 

5.7.8 Mechanical methods, particularly creation of disturbed areas of the loch bed, appear to have had 
some success in re-establishing Najas in some sites.  However, it appears that the competitive 
advantage gained from disturbed substrates may be relatively short-lived.  This means that 
management may be required on a frequent basis to maintain this species within sites. 

5.7.9 The removal of Elodea may enable P. rutilus to utilise areas of suitable habitat (there is some 
limited data that they can use the same areas of substrate), but this removal would need to be 
carefully managed and timed to avoid removing the P. rutilus with the Elodea.  The tendency of 
Elodea to over-winter as green stems may enable this to happen. 
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Options for review at the thirteen priority sites 

5.7.10 Based on this analysis, the options that are considered for application at the thirteen priority sites 
are: 

 “do nothing” i.e. make no attempt to introduce active control measures for Elodea; 

 mechanical measures involving a combination of cutting and removing of material and/or 
disturbance to areas of the loch bed; 

 management of water quality; and 

 shading. 

 



  

 29 

 

Table 5.1 – SWOT Analysis of control and containment methods 
Method Evidence of 

Success on 
Elodea spp. 

(Y/N) 

Description Advantages 
and Possible 

Effects 

Timing Feasibility in 
Scotland/Lochs 

Cost 
 

in NZ$ from 
Chisholm et al. 

2007 
(converted to £)  

Risks and Side 
Effects 

MECHANICAL 
Hand Weeding Localised success 

– only for use in 
localised sporadic 
situations (<1m2). 
Can’t be 
implemented in 
areas of very fine 
substrates. 

Direct hand pulling 
or use of hand 
tools to remove 
vegetation.  

Low technology 
Affordable for 
small areas. 
Allows for 
selective removal. 
Most suitable to 
deal with small 
infestations in 
small water 
bodies.  

During growth 
season.  May be 
required up to 2-3 
times per year?  

Could be used in 
small lochs with a 
small infestation 
where volunteer 
pool can be 
employed, but low 
success in Lough 
Corrib due to 
visibility problems.  

7000 – 10000 NZ 
$ per ha 
(£ 2499.00 - 
£3570.00). 

Labour-intensive, 
may require a lot 
of man-hours if it 
is a big site. Not 
viable for large 
areas. 

Cutting using 
machines 

Short-term, non-
selective and 
would aid 
regrowth if cut 
vegetation left in 
situ., but can be 
combined with a 
harvester. 

Cut or shred 
weeds with 
mechanical device 
(e.g. boat-
mounted sickle 
bar) with or 
without collection 
of cut material. 

Quicker than hand 
weeding and can 
be applied to a 
larger area. 
Can be used to 
remove nutrients 
from the site. 

Any time plants 
are present (but 
timing may need 
to be modified 
depending on 
growth form of 
plant).  Lough 
Corrib trials 
involve winter 
cuts. 

Could be used in 
heavily infested 
areas where boat 
access can be 
gained.    

1000-3500 NZ $ 
per ha 
(£357.00 - 
£1249.50). 
Costs from Lough 
Corrib are 
significantly more 
(6 people, full time 
for several 
months, plus costs 
of machinery) 

Dislodged plant 
material may 
colonise new 
areas of the loch, 
risks of de-
oxygenation of 
water body if plant 
material not used. 
Can be difficult to 
position the 
cutters over the 
stands of 
vegetation 
accurately.  

Rotovating / 
Rototilling 

Non-selective 
would suspend 
fragments and aid 
recolonisation.  

Cultivator for tiling 
aquatic sediments 
with vegetation.  

Uproots plants 
Cannot be used in 
rocky or hard-
bottom substrates.  

 Can be used in 
many situations 
but has mixed 
results.  

 Will suspend huge 
quantity of plant 
fragments and 
sediment leading 
to further 
infestations. 

Disturbance of 
substrate 

Work from 
America suggests 

Clearance of 
existing vegetation 

Could be 
combined with 

In advance of 
Najas germination 

Could be used at 
sites where boat 

 May require 
frequent 

Comment [S4]: What were the NZ$ 
worth in £ at the time the treatments 
were done? snh 
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Method Evidence of 
Success on 
Elodea spp. 

(Y/N) 

Description Advantages 
and Possible 

Effects 

Timing Feasibility in 
Scotland/Lochs 

Cost 
 

in NZ$ from 
Chisholm et al. 

2007 
(converted to £)  

Risks and Side 
Effects 

that this may be 
successful for 
Najas 

from areas of loch 
bed to create 
conditions similar 
to newly created 
water bodies 

cutting & 
harvesting; is not 
selective; impacts 
upon P. rutilus not 
known. 

access is possible, 
and where other 
factors e.g. water 
quality, are not 
thought to be 
adversely affecting 
plant survival 

treatments to 
maintain suitable 
conditions.  May 
create suitable 
conditions for 
other colonising 
species, rather 
than the target 
species. 

Suction Dredging Has been known 
to give effective 
control of weeds 
for up to 3 years.  

Vacuum lift to 
remove whole 
plants from water 
column 
(uprooting).  

Can be selective if 
conducted by in 
situ divers.   

 Useful where plant 
density is 
moderate.  

15000-20000 NZ$ 
per ha 
(£5355.00 – 
£7146.00) 

Slow and most 
expensive. 
Requires 
specialist 
equipment and is 
not feasible in 
hard bottomed or 
rocky substrate. 
Would remove 
seed bank of 
species such as 
Najas flexilis.  

Weed Rolling Non-selective Roller compresses 
soil and 
vegetation.  

Low operational 
effort 

 Can be used in 
heavily infested 
areas.  

 Non-selective, 
only short term 
control for rooted 
vegetation 

CHEMICAL 
 
Herbicides 

Only two 
chemicals 
currently licensed 
(glyphosate and 
dichlobenil), and 
dichlobenil soon to 
be removed from 
approved list.  
Glyphosate less 
effective against 

Application in 
granular form.  
Gels can also be 
used, but none are 
currently licensed. 

Quick and 
relatively cheap. 

Best during the 
main growing 
season, especially 
for chemicals 
which are 
translocated 

Unlikely to be 
acceptable in sites 
designated for 
nature 
conservation 
purposes.  
Chemicals 
available for use 
have limited 
effectiveness 

 Impacts on other 
aspects of aquatic 
system, non-
selective, 
politically 
unacceptable. 
Deoxygenating 
resulting from 
decomposition of 
material. 

Comment [S5]: What are the 
references for excellent, good etc?  
Owing to effects on non-target species, 
proposed use in lochs designated for 
their aquatic macrophytes is likely to be 
controversial - snh 
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Method Evidence of 
Success on 
Elodea spp. 

(Y/N) 

Description Advantages 
and Possible 

Effects 

Timing Feasibility in 
Scotland/Lochs 

Cost 
 

in NZ$ from 
Chisholm et al. 

2007 
(converted to £)  

Risks and Side 
Effects 

submerged 
species than other 
herbicides that are 
now withdrawn. 

against Elodea 
and are non-
selective. 

Chemical dyes Have been used in 
other countries to 
suppress all 
submerged plant 
growth 

Application of 
dyes that change 
wavelength of light 
in water reducing 
the quantity of 
available light for 
photosynthesis 

Quick to apply During main 
growth season 

Application of 
chemicals to sites 
of conservation 
value is unlikely to 
be acceptable. 

5000-15000 NZ$ 
per ha 
(£1786.50 – 
£5359.50) 

Non-selective. 

BIOLOGICAL 
Fish grazing No evidence found Introduction of 

grass carp or 
bream to graze on 
the Elodea to keep 
it at bay.  

Cheap 
.  

Grass carp will not 
breed in UK 
waters so re-
stocking will be 
necessary.   

Could be used in 
lochs with coarse 
fisheries but 
presence of 
piscivorous fish 
may prevent this 
method being a 
success.  

Cheap Unexpected side 
effects are 
possible.  
Introduction of 
more non-native 
species. 
May impact on 
conservation 
species also. This 
method will not 
reduce Elodea 
spp. biomass but 
may keep biomass 
from peaking 
again once other 
treatment has 
been applied (e.g. 
mechanical or 
chemical) 

Other biological 
control agents e.g. 
beaver 

None so far Introduction of a 
species to 
selectively control 
Elodea 

Could be selective  The ability of 
beaver to control 
Elodea is 
unknown, but the 
trial introduction of 

 Non selective. 
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Method Evidence of 
Success on 
Elodea spp. 

(Y/N) 

Description Advantages 
and Possible 

Effects 

Timing Feasibility in 
Scotland/Lochs 

Cost 
 

in NZ$ from 
Chisholm et al. 

2007 
(converted to £)  

Risks and Side 
Effects 

these animals in 
sites that support 
Elodea provides 
an opportunity to 
explore this 
option. 

PHYSICAL/ENVIRONMENTAL 
Nutrient Control None so far, and 

may not be 
effective on its 
own 

Various catchment 
management 
measures e.g. 
creation of riparian 
buffers, reduced 
fertiliser 
applications 
nutrient removal 
(e.g. phosphates 
via flocculation 
using product like 
Phoslock).  May 
involve financial 
incentives 

  Measures 
introduced around 
Lochs Butterstone 
and Criaglush as 
part of the Lunan 
Lochs Natural 
Care Scheme. 

6000-10000 NZ$ 
per ha 
ha (£2143.80 - 
£3573.00) 

Costly depending 
on the method / 
catchment size / 
lakebed / amount 
of phosphate.  

Water quality 
changes e.g. 
liming 

Some evidence 
that liming 
favoured Najas in 
America, but this 
was thought to be 
due to associated 
physical changes 

Addition of 
chemicals to 
change water 
quality. 

May help to 
reverse changes 
in water quality at 
a site 

 Only one of the 
priority sites may 
have been subject 
to acidification 
(and this is NOT 
confirmed by 
water quality data) 

 Impacts on other 
aspects of the 
aquatic system.  
May require 
frequent re-
applications. 

Water Level 
Drawdown 

 Lower water levels 
to expose 
macrophytes to 
the air. Damage 
can be caused 
and death via 
desiccation or 
freezing if carried 

Has been effective 
in clearing 
drainage 
channels.  

   Re-growth likely 
when water levels 
are returned to 
normal. High cost 
both financially 
and ecologically. 
Potential for 
shoreline slumping 
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Method Evidence of 
Success on 
Elodea spp. 

(Y/N) 

Description Advantages 
and Possible 

Effects 

Timing Feasibility in 
Scotland/Lochs 

Cost 
 

in NZ$ from 
Chisholm et al. 

2007 
(converted to £)  

Risks and Side 
Effects 

out in winter. and erosion.   Non 
selective. 

Benthic Barrier / 
Substrate Lining 

Found to be 
effective for 
Crassula helmsii 

Fastening of 
material 
(polyethylene, 
PVC, fibreglass) to 
substrate to hinder 
rooted plant 
growth.  

Achieves good 
control. 
Predictable. 

Best during the 
growing season.  
May need removal 
prior to winter 
storms. 

Has been trialled 
at Mochrum lochs 
for control of 
Crassula helmsii 
Recent work in 
Lough Corrib with 
new materials 
appears promising 
in terms of 
enabling 
Charophyte 
growth. 

5000-15000 NZ$ 
per ha 
(£1786.50 - 
£5359.50) 
Took 52 man days 
to install trial areas 
at Mochrum Lochs 

Non-selective and 
covers only 
relatively small 
areas.   Labour 
intensive to install, 
and difficult to fix 
adequately to the 
bottom of the lake 

“Do Nothing” 
Make a conscious 
decision not to 
intervene 

Outcome may 
vary on a site by 
site basis; 
evidence from 
Loch of Harray 
suggests no loss 
of native species 
as a result of 
Elodea infestation 

No active 
management 

Cheap, but risk 
that target species 
may be lost, or 
may reduce in 
abundance or 
frequency. 

 Yes – is default 
situation 

 Possible loss of 
desired species 

Currency conversion was made using the Financial Times Currency Converter on 09/03/09 based on an exchange rate of 0.35730.
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6 Control options 

6.1 Introduction 

6.1.1 A summary of the features of each of the thirteen lochs considered as part of this study is set out 
below, together with a consideration of the suitability of different control options for Elodea spp. 
at these lochs. 

6.1.2 The description of each loch is based upon existing survey data and information, supplemented 
by a brief site visit as part of this study.  The main sources of plant information are data collected 
as part of the Scottish Natural Heritage (SNH) loch survey, and information collected on behalf of 
SNH as part of Site Condition Monitoring (SCM) of freshwater bodies in 2004.  Additional 
surveys of some selected sites have also been commissioned by SNH in response to 
management requirements at those sites, or as part of projects looking at the ecology and 
distribution of Najas flexilis.  SEPA has also conducted some macrophyte surveys at selected 
lochs and some historic records of plant data were also available of the GB Lakes database 
(precursor of the UK Lakes database). 

6.1.3 Details of the physical features of each site (e.g. surface area, catchment area) have, unless 
stated otherwise, been obtained from the GB Lakes (replaced by the UK Lakes) database.  
Other sources are as stated (and mainly include the SNH Loch survey sheets). 

6.1.4 The condition of sites that are designated as Sites of Special Scientific Interest (SSSI), Special 
Protection Areas (SPA) or Special Areas of Conservation (SAC) have been published by SNH 
on the SiteLink website.  These are based, in part, on survey data collected during the 2004 
SCM compared against guidance prepared by the JNCC (2005).  The frequency of occurrence 
of Elodea in sites is a criterion for the assessment of site condition. At the time that the 2004 
survey data were collected a threshold of 5% occurrence for Elodea was set, but this target is 
presently under review (M. Hennessey, SNH pers comm.). 

6.1.5 The main source of water quality information is data collected and collated by SEPA through its 
Environmental Improvement Action Plan and in its lead role for the implementation of the 
mesotrophic lakes UK Biodiversity Action Plan. Under the Water Framework Directive (WFD) 
water bodies are typed into alkalinity classes (low, medium high) based on mean alkalinity 
values1.  For each alkalinity category a total phosphorus reference value has been determined 
together with boundaries of the WFD status class.  These are used in order to assess the 
condition of the site in a comparable manner to water body assessment under the WFD.  

6.1.6 Each site description was circulated to the relevant SNH area officer for comment, and their 
views have been incorporated into the following descriptions. 

                                                           
1 The alkalinity classes are defined as: Low is less than10 mg/l alkalinity, medium is between 10 to 50 mg/l alkalinity, and high are in 
excess of 50 mg/l alkalinity 
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6.2 Scaraidh 

Location: Western Isles Grid Ref: NF 717 704 
UK Lakes Database code: 14739 Altitude: 5m 
Area: 9.2 ha Catchment area: 96.0 ha 

Designations: Part of Balranald bog and Loch Nam Feithean SSSI, North Uist Machair SAC 
Invasive species: Elodea nuttallii Species of interest2: Najas flexilis, Potamogeton 

rutilis (Chara aspera & Chara virgata also recorded) 

6.2.1 This is the most upstream of a suite of three lochs located on North Uist that have been 
considered as part of this study.  All three lochs lie within the same SSSI boundary, which has 
been designated for a variety of features including its machair habitats and bird populations.  All 
the standing water bodies are described as “eutrophic” lochs on the SSSI citation.  The site also 

has SAC status. 

6.2.2 Loch Scaraidh does not appear to have been surveyed by the SNH Loch Survey team, but there 
were records for Najas flexilis and Potamogeton rutilis on the GB Lakes database.  Other 
species also included on the GB Lakes database were Pilularia globulifera, Potamogeton 
filiformis and P. friesii.  A survey for Najas flexilis was conducted in 1994 (Anon, SNH. 1994a).  It 
was found growing in three locations and was assessed as “locally frequent/locally abundant”.  

Chara sp., Potamogeton natans, P. perfoliatus and Myriophyllum sp. were also recorded, but 
there was no mention of Elodea. The site was assessed during the SNH Site Condition 
Monitoring (SCM) assessments conducted in 2004 (Darwell & De Ville, 2004a), and it is 
understood will be visited during the second round of SCM scheduled for 2009 - 20103.  Parts of 
the shoreline were visited as part of this study in September 2008, and SEPA collected water 
quality data for this site in September 20084. 

6.2.3 Fourteen submerged and floating leaved species were recorded during the wader and perimeter 
surveys conducted as part of SCM in 2004, with some additional species recorded during the 
searches for Pilularia globulifera.  Based on these data, the site was assessed to be a Type 4 
site (Palmer et al, 1992).  Such sites are usually coastal freshwater lochs that are situated on 
calcareous sand with acid inflows from a peaty catchment, are often very species-rich (Palmer, 
et al. 1994).  Neither N. flexilis or P. rutilis were recorded during the SCM survey, but these 
species were not directly looked for, so their current status is unclear.  However, Elodea nuttallii 
was recorded frequently, although it was not possible to assess the percentage frequency of this 
species as aquatic plants were not sampled quantitatively5. 

6.2.4 The site was visited as part of this study on 25th September 2008.  Parts of the north and north-
western shores were walked during the site visit, and strand material was examined.  No N. 
flexilis or P. rutilis were recorded in these areas, but dense beds of Elodea nuttallii were noted, 
particularly in the inflow bay on the north-western shore. 

                                                           
2 Species of interest in this context are defined as those species that form the focus of this study i.e. Najas flexilis, Potamogeton 
rutilis.  It excludes other notable species that may be present e.g. species considered nationally scarce such as Potamogeton 
filiformis 
3 Julia Stubbs Partridge, SNH pers comm 
4 Collected as part of work under the Environmental Improvement Action Plan.  SEPA Site Summary data for Loch Scaraidh (22-09-
08) unpublished information 
5 Condition Monitoring Form submitted to SNH by CEH (unpublished data) 
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6.2.5 The site is mainly natural in character; it has a natural hydrology and the perimeter of the loch is 
largely unmodified.  The shoreline is mainly comprised of peat, whilst the loch substrates are 
mainly hard in character, comprising stones, cobbles, and gravel, although there are some areas 
of sand and silt. 

6.2.6 The source of infestation by E. nuttallii 
and the date at which this occurred is 
unknown.  However, there are records 
for E. nuttallii within the same 
catchment date dating from 1995 
(SNH Loch survey).  The most 
probable sources of colonisation are 
from fishing gear, and also possibly 
from geese. 

6.2.7 SEPA collected a single water sample 
from this site in September 2008.  The 
alkalinity of the site was assessed to 
be 74.0 mg/l, and the total phosphorus was recorded as 12 μg/l6.  SEPA has classified this site 
as an example of a high alkalinity shallow water body, which is assessed as being of High 
Ecological Status (although with low confidence as this is based on a single sample)7. 

6.2.8 The true status of E. nuttallii compared to the species of interest (N. flexilis and P. rutilis) is 
unclear, and this would need to be confirmed prior to a definitive decision made about the need 
for, or choice of definitive control measures.  This site is programmed to be included within Site 
Condition Monitoring work to be undertaken on behalf of SNH in 2009 – 2010. 

6.2.9 As this is one of a suite of three lochs that all support E. nuttallii, any control measures should be 
targeted at all three sites simultaneously.  Also, given that the most likely mode of transmission 
of E. nuttallii into the catchment was on fishing gear, and fishing continues, it will be vulnerable 
to re-infestation, whatever methods are introduced. 

6.2.10 Recommendations on the choice of control measures for the lochs in this catchment are 
described for Loch Grogary, below (section 6.4). 

                                                           
6 For sites of high alkalinity, the total phosphorus reference value is 13µg/l, with a maximum value of 15µg/l to be considered of high 
status 
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6.3 Croghearraidh  

Location: Western Isles Grid Ref: NF 716 712 
UK Lakes Database code: 14677 Altitude: 3m 

Area: 8.5 ha Catchment area: 1008.75 ha 

Designations: Part of Balranald bog and Loch Nam Feithean SSSI, North Uist Machair SAC 
Invasive species: Elodea nuttallii Species of interest8: Najas flexilis, Potamogeton 

rutilis (Chara sp. and Nitella sp. recorded) 
 

6.3.1 This is the second in the chain of three 
inter-connected lochs situated on North 
Uist.  There is some ambiguity over the 
naming of this site.  The current OS 
Landranger 1.50:000 sheet 18 labels 
this site as Loch Croghearraidh and 
shows that this site flows into another, 
smaller, un-named site, and receives 
drainage from Loch Scararaidh.  By 
contrast, the paper 1:10,000 sheet 
labels this, and the downstream loch 
both as Loch Grogary. 

6.3.2 The earliest record for Najas flexilis at 
this site dates from 1942 (Wingfield et al. 2004).  A survey for Najas flexilis was carried out in 
1994 (Anon, SNH 1994b).  Najas was found at locations along the north-eastern and south-
eastern shores.  A further comprehensive survey for this loch was conducted in 1995, when it 
was surveyed by the SNH Loch Survey (SNH, 1995).  At that time they recorded 23 open water 
species, and categorised the site as a “type 4” site based on the classification system of Palmer 

et al. (1983).  Such sites are usually coastal freshwater lochs that are situated on calcareous 
sand with acid inflows from a peaty catchment, are often very species-rich (Palmer, et al. 1994).  
Elodea nuttallii was recorded as occurring occasionally – locally frequently (using the DAFOR 
scale), whilst Najas flexilis and Potamogeton rutilis were assessed as frequent components of 
the flora.  One species of Chara and one species of Nitella were also recorded. The source of 
the Elodea infestation has not been identified, but there is a high possibility that it originated on 
fishing gear.  The site is also used as a roost site by geese, which may also act as vectors of 
transmission.   

6.3.3 The site was re-surveyed in 2004 as part of SNH’s site condition monitoring programme of 

designated sites (Darwell et al., 2004).  It was selected as being representative of the “eutrophic 

loch standing water feature” of the SSSI and the “natural eutrophic lakes standing water feature 
of the North Uist SAC” (Darwell et al., 2004).  A combination of shore wader and perimeter 
surveys at two representative 100m sections was undertaken, although weather conditions 
limited the extent of work that could be completed.  Separate diver surveys for Potamogeton 
rutilis and Najas flexilis were undertaken. 

                                                           
8 Species of interest in this context are defined as those species that form the focus of this study i.e. Najas flexilis, Potamogeton 
rutilis.  It excludes other notable species that may be present e.g. species considered nationally scarce such as Potamogeton 
filiformis 
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6.3.4 The 2004 survey identified the presence of eight species of Potamogeton including P. rutilis. 
Najas flexilis was also recorded.  The survey further assessed Elodea nuttallii to be the dominant 
submerged plant in terms of frequency and biomass.  Whilst the submerged flora was deemed to 
be diverse, concern was expressed at the abundance and frequency of Elodea nuttallii present9.  

6.3.5 Two discrete populations of N. flexilis were identified in the 2004 condition survey, although the 
populations of each fell below the SCM target of being present in >20% of point samples within 
an occupied habitat (JNCC, 2004).  These populations were found in water around 2m deep. 
Over 100 plants were estimated in each population.  It was found growing with a range of other 
submerged species including Potamogetons, but E. nuttallii was also present.  The plant was 
observed to be flowering. 

6.3.6 Two populations of P. rutilis were assessed growing in water c. 1.5 – 2m deep.  Like the N. 
flexilis it was found at frequencies below the target of >20% of point samples (JNCC, 2004).  
Over 100 plants were found in each population.  It was found growing inter-mixed with a variety 
of other species including E. nuttallii.  There was no evidence of flowering or vegetative spread 
in the plants observed. 

6.3.7 The site is predominantly natural in character; its hydrology is unmodified as is much of the 
shoreline.  There are no signs of filamentous algae or algal blooms.  The main substrate types 
are stones, boulders, gravel sand and silt (Darwell et al. 2004).  The surrounding land use is 
mainly grazing, and it is used for fishing (boats are present). 

6.3.8 This site was visited as part of this study in September 2008, and the whole perimeter of the loch 
shore was walked.  E. nuttallii was found to be present at high biomass; in addition to large 
amounts of material being washed up on the shore, dense beds, including flowering plants were 
also recorded growing in the loch. N. flexilis was also recorded in the strandline material. 

6.3.9 Based on the available information, E. nuttallii is a dominant component of the freshwater flora of 
this site.  Whilst it does not appear to have out-
competed the species of interest, it is growing 
amongst them in mixed species communities 
and the site has been assessed by SNH to be in 
unfavourable condition due to the abundance of 
Elodea present.  Within the 20 quadrats 
assessed for Najas populations, Najas was only 
found in three quadrats, whilst Elodea was 
present in them all.  Likewise, within the 20 
quadrats assessed for P. rutilus, Elodea was 
found in all quadrats, whilst P. rutilus was only 
present in 6. 

6.3.10 SEPA collected water quality data from this site in 2008 (SEPA, 2008).  Under the Environmental 
Improvement Action Plan the site has been defined as a high alkalinity shallow site, and based 
on its total phosphorus levels (12µg/l against a threshold of 13µg/l) is considered to be of high 
status, but with low confidence as this is based upon a single result. 

                                                           
9 The Common Standards Monitoring Guidance states that is E. nuttallii occurs as a frequency of >5%, or is the most frequently 
recorded aquatic plant species (dominant in terms of biomass) then the site should be classified as unfavourable. JNCC, 2004  
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6.3.11 Loch Croghearraidh will be included in Site Condition Monitoring work to be undertaken on 
behalf of SNH in 2009 – 2010. 

6.3.12 As Loch Croghearraidh is connected to other sites, which also support E. nuttallii any control 
measures would have to be targeted at all lochs in the catchment simultaneously to maximise 
the chances of eradication.  Recommendations on the choice of control measures are described 
for Loch Grogary below (Section 6.4). 

6.4 Grogary 
 

Location: Western Isles Grid Ref: NF712715 
UK Lakes Database code: 14622 Altitude: 2m 
Area: 2.5 ha Catchment area: 1037 ha 
Designations:  Part of Balranald bog and Loch Nam Feithean SSSI, North Uist Machair 
SAC 
Invasive species: Elodea nuttalii Species of interest: Najas flexilis and Potamogeton 

rutilus (unconfirmed) found during survey for this 
study.  (Chara sp. also present) 

 

6.4.1 This is the third, and most downstream of the three lochs based on North Uist being considered 
during this study.  There is some ambiguity over its name; it is labelled as Loch Grogary on 
paper 1:10,000 maps, but is shown as un-named on the OS Landranger 1:50,000 series. 

6.4.2 This site was not surveyed during either the SNH loch survey or the SNH site condition 
monitoring work.  Consequently a shoreline and wader survey was carried out as part of this 
study on 25th September, 
2008 (see Appendix 2).  Four 
100m sections were sampled 
around the loch.  The 
remaining perimeter of the 
shoreline was also walked. 

6.4.3 Fourteen submerged and 
floating species were 
recorded from within the 4 x 
100m sections.  This included 
N. flexilis and P. rutilis.  
Based on the vegetation 
recorded the site has been 
assessed as a Type 4 loch 
(typical of coastal conditions 
on Scottish Islands).  Extensive beds of E. nuttallii were also recorded. 

6.4.4 The site is predominantly natural in character, having a natural hydrology and mainly unmodified 
shoreline.  The surrounding area is grazed.   
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6.4.5 Based on the observations, E. nuttallii is a significant component of the aquatic flora, but there is 
no data to compare this against to know how this has changed in recent years. 

6.4.6 SEPA has not yet collected any water quality information for this site. 

6.4.7 As noted above (sections 6.2 & 6.3) any control measures on Lochs Scaraidh, Croghearraidh 
and Grogary would have to be targeted at all the lochs in the catchment simultaneously.   

6.4.8 Based on the descriptions above it is difficult to be definitive about the likely risk to Najas, P. 
rutilus and other characteristic species in the lochs, if E. nuttallii is not controlled.  The data are 
suggestive that E. nuttallii has been experiencing a “boom” phase of growth, and it may be 

anticipated that this will decline.  If the cycle is similar to that experienced by the Loch of Harray 
(which is a broadly similar type of loch), then it may be predicted that E. nuttallii will remain an 
important component of the aquatic flora.  The Site Condition Monitoring data from 2004 suggest 
that there may have been some decline in the frequency and abundance of Najas and P. rutilus 
between 1995 and 2004 in Lochs Scaraidh and Croghearraidh.  The 1995 survey recorded both 
species as “frequent” on the DAFOR scale.  Both species were surveyed within 20 quadrats in 

2004 in Croghearraidh.  Whilst both species were found, this was at a relatively low level of 
occurrence and at low abundance, whereas Elodea was found in all quadrats, sometimes at high 
abundance.   

6.4.9 SNH currently considers the open water feature of the SSSI to be in unfavourable condition, 
partly due to the frequency and abundance of Elodea compared to the frequency and 
abundance of Najas and P. rutilus.  The SSSI is due for reassessment over the next two years.  
If there is a continued decline in the presence of these two desirable species then there may be 
a greater incentive to introduce control measures for Elodea. 

6.4.10 A summary of the strengths and weaknesses of different control methods in these three lochs is 
set out in Table 6.1. 

6.4.11 Physical removal could be undertaken.  It would be necessary to investigate whether a boat-
borne cutter could be transported to and used on the sites.  As cutting by machine is non-
selective, and the Najas and P. rutilus have been found growing in amongst the Elodea it is only 
likely to be an option if the Elodea remains green over the winter.  A winter cut would avoid 
potential impacts upon the species of interest.  Alternatively cutting would have to be undertaken 
by hand.  As the beds of Elodea are large, removal by hand would be a time-consuming and 
expensive operation. The size of the site means that it would be difficult to ensure that all beds of 
Elodea had been identified and removed.  However, the location of the site means that it is 
vulnerable to periods of high winds, which would hamper cutting by both machine and hand.  

6.4.12 It is unlikely that cutting would be effective in eradicating Elodea from the sites, and cutting could 
act to promote the active growth phase of E. nuttallii.  However, if it were removed on a frequent 
basis it may be possible to keep the abundance and locations of E. nuttallii under control, 
keeping some areas free for N. flexilis and P. rutilus.  

6.4.13 Even if E. nuttallii is controlled at the loch, there is a high probability that it would become 
“reinfected”, either from other lochs within the catchment or via the primary source of infestation 

(which, whilst this has not been confirmed seems likely to be geese/fishing gear).  Studies of 
Elodea in the Western Isles have shown that all lochs in a catchment are vulnerable to “infection” 

with Elodea particularly if they are popular for fishing (Wingfield et al. 2004).  In the short-term it 
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would appear sensible to adopt the “do-nothing” approach pending the results of the next round 
of the Site Condition Monitoring.  If there are apparent continued declines in Najas and P. rutilus 
it may be appropriate to introduce cutting/removal of Elodea. 

6.5 Nan Gad 

Location: Argyll Grid Ref: NR 784 573 
UK Lakes Database code: 26482 Altitude: 78m 
Designations: None 
Area: 9.8 ha Catchment area:183 ha 
Invasive species: Elodea 
canadensis 

Species of interest: Najas flexilis (Chara sp.. and 
Nitella spp. also present). 

6.5.1 Loch nan Gad is one of two sites in Argyll 
considered as part of this study.  The site 
was surveyed in 1989 as part of the SNH 
Loch Survey (Bell & Butterfield, 1989), when 
N. flexilis was recorded as locally frequent; 
Elodea canadensis was not recorded at that 
time.  The site was re-surveyed for Najas in 
1994, 1998 and 2000, and its presence was 
confirmed each time (Gaywood, 2002).  A 
further survey was conducted in 2002, but 
no Najas was found at this time, although 
large amounts of Elodea canadensis were recorded from the area where Najas had previously 
been found (Gaywood, 2002).  SEPA undertook a macrophyte survey in 2007, which recorded 
the presence of Elodea nuttalli (Hicks & McManus, 2007). 

6.5.2 A recent palaeoecological study suggests that the site is a naturally nutrient-poor, mildly acidic 
loch that formerly supported an oligotrophic flora.  It is currently in good condition and supports a 
healthy and diverse plant community.  There is some evidence of slight enrichment (Bennion et 
al., 2008).  The macrofossil record also shows that Najas is a relatively recent addition to the 
flora, though occurring prior to 1850. 

6.5.3 Although the SEPA survey was conducted very late in the season (early October), thirteen 
submerged and floating species were recorded including Najas flexilis, Elodea nuttallii, three 
species of Potamogeton and single species of Chara and Nitella (Hicks & McManus).  The 
Elodea was found washed up in the strandline, and no assessment of absolute or relative 
abundance was made. 

6.5.4 Based on the species recorded the site would be assessed as an example of a Type 5A (using 
Palmer et al. 1983), although it has many characteristics of an oligotrophic site.  Such sites are 
considered to be mesotrophic, and are often characterised by beds of white water lily (which was 
not recorded here). 



  

 42 

Table 6.1.  SWOT of control options for Lochs Scaraidh, Croghearraidh and Grogary 
Option Strengths Weaknesses Opportunities  Threats 
Do-nothing  Minimises interference with a 

site of nature conservation 
importance 

 Maintenance of a non-
native species within the 
loch’s flora 

 Would enable long-
term surveillance of 
impact of Elodea under 
unmanaged conditions 

 Could lead to a loss of or 
decline in 
abundance/frequency of 
desirable species 

Mechanical 
(Cutting & 
removal) 

 Would have an instant effect 
 Would be perceived as 

beneficial for the fishing 
interests on the lochs 

 May be reliant upon hand 
tools if weed cutting 
boats can’t be 
transported to the sites 

 Would create large 
volumes of material to be 
disposed of 

 Would only present a 
short-term solution 

 May result in removal of 
desirable species (unless 
can be carried out during 
the winter) 

 Boats are present on 
the lochs, and they are 
located close to a road 

 The rocky substrate present 
in parts of the loch may limit 
the ability to successfully cut 
Elodea 

 Not all areas can be treated 
as the Elodea is not present 
exclusively as mono-dominant 
stands 

 Unlikely to result in 
eradication of Elodea, and 
even if it did there is a high 
risk of the site being 
reinfected. 

 Generation of large quantities 
of material to be disposed of. 

 The incidence of high winds 
will limit the number of days 
when cutting activities can be 
undertaken. 

Mechanical 
(Sediment 
disturbance) 
 

 Can be targeted to specific 
areas 

 Efficacy for Najas is 
unproven, and is unlikely 
to be appropriate for P. 
rutilus 

 There are existing 
Najas beds within the 
loch to act as a seed 
source 

 May impact adversely on P. 
rutilus 

 Unlikely to eradicate Elodea 

Nutrient 
control 

  There is insufficient 
evidence to suggest that 
the site has undergone 
any nutrient enrichment. 

  

Shading     Difficult to implement, 
especially in sites subject to 
high winds/wave action. 

 Non selective. 
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6.5.5 SEPA (2008) has collected water quality data from Loch nan Gad.  It has been categorised as 
an example of a medium alkalinity shallow loch, and is considered to be of moderate status10.  

6.5.6 The site was visited as part of this study on 20th of November 2008. There is raised ground on all 
four sides which slopes down to water level leaving little or no height at the bank. In the south 
west corner the ground is much lower around the outflow. Most of the ground adjacent to the 
loch is very wet / boggy. The land surrounding the loch appears mainly grazed. To the south and 
west sheep were grazing on semi-improved pasture, to the east the ground was semi-improved / 
unimproved and to the north lies a large conifer plantation. Sheep and cows can graze to the 
waters edge. There appears to be no access to the loch other than on foot through a sheep field 
next to the main road. The edge of the loch is heavily vegetated with grasses, sedges and rush 
and the inlets contain stands of emergent vegetation. 

6.5.7 There seems to be some ambiguity as to which Elodea species occur in the loch.  The Gaywood 
survey (2002) records the presence of E. canadensis whilst the more recent SEPA survey 
(2008) indicates that E. nuttalli is present.  It is not clear whether E. nuttalli has replaced E. 
canadensis at the site, or whether there has been a misidentification. 

6.5.8 This loch appears to support a good assemblage of species in addition to the Elodea, although 
SEPA consider water quality to be moderate for a loch of this type.  There is insufficient data 
about the relative distribution of Elodea, Najas and sediments suitable for these species to be 
able to provide definitive advice about the best control method for Elodea.  Table 6.2 provides a 
SWOT analysis for different approaches.  Given the current water quality status of the site, 
measures to address nutrient levels may be required as part of SEPA’s Environmental 

Improvement Action Plan, and these could have knock-on benefits for Najas.  If the Elodea is 
currently present in small, discrete and easily identifiable clumps, there may be scope for 
complete removal from the site through hand picking.  If it is present in higher frequencies, this 
may be less of an option. 

6.6 Tangy Loch 
Location: Argyll Grid Ref: NR 695 280 
UK Lakes Database code: 27234 Altitude: 136m 
Area: 18.8 ha Catchment area: 175 ha 
Designation:  Tangy Loch SSSI 
Invasive species: Elodea canadensis Species of interest: Najas flexilis (Nitella spp. 

also present) 
 

6.6.1 Tangy Loch has been surveyed on a number of occasions.  The 
first record for Najas flexilis at this site dates from 1973, and has 
been recorded on several subsequent occasions, with the last 
confirmed record dating from 1998 (Wingfield et al., 2004), and a 
later implied record (based on sediment samples) from 2008 
(Bennion et al. 2008).   

                                                           
10 The recorded geometric mean total phosphorus value is 17.0µ against a reference value of 8µg/l.   
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Table 6.2.  SWOT of control options for Loch nan Gad 
Option Strengths Weaknesses Opportunities  Threats 
Do-nothing  Minimises interference with 

the site. 
 Najas flexilis is still a 
component of the flora. 

 Maintenance of a 
non-native species 
within the loch’s flora 

 

  Risk that Elodea may 
spread throughout the site 
or lead to the loss of Najas 
flexilis. 

Mechanical 
(Cutting & 
harvesting) 

 Would have an instant effect 
 

 Would require the 
use of hand tools 
(unlikely to be 
possible to get a 
weed cutting boat to 
the site) 
 Would create 
volumes of material 
to be disposed of 
 Would only present 
a short-term solution 

 If Elodea only 
present at low 
frequencies it may 
be possible to 
eradicate it? 

 There is a lack of 
knowledge about the 
abundance and distribution 
of Elodea 

 The Elodea may be 
present at abundances 
that make it impractical to 
remove. 

 Not all areas may be 
identified for treatment 

Mechanical 
(sediment 
disturbance) 

 Can be targeted to specific 
areas 

 Efficacy for Najas is 
unproven. 

 There are existing 
Najas beds within 
the loch to act as a 
seed source 

 Insufficient knowledge 
about the distribution of 
Najas and sediments 

 Difficulties in transporting 
equipment to the site. 

Nutrient 
control 

 Improved water quality will 
benefit all components of the 
aquatic system. 

 Efficacy in 
controlling spread of 
Elodea is unknown 

 Likely to be required 
even in the absence 
of specific measures 
for Najas. 

 Improvements in water 
quality may occur too late 
to prevent the loss of 
desirable species and/or 
the spread of Elodea 

Shading 
 

    Non selective and will 
impact upon desirable 
species. 

 Difficult to transport 
material to the site and 
install it. 
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6.6.2 A comprehensive survey of the vegetation was carried out by the SNH Loch survey of South 
Argyll in 1989 (Jones, 1989).  Eleven submerged and floating species were recorded, including 
Najas flexilis, which was assessed as being locally frequent.  Elodea canadensis was not 
recorded at that time.  

6.6.3 The first records of Elodea canadensis date to 1994, when a boat survey for N. flexilis also 
identified abundant E. canadensis within the site (Gaywood, 2002).  A snorkel survey in 1998 
confirmed the presence of Najas but surveys in 2000, 2002 (Gaywood, 2002) and 2003 (Scott 
Wilson, 2004) failed to re-locate any Najas flexilis.  The 2002 survey also noted that Elodea 
levels appeared to have declined at the site (Gaywood, 2002). 

6.6.4 Based on the species recorded during the 1989 survey, the site was designated as a Type 4 site 
(Palmer, et al. 1983).  The 2003 survey also identified 11 submerged and floating species, but 
due to changes in the species composition the site was assessed as an oligotrophic Type 3 site. 

6.6.5 The 2003 assessment of the status of Najas flexilis in Tangy Loch suggested that there had 
been some changes in the flora of the site, and that there was some evidence to suggest that 
this was as a result of acidification of the waters (Scott Wilson, 2004).  E. canadensis was 
present, but the report suggested that Najas flexilis may actually be suffering competition from 
Nitella flexilis rather than E. canadensis (Scott Wilson, 2004).  Increasing acid status of waters is 
also known to impact on the seed production of Najas flexilis (Wingfield et al. 2004). 

6.6.6 Tangy Loch has been designated as an example of an oligotrophic loch, and for the presence of 
Najas flexilis11.  SNH has assessed the site to be in unfavourable – declining status for both the 
standing water and plant features based on the Scott Wilson report.12 

6.6.7 There has been a recent palaeoecological study of several Scottish sites, including Tangy Loch 
(Bennion et al., 2008).  The study found that Najas seeds had been present within the loch since 
about 1850.  Whilst no seeds were found in the surface samples of sediment, leaf spines were 
observed, suggesting that Najas  remains in the loch at low abundance and that seed production 
may be reduced. The study concluded that Tangy Loch is a naturally nutrient-poor site that 
formerly supported oligo-mesotrophic species.  They assessed the loch as remaining in good 
condition, but suggested that it had experienced enrichment, leading to an increase in planktonic 
production.   

6.6.8 The site was visited as part of this study on 21st November, 2008. The loch is fairly exposed with 
small hills on all sides. The surrounding land appears to be a mixture of poor semi-improved 
grassland and moorland grazed by cattle. Conifer plantation is present to the north, east and 
south; however, it is only in close proximity to the loch to the south. To the south, west and east 
there is a shallow incline to the water’s edge, to the north the incline is steeper. The access track 
runs along the edge of the field, however, there is no access provision to the waters edge. The 
ground is wet to the south and east with frequent clumps of rushes and there is some 
modification of the landscape for forestry and drainage. The water in the loch looks clean and 
clear.  There may be some enrichment from cattle grazing the surrounding land. Wildlife 
observed on the loch include waterfowl and otters. There is a boathouse on the loch with at least 
one boat, however there is no access track to it. The landowners say there are no significant fish 

                                                           
11 The site is also designated for its bird interest 
12 Mary Hennessy, SNH, pers comm 
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stocks on account of the loch being choked by vegetation. Significant amounts of Elodea 
canadensis were observed in the strandline of the loch.  

6.6.9 Whilst it appears clear that vegetation changes have occurred at Tangy Loch, and that Najas 
flexilis may have disappeared at the site (or be at such low frequencies that it is difficult to 
detect), the cause of these changes is less clear.  The 2003 survey identified large stands of 
Nitella flexilis and suggested that this may be indicative of increasing acidity, and that the Nitella 
flexilis may be competing with Najas.  By contrast, the most recent site visit identified substantial 
amounts of E. canadensis on the strandline, and there are anecdotal reports that the site is 
choked with vegetation, making fishing unviable. 

6.6.10 There needs to be a clearer understanding of the current status of vegetation at the site before 
control measures can be proposed.  Of particular importance is an understanding of the trophic 
status of the loch and whether it is undergoing some form of acidification (possibly linked to 
mature forestry in the catchment), or enrichment.  A review of the preceding data is inconclusive; 
the site has been designated by SNH as an example of an oligotrophic loch, although the 
earliest survey data suggest that the site was more mesotrophic in character, surveys in the 
early 2000’s suggested that there may have been an increase in the oligotrophic character of the 
loch, whilst the most recent 2008 work suggested that enrichment may be an issue.  Tangy Loch 
will be included in Site Condition Monitoring surveys, which are to be undertaken on behalf of 
SNH in 2009 – 2010. 

6.6.11 SNH has supplied a summary of water quality information that it has collated from various 
sources13 and which span the period 1989 – 2004.  During this time recorded pH varies from a 
minimum of 7.13 in February 1990 to a maximum of 8.8 in 1998.  No clear pattern or trend in pH 
values is apparent.  Data for other parameters is sparse; there are only two sets of data for total 
phosphorus levels, which show little difference in values14.  Thus, based on the limited water 
quality data that is available there is little to suggest that the site had undergone any change in 
trophic status. 

6.6.12 SEPA has also prepared a site summary for Tangy Loch (2008).  It has been assessed as an 
example of a medium alkalinity, shallow water body of good status, with a geometric mean total 
phosphorus level of 14.6µg/l15.   

6.6.13 Whilst it is clear that there have been changes to the flora of  Tangy Loch, the reasons for these 
are less unclear.    The next round of Site Condition Monitoring is due in 2009/10 and this may 
produce data that would help clarify the position, particularly in terms of the relative abundance 
of E. canadensis  to Nitella flexilis.   

6.6.14 A SWOT of the different control options for Elodea  in this site is provided in Table 6.3.  It is 
suggested that Tangy Loch may be suitable as a candidate site for trialling Elodea control 
methods and sediment disturbance as a method for promoting Najas. As Najas is thought to be 
either absent, or at very low frequency in the site, there is low risk of impacting upon it through 
introducing control measures.  But, as it has been a recent component of the flora of the loch 
there is a reasonable probability that viable seed remains within the sediment.  Further survey 

                                                           
13 Data comprises records from the 1989 NCC loch survey, two data sets provided by the Clyde River Purification Board (1990), data 
from Wingfield, 1998, and three records from SEPA (2004).  Information supplied by D. Causer, SNH, Lochgilphead.  
14 Recorded values range from 0.01 – 0.11 mg/l Total P as measured by the Clyde River Purification Board in February 1990 and 
0.011 mg/l Total P as measured by SEPA in January 2004.  Data provided by D. Causer, SNH, Lochgilphead.  
15 Site summary for Tangy Loch prepared by SEPA, unpublished data 
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work would be required to clarify the status of Elodea, Nitella  and Najas and water quality 
status.  Areas of Elodea could be cleared at bed level, providing clear areas for colonisation by 
Najas.  

6.7 Lindores 

Location: Fife Grid Ref: NO 266 164 
UK Lakes Database code: 24422 Altitude: 68m 
Area: 40.5 ha Catchment area: 510 ha 
Designations:  Lindores Loch SSSI  
Invasive species: Elodea canadensis Species of interest: Najas flexilis (Chara sp.) 

 

6.7.1 This site was designated as an SSSI for its open water and 
peatland habitats, botanical species and breeding birds.  
The SSSI citation describes it as a mesotrophic loch with 
extensive Chara (stonewort) beds and the largest number of 
Potamogeton species of any open water site in Fife.  SNH 
has assessed the loch and vascular plant features to be in 
unfavourable status16.  The site management statement 
notes that there has been a persistent problem with nutrient 
enrichment since the late 1980s (SNH, 1999). 

6.7.2 The oldest comprehensive macrophyte survey information dates from 1986, when it was 
surveyed by Young & Stewart (1986).  At that time six species of Potamogeton were recorded, 
plus the presence of Elodea canadensis.  The GB Lakes database includes a record for Najas 
flexilis, dating from 2000, but the source of this record is unknown.   

6.7.3 The site was re-sampled in 2004 as part of the SNH Site Condition Monitoring process (Bell & 
Reinius, 2004).  Three 100m sections were sampled using a wader survey and search of 
strandline material.  E. canadensis was recorded at a frequency of around 14%.  Four species of 
pondweed were recorded during the SCM (although these differed, partially, from the species 
recorded from Young & Stewart, 1986).  N. flexilis was not recorded.  Water clarity was good, but 
the single water sample produced total phosphorus levels of 217.3 μgl-1, which is well in excess 
of the expected range for a mesotrophic loch as defined by the draft Common Standards 
Monitoring Guidance (JNCC, 2004). 

6.7.4 SEPA carried out a macrophyte survey of the site in September 2008 (Donaldson & Gillard, 
2008).  Fourteen submerged and floating leaved species were recorded, including four species 
of Potamogeton and Elodea canadensis. SEPA has also assessed the water quality of the loch.  
Lindores Loch is an example of a medium alkalinity very shallow loch in bad status.  This is 
based upon a geometric mean total phosphorus value of 110µg/l against a reference value of 
12µg/l (SEPA, 2008). 

                                                           
16 SNH Sitelink website 

Comment [a6]: Circa? 
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Table 6.3.  SWOT of control options for Tangy Loch 
Option Strengths Weaknesses Opportunities  Threats 
Do-nothing  Minimises interference with a 

site of nature conservation 
importance 

 Site is currently in 
unfavourable condition 
for Najas. 

 

  No recent records for Najas 
and failure to act could lead to 
a permanent loss of this 
species at this site. 

Mechanical 
(Cutting & 
harvesting) 

 Would have an instant effect on 
reducing Elodea. 

 

 Najas  may be 
receiving competition 
from other species as 
well as/instead of from 
Elodea 

 Would create volumes 
of material to be 
disposed of 

 

 Site has fairly recent 
record for Najas  so 
viable seed may still be 
present at the site 

 The loch is relatively 
accessible. 

 There is a lack of knowledge 
about the abundance and 
distribution of Elodea 

 The Elodea may be present at 
abundances that make it 
impractical to remove. 

 Not all areas may be 
identified for treatment 

Mechanical 
(Sediment 
disturbance) 
 

 Can be targeted to specific 
areas 

 Efficacy for Najas is 
unproven. 

 There are recent 
records for Najas 
within the loch so there 
may be viable seed 
present in the site 

 This method may be 
effective even if Elodea 
is not acting as a 
competitor with Najas 

 Insufficient knowledge about 
the previous distribution of 
Najas and sediments 

 

Nutrient 
control 

 Improved water quality will 
benefit all components of the 
aquatic system. 

 Efficacy in controlling 
spread of Elodea is 
unknown 

 Likely to be required 
even in the absence of 
specific measures for 
Najas. 

 Improvements in water quality 
may occur too late to prevent 
the loss of desirable species 
and/or the spread of Elodea 

Shading  Najas may not currently be 
present in the site, so Elodea 
can be controlled without 
impacts upon Najas 

  Provides the 
opportunity to test this 
method on Elodea 
without impacting on 
Najas. 

 May be difficult to install and 
maintain at the site. 
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6.7.5 The site visit for this study was conducted on 27th of October 2008; the weather was clear with 
strong winds. This loch is quite exposed with a small amount of shelter provided by hills to the 
north east and south west. The habitat surrounding the loch is mainly improved pasture and 
woodland. The easiest mode of access to the loch is via the pier towards the southern end 
where there is a fishing club located. There are a number of boats moored here.  A number of 
strands of Elodea canadensis were observed in the strandline around the pier.  

6.7.6 The status of N. flexilis at the loch is unknown.  Only a single, unattributable record can be 
identified from the GB Lakes database, and this does not contain details of the precise location 
within the loch, or the amount of material present.   

6.7.7 In summary, the site is considered to be unfavourable for its open water conservation features 
and has been assessed as a water body in bad status by SEPA (SEPA, 2008).  There are water 
quality problems at the site in addition to dense growths of Elodea canadensis.  The site is 
managed as a put and take trout fishery, and the site management statement indicates that 
there may be annual cutting of Elodea  in areas agreed by SNH, using weed-cutter chains.   

6.7.8 The SCM data suggest that the E. canadensis is growing inter-mingled with a mixture of other 
species (Bell & Reinius, 2004).  To produce a definitive control strategy more detailed 
information about the distribution of E. canadensis is required, together with information about 
how this is distributed compared to native species.  Also, the objectives in controlling .E. 
canadensis at this site would need to be clearly defined.  This study has focused on sites for 
which the presence of N. flexilis and/or P. rutilis has acted as the trigger.  Whilst Najas  is a 
European Protected Species, there is limited  data (a single record) about the species 
occurrence at the site. 

6.7.9 A SWOT of the possible control measures is provided in Table 6.4.  In summary, there is 
anecdotal information that Elodea at the site is currently managed through cutting.  Whilst this 
may assist with the amenity use of the loch, its effect on the aquatic flora is not clear.  It is likely 
that additional control measures would be required to bring the site back into favourable 
condition.  Water quality at the site is known to have deteriorated, and so improvements to this 
would form an important element of any control strategy.  As there are no recent records for 
Najas from the site, the species is unlikely to naturally re-generate at the site, so methods such 
as sediment disturbance are not likely to succeed unless Najas seeds were introduced to the 
site.  To date, there have been no examples of re-introduction of Najas flexilis into Scottish sites.   
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Table 6.4.  SWOT of control options for Lindores Loch  
Option Strengths Weaknesses Opportunities  Threats 
Do-nothing  Would enable Elodea levels 

to assume an equilibrium in 
the loch 

 Site is in 
unfavourable status 

  Elodea  populations at the 
site are already believed to 
be controlled through 
cutting. 

Mechanical 
(Cutting & 
harvesting) 

 Is already believed to be in 
place. 

 Would have an instant effect 
 

 Is not being effective 
in reducing the long-
term occurrence of 
Elodea at the site. 
 Najas has not been 
recorded from the 
site in the recent 
past. 

 Direct monitoring of 
the efficacy of 
cutting can be 
undertaken. 

 Allows assessment 
of the introduction of  
other methods in 
tandem with cutting. 

 

 Fishing club may choose 
to cease cutting. 

Mechanical 
(sediment 
disturbance) 

 Can be targeted to specific 
areas 

 Efficacy for Najas is 
unproven.  

 Once water quality 
issues are 
addressed, there 
may be a potential to 
use this site as a trial 
for the reintroduction 
of Najas  seeds? 

 Insufficient knowledge 
about the historic 
distribution of Najas and 
sediments 

 Unlikely to be successful in 
a site that lacks a recent 
history of this species (due 
to absence of viable seed) 

Nutrient 
control 

 Improved water quality will 
benefit all components of the 
aquatic system. 

 Efficacy in 
controlling spread of 
Elodea is unknown 

 Likely to be required 
even in the absence 
of specific measures 
for Najas. 

 May be difficult to 
implement. 

Shading 
 

 No risk that shading may 
impact upon Najas 
populations (as none 
currently believed to be 
present). 

 May be difficult to 
introduce and 
maintain the shading 
materials. 

 Provides an 
accessible site to 
experiment with 
shading methods. 

 Submerged flora 
already reduced. 

 Will not lead to re-
establishment of Najas as 
no viable seed stock likely 
to be present. 

 Could lead to de-
oxygenation events. 
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6.8 Monzievaird  

Location: Perth & Kinross Grid Ref: NN 840232 
UK Lakes Database code: 24171 Altitude:64m 
Area: 16.3 ha Catchment area: 93.5 ha 
Designations: None 
Invasive species: Elodea canadensis Species of interest17: Najas flexilis, (Chara 

aspera and Nuphar pumila also present) 
 

6.8.1 There is relatively little information for this loch.  A macrophyte survey was conducted by SEPA 
in 2005.  Twelve submerged and floating species were present, including Elodea canadensis.  
No Najas was recorded.  SEPA also notes that there was a previous survey from 2000, during 
which Najas flexilis and Chara aspera were recorded, but 
no source of this information has been identified. 

6.8.2 A recent palaeoecological study of the site concluded that 
the site formerly supported a diverse, species rich plant 
community typical of an oligo-mesotrophic loch.  This 
included several species of Potamogeton.  The report 
concluded that there are marked changes in the biological 
elements over time, indicative of enrichment, and that the 
present community is markedly different from the past 
(Bennion et al. 2008).  Cores collected from Monzievard included records for Najas flexilis, even 
though this has not been found in recent surveys. 

6.8.3 The 2005 SEPA survey of the loch identified 12 submerged and floating species including three 
species of Potamogeton.  Based on the species recorded the site would be categorised as a 
Type 5A site (based on Palmer et al. 1992).  SEPA has also undertaken some water quality 
monitoring of the site.  The site summary for Loch Monzievaird categorises the loch as a high 
alkalinity shallow site of moderate status.  The total phosphorus value was assessed as 28.3µg/l 
against a reference value of 13µg/l (SEPA, 2008). 

6.8.4 Loch Monzievaird was visited on 10th of November 2008; the weather was clear with strong 
winds. There are hills to the north and south of the loch; the adjacent land use is trees with 
improved fields to the south and west, and heavy woodland to the north and east.  The bank 
looks to be subject to erosion probably due to the sandy / gravel nature of the soil, this is hence 
representative of the loch substrate too. The bank varies from a shallow incline in parts to a 
steep / eroded bank in others. The water quality of the loch looks clear, however, a significant 
amount of Elodea was found in the strandline apparently healthy and in long strands. The loch 
has a holiday complex at one end, the owners of which have access to the loch via a boathouse, 
fishing and various boating activities are probably common on the loch. The owners of the 
holiday complex are willing to assist in any way possible with the project. The north of the loch 
has a number of reed beds and there are two outflows which feed into a river. 

                                                           
17 Species of interest in this context are defined as those species that form the focus of this study i.e. Najas flexilis, Potamogeton 
rutilis.  It excludes other notable species that may be present e.g. species considered nationally scarce such as Potamogeton 
filiformis 
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6.8.5 A SWOT of the possible control options is presented in Table 6.5.  As this site is not an SSSI 
there is potentially greater scope for trialling new techniques.  However, licences are still likely to 
be required due to the past records for Najas flexilis. The landowners may also be receptive to 
actions targeted at controlling Elodea. The site has been identified as of moderate water quality 
status, and initiatives to improve this are likely to be beneficial to all forms of aquatic life.  More 
information is required about the status of Najas and other species at this site (e.g. snorkel 
surveys). This may be a suitable site for trialling the use of sediment disturbance as a control 
method.  As Najas  has been recorded from the site relatively recently there may be viable seed 
remaining in the seed bank. However, more information would need to be collected about the 
distribution of suitable habitats to pinpoint areas to disturb. 

6.9  Craiglush 

Location: Perth & Kinross Grid Ref: NO 042, 442 
UK Lakes Database code: 23557 Altitude: 100m 
Area: 26.3 ha Catchment area: 5877 ha (whole catchment of 

Dunkeld-Blairgowrie Lochs)18 
Designations: Lochs of Butterstone, Criaglush, & Lowes SSSI, Dunkeld – Blairgowrie Lochs 
SAC 
Invasive species: Elodea canadensis Species of interest: Najas flexilis (Chara spp. 

and Nitella sp. also present) 

6.9.1 Loch Craiglush is one of a group of five inter-connected lochs near Dunkeld known as the Lunan 
Lochs.  Only two lochs in the chain (Craiglush and Butterstone) have been considered as part of 
this study. Craiglush has been designated by SNH as an example of an oligo-mesotrophic loch, 
and is considered to be in unfavourable – recovering 
condition19. 

6.9.2 Loch Criaglush was surveyed by the SNH loch survey in 
1997 (SNH, 1997).  At that time 18 submerged and 
floating species were recorded including Najas flexilis as 
a rare component of the flora and Elodea canadensis as 
locally frequent (based on the DAFOR scale).  The loch 
was assessed to be an example of a Type 3, oligotrophic 
water body, based on the classification scheme of 
Palmer et al. 1992.   

6.9.3 Further surveys of this loch and the others in the chain (Butterstone and Lowes) have been 
undertaken in recent years in order to monitor the Najas populations, including a survey by 
Howson et al.  in 1997, by Glasgow University in 2004 (Murphy & Hall, 2005), and by Benthic 
Solutions Ltd in 2007 (Benthic solutions, 2008).  Whilst Najas was recorded in 1997 and 2004, it 
was not re-found in the 2007 survey.   

                                                           
18 The catchment area of the Dunkeld – Blairgowrie Lochs, which includes Criaglush is 5877 ha (SNH press release 2004).  Craiglush 
Loch is the most upstream of the lochs, and accounts for less than one fifth of the catchment area.  
19 Site Condition Monitoring data held on SNH’s website 
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Table 6.5.  SWOT of control options for Monzievaird Loch  
Option Strengths Weaknesses Opportunities  Threats 
Do-nothing  Would enable Elodea levels 

to assume an equilibrium in 
the loch 

 Would not 
encourage Najas  
growth. 

 Would enable 
collection of more 
data. 

 Najas may be permanently 
lost at the site. 

Mechanical 
(Cutting & 
harvesting) 

 Would have an instant effect 
 

 Elodea may not be a 
contributory factor in 
the apparent loss of 
Najas. 

 

 Would limit further 
expansion of Elodea 
within the loch. 

 Site can easily be 
accessed by 
machines. 

 

 Will inhibit development of 
an equilibrium between 
Elodea and other species. 

Mechanical 
(sediment 
disturbance) 

 Can be targeted to specific 
areas 

 Efficacy for Najas is 
unproven. 

 There may be viable 
seeds present within 
the seed bank? 

 Insufficient knowledge 
about the historic 
distribution of Najas and 
sediments 

 
Nutrient 
control 

 Improved water quality will 
benefit all components of the 
aquatic system. 

 Efficacy in 
controlling spread of 
Elodea is unknown 

 Likely to be required 
even in the absence 
of specific measures 
for Najas. 

 May be difficult to 
implement. 

Shading 
 

  Non selective  Access to the loch 
shore is possible. 

 Does not provide 
conditions suitable for 
colonisation by Najas. 
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6.9.4 Murphy & Hall (2004) speculated as to the reasons for the apparent disappearance of Najas. 
They noted the increased nutrient levels in the lochs and suggested that elevated incidences of 
phytoplankton blooms and consequent pH increases might mean that Najas was unable to fix 
sufficient energy for adequate seed production20, and also that the phytoplankton may act to 
shade the Najas.  Competition from Elodea was also identified as a likely cause.  They 
postulated that the Elodea would impact on Najas in three ways; by its growth form (creating a 
dense canopy at the water surface) reducing light levels for lower growing Najas, by directly 
competing for rooting sites with Najas in deep water and by being able to utilise bicarbonate at 
high pH levels (Murphy & Hall, 2005). 

6.9.5 Craiglush Loch was visited on the 11th of November; 2008 when the weather was calm and 
semi-overcast and the sun was low in the sky. The loch is partially sheltered by woodland 
around the entire perimeter, with a small amount of amenity grassland next to a house to the 
north east where there is also a boathouse. The boathouse is in good condition and well 
maintained with an equally well maintained driveway up to it, providing easy access from the 
main road (NO 04616 44723). The bank along the edge of the road is steep with sparse 
woodland; access from here would be difficult. There were “no fishing” signs posted around the 
loch. 

6.9.6 Najas has apparently disappeared from the flora of this loch, whilst Elodea is a dominant 
component, and there are concerns about water quality.    As Craiglush is part of a larger 
complex of sites that are also important for Najas, any control measures would need to be 
targeted at all sites.  Further discussion about appropriate methods is included in section 6.10. 

6.10 Butterstone 

Location: Perth & Kinross Grid Ref: NO 059, 449 
UK Lakes Database code: 23531 Altitude:97m 
Area: 43.5 ha Catchment area: 5877 ha (whole catchment of 

Dunkeld-Blairgowrie Lochs)21 
Designations: Lochs of Butterstone, Craiglush and Lowes SSSI, Dunkeld – Blairgowrie Lochs 
SAC 
Invasive species: Elodea canadensis Species of interest: Najas flexilis (Chara aspera) 

 

6.10.1 This forms one of the complex of five lochs near 
Dunkeld know as the Lunan Lochs.  It is 
downstream from Loch of Craiglush, and 
separated from it by Loch of the Lowes. 

6.10.2 This site has been subject to a number of surveys 
including Stewart in 1986 (referenced by 
Carvalho, 2004), Murphy and Hall in 2004 (report 
date 2005), SNH’s site condition monitoring in 

2004 (Carvalho, 2004), and Benthic Solutions Ltd 

                                                           
20 As pH increases the amount of available carbon dioxide decreases compared to the availability of bicarbonate ions, and plants 
such as Najas are placed at a competitive disadvantage to species such as Elodea, which are able to utilise the bicarbonate ions 
21 The catchment area of the Dunkeld – Blairgowrie Lochs, which includes Butterstone is 5877 ha (SNH press release 2004).  
Butterstone Loch is the third loch in the chain, and accounts for around one third of the catchment area.  
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2007 (report date 2008).  Additional species-specific surveys for Najas have also been 
undertaken (James & Barclay, 1996 & Dale, 1997) 

6.10.3 The SCM monitoring assessment reported the results of Stewart’s boat survey in 1986 
(Carvalho, 2004).  At that time 19 submerged or floating leaved plants were recorded including 
Najas flexilis and Elodea canadensis.  The SCM survey only refound 9 of the 19 species 
originally recorded by Stewart, although it also recorded three “new” species.  Najas flexilis and 
other species indicative of oligotrophic conditions were not re-found in 2004. The SCM 
assessment noted that Elodea was the most frequently recorded species, and was often 
dominant in terms of biomass.  It concluded that Elodea was increasing in dominance.  Dense 
mats of filamentous algae were also recorded. 

6.10.4 The 1996 (James & Barclay) and 1997 (Dale) surveys identified the presence of Najas but 
concluded that it was only an occasional component of the flora.  Murphy & Hall (2005) 
determined that the distribution of Najas had declined sharply since the previous survey in 2000, 
and found it in one restricted area, comprising a single colony of 12 plants.  Areas that had 
previously supported Najas were found to be dominated by dense stands of Elodea.  Possible 
reasons for this decline have been summarised in section 6.9.4.   

6.10.5 A diving survey for Najas in 2007 (Benthic Solutions, 2008) failed to find any plants in 
Butterstone, including in the area from which it had last been recorded in 2004. 

6.10.6 SEPA has monitored water quality in Butterstone Loch between January 2006 to date (SEPA, 
2008).  The mean recorded total phosphorus levels over this time have been 20.2 µg/l, with a 
minimum value of 14.3 µg/l and a maximum value of 29.5 µg/l (dating from 2008). 

6.10.7 Butterstone loch was visited on 11th November, 2008. The weather was calm and semi-overcast. 
The main activity on the loch is fishing and there is a boathouse, pier and marina.  The loch is 
best accessed via the boathouse at NGR NO 06243 45125. The topography round the loch 
varies from steep in parts to shallow carr in others. The water quality appears clean and clear, 
although there is discarded fishing paraphernalia and Elodea around the bank and in the 
strandline. The owner of the fishing club was washing his boats in the loch and suds were in the 
water.  Land usage around the loch is woodland of varying density; further up the hills to the 
west and south-west are improved fields. 

6.10.8 As Butterstone is part of a complex of sites, all of which support Elodea and which currently, or 
have previously supported Najas, any long-term strategy for eradication of this species must 
focus at the catchment level.  However, this would not preclude undertaking pilot studies of 
control measures in one of the five sites in order to determine the likely success of different 
approaches. 

6.10.9 This study has only assessed two out of the five lochs in the catchment.  There are, however, 
two recent reports that have assessed the status of Najas in each of the five sites (Murphy & 
Hall, 2005 & Benthic Solutions Ltd, 2008), although neither of these reports have looked 
specifically at the abundance and distribution of Elodea in relation to the Najas. 

6.10.10 The most recent survey failed to find Najas in three of the sites (Loch of Clunie, Loch of 
Craiglush and Butterstone Loch), but two plants were found in Marlee Loch, and the population 
in Loch of the Lowes was found to be healthy.  Reasons for this differential success of the 
species were not suggested. 
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6.10.11 A SWOT of different control measures for Lochs Criaglush and Butterstone is presented in Table 
6.6.   

6.10.12 From a review of the literature it appears that Elodea’s apparent ascendancy over Najas may 
have been assisted by changes in water quality in the sites, particularly an increase in nutrients.  
Water quality problems appear to be greater in the four lower lochs than in Loch Craiglush (M. 
Hennessy, SNH pers comm.). SNH in conjunction with other agencies introduced a Natural Care 
Management Scheme in the Lunan Lochs catchment in 2004.  This scheme provides payment to 
land owners and managers for introducing specified measures to reduce nutrient run-off.  The 
success of these measures is likely to be crucial in ensuring that the correct environmental 
conditions are in place for Najas survival in the suite of sites as a whole, but additional measures 
to control Elodea may also be required. 

6.10.13 The surveys that have been undertaken do not provide sufficient information about the 
distribution of Elodea relative to Najas, however, it appears that there may be mono-dominant 
stands of Elodea.  If this is the case then it may be possible to remove some of these either 
mechanically or by hand.  This method is a “safe” option in that it can be undertaken to avoid 

impacts upon Najas and is “reversible”, but it does carry the risk of generating loose plant 
material that could colonise other areas of the loch, or drift downstream into other lochs in the 
chain.  However, given that it may already be distributed throughout the site already this may not 
be a real concern.  As there is likely to be viable Najas seed present, cutting could take place at 
sediment level and be combined with creating areas of disturbed sediment to maximise the 
chances of Najas growth. 

6.10.14 Shading may also be possible if the Elodea is present in mono-dominant stands, but this may 
not create appropriate conditions for Najas re-growth. 

6.10.15 Ideally any control mechanism should be trialled in one site initially, preferably at the site furthest 
downstream of the chain (Loch Marlee), to avoid possible “knock-on” effects in other sites from 
the treatment, and also to provide the potential for colonisation by seeds from upstream sites.  
However, conditions in Loch Marlee have not been assessed as part of this study.  Cutting and 
sediment disturbance methods could also be trialled in Loch Craiglush, as this is believed to be 
experiencing fewer water quality issues. 

6.10.16 The “do nothing” option may have some merits in the short-term, whilst catchment management 
measures take effect.   

6.11 Eye 

Location: Highlands Grid Ref: NH 832 798 
UK Lakes Database code: 14019 Altitude: 10m 
Area: 159.6 ha Catchment area: 15840 ha (Figure from SNH 

Loch Survey sheets) 
Designations: Loch Eye SSSI 
Invasive species: Elodea canadensis  Species of interest: Potamogeton rutilis 

Chara aspera, Chara virgata 
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6.11.1 Loch Eye has been designated as a eutrophic loch, it is also of importance for its bird 
populations.  It has been surveyed on a number of occasions (Charter, 1988, SNH Loch survey, 
1994a & SCM 2004 (Dale & Reinius, 2004a)). 

6.11.2 The 1985 survey involved assessment of macrophyte communities by wading and from a boat.  
Side scanning sonar was also used to identify beds of vegetation.  Seventeen species of 
submerged or floating plant were recorded, including Potamogeton rutilis.  It was found at three 
locations, but was not assessed to be abundant at any of these locations (Charter, 1988).  
Elodea canadensis was also recorded, although not at either a high frequency or density, in spite 
of the site being assessed as undergoing eutrophication. 

6.11.3 The 1994 Loch survey (SNH) identified 24 submerged or floating species, but this excluded any 
record for P. rutilis.  Elodea canadensis was recorded, but only as an occasional component of 
the flora.  The presence of a pronounced algal bloom was noted (SNH, 1994). 

6.11.4 The 2004 SCM assessment involved four wader and perimeter surveys and a species survey for 
Potamogeton rutilis.  P. rutilis was found at two locations.  Elodea was also recorded in each of 
the four survey areas. 

6.11.5 Based on the available survey data it appears that P. 
rutilis remains as an occasional component of the 
aquatic flora, alongside other species characteristic of 
mesotrophic sites (although the site was designated as 
a eutrophic site).  The site has been assessed by SNH 
to be in favourable (maintained) status.22 

 

                                                           
22 SNH site condition monitoring data available via the SNH website 
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Table 6.6.  SWOT of control options for Lochs Craiglush and Butterstone  
Option Strengths Weaknesses Opportunities  Threats 
Do-nothing  Allows for effects of catchment 

management work to be 
assessed. 

 Would not encourage 
Najas  growth. 

 Would enable 
collection of more data 
to explain differing 
status of Najas 
between the different 
lochs in the catchment. 

 Najas may be permanently 
lost at the sites. 

Mechanical 
(Cutting & 
harvesting) 

 Would have an instant effect 
 

 May exacerbate 
Elodea problems in 
lochs further down the 
chain. 

 

 Would limit further 
expansion of Elodea 
within the lochs 
treated. 

 Site can easily be 
accessed by machines. 

 Could be combined 
with sediment 
disturbance methods. 

 

 Will inhibit development of an 
equilibrium between Elodea 
and other species. 

Mechanical 
(sediment 
disturbance) 

 Can be targeted to specific 
areas 

 Efficacy for Najas is 
unproven. 

 There may be viable 
seeds present within 
the seed bank. 

 Potential to combine 
this with weed cutting 
and the existing water 
quality initiatives. 

 Insufficient knowledge about 
the historic distribution of 
Najas and sediments 

 

Nutrient 
control 

 Measures are already in place. 
 Improved water quality will 

benefit all components of the 
aquatic system. 

 Efficacy in controlling 
spread of Elodea at 
these sites has not 
been demonstrated to 
date. 

 Is already being 
implemented. 

 May not be sufficient on its 
own to enable re-growth of 
Najas. 

Shading 
 

  May not assist in 
regeneration of Najas, 
particularly if water 
quality is not 
addressed. 

 Boat access is possible 
to install material. 

 Non selective and may impact 
upon remaining Najas 
populations. 
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6.11.6 Loch Eye was visited on 11th November, 2008. The weather was reasonably calm and semi-
overcast. The loch is sheltered by the surrounding hills and woodland.  It is currently used for 
fishing and there are anecdotal reports that blue-green algae blooms have rendered the loch un-
fishable in the past. The most convenient access point is by Loch Eye House, at the boathouse 
next to the road at NGR NH 82230 79666. The boathouse and attached pier are both in good 
condition with easy access through a locked gate.  Surrounding land use is woodland (wet, 
broadleaf and conifer) and improved / arable fields. The surrounding topography has a shallow 
incline around the perimeter of the loch.  The water appeared clear with a brown colour.  Silt may 
be an issue if there is disturbance in the loch. There are reed and rush beds in the locality of the 
pier and a lot of Elodea was observed within the strandline around the boathouse.  

6.11.7 P. rutilus  appears to have survived alongside Elodea  at this site for around the last 20 years.  
Whilst P. rutilus was still present in 2004, it was present at such low frequencies that a species-
specific survey was not conducted.  By contrast, Elodea was a frequent component of the flora.  
The site visit identified a large amount of Elodea in the strandline material, so it is possible that 
the species is going through a “boom” growth period. A further round of SCM is planned for 

2009/10 and the situation should be reviewed once that data are available. 

6.11.8 Table 6.7 summarises the SWOT of different control options in Loch Eye.  P. rutilus  seems to be 
remaining as a component of the flora, and care must be taken that measures introduced to 
control Elodea do not impact upon it.  Further site condition monitoring is proposed for 
2009/2010, and there may be merit in reviewing these data before intervention is planned.  
Cutting may impact upon P. rutilus  as well as Elodea.  There are ongoing concerns about water 
quality and potential eutrophication at the site.  This could act as a threat to P. rutilis (and other 
Potamogeton species).  It is suggested that management measures should be focussed on 
controlling inputs of nutrients rather that targeting the Elodea in the short term. 

6.12  Ussie 
Location: Highlands Grid Ref: NH 505 570 
UK Lakes Database code: 16456 Altitude: 120m 
Area: 82.4 ha Catchment area: 465 ha 
Designation: Loch Ussie SSSI, SAC 
Invasive species: Elodea canadensis Species of interest: Potamogeton rutilis (Chara 

sp. and Nitella sp.) 

6.12.1 A full macrophyte survey of Loch Ussie was conducted in 1986 (Bell, 1986), a further survey was 
conducted by the SNH Loch survey in 1994 (SNH, 1994b), and macrophyte communities were 
again assessed as part of the 2004 SCM (Dale & Reinius, 2004b).  A separate species-specific 
survey for P. rutilis was undertaken in 2003 as part of pilot testing of methods for SCM.  SEPA 
undertook a macrophyte survey in 2007 (SEPA, 2007b). 

6.12.2 The 1994 SNH Loch survey identified 29 submerged and floating species including Potamogeton 
rutilis, which was assessed as being locally abundant and frequent Elodea canadensis.  The 
Elodea and P. rutilis were found growing together at a number of locations.   

6.12.3 The 2003 pilot study for SCM assessed the condition of one population of P. rutilis.  The 
population was large, extending to over 100m in extent and contained hundreds of individual 
plants. 
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Table 6.7.  SWOT of control options for Loch Eye  
Option Strengths Weaknesses Opportunities  Threats 
Do-nothing  Minimises interference in a 

site of conservation 
importance. 

 

 Elodea will remain a 
permanent 
component of the 
aquatic flora. 

 Inconclusive 
evidence whether 
Elodea is out-
competing P. rutilus. 
 Site to be monitored 
in near future. 

 Elodea may start to impact 
upon P. rutilus. 

Mechanical 
(Cutting & 
harvesting) 

 Would have an instant effect 
 

 Costs are unlikely to 
outweigh the limited 
& uncertain gains for 
P. rutilus. 
 May not be possible 
to cut Elodea without 
cutting P. rutilus?  

 
 

 Would enable 
assessment of 
whether reduced 
Elodea cover 
enabled an 
expansion in P. 
rutilus. 

 

 May promote active growth 
and spreading of Elodea 
throughout the site. 

Mechanical 
(sediment 
disturbance) 

 Can be targeted to specific 
areas 

 Unlikely to promote 
P. rutilus and may 
be detrimental to it. 

  

Nutrient 
control 

 Water quality management 
would benefit all aspects of 
aquatic life. 

 No evidence that 
water quality is 
declining. 

  

Shading 
 

  Inconclusive 
evidence that Elodea 
is out competing P. 
rutilus. 

  Non selective. 
 May have adverse impacts 
upon P. rutilus. 
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6.12.4 The 2004 SCM assessed species within two wader and perimeter surveys and using a species 
survey for P. rutilis.  P. rutilis was found at frequent intervals.  Elodea was found in both of the 
100m sectors assessed (Dale & Reinius, 2004).  Whilst the site was assessed as in favourable 
condition, the survey summary stated that there appeared to have been a decrease in species 
richness which could only be confirmed by a more intensive survey.  It must be remembered that 
this assessment was based on a very limited survey of the site. 

6.12.5 SEPA assessed the macrophytes present in 2 x 100m sections in 2007.  Although P. rutilus was 
not recorded, Elodea was found in both sections.   

6.12.6 Water quality data have also been collected by SEPA (2008).  The site has been assessed as a 
medium alkalinity, very shallow site that is considered to be in good status23. The data series for 
total phosphorus levels in the loch date from 2003, and these show a small, but gradual increase 
in levels over the five year period 2003 – 2008. By contrast chlorophyll a levels for the loch over 
the same time period do not show any obvious trend, and SEPA also report that 
palaeoecological studies of the site show that there has been no shift towards diatoms indicative 
of eutrophic conditions 

6.12.7 Loch Ussie was visited as part of this study on 11th November 2008. There are two, small, 
wooded islands within the loch and there is evidence of past usage of the loch in the form of a 
ruined jetty. Current usage is uncertain on account of access issues for boats.  It is possible 
angling takes place from the shore. The only observed access route is at NGR NH 49694 56793, 
where there is a public car park and a path leading 
through a managed birch woodland (birch woodland 
research) to the water’s edge. There are no provisions 
for launching a boat so this would be required to be 
done from the soft bank. Around the north and west of 
the loch where the land is managed for grazing, the 
topography drops into the loch at a steep incline. 
Around the south and east there is low lying woodland 
(conifer and broadleaf), in the area of the access point 
the ground is wet and at water level.  The water quality 
looked clean and clear with a sandy substrate with a few rocks; reed beds are prevalent to the 
south. 

6.12.8 Table 6.8 summarises the SWOT of each control option at Loch Ussie. Based on the available 
information it does not appear that the status of P. rutilis within Loch Ussie is under threat from 
Elodea populations.  Thus, other than the desirability of not having non-native species growing in 
a designated site, there is no clear need to introduce a control mechanism for this species.  The 
data summary suggests that there may be long-term changes in water quality occurring at the 
site, and these should be assessed in more detail.   

                                                           
23 Total phosphorus levels are assessed to be 17.0µg/l against a threshold value of 10µg/l 
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Table 6.8.  SWOT of control options for Loch Ussie  
Option Strengths Weaknesses Opportunities  Threats 
Do-nothing  Minimises interference in a 

site of conservation 
importance. 

 Elodea does not appear to 
be having an impact on the 
overall condition of the site. 

 Elodea will remain a 
permanent 
component of the 
aquatic flora. 

 Site to be monitored 
in near future. 

 Elodea may start to impact 
upon P. rutilus. 

Mechanical 
(Cutting & 
harvesting) 

 Would have an instant effect 
 

 Costs are unlikely to 
outweigh the limited 
& uncertain gains for 
P. rutilus. 
 May not be possible 
to cut Elodea without 
cutting P. rutilus?  

 
 

 Would enable 
assessment of 
whether reduced 
Elodea cover 
enabled an 
expansion in P. 
rutilus. 

 

 May promote active growth 
and spreading of Elodea 
throughout the site. 

Mechanical 
(sediment 
disturbance) 

 Can be targeted to specific 
areas 

 Unlikely to promote 
P. rutilus and may 
be detrimental to it. 

  May have adverse impacts 
upon P. rutilus. 

 
Nutrient 
control 

 Water quality management 
would benefit all aspects of 
aquatic life. 

 No evidence that 
water quality is 
declining. 

  

Shading 
 

  Un-selective and 
would impact on 
other species of 
interest. 

 Difficult to introduce 

 May not provide conditions 
suitable for P. rutilus. 
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6.13 Flemington  

Location: Highlands Grid Ref: NH 810 520 
UK Lakes Database code: 17013 Altitude: 50m 
Area: 15 ha Catchment area: 68.8 ha 
Designations: Kildrummie Kaimes SSSI; Loch Flemington SPA 
Invasive species: Elodea canadensis Species of interest: Potamogeton rutilis 

 

6.13.1 Historical data for Loch Flemington dates from the NCC Loch survey in 1988 (NCC, 1988), an 
MSc thesis in 2000 (Audsley, 2000) and the 2004 SCM (Carvalho & Kirika, 2004). The aquatic 
plant atlas (Preston & Croft, 1997) states that the first record for P. rutilis from Loch Flemington 
dates from 1975, but it was thought to be extinct by 1997 as a result of pollution. 

6.13.2 Only seven submerged and floating species 
were recorded in 1988 (SNH loch survey).  
Potamogeton rutilis was not found, but Elodea 
canadensis was locally dominant in the site.  
At the time of survey there was a severe algal 
bloom in the loch, sewage fungus was noted, 
and organic mud was the main substrate.  
There was anecdotal evidence of severe 
nutrient enrichment of the site, as overflow 
discharges from new housing and as a result 
of agricultural run-off.  The site had been 
stocked with brown and rainbow trout.  By 2000, only a single submerged species (Elodea) was 
recorded (Audsley, 2000).   

6.13.3 Loch Flemington was assessed as part of the 2004 SCM (Carvalho & Kirika), and was also used 
as a pilot site during 2003.  The 2004 assessment looked for the presence of P. rutilis, but was 
unable to find any plants.  Surveys were inhibited by a heavy algal bloom.  Elodea was recorded 
in 2003 at a frequency of over 50%.  SEPA also undertook a macrophyte survey in 2006 (SEPA, 
2008).  P. rutilus was not found, but Elodea was recorded. 

6.13.4 A recent palaeoecological study has shown that the site formerly supported a diverse plant 
community typical of a mesotrophic loch.  The sediment record shows that there has been a 
complete change in plant community.  These changes began around 1850, and underwent 
larger changes as a result of enrichment.  The macrofossil record showed that Najas has been 
present at the site for at least the last 100 years and is still present today (Bennion et al., 2008). 

6.13.5 SEPA has summarised water quality data for this site since 2002.  Loch Flemington has been 
assessed as a high alkalinity shallow loch of moderate status (SEPA, 2008)24.  The total 
phosphorus values for the loch over this time period appear fairly constant, with a peak occurring 
in late 2002.  Chlorophyll a levels have also been assessed between 2005 and 2008.  These 
showed an overall decline between 2005 and early 2008, with an increase in the middle of 2008 
(SEPA, 2008). 

                                                           
24 Total phosphorus levels are 37.7µg/l against a reference value of 13µg/l 
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6.13.6 Loch Flemington is currently designated as part of an SPA for its bird populations, and is 
considered to be in favourable condition for this feature25.  The open water eutrophic loch SSSI 
feature is considered to be in unfavourable condition. 

6.13.7 The site visit for this study was made on 10th of November 2008. The weather was cold and 
clear with very strong winds.  An access track leads from the road to the water’s edge at a vey 
shallow incline, where the bank is at water level. The surrounding land is mainly grazed pasture, 
scrub and alder carr, with a number of houses close to one shore. A number of pieces of Elodea 
were observed in the strandline.  There is a boathouse located just off the road, providing 
dedicated access to the water, otherwise, there are several locations where informal access is 
possible. An information board next to the loch shows there have been problems with blue-green 
algae. 

6.13.8 Table 6.9 summarises the strengths and weaknesses of different control options for Elodea at 
Loch Flemington. The macrophyte community at Loch Flemington is severely impoverished and 
appears to have declined over the last 20 years.  Whilst Elodea is the dominant species, it is 
questionable whether this dominance is the cause of the disappearance of other species.  The 
available information suggests that this site has suffered severe nutrient enrichment, causing a 
decline in water quality.  Elodea is able to utilise these conditions.  Whilst the physical features at 
the site make Loch Flemington an ideal candidate for the introduction of control measures, there 
would be little point in introducing these whilst the water and sediment conditions remain hostile 
to the desired aquatic species. In addition, Elodea  is likely to be fulfilling an important function 
as an oxygenating plant in this loch.  

6.13.9 As the Elodea is the main submerged macrophyte, cutting would be a suitable control method.  
All cut material would need to be removed to avoid de-oxygenation of the water column.  Even if 
the Elodea  is removed it is uncertain that P. rutilus would re-establish itself using natural 
measures; the water quality of the site has changed since this species was present, and little 
appears to be known about the long-term survival of P. rutilus turions in the seedbank. 
Disturbance of the substrate is unlikely to promote growth of P. rutilus.  Shading materials could 
be introduced, but these are likely to lead to de-oxygenation events as the Elodea dies. 

6.13.10 Improvements in water quality are required in order to assist the development of a diverse 
aquatic flora at this site.  Once water quality is improved there may be merit in carrying out 
cutting of the Elodea.  This may need to be combined with a re-introduction programme to 
restore P. rutilus to this site. 

                                                           
25 SNH SiteLink website 
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Table 6.9.  SWOT of control options for Loch Flemington  
Option Strengths Weaknesses Opportunities  Threats 
Do-nothing   Site will remain in 

unfavourable condition 
 Allows time for Elodea 
control measures to be 
trialled at other sites. 

 Site may need to be de-
notified, or quality of loch will 
impact upon designated bird 
features. 

 P. rutilus likely to be 
permanently lost from the site. 

Mechanical 
(Cutting & 
harvesting) 

 Would have an instant effect in 
removing Elodea. 

 

 As Elodea  is the main 
submerged 
macrophyte its removal 
may lead to de-
oxygenation and/or 
opportunities for 
phytoplankton blooms. 

 Elodea  is unlikely to 
be the sole reason for 
the apparent 
disappearance of P. 
rutilus. 

 
 

 Would enable 
assessment of whether 
reduced Elodea cover 
enabled an expansion 
in P. rutilus. 

 

 May promote active growth 
and spreading of Elodea 
throughout the site. 

 May impact on any remaining 
fragments of P. rutilus. 

 Cut material would need to be 
removed to avoid further de-
oxygenation events. 

Mechanical 
(sediment 
disturbance) 

 Can be targeted to specific 
areas 

 Unlikely to promote P. 
rutilus and may be 
detrimental to it. 

  May have adverse impacts 
upon P. rutilus. 

 
Nutrient 
control 

 Water quality management 
would benefit all aspects of 
aquatic life. 

 Water quality concerns 
have been known at 
this site for around 20 
years.  

 Re-establishment of P. 
rutilus provides a clear, 
understandable target 
to encourage action. 

 .It may not be possible to 
reverse the water quality 
changes that have occurred. 

 There may be no remaining 
viable turions of P. rutilus in 
the sediments. 

Shading 
 

 Likely to achieve removal of 
Elodea. 

 Non selective. 
 Unlikely to promote re-

growth of P. rutilus. 

  Elodea may be a key 
oxygenator at the site, and its 
removal could lead to further 
degradation in water quality. 
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6.14 Kindar 

Location: Dumfries and Galloway Grid Ref: NX 967 642 
UK Lakes Database code: 28288 Altitude: 20m 
Area: 53.1 ha Catchment area: 438 ha 
Designations: None 
Invasive species: Elodea canadensis Species of interest: Najas flexilis 

 

6.14.1 Records for Najas flexilis in Loch Kindar date from 1959 and 1960 (Wingfield, 2002).  
Comprehensive macrophyte data for Loch Kindar dates from the 1996 SNH Loch Survey data 
(SNH, 1996), and an assessment of Najas flexilis undertaken by Wingfield et al. in 2002.  SEPA 
also undertook a macrophyte survey in 2008 (Bell, 2008). 

6.14.2 Eighteen submerged and floating leaved species were 
recorded in 1996 (SNH Loch survey).  Elodea canadensis 
was considered to be an abundant-locally dominant 
component of the community, whilst records for Najas 
were confined to a few washed-up fragments.  There is a 
note on the survey sheet that the local fishing club had 
previously used herbicides to control the Elodea. 

6.14.3 Both Najas and Elodea were found in the 2002 survey (Wingfield et al. 2002).  The Najas was 
found at a single location, and was found to be growing with other species, including Elodea.  
The fitness of plants was assessed, and was considered to be “reasonably fit”, although the 

report suggested that the species may be under threat of acidification at the site. 

6.14.4 SEPA assessed the macrophytes in 4 x 100m sections in 2008 and recorded 14 submerged and 
floating species (Bell, 2008).  Elodea canadensis was found in all sections.  No Najas was 
recorded. 

6.14.5 SEPA has also collected water quality data for the loch since 2005.  The site is assessed to be a 
medium alkalinity shallow water body in good status26.  The chlorophyll a levels have also been 
assessed over the same time period, and these show a general increase in level. 

6.14.6 Loch Kindar was visited as part of this study on the 3rd November 2008. The weather was calm 
and clear. The loch is low lying and is surrounded mainly by woodland (coniferous, broadleaf 
and alder carr) and pasture. The bank for the most part is at water level but in some parts (to the 
north) has been reinforced with boulders. Reed beds can be found at intervals around the loch 
but predominantly on the east side.  Access to the water is possible via a small road leading to a 
public car park, from which access is possible down a track through a farm to a functional 
boathouse at the edge of the loch (NX968638). The water quality appeared clear and fish could 
be seen rising across the loch. Other wildlife seen included a range of waterfowl, cormorants 
(Phalacrocorax carbo), badgers (Meles meles), otters (Lutra lutra) and red squirrels (Sciurus 
vulgaris). One fragment of Elodea was found within the strandline during the survey.  

                                                           
26 The geometric mean total phosphorus levels are 14.0µg/l against a threshold value of 9µg/l.  Site summary for Loch Kindar.  SEPA 
unpublished data. 
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6.14.7 A summary of control options for this loch is presented in Table 6.10.  Based on the available 
information Najas flexilis remains a component of the aquatic flora of this loch, albeit at low 
levels.  There are insufficient historic data available to determine whether this species has 
always occurred at low frequencies at this site.  The 2002 SNH loch survey also recorded a good 
range of other species, including pondweeds indicative of mesotrophic conditions. It is not clear 
whether there is a need to control Elodea at this site, other than the desirability of removing a 
non-native species from the site.  Further monitoring of the status of Najas flexilis, other species, 
water quality and the distribution of habitat suitable for Najas is recommended. Following this, it 
may be appropriate to consider limited disturbance of part of the loch bed to encourage 
expansion of Najas. 
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Table 6.10.  SWOT of control options for Loch Kindar  
Option Strengths Weaknesses Opportunities  Threats 
Do-nothing  Enables further assessment 

of current status of Najas 
and distribution of habitat. 

 May reduce the 
chance of success of 
any control 
measures that need 
to be introduced 
subsequently. 

 Allows time to gain a 
better understanding 
of the status of 
Najas and Elodea at 
the site. 

 Risk that Elodea will 
increase in abundance and 
distribution and/or Najas 
populations will decline. 

Mechanical 
(Cutting & 
harvesting) 

 Would have an instant effect 
in removing Elodea. 

 

 May be an 
unnecessary and 
expensive 
intervention for 
minimum gain. 

 Insufficient 
information about 
the growth of Elodea 
in relation to other 
species and Najas 

 

 Would enable 
“clearance” of areas 
thought to be 
suitable for Najas. 

 

 May promote active growth 
and spreading of Elodea 
throughout the site. 

 May impact on Najas if it 
grows in close proximity to 
the Elodea. 

Mechanical 
(sediment 
disturbance) 

 Can be targeted to specific 
areas 

 Efficacy in promoting 
Najas growth is 
unproven. 

 As the site currently 
supports Najas there 
is a viable seed 
source present in the 
site. 

 May result in the spread of 
Elodea. 

 

Nutrient 
control 

 Water quality management 
would benefit all aspects of 
aquatic life. 

 No evidence of 
serious concerns 
about water quality.  

 Would allow for 
observation of 
changes in water 
quality upon 
distribution of Elodea 
and Najas. 

 May have no impact upon 
presence of Elodea. 

Shading 
 

  Non selective.   May lead to de-
oxygenation or impacts on 
Najas. 
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7 Conclusions 

7.1 The extent to which Elodea species are impacting on the 
success of priority species 

7.1.1 The premise for this study has been that species of Elodea are placing populations of priority 
species (notably Najas flexilis and Potamogeton rutilis) at risk.  A review of the summary data for 
each of the 13 sites (see Chapter 6) and the experience of Elodea infestations at other sites 
(notably Loch of Harray), suggest that this may not be the case at all sites.   

7.1.2 There is no doubt that the presence of non-native species in sites designated for their nature 
conservation value is undesirable, as it detracts from their “naturalness”, but it does not 
necessarily mean that the conservation status of that site is compromised, or that the species of 
interest that led to the designation are somehow “downgraded” in value.  Sites such as Loch 

Croghearraidh, Lochs Eye, Kindar and Ussie have had Elodea as a component of their flora for 
at least ten years, without apparent loss of either Najas flexilis or Potamogeton rutilis. 

7.1.3 It is not only the loss of priority species that would be a concern; declines in abundance or 
distribution of priority species within a loch are also undesirable.  Some of the sites reviewed 
during this study (e.g. Loch Scaraidh) have shown an apparent decrease in abundance of 
priority species such as Najas flexilis, whilst Elodea species have increased in frequency and 
abundance. 

7.1.4 Najas flexilis and P. rutilis have apparently been lost from some sites and this is often associated 
with observed increases in Elodea.  Perhaps the worst example of this is Loch Flemington, 
where the macrophyte flora has been dramatically reduced in favour of Elodea canadensis.  
Similar, although less dramatic effects have been noted from Loch Craiglush and Butterstone 
Loch, where Najas has apparently disappeared to be “replaced” by Elodea, and also at Tangy 
Loch.  As Elodea  is able to utilise those substrates previously colonised by Najas  and P. rutilus 
there is an assumption that one has replaced the other.  Likewise, as Elodea  is known to be 
able to utilise bicarbonate ions for photosynthesis it is assumed to have a competitive advantage 
over Najas  under conditions of increasing nutrient status when carbon dioxide can become a 
limiting factor.  Whilst the rise of one species in parallel with the decline of another is suggestive 
of a causal link, caution is required as it could be argued that they are both symptoms or 
indicators of other underlying changes in the lochs. 

7.1.5 Loch Flemington has undergone significant enrichment, which Elodea is able to exploit more 
readily than P. rutilis or Najas flexilis.  Likewise, there is evidence of enrichment at Craiglush, 
Butterstone, and Lindores.  There is divided opinion about the nature of changes at Tangy Loch; 
recent palaeoecological work suggests that the site may be undergoing some form of enrichment 
(Bennion et al. 2008), but an earlier survey suggested that the flora showed signs of increasing 
acidification (Scott Wilson, 2004).  Indeed the earlier survey found more evidence that Nitella sp. 
were potential competitors for habitat with Najas. 

7.1.6 It is suggested that at those sites which appear to be relatively stable in terms of their water 
quality that there may be little merit in introducing control measures for the Elodea, because the 
plant does not seem to be placing the priority species at a competitive disadvantage.  Whilst it is  
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undesirable to have a non-native species in a site designated for conservation purposes, this 
may be more acceptable than risking damage to an otherwise healthy population of priority 
species as a result of invasive control measures. 

7.1.7 At those sites where priority species have “disappeared”, it is questionable whether removal of 

the Elodea alone will enable re-colonisation by the desired species.  It may be necessary to alter 
the environmental conditions in the loch (e.g. through catchment management measures) prior 
to removal of Elodea (and possible artificial re-introduction of the desired species).  At sites 
where significant growth of Elodea is utilising habitat for desired species, the preferred control 
measures may be mechanical removal and/or disturbance of the substrates. 

7.2 Appropriate methods 

7.2.1 A range of potential methods has been identified and evaluated. However, few of these methods 
have been tested specifically for the purpose of controlling Elodea whilst maintaining populations 
of other, more desirable species.  Most control methods tend to be non-selective in their 
application. 

7.2.2 Herbicides have been used against Elodea in the past, but the choice of available chemicals is 
now restricted to glyphosate, which is less effective against submerged species.  As the majority 
of sites considered during this study are designated for nature conservation purposes, it is 
unlikely that chemical control agents would be acceptable.  Herbicides are also non-selective in 
their action, and would lead to loss of desirable species, impacts upon other aspects of the 
aquatic flora, and possibly de-oxygenation events as the plant material decomposed. 

7.2.3 Methods involving cutting and removal of plant material, possibly in tandem with creating 
disturbed areas of the sediment, are likely to hold the most promise.  Cutting and harvesting is a 
well-established technique, and has been undertaken at some of the sites considered (e.g. 
Lindores Loch).  It is generally non-selective in its action, and generates large quantities of 
material to be disposed of.  It also carries the risk of spreading Elodea further within the site.  
Nevertheless, it is effective in achieving short-term regulation of plant material. 

7.2.4 Clearance of vegetation at substrate level, possibly combined with disturbing the surface of the 
sediment, may have benefits in stimulating the growth of Najas flexilis.  This is a species known 
to colonise newly created water bodies, and appears to thrive under disturbed conditions. 

7.2.5 Shading of plant material has also been trialled at some Scottish sites (e.g. Mochrum Lochs).  
This is effective in inhibiting plant growth, but is difficult and costly to introduce.  It is also non-
selective in its action, and may lead to de-oxygenation events as plant material decomposes.  
Whilst the material is in place the desired species are unable to utilise those areas of substrate. 

7.2.6 Several of the lochs reviewed during this study are believed to be suffering from some form of 
nutrient enrichment.  This is likely to be contributing to observed decreases in Najas and P. 
rutilus and increases in Elodea.  Water quality issues need to be addressed if other control 
measures are to be effective. 

7.2.7 The “do nothing” scenario has also been considered.  This has some merits at those sites where 
Najas  and P. rutilus  appear to be maintaining their presence alongside Elodea species. 
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7.2.8 There is merit in trialling some methods in Scottish lochs to determine their success, but, as 
noted above, there is little point in trialling these in sites where the underlying conditions of water 
quality etc. are considered unsuitable for the desired species. 

7.2.9 The control methods that are proposed for each of the 13 lochs considered during this study are: 

 Lochs Scaraidh, Croghearraidh and Grogary: all three sites should be managed together.  
No management should be introduced pending further site condition monitoring work to be 
undertaken by SNH in 2009/2010.  Following that, consideration should be given to the need 
to and feasibility of introducing cutting of Elodea at the site. 

 Loch nan Gad: control of nutrient inputs and water quality is required.  The “do nothing” 

approach should be adopted in the short term.  Consideration of cutting Elodea combined 
with disturbing the sediment should be made once water quality is maintained. 

 Tangy Loch: Further investigation of the status and trends in water quality is required.  This 
site is considered suitable for trialling disturbance of the substrates and some removal of 
Elodea species. 

 Lindores Loch:  It is believed that Elodea is currently cut at this site.  Only a single record of 
Najas exists for this site, and research is required into the source of this.  More information 
about the distribution of Elodea is required.  Water quality control measures are required.  
This site may be a candidate for re-introduction of Najas. 

 Monzievaird Loch:  This site is a potential candidate for experimenting with disturbing areas 
of the sediment to favour Najas  growth. 

 Lochs Criaglush and Butterstone:  SNH has a Natural Care scheme in place to improve 
water quality in the sites.  This is required to re-establish conditions suitable for Najas.  
Creation of disturbed areas of substrate could then be tested. 

 Loch Eye: “do nothing” is proposed in the short term pending the results of site condition 
monitoring work programmed for 2009/2010 by SNH.  This should be combined by 
investigations into water quality and measures aimed at reducing the risk of eutrophication. 

 Loch Ussie: ”do nothing” is proposed in the short term.  Investigations into water quality are 
also required. 

 Loch Flemington: improvements in water quality are required before other control measures 
are likely to be successful at this site.  A re-introduction programme for P. rutilus may be 
required once water quality is improved. 

 Loch Kindar: Further monitoring of the status of Najas and other species are required.  
Pending the results of these investigations, disturbance of the substrate to create areas 
suitable for Najas colonisation should be considered. 

7.3 Likelihood of success 
7.3.1 No examples of the complete eradication of Elodea from a site were identified during the 

research for this study.  Thus it appears that once it has colonised a site it will become a 
permanent component of the flora. 
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7.3.2 All the control measures identified during this study are, at best, likely to provide a short-term 
limitation on the quantity of Elodea present in a site, but will require to be repeated at regular 
intervals. 

7.3.3 Unlike several other habitats, e.g. grasslands, which require frequent mowing and management 
to maintain botanical diversity, freshwater lochs have traditionally required little active 
management by humans to maintain their conservation interest.  Indeed, conservation 
management is usually geared at minimising anthropogenic influences such as abstraction, or 
nutrient run-off, rather than active management of the vegetation.  This approach may have to 
be modified for sites that support Elodea, and management plans involving cutting and removal 
of this species may need to be introduced in order to maintain populations of more desirable 
species. 

7.4 Duration of success 
7.4.1 Before embarking on a control programme it is important to consider how the Elodea originally 

colonised the site. 

7.4.2 Whilst there is little definitive evidence about the route of transmission between sites, there is 
suggestive evidence that its appearance is linked to fishing activity.  Studies on the Western 
Isles showed that Elodea had spread to groups of sites that were used for fishing, and the 
presence of Elodea in some remote sites in central Sutherland could often be linked to fishing. 

7.4.3 Several sites considered as part of this study are important for fishing e.g. Lindores, 
Croghearraidh, Craiglush, Butterstone, and Flemington.  Even if Elodea were successfully 
removed from these sites, it is probable that they would become re-infected, unless rigorous 
measures were introduced to ensure that fishing gear used at the site was “clean” from any 

fragments of plant material. 

7.5 Re-introduction programmes 
7.5.1 Najas flexilis has apparently disappeared from some of the lochs included in this study (e.g. 

Lindores Loch, Loch Flemington), although it has been present in the recent past.  Little is known 
about the viability of Najas seeds in the sediment.  Once favourable ecological conditions are 
established in some sites, including containment of Elodea it may be necessary to consider re-
introducing Najas into these sites.  As there appears to be genetic variation between lochs, a 
programme to collect and maintain seed is required to achieve this. 

7.5.2 Likewise, P. rutilus is under threat at some sites.  Little is known about the viability of turions in 
the sediment, and work is required to investigate this, and store material for possible re-
introduction programmes. 

7.6 Prevention  
7.6.1 Elodea species are just one group of invasive aquatic plants present in the UK.  Experience 

suggests that once one of these species becomes established in a water body it is almost 
impossible to eradicate it.  Efforts must be made to minimise the risk of spread of such species. 
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7.6.2 As noted above (paragraph 7.4.3) human activities can be an important vector in transferring 
plant material between sites.  The risk of transferral of invasive species between sites can be 
reduced in two ways: 

 A widespread education programme to make sure that individuals who may, inadvertently, 
aid the spread of these species are aware of the risks (e.g. fishermen, those involved in 
water sports, scientific researchers); and 

 Establishing a system for boat and equipment cleaning at those sites which support invasive 
species.  All equipment and boats would be washed after leaving these sites. 

7.7 Research 
7.7.1 Little appears to be known about the survival of Najas flexilis seeds (or turions of P. rutilis).  

Work on survival rates should be undertaken as it may be necessary to consider “seeding” 

species back into sites from which they have been lost. 

7.7.2 Work by Wingfield et al. (2004) has shown that there can be genetic variation in Najas from 
different lochs.  Hay & Muir (2000) have been doing work on the Wakehurst Botanic Garden 
Millennium Seedbank project, and suggest that if Elodea spp. are threatening N.flexilis then it 
may be wise to conserve the loch’s genotype by storing the seeds appropriately.   

7.7.3 By comparison with Najas flexilis, relatively little is known about the ecological requirements of 
P. rutilus and its reproductive capability and survival.  More research is required. 
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9 Appendices 

Appendix A.  Contact Summaries 

 
Contact Organisation Summary 
Alison Bell Scottish Environmental 

Protection Agency 
SEPA survey data & 
comments on the draft report. 

Ben Leyshon Scottish Natural Heritage 
 

Provided a recent 
palaeoecological study as well 
as comments on the sections 
of the report.  

Chris Harrod Queens University Belfast 
 

Been involved with work at 
Lough Corrib. 

David McKay Scottish Natural Heritage 
 

Provided assistance with land 
access for site visits and 
passed the report on to 
colleagues for comments. 

Dominic Habron Scottish Environment Protection 
Agency 

Access to SNH digital maps. 

Donna Causer Scottish Natural Heritage 
 

Assisted with access 
arrangements to Tangy Loch 
and commented on the 
sections of the report.  

Ian Fozzard Scottish Environmental 
Protection Agency 

SEPA survey data, Najas 
licence, and comments on the 
draft report. 

Joe Caffery Central Fisheries Board 
 

Provision of information 
concerning experiments to 
control Lagarosiphon in Lough 
Corrib. 

John Early Northern Ireland Environment 
Agency 

Provision of resources 
including the Invasive Species 
Ireland website. 

John Kelly EnviroCentre Limited 
 

Suggested a number of people 
to contact for further 
information. 

Jonathan Newman Centre for Ecology & Hydrology Personal views on treatment of 
Elodea. He also recommended 
several web based resources 
to look at.  

Julia Stubbs-Partridge Scottish Natural Heritage 
 

Comments on draft report. 

Kevin Murphy Glasgow University 
 

Reference to reports that he 
has been involved with.  

Louise Bond  Scottish Environment Protection 
Agency 

Project Manager for the study. 

Martin Gaywood Scottish Natural Heritage 
 

Sources of information. 

Mary Hennessy Scottish Natural Heritage Provision of previous survey 
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 data & commenting on draft 
report.. 

Nicki McKintyre Scottish Natural Heritage 
 

Provision of studies relating to 
N. flexilis in the Dunkeld-
Blairgowrie Lochs Special Area 
of Conservation. Nicki also 
commented on the sections of 
the report relating to the.   
Assistance with access. 

Ruth DeSilva Scottish Natural Heritage 
 

Provision of data concerning 
Elodea in Loch of Harray. 

Stephen Brown Loch Monzievaird Granted access to the Loch 
shore around his holiday 
chalets and provided back 
ground information on the loch. 

Steve Omerod Cardiff University 
 

Suggested a number of people 
to contact for further 
information. 

Stewart Clark Natural England 
 

Provision of report on Crassula 
control at Brownmoss. 

Tristan Hatton-Ellis Countryside Council Wales 
 

Provision of reports and 
examples of measures to 
control Elodea and Crassula. 
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Appendix B.  Survey data from Loch Grogary 

LOCH MACROPHYTE SURVEY 
          
General site details    
      
Loch Loch Grogary (Upper)    
GB Lakes No.     
Location code     
Loch Grid reference (mid-point) NF713715    
Designation: SSSI / SAC / SPA / RAMSAR SSSI/ SAC    
Survey date 25-09-2008     
Surveyors Sue Bell      
Number of 100m shore surveys 4     
Number of boat transects 0    
Noted pressures/Environmental data           
Abstraction Tick if 

present 
Comments     

  
Regulation of water level          
Morphological alterations           
Presence of invasive species √         
Physical disturbances √  Grazing/poaching        
Recreational activities          
Point-source pressures           
Diffuse pressures          
Algal blooms           
Angling √         
Power boat use           
Other pressures           

 

Substrate:          

Natural Code Size (cm) Artificial Code  

Bedrock BE  Concrete CC  

Boulder BO >20 Sheet Piling SP  

Cobble CO 6.0 - 20 Wood Piling WP  

Pebble P 1.5 -6.0 Gabion GA  

Gravel G 0.2 - 1.4 
Brick/laid 
stone BR  

Sand SA       

Silt/mud SI       

Clay CL       

Peat PE        
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Method: Perimeter strandline survey Record all growing (G) and washed-up strandline (S) 
plants 

Site Name:Loch Grogary  Survey sector 
No.:1 

    

Survey date:25.09.08  Sector start-point (GPS):NF71285 
71401 

  

Surveyors:Sue Bell  Sector end-point (GPS):NF71237 
71476 

  

Sample sub-section 0 - 20 m 20 - 40 m 40 - 60 m 60 - 80 m 80 - 100 m 
Substrate type   SI/PE SI/PE SI SI SI/PE 
Filamentous algae (0-3)   0 0 0 0 0 
species (G/S)             
Agrostis stolonifera F G G G G G 
Caltha palustris M G G G     
Carex sp. (nigra?) E G G G G G 
Eleocharis palustris E   G G G G 
Elodea nuttallii S S         
Epilobium sp. M   G       
Equisetum fluviatile E G G G G   
Hydrocotyle vulgaris M G G   G G 
Hypochoeris radicata M G         
Juncus articulatus M   G       
Menyanthes trifoliata M     G G   
Myosotis sp. M G G G     
Persicaria amphibia F   G       
Potentilla anserina M G G       
Potentilla palustris M G   G G G 
Sparganium erectum E G         
Triglochin palustris E G G     G 
Veronica sp. M   G       
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Method: Perimeter strandline survey Record all growing (G) and washed-up strandline (S) 
plants 

Site Name:Loch Grogary  Survey sector 
No.:2 

    

Survey date:25.09.08  Sector start-point (GPS):NF71169 
71617 

  

Surveyors:Sue Bell  Sector end-point (GPS):NF71094 
71659 

  

Sample sub-section 0 - 20 m 20 - 40 m 40 - 60 m 60 - 80 m 80 - 100 m 
Substrate type   SI SI SI SI/SA SI 
Filamentous algae (0-3)   0 0 0 0 0 
species (G/S)             
Agrostis stolonifera F G G   G G 
Caltha palustris M G G G G G 
Carex sp. (nigra?) E G G G   G 
Eleocharis palustris E   G G G G 
Elodea nuttallii S       S   
Epilobium sp. M     G     
Equisetum fluviatile E G G G     
Hydrocotyle vulgaris M G   G   G 
Hypochoeris radicata M     G G G 
Juncus articulatus M G   G G G 
Menyanthes trifoliata M G G G     
Myosotis sp. M G G G G G 
Persicaria amphibia F   G G G   
Potentilla anserina M     G G G 
Potentilla palustris M G   G     
Sparganium erectum E       G   
Triglochin palustris E G G G G G 
Veronica sp. M           
Baldellia ranunculoides M   G G   G 
Myriophyllum alterniflorum S   S       
Potamogeton gramineus S   S       
Ranunculus flammula M   G G G   
Carex panicea M       G   
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Method: Perimeter strandline survey Record all growing (G) and washed-up strandline (S) 
plants 

Site Name:Loch Grogary  Survey sector 
No.:3 

    

Survey date:25.09.08  Sector start-point (GPS):NF71170 
71655 

  

Surveyors:Sue Bell  Sector end-point (GPS):NF71245 
71642 

  

Sample sub-section 0 - 20 m 20 - 40 m 40 - 60 m 60 - 80 m 80 - 100 m 
Substrate type   SI SI G SI/SA SI 
Filamentous algae (0-3)   0 0 0 0 0 
species (G/S)             
Agrostis stolonifera F G G G G G 
Caltha palustris M G G G G   
Carex sp. (nigra?) E G G       
Eleocharis palustris E           
Elodea nuttallii S S S S S S 
Epilobium sp. M           
Equisetum fluviatile E           
Hydrocotyle vulgaris M     G G G 
Hypochoeris radicata M     G G   
Juncus articulatus M G G G   G 
Menyanthes trifoliata M           
Myosotis sp. M G     G   
Persicaria amphibia F           
Potentilla anserina M G   G     
Potentilla palustris M           
Sparganium erectum E           
Triglochin palustris E   G   G G 
Veronica sp. M           
Baldellia ranunculoides M     G G   
Myriophyllum alterniflorum S     S     
Potamogeton gramineus S S   S     
Ranunculus flammula M     G     
Carex panicea M G         
Potamogeton sp. S S SI       
Potamogeton perfoliatus S S         
Carex demissa M       G   
Fontinalis antipyretica S       G   
Potamogeton x nitens S         S 

Apium inundatum M     G     
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Method: Perimeter strandline survey Record all growing (G) and washed-up strandline (S) 
plants 

Site Name:Loch Grogary  Survey sector 
No.:4 

    

Survey date:25.09.08  Sector start-point (GPS):NF771331 71450 

Surveyors:Sue Bell  Sector end-point (GPS):NF71356 
71354 

  

Sample sub-section 0 - 20 m 20 - 40 m 40 - 60 m 60 - 80 m 80 - 100 m 
Substrate type   SI SI SI SI SI 
Filamentous algae (0-3)   0 0 0 0 0 
species (G/S)             
Agrostis stolonifera F G G G G G 
Caltha palustris M   G G   G 
Carex sp. (nigra?) E G G G G G 
Eleocharis palustris E           
Elodea nuttallii S S S SI S SI 
Epilobium sp. M           
Equisetum fluviatile E G S SI     
Hydrocotyle vulgaris M G G G G G 
Hypochoeris radicata M     G     
Juncus articulatus M   G   G   
Menyanthes trifoliata M           
Myosotis sp. M   G   G   
Persicaria amphibia F           
Potentilla anserina M   G       
Potentilla palustris M           
Sparganium erectum E           
Triglochin palustris E           
Veronica sp. M           
Baldellia ranunculoides M G         
Myriophyllum alterniflorum S   S       
Potamogeton gramineus S           
Ranunculus flammula M           
Carex panicea M           
Potamogeton sp. S           
Potamogeton perfoliatus S S     S   
Carex demissa M           
Fontinalis antipyretica S           
Potamogeton x nitens S           
Callitriche hermaphroditica S S         
Mentha aquatica M     G   G 

Apium inundatum M           
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Method: Shore based survey (approx. 100m) Note: a separate sheet is needed for each sector in a lake 
Site Name:Grogary Survey Section No.:1  
Survey date:25.09.08 Section start-point (GPS):NF71285 71401  
Surveyors:Sue Bell Section end-point (GPS):NF71237 71476  
   
Sample sub-section   1 2 3 4 5  
Sample point   1a 1b 1c 1d 2a 2b 2c 2d 3a 3b 3c 3d 4a 4b 4c 4d 5a 5b 5c 5d  
Water Depth (cm)   25 50 75 >75 25 50  75 >75 25 50 75 >75 25 50 75 >75 25 50 75 >75  
Substrate type   SI SI SI SI SI SI SI G SI SI SI SI SI SI SI SI SI SI SI SI  
Macrophyte abundance (0-3)                                            
Filamentous algal growth (0-3)   2 2 3 0 3 3 1 0 0 0 2 2 0 3 3 0 0 0 0 2  
Species                                            Total 
Agrostis stolonifera           1       1       1                 
Callitriche hermaphroditica                                             
Caltha palustris                                             
Carex sp.            1                     1           
Chara sp.                                             
Eleocharis palustris   1       2 1     2 2     2 1     2 2       
Elodea nuttallii     2       3 3       3 3     1 3     3 3   
Equisetum fluviatile         1       3 1 1 1                     
Fontinalis antipyretica             1                               
Juncus articulatus                                             
Littorella uniflora   1 2     3 2                               
Menyanthes trifoliata         1           2   1 1                 
Myriophyllum alterniflorum   1 1 3                       1 1           
Najas flexilis                         1                   
Potamogeton filiformis                             1 1             
Potamogeton gramineus                   1 1       3 3 2   3 2     
Potamogeton gramineus                                             
Potamogeton rutilus                                             
Potamogeton x nitens                                             
Triglochin palustris                                             
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Method: Shore based survey (approx. 100m) Note: a separate sheet is needed for each sector in a lake 
Site Name:Grogary Survey Section No.:2  
Survey date:25.09.08 Section start-point (GPS):NF71169 71617  
Surveyors:Sue Bell Section end-point (GPS):NF71094 71659  
   
Sample sub-section   1 2 3 4 5  
Sample point   1a 1b 1c 1d 2a 2b 2c 2d 3a 3b 3c 3d 4a 4b 4c 4d 5a 5b 5c 5d  
Water Depth (cm)   25 50 75 >75 25 50  75 >75 25 50 75 >75 25 50 75 >75 25 50 75 >75  
Substrate type   SI SI SI SI SI SI SI G SI SI SI SI SI SI SI SI SI SI SI SI  
Macrophyte abundance (0-3)                                            
Filamentous algal growth (0-3)   3 3 2 0 3 3 3 3 1 2 2 1 3 3 0 0 3 2 2 3  
Species                                             
Agrostis stolonifera   1               1       2                 
Callitriche hermaphroditica                             1 1 1     1 1   
Caltha palustris   1                                         
Carex sp.                                              
Chara sp.   2 3         2                         1   
Eleocharis palustris   1       2       3                         
Elodea nuttallii       3 3     3 3 2 1 2 1 3 3     2 3 3 3   
Equisetum fluviatile                                             
Fontinalis antipyretica             1 1                             
Juncus articulatus                           1                 
Littorella uniflora                                             
Menyanthes trifoliata   1                                         
Myriophyllum alterniflorum                 1           1 1 1 2         
Najas flexilis                                             
Potamogeton filiformis   3 2 1   3 3       2                 1     
Potamogeton gramineus         1   1 2 3 2 3 3 3             1     
Potamogeton perfoliatus               1 1                           
Potamogeton rutilus       1                               2 2   
Potamogeton x nitens       1                                     
Triglochin palustris   1                                         
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Method: Shore based survey (approx. 100m) Note: a separate sheet is needed for each sector in a lake 
Site Name:Grogary Survey Section No.:3  
Survey date:25.09.08 Section start-point (GPS):NF71170 71655  
Surveyors:Sue Bell Section end-point (GPS):NF71245 71642  
   
Sample sub-section   1 2 3 4 5  
Sample point   1a 1b 1c 1d 2a27 2b 2c 2d 3a 3b 3c 3d 4a 4b 4c 4d 5a 5b 5c 5d  
Water Depth (cm)   25 50 75 >75 25 50  75 >75 25 50 75 >75 25 50 75 >75 25 50 75 >75  
Substrate type   BO BO SI SI   SI G CO CO CO CO CO CO CO BO BO SI SI SI CO  
Macrophyte abundance (0-3)                                            
Filamentous algal growth (0-3)   0 2 3 3   0 0 0 0 0 0 0 3 3 0 0 2 0 0 1  
Species                                             
Agrostis stolonifera                   2                         
Callitriche hermaphroditica                                             
Caltha palustris                           1 3     2         
Carex sp.                                              
Chara sp.                                             
Eleocharis palustris     1 1                                     
Elodea nuttallii     2 2 1               1 1           1     
Equisetum fluviatile                                             
Fontinalis antipyretica                                             
Juncus articulatus                   2                         
Littorella uniflora     2                     3                 
Menyanthes trifoliata                                             
Myriophyllum alterniflorum                                             
Najas flexilis                                             
Potamogeton filiformis                                             
Potamogeton gramineus       1                   1                 
Potamogeton perfoliatus                                             
Potamogeton rutilus                                             
Potamogeton x nitens     1   1                                   

                                                   
27 Section 2a - shore drops off deeply at this point 
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Triglochin palustris                                             
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Method: Shore based survey (approx. 100m) Note: a separate sheet is needed for each sector in a lake 
Site Name:Grogary Survey Section No.:4  
Survey date:25.09.08 Section start-point (GPS):NF71331 71450  
Surveyors:Sue Bell Section end-point (GPS):NF71356 71354  
   
Sample sub-section   1 2 3 4 5  
Sample point   1a 1b 1c 1d 2a 2b 2c 2d 3a 3b 3c 3d 4a 4b 4c 4d 5a 5b 5c 5d  
Water Depth (cm)   25 50 75 >75 25 50  75 >75 25 50 75 >75 25 50 75 >75 25 50 75 >75  
Substrate type   SI CO BO BO SI SI SI SI BO BO BO BO SI CO CO CO SI CO CO BO  
Macrophyte abundance (0-3)                                            
Filamentous algal growth (0-3)   3 2 0 0 3 3 3 3 0 0 0 3 3 3 3 3 2 0 0 2  
Species                                             
Agrostis stolonifera                                             
Callitriche hermaphroditica                                             
Caltha palustris                                             
Carex sp.                                              
Chara sp.   3       3 2 1 1         3     1 2         
Eleocharis palustris                                             
Elodea nuttallii         1     1 1       2       1           
Equisetum fluviatile                                             
Fontinalis antipyretica                                             
Juncus articulatus                                             
Littorella uniflora     2       2               2               
Menyanthes trifoliata                                             
Myriophyllum alterniflorum                 2                       3   
Najas flexilis                                             
Potamogeton filiformis                   2       2       1         
Potamogeton gramineus                 2               2           
Potamogeton perfoliatus                       1                     
Potamogeton rutilus                       1                     
Potamogeton x nitens                                             
Triglochin palustris                                             

 


