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ANNEX D - ECOLOGY

D1 INTRODUCTION: DATA COLLECTION, AVAILABILITY AND ASSESSMENT 

D1.1 General Introduction to the Ecological EIA

The manner in which Roadford is operated in relation to other water 
resource within Devon has the potential to affect (both beneficially or 
adversely in ail cases) the ecology of six estuaries (Dart, Plym, Tavy, 
Tamar, Torridge and Taw), Devonport Leat, the freshwater reaches of the 
Meavy/Plym, Wolf/Thrushel/Lyd/Tamar and Okement/Torridge, as well as 
Burrator, Meldon and Roadford Reservoirs.

The areas affected are shown in Figure Dla. The extent to which each of 
the areas shown will be affected varies greatly; for this reason discrete units 
have been treated separately In the data collection and assessment 
process. Sixteen 'units’ have been identified and these are numbered 2-17 
in the Figure. Subsequently this Annex details the known data/interest of 
each of the unit areas and then assesses the potential impacts of the 
Halcrow Operating Case (ie D2 Dart Estuary, D3 Meavy/Plym system etc).

The data collection has combined the information collected by the old 
Water Authority over the past fifteen years with any relevant information 
found in the literature and made available through the consultation process 
with the local and national conservation agencies. For details see Annex C. 
The aim of the data collection exercise is to enable an assessment of 
ecological impact to be made for each of the affected 'units'.

The Interim Report detailed the majority of the information known about 
habitats and biota potentially impacted by Roadford's operation, these 
were then considered in the consultation process which involved 
conservation bodies who appraised both the negative and positive aspects 
of various operational scenarios.

In this Annex the potential impact of the proposed operation of Roadford 
is considered in the sixteen ‘units’ of river, estuary or reservoir which have 
been highlighted in Figure Dla. Each is treated in a standard manner. First 
the extent of available data for habitats and biota in the defined area is 
identified. From this the interest, whether typical or special, is highlighted 
(providing there is sufficient data to do this). Once the level of information, 
and its ecological significance has been considered, the potential impact of 
Roadford’s operation is then assessed.

D1.2 Data Availability

Through the data-gathering process, and consultation, it became clear that 
a detailed freshwater ecological ‘data base’ exists only for the Wolf and Lyd 
sub-catchments. Data of relevance to the Investigation is therefore 
somewhat disparate. For some aspects of biota for the Wolf there are tomes 
whereas for the rest of the river systems there is virtually nothing. For the
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Lyd sub-catchment and Tamar there are more data of relevance than for the 
rest.

Where surveys, or information presented in the literature, are specifically 
related to only one of the single ‘units' identified in Figure Dla, these data 
are referred to in the section of this Annex which deals with that unit alone. 
Where surveys, or the literature, have wide applicability, these are described 
in this section of the Annex and referred to, when appropriate, in the 
individual ‘unit’ assessments. Data introduced in this Section are presented 
as an Appendix to facilitate easier reading.

As a general rule, information on fish and river invertebrates is almost 
entirely confined to work done by the old Water Authority and some very 
recent surveys of the newly formed NRA (plus specific investigations 
undertaken specifically in relation to Roadford). For terrestrial habitats and 
general biota of rivers * ie bankside vegetation, mammals, birds, 
macrophytes etc virtually all the relevant data comes from external sources.

For the estuaries and the Lyd sub-catchment there is a wealth of 
information. Ail the estuaries have had both a sub-tidal and inter-tidal 
survey, together with a review of recent and historical literature; within the 
past five years. As part of the Roadford investigation a number of extensive 
and intensive investigations have been executed on the 
Wolf/Thrushel/Lyd/Tamar downstream of Roadford. As a result a database 
of almost unparrallel quality is available for assessment of impact here.

D1.3 Estuaries

For the six estuaries there is quite extensive information. All have been 
surveyed, and a literature review undertaken, by the Field Studies Council’s 
Oil Pollution Research Unit. These were commissioned by the Nature 
Conservancy Council. Detailed information is also available for the birds of 
the six estuaries. All are counted monthly for winter wildfowl, details of 
which are held by the Wildfowl and Wetland Trust at Slimbridge. However 
summaries of each month's counts for the estuaries is given in the Annual 
Report of the Devon Bird Watching and Preservation Society. Waders in the 
estuaries are also counted monthly from August to May. These counts are 
carried out as part of the British Trust for Ornithology's Birds of the 
Estuaries Enquiry. Summary data are again given annually in the Devon Bird 
Report of the DBWPS with details held at the BTO.

From data provided, it is clear that the bird interest of some of the estuaries 
affected by Roadford is considerable. This interest relates to waders and 
wildfowl in winter; the breeding interest is not of major significance. Since 
some data are relevant to all the estuaries, illustrative features of the 
relative interest is given in Figure D lb. This Figure shows the national 
winter distribution of 12 waders and six wildfowl species (from Lack; 1986) 
which are of either local or national significance in one or more of the 
estuaries affected. The same Figure also shows the location of 
oystercatcher and Shelduck breeding sites in Devon (from Sitter, 1988). 
These are the only birds of significance which breed on the estuaries
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affected. The term ‘significant’ is a subjective term but implies that common 
birds such as mallard which nest in small numbers would not be included; 
similarly neither would less common or rare birds that bred only 
occasionally.

D1.4 Mammals

The south west of England is well known for remaining a stronghold for 
otters. It is known that virtually all the rivers and estuaries affected by 
Roadford are used by otters some for breeding.

Consultation with Mary Rose-Lane from the Tarka Project confirms that ALL 
rivers affected are utilized by otters. It is not policy to make public precise 
location of either breeding or resting holes. In the context of this study it 
is deemed unnecessary since risk to them is not regarded as an issue. It 
is important to note that the otter is a Schedule 1 animal under the Wildlife 
and Countryside Act 1981; this requires not only protection of the animal 
itself but its feeding, breeding and resting habitats.

Water voles and water shrews are the only other mammals of note which 
are closely associated with rivers. Data for both are sparse, it is noteworthy 
that in the detailed survey of Heath (1989) on the Lyd sub-catchment traces 
of neither of these river mammals were found. Since we do not understand 
fully the habitat requirements of the water vole and water shrew it is 
impossible to assess whether or not they will be impacted. No further 
reference will be made to them since the only potential adverse affects 
perceived are confined to the Lyd sub-catchment where they appear not to 
be present.

Although some bat species are closely associated with rivers, providing 
structures and trees are not removed or damaged, they will be unaffected. 
For this reason they are not considered further in the study.

D1.5 Amphibia

Frogs and toads are both amphibia which are associated with river valleys. 
As Heath (1989) found on the Wolf, frogs are associated with pools and 
ponds and rarely with rivers. It is not uncommon on the other hand for 
toads to breed in rivers. Apart from the data compiled by Health for the Lyd 
sub-catchment no data on amphibia has been obtained. Thus, no comment 
of scheme impact on this group will be made except for the Lyd sub
catchment.

D1.6 Birds of the Rivers

Birds most associated with rivers are dipper, grey wagtail, kingfisher, heron 
and sand martin. The first three are the ones most associated with the 
rivers affected by Roadford and have been surveyed in some detail in 
Devon during 1988. The results of these surveys should be available soon 
through the Devon Bird Watching and Preservation Society (John pers 
comm). The breeding distribution of the above birds in Devon is shown in
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Figure D ie, taken from Sitters (1988). Minimal further reference will be 
made to sand martin since these birds are associated with rivers where 
there are soft earth cliffs; these habitats will not be affected by Roadford. 
Their food is entirely aerial insects so this too will be unaffected by 
Roadford’s operation. Little reference will also be made to herons. These 
birds nest in discrete ‘heronries’ which are normally woodlands near water. 
The rivers are thus only important as a feeding ground. For such birds the 
important aspect of Roadford’s operation is to consider its impact on their 
diet of fish.

For dipper, grey wagtail and kingfisher there are many aspects of the 
operation of Roadford which could affect them. Examples include direct 
effects such as increased or decreased risk of predation, drowning of nests, 
or improved or reduced feeding areas. The more serious indirect effects are 
centred around how changes in regime will affect their staple diet of river 
invertebrates and fish.

D1.7 Macrophytes of the Rivers

There is reasonable coverage of macrophyte data provided through the 
surveys of Holmes; these have been executed as part of his national 
programme for the Nature Conservancy Council and as specific 
commissions from the old Water Authority and the NRA as part of their 
drought monitoring exercise. Through these sources there is some 
information for the Tamar, Lyd, Thrushel, Wolf, Torridge, Okement and 
Meavy. In contrast Heath (1989) has provided a clear picture of the 
macrophytes of the Lyd sub-catchment, including a more detailed appraisal 
of the specialised liverworts and mosses. Holmes (1991) also provides 
details of habitat associations of macrophytes and bryophytes for a number 
of sites on the Lyd. Figure D id shows the location of sites covered on the 
Tamar and Lyd catchments by Homes in 1986 and the plant data are 
presented in Table D ll. Table D lii gives the location of sites surveyed on 
the Torridge and Okement in the same year with the data presented in 
Table D liii.

The surveys highlighted that few rare species are found in the rivers. Figure 
D ie  shows the distribution of two plants which are locally rare. The hybrid 
Potamogeton x nitens has been known to occur in the Torridge at Beaford 
since the 1940s. As shown in the figure, it was the only known locality in 
south-west England. The 1979 NCC surveys of Holmes found further plants 
at Torrington and Weare Gifford. The former record was confirmed during 
the drought monitoring surveys of 1989. Potamogeton berchtofdii (Small 
Pondweed) was found in both the 1980 and 1986 surveys in the Tamar 
whilst a new locality on the Torridge (downstream of the Torrington intake) 
was discovered during the drought monitoring of 1989.

Information for river bank plants is very sparse. The Devon Wildlife Trust 
highlighted the presence of Hymenophyflum (Filmy Fern) on the banks of 
the Meavy and data are available for the Lyd sub-catchment through the 
surveys of Heath (1989) and Holmes (1991). The recorders for the Botanical 
Society for the British Isles have been included in the consultation process.
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However it is very unlikely that bank plants will be affected most in rivers 
by the operation of Roadford. Edge plants may be affected on the Wolf, 
Thrushel and, perhaps, the Lyd due to the effects of large augmentation 
releases in summer and HEP generation in winter. Changes in drawdown of 
Burrator might also affect its 'edge' plants here.

The possible impact on aquatic and marginal plants is considered for all 
river 'units' affected by Roadford.

D1.8 Freshwater Fish

Quantitative and qualitative information have been collected on the 
freshwater fish populations of the major rivers In the South West. The 
majority of the data have been documented by experienced staff of SWW 
and the NRA using standard electrofishing techniques, and as such records 
can be considered authentic.

A total of fourteen, species have been recorded in the six river catchments 
affected by Roadford in surveys from 1982-1989. Table DUv shows the 
species recorded in each of the rivers. This may not be a comprehensive 
list but it will include the most abundant fish species. Any omissions are 
due to either the very localised distribution of a particular species or the 
species is present at an extremely low density.

The list of species for the Dart, Taw and Tavy are for sites above the 
intakes, no sites having been surveyed downstream. However, most are 
expected to occur either in the ponded section above the intake or 
immediately downstream. The list for the Tamar is derived also from sites 
not lying between Lydfoot and Gunnislake.

An idea of the spatial distribution of the fish species in the Tamar 
catchment (including the Lyd sub-catchment) and the Tavy and Meavy/Plym 
is shown in Figure D lf in the Appendix. This not only gives an Idea of how 
commonly they occur in these rivers but also indicates their distribution in 
other rivers In Cornwall and West Devon. Details of the Salmonid fishery 
interest is dealt within in Annex F.

Although quantitative information is reported for most non-salmonid species, 
its value and accuracy is questionable. A better use of the data is as an 
index of the dominant species and the relative abundance.

The six rivers can be divided Into two equal groups based on the most 
abundant non-salmonid species. The rivers of the first group are the Rivers 
Tavy, Plym and Dart. Overall these rivers can be characterised as being 
spate rivers with steep gradients, draining moorland and of consistently 
high water quality (1A). The most abundant non-saimonid species in each 
catchment are the eel and bullhead. The rivers of the second group are the 
Rivers Tamar, Torridge and Taw. These rivers represent the larger, less 
flashy and slow-flowing rivers that drain various geological formations and 
are of variable water quality (1B & 2). In addition, to the eel and bullhead, 
the most abundant non-salmonid species include the Stoneloach and
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minnow. In both river groups, other species are present but at low density 
and abundance levels. The greater species diversity reflects the greater 
habitat diversity of the larger rivers.

The indigenous salmon and trout stocks are the dominant species in the 
region and as such the management of these stocks receive priority. The 
importance of these species is in the fact that the six rivers support 
important sport and commercial fisheries.

The grayling is limited in its regional distribution to only two or three rivers. 
The River Tamar and its tributaries supports a small grayling population. 
The cleaner well oxygenated tributaries such as the Lyd and Tavy are 
favoured.

It is considered that there will be no significant effect on the freshwater fish 
stocks located downstream of Gunnislake on the Tamar, Lopwell on the 
Tavy, Newbridge on the Taw, Torrington on the Torridge and Littiehempston 
on the Dart.

The importance of the estuaries to fish species not listed in Table D liv 
cannot be ignored. Many are important spawning, nursery and feeding 
grounds to both valuable commercial species and species of high 
conservation value. The proposed operation of Roadford proposes to 
improve lowest flows and therefore have no impact. The operation of 
Roadford provides opportunities for improvements in conditions for fish the 
Tamar below the Lyd. This will result from augmentations from Roadford 
which will improve water quality and increase the wetted area of the river 
under drought and low-flow conditions.

The effect of supply releases on the in-river flows will be most marked in 
the River Wolf. Maximum daily supply releases will increase the volume by 
19 fold, increase the water velocity by 0.45 m/sec and increase the depth 
by a maximum of 30 cm. These effects will become progressively reduced 
downstream as channel width increases. The supply releases will have a 
small effect on the wetted surface area when compared to the significant 
increase due to the compensation release alone.

The absence/reduction of destructive spates and the greater seasonal flow 
constancy, on the Wolf will lead to greater bank and bed stability and 
hence enhanced plant growth. This may be considered a benefit to certain 
species but the elimination of spates will result in decreased fluvial 
geomorphological activities which redistribute bed materials and washout 
fines. The potential impact of siltation on the river bed is considered a 
temporary phenomenon which should be minimised and contained by subtle 
manipulation of river flows.

The supply releases will benefit the river environment for fish by enhancing 
the natural flow regime, Increasing wetted surface area of river bed and 
increasing the area and diversity of physical habitat available. Any adverse 
effect of flow regulation would result from large and rapid flow variations. 
It Is, however, now proposed that no rapid change in flow will be
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associated with either water supply or HEP releases. Although there will be 
no diurnal fluctuations associated with supply releases, diurnal fluctuations 
in flow will occur if specific HEP releases are made in the winter. These 
daily pulses may have an impact on the spawning behaviour of salmonids 
which will need further investigation. However, in general the higher mean 
daily flows and greater seasonal flow constancy will compensate for the 
adverse effect of any daily fluctuations.

Under conditions of maximum supply release there should be a marked 
improvement in water quality of the main stream Tamar downstream of 
Lydfoot (see Annex B). The reduced temperatures will be beneficial to 
salmonid fish when temperatures in the river can reach a daily peak of 23- 
24°C. Conversely, long periods of constant releases of lower than ambient 
water temperature may have some effect on the growth rate and recruitment 
of species such as dace, bream and minnow.

In summary, fish species will benefit from the improved water quality and 
increased wetted surface area and depth associated with supply releases. 
Possible Impacts are the lower water temperature and higher current 
velocity, (mainly associated with HEP releases). The velocity changes are 
unlikely to induce scour so species associated with the bed of the river are 
unlikely to be affected. The increased flows may result in flushing of the 
silts which will reduce the habitat available for larvae of lamprey. The more 
stable flow regime will benefit the minnow populations but any dramatic 
increase in summer flow or temperature reduction would be detrimental to 
non-salmonids.

D1.9 Invertebrates of the River

The database thus far is almost entirely based on information gathered by 
the NRA, South West Water, and its successor bodies. The only exception 
is information concerning odonata from the Lyd sub-catchment reported by 
Heath (1988).

There is a most comprehensive set of data from the Lyd sub-catchment, 
including separate sampling within habitats such as tree roots and 
vegetation. There are no data for the Dart, Tavy, Taw or Torridge between 
the points of abstraction and their estuaries. Some quantative data are 
available from the Meavy, Devonport Leat, Tamar, Okement and Torridge; 
however much is of limited value in assessing the impacts on specific 
species which might be affected.

All invertebrate data that are available are considered separately when 
assessing the known biota, and potential impacts, in each of the separate 
'units’. The extent and type of available data for stretches of river affected 
other than the Lyd sub-catchment has meant that little could be gained from 
detailed appraisal.
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D1.10 Water Quality Issues

During consultation it become clear that water quality issues were the major 
concern of the conservation agencies. Problems in warm summers in the 
Taw/Torridge and Tamar estuaries were well known and reported to us 
(RSPB reported problems in the Taw/Torridge for 1975, 76, 83, 84 and 89). 
However the concerns were not ones of having a direct affect on birds but 
an indirect one by impacting upon the breeding of the invertebrates on 
which they feed. This aspect is being investigated for both estuaries and the 
initial assessment is that the operation of Roadford will not add to the 
present problems; indeed it has the potential to give slight improvements 
(see Annex B).

There is also concern, especially from the Devon Wildlife Trust, for water 
quality in the rivers Wolf, Thrushel, Lyd and Tamar downstream of Roadford 
Reservoir. There was particular concern for nutrient levels, oxygen demand 
and temperature changes and how these might affect invertebrates, and 
then birds dependent on them (and fish) for food. For the Tamar estuary, 
further still downstream, the greatest concern was that no deterioration of 
water quality should occur to affect the invertebrates of the mudflats, the 
feeding ground of the nationally important population of avocets.

As part of the Roadford EIA, NRA SW Region undertook water quality 
modelling of the Tamar. This is reported in Annex B. A discussion document 
produced during the study gives a good indication of likeiy water quality 
changes in the Wolf, Thrushel, Lyd and Tamar. By inference any changes 
in freshwater quality will affect estuarine water quality. Since the water 
quality is so important when considering the potential effects of Roadford’s 
operation on biota, a brief resume of the key findings is given here.

When Roadford is providing a constant 9 Ml/d compensation flow the 
following is likely to occur:

Temperature differences will be marked in the Wolf and very little 
altered in the Tamar. From September to May the average 
temperatures in the Woif will be about 2*C higher than now; in very 
cold winters It will be higher still. On the Lyd there will be minimal 
changes in this period and changes will be undetectable on the 
Tamar in winter. In summer (June, July and August) the water will 
be much colder in the Wolf. In an average year this will vary from 
1-5°C but in hot summers the temperature difference from the 
natural will be even greater. Changes in temperature will still be 
apparent on the Lyd (about 2°C reduction in temperature from that 
upstream) and a very slight cooling (0.5-1oC) will be detectable on 
the Tamar. Temperature changes could affect both plant and animal 
productivity.

Dissolved Oxygen will generally be lower in the Wolf (by about 
2mg/l) in the winter but be higher (by the same amount) in summer. 
There will thus be a very stable DO regime which is healthier in the 
summer when organisms might be most stressed when temperatures
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are higher There is minimal difference detectable on the Lyd or 
Tamar although there 1s a hint of improved DO in the Tamar.

Biological Oxygen demand Is predicted by water quality studies to 
be unchanged from the natural state but the demand will be lower 
In the Tamar than at present.

Nitrogen levels will be lower from May to September in all the river 
reaches below the reservoir; there are no significant differences in 
winter levels.

When Roadford is augmenting river flows to the maximum the following 
effect on water quality has been predicted through the model:

Flow in the river Wolf will be more or less at mean winter levels 
through this summer period; there will not be the natural ‘peaks’ or 
‘troughs’ associated with a natural regime. There will be a significant 
increase in flows in the Lyd but these will not approach the mean 
winter flows. On the Tamar the summer levels will be also 
dramatically increased but the flows will be small when compared 
even with the winter base flows.

Temperature changes will be marked, 5°C reductions for the Wolf, 
Lyd and Tamar at Gunnislake not being uncommon. Such major 
reductions in temperature at Gunnislake would be limited to hot and 
dry summers.

Dissolved Oxygen levels will be increased in ail the rivers 
downstream of the reservoir during such augmentations. The 
improved levels are very evident for the Tamar from May to August.

Biological Oxygen Demand does not change in the Wolf, becomes 
slightly reduced in the Lyd, and is dramatically lower in the Tamar.

Nitrate levels become lower in the Wolf from May to September and 
massively lower in the Tamar. There is little change In the Lyd; 
trends are for lower levels but in a dry period it is possible to have 
slightly elevated levels for short periods.

During HEP releases in winter the following effects are likely:

Temperature will increase by an average of more than 2°C in the 
Wolf and to some extent (c0.5°C) in the Lyd. There would be no 
detectable changes in the Tamar.

Dissolved Oxygen will slightly increase in the Wolf, Thrushel and 
Lyd.

Biological Oxygen Demand is generally reduced. However the 
reductions during the Monday to Friday operation is followed by a
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distinct, but short, rise during the weekends when there are no 
special HEP releases.

Nitrate changes insignificantly.

The above information suggests that Roadford, either providing 
compensation flow or major augmentation, will be beneficial to the whole 
of the Tamar downstream of the Lyd. This applies to the estuary too. It is 
likely that the greater the need for abstraction at Gunnislake, the greater the 
benefit will be to the Tamar Upstream.

The impact on the Lyd is likely to be small and probably not affect its biota. 
Improvements resulting from a healthier summer DO might be offset by the 
potential influence of changes in temperature which might affect the 
breeding cycles of temperature-sensitive invertebrates.

Major changes will occur on the Wolf. The water quality will be generally 
much better and show less seasonal variations. Temperature changes will 
be significant and may have a major influence on invertebrate breeding.
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D2 DART ESTUARY

The operation of Roadford will influence the Dart by affecting the amount 
of water which can be reliability taken from the Dart at Littiehempston and 
the neighbouring radial gates. There is only a very short stretch of 
freshwater between the intake and Totnes Weir, the upper limit of the 
estuary. The freshwater section is so short that consideration of potential 
impacts will be confined to the estuary.

A survey and literature review of the Dart estuary was undertaken in 1987, 
and reported on in 1988, by the Field Studies Council Oil Pollution 
Research Unit (OPRU; 1988). This report highlights that the estuary is long 
and narrow, some 18km from Totnes to its mouth below Dartmouth. The 
estuary has steep sides and the freshwater flow is comparatively greater 
than in most other inlets on the south Devon coast, such that full marine 
conditions are not experienced until its mouth. In the upper and middle 
estuary (c10km to Dittisham) the shores are predominantly of mud. The 
popularity of the estuary near Dartmouth for sailing has led to high 
concentrations of the antifouling paint TBT in the Dart.

In describing the habitats and species of the Dart estuary, the OPRU report 
concludes that neither are diverse and best described as ‘typical’. The 
upper and middle zones, potentially at risk from river abstraction, are 
considered to be ‘natural’ , lacking ‘diversity’, not ‘fragile’ (naturally a 
stressed community due to daily and seasonal fluctuations in conditions), 
not ‘vulnerable’ and with no urgency to protect anything. This said, it was 
noted that the presence of Bafanus improvisus (brackish water barnacle) is 
of particular interest. However it is not thought to be vulnerable to the 
changes likely to occur as a result of the operation of Roadford. In 
conclusion, the Report states that ‘The Dart does not compare well, In 
terms of diversity of marine habitats, communities or species, with many 
marine inlets further west. The intrinsic appeal of the estuary is its greater 
asset’ but the 'reduction in concentrations of TBT in the water is likely to 
help the larval growth of many marine species'.

Reference to Sitters (1988) and Prater (1981) * see Figure D1b shows that 
the Dart estuary has poor populations of breeding birds, wader and 
wildfowl. Breeding birds have been reported by Sitters (1988), which shows 
that very few birds characteristic of estuaries breed on the Dart. The lack 
of reedbed and marsh means that only the odd pair of reed warblers nest 
there whilst the moorhen, more common inland, also finds a few suitable 
nest locations. Heronries are common on the steep wooded slopes of the 
Dart estuary, giving the area significant interest in the county. The only 
other common breeders are mute swan and Shelduck, both species being 
typical of most Devon estuaries. The possibility of water rail being a breeder 
has also been indicated. The Dart estuary at Totnes gained great interest 
in 1979/80 when gadwell were recorded breeding for the first time in Devon 
(Sitters, 1988). Since then the breeding population has moved to Slapton 
and Beesands.
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Wildfowl and waders are regularly counted and data are held by the BTO 
and the WWT. Recent data have not been obtained since there has been no 
indication that a major change has occurred In recent years. The total 
number of waders and wildfowl using the Dart is surprisingly small, 
according to Prater (1981). Dabbling ducks predominate, with maximum 
numbers of mallard (190), curlew (120) and redshank (100) occurring in the 
winter on the western mud flats of the upper and middle estuary. Soper
(1986) reports this to be the best part of the Dart estuary for birds. The site 
is not of regional or national importance for birds although mute swan, 
Shelduck, wigeon, teal, pochard, tufted duck, oystercatcher, ringed plover, 
lapwing, dunlin and turnstone are regularly recorded. Owen et a/ (1986) 
have reported reasonable numbers of tufted duck above swallowfields weir.

There are no data for invertebrates or fish below the intake.

Neither the estuary nor the lower reaches of the Dart itself have statutory 
or local nature conservation designations. Two Sites of Special Scientific 
Interest are present on the banks of the estuary above the high water mark.

The effect of Roadford’s operation is to improve freshwater flows to the Dart 
estuary during low flows. Considerable improvement to the historic 
situation occur in both ‘normal’ and ‘dry’ years. Slight decreases in flow 
occur when river levels are high; however the proportional decrease is 
miniscule compared with the almost doubling of the existing residual flows. 
As such the operation of Roadford is deemed to be potentially beneficial to 
the Dart.



D3 MEAVY AND PLYM DOWNSTREAM OF BURRATOR

Roadford’s operation has the potential to affect the Meavy and Plym 
systems by altering the nature and timing of Burrator supplies. Through this 
it will affect when, and how frequently, Burrator spills.

Burrator was built almost a century ago and has thus had a major affect on 
the Meavy system. To some extent it has also influenced the Plym. Because 
the impoundment can either eliminate totally, or at the very least attenuate 
the effect of, large floods, wetland habitats dependent on regular inundation 
are not important in the valley. Those dependent on water table related to 
the river may still be present. No Important wetlands in the river corridor 
have been identified through the consultation process. However, roadford's 
influence could not impact upon terrestrial habitats on the valley floor In the 
future. The only possible affect on interests of the river valley is to the 
oceanic lower plants in the wooded slopes abutting the river. DWT have 
reported the presence of Filmy-fern (Hymenophyllum) In woodlands close 
to the Meavy downstream of the dam. Spilling of the reservoir during the 
summer is likely to increase moisture content here and be beneficial to this 
fern. As spilling in summer is not the most efficient use of water resources 
this is likely to be reduced. However in several years this does not occur 
anyway (most frequently in years when they would be under greatest stress 
because of a hot dry period). This suggests that they should not be 
adversely affected to any degree. For the benefit of salmon fishing, spilling 
will aim to take place by late autumn in all years. Failing this enhanced 
flows will be achieved through controlled releases.

The Meavy/Plym system is, for some as yet unknown reason, established 
as an important breeding area for the feral exotic introduction mandarin 
(see Figure D3a). According to Turner (in Sitters; 1988) the mandarin has 
been present on the Plym for several years and breeding is now confirmed 
from several localities. Mandarin are an uncommon bird in Britain and 
Turner has indicated that they are in a 'precarious state’ in their homelands 
of Asia. The Plym community is therefore important since the British 
population is now of international importance. However, the impact of 
Roadford is likely to be minuscule.

Reference to Figure D ie (Appendix A) shows that dipper breed very 
successfully down the whole of the Meavy and Plym (downstream of the 
Meavy). The same Figure also shows kingfisher breeding in the lower 
reaches of the Plym and grey wagtail throughout the whole system. Sand 
martin does not breed on the river but there is a heronry sited a short 
distance downstream of Burrator.

Reference to Devon Bird Reports for the 1980s indicates that the diversity 
of wildfowl in winter Is low in the Plym estuary. Mallard are always counted 
in reasonable numbers but the only other bird that is encountered regularly 
is Shelduck. The same Reports indicate that the wader population is of 
greater interest. Dunlin are often counted in large numbers but are at other 
times totally absent. Oystercatcher, ringed plover, curlew and redshank are
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encountered regularly. The speciality of the Tamar, black-tailed godwit, is 
also occasionally counted.

Some quantative and qualitative invertebrate information is available for the 
Plym and Meavy. These data show a fauna indicative of very high water 
quality in the Meavy; this improves the fauna in the Plym below its inflow.

The Meavy has been shown to be a very important salmonid fishery (see 
Annex F). Non-salmonid fish are few (see Table DUv), confined to eels and 
three-spined stickleback. The Plym has slightly more, including bullhead, eel 
and brook lamprey in the non-tidal reaches.

A feature of the Meavy is the luxuriant macrophyte growths that occur in 
the river. No formal surveys of more than isolated locations appear to have 
been undertaken. Figures D3b and D3c give information gathered during the 
drought monitoring of 1989. The same site was also resurveyed in 1990 
and showed little change due to the impact of the drought. The site 
surveyed is located at Gratton, about 4km downstream of Burrator. Data 
gathered during that survey, and previous casual observations at other 
locations down the Meavy, suggest that the community is unusual, in having 
a very high standing crop, but with no rare species present, it is unusual 
to find such a luxuriant growth of higher plants associated with oligotrophic 
rivers.

No rare plants were recorded but some species warrant comment. For 
instance, the submerged alternate-flowered water-milfoil (Myriophyllum) and 
spanner-leaved water-starwort (Callirichte) were both present at abundance 
levels exceeding 25%. Both the ivy-leaved and round-leaved crowfoot {R. 
hederaceus and R. omiophyllus) were present growing side by side. It is 
also highly unusual to find water-cress (Rorippa officinalis) growing 
alongside lesser spearwort (Ranunculus flammula). The former is most 
associated with chalk rivers where water chemistry is vastly different from 
that of the Meavy. The one common factor of the Meavy and chalk streams 
is the stable flow regime.

There is great ecological interest in the Meavy. The reason why there is 
such botanical and invertebrate interest is the stability of bed resulting from 
reduction of spates and enhanced low flows through compensation 
discharges. The present regime is near perfect. Summer flows in droughts 
are higher than they would be under natural conditions, spilling of the 
reservoir always occurs, and water quality is good. Although the timing of 
spilling is important for salmonid fisheries, it is not for ecological interests. 
Thus the critical point is that it periodically does spill, but when through the 
winter is unimportant. Spilling ensures that the bed does not become 
clogged with silts but the attenuation of flows by Burrator ensures that the 
floods with the force to move the bed and remove vegetation are very rare 
indeed.

The operation pf Roadford couid change the Meavy very subtly through 
reduced winter scour only. This should be monitored through plant and 
invertebrate monitoring.
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D4 TAVY DOWNSTREAM OF LOPWELL

The Tavy, estuarine below Lopwell, couid be impacted by the operation of 
Roadford because water abstractions here can be used in conjunction with 
Burrator and Roadford Storage.

The Tavy estuary is a tributary of the Tamar estuary which was subjected 
to a detailed survey and literature review by the Field Studies Council Oil 
Poliution Research Unit (OPRU; 1986). Although present within the large 
study area, no intertidal or sub-tidal sites within the Tavy estuary were 
sampled. Previous surveys of the Tavy were however considered. The Tavy 
is described in the Report as part of the ‘Central Estuarine’ zone where 
fucoids dominate. Nothing of particular interest was noted for the Tavy, but 
it must be considered that it forms part of what the report describes as one 
of the most extensive marine inlets studied which shows better developed 
responses to salinity changes than any other surveyed. Nineteen plants and 
animals were listed as being of conservation importance in the estuary, but 
none were present in the Tavy.

The birds of the Tamar estuary are of great significance (NCC, RSPB pers 
comm), warranting national recognition (see D9 for details). Unlike the 
Taw/Torridge estuary, it has not be notified as an SSSI. However it is being 
considered, and the Tavy below Lopwell is included within the provisional 
boundary. Reay (pers comm), organiser of the Tamar estuary count for the 
BTO Birds of Estuaries Enquiry, reports that the Tavy estuary is counted 
separately from the rest of the Tamar (which is split into 12 areas which 
have synchronised counts). These data are held by the BTO. Records for 
waders during the 1980s (from Devon Bird Reports) suggest that the Tavy 
has reasonable numbers of oystercatcher, curlew and redshank recorded 
through the winter with intermittent records for dunlin (one of the 
specialities of the Tamar complex), snipe, lapwing etc. Black-tailed godwit, 
one of the most important birds of the Tamar, is rarely recorded. The 
estuary is poor in comparison with many of the smaller estuaries for 
wildfowl (Devon Birds Reports through the 1980s). As with all the estuaries 
in Devon (with the exception of the Exe), waders and wiidfowl fail to find 
many suitable nest sites on the Tavy.

Reay (1988) has shown that the Tavy does contribute to the importance of 
the Tamar Estuary generally In respect of the avocets (see Figure D9b). 
However the 1987/8 counts indicate that it is ‘relatively unimportant'. In 
certain periods of the year, and particularly under adverse weather 
conditions (very cold or very strong winds) the Tavy is thought to play an 
important role. Reay also reports that in the 1970s (Figure D9c) the Tavy 
was used much more than now, on some occasions being more important 
than the famed Tamar itself.

There is no consideration of the freshwater sections of the Tavy since the 
intake is situated at Lopwell, the retaining weir being built where the river 
was previously tidal.
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Despite the Tavy beiow Lopwell being considered for SSSI notification, it is 
difficult to see how the proposed operation of Roadford could adversely 
affect its present interest. The hydrographs clearly show that very little 
freshwater reaches the Tavy estuary for long periods during the summers 
of most years because of the transfer of water to Morwellham for generation 
of HEP and present abstractions. In periods of low flow these are very 
significant takes of water. Since the interest of the estuary has been 
maintained whilst this has continued it is not possible that water taken for 
public supply in the way proposed, could adversely affect present 
conditions.

The proposals enable low flows to the estuary to be enhanced, and as 
such, must be considered potentially beneficial. On the other hand there 
is a trade-off whereby more water is taken from the river during much 
higher flows. Apart from the impact upon migratory animals (ie salmonids) 
the potential adverse impacts must be regarded as less than the potential 
improvements from the increased low flows. As the reduction In high flows 
is proportionally greater than in other rivers, some limited monitoring should 
be undertaken to determine if there are any adverse impacts.
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D5 DEVONPORT LEAT

The Leat will be affected by the operation of Roadford by having reduced 
flows passing down it in some periods to enable more water to be retained 
in the Dart system. This element of the scheme has already been 
implemented.

During the construction process it became clear that little attention has 
been paid to this artificial, but ancient, open water conduit. Observations 
made by the authors, and rapid inspections made by Liverpool University’s 
Environmental Advisory Unit (Halcrow; 1988), suggests that vegetation is 
sparse. The Halcrow report states:

"The vegetation of the Leat Is susceptible to considerable changes 
in water flow as the rest of the system, and it is sparsely vegetated 
for most of its length. Macrophyte species include Callitriche 
stagnalis, Potamogeton pofygonifoiius, P.berchtoldii, Jucus 
bulbosus, as well as aquatic mosses. At various sections of the leat 
visited brown trout were observed".

Observations made by the author indicate that the dominant species are the 
macrophytes Juncus bulbosus (Bulbous Rush) and Callitriche hamulata 
[ intermediaJ (Spanner-leaved) [Intermediate] Starwort) with Potamogeton 
polygonifolius (Bog Pondweed) locally common. Myriophyllum alterniflorum 
(Alternate-flowered Water-milfoil) is also present. The most common 
bryophytes are the liverworts Scapania, Solenostoma and Chiloscyphus and 
the mosses Fontinalis antipyretica, F.squamosa, Hygrophypnum ochraceum 
and Rhynchostegium riparioides.

There are few data on invertebrates.

A W G John (pers comm) has indicated that the odd pair of dipper and 
grey wagtail nest on the Leat; apart from this there is little known about its 
birds. It is unlikely that it has any major interest.

No information exists on the fish stocks of the leat. However brown trout 
do reside in the leat (visual observations) together with possibly eels and 
bullheads. Despite higher prescribed flows to the Dart, the sweetening flow 
required to maintain water supplies and protect the aquatic environment 
generally will be sufficient to ensure existing fish are not affected.

Since flows down the Leat have to be maintained at all times to supply 
isolated homesteads with water, there is no threat to it becoming dry. On 
the known interest of the Leat, there is nothing which is likely to be 
significantly and adversely affected by the operation of Roadford. However 
some monitoring would be required to ensure that reduced flows did not 
cause sections to become unacceptably shallow; if this was apparent, local 
engineering works should be considered to alleviate the problem.
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D6 RIVER LYD SUB-CATCHMENT (WOLF, LOWER THRUSHEL, LOWER LYD)

The Wolf, Thrushel below the Wolf, and Lyd below the Thrushel, are the 
sections of freshwater river most likely to be Impacted by the operation of 
Roadford, impacts will be Imparted through several distinct paths, all 
resulting from the affects of having a large part of the Wolf valley 
impounded. The main ways In which this will influence biota are:

Elevated summer levels due to the compensation releases being 
about nine times higher than drought flow.

Decrease incidence, and possibly elimination of major floods in the 
Wolf.

Very low winter flows in the upper Wolf except when HEP and scour 
releases are being made.

Reduction in erosion and increased stabilisation of the river bed; 
this is likely to be confined to the Wolf.

Potential to increase clogging of gravel interstices through a 
combination of physical and chemical changes.

Changes in water quality, including temperature. It is likely that 
water quality will improve and the river will become more 
homothermal; winter temperatures will increase more with greater 
HEP generation and summer temperature fall more when 
augmentation flows are greatest.

There are other subtle changes which will occur too. However the ones 
outlined above are the ones which will most affect river plants and animals. 
Different aspects are more important for some groups (or individuals with 
differing requirements within the same group) than others.

The previous Water Authority instigated many detailed investigations in the 
1980s to obtain a comprehensive database of the Lyd sub-catchments 
before impoundment. Many of these (eg fisheries and invertebrates) were 
undertaken in house whilst others were contracted. These surveys provide 
a particularly good basis for assessing the potential impact of Roadford's 
operation, indeed, the fishery and invertebrate studies continued through 
the construction and filling phases so that some of the predictions of 
impact can be tested.

The adoption of HEP generation rules does not form part of the TOR of this 
study. However it is an area of interest for ecology. During the early 
rounds of consultation there was great concern for the impacts that rapid 
diurnal fluctuation might cause (these were proposed as they maximised 
tariffs). However the recent adoption of policies for generation of ‘green 
energy’ has resulted in the need for such fluctuations to be dropped from 
consideration. Present proposals suggest generation at a steady state in 
the winter months when water is available; the flows resulting in the Wolf
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will be small compared with natural high flows in the pre-impoundment 
condition.

D6.1 Invertebrates

The majority of invertebrate surveys were executed by the Roadford Project 
team, managed by Hugh Sambrook. Data have been collected before, 
during and after construction of the reservoir. These data have been 
primarily quantitative and to species level. During 1989, 1990 and 1991 
special surveys were undertaken to establish if there were major differences 
in invertebrate communities within different habitats (ie pools, riffles, tree 
roots, vegetation). Apart from the data provided from surveys of the Project 
Team, little else has come to light. Heath (1989) surveyed the Lyd 
catchment in great detail and made visual observations of adult odonata 
(dragonflies and damselflies). His findings are reproduced In Table D61z 
overleaf. These data are of tittle value in assessing the impact of Roadford's 
operation since it is not known where the species are breeding.

Because of the most comprehensive nature of the invertebrate database 
produced from the Project Team, a detailed appraisal has been made. This 
includes a major review of the literature which considers the affects of 
impoundment, regulation, and of HEP generation on stream invertebrates. 
Because this is more complete than anything which could be attempted for 
any of the other interests, it is presented as a ‘stand alone document' as 
Appendix B. This has been produced by Marc Ingeirest and Hugh Sambrook 
of the Roadford Project Team with critical appraisal by Patrick Armitage of 
the Institute of Freshwater Ecology. This EIA of Roadford Reservoir on the 
downstream invertebrates first synthesises the effects of regulation on 
downstream aquatic environments. It then gives details of the invertebrates 
present in the Lyd sub-catchment before predicting how Roadford’s 
operation may affect them. It was written during the filling phase of 
Roadford (1990) and does not take account of more recent invertebrate 
data collected nor the new proposals for HEP generation.

A brief summary of the key findings are given here.

In conjunction with the proposed HEP operation, higher daily main flows 
and greater seasonal flow constancy will occur downstream of Roadford 
reservoir. The latter has been shown to compensate for the adverse effects 
of daily flow fluctuations.

A reduction in the severity and frequency of spates could be favourable to 
the mosses, algae and macrophytes downstream of the dam due to greater 
bed stability. This would in general be beneficial to the invertebrates.

Roadford reservoir is provided with multilevel draw-offs which should 
minimise the release of poor quality water. Aerators will be in use during 
the summer to prevent stratification and deoxygenation of the deeper layers 
of the reservoir, ensuring that the reservoir is always mixed.
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The invertebrates will be less adversely affected by surface-water releases 
than deep-releases. They will probably benefit from the use of surface 
water, at least in terms of increased abundance/biomass. The use of the 
mixed reservoir water drawn from the best water quality level will also 
benefit the invertebrate communities.

The use of the scour draw-off should be strictly regulated as the discharge 
of large quantities of silt In the river will be highly detrimental to the benthic 
fauna. These deep releases may also include anoxic water and 
unacceptably high levels of metals. To minimise the impact on river fauna, 
releases from the scour draw-off should be made in conjunction with 
spate/flood conditions in adjacent river catchments.

Plankton from reservoirs usually settle rapidly in receiving waters; therefore 
the enriching effect on a fast-flowing river such as the Wolf should not 
persist very far downstream of the dam. Overall the greatest impact of the 
operation of Roadford will be on the River Wolf immediately downstream of 
the embankment. The addition of water from the unregulated Rivers 
Thrushel and Lyd could rapidly mitigate any adverse effects of regulation.

The invertebrates from the cylinder samples or those collected during the 
special habitats - pools, tree roots and submerged macrophytes - surveyed 
in the spring of 1989 are typical of similar rivers in the South West.

Two species however are of regional importance: a stonefly Amphinemura 
standfussi and a caddis Athripsodes bilineatus. Both are not nationally rare 
but have not been commonly recorded in SW England. The reasons for this 
are not entirely clear; however the infrequent surveys to species level and 
identification difficulties contribute to ? of records.

Low flows (9 Ml/d) and silty conditions will characterise the early years of 
operation of Roadford Reservoir. This will generally be detrimental to the 
existing benthic invertebrates. As the habitat and flow requirements are not 
known for the two regionally rare species, no prediction of impact is 
possible.

However, several taxa appear to be largely unaffected or even thrive under 
such conditions. The most notable example is the mayfly Caenis rivulorum 
whose density in the spring of 1989 reached 1280 individuals/m2 at the 
most heavily silted site immediately downstream of the dam. The caddis 
Polycentropus flavomaculatus and the water-mites (Hydracarina) also 
showed a significant increase in abundance at this site. Sphaeriidae 
(bivalves) are another taxon characteristic of areas with a reduced flow and 
silty stone surfaces, although they have not increased downstream of the 
dam.

The mayfly Ecdyonurus sp. (Heptageniidae) appear unaffected by the 
changes. The closely related Rhithrogena semicoiorata however decreased 
in abundance immediately downstream from the reservoir.
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Stoneflies are in general very sensitive to introduced sediments and low 
flows. They have already decreased in abundance and diversity downstream 
of the dam. Leuctra geniculata and L fusca are however unaffected and will 
be the dominant stoneflies during the early years of operation of the 
reservoir. L nigra is another species usually found in slow-flowing, silty 
reaches but it is rare in the Lyd catchment and has not increased 
downstream of the dam.

The filling years of Roadford Reservoir are likely to be detrimental to taxa 
requiring fast flows and/or clean stone surfaces such as the caddis 
Hydropsychidae and the blackfiies (Simuliidae).

Higher maintained flows and HEP releases made in the years of operation 
should flush out the accumulated sand and silt from riffle areas. Siltation of 
the substrata and associated problems can therefore be considered 
temporary.

Some invertebrates are better adapted to withstand pulsed HEP releases 
during the winter months and have been seen to be unaffected or to 
increase downstream of HEP reservoirs. Some are able to burrow into the 
substrate during adverse conditions, such as the mayfly Paraleptophiebia 
submarginata and the stoneflies Chloroperia torrentium and Leuctra fusca. 
Others are summer-growing species which overwinter in the egg stage or 
as small nymphs buried deep in the strata, such as the mayflies Caenis 
rivuiorum  and Ephemerella ignita and the stoneflies Leuctra fusca and L 
geniculata. On the other hand, winter-growing species such as L hippopus 
will be adversely affected.

Leuctridae (stoneflies) and Elminthidae (riffle beetles) are characteristic of 
irregular hydraulic conditions and should not be adversely affected.

Large cased caddis (Limnephilidae) that were collected mainly from tree 
roots and submerged vegetation (eg Potamophylax) are expected to 
decrease in abundance or even be eliminated downstream of the dam. 
Those species that were also regular found in pools such as Halesus and 
Ghaetopteryx villosa may remain unaffected.

HEP releases during the winter months will probably reduce the diversity of 
species downstream of the dam, but the overall abundance is expected to 
increase. Autumn and winter spates associated with the unregulated River 
Wolf, would, under extreme conditions, significantly reduce the total 
abundance and diversity of the invertebrates. The dam will stabilise the 
flow regime during the autumn and winter and it is thought that HEP 
releases will probably be less detrimental to the benthic invertebrate 
biomass than natural winter spates. Peak flows will not exceed 320 Ml/d 
and water velocity will be less than 0.7m/sec. Under the harshest 
conditions the maximum change in water height will be 40 cm but for the 
majority of times the change will be approximately 25 cm.

Higher daily mean flows and greater seasonal flow constancy will occur 
downstream of the dam when the reservoir will be fully operational. If
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surface water is released this will generally be favourable to the filter- 
feeders such as the caddis Hydropsychidae, Polycentropodidae and 
Brachycentridae. The benefits to all filter-feeders Is not certain. Blackflies, 
preferring high velocities, will thrive, whereas high velocities can be sub- 
optimal for many caddis. The young larvae may be impaired by summer 
augmentation flows but benefit from autumn and winter HEP releases when 
they are larger.

The expected increased standing crop of benthic mosses, algae and 
macrophytes downstream of the dam due to the stabilised flow regime will 
generally be favourable to the invertebrates. This will however be 
detrimental to the filter-feeding Simuliidae (blackflies) and to the mayflies 
Heptageniidae. Conditions will be favourable in those suitable areas not 
colonised by macrophytes.

Tolerant and ubiquitous taxa such as the chironomid midges are expected 
to increase in density.

The increased abundance will be at the expense of a reduction in species 
diversity if habitat diversity is lessened through flow regulation.

The Wolf alone is likely to be impacted in any significant way in the section 
between the dam and the Kellacott Stream. In this stretch Intensively 
surveyed from 1985-1989 only two species, the caddis Cymus trimaculatus 
and Siio nigricornis, were found confined to this area. They were rare 
however and both captured on only one occasion. During the first years of 
operation of the reservoir (compensation flow only), Cymus is expected to 
increase downstream of the dam.

The probable reduction in species diversity immediately below the dam 
appears acceptable when weighed against the expected increase in 
abundance of taxa and enhanced conditions for others in the lower parts 
of the Lyd-subcatchemnt. This view is taken because no regionally rare 
species are confined to the Wolf system where greatest changes will take 
place. Major changes in the Thrushel and lower Lyd are not expected; 
indeed the lack of drought stress, better water quality and some small 
reduction in the magnitude of large spates is considered to be beneficial, 
when considered in the long term rather than on a year to year basis. 
Overall diversity of aquatic invertebrates in the Lyd catchment as a whole 
will not be adversely affected since much of it is unaffected by Roadford.

Careful chemical and biological surveillance of the coming years is 
imperative as changes to the community are bound to occur.

D6.2 Adjacent Land

The most comprehensive survey of the habitats adjacent to the Lyd, 
Thrushel and Wolf was undertaken by Heath (1989) on behalf of the DWT 
as part of the Roadford Investigations. His river corridor survey not only 
included the 9.5km of these rivers between Roadford and the Tamar, but 
also 14.5km of control river comprising 8km of Thrushel above the Wolf and
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6.5km of Lyd above Thrushel foot (Figure D6.2a). A detailed investigation 
of the same area, plus a section of the Tamar downstream of Lyd foot, was 
undertaken by Exeter University (Maltby & Hughes; 1987, Maltby & Hogan; 
1989). This investigation aimed to identify ail wetland areas within the valley 
floor of the study area and ascertain whether they were ‘river’ or ‘water
table’ dependent.

Both studies highlighted that the valley floor of the Wolf, Thrushel and Lyd 
were predominantly agricultural, mainly Improved pasture with small 
amounts of arable land, damp/marshy grassland and fragments of 
woodland. Reference to Figure D6.2b shows that agricultural improvements 
since 1963 have led to 50% of the broadleaved woodlands of the Wolf being 
destroyed whilst many small percentages of loss were found for the other 
rivers. In contrast, the Thrushel has suffered the most catastrophic losses 
of wetlands and rough ground - about 85% loss. However the most 
important point shown by Figure D6.2b is that the extant area of 
broadleaved woodland and wetland adjacent to the Lyd, Thrushel and Wolf 
downstream of Roadford is very limited indeed.

Figure D6.2b shows that in the Wolf downstream of Roadford dam, less 
than I5ha of broadleaved woodland and 4ha of wetland/rough ground 
exists adjacent to the river. The habitats are thus very limited In extent. 
Heath (1989) also highlights that the most extensive, and highest quality, 
areas of wet grassland used to occur in the valley within the reservoir site 
and thus have now been destroyed. An indication of the extent of ‘quality’ 
habitats is given in Table D6.2i and Figure D6.2c. These both show the 'Key 
Sites’ identified by the DWT and Exeter University surveys. The former 
identified 45 such sites in their study area (including the Lew catchment of 
the Torridge) which were the best examples of habitats found. From the 
Figure it can be seen that seven sites were found by DWT between the 
Tamar and Roadford dam; three on the Wolf, and four on the Lyd. The 
wetland surveys of Exeter University identified four sites; a tiny area of wet 
grassland (Z) not described further, a wet scrub clearing (Y) containing 
reed and sedge and also not further described, 1.5ha of marshy grassland 
(X) within DWT site W2 and wet grassland (W) near Rexon. The Exeter 
University survey thus identified just two wetland sites downstream of 
Roadford, one of which (W) is adjacent to a tributary stream. Maltby and 
Hogan (1989) describe the detailed investigations which have been 
undertaken at these sites and confirm that the wetland interest appears to 
be totally related to water table; river regime and affects of inundation are 
not regarded as significant determinants. Table D6.2I summarises the 
interests of the 'key sites' as given by Heath (1989); this too shows that the 
seven key sites identified by the DWT survey are not dependent on the 
river.

Observations made during visits to the area highlighted the presence of a 
small area of Carex paniculata (Great Tussock-sedge) marsh on the west 
bank of the Wolf immediately below Rexon Cross bridge. This is obviously 
of some note but may have been excluded from the DWT survey because 
it is about 60m away from the bank of the river; it is also probably just 
outside the floodplain.
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Reference to Table D6.2I indicates that two of the seven 'key sites’ are 
heronries. A small one exists on the Wolf at Milford Quarry and a larger one 
is at Lifton Park on the Lyd. Neither is dependent on the regime of the river 
to maintain its interest.

The potential for the operation of Roadford to affect changes in adjacent 
habitats of the Lyd sub-catchment is very limited. Heath (1989) has 
highlighted that none of the best sites in the floodplain are river-dependent; 
he has also shown how agricultural improvements have ied to major 
declines in valued habitat resources over the past 25 years. A total absence 
of future affects cannot, however, be predicted. Although flooding of the 
valley floor will still continue in the Lyd, Thrushel and lower Wolf (below the 
Kellacott Stream), the extent, duration and depth are all bound to be 
reduced to some degree. In the case of the Lyd there will be minimal 
differences but progressively the affect will be more acute up the Thrushel 
and Wolf. Since no habitats (or permanent communities or transient feeding 
birds) of any significance have been identified which are dependent on 
periodic inundation, the impact on existing ecological interest has to be 
assessed as negligible or non-existent.

D6.3 Mammals

Heath (1989) undertook investigations of mammals present within the river 
corridors of the Lyd sub-catchment. He reported the presence of badger, 
rabbit, hare, grey squirrel, fox, mole, deer, bank vole, short-tailed vole, 
common shrew, daubenton’s bat, mink and otter. Only the latter is of 
significance in relation to the operation of Roadford. Because of the 
importance of this mammal, surveys to identify stretches of river utilised by 
otters were undertaken in both 1987 and 1988; results are shown in Figure 
D6.3a. It is important to note that the other two ‘aquatic’ mammals (water 
vole and water shrew) were not found.

Otters have declined dramatically in Britain since the war and they, and 
their habitats, are now protected by provisions in the 1981 Wildlife and 
Countryside Act. Some recovery in their numbers and distribution has taken 
place in recent years and the populations in Devon and Cornwall are of 
great significance in S-W England (especially now since declines have 
continued in Somerset and Dorset; Heath, 1989). Reference to Figure D6.3a 
shows that otters regularly use the Wolf, Thrushel and Lyd and Heath (1989) 
comments that usage Is particularly high in the lower reaches of the Lyd.

It is difficult to see how the operation of Roadford reservoir for water supply 
could do any harm to the otter populations of the Lyd sub-catchment. 
Bankside habitats (particularly tree cover creating safe holts), food supply, 
adjacent habitats forming cover and lack of disturbance are the most 
critical factors affecting their distribution. As other sections of this Annex 
have indicated, there is little likelihood of Roadford operation affecting 
adjacent habitats; bankside trees will be unaffected; disturbance in the open 
farmland should not increase and food is more likely to increase than 
decrease in abundance. HEP generation might pose a threat of potential 
reduction in food available for otters. However this loss may be partially,
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wholly or more-than off set by the creation of new feeding and resting areas 
associated with Roadford Reservoir itself. These latter benefits are 
dependent on deliberate efforts to create suitable features and are unlikely 
to accrue if left to form on their own.

A recent survey of the Wolf and neighbouring catchments by Mary Rose- 
Lane (pers.comm) for the Tarka Project confirmed regularly used hoit sites 
on the river. There are no concerns that operations will damage otter 
populations here but a requirement to monitor responses to releases for 
HEP and water supply are deemed desirable. The existing data are 
regarded as a reasonable database since control sites are available within 
the catchment.

D6.4 Amphibia and Reptiles

In his surveys of the Lyd sub-catchment Heath (1989) recorded the 
presence of both amphibia and reptiles for the rivers and their adjacent 
lands. Although Grass Snake and Common Lizard were recorded, the 
presence of these species now, and in the future, are unrelated to the Wolf 
and the operation of Roadford.

Common Frog and Common Toad are both dependent on water for 
breeding. The distribution of these two amphibia in the survey area of Heath 
is shown in Figure D6.4a. The former was only recorded from adjacent 
ponds and temporary water bodies and thus cannot be considered to be 
affected by the future operation of Roadford. The latter, on the otherhand, 
breeds in the Wolf. Heath reports that spawn is attached to submerged 
plants and later swarms of tadpoles occur in the shallows, and large 
numbers of juveniles feed on the marginal shingles.

It is highly likely that the overall impact of Roadford on the Toads of the 
Wolf will be beneficial. In normal and wet summers it is probable that they 
will breed in huge numbers, given protection from being washed through 
the system by the lack of spates and the shelter available in the increased 
plant growths. The compensation flow, over three times greater than the 
dry-weather flow, will also ensure that a much larger area is available at all 
times; this will reduce competition for space as wel! as ensure predation is 
reduced as tadpoles swarm into shallow alcoves. Under ‘typical’ year 
operation the amount of water augmented to the Wolf will be significant 
compared with the compensation releases and some washout from the 
system is inevitable.

Under drought conditions the potential for reduced Toad populations in the 
Wolf is a real threat. Augmentation of the order of magnitude proposed is 
highly likely to remove the majority of tadpoles from the Wolf. The greatest 
impact would be if large amounts of augmentation have to be made early 
in the summer; conversely a late summer drought would have much less 
impact. However there is the potential that under drought conditions the 
loss of tadpoles from the Wolf would lead to improved populations in the 
Thrushel, Lyd and Tamar due to them being washed into these rivers when 
flows are low and conditions are much better than in ‘typical’ years.
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HEP generation is unlikely to have any effect since Toads are unlikely to be 
using the river during the period of most releases.

D6.5 Birds

Heath (1989) surveyed the Lyd sub-catchment for birds. He recorded 
dipper, kingfisher and grey wagtail breeding on the rivers below the 
influence of Roadford (see Figure D6.5a). He also reported that two 
heronries are present within the area and mallard breed commonly 
throughout the stretches investigated. The survey by Heath represents the 
most detailed information available for birds In the Lyd sub-catchment and 
have been put into a county perspective by 1988 surveys of dipper, grey 
wagtail and kingfisher by Devon Bird Watching and Preservation Society 
surveys reported by A W G John, (pers comm).

Breeding dippers were confirmed for the Wolf, Thrushel and Lyd below the 
influence of Roadford; however this bird was absent from the upper half of 
the Wolf. In comparison with ideal dipper habitats (Sitters 1988), densities 
in the study area were just slightly lower. Actual nest sites were located, 
four in all, which showed that none were within one metre of the water 
level. Grey wagtails were numerous in the study area and breeding sites 
were confirmed for all three rivers below Roadford. The density of one nest 
site for each kilometre of river is typical for good sites in Devon (Sitters; 
1988). A nest was found which was 1.3m above river level. Kingfishers were 
found to occupy four territories on the Roadford-affected reaches of the Lyd 
sub-catchment.

The potential impacts on the three key breeding birds of the Lyd sub
catchment focus primarily of food availability and risk of predation or 
drowning of nest sites. Figure Die, Appendix A, shows the distribution of 
the three species in Devon (from Sitters; 1988). It shows that grey wagtail 
is the most numerous and kingfisher the most scarce.

It is perceived that the most common species, grey wagtail, is most 
threatened. Its major habitat requirements in streams is the combination of 
riffles and shingles, with Tyler 1987) reporting that deciduous trees adjacent 
to rivers favour them. Aquatic insects form only about 25% of their food 
whilst a variety of flies and other insects of terrestrial origin (many from 
shingle or wooded margins) form the bulk of the diet for adults and young 
(Ormerod and Tyler; 1987). Under normal or wet summers the amount of 
augmentation from Roadford will be small and the impact on the feeding 
grounds of the shingle banks will be small. In dry summers augmentation 
will be very significant and many of the shingle margins will be drowned out 
and food will not be available from these sources. It is unlikely that nest 
sites will become more vulnerable to drowning or predation although birds 
may be tempted to nest lower down the banks in the Wolf if there are 
several years when the reservoir never over-tops. HEP generation should 
not affect the birds since this will occur out of the breeding season, in the 
Lyd sub-catchment as a whole Roadford may exert some benefit. The notes 
written alongside the distribution maps in Figure 6.1c indicate that grey 
wagtails are very susceptible to hard winters, when streams become frozen.
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The Woif is less likely to become frozen because of the compensation flow 
from the Reservoir; HEP releases would also ensure lack of freezing. In 
such weather conditions birds which might breed elsewhere in the 
catchment could feed here in increased numbers.

Dippers are highly correlated with fast-flowing streams, very rarely breeding 
far from the stream itself. In summer the staple diet of both adults and 
young are mayflies and caddisflies. Since both these groups are not 
expected to decline when Roadford is operational, and the dipper feeds 
predominantly under water, no adverse impact is likely, indeed, if 
invertebrate densities increase, and the taxa are the ones which are 
predated on by dipper, there is every reason to suggest that the bird may 
be favoured. There is the potential that breeding sites may become more 
prone to flooding following several seasons without over-topping which 
might possibly induce sites to be located lower down the banks than they 
are at present. However few sites are ever located within 40cm of the low- 
flow level so protection from summer floods is more likely.

The kingfisher is the rarest of the river birds breeding on the Lyd sub
catchment (Figure D6.1c); like the dipper, It is very highly correlated with 
rivers and streams. Although widespread in Devon, the bird is scarce in 
Devon (Heath; 1989). Kingfishers, like grey wagtails, are very vulnerable to 
severe winters when food becomes unavailable to them as rivers and 
streams freeze. Thus, the potential benefits of the Wolf for the catchment 
as a whole in cold winters Is the same as for the wagtails. For breeding 
success the kingfisher requires small fish, tadpoles and large Invertebrates. 
On the whole it is predicted that small fish will not be adversely affected by 
the operation of Roadford for water supply although in severe droughts they 
may be more difficult to catch due to the much larger stream area available 
to them for cover and the extra water depth. In normal summers they may 
be more numerous and more readily available to be predated. Tadpoles are 
likely to be numerous in wet summers but be washed out the system in dry 
summers. HEP generation is likely to have only an indirect affect on 
kingfishers in the summer because of its potential to decrease the biomass 
of food available during the winter. A direct benefit might result in severe 
winters by keeping a long stretch of river free from ice.

D6.6 Non Salmonid Fish

Relatively detailed information is available concerning these fish (see D1.8 
and Appendix A). Minnow, Stoneloach, eel, bullhead and brook lamprey 
occur in the Wolf, and in the Thrushel downstream of the Wolf. In addition, 
to these, grayling occurs in the Lyd.

General aspects of how Roadford will affect river fish has been considered 
in D1.8. Specific affects, more or less confined to the Lyd sub-catchment, 
relate to compensation flows from Roadford, HEP generation and summer 
augmentation releases.

A compensation release of 9 M l/d is being made continuously from 
Roadford Reservoir. The impact of this flow will be most apparent during
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low flow periods and will be reduced progressively downstream as natural 
base flows increase. In dry summers, the natural flow of the River Wolf 
drops to 1 Ml/d and 3 Ml/d in an average summer. Compensation fiows 
alone will have the effect of increasing flows in the River Wolf nine and 
three fold in dry and average summers respectively. These increases in 
flow, elimination of spates, increase seasonal flow constancy, enhanced 
plant growth and discharges of good water quality will provide substantial 
benefit to the aquatic environment downstream of the reservoir for fish.

HEP generation should not affect the breeding success of non-salmonids 
since all have their main spawning season outside the period of HEP 
releases.

Summer augmentation is likely to have greater impact in drought years than 
in normal or wet years. The decrease in temperature could adversely affect 
minnow in these years but may considerably benefit grayling, Stoneloach 
and bullhead (as well as salmonids). However the more stable regime which 
will result in the long term is likely to have beneficial affects on all the fish 
cited despite some seasons having adverse affects.

D6.7 River and Bankside Flora

The most comprehensive survey of the catchment was undertaken as part 
of the river corridor survey of DWT (Heath; 1989). This survey recorded 
habitat features and flora down the whole length of the Wolf, Thrushel and 
Lyd downstream of Roadford and an even larger length of ‘control’ river 
upstream in the Thrushel and Lyd (Figure D6.2a). Macrophyte recording was 
also undertaken by Holmes (1987) who surveyed two sites on the Lyd and 
one on the Wolf downstream of the dam and two sites on the Thrushel and 
four on the Lyd upstream of the influence of Roadford. The sites on the Lyd 
had been surveyed ten years earlier during an NCC survey. A baseline 
survey of selected habitats for bryophytes and habitats was undertaken on 
the Wolf in 1990 (Holmes 1991).

Some of the results of plant surveys are given in Table D lii and D6.7i. The 
former lists all species recorded by Holmes in his survey of 1987 (including 
those of the Tamar), and the latter bryophytes recorded by Heath in an 
intensive investigation of good habitats for this group of lower plants. Both 
Holmes and Heath noted the importance of the bankside trees in all the 
rivers, not only of interest in themselves but also of importance in their role 
of stabilising river banks, providing habitats for animals, creating moist 
conditions necessary for oceanic bryophytes to thrive, and an allochthonous 
food source to animals in the streams. Both surveys also indicated that 
rooted aquatics are very limited in all the rivers due primarily to the 
unstable nature of the gravel/pebble/ boulder bed. Where stable rocks 
occur the presence of richer bryophyte communities, with much greater 
biomass, were noted. Even here, the flora is often naturally impoverished 
by the extent of shading.

Reference to Table D lii shows that only two species were recorded solely 
from the Wolf - Callitriche hamulata (Intermediate Water-starwort) and Carex
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pendula (Pendulous Sedge). Heath (1989) made reference to the former, 
stating that it is widely distributed in Devon and is the only characteristic 
submerged higher plant of the rivers locally. He also noted that the 
Pendulous Sedge is a local species of shaded wet woodlands. Only two 
other species were found which are confined to the Lyd sub-catchment 
below Roadford - Mimuus guttatus (Monkey Flower) and Rorippa nasturtium- 
aquaticum [Nasturtium officinalis] (Water-cress). The former was noted by 
Heath in the same location with a comment that it is an introduced species 
whilst the latter was not recorded (nationally it is widespread and, although 
local in distribution, it is not uncommon in Devon). Heath recorded the 
presence of a county rarity on the banks of the Wolf (Scirpus sylvaticus - 
Wood Club-rush) but noted that it was ‘fairly frequent’ on the Thrushel (see 
Figure D6.7a). Holmes also recorded this plant from the Tamar, Truly 
submerged higher plants are exceedingly rare, both Holmes and Heath 
highlighting that the only other aquatic plant found in the area was 
Myriophyllum alterniflorum  (Alternate-flowered Water-milfoil); and this 
confined to a small patch in the Lyd at Lifton. It is, however, common in the 
Tamar (Table D lii).

In an intensive investigation of aquatic and bankside bryophytes at 14 sites 
on the Lyd sub-catchment and the Lew (Table D6.7I), Heath (1989) recorded 
a total of 36 species. Eleven mosses and two liverworts were confined to 
the Wolf and a further one liverwort (Pallia epiphylla) was exclusive to the 
Lyd below the influence of Roadford. The other 22 species were present 
within the catchment upstream of the influence of Roadford. The majority 
of the species recorded are common nationally, and locally often quite 
abundant in damp places and along stream sides. Riccardia and 
Plagiochiila are not common species, the former being more typical of 
rocks in clean streams and the latter in damp locations where water is 
enriched to some degree. The only two species of any note recorded are 
Atrichum crispum  and Thuidium delicatulum. Both are oceanic western 
species; although the former is locally abundant in north western Britain, it 
is much rare in Devon and Cornwall.

Regulation of the Wolf through Roadford reservoir is bound to exert some 
influence on this stream as well as some effect on the lower Thrushel and 
lower Lyd. Heath (1989) has debated the potential effects and concluded 
an influence will be exerted through reduced flows during the filling phase; 
changes in depth, width and velocity resulting from the elevated dry-weather 
flows, the augmentation for water supply, infrequent and less severe spates, 
and releases made for HEP generation; water ‘quality’ differences due to 
changes in temperature regime and nutrients; and potential physical 
changes due to the change of regime. Petts (1981) has indicated from other 
studies that morphological changes to river channels in the Lyd sub
catchment due to the headwater impoundment of the Wolf, should be 
confined to the Wolf itself.

Personal observations made for streams and rivers downstream of 
impoundments (River Tees below Cow Green, Haddeo below Wimbleball, St 
Neot River below Colliford, River Fowey below Sibiyback and Meavy below 
Burrator ail indicate massive increases in aquatic plants. The Meavy is
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perhaps the best example to consider since it has been impounded for 
about a century. Truly aquatic mosses stili thrive, a community very similar 
to the one described for the Wolf exists there but it is far more diverse and 
the biomass is much greater. No comparable data have been collected for 
the splash zone species but there is nothing to suggest these have suffered 
due to impoundment. Indeed, the presence of Filmy Fern (Hvmenophvflum) 
which demands the same moist conditions as many of the oceanic 
bryophytes, suggests they have not suffered to any marked degree. Two 
truly aquatic plants thrive in the Meavy, Alternate-flowered Water-milfoil and 
Intermediate Water-starwort, and cover large areas of the river bed. Holmes 
and Whitton (1977) have suggested that the building of Cow Green 
Reservoir led to a considerable upstream invasion of truly aquatic plants 
(Pondweed, Milfoil, Crowfoot and Starwort) into the river in response to the 
more stable substrates which had developed due to the higher ‘low flows1 
and lower ‘high flows'.

In assessing the impact that Roadford will have on the plants of the Lyd 
sub-catchment it is probable that the following will occur. Such predictions 
are made in the absence of any quantitative evidence from other sites but 
from extrapolations from previously impounded catchments and their 
vegetative characters today.

i Mosses such as Fontinalis, Rhynchostegium, Amblystegium, 
Hygrohypnum and Acrocladium will increase due to greater stability 
of rocks, reduced winter scour, and less summer desiccation.

ii The liverworts Chiloscyphus, Riccardia and Plagiochilla will increase 
due to the same reasons.

iii The increased bed stability and reduced scour will lead to an 
eventual massive increase in the submergent Callitriche hamulata; 
Myriophyllum alterniflorum is likeiy to invade from downstream in the 
Lyd and Tamar whilst new species likely to colonise the Wolf are 
Ranunculus (river sp[p] as well as edge R omiophylius), Sparganium 
(Bur-reed), Lemna (Duckweed) and Potamogeton crispus (Curly 
Pondweed).

iv Some edge bryophytes may diminish, not through any direct effects 
but by increased (and more stable) edge growths of ruderals and 
grasses.

v Effects will be marked in the Wolf, be much less evident in the 
Thrushel and be barely detectable in the Lyd. In the very long term 
effects in the lowest reaches will become more evident as the rich 
and luxuriant community upstream constantly replenishes lost stocks 
downstream through spates.

vi The increased abundance and higher plant diversity in the Wolf is 
dependent on periodic flushing through over-topping to ensure 
gravels are cleaned etc. This is only relevant for the c3km upstream 
of the Kellacott Stream since natural spates from here will be
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sufficient to cleanse the lower reaches of the Wolf above the 
Thrushel.

The above predictions are based on the utilisation of Roadford for water 
supply only. Generation of HEP is unlikely to impact upon plant 
communities. The present proposals will result in much smaller releases 
being made than would naturally occur. 'Bleeding' water from the reservoir 
for such generation will also reduce the impact of scouring floods since the 
reservoir will rarely be ‘over-full’ .
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D7 TAMAR FROM LYDFOOT TO ABSTRACTION POINT AT GUNNISLAKE
NEWBRIDGE

This section of river will be affected by the operation of Roadford in three 
ways:

Compensation releases from Roadford of 9MI/d at all times, 
increasing the summer base flows when there are no augmentation 
releases and minimally reducing winter flows.

HEP releases In winter which will slightly enhance flows.

Augmentation releases in summer when river flows are low and 
prescribed residual flows do not allow unsupported abstractions at 
Gunnislake.

The three points above have implications for both water quality and the 
obvious volume differences. Annex B (see summary in D1.10) indicates that 
water quality will be materially improved through the entire length of the 
Tamar from Lydfoot to Gunnislake. In summer BOD will be reduced and DO 
increased substantially whenever augmentation releases are made. 
Temperatures are reduced during low flows in the summer, especially so 
under drought conditions when major releases are made from Roadford for 
subsequent abstraction at Gunnislake.

Surprisingly there are few data for non-salmonid fish in the Tamar between 
Lydfoot and Gunnislake. Reference to Table D1iv (Appendix A) shows that 
grayling, bream, minnow, dace, Stoneloach, eel, bullhead and brook lamprey 
all occur in the main river. However there have been no recent surveys 
which have taken in sites downstream of the Lyd. The population is more 
diverse than some of the other rivers because of the size of the river and 
the variety of habitats. None are rare species.

Some macro-invertebrate data have been collected from the river. However 
these have not been assessed at this stage; a full appraisal will be made for 
the final report.

Reference to Figure 01c (Appendix A) shows that both kingfisher and sand 
martin breed in smalt numbers down the river. Dipper are more successful 
and grey wagtails breed commonly down the Tamar. There is also a heronry 
on the banks of the river.

Macrophytes of the river have been surveyed twice by Holmes. The first 
surveys were undertaken in 1980 whilst the last were executed in 1986 
(Homes; 1987). In contrast to the Lyd catchment and the Torridge, the 
Tamar has a much richer plant community and many more aquatic higher 
plants. This, in the main, is due to the much greater stability of the bed. 
Filamentous algae dominate the submerged habitats of the river but several 
other plants are not uncommon. Aquatic mosses such as Fontiaalis 
squamosa, F antipyretica and Rhynchostegium are locally abundant on 
submerged rocks whilst the splash zones of boulders or man-made
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structures are colonised by Schistidium  and Cinclidotus. Submerged higher 
plants include Callitriche (Starwort), Ranunculus (Crowfoot), Myriophyllum 
(Milfoil) and Potamogeton (Pondweeds). Plants rarely recorded locally 
included Scirpus sylvaticus (Wood Club-rush), but this has been found on 
most of the rivers investigated. The finding of Potamogeton berchtoldii (See 
Figure D ie, Appendix A) is noteworthy, as is the rare algae Cladophora 
aegagropila. However this algae has also been recorded from the Torridge 
(see D11).

The operation of Roadford is predicted to have a beneficial affect on the 
ecology of the main stem Tamar. At present any known interest Is more at 
risk from deteriorating water quality, and the way in which this gives 
competitive advantage to filamentous algae, than they are from the 
operation of Roadford. It is predicted that:

HEP generation in the winter will be too insignificant in its physical 
and temperature affects to have any influence on river biota.

Winter compensation flows from Roadford will have absolutely no 
affects whilst benefits during the summer will be insignificant.

Summer augmentation will improve water quality, increase wetted 
area and decrease temperatures to the benefit of most plants and 
animals. Decreases in temperature will be less in normal summers 
and most in hot dry summers. Those potentially at risk are the few 
coarse fish which have their best recruitment years when summers 
are hot and river levels low. Marginal plant communities will benefit 
because they will not be exposed for long periods in any summer 
whilst plants of riffles (ie Crowfoot and Milfoil) will also benefit 
because they will not become exposed. Grey wagtail is the only bird 
likely to have reduced feeding areas in very hot summers; however 
better than average conditions would occur on all the tributaries 
except the Wolf.

L
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D8 TAMAR FROM GUNNISLAKE NEWBRIDGE TO GUNNISLAKE WEIR

This is the section of Tamar downstream of the abstraction but above the 
tidal influence. It is thus affected by how much water is left in the river after 
abstraction. Depending on river flows, the residual flow will either be 
‘natural’ river water or a mixture of this and water released from Roadford 
to support the pmf downstream of the abstraction.

There are few data for this short stretch of river.

The 1980 macrophyte survey of Holmes for the NCC included 0.5km 
downstream of Gunnislake bridge. The flora recorded there appears to be 
typical of the rest of this short ponded section. Rooted macrophytes are 
very rare indeed, just the odd plant of Potamogeton berchtoldii (Small 
Pondweed) and Ranunculus (Crowfoot) being found. The few large boulders 
that are present often have the mosses Fontinalis antipyretica, Fissldens 
and Amblysteglum fluviatile in submerged locations whilst rock surfaces 
intermittently drowned (and the weir) have Cinclidotus and Schistidium. The 
dense shade from flanking trees ensures that the marginal flora Is also 
sparse; Phalaris (Reed Canary-grass) occurs in the few open areas.

The flora is poor because the section is ponded and the bed is 
predominately rock and gravel, not clay or firm silts. There is no evidence 
that it is impoverished because of abstraction of water from upstream. 
Visual observations over many years by the author indicates that ponding 
does result in discolouration of the water through the abundance of 
planktonic algae and fine suspended matter. This has been confirmed by 
Brian Elvin (pers comm). During the drought of 1989 it was clearer than 
observed before, a feature confirmed by a resident living adjacent to the 
river for a decade. The longer retention time in this ponded section had 
enabled a large population of zooplankton to develop which predated the 
phyto-plankton which normally discoloured the water.

The presence of Small Pondweed is noteworthy in a Devon context (see 
Figure Die, Appendix A).

This section of the river is unsuitable habitat for grey wagtail and dipper 
although the fast flows over the weir, and immediately downstream, do 
provide some feeding areas. Breeding in the area is confirmed for the 
former but not the latter (Figure Die, Appendix A). The same figure shows 
that kingfisher are not known to breed here whilst there is a heronry 
immediately adjacent to the river. Sitters (1988) reports that nine nests were 
present in 1985 at the heronry at Hatch Wood.

The impact of Roadford’s operation is minimal in this section of river. 
However, if it is accepted that the augmentation releases, and to a very 
small degree the increased compensation flows, from Roadford are 
beneficial for the main stem Tamar, by inference they must give benefit 
downstream too. These benefits relate solely to improved water quality 
since Roadford does not affect residual flows, but the amount abstracted. 
The proposed reduction in compensation flow from Roadford during 
releases for abstraction is not regarded as significant.
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D9 TAMAR ESTUARY DOWNSTREAM OF GUNNISLAKE WEIR

The estuary will be affected by the operation of Roadford in several ways. 
Firstly there will be an effect from the amount of abstraction which takes 
place without augmentation releases from the reservoir; this will happen 
when flows are not low. Secondly it will be affected by the augmentation 
releases made during low flows so that sufficient water can be abstracted 
at Gunnislake but still allow an acceptable minimum flow to pass 
downstream. The water quality aspects of the released water is thus of 
paramount importance.

There is a considerable amount of data concerning the marine and 
estuarine biota of the Tamar estuary complex, primarily due to the presence 
of the Marine Biological Association being based in Plymouth. The estuary 
was also the subject of a survey and literature review by the Oil Pollution 
Research Unit of the Field Studies Council (OPRU; 1986). This report 
comments on how extensive the Tamar estuary is and that it is about 30km 
long. Because it is long, and in places quite narrow, the report states that 
‘salinity of surface and subsurface waters of marine inlets is highly variable
in relation to freshwater input and tidal movements’.... Data for the Tamar
indicate 'relatively low and strongly fluctuating salinity values from October 
to March and a period of higher more stable salinities from April to 
September’.

The survey and literature assessment Identified nine 'major ecological 
zones’ in the Tamar estuary (these are shown in Figure D9a). Even in the 
Upper Estuarine Zone (7) marine organisms dominate. It is here where the 
intertidal mudflats stop. Because of the very soft nature of the mud, the 
fiats have a species-poor invertebrate fauna; liquid mud also impoverishes 
the shore communities. Further upstream the salinity is always less than 
20% in Zone 8, irrespective of how low the summer flows are. Under winter 
flooding conditions it can be 0%. There is a marked change in this short 
length of estuary as it narrows. Although Fucoids still dominate, Common 
Reed (Phragmites) appears as a fringing plant on the northern (upstream) 
shores. The upper (Zone 9 - Riverine) still contains Fucoids and there are 
no records of freshwater species colonising the channel.

The OPRU report lists 19 algae and animals from the Tamar estuary which 
are of conservation interest, several with national status. However none are 
from the section of estuary (Zones 7-9) which are materially affected by 
freshwater inputs from the Tamar. Edwards, commenting as the Marine 
Conservation Officer of the Devon Wildlife Trust (Pers comm), has indicated 
that there has been extensive research undertaken on some species. She 
undertook to assess whether any of this is relevant to the present EIA and 
also to check the distribution of key rare species. Nothing of significance 
has been reported.

In assessing the ‘conservation value’ of the Tamar Estuary the OPRU report 
refers to the ornithological interest which they have not included in their 
assessment (see later for details of this interest). The report highlights that 
the most outstanding feature of the estuary is the change in composition,
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and decrease in species richness, which occurs on passing up the estuary 
as salinity becomes increasingly more variable and lower. It also suggests 
that the reaches above Tamar Bridge have few polluting influences ‘so that 
communities are unlikely to be stressed by factors created by man\ This 
comment is made despite the reported isolated occurrence of low DO 
associated with fine sediment suspension when flows are very low at 
summer neap tides. The estuary is reported to have rarity value for its 
gradient of communities which reflect the high inputs of freshwater to the 
system. It is also regarded as diverse because of the presence of both ‘soft’ 
and 'hard' substrates, in relation to the present investigation, it is most 
relevant to highlight their assessment of the ‘fragility' of the identified 
interests - The communities and species present in this area are subject to 
a high degree of natural stress resulting from variation in salinity and 
tu rb id ity  in particular. They are therefore resilient to large changes in 
conditions. Changes In water flow or freshwater input would be likely to 
result in a relocation of zonal boundaries but only major construction works 
or shore reclamation seems likely to cause damage'.

During the consultation process it was clear that the main nature 
conservation interest of the Tamar Estuary is centred on ornithology. As 
with the majority of estuaries in Devon, few waders or wildfowl breed there 
(Reay; pers comm). Only shellduck and mallard are known to breed in any 
numbers at all (Figure D lb). Reference to the same figure shows that 
regionally, or nationally, the Tamar estuary is important for: avocet, black
tailed godwit, dunlin, water rail, shovelor, shellduck, common sandpiper, 
green sandpiper, greenshank, and redshank. The Annual Reports of the 
Devon Bird Watching and Preservation Society do not have summary 
statistics for the estuary because it is bound on the west by Cornwall and 
the east by Devon.

Discussion with EN (previously NCC) and RSPB indicate that the wader 
interest is most significant on the mudflats above Tamar Bridge. Avocet and 
black-tailed godwits are the most important species. Reay (1988;89) has 
reported on the close and special relationship that the Tamar Estuary and 
avocets have. Others, including Penhallurick (1969), Cadbury & Olney 
(1978), Prater (1981) and Lack (1986), have acknowledged the exceptional 
importance of the Tamar to avocets.

After an absence of more than a century, avocets began breeding on the 
east coast of Britain in the late 1940s. Since that time the national breeding 
success has increased (see Figure D lb) with Spencer (1988) reporting a 
continuous expanse to around 270 pairs rearing about 250 young in 1985. 
In the late 1940s the Tamar supported ALL (ie 100%) of the British over
wintering avocets, including those that bred in Suffolk (Reay; 1988). 
Gradually as avocets have increased in Britain the numbers on the Tamar 
have also increased with the estuary supporting the only significant 
numbers of the birds for a full three decades. However their proportion of 
the British over-wintering total has declined in the past decade as other 
areas have improved. Thus by 1985/6 (Salmon, Moser & Kirby; 1986) the 
Exe estuary and Halvergate complex of estuaries had replaced the Tamar 
as the most important sites. Salmon, Prys-Jones & Kirby (1987) noted the
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following year that the Tamar probably supported significant numbers of 
avocets but there had been no systematic counting done on the estuary for 
the Birds of Estuaries Enquiry in the past five years. It was the lack of data 
which prompted Reay to undertake an assessment of existing data and 
embark upon a survey which would highlight the present status of the bird 
on the Tamar (Reay; 1988).

From Reay (1988) it has become clear that the avocets preferentially use 
(for feeding or roosting) parts of the Tamar more regularly than others. This 
is shown in Figure 09b. This equates roughly to the Central and Upper 
Zones identified by OPRU (1986) where the saline and freshwater 
fluctuations are greatest and where the mudflats are most prevalent. In 
considering what affects the areas used within this zone by avocets, Reay 
concluded that strong winds and very high river flows appear to be most 
influential. The high river flows in 1989/90 appear to have pushed the birds 
further down the estuary where salinity is greatest and where their food 
might be most available in these conditions (Reay; pers, comm).

Detailed counts in 1987/8 and 1988/9 indicate that peaks of over 100 birds 
is not unusual. The present status of the avocet is thus good (see Figure 
D9c) which contradicts the suggested decline reported in Birds of Cornwall 
(1984). The same figure also shows how, in recent years, that the Exe has 
eclipsed the Tamar; fortunately this is not at the expense of the Tamar 
population. Figure D9c shows two periods of slight decline: Tavy years’ is 
when birds tended to use the Tavy more than the Tamar whilst 'Saltash’ 
indicates a more recent move to use Saltash.

In assessing the importance of the Tamar, Reay (1988) indicates that for 
more than thirty consecutive years the minimum number (50) of birds 
required to make the site nationally important have been exceeded. In the 
past three years the figure has exceeded 100. There appears to be no 
unique features of the Tamar Estuary which resulted in it being the most 
important site for avocets in the British isles for three decades. It Is 
suggested that a combination of geographical location (giving mild 
climates), topography (provision of shelter in adverse conditions), lack of 
disturbance and an abundance of food are important. Reay (1988) 
concluded that the importance of the Tamar cannot be disputed because 
of the numbers of avocets recorded and the historical link with the re
establishment of the species in Britain.

Prater (1981) listed six species in the Tamar complex (including the Tavy, 
Plym and Lynher) which achieved national importance in the period 1969 
to 1975 -avocet, wigeon, golden plover, dunlin, black-tailed godwit and 
redshank. Using the latest qualifying levels for national importance (Salmon, 
Prys-Jones & Kirby; 1987), and data in the CFNHC Annual Reports (1985;
1986) Reay (1988) concluded that the Tamar Estuary complex as a whole 
now only has two birds of national significance - avocet and black-tailed 
godwit. Both are only important in the Tamar estuary itself (summary data 
during the 1980s in Devon Bird Reports shows only rarely do these birds 
get counted in any numbers in the Tavy, Plym or Yealm). Reay (1988) also 
reports that the rare spotted redshank and the greenshank are increasing.
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Primarily because of the ornithological interest, part of the Tamar Estuary 
is being considered for notification as an SSSI by EN. The approximate area 
of the site is indicated in Figure D9d.

The impact of Roadford’s operation is deemed minimal or beneficial. This 
conclusion is based on the interest being mainly based on winter birds 
when flows will be materially unaffected. As potential adverse impacts on 
birds are likely due to reductions in invertebrates within the muds, summer 
flows to the estuary will not be reduced, and during long hot summers the 
quality of the water discharging over Gunnislake weir should be improved, 
no adverse impact can be perceived.
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D10 OKEMENT DOWNSTREAM OF MELDON

This section of river has the potential to be affected by Roadford operation 
through modifications to the utilisation of Meldon Reservoir; this might 
involve greater releases of water being made to the Okement for 
subsequent abstraction from the Torridge at Torrington.

Much is known about the macrophytlc vegetation of the Okement and 
Torridge through surveys undertaken by Haslam in 1969 and 1975 (Haslam; 
1982) and Holmes in 1978, 82, 86 and 1989. The surveys by Haslam were 
less detailed than those by Holmes and provide no additional information 
to that presented by Holmes (1987).

The grid references of the sites surveyed by Holmes are given in Table D1i 
and the species recorded from these sites in 1986 given in Table D liii. For 
both the Okement and the Torridge, the survey data from both Holmes and 
Haslam indicate that no significant changes in macrophyte distribution have 
occurred over the past twenty years.

Because the Okement rises high on Dartmoor it has a predominantly 
nutrient and base-poor water chemistry. It also flows rapidly over bed rock, 
boulders, cobbles and pebbles. Its margins are often wooded which casts 
considerable shade over the river. The physical characteristics, together 
with the water chemistry, of the river determines its flora. Reference to 
Table D liii shows that the submerged flora is dominated by bryophytes and 
algae. There is a transition downstream from the liverwort zones of 
Scapania, Nardia and Marsupella in the upper reaches to the moss 
communities of Hygrophypnum and Fontiaalis squamosa in the middle and 
iower reaches. Where the bed is stable in the middle reaches the biomass 
of moss can be very high. Above its confluence with the Torridge the bed 
is very unstable and vegetation within the channel is minimal. No truly 
aquatic higher plants (ie Potamogeton, Ranunculus, Myriophyllum or 
Callitriche) have been recorded from the Okement.

Despite the lack of any aquatic higher plants, the species-richness of the 
Okement is reasonably high due to the relatively frequent occurrence of a 
wide range of mosses and liverworts. In comparison with other tributaries 
of the Torridge, the Okement has a diverse plant community (Holmes;
1987). Holmes also reviewed previous work on the Okement system as well 
as botanical records given in Imery-Cook (1984) and Walters and Perring 
(1976). His conclusion was that there was no evidence to suggest that the 
Okement had ever contained many truly aquatic higher plants and no locally 
or nationally rare species have been recorded from the channel. The same 
author also made visual observations of the Okement during, and after, the 
drought of 1989. Bryophyte communities remained healthy during the very 
low flows. They were also unaffected by the metalliferous acid flush which 
caused major fish mortalities following that drought, and previous ones in 
1984 and 1976.

Grey wagtail and dipper are commonly found breeding on the Okement 
system above Okehampton and less commonly downstream also. Kingfisher
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on the otherhand rarely breed on the river, preferring when they do the 
lower reaches (see Figure D1c).

The main influence on the plants of the Okement is the rocky bed and 
scouring spates; a secondary Influence is the predominantly oligotrophic 
water which exerts its effect throughout the year. Transiently low pH and 
high metal levels will have little or no affect. Since the flow regime and 
physical character have such an influence on the flora of the channel it is 
inconceivable that changes of the magnitude envisaged in the future will 
have any affect at all. The same lack of affect on birds is also predicted. 
However, unlike the plants, they are potentially affected by the transient 
pulses of acid waters which have been shown to klfl many invertebrates and 
small fish on which the birds prey. Because grey wagtail are less dependent 
on aquatic insects, they are less likely to be affected by this.

Factors other than releases from Meldon are therefore important in 
determining the floral and faunal communities of the Okement; as such 
changes proposed as part of Roadford’s operation will have no significant 
impact.
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D ll RIVER TORRIDGE FROM THE OKEMENT TO TADDIPORT BRIDGE

This section of the river is potentially impacted by the operation of 
Roadford because of releases down the Okement for subsequent 
abstraction below Taddiport Bridge. However the amount released is so 
small that no significant changes to the flow regime of the Torridge is likely.

As stated in D10, the Torridge system has been intensively surveyed for 
macrophytes over the past 20 years. The most recent survey, and review, 
was undertaken by Holmes (1987) because water from Roadford was initially 
intended to be transferred to north Devon via the Lew and Torridge.

The sites surveyed for macrophytes, and the data obtained, are given in 
Tables D1i and Dliii. In his assessment of the data collected in the light of 
previous records, Holmes (1987) concluded that the Torridge had not 
suffered a reduction in the distribution of macrophytes. Indeed, a few new 
records for some species were made (see Figure Die). He states "The 
inescapable conclusion from the 1986 survey of the macrophytic flora of the 
Torridge system is that it is extremely impoverished. There is overwhelming 
evidence that this has always been the case, particularly for aquatic 
species. The macrophytes also have a very low productivity and standing 
crop. Since it has been shown that historically this has always been the 
case, there is considerable reason to suppose that the flora is constrained 
by physical parameters far more than chemical ones. The main constraining 
factors are degree of shade and bed stability".

Reference to Table D liii shows that the bankside flora of the Torridge is 
totally dominated by the common Phalaris arundinacea (Reed Canary- 
grass), always covering more than 10% of the bank with trees also very 
common. The channel is dominated by a combination of River Crowfoot 
(Ranunculus hybrid?) and a mixture of algae. Where rock are embedded 
they are frequently covered in mosses, most notably Fontiaalis squamosa 
and F antipyretica. The Alternate-f lowered Water-mi If oil (Myriophyllum) is 
present, but never common.

Figures Dl1a, b shows the species recorded at Town Mills (site 14 just 
upstream of Taddiport) during the drought of 1989. This indicates that major 
changes have not occurred recently but there is an indication of a reduction 
in the amount of Crowfoot. During the drought, as would be expected, 
filamentous algae were more common; a new record was made for Scirpus 
sylvaticus (Wood Clubrush).

A few locally rare species have been recorded from the Torridge. 
Cladophora aegagropila is a rare species in Britain (Holmes and Whitton; 
1975) but is common throughout this section of the Torridge. Scirpus 
sylvaticus is a relatively uncommon plant in Devon and has been recorded 
from Town Mills Bridge and at Weare Gifford on the banks of the Torridge. 
Perhaps the most interesting plant present on the Torridge is the hybrid 
pondweed P x nitens (Potamogeton gramineus x P perfoliatus). This has 
been known to occur at Beaford on the Torridge since the 1940s but was
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not known from anywhere else In Devon. The 1978 surveys on behalf of 
NCC found it also at other locations downstream (see Figure Die).

Kingfisher, dipper and grey wagtail all regularly breed along this section of 
the Torridge. Sand martin also utilise the steep sandy banks where the river 
opens out from its wooded valley and flows through broad open farmland 
(see Figure D ie).

Otters are known to use regularly the Torridge and Its tributaries for feeding 
and also breeding. Historically it is famous for this mammal (Tarka the otter 
at Torrington).

No change in the Torridge above Taddiport is likely to occur as a result of 
Roadford's Operation.
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D12 RIVER TORRIDGE FROM TADDIPORT BRIDGE TO BEAM WEIR

This short section of river (less than 3km) is the most downstream stretch 
of the Torridge unaffected by tidal influences. Immediately downstream of 
the bridge is the abstraction point to Torrington Water Treatment Works and 
a short distance downstream of this is the sewage outfall. The stretch will 
be affected by Roadford because the operation of the reservoir provides 
water for North Devon (via a pipeline) and hence can influence the extent 
and timing of abstractions from the Torridge.

Table DU indicates that a site (15) downstream of the abstraction and 
sewage outfall, has been surveyed for macrophytes in 1986 by Holmes
(1987). Table D liii shows that this site has far fewer species than found at 
the site only 3km upstream at Town Mills (site 14). Some idea can be 
gauged as to whether this is primarily in response to the effects of 
abstraction and/or the sewage outfall by reference to data collected by the 
NCC in 1978 from Weare Gifford (2km further downstream). The following 
species, absent from site 15, were present a little further downstream at 
Weare Gifford:

Ephydatia
Cinclidotus fontinaloides 
Caltha palustris 
Eieocharis palustris 
Eupatorium cannibinum 
Fiiipendula ulmaria 
Lythrum salicaria 
Myriophyllum alterniflorum 
Potamogeton x nitens

Freshwater Sponge 
Moss
Marsh Marigold
Common Spike-rush
Hemp Agrimony
Meadowsweet
Purple Loosestrife
Alternate-flowered Water-milfoil
Hybrid pondweed

On the otherhand, the following were not:

Cladophora aegagropila 
Dermatocarpon fluviatilis 
Verrucaria spp 
Amblystegium fluviatile

Since the four species listed above are generally pollution-sensitive lower 
plants (two are aquatic lichens) it is suggested that the sewage outfall is 
having some affect, perhaps this influence being enhanced by abstraction. 
For marginal and bankside plants the effect is either very limited, or non
existent (local conditions precluding records for some species which find 
suitable habitats downstream).

Reference to data collected from the 1978 NCC survey also suggests that 
either, or both, the sewage outfall or the abstraction are having some 
influence in the lower freshwater reaches of the Torridge. Although the 
Weare Gifford site is influenced by tides, this is a back-up of freshwater 
from upstream and not an intrusion of brackish conditions. Despite all the 
sites surveyed below the Okement being classified into the same plant 
community type (Holmes; 1983), the lowest site at Weare Gifford was the
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only site to have a large growth of the pollution-tolerant algae 
Stigeoclonium. This was confirmed by the drought monitoring work of the 
author in 1989 (see Figure D12a, b); filamentous algae were more than 
twice as abundant at Rothern Bridge than at Town Mills, and Stigeoclonium 
was only present at the former (Figure Dl2a). Thus it is concluded that the 
sewage outfall does exert an influence on the river, and this may be 
influenced by the amount of water abstracted just upstream of the outfall.

There is no specific information for birds within this section of river but data 
in Sitters (1988) suggests that dipper, grey wagtail and kingfisher breed 
here (Figure D ie).

There are no adjacent habitats of any note which could possibly be affected 
by changes resulting from the operation of Roadford.

The proposed operation of Roadford should lead to improved conditions for 
biota because existing flow conditions will be enhanced through reduced 
abstractions at all but moderately high flows. Although the amounts are 
small in comparison with the other rivers, even slightly reducing the 
abstractions at times of low flow leads to a significant percentage 
improvement in flows remaining. Conversely the slightly increased take at 
high flows has a negligible influence on the percentage decrease in flow 
compared with existing situations.
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This section of tidal river and estuary will be affected by the operation of 
Roadford through its influence on the extent and timing of abstractions from 
the Torridge upstream. Since the stretch upstream also receives outfalls 
from sewage treatment works and a creamery, the main potential impacts 
arising from changes in water resource usage is most likely to be imparted 
through water quality changes rather than any physical effects of changes 
in amounts of water. This is critical in the Torridge since dry weather flows 
in the lower reaches of the river are exceptionally small when compared 
with mean discharges.

The principal interest of the tidal Torridge and its estuary is birds. Unlike 
the Tamar, the main interest centres on the mudflats of the lower estuary 
where significant numbers of waders are present each winter. In common 
with the Tamar, the estuary has little breeding-bird interest. Combined, the 
Taw-Torrldge estuary has been notified as an SSSI downstream of Bideford 
Bridge (Figure Dl3a). The citation (Figure D13b) indicates that the bird 
interest is a most important element of its ecology which justifies its 
designation. The importance of the site for curlew, golden plover, redshank, 
dunlin and oystercatcher is indicated by the citation as well as the winter 
populations of these birds in south-west England as shown in Figure Dtb. 
Both EN and the RSPB have indicated that the numbers of waders present 
on the estuary in hard winters frequently exceeds 20,000 birds. This gives 
the site both National and International status.

In the tide-affected river above the SSSI at Bideford, dipper do not breed 
but grey wagtail thrive and breed in good numbers (Sitters; 1988 - Figure 
Die). The same sources of information indicate kingfisher breed at the head 
of the regular saline intrusion zone at Beaconside.

A survey and literature review of the Taw/Torridge estuary has been 
undertaken by the Fields Studies Council’s Oil Pollution Research Unit. 
Nothing of exceptional interest is known save for the bird interest. The 
saltmarsh habitats around the edge of the mudflats were also noted as 
being important.

There are no data on the usage of the estuary by mammals; otters are 
known to use it however.

Botanical information is very limited for the upper estuary. A site at Weare 
Gifford was surveyed as part of the national NCC surveys of Holmes in 
1978. Although below Beam Weir, the river is only affected by diurnal 
fluctuations in water level and not any intrusion of salinity. Due to this, the 
flora is little changed from that above. Filamentous algae, such as the 
pollution-tolerant Cladophora and Stigeoclonium, dominate the in-channel 
flora whilst the margins have abundant Reed Canary-grass (Phalaris), as 
upstream. The locally under-recorded Wood Club-rush was found here on 
the banks whiist in the channel the rare Potamogeton nitens was also found 
(confined in south-west England to the Torridge; see Figure Die).

D13 TORRIDGE ESTUARY (DOWNSTREAM OF BEAM WEIR)
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The lower estuary, within the SSSI, has a typical zonation of saltmarsh plant 
communities and some relatively rare plants too (see Figure Dl3b). The 
most interesting communities are associated with the various zones of 
saltmarsh rather than the river mouth which has the most variation in 
diurnal salinities related to river flows.

Greatest interest in the estuary is thus centred more than 10km downstream 
of Beam weir on the Torridge on the open mud flats and saltmarsh of the 
combined Taw/Torridge estuary. Subtle differences in the amount of 
freshwater flowing Into the area of main interest during summertime cannot 
have any effect at all providing water quality does not deteriorate. This 
opinion is based on assumptions that the principal interests identified are 
not dependent on subtle changes in salinity at the river/sea interface during 
the summer. They are, on the other hand, dependent on the physical nature 
of the estuary which is shaped by the river flows during spates and the 
daily and seasonal affects of tides in creating mudflats, sand banks and 
saltmarsh. The only influence of low flows on the ecological interest of the 
key areas of interest centres on water quality and the affect that a 
catastrophic pollution incident might have on invertebrates on the mudflats 
(and thus food chain of important birds) and the vegetation furthest down 
the shoreline and closest to the Torridge itself.

As the proposals provide for reduced takes of Torridge water under low 
flows the conclusion has to be that there cannot be any adverse impacts 
of the operation on the Torridge. The reduced takes might be beneficial, 
but the amount of charge in relation to the dominant factors determining 
the main interests of the estuary suggests the changes will have no 
detectable influence.
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D14 TAW ESTUARY DOWNSTREAM OF NEWBRIDGE

The operation of Roadford could affect the Taw estuary by influencing the 
extent and timing of head-of-tide abstractions at Newbridge.

Little information is available for this estuary. It is tidal from Newbridge and 
saline influences can extend this far up river. The Taw/Torridge SSSI 
(Figure Dl3a) does not extend as far upstream as Newbridge. Thus, like the 
Torridge and unlike the Tamar, the estuary interest is centred in the mainly 
marine section and not the area most affected by river flows.

The ornithological and plant interest, and their status, is as described for 
the Torridge estuary in D13. The effect of river flows on this interest during 
the summer, and the potential impact which changes in abstraction might 
have, are also the same.

Since the Taw has a much higher pmf, abstractions cease before a drought 
period begins. The proportion taken is so small in relation to the residual 
flow that no adverse impacts appear likely. As the proposal will result in 
a new permanent abstraction on the Taw, it will be important to monitor the 
situation to confirm this conclusion.
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D15 BURRATOR RESERVOIR

Burrator will be affected by Roadford in being drawn down further, and 
more regularly, than at present. Because of the fishery interest of the Meavy 
(dependent on flushing floods in late autumn/early winter), water supply 
operations will aim to allow the reservoir to be full by early winter.

Devon has few large areas of open water; prior to the building of Roadford 
Reservoir, Burrator was the second largest (61 ha) open water site in the 
country (Slapton Ley being the largest at 97ha). Just over ten years ago, 
the RSPB in conjunction with the Water Space Amenity Commission (WASC; 
1979) produced a classification of reservoirs according to their bird Interest. 
Those with any interest were classed into one of four 'grades' according to 
how many wildfowl they attracted. The lowest grade attract between 100- 
250 birds, and Burrator fell within this lowest grade. Smaldon (1982) 
reported In 'Devon Birds’ that Burrator is the most ornithologically 
interesting of the Dartmoor reservoirs; despite this its depth and acidity and 
poor productivity precludes it becoming an important site for wildfowl. He 
reports that 'wintering numbers of duck are low, breeding waders are non 
existent" and "passage birds are scarce". The vegetated margins, he reports, 
leave little exposed mud making it a very poor feeding ground. This has 
been confirmed by John (pers comm). Wildfowl counts during winters 
through the 1980s (Devon Bird Report summaries) indicate mallard are the 
only really common bird to occur although teal, pochard and tufted duck 
may be counted in reasonable numbers. Burrator’s main ornithological 
interest is the recently developed Goosander roost (see Figure Dl5a). 
Sitters (1988) reports that this bird first bred in Devon in 1980 (on the Dart) 
but the favoured winter roost in the whole of Devon is Burrator.

Despite being a mature reservoir, Burrator also has a poor flora, supporting 
few aquatic or marginal species. Of principal interest is Quilwort (Isoetes) 
and Shoreweed (Littorella), the latter carpeting much of the draw-down 
shoreline. This, together with Scirpus fluctaus (Floating club-rush) and 
Juncus bulbosus (Bulbous Rush), gives rise to the unusually green exposed 
margin around the reservoir in summer and results in the poor feeding 
conditions for birds. The rapid changes in water level enable these plants 
to succeed in Burrator since they can withstand deep inundation and 
periodic desiccation through exposure.

No invertebrate data have been found for Burrator. However there is some 
concern regarding the potential for interesting species to be associated with 
the vegetated drawdown zones (information given through consultation 
meetings).

The greater utilisation of Burrator for water supply will obviously have some 
impact on its present biota. Thus far, however, nothing of major significance 
has been reported to occur there save for goosander in winter and 
Quilwort. The former is not expected to be adversely affected since the 
reservoir should be full by early winter Because of this the locally important 
wildfowl interests should be maintained. Greater draw-down, and for longer, 
may results in the upper shoreline losing its Shoreweed community. This
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would be detrimental to the visual amenity of the site but may provide 
better feeding conditions for waders and passage birds. However it may 
adversely affect specialised Invertebrates (not investigated) if they are 
present.

The vertical distribution of Quilwort is not known. Searches by the author 
in 1990 around limited areas of the drawn-down shores (by c.4m) failed to 
find it. Greater drawdown could potentially adversely affect it if it is located 
at deeper localities to avoid desiccation. It is possible that it might not be 
able to migrate further down the reservoir to avoid future desiccation 
because of light limitations. Clearly a monitoring programme is required to 
assess how changes in water level affects the present floral assemblages. 
As there is inadequate knowledge of these at the present time, a base-line 
survey at the first available period of extended drawdown is required.
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D16 MELDON RESERVOIR

Roadford could affect Meldon by enabling more releases to be made to the 
Okement as well as more water being taken for direct supply.

Meldon is a very steep-sided reservoir in the West Okement catchment high 
up on Dartmoor. It is an acid and very nutrient poor reservoir since its 
catchment is open moorland and health. The steep rocky edges preclude 
the growth of extensive communities of marginal plants. Between the rocks 
sparse clumps of rush (Juncus effusus, J bulbosus), Lesser Spearwort 
(Ranunculus flammula) and grass (Nardia and Moiinea) together with 
mosses such as Calliergon, Hyocomium and Drepanocladus occur. On the 
rocks a few mosses, exemplified by Racomitrium aciculare, are present. 
Within the body of the reservoir there is only sparse growth and limited 
survey information is available. DWT have a reserve around part of the 
reservoir but little or no management occurs on it.

The birds of the reservoir are generally poor, the lack of food and exposed 
steep edges being the main reasons. Wildfowl counts reported during the 
1980s in the Devon Report indicate that it is not unusual for no birds to be 
present at all. When they are present there are very few individuals. It is 
noteworthy that goosander have been recorded at some time In most years.

No records of invertebrates have been made available.

It is clear that Meldon has been poorly investigated, compounding the 
impression that it has minimal ecological interest. This said, it is difficult to 
see how any major interest could be affected when this reservoir works 
conjectively with Roadford. The drawdown curves produced suggest that 
the changes will be slight, some years showing slightly less drawdown and 
others showing slightly more.
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The extent and quality of ecological interest at Roadford will depend on a 
combination of many factors. The principal ones are:

• The area set aside primarily for wildlife.
•  Type and extent of active recreation and areas of public access.
• Form and location of habitats created on adjacent terrestrial land in 

addition to tree planting.
• Form, extent and success in creating marginal habitats to mitigate 

against the impacts of regular drawdown.

For some considerable time the potential for habitat creation has been 
recognised at Roadford. Conservation bodies sit on a consultative group 
which includes wildlife, recreation and local interests. The minutes of their 
meetings are not available to the public, however. In the recognition that 
the building of Roadford Reservoir would destroy existing valuable wildlife 
habitats in the Wolf valley, and provide opportunities for habitat creation, 
South West Water commissioned a survey of the site. This was undertaken 
by the Devon Wildlife Trust who produced a final report in December 1986 
(Steel; 1986). This report described the habitats of the Wolf valley and 
assessed their quality. The report also made recommendations for future 
management. In 1989 (Watkins & Steel; 1989) a conservation management 
plan was commissioned by South West Water and produced by DWT. This 
latter document outlined the rationale for conservation management 
together with prescriptions and priorities for action.

The key findings of the first report was that some habitats of interest would 
be lost. Two woods would be destroyed, the most extensive one having 
little interest whilst the smaller one was better. Dry grasslands had little 
value whilst the damp/marshy grasslands had both floral and bird interest. 
Greatest value was placed on the extensive Culm Measure grasslands which 
would be destroyed. The report also highlighted that many spring lines were 
present, several just above the top level of the reservoir. The report also 
made 33 recommendations regarding measures to protect areas of interest 
before, during and after construction as well as the measures required to 
provide the means whereby the wildlife potential of the impounded valley 
could be realised.

Discussions with SWWSL have indicated that the majority of the 
recommendations could be accommodated; DWT have been given another 
commission to advise further and update their management plan to take 
account of new information and development of existing habitats. The 
consultation process suggests that conservation bodies have a satisfactory 
input through the consultative committee and can influence the 
management and creation of habitats and the monitoring of plant and 
animals on the site as it develops.

It is worth noting that wildfowl in reasonable numbers have already been 
counted on the site (A W G John, pers comm). However it is too early to 
begin to predict how operations will affect the plant and animal 
communities which will develop in the future. Monitoring of development 
and change is deemed desirable.
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FIGURE D1b Important waders and wildfowl in the estuaries affected by 

Roadford’s operation. The first 17 distribution maps Illustrate the 

local or national importance of species in winter (taken from Lack; 

1986). The last two, for breeding Shelduck and oystercatcher are taken 

from Sitters (1988).



Oystercatcher
Hatnuitopus ostralegus

THE high-pitched. strident call* and the strongly contrasting 
patients 04 its black and while plumage place ihc Oytiercatcher 
amongst die most miticcablc in lubtunu o f the co*sts ot Dcvua. 
though mainly outside Uie breeding season. The wimenng 
popuUiMM ol several thousand birds, concentrated un estuaries 
and scattered along coasts, dwindles in spring to a Few hundred 
as ihc adulis migrate to breed in Holland. Scandinavia, northern 
Britain and the Faerues. Most of those remaining arc immature 
(less than 5 yean old). Only a lew dozen pain breed in Dcva*.

Breeding birds only occur along the coast, usually in rocky 
and inaccessible p licct. to  more pain may breed in Devon than 
have yet been discovered. None has been recorded inland. This 
is in marked contrast to other pan* o l the country where 
Oysicirjichen breed for from the coast, particularly along nver 
valleys. M ih i observers «n Devon mention birds breeding n  the 
(dm of clilTs. amongst shingle, rocks and boulders. To avoid 
the high tides. some pain even breed on the c liff  lace. One or 
two pain bleeding by the East Y el land tower Station, on (he 
Taw esiuary. make ihcir scrape in a mixed area o f grass, shingle 
and bare mud. Freedom (mm excessive disturbance is important, 
otherwise die parents do not have enough lime 10 feed their 
young (the Oystercatcher and the Snipe are (he only British 
breeding waden that do this regularly) and protect them from 
predators. Disturbance may be the reason why few 
Oysictcaichert in Devon breed on sandy shores and marches.
as they do elsewhere in Britain. Widespread disturbance may 
paxlly cuptatn ihc small nuaifecn dot breed in (he c n if ly . though 
its position al the edge of die breeding range must also be 
involved: breeding Oysiercaichen were rare, even in the last 
century. before disturbance a long die coasts increased to present 
levels.

Only the Lundy Island population has been counted often 
enough for us to know how numbers have changed recently. 
Acconhng to Dy morel (1980). the number o f pairs has tb m ia o l 
between 8 and 21 pain since the I920 'i. without any obvious 
trend up or down. Dare (1970) estimated that 25-30 pain bred 
in Devon in the early 1960’s, including Ihe Lundy birds. The 
present survey indicates 28-51 pain, so there may have been
i  slight increase. This is hard lo prove, because the coverage 
by birdwatchers in the county has increased. But it is clear thal 
only a liny fraction o f ihe J6 .OUO-I6 .OOO pain estimated by Reed 
(1983) to breed in the British Isles, do so in Devon.

Nothing is published on Ihe wintering areas o f Devon 
breeding birds, or ot ihcir breeding biology. Hams (1967)

studied (hem un Skoldnilm Island. S Wales, where they probably 
behave similarly. Pairs arrive irorn the wintering areas during 
February and early March and take up territories almost 
immediately. Must laying occurs between mid-May and mid- 
June. with average dutch-sue varying annually trorn 2.5 to 3.3. 
The proportion hatching varies lh jfl\44 to 82%. with predation, 
mainly from gulls, being the mam cause o f egg-iois. On 
average, cacti pair produced 0.9 fledged young during Harris' 
study. Birds leave Tor the wintering areas in July and August.

Evidence from Skokholm is that most adults winter within 
a short distance o f the breeding area, many on the nearby 
mainland. A few go further afield, including one which was 
found on ihc Exc estuary. Devon (IT 6km SSE1. Many 
immatures from Skotholm move south to France, though some 
return to breed on the island when they reach maturity. A Devon 
ringing recovery which follows this pattern concerns a bird, 
ringed as a chick on Lundy in June 1966, and recovered near 
Quibenm in Brittany ihe following January.

Though few in number, breeding Ovuerc ate hers do 
contribute to ihe interesting vanety u( the summer coast-line. 
Protection from disturbance could increase their numben, as 
it has done in NW France. Unless this is provided, they ire  
unlikely to be seen in any but the most inaccessible parts o f 
Devon.

I. D. GOSS-CUSTARD
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Dipper
Cinctut cinclus

THE Dipper it  ihe only passerine to lu v t m u n o l  ihc an o f 
feeding under water, l l  i t  common on tau -llo » in | riven jn l  
uream throughout Devon ami it  usually seen perched on a ruck 
in m id-u ream or diving lor food in the ilu llo w i. ll isolien llr t l 
located by its penetrating ill call at il flies, low and direct, p u l 
Ihc observer. Both male and female may be heanj kinging in 
almost any month ol Ihe year.

Dippers are found mainly on clean, fast-flow ing streams 
and r iv e n  in h illy  areas, especially on die slopes o f Dartmoor 
and E im oor. They avoid open moorland and >low -flow ing , 
lowland riven . Occasionally they b n o l on streams close lo  b k a  
or reservoirs. On the N Devon coast. Dippers may breed w ith in 
100m o l the tea. Provided that die nest smcs remun undistuifccd. 
(hey w ill neK in villages and even town ceiurcs, as ihey do in 
Okchampton, Tavistock and Newion Abbot

The map shows Dippers 10 be widespread nn all (he main 
r iven  and most o f their tnbourics. from  sea level lo  over 450m 
a.s.I. They appear 10 be commonest on ihe Dan. Plym . Tavy 
and Otemeai ilow ing o lf  Danmoor. the Hxsi and West Lyn  and 
the Bray on Exmoor and on ihe O iler. This may. however, be 
a result o f better observer coverage. Except when they arc 
feeding young. D ippen may be d ifficu lt to locate, particularly 
those using well-hidden natural sties, o r in sleep wooded river 
valleys. They are scarce or absent in the South Hams, on ihc 
low-lying R iven Clysi and Culm between Topsham and 
Cullompton. on the R iven  Mole and Yeo near South M olton, 
on pant o f ihe upper reaches o f ihc Rivers Taw and Torridge, 
and between Okelumpton and Hols worthy {where there are no 
r iv e n  or large streams). They have never been seen on Lundy.

Although Ihc majority of occupied tetrads <J 10 u* 72%) 
lie between 50 and 200m a.s.I., the highest percentage 
occupation o l available tetrads by Dippers was between 230 and 
400m. perhaps indicating t  preference for upland sites I see 
altitude chan).

In ideal lubital — large riven with plenty o f shallow riffles 
-  iheir may be thiec pain per 2km of river, but overall density 
i l  likely to be much lower. Given an average density o f 1-2 
pain per occupied tetrad, the Devon population is probably 
300-700 pairs. On some Welsh oven there has been a decline 
in the number of breeding Dippen. apparently caused by a 
decline in invertebrates arising from an increase in river x'tdtiy 
lOimerud tt ai 1983). Nationally, however, the Waterways Bird 
Survey index shows thai ihe population is fairly stable and ihts 
also seems to be the case on the Riven Tavy and Plym where 
A. W. G. lohn has studied Dippers since 1976. The large

numbers o f feral mink now prevent in Devon may give rise lo 
increased predation on Dipper nesu in hilure.

Dippen breed in most ol western and northern Britain, in 
Ireland I where there is a separate rate I. and in much o l Europe, 
but are absent I rum southeast England, northern France. Use 
Low Countries and most of Germany and Poland. Their 
breeding range etiend* eastwards 10 the Himalayas, where they 
occur up lo J.bOO m a.s.I., and beyond Lake Baikal lo I20*E. 
Their Urge domed nests, placed I -4 m above ihe water, are built 
mainly o f moss and lined with leaves (otien beech) and placed 
on ledges or in crevicei in bridges, culverts, weirs or walls, 
on rock faces, in overhanging tree roots, and a tew behind 
waterfalls or on old waicr wheels. The female alone incubates 
4-5 eggs for 16 days, then both parents fetal the nestlings tor 
a further three weeks on invertebrate larvae (mainly caddisilies. 
mayflies and stoneiliesl and a few fish. Males are sometime* 
bigamous, particularly where iwo suitable nest sues are close 
together. The average sue o f 110 broods in W Devon, mainly 
on the Tavy and Plym, during 1977*86 was J.5 (A.W G. John). 
This compares well wtth die range o f brood sizes found 
elsewhere in Britain iTyler and Ortnetod 1983). The t in t young 
usually' fledge In late April or early May and second broods 
are raised by 10-30% of pain in W Devon.

In' Britain. Dippers o f the race C. c. gufaris are very 
sedentary and ringing o l birds in W Devon has shown that few 
move more than 3km from their birthplace. However, two 
nestling Dippen from E Cornwall have reached the River Tavy. 
One ringed in May 1970 on ihe River Fowey was trapped near 
Tavistock in September I97S. at the time (he oldest Dipper 
recorded in Britain. A bird caught al Peter Tavy in August 1981 
had been nnged three months earlier near Bodmin. 41km to the 
west. A few birds o f the Continental race C.c. cuutui. known 
as ihe Btack-hcllied Dipper because they lack the chestnut breast- 
band. occur each winter on (he east coast o f Britain. The Dipper 
population is not aifected by w e re  winters, and birds are known
lo Iced under ice when necessary. Adults remain on the same 
territory throughout ihe year. Communal roosts o f up lo 6 or 
7 D ippen may occur u  suitable bridges in autumn and winter.

In a few instancci, traditional nesting sites in bridges have 
been rained by re-pointmg o f the bridge. Nest botes have been 
used successfully with this species and could perhaps be useful 
on some o f the new smooth concrete bridges now being erected.

A. W. G. JOHN
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Kingfisher
Alcedo ait hi s

IT  <i the hijh-pncheiJ flight call which uuu lly  J n w t attention 
to a Kingfisher as. with a flash o f d u llin g  blue, u i lu lm  by 
along a dream i>f river. Bui an observer mu it  be mure patient
lo watch one perched on an overhanging branch waiting to 
plunge into Ihc water alter > fish.

During the breeding k ik m ,  Kingfishers are bird* of slow- 
flowing riven, canals, lakes, ponds and flooded g/ivel-pits. 
dnu th  in die autumn and winter they lend to move downstream 
to tidal water* and n tu u ic i.  Devon is not well endowed with 
slow-flowing rivers and (here are few suitable lakes jnd ponds, 
so u is not surprising that the county population o f Kinglishers 
has never been particularly large. The nup shows that breeding 
has been proved on all the main river systems, but the lasl- 
flow in j upper teaches where they tumble o lf Dartmoor and 
Eunour. so beloved by the Dipper, are avoided by the 
Kingfisher. The Otter ts particularly favoured. with breeding 
records along almost the entire length. There is also a good 
scattering o f records along the Eae. Culm and Yco. Rivers like 
the Dan and Teign, however, which are generally Uu-llowmg 
and fur the most pan pass through geological conditions which 
provide less tunable nesting bants, have relatively tew breeding 
Kingfishers.

Obtaining confirmation o f breeding for this species can be 
very lime consuming, necessitating a search o f aU suitable 
sections o f river in a tetrad. This wouid have been especially 
difficult for observers covering tetrads far front home. U is 
therefore not surprising dial evidence o f confirmed breeding 
was obtained for only 74 tetrads. Nevertheless, with probable 
w d confirmed breeding in only 7% of tetrads in a seven-year 
period and with each tetrad registration almost certainly reletting 
■o jtsu one pair, there is no ilouta that the Kingfisher i t  i  
particularly scarce species in Devos.

Severe winter weather, causing riven and ponds to become 
fatten over, usually results in heavy mortality. This is reflected 
in the Waterways Bird Survey indei which thaws sharp 
(eductions following the cold winters o f 1971/79 and 1981 '82. 
In Devon, where Kinglishers can move to the estuaries in winter, 
these effects are probably not quite so severe as in inland 
counties. On the huts o f the rather sketchy in format ion which 
is available, it is estimated that the Devon population has 
fluctuated during the period o f the survey in the range JO io 
ISO pairs.

b is interesting that Dippers were recorded in nearly twice 
as many tetrads as Kingfishers. This reflects the higher 
proportion o f fast-flowing nvers and streams in Devon.

The Kingfisher bteedi from the British Isle* to NW Africa 
and eastwards across the warmer pans o f Eurasia as fat as New 
Guinea, b is widely, but thinly, distributed in England. Wales

and Ireland on all suitable river systems, but becomes much 
more local in Nonhem England and is very scarce in Scotland. 
Nests are generally eicavated in tteep banks o l tiow-ilowing 
streams and rivers, but sometimes in banks and sandpits some 
distances limn the nearest water. The breeding sawn lasts from 
late March to August and two broods are usually reared, a (act 
that greatly helps numbers io recover a lief the depletion caused 
by severe winters.

The majority o f British Kingfishers arc sedentary and two- 
thirds ofnngtng recoveries refer to distances of less than 9km. 
In auiumn. I here is a limited post-breeding dispersal mainly 
involving Juveniles. The longest movement recorded for an adult 
in Devon was a male ringed at Reel M ill marsh near Totnes 
on 27 lu ly 1973 and found dead a month later at Buckfasilcigh 
( I I  km M t. Recoveries of juveniles include a young male ringed 
at 5Upton on 12 August 1975 and retrapped on 11 September 
the same year at Fleet M ill marsh 03km  N)«nd a young female 
ringed at Slapton on 22 August 198) which was killed when 
it flew into a mirror on 14 December 1985 at Plymouth I JSkm 
W). Occasionally much greater movement* hive been recorded, 
including an immature male ringed at Slaptnn on 4 August 197} 
and retrapped at Viaucntxnek in Belgium on 28 lu ly 1974. This 
was only the second foreign recovery o f a Bntish-ringed 
Kingfisher.

Apart from the effects o f severe winters, river pollution, 
causing fish k itll. is probably the man haaarri lo the Kingfisher 
population o f Devon. In an agricultural counry. the source ol 
river pollution is usually uncontrolled farm effluents, especially 
silage Ikfuor and slurry. Fortunately the South West Water 
Authority is well aware o f the problems caused by some farm 
enterprises and all incidents o f pollution arc investigated, with 
persistent offenders liable to prosecution. Although Devon 
cannot provide enough habitat for a large population of 
Kingfishers, wc should strive to ensure that their entiling haunts 
arc nut destroyed as a result o f modem river management, 
disturbance or pollution.

K. C. TYSON

ktfttnet
EASTMAN. R. IMO. T%t MjmtJuMtr Cofcat. I n«tia

IM



T 4 1 5 I 8 I } I 8 I 8 l 3 l i l I  1 3"

Wthnop Bin* fern? adtt

f l |  CorfenM 

□
frtirii

Id Wadiecâad



Grey Wagtail
Mowctlla cinerea

Whtrt Torrid f t  tumble t 

Daffodil tvtd stone lakr flifhl.
Hail! the Grty Wapait.

H liLu for spring — L R W .

THIS most elegant and dashing member o f the wagtail family 
is common throughout the county. Il i i  normally a u M ilio l with 
fat-towing xm rns ami nvers where tf it  easily kx-aied bobbing 
up and down on water-splashed rocks or flying noisily along 
(he course ol’ ihe river, i l l  dipping tlighi khowmg o ff its boner- 
yellow rump and under-tad covem which contrast attractively 
with the bluc*grcy back and head.

The map shows ihai Grey Wagtails breed along all Ihe main 
nvcn in Devun. bui two other feature* are also evident. First. 
Grey Waguils may be found almost anywhere where there is 
Rowing water, even on metre-wide leats and brooks or around 
reservoirs. One puir even nested cIok to a culvert tunning under 
the A31 near South Brent. Occasionally nesu may be t’oand well 
away (nan water: lor example. a pair nested lor tome years 
in ihe rain or' * farm building at Dean Coombc near Barrator, 
a considerable distance from the nearest water o l any kind. The 
map can be contrasted with that for the Dipper which has a much 
greater depcndcnce on n « n  and stream*. The other interesting 
feature is that breeding occurs at almost any altitude, with many 
nests located around the coast or near river mouths as well as 
on the highest moorland (see altitude chart). The strung 
concentrations in the north and southwest ol' Ihe county are 
pntaMy indicative of the greater incidence o f upland streams 
naming o ff Exmoor and Dan moor which is the preferred habitat 
o f this ip t t ln .

The Waterways Bird Survey indicates that in western h ill 
country Grey Wagtail territories occur at the rate o f one for 
every kilometre of river or stream, fur csample. in N Wales 
in 1974 territories occurred at ihe rale o f 114 per 100km of 
waterway. A survey earned out on a stretch o f the River Plym 
during the years 1983-83 camc up wtth a similar figure o1 one 
pair per kilometre (R. J. Hubble I. The RSPB Exmoor survey 
of I97g Tound that approximately 40 pairs were proved to breed 
in a similar number o l one-kilomeire squares and the RSPB 
Dartmoor Survey o f 1979 found 1.17 pairs per km* across all 
areas of suitable habitat. As an approximation it seems likely, 
there lore, that Devon holds between one and two pairs per 
occupied tetrad, or 1 ,000-2.000 pairs. This compares w iih ihe 
BTO Breeding Alto i estimate o f the population tor the whole 
of Britain and Ireland of 23.000-JO.OUO pain.

Grey Wagtails breed throughout Eurupe as far south as 
Morocco and the Canaries, although they avoid the more 
northerly latitudes and are absent from most o f Scandinavu.

They are particularly susceptible to hard winters when >treams 
become frozen. but the population usually recovers quickly. This 
is reilecied by the WBS index which shows -.harp reductions 
following ihe cold winters o l t978/79 and 1981/82.

A tew pans lay iheir first eggs relatively early, towards 
the end o f March, but ihe majority of lirsi clutches are laid 
during the latter hall 01 April. Two clutches o f normally live 
eggs are usual and a third is sometimes laid. The last young 
fledge in late lu ly or early August (Tylet 1972).

There is no evidence il l emigration by Devon-brecding Grey 
Wagtails, thouvh it seems ihai there is some almudinal 
movement ol? the higher parts ol the moon'in winter. Birds 
from non hern pans o f Britain, however, move >outh or 
southwest in winter giving rise io two recoveries in Devon of 
birds ringed in Antus. Scotland, as nestlings. The first, nnged 
m May 1976 was recovered near Plymouth im  4 March 1977 
and the second, tinged in May 1978 was ret rapped at Otiery 
St Mary on 27 January 1979. There are also recoveries which 
show that birds from ihe Continent I Belgium, Denmark and East 
Germany) move into southern Britain in wtniei. A small spring 
passage it  noted on Lundy Irum late February lo the end ol 
March and there is a more significant passage in autumn during 
September and October (Dymond I9S0). Occasionally, 
movements art noted on ihe mainland, such as a passage of 70 
moving SW near Bnxham on I October 1984.

One notable Devon ringing recovery concern) the oldest 
Grey Wagiai! so far recorded by the BTO Ringing Scheme: a 
male first ringed al Higher Metcombe in September 1972 and 
retrapped at ihe same place in October 1977 and December 
1978.

The Grey Wagtail feeds mainly on insects, including dies, 
small beetles and dragonfly nymphs and therefore the continued 
existence ol unpolluted. free-flowing water where such insects 
can breed is o f vital importance lo ihe lulure o f this attractive 
species.

R. J. HUBBLE

Arferrnft *
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S an d  M a r t in

Ripiiria riparia

ALONG with the Wheatear and ChifTchitT, die rttara o f ihe 
Sand Man in is one o f ihe earlier harbingers o f ipnng. [hiring 
the summer. breeding coionics are located along the courtly'* 
many watercourses and in various sand-pits and quarries. 
Unhappily, in (he Iasi two demies, ihe population has crashed 
and it is now very hard to find i w r  than 10 p u n  in a colony, 
whereas in the mid-1960s there were numerous colonies of 
50-150 pain.

Since the I960*, the breeding distribution has been well
studied in Devon — during 1962-65 io an enquiry by the 
DBWPS (Ellicoa 197)). during 1961-72 in ilie BTO BrttJinj 
Atlas u d  during 1977-85 in the T e n d  survey. During cacb 
o f these periods die gcneraJ distribution remained vety similar 
and, whilst only die earlier survey was quantitative (total 
breeding population between 1500 and 2000 pairs), it was clear, 
during the subsequent surveys, that the species had declined 
considerably.

The map shows that the area to the east o f the R E ie holds 
over 60% ol the confirmed breeding record*. In this regno, 
many ideal Sand Martin nesting banks are provided by a 
combination of slow-ninning rivers in alluvial waicr meadows 
and the prevalence o f u n l jM i  and quarries. The valleys o f the 
Em, Culm and Oner provide much luliable habitat and it is 
along these iha most of die small scancred cofcxues occur. Sand 
Manias appear id show a preference for a new face for the 
euavadon of their nesting holes, whether •  fleshly eroded river 
bank or a newly excavated sand-pit. and dm  factor account* 
for the sometime* quite dramatic fluctuation* in colony strength 
from year u> year. The distribution in the remainder o f (he 
county is very similar to that previously recorded, with small 
nattered colonies on the Yeo near Crediton. the Teign, around 
the mouth o f the Avon at Thurlesione, on the fringes of 
Dartmoor, on die higher reaches o f the Tamar and on the Taw 
and Torridge. With the i | | ic | t i io n  o f records for several yean, 
it is likely dial the map reflects a more optimistic picture than 
b  uue for any one year. Most colonics have very few occupied 
burrows and the county population is estimated id  have been 
in the range 300-600 pain during 19T7-83.

Sand Martin* breed widely across almost the whole o f ihe 
Paicarttic and Neaictic region*, wintering in Africa south of 
Ihe Sahara. S Asia and S America. Intensive ringing in Britain 
in die I960* showed that, in aununn. migrant* depart heading 
SSW down the Biscay coa*t. through Spain and into N Africa. 
Mostly a* a result o f the efforts o f French ringers in Senegal, 
there have been 28 recoveries which show that many British 
Sand Mantn* occur there from February to April. The return 
la spring appean lo occur on a much broader from across the 
Sahara, with several recoveries to or from Algeria. Tunisia. 
Libya. Malta. Italy and Switzerland (Mead and Harrison 1979).

fttring  the mid-1960s, the Sand Mama population

IU

increased, reaching a peak in 1968. but in 1969 the populaliun 
was reduced by 4}%. The decrease continued until 1974. 
Numbers then began io increase, but there was a further drop 
in 1978 and there was another crash in 19W reducing the 
population to less than 10% of what it had been in the 
mid-1960s. There is no doubt that ihe reason for (his decline 
has been mortality resulting Irom drought in Ihe Sahel wintering 
region in Africa. It is considered that the changes in Ihe 
population described above are reflected in the ringing index, 
b is likely, however, that the index overempha*ises ihe drop 
in 1969. because the Sand Mania was the subjea o f an intensive 
national ringing study which ended in 196R.

Quite apan from ihe problems Sand Martin* have faced in 
Africa, there is evidence to suggest ihai a series o f cool, late 
springs in Britain has contributed lo the declinc by delaying 
breeding and consequently aliening breeding success (Cowley
1979). Furthermore, in the spring o f 1984. a persistent band 
o f panicularly cold and inhospitable weather faced migrants in 
Ihe Mediterranean, producing a very prolonged migration 
resulting in a late tu n  o f breeding (Mead I9S5).

Regrettably there ts very little that can be done to hah the 
coreinuing decline o f the Sand Marua population, although every 
eRon should be made to ensure that all breeding colonics remain 
free from disturbance in the hope that the losses in Africa w ill 
be partly offset by increased breeding lucccu.

P. W. EUJCOTT

K tftr tm c n
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Grey Heron

THE Grey Heron it  one of ihe best known British birds, having 
been the subject o f an annual census since 1928. It it  alto a 
bird which conies into conflict with man through its diet o f fish, 
whether caught in a river, garden pond of trout (arm.

In Devon. *11 heronries are in l i r a ,  both deciduous aikj 
coniferous; n o n e  nest in bushes or nedi or on cliffs as happens 
elsewhere.

When feeding. Herons are well distributed throughout 
Devon and can be seen on the coast, oe estuaries. on all river 
tystcms. on inland waters, small stream* and ditches. and they 
even tonge high on Dartmoor. They ohcn feed in areas far from 
the nearest heronry and sonviimcs>fly 10 perch in trees, which 
can give rise lo the mistaken supposition that they are nesting. 
This long-distance search for food is ihe re lore likely to be the 
explanation for many o f the 'possible' and 'probable' breeding 
records on the map. On the other hand, some small heronries 
may have been missed. Most Devon heronries are in the river 
valleys, with particular concentrations on the Dan and Torridge 
systems. Many are long lasting, especially the larger ones. 
Indeed, the one at Shaipham on the Dan was recorded in 18 JO 
and. jJihough ilcu n o j tor a tunc to die I9b0s, is Mill in exivunce 
today. tn tOMQU. unall heronries ofrca come and go quickly, 
particularly i f  they are id areas where there is commercial 
forestry and ihe trees are regularly felled. During 1977-85. 
breeding wai proved ia 3 1 Kinds. Some of ihcse « tre  isolated 
occurrences, for eiample at Slipion (SX84 tetrad ft where one 
pair nested just in 1982. At other tiles, established heronries 
have disappeared overnight when forestry plantations have been 
felled: for example Duchy Wood ISX67 tetrad E). The BTO 
organises the Annual Heronry Census and every few years a 
special effort is made to cover every heronry in Britain. Such 
a survey took place io 1983. In Devon, a total of 320 pairs was 
found in )1 heronries (see Appendix 3). Dunng 1977-8$. a total 
o f 37 heronries was reported, but there were no mote than 33 
in any one year. The fact that the 198} survey revealed very 
few additional heronries confirms that, in receM years, the 
annual census has been fairjy comprehensive in Devon and has 
accurately reflected the changing fortunes o f (he county 
population.

The results o f the Annual Heronry Census show that the 
population o f England and Wales is normally around
4,000-3,000 pairs. However, severe winters, causing feeding 
sues to become unproductive, give rise to heavy mortality and 
reduce the population considerably. This happened during the 
coid winters of 1961/62 and 1962/63, folW»ing which it was 
estimated that numbers were down to 2.230 pairs. It took untd 
1970 for ihe population to recover lo its previous level but 
numbers continued to increase until 1974. since when they have

been stable at around 3.300 pairs (Reynolds 1979). In Devon, 
numbers continued to increase until 1980 wuh no reduction after 
the coid weather o f 1978/79. The population was reduced 
stightly in 1981. possibly as a result o l poor weather early in 
the breeding setsw. and again in 1982 following the severe 
winter, thereafter numbers increased (see graph). The 1983 
survey showed that the population o f England and Wales was 
5,793 pairs phis 2.950 in Scotland (Manjuiss and Reynolds 
1986). The Devon total of 320 pairs is therefore i>l national 
significance, representing about J.7% ol the British populatwn.

In Devon, all nests are huilt in tall trees. They are bulky 
constructions, made o l sticks and twigs and lined with smaller 
twigs, leaves and grass. In Britain, a few eggs are sometimes 
laid in early February, but peak laying is nut until the end o f 
March or early April. There is usually one clutch o f 3-5 eggs 
but second broods have been recorded. Hatching and fledging 
take 10-1 1 weeks, though the young w ill leave the nest 20-30 
days before they (ledge and clamber around on nearby branches. 
A lter they fledge they return regulatty to the nest for another 
10-20 days. Although a lew immatures breed in their first year, 
must do not do so until they are two yean old

The Grey Heron ranges over must o f the Old World except 
Australasia. In N America a a replaced by the Great Blue Heron 
A. htroJiai and in S America by ihe Cocut Heron A. cocot. 
It has been suggested that (he three forms are con specific, but 
they are usually regarded as forming a vuperspectes (Hancock 
and Kushlan 1984).

British Herons are fairly sedentary, even in severe winters, 
and m ini movements arc limited to a radius o f 130 km from 
the natal heronry. A tew. however, cross to Ireland and a few 
from southern England cross to the Low Countries and France 
and. rarely. Spam tBIW |. Some immigration into Britain takes 
place in winter as shown by the recovery o f a Swedish>ringed 
nestling ai Blackawion in March 1948. Very few Herons have 
been ringed in Devon and there is no evidence to show to what 
extent they disperse. Continental birds migrate to varying 
degrees and many cross the Sahara,

Ringing recuveries indicate that the commonest causes o f 
death are front bcu ij shot and by hitting overhead wires. Since 
legal protection in 19J4. the number o f immatures surviving 
their first winter has increased, whereas the more extensive use 
o f pesticides has brought about an increase in the mortality o f 
older birds (Mead f t  at 1979). Recently, (he possibility that 
Herons can be shot legally by fish fanners has given cause for 
concern. Another threat is the destruction of heronries through 
tree felling. Although it would seetn that there is enough 
breading habilM in Devon into which displaced btnis may move, 
it should be remembered that the Heron ts not a numerous bird 
and ihe full consequences o f the loss o f important traditional 
nesting tiles are not properly understood. The destruction of 
heronries through tree telling and uther development should 
therefore be resisted. The conservation ot this species also 
requires ihai rivers, streams and estuaries are kept free from 
polluliofl.

/. F. IONES

M t/rrtm frl

H ancock, i. u»i j k u s h la n  iw t  h,km  /tuxkou* crema
Helm. LiwliM
MAftUUISS. M. I r t  C. REYNOLDS |M 6 Ho* may BTO
Mm  I t) :  (2.
MEAD. C. I . P. M NOHTH IS  ft. waTMOUGH. tV7 9 . T V  n m U ;  
uf t n u k  Grey Htimi. 2». 11-11 .
REYNOLDS. C. M. tV». The kermnn itnsat: 1972-1977 fwputMioa
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FIGURE Die River birds of significance breeding on the rivers affected 

by Roadford. Distribution maps reproduced from Sitters (1988).
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Avocet
R tfu rvirotlra  jvosetttt

The Avocet, w how  elegant shape and distinctive pied 
plumtgc have bccomc nationally familiar n  the 
emblem o f  the RSPD. lirsl started regular wm tiruig 
in England in 19*7. ihe year in which n also rccolon- 
ised Briuin 1 1 a regular breeder.

The winter distribution is largely on estuaries along 
(he Channel )nd tovthcni North Sea coasts ot Eng* 
land; with concentrations in D evon/Corn w ill and 
Suffolk. There arc a few winter records elsewhere 
around ihe coast. including Ireland.

Wintering Avocccs lend to frequent those estuaries 
in which the substrate is largely line tilt. The birds 
often feed communally in shallow water on a rising 
tide, sweeping the bill Horn side 10 side. Such beha
viour is probably associated with feeding on opossum 
shrimps which congregate in large numbers to form 
a band at the edge ot the rising water. Ragwotm s. 
too, arc probably frequently taken, as they are on 
the Continent (Tjallingii 1971). In Suffolk, wintering 
Avocccs roost gie^anously on salt matshes or, with 
higher tides, they ircqncnt islets o l sparsely vegetated 
mud in shallow lagoons. On the Tamar the buds may 
remain swimming in a flock for much o f  the high 
tide period.

Until the mid IV70S most Suffolk birds had 
departed by the end o f  October, leaving only a lew 
to overwinter. Subsequently an increasing number 
o f what is apparently the local breeding population 
has overwintered. Hinging indicates lhat some British 
Avoccis join autumn moulting concern rations in the 
Netherlands before moving to winter on coastal 
marshes in Spain and Portugal, i f  not N and W Africa 
(Cadbury and Olncy iv7>0 .

In Devon, Avoccis do not arrive until late O ctober, 
well after the main departure from Suffolk, and most 
usually leave by the end o f  February. O ne A votct, 
colour-ringed in Suffolk, was seen on the Tamar in 
4 successive winters ig7>~7S and again in IV 7v/*° 
but it is probable that the majority o f  birds are from 
other NW European breeding populations. On I 
December 19H1 at least V4 Avocets were seen o ff the 
Sussex coast, where a spring passage has also been 
observed.

The Figure below shows that except for a slight 
decline in the mid lyAos there was a fairly steady 
increase in the total numbers o f Avorets wintering 
in Britain and IrclanJ until igKo/Ht. The sharp 
increase in is largely attributable to the
increased Suffolk population. Since 19H0/H1 ihe Bri

tish wintering population has represented over 50% 
o f the total o f  adults and juveniles at (lie end o f  the 
previous breeding season. In the mid wimer period 
o f  I vS J /1(4 there were about JB5 birds in Britain.

O ver the period 1V7H—li | an average o f  about }4.400 
A voccis has been counted in January on the Atlantic 
coasts o f  Europe, mainly in France and Portugal, 
though ftoo or so have been wintering on the North 
Sea coast o f  the Netherlands and Germany (IWRD 
data). Britain is at (he northwest extremity o f the 
wintering range o ft  he Avocet.

C- J .  CADBURY
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Turnstone
A rm a ria  interpret

TheTunistone n  a common com al wadct frequenting 
estuaries, sandy bcaches and, particularly, rocky 
shorts. Its chittcnng call and striking wing pattern 
in flight make it one o f  the cAicst o f  w adrri to recog
nise.

In winter, Turnstones arc found along the entire 
c o « l 11pm: o f  Dntain and Ireland, but arc relatively 
scarce along the northwest (oast o f  mainland Scotland 
and the Inner HcbriJcs.

A t the name suggests, T u in u o n n  are adept ai turn
ing over small nonet to obtain hidden food items, 
though (hey alio push aside fronds o f  wrack, and 
lift the trailing leaves o f  cel ^ra» . probe sand and 
hammer barnacles when feeding- Tum stonct have an 
extremely varied diet, but the main food items in 
Britain arc shrimps, winkles and barnacles (H arm
■ 979)- Small winkles are eaten whole and the shell 
is crushed in the girzard, but with large winkles the 
foot, only, is torn from the shell.

Turnstones generally forage in small flocks with 
a more or lets stable membership, and males usually 
dominate females when feeding. When ihe tide rises, 
larger numbers congregate lo  rooti, often with other 
wader spccies, on exposed rocks, tall marshes and 
land spits. Some continue to forage at high tide, either 
on banks ol washed up kelp, or inland on grass fields.

The breeding range encompasses much o f  the high 
Arctic and also extends southward into Scandinavia. 
Autumn migration to Britain starts in Ju ly  and 
includes Scandinavian and Canadian/Greenland 
birds. The latier population remains to moult and 
spends the winter whilst the former puts on fat lor 
further migration to W Africa, where they moult and 
winter (Utanson ri •>( 1979).

The birds that slay for the winter show site tenacity 
from autumn to spring, and movements o f over 
10km  arc rare. They also lend to return lo ihe same 
stretch oi shore each winter (Metcalfe and Fumctt

There are usually about 15%  o f  lirst-year birds in 
ihe winter flocks bui fewer after a poor breeding 
season. This happened in 19 7 1. resulting in only 5% 
first-year birds in the winter flockt. The minimum 
annual survival o f adults is BA% (Metcalfe and Furness 
19*5).

Turnnones pul on a moderate amount o f fat in 
winter in order to guard against food shortages, but
il it lost by March. In April and M ay, fai for 
migration back 10 the breeding grounds is accumu

lated. The return to Greenland and Canada in early 
M ay. when they have only moderate amounts o f fat. 
involves a stop-over in Iceland where birds can reluel. 
Birds that leave Britain tn late M ay with a lull load 
o f  fat could migrate to Greenland without stopping 
in Iceland (Clapham is»7v) A few first-year birds 
migrate with the adults but most remain to summer 
on our coasts. The Scandinavian Turnstones which 
winter in Africa do not return through Britain on 
spring migration.

The winter population o f  Turnstones on British 
estuaries may be about 11,000 , and Prater (tyHt) esti
mated that the overall winter population was in the 
order o f  25,000. excluding Ireland which probably 
has well over j.000 on the rocky shores. However, 
detailed surveys on the open shores o f  eastern Scot
land (between Bci wickshirc and O rkney) has revealed 
a toial o f  t 5,000 (Summers cl j / 1975. T ay and O rkney 
Ringing Groups (984). so the total population in 
Britain and Ireland is probably closer to 50,000.

The Turnstone has a cosmopolitan distribution dur
ing the nun-btccding season, and Britain lies in the 
northern part o f  this range. They can be found on 
the rocky shores o f  N ew  Zealand and South Africa, 
and coral islands and mangrove swam ps o f  the tropics 
at well at ihc temperate shores o f  the Atlantic and 
Pacific Oceans.

a . w .  SUMMERS

Total number o f  tquares in which recorded: 9 j j  (24%) 

Num ber (% ) o f  squares
No. of birds totai
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Common Sandpiper
Aciitis hypolttuos

The Com m oii Sandpiper's h jbu ol b«bbti)|[ promin
ently the water's edge, or uttering its arresting t ill  
at ii skims low over ihc surface on 
bowed wings, m ike it * relatively conspicuous 
species. Despite this however, birds may remain con
cernedly within very rn in cie ii areas tor long periods 
during the winter, and many which are not casually 
flushed in us i pass undetected.

As one would expect <>) a ■peril’s at the extreme 
northern fringe o f its world wintering range, it is 
very scarce with a patchy distribution. The records 
display a coastal bias and a concentration towards tlx  
southwest, with very tew occurring elsewhere. Ana- 
lysing the records Irom estuarine sites tor tltc period 
1969-1975, Prater (1981) found that about o f 
the total wintering population was in SW England. 
The present survey conhrms this concentration o f  
records and the results suggest that, taking inland 
records in addition to the coastal ones, the region 
holds about 50% ul the entire population o f Urtuin 
and Ireland. Although the species is almost certainly 
under-recorded in SW Ireland, where squares 
received minimal coverage, the paucity o f records 
from the cast coast is notable.

The distribution ol winter records is almost an exact 
reversal o f the breeding situatiuu. with virtually no 
overlap in the ranges. Thar an entirely differ cm type 
o f  habitat is utilised in winter is hardly surprising, 
for the fast flowing streams frequented in summer 
are now often raging torrents and upland takes inhos
pitably barren and windswept. There is no evidence 
(o show whether or not it is birds o f the breeding 
population which rentalrt to winter. These m ay well 
move south to be replaced by birds which «csi at 
higher latitudes. A strong autumn passage is recorded 
from mid Ju ly  to September, when large numbers 
occur on the east coast o f England, with fewer in 
Ireland. Very few are seen after September.

In winter. Com m on Sandpipers resort to a I airly 
wide variety o f  habitats, varying from inland lakes, 
both natural and artificial at lower altitudes, to coastal 
estuaries and harbours. It is normally the inner

reaches o f  estuaries which are favoured, especially 
areas having expanses o f  exposed stone or gravel, 
though birds are not infrequently found at estuary 
mouths, particularly where sea-walls and embank
ments arc present. Heavily industrialised areas are 
occasionally inhabited when they are iound adjacent 
to waterways, and sites such as settling ponds are 
frequented. Loyalty (O favoured sues Can be strong, 
sonic being occupied year after year and they may 
occasionally be defended against invaders. The etFecl 
o f  severe weather on the spe« les is unknown, but birds 
at inland localities are more likely in be disadvantaged 
through freezing o f  lakes and waterways, and there 
may be a movement to the coast in hard winters. 
Com m on Sandpipers arc normally found singly and 
seldom associate with other specie's, though during 
several winters birds at a site in Cork Harbour foraged 
wiih Starlings Stnrnn> I'uhiani at a dump o f  animal 
feedstuir. N orm ally, though, the food is small inver
tebrates collected from the water's edge.

The normal winter range is south o f  the Sahara, 
but small numbers arc recorded in the Mediterranean 
basin and in the maritime areas: o f western Europe, 
north as far as these islands. Wintering in Britain and 
Ireland has been known lor many years, but appears 
to have increased in the past three decades. Prater 
(198 1) estimated that the total number present in 
estuaries in winter did not exceed to birds, with as 
many again at other sites. The results o f  the present 
survey suggest that this is an accurate assessment, 
but with the possibility that the Irish population is 
underestimated.

Due to their scarcity during the winter months, 
it is likely that mm i Com m on Sandpipers will attract 
more than the casual glance; they ccrtainly deserve 
more now that there have been several instances o f 
overwintering in llrilain by the very similar Spotted 
Sandpiper .A. mtindjru.

K. HESTON

Total number o f  squares in which recorded: 2)6 (6%) 

Number (% ) o f squares
No. oTbtrJs 
seen ui a day

J +

B rita in  
14 1 (7 4 % ) 

)?(< « % >  »1 (*%)

Ireland
<)i*)y(aa%)9<11%>

TOTAL

(ind. C.l.)
l<Wk(7 0 % )
46(19%)
24(10%)
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Green Sandpiper
Trinjfa othroput

Grren Sandpipers ire most elusive birds in winter 
ind for movl ficldworkers their only contact would 
be a single wader, with while rump and black wings, 
flushed from a ditch or pool, (lying olF high with 
a liquid 'klu-cei-wcct' call. Green Sandpipers arc 
passage migrants and winter visitors to liritam and 
Ireland and generally oeciir in ones ind twos it scat- 
tcred inland localities, with very few records from 
estuaries and coastal sites. They ire nowhere numer
ous and even on passage are seldom lound in large 
numbers. The distribution map shows that there were 
most records in SB England. Those in ih f rest oi 
England, Wiles ind southern Ireland were mostly 
o f  single birds, and there were very lew records Irom 
Scotland.

Cceen Sandpipers breed in the sub-boreal I one 
from Fcnnostandia eastwards and are one o ith e  earl
iest waders to return on autumn passage. They jre  
regulaily recorded in late June, although the peak does 
not occur until August. During passage they can 
occur in conccniranom ot" up to 20 or so birds at 
inland wetland areas, such as gravel pits and sewage 
works. However Britain and Ireland are on the north
ern limits ol the species' wintering range and only 
a few birds remain liter October. There ire  also a 
few wintering areas elsewhere in NW  Europe, but 
the majority oi the population apparently spends the 
winter in ihe Mediterranean basin and in Africa south 
o f  the Sahara.

In winter. Green Sandpipers can be found on the 
margins oi streams, ditches, farm ponds, giavel pits 
and sew igc works. They often occur near chalk 
streams and at watcrcrcss beds where the shallow 
water is particularly suitable for them. There are also 
occasional records o f birds using wet farm gateways 
anil small Hoods in cultivated helds. Their food is 
largely aquatic invertebrates (Oll'f') although there 
arc observations oi them occasionally taking small 
fish. In specially tunable feeding sues numbers can 
build up. For instance up to 1}  have been observed 
in mid winter on a m u ll disused watercress bed in 
southern England. In that situation individual birds 
were intensely lerntoiial, but such behaviour has not

been reported elsewhere (Smith ft <rf lyU-i). Birds 
apparently roost away Irom the Iccding areas but no 
information is available on the sites used.

There is considerable evidence that individual birds 
may return to the same wintering areas for a number 
o f  years. H owever, there can also be much movement 
between sues during the course of the winter, particu
larly during periods o f  severe weather when some 
sites become untenable and birds may be forced lo 
change, move south or leave these islands altogether. 
In much o f N  England and Scotland the weather ii 
probably too severe to allow Green Sandpipers to 
remain on shallow fresh waters through the winter. 
There are as yet no ringing recoveries to indicate the 
origins o f  our wintering birds, although a pullus 
ringed in Finland was recovered in Morocco in 
December.

With such a secretive and mobile species it is diffi
cult to arrive at an estimate o f the wintering popula
tion. An analysis o f county bird reports for (he j  
winters preceding the IVituer A ltji period (Smith in 
prep) indicates a maximum o f  around 600 birds in 
Untain and Ireland. This figure must however be 
treated with some caution. Movements between sites 
during the course o f  the winter would lead to an over
estimate, whilst an unknown number o f birds may 
not have been located or reported to the county bird 
recorders. A realistic figure for the wintering popula
tion is therefore prubably in the range joo-t.ooo 
birds. This represents a very small proportion o f  the 
western Palearctic breeding population o f some 
450.000 pairs (T. I'itrtm a).

K. W. SMITH

Total number o f  squares in which recorded: 59) (1 5%) 

Num ber (% ) o f  squares
No. o f  birds 
seen in a day Britain 

)j* (A l% >  

1 0 4  (IV % ) 
i o j  ( iy % )

Irelandj. (ft 7%) 
* ( 1 7 % ) 
7 <M % )

TOTAL
(incl C .l ) 
) 7 t ( A | * )  
III  (19%)
110 (19X)

Refirrrmei
s m it h . K. w . .  |. m . R t t o  and e. e . t h i v i s . 1984. Studies 

o f  Green Sandpipers wintering in southern Eng
land. f l Study (Jroup Bull. 4a : I J .





Greenshank
Triiiifa iirhuiiirid

The shrill 'u 'w -tfw -u  w ' call o f  the CrtL'nthink is ihc 
mml obvious indication o f  its p to rm c  on m iM dcs 
Or m u ll crecki in winter. Tlit- birds themselves in 
ihtir grey JI>J  while plumage are incompu nous 
igJinsl I he mud. bill they (A c  Hight rcadilv. Hashing 
white rump and dark wings. and calling repeatedly.

The winter distt ibutloil in Itriuin and Ireland it 
predominantly westerly, with perhaps three-quarters 
in Ireland. One o f the most striking feature* o f the 
m ip iv theexicni ul lhe distribution. Very lew O teni- 
shanks winter in cistern DritJin, but ill SW England, 
W iles anti western Scotland Greemhank.* arc fnund 
in small numbers on many estuaries. In Ireland they 
are found almost anywhere there is a sircich o f  mud. 
except on the east coast south ot Dublin and on the 
northeast coast. The principal winter Grcemhank 
localities in Ltritaiu and Ireland in ii)fti)*75 were 
mapped by Prater (n>rtt) and concentrations ol over 
2) were recorded tor A estuaries. J o f  which were 
in Ireland.

The Greens hank's summer distribution is quite dif- 
.fcrcnt. The spines nests across most o f northern Scot* 
land and one pair bred in western Ireland in ly72 
and 1974. The breeding population has been estimated 
ai *0 )-yo } pairs (Ncthcrsole-Thompson and Nether* 
sole-1 hompsnn ly7 ’>)- There have been only two 
recoveries o f Scottish ringed birds: one was recorded 
in Co. Cork in October and ojic in France in Sep
tember. The Cork bird may have been wintering, but 
the French bird was clearly moving south. H owever, 
(he timing o fspring migration provides a strong indi
cation that our wintering birds are drawn from the 
Scottish breeders. Scottish Gtcrtuhanks arc back on 
their territories in early April, about a month earlier 
than Scandinavian breeders, and in approximately the 
tame period that birds leave the Irish and W Dritish 
estuaries. In SE Uriiain relatively few winter, but 
passage is notitcablc in April and M ay. presumably 
involving Scandinavian birds. It was thought that 
the wintering population in Britain and Inland was 
less than the Scottish breeding population, after tak
ing account o f recruitment, and that the remainder

o f  the Scottish birds winrer farther south, in France 
or on die Mediterranean or NW  African coasts. How
ever. it now appears that a much larger proportion 
o f Scottish breeders may spend the winter in these 
islands than was previously suspected.

Grecnslianks feed extremely actively. They probe 
in ihc mud and in vegetation but also pursue prey 
in shallow water by dashing forward with head and 
bill outstretched. The diet includes more fish than any 
other European wader (liunon iy7V>. Even on the 
shore, Gtcenshanks Iced on shrimps, smalt fish, Nrrrii 
worms and crabs, rather than on the small Hydrobia 
and CiHophium which Redshanks T. lOUnus prefer. 
These prey ucms are widely dispersed in a variety 
o f  habitats and help to account for the wide distribu
tion ot the species in Ireland.

Prater ( estimated a total winter population 
o f about ftoo for both islands, From the number o f 
squares 111 which birds were recorded during 1981/ta 
to i9i<j/X4 it can be seen that this is a substantial 
underestimate and one might guess at a total winter 
population o f over 1,000, but probably Ins thin 
l . jo o .

The Grrcnshank is an abundant breeding bird in 
Scandinavia’and (he U SSIt, but almost all these bird* 
are believed to winter south o f  the Sahara (BUT). 
Our birds are important bccause they appear 10 repre
sent the bulk o f  the Scottish breeding population and 
becayve this population is the most westerly in Eur
ope Annual indiccs fur the Uiriii o f  Estuaries Enquiry 
indicate that the species is maintaining its number! 
but the sample is small and excludes most o f the Irish 
winterers.

C . O. HUTCHINSON

Total number ofsquares in which recorded: 4 1 0 ( 1 1% )

N u m b e r  (T») o f  squares
N o . i t tb w ib  TOTAi
te rn  in a day B rita in  Ireland (incl.C.I.)

l - i  171 <<*»%) 107 U*%) 17i  (l*%)
J - }  4 V ( i 0 % ) 69 ()0 %> I I t  ( J ) % )
4 + 17(U%) »*(!«%) »4 (ll% )

Rfjrtrrutt
BUflTUN. r. j. k. 1971;. The Greens hank's food. Pp 

■ 74~ l?7 ill NlT11EtSOlE-THOMPSON. D. and M. NCTH- 
ERUHt-TiioMrsoN. Gttrnihankt. Poyser, Berk- 
hacnstcd.

N E t 1 itk S o tE -T H O M P S O N . D. a n d  M . N ET1IE » S O lB -

t h o m k o n .  1 ^ 7 9 . Crttmhankt. Poyser. Derkhanu- 
ted.
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Redshank

Throughout the year the Redshank's frequent calling 
attracts attention to its presence. A medium siied 
wader. ii is immediately recognised in flight by the 
broad, white trailing edge to its wings, its white back 
and rump m il usually bright red legs.

In comparison with the breeding season, the Red
shank's winter distribution is more coastal, anti il 
occurs along all the coasts o f  Britain and Ireland 
where there is suitable feeding habitat. Some Red
shanks winter inland, this habit being commoner ihe 
further south one goes, but Redshanks remain inland 
in winter only so long as prolonged frosts do not 
affect the ground. When they can no lunger feed they 
move (o coastal areas.

During the wuner. Redshanks occupy areas from 
which they arc absent during the breeding u '»un . 
»u(h as the S coasts o f Ireland. W Wales, Devon and 
Cornwall where they are common winter visitors.

Their winter food consists mainly o f  marine inver
tebrates collected on the mudflats. Hpdrutw, Cor- 
ophium and nereid worm s being the chief food items, 
though away from the shore Iresh water invertebrates 
and insects arc taken. Their habit o f feeding on the 
upper areas o f  ihe shore, winch freeze more easily, 
means that Redshanks arc more vulnerable than many 
other waders to spells o f  cold weather, and are 
amongst the commonest fatalities in such conditions.

Redshanks usually feed singly or in small groups. 
O n smaller estuaries, particularly in the south o f  Eng
land. some individuals take up winter feeding territor- 
ics which arc defended against other Redshanks; on 
larger estuaries and in N Britain this is rare.

Ringing recoveries and observations on colour- 
marked Redshanks, show that the British and Irish 
breeding population is less migratory than any other, 
and many winter 011 the coastal areas on which they 
breed. In addition to hard weather movements there 
is probably considerable movement between estuar
ies. Colour marking has shown movements away 
from small cstuanes in winter, probably in search 
o f better food supplies, but usually other biids move 
in. Thus, the population o f Redshanks on many 
smaller wintering areas appears stable but is probably

transilorv. H owever, some birds visit the same win
tering areas year alter year, as shown by individual, 
wing-tagged Ribble breeding buds, which arc known 
10 winter regularly in Jersey. Devon and W Wilei.
In general juvenile birds tend to make longer migra
tory journeys than adults, and there is evidence to 
suggest that movement o f  the British breeding popu- , 
lation is a slow drift south until January, with a more 
direct return |ourney norih. . ^

Hale (lylU) suggested that hybridisation between 
previously separated populations has resulted in la rg e r^  
individuals which are better able to winter further ' 
north, and they constitute the British and Icclandk 
populations. M any Icelandic birds move into Britain 
and Ireland in winter and it is likely that the majority, 
o f our wintering birds arc o f Icelandic origin. There 
is also evidence ot movement ol Continental birds 
into Britain and Ireland, particularly during hard 
weathei on the Continent. These arc birds ot the wes
tern European hvbnd zone which have bred in D et^' 
mark, Holland and Belgium.

The wintering population o f  Ireland probably coo- 
sisis oflcelandic birds, o f  residents and many Scottish 
breeders, and some birds Irom the north ot England.

The wintering population u f  Redshanks in Britakf 
and Ireland has been estimated at approximately
95.000 (Prater t v ® 1)- The difficulties o f  counting w in
tering Redshanks probably leads to unde res timate* 
so our wintering population probably well exceed*
100.000 birds. Figures from the 15 years o f the Birds 
o f  Estuaries Enquiry have shown a steady decline in 
the January population levels in Britain (BO. 
reports). Declines have been particularly marked oq 
10me estuaries such as the Clyde.

As wintering areas Britain and Ireland arc by h r  
the most important in Europe, harbouring some 7 J%  
o f  ihc total. This is probably o f the order o f  1 j- lo %  
o f  the world population o f  ihe species which almost 
cctiainly exceeds 500,000 birds and may well top the 
million mark.

W . C .  H A L L

Tota l num ber o f  squares in  wh ich recorded: 1 ,607(41% )''

No. ofb iedi
seen in a day

1 —1 *
I J - l i O  111 +

Num ber (% ) ol squares

Britain 611 (]i\)
14 j  (toy.)

Ireland
■ yl Us»%) 
ia j (H *>

7 l  (10% )

Tom 
(incl C .I )

(5 0 %)
4*0<J0%)
Jll (ao%) .'L-

Rtjttenttt
hale. w. c . 19 7 1. A revision o f  the taxonomy o fth t 

Redshank. Tnngj lotanui. Zool. J .  Linn. Sm. 
5 0 : i y v - i 68. 

hale. w. c. 197). The distribution o f the Redit 
in the winter range. Z m I .J .  Linn. Six. j j  : 177*-JJ< 

h ale, w, c . ly8o. itW ru. Collins. London. 
h ale, w .c .  1984. The changing face o f  European wn 

tering areas. In evan i. r. * .. j. D. coss-cuiTX 
and W. c. hale. (eds). C&titdl WaJeti and Wiidjt 
in IVWrr. University Press. Cambridge.
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Black-tailed Godwit
Lim osii liiiiiiij

T ill, elegant and gregarious, Black-tailcd Godwit* 
have a much more linnicd distribution in Britain and 
Ireland than the more widespread but decidedly drab* 
ber D at-u ilc iJdud w iii L. hpponirj.

The Black-tailed Godwit* which winter in Britain 
and Ireland are ot' the Icelandic breeding rate L. I. 
iiianJUa. Some birds may nest in northern Scotland, 
and there is a noticcablc passage Irom the end o f June 
onwards as birds move south to winter in Bniasn. 
Ireland. France and probably Iberia. Must ot Eur- 
opc'i breeding bird* are o f  the nominate race L. I. 
limoto which winter mainly in West Africa north o f 
the equator; a tm a ll number breed in England, mainly 
in East Anglia, and there may be a small passage, 
but lew i f  any winter.

The main concentrations in winter, as in autumn, 
arc on the estuaries »l the vouih coasts ol Ireland 
and England, inland in the Shannon valley, on the 
Stour and Hamford Water m eastern England and 
on the Ribble and Dee tn NW  England. The preferred 
estuaries arc muddy, and where Black-tailed G odw in  
occur at the same sites as Bar-tailed Godw its they 
arc usually found feeding on the inner estuary wlierc 
the sediments are finer, while the Bar-tailed Cudwits 
prefer sandier hanks on the outer estuary. Black-iailcd 
Godwits form relatively tight docks while feeding, 
normally separate from other waders, though some
times with Redshanks Tri»^i> lounut. Although ihcrc 
have not been many sttidies o f  winter diet, Black- 
tailcd Godwits appear to feed largely on worm s at 
this season. Lugworm s and ragworm s ire favourites 
on the Ribble (Hate ivKo) and earthworms inland in 
France (8IVP), though aicurrcnt Irish study in J i r i ln  
that HyJrobi* and small bivalves arc important at C lo- 
nakiliy estuary. When high tide covers the coastal 
feeding zone they fly to roosts, normally oti damp 
pasture but oltcn on reclaimed land and only rarely 
on stony shores. Frequently they fty several kilo
metres inland to suitable pasture. In western Ireland, 
flocks o f sc vcral hundred birds winter un flooded pas
tures at sites in the Jtiver Shannon valley and on the 
edge o f a few lakes; these show up well on the map. 
Merc they occur dose tu large numbers o f Icelandic 
Golden Plovers /Vuvufit apm'iina, though mixed 
flocks arc unusual.

Black-tailed God wits occur in peak numbers in the

period from mid August to mid September. In Bri
tain there is a fall 111 numbers in Octobcr. but this 
is tar less marked in Ireland where numbers al most 
sites arc not much lower in December than in autumn.

There is an increase in S and SW England alter low 
numbers in Novem ber, but the reason ts unknown 
(Prater ly# l). From January onwards. Black-tailed 
God wits decrease on the Irish suuth coast and assem
ble on the Shannon estuary (where over 16.000 have 
been counted m Apnl) and on the Little llrosna in 
the Shannon valley (up to 4.(too 111 February). Except 
for 1 he cold winter o f  iv^a/M . when Black-tailed 
Ckkdwns were scarce in S and SW England, there was 
a steady and sustained increase in numbers in Britain 
from the early ly jo s , when less than 100 wintered, 
to the mid 1970s (I’ raier ly 7 j) , and a considerable 
increase was also noted in Ireland (Uuttledge 
This increase in winieting numbers was attributed to 
higher breeding numbers in Iceland and followed cli
matic amelioration. From the in id lytos, a cooling 
o f  the spring climate was noted and a decline in win
tering numbers was predicted (Prater H>7J)- This fol
lowed. and after the eatly 1970s the decline was rapid, 
the population reaching its nadir in 1977/78 in Britain 
when only ao%  o f the numbers wintering in i9 7 i/7 )  
were counted (Marchant IvH*). Since then, there has 
been a steady recovery m Britain and numbers in Ire
land appear to be holding up well.

The winter population in Ireland was estimated at 
about B.000-10.000 birds in the years 19 7 1-7 J  (Hut- 
chinsun 1979); in Britain there arc presently perhaps 
another 4,000-5,000 (Birds o f  Estuaries Enquiry 
reports). There arc no more reccnt estimates o f 
numbers in Ireland.

C . D. HUTCHINSON

Total number o f  squares in which recorded: 246 (6%)

Number (% ) o f  squares
No. o f birds t o t a i
tern in j  day Britain lictatid (mcl. C-J.)

1—4 j i  ( j j% >  (} ir tb )
J-liO  17(J«% )
l it  i j  (1.1%) aft(18%) 49 (10%)

Refntnin
HALl. w. C. IvAo. W jJtrt. Collins. London. 
M ARCllANT, ]. l«. (cd.). I9NI. B irJl oj Elliaihfi Enquiry

t<t7b~77 »  >97*-79 B T O . Trm g. 
r»A Tt.», a . j. 19 7 5 .  The wintering population o f the 

Black-tailed Godwit. Bird Study 22: 1 1^ -176 .
■ utTitiiCE, i. t. 1966. Ireland'} DirJt. Withcrby, Lon

don.
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Dunlin
Cdlitlris jlp iu a

The Dunlin is the mow abundant o f  our short waders 
in winter, occurnng almost anywhere on the coast 
where mud is present. The tightly packed, Concerted 
aerobatics o f  large Hocks moving to high-water roosts 
are one o fth e major attractions o f  large estuaries.

In winter. Dunlins arc predominantly rm tu l. with 
large concentrations at estuaries and other large tidal 
flats. They commonly occur also on most other parts 
o f  the coast,’except ditfs and very exposed situarions. 
particularly in the northwest. Smaller numbers occur 
at inland sites, especially at migration times, and 
mainly from Yorkshire southwards in Britain and in 
Ireland. At such kites, ilicy require exposed mud or 
shallow water, for example at sewage (arms or on 
(he banks o f reservoirs.

In winter. Dunlins feed mainly on small invcrtc- 
brates living in mud. These are often detected factually 
by the bill, and small prey may even be swallowed 
while the bill is still in the mud. The birds generally 
feed in Hocks, staying dose to the tide edge. where 
the ptcy animals tend to be nearer the surface than 
arc choir on drying mud. The birds may form large 
roosting Hocks at high water bui. particularly in mid 
winter, feeding may connnoc in nearby fields and 
atntght. The probability o f  very severe weather, when 
food is most needrd and most Jifficuh 10 find, is grea
test in the east o f liritaiii. Accordingly, birds winter
ing in the northeast carry the largest mid winter fat 
reserves lo aid survival over such periods, whereas 
those in the southwest accumulate little fat (Pten- 
kowski tl a I I97v)

The winter distribution differs totally from the 
breeding one, which features inoorlami. machair and 
some .salt marshes, mainly in (he north (BrrrJinf 
Allut). Different birds are involved in the tw o seasons: 
British and Irish breeding birds winter further south, 
probably in W Africa, whilst the birds wintering in 
Britain and Ireland arrive (tom northern Scandinavia 
and U SSK . Birds from Iceland and Greenland pass 
through Britain in spring and autumn (Hardy and 
Minton iy8o. OUT*)

In autumn and early winter, the Wash and the 
Wadden Sea. extending from Denmark along the 
German and Netherlands coasts, are particularly 
important moulting sues, possibly bccausc tlicir vast 
areas give greater safety from land-based predators 
while the birds' Hying abilities arc impaired. In Octo- 
bei-N ovem ber. after moulting, many birds move

westwards to areas o f milder winter climate In the 
Waddeit Sea. in addition to colder weather, there is 
more chance than further west of tides being held 
over the feeding grounds by high winds (Picnkuwski 
and Evans iy8.»). Some areas, ( ff cast coast o f  Eng
land. Irish Sea estuaries o f  Britain. SW Netherlands) 
both lose and gam Dunlin populations at this time; 
whilst others rcccivc ihcir mam inHux for the mid 
winter period (ry E Scotland, Ireland, S and SW Eng
land and Wales, France and Iberia) (I’ icnkowski and 
Ptcnkowski lyB j), In February to April many birds 
return eastwards again, before the migration to the 
breeding grounds. Within each seasonally used area, 
individual birds tend to be faithful to particular sites, 
both within and between years (Symonds t u l  iy8*). 
(Symonds f l  ill iy*U).

Winter counts indicate the population site o f the 
nominate race (from N Scandinavia and U SSR) to 
be about 1. j  million, while that o ft he other E Atlantic 
populations (Greenland, Iceland. Britain. Ireland and 
Baltic basin) to be about I million (M W ). About half 
a million o f  the former spend the winter in Britain 
and Ireland. Population numbers have fluctuated 
over the period o f  census in the last i j  years, particu
larly further south in Europe. This may reflect variable 
breeding success in different years in Arctic areas.

Britain and Ireland are extremely important areas 
for Dunlins, holding about half u f the W European 
mid winter population and probably many other indi
viduals o f E Atlantic populations during migrations.

M . w .  P IE N K O W S K I

Tota l num ber o f  squares in wh ich recorded: I.OftJ ( i 8V.)

N u m b e r (% ) o f  squares
N o  ut birds t n i * i
ic tn  in a day D riiim  Ireland find . C.I.)

1-yO 4 1 * (jalW) IO* (4 4 %)
91-yOO i l l  | ) 7 % ) y7 (W *) J< » ()0 % )

SWU- ifty< ! '* • )  4 l ( i 7 ^ )  a i l  (10% )

Rrftrrntrs
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p ienkow sk i, m. w . and ». * . evans 1984. M ig ra to ry  

behavior o f  shorcbirds in  the western Palcarcric. 
Pp 7 j - t  j j  in  ouRCtn, j .  and b . l . o l i a  (eds). Short- 
bird 1: Mifrattonand Feraf mf brftavwr. P lenum , N ew  
Y o rk  and London.

PIENKOWSKI. m. w  . c . s. n o v o  and C. O. T. MINTON. 
ty7V Seasonal and tnigrational w eigh t changes in 
D unlins CdiiJnf atpinj. Bird Study 16: 13 4 - 14 8 .

riENKOWSK), M. w . and a. t .  MENKOWSKI. I9*J- WSG 
project on  the m ovem ent o f  wader populations in 
western Europe: e igh th  progress report. Wader 
Study Group Bull. j8: i ) -U .

SYMONPS, f. I . .  D. R. la m o s io w  and M. W. n£M- 
ko w s ju . I y*4. M ovem ents o f  w in te rin g  shorcbirds 
w ith in  the F irth  o f  Forth: species difference* in 
usage o f  an in te rtida l com plex. 6 >o/. Conurv. it:  
1 8 7 - i i j .

B t r r J i n f  A l t a i  p iy<

108





Grey Plover
P lu v ia l is squiiitirolii

...

Although Grey Plovers are often seen tootling at high 
water within dense Hocks o f  K n o ii  C a liJr n  ijn u lm  
and Dunlins C . alpittit, they ivniit such rtocks while 
feeding. Instead, Grey Plovers charactcristically 
spice our across ilk: higher niudlliis, iw iy  from the 
concentrations ol oilier waders at {lie tide edge.

The winter distribution is almost entirely coastal, 
the lew records inland probably being o f juvenile* 
on migration. Crey Plovers are concentrated on the 
larger and muddier estuaries, particularly in SE Eng
land from (he Wash tu the Solent and in NW  England. 
They are widespread but less abundant elsewhere in 
Britain and Ireland, but absent from large areas o f 
N  and W Scotland. O ikncy and Shetland.

Grey Plovers eat a variety o f burrowing intertidal 
invertebrates, tlieir diet changing between iites in par
allel with (he ptey species available (IV iikuw ski 
iV ti). Their lecding method rchcs upon not disturb
ing prey temporarily present at the surface ofthe mud. 
so Grey Plovers never feed in tight Hocks. On some, 
but not all. intertidal areas (hey dclcnd feeding terri
tories. A fixed area o f mud may be defended by the 
same individual each low  water period, by day and 
night, throughout several successive winters. H ow 
ever. within an estuary. Grey Plovers do nut dclcnd 
feeding sites on all inudHais and tetritotiality is more 
likely under certain conditions o f  prey availability, 
bird density and habitat type (Townshcnd ft al t'jS.|). 
Night Iccdmg may provide at least as much o f their 
food requirements as daytime Iccdmg.

G rey Plovers v is itin g  B rita in  and Ireland com e to  
us fro m  th r  W  Siberian breeding g rounds. T hen  m ig 
rations are com plex and occur th ro ughou t the non - 
breeding period. In  August the Wash is the most 
im po rtan t area in  B rita in  and Ireland fo r G rey 
Plovers, w ith  up to  J .o o o  m o u ltin g  and 1,000 passage 
birds (Branson and M in to n  11)76). Juveniles a rrive  in 
September and O ctobe r: and in  N ovem b er, a lte r 
m ou ltin g , some adults and ju ven iles m igra te  south 
to  SW Europe and W  A frica : others rem ain all w in te r, 
and m ore b irds arrive fro m  m ain land Eutope. The 
same pattern is seen at T ecsm outh . where fu rthe r 
in fluxes occur in  December o i b irds that left the E u to -

fran coast due to low temperatures there, followed 
y an arrival in late winter nt Grey Plovers moving 

north after spending the mid winter period lurthcr

I BA

south in Europe. A gradual emigration, probably to’ f  
the Wadden Sea, occurs during February and March, ’ S K  ^  
and sptiug passageduring April and M ay. This pattern 
o f  movements is probably typical for cast ana south 
coast estuaries. In W Britain and Ireland there ts a - i ; .  
smaller autumn passage: also some westerly move* j j l i  
merit from the Wash (rf to the Severn) may occur j j f t i  
in Novem ber.

The pattern o f  intertidal territorial behaviour and 
timing o f  seasonal movements o f  each individual a rc .- lif iij 
determined during the first autumn o f  life, following *!S5jl 
com pet 11 ion especially with adults (Townshend 19I]).
Larger juveniles are more likely (o acquire territories j l ; ’ 
and more likely 10 stay at Tccsmooth ail winter. ^

The number o f  Grey Plovers recorded by the Birds 
o f  Estuaries Enquiry increased steadily during ih *.
IV70V perhaps due to a reduction in shooting pressure 
and a series o l good breeding seasons. Certainly, year 
to year variation in the number arriving in Britain 
and Ireland each autumn is due mainly to dificrcneci 
in the number o f juveniles. Because o f  their complex t j{ j{  
pattern o f seasonal movements it is difficult to e«i- Vj i  
mate the total number o f Grey Plovers visting Britain '* w  
and Ireland during (he whole non-breeding period.

Ilcccnt counts from the Birds o f  Estuaries Enquiry .’j i j  
and Hutchinson's ( lyTy) estimate fur Ireland support *&t 
a total o f nearly jo .000 birds in January. This coniri- 'T 'J 
tutes mote than one third o f  the European winter 
population (about 50,000. BIVI’). Britain and Ireland 
are at the northern edge o f  the range o f the Grey *■** 
Plover in mid winter. Large numbers o f Grey Plover* .AtjJ 
also occur on the Wadden Sea in autumn and ipnng 
and in W France, Iberia and W Africa in mid winter, '-ft 
with mainly males in the north o f  the range and l iL s a  
females in the south. ‘ j J j S

O. J .  TOWNSHEMD

Total number ofsquarcs in which recorded: 6 11  (16%)

No. of b«rds 
K d i  in t  Jay 

i-A

66+

Num ber (% ) o f  squares

Britain 1)1 <«U%)
lUOv'M
•01 (ia% )

Ireland

ii(U%)

TAT At
(UKl.C.I.)
Jll <*>%> 
t» (jo % ) 
114 («»%)

R r / r im n
m anm jn, n. j. b. a. and c. d. t. minton. 1976. Moult, 

measurements and migrations o f  the Grey Plover, 
fltfj StuJy jj:  257- 2<SA.

M in k o w sk i. M. w . ty # i .  Diet and energy intake o f  
G re y  and Hinged P lovers, Pluvuilit tqudt*ral* a t^  
Chjradnut hiatitula, in I he tson>bi ecding season. J’.-.-f 
Z*>l. Lon4. 197: $11-549.

to w n ih e n d .  u. ). 1985. Decisions fo r  t  life tim e ^  
rs tab lishm en i o f  spatial defence and m ovem ent pa t- '' 
terns by ju ve n ile  G rey Plovers (Piuvialis tqmtmU). '  
J . Antm. Etol. 54: 267- 174 .

IO W N S K E N D . D. r. ). DUCAN and M. w . ftENKOWUX.1 
19H4. The  unsociable p lover— use o f  in tertida l areas 
by G rey Plovers. Pp 140-1)9 in  evan i, r.
D. C O SV -C U StA R D  and w .  c .  h a i e  (eJs). Consul 
IVjJtrt and Wildfowl in Winlrt. U n ive rs ity  Press. ^  
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Ringed Plover
C h a redriu i h iatuulii

it

m m *

n&
Found irnoitd j Iiiiom  ill our co jsrv  in winter. Itingcd 
Plovers cut be t in u t k ih ly  im n n tp K m iu i until iliey 
call or d in  10  citch i  prey in im il. This is beciuse 
their disruptive held ind breist m irkings cm  ciusc 
them to merge with the bitkground. until they move.

The winter distribution is lirgely  coastal. with small 
numbers it  som e iiibiid w etlind klti'i. These inlind 
occurrences ire  miinW m lowland eistem  Englm d 
arid do nut griKTilly coincide with (he inlind sites 
recorded in the Dretthtty Altai, which were m iinly 
uplilld ire is  ind river systems in  northern l)ri(iin 
ind Ireland. ind some Eist Angliin heiths. The rocky 
( d i s i i ,  dilTs inti other narrow, exposed shorts, 
m iinly lit NW  Scotland and SW Britain. ire ivoided 
in winter. Most other lo is t i i  ircas ire used, though 
not ill by breeding birds m summer, probably bt'CJUK 
o f  human iliuuib iiito . The niim  wuner coiiccn- 
tn d u n s  ire o n  i i«  j>  o f broad o n d y  beaches ind 
muddy Sind in estuiries. where (he birds Iced on i 
wiiic variety o f  small invertebrates. especially worms 
and crusticcint (Ptenkowski lyH l. UH'/*). Plovers 
hunt visu illy , standing still, scinning in  ir e i  for signs 
o f movement which indicite (he presence o f  prey it 
or neir the sind surface.

Sonic Ringed (Movers remiin near their breeding 
areis in winter (1‘ ienVowski lyrti. N . E. Uuxion). 
giving rise to (he com attritions in the T him cs estu
ary. N E  Englind/SE  Scotland, O rkney ind the Outer 
Hebrides. M in y  others move w estw irds, is feeding 
conditions become more severe in the colder eist. 
where low  tcm penturcs increise food demand but 
m ike piey inictivc ind therefore dillicult to detect 
(Picnkowski lyMi). Thus thctc are high numhers oil 
Irish S r i estuiries ind i( suidble sites iround Ireland. 
Because some Ornish birds return to their breeding 
ireat as early is  Fcbn ury, this coiicciitrition in the 
w en in winter m iy  be even more marked (hin 
recorded on the nup.

In iddition (o Dntislt breeding birds, some Conti
nental birds, in iin ly  from the W idiicn Sei ind Uiltic 
coasts. winter in Uriuin m il Ireland. lit the south, 
colour-ringed birds from Eist Germany h ive been 
seen (A. Sicfke). Some British breeding birds move 
south to the Continent. Birds Iron) the lirger irctic

breeding popula lions occur only on spring ind 
lutuim i passage.

The tirrrJiiif Alla 1 esiiniatcd (he number o f  piiit'’ 
in Uritiin ind Ireland is  li.ooo. but the iyV} Wider ^  
Study G roup/N iture Conservancy Council Survey. J* 
o f the U isis doubled the previous estimate for die 
ir c i  to 1 . 10 0  (Green lylt)}. m iking the total about'
9.000 purs This is perhaps equivalent to 1  winter * 
populmon o f  about jo .000 birds, liter allowing for./ 
young produced and surviving. Prater (1981) csb- -) 
Rutcd die mid winter population ol Uingcd Ploveri
in Britain ind Irelind to be 10.000-15.000. However,'^/, 
the m ip suggests thu the reil (out nuy be more duo ;  
lo.ooo. This difference from Prater (lyHi) is not »ur».r 
prising is  the Birds o f  Estuiries Enquiry (and the.; 
Wcrlinds Enquiry in Irelind) did not attempt to cover!! 
ill nun-estintiiie coasts. sotne o f which arc very* 
important to this species. In fact is  1 result o f tho* 
B TO /W SG  Winter Shorebird Count, i he wintering'1 
populition is now known to be i 5,000-J 0,000 bird*.
In addition, Hutchinson (»V7V) esti mated 5,000-
10.000 birds in Ireland, m iking a total o f  ib o a fl ! ' 
)5.000. Allow ing for the emigration o f some bird* ' 
ind immigration o f  others, (he breeding ind winter*- 
ing esti mites ire  now o lih e si me order o f magnitude.':''

Many more (tinged Plovers winter in SW Europe.{ 
ind Africa, where this species forms 1  much higher 
proportion ol the shurebird community (Pienkowsb 
lyKi), Britim  ind Ireland ire on the northern edge 
o f  the species wintering ringc, but the coaiu Ifc ' 
obviously ol’ greit im portince to (he locilly brcviiitttl 
birds ind short distince m ign n tl. -■ ?

M. W , riE N K O W IK t

Totil number o f  squires in which recorded: t,0)l (17%) v

Number (% ) o f  squires
No. of birds m iu
seen at 1  dly Uriinit Irelind (mkI. C.l.)

l-ilt |U ()4 % ) 101(40%) } 1 7 {]oK)
ly-Ao U i(iv X i) )07(j0%j
Ai + 1 }7 (|R%) Ay IOT(mTW)

Rrtrrnnri ^
CKtkN, t .  11. iv * J .  W S G /N C C  survey o f w»dcn- 

breedmg on the Hcbrtdein m ichiir ind idjiccnC1'  
IjimJ. ivM). W jJtr S tu Jf Qroup Butl. jy : 5-8. 

pienkowski. m. w. lyH i. Diirerences in h ibid t 1.^  
ements ind distribution pitterns o f plovers 
sandpipers is  investigited by studies o f  feeding', 
behaviour. Prot. IW RD Feeding Ecology Sytnf 
Gwatt. Sw itierlind . September 1977. Vttk. 
G r j . & y m i i ) :  10 5 - 1 14 . • -■

ritNKOwsKl. m. »/. 1 yXi Diet ind energy in ta k e ^  
(jrey ind Umged Plovers. P luvulii iqudtdrot* aid* 
C/idrrWrnii hiMuula. in (he non-breeding seasoo. J .

L m iJ .  iy 7 :  5 1 1 - J 4 7 .

rttNKowsKt. m. w. 1914. Uehiviour o f young Ringed'
Plovers O idrjJriui hiatitula ind its relitioe fa  
growth ind survival to reproductive age. tbil
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Oystercatcher
H artnaiopus oitm ltyus

The Oystercauher is a familiar and unmistakable 
c o jiu l  tpccin  which lu t u i j u J  much co m ro vm y 
over 11% supposed competition with nun.

M oil o f our breeding birds winter on the coasts 
o f  Britain and Ireland, where they are joined by 
immigrants. Adults leave the estuaries in February 
2nd March and start returning in life Ju ly. The origin* 
o f these birds differ between coasts. Birds wintering 
on the west coast o f  llritim  and in Ireland breed in 
Scotland, the Faeroes and Iccland whilst those win
tering on the east coast o f  Britain are almost exclu
sively o f  Norwegian origin (Dare I V7o).

The biology o f  Oystercatchcrs is closely dependent 
upon ihat ot shellfish. Cockles and mussels arc lucra
tive. thick-shelled prey that other waders arc incap
able o f opening. With their powerful beaks and strong 
musculatures Oystercatchers arc well adapted to open 
these bivalves, and the abundance o f these prey species 
(plus (hr other bivalves Mjtoma bttllhiia and S<roinw- 
lana pUna) largely determines the distribution o f  the 
largest winter gatherings. Six estuaries hold over jo%  
o f  Britain's Oystercatcher population, but as they also 
take polychaete worm s, crabs and limpets O yster- 
catchersare found around ( - actually the entire coast.

tn parallel with the increase in inland nesting 
recorded in the B irtJin f .I iI ji . there has also been 
an increase in feeding in fields up to 7 ktn inland espe
cially around the Irish Sea and the Solway. Seeking 
for cjrthworm s appears tn be a rcccnt habit which 
Dare ( iq A 4 ) suggested originated in  the 1 9 6 2 / 6  J 
winter after much o f  the estuarine prey had been killed 
by the harsh weather.

As Oyitercatchers are usually faithful to their win
tering grounds, populations appear fairly constant 
from year to year. This situation can alter markedly 
if there arc dramatic changes in (he prey population. 
Between the winters o f  1960/61 and 1961/64 the vast 
cockle slocks o f Morecambe Bay practically disap
peared and the number o f  birds plummeted from 
about n o .000 10 11.0 0 0  (Dare The fate o f the
missing birds is unknown although Dare suggested 
they may have moved to the Wadden Sea. A similar, 
though reverse, phenomenon occurred on the Kibble 
Estuary (Lancashire) in which a i .  000-fold increase 
in the number o f  cockles resulted in a four-fold 
increase in the number o f Oystercatchcrs (Sutherland 
19M2). There was evidence ihat juveniles and imma
tures were disproportionately abundant during the 
year o f  population increase; in (he subsequent years 
the declining population consisted predominantly o f  
adulis. Thus ii seems that juveniles and immatures

move to estuaries with uncxploitcd food whilst adult* 
return to previou* haunts. :'j,

The Oystcrcatchers’ skill at opening cocklcs and ‘.1 
mussels has made them unpopular with fishermen' 
with whom they may compete for lood. During the ** 
winter o f 1963/64 there was a massive spatial) o f ’ 
cockles on the Uurry Inlet which led to excellent". 
yields m subsequent years, liy  the cime the cockle, 
population had returned to its usual level, O ysier- 
catchcr numbers had increased from 8,000 to 15.000."'' 
The fishermen demanded a cull o f  Oyste real chert to. 
return the population to earlier levels, and a total 0^*'
10.000 was shot in the autumns of^ 197) and I974.’ ? 
Ironically, after this cull had been carried out, the ' 
cockle population plummeted for unknown reason*.'.'? 
H orw ood and (itm -Custard (1977) reanalysed iht *•. 
data and suggested I he impact o f  O yster catcher* tutf* 1 
been exaggerated. The public outrage, the shifting o f '  
opinion towards conservation and the subsequent rr-^ 
analysis ol the Hurry Inlet data make it unlikely tiut> 
such a cull will be repeated.

The Birds o f  Estuaries Enquiry estimates [he British*.; 
and Irish wintering population as joo.ooo birdi*>>> 
which probably accounts tor more than 4 j%  o f E m *, 
ope's Oystercatchers.

W. J . SUTH[*LAJtt>\ '

Total number o f squares in which recorded: I .j j j  (40%)

Num ber (%) o f  squares
- - . >Vl5No. o f b ird s  TOTAL

teen ui a Jay Britain Ireland (ind. C.l.) T-.
i -« 4  1 4 6 (4 1 % )  •

4J - i i }  J J i  <J7%) lj l( ) * % )  4*o(jo% )rt
aa*+ i |4 70(10%) 407(10%)

■\&r
Rtjertturi
Da«£. r  j. lyfitS. The breeding and wintering 

tions o f  the Oystercatcher (themalopus ettrtitfiui 
Linnaeus) m the British Isles. Fiihrry Invett. Loni, 
Set. ii i )  (j): 1-A 9 ,

oa*e. r. j. 1970. The movements o f  Oyitercat 
HjrmUi>pM iiitrjlrfui L., visiting or breeding in 
British Isles. Fishery Invrsl. Land. S n .  J(2)(9): l- l

IIORWOOD, j .  W, and |. o. go sv-cu sta id . 1977. 
tion by the oyttercatchcr Hatmatoptit ourali 
relation 10 the cockle CttmioJrrma rdute (L.) 
in the Burry Inlet, South Wales. J .  AppI. Etat.

suTiitRiAND, w. }. 19I2. Food supply and dupe 
in the determination o f  wintering population 
o f  oystercatchcrs Hatmatoput ouratrgus. Eit, 
and Shrl/Sdeitu 14 : J 1
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Water Rail
R tillu i aquaticus

m 0 »  

M

The Water Rail it one o f  the most elusive birds, winter 
and summer alike. It is the prime skulker in dense 
wetland vegetation, its body is  well adapted in its 
lateral compression to slipping between the reed 
stems as are its long-toed ket to supporting it on 
soft mud or floating leaves. Its plumage, a mixture 
o f  browns, greys and buffs, camouflages it well, and 
every movement it makes seems to be considered 
beforehand, executed slowly and carried out with 
stealth. In summer, breeding Water Hails draw atten
tion to themselves by horrific pig-like squealing cries, 
but such advertisement o f their presence is rare in 
winter. O nly when conditions are really hard, when 
frozen mud and water force the Water Kails to seek 
food outside the shelter o f their protective vegetation, 
or when the observer is particularly stalwart and pre
pared lor a long quiet wait, are they likely to be seen 
well.

Against (hit background, if i> interesting to see that 
the winter distribution o f  Water R u li is at least as 
wide as that o f  summer birds portrayed in the Breeding 
Aihii. Clearly the distribution ol suitable swamps, 
and their chances o f remaining unlroren through the 
winter, play a major role in determining this distribu
tion, and i f  the bird was more conspicuous (here is 
little doubl that it would be reported even more 
widely.

In Scotland, the winter pattern resembles that o f  
(he breeding season, but with more positive squares 
in winter in O rkney and Shetland. In England and 
Wales the pattern is roughly the same between sei- 
sons, though occupied squares are denser overall in 
winter and there are appreciably more records from 
Devon, Cornw all and along the Welsh coast. Only 
in Ireland does there seein to be little change in distri
bution, coupled with fewer squares with records in 
winter than in summer, but perhaps this is a reflet lion 
o f  recording difficulties where ornithologists are 
fewer and potentially suitable habitats more numer
ous.

Under normal conditions. Water Rails have a very 
varied diet, including a wide range ot wetland inverte

brates, ranging in size from insects and their l im e  - 
to shrimps and molluscs; to which can be added m any 
vertebrates they may encounter, such as frogj u d -  
newts, and in  unknown proportion o f  vegetable m as
ter. This includes energy-rich tuberous roots and rh»»' 
zomcs. seeds and berries (including grain), and (leu ; 
profitably) grasses.

When weather conditions become severe. Water1 
Rails arc forccJ by hunger to tackle carrion and i l w ,  
larger live prey, olten including birds, o f which 
spccies have been recorded. These attacks are charac* 
tensed by an initial stealthy stalking approach, ending'  
in a rush to seize prey, which is then battered to dcatn;’ 
on the ground. The Water Kails themselves may be* 
at risk too. as there are records o f several G rey Hcrooi 
Ardeii (inertj  catching, drowning and eating W auf 
Kails Hushed from hiding on the Dec Marshej 
Cheshire (Flegg 1981). Norm ally, Water RaiU 
solitary or only loosely gregarious during the winu^T 
months, but there arc places, for example (he D e c  
Marshes, where concentrations, sometime! 
hundreds o f  birds, occur.

kinging recoveries provide little evidence o f  mo- 
mem o f British and Irish breeding birds. There 
recoveries o f  birds moving into Britain and Ireland'., 
from the Continent for the winter. Must arrivals w 
in October and N ovem ber, and came on wesu 
or southwesterly bearings. Returning in ipt 
(March and April), the heading o f  most recove 
birds was, interestingly. SE rather than E or N E i  
might be expected. Recoveries come from mo*t< 
tries o f  northern Europe, and from as far afield J 
Sweden, Poland and Czechoslovakia. Despite it* 
restrial habits, inclfectual looking wings and spp 
cntly feeble Might, the Water Kail is dearly^M 
competent long-haul migrant.

Attaching numbers to such 1 secretive and cnigm*>; 
tic species is a difficult task. The Breeding Aflat sugv 
gested a summer population in Britain and Ireland,; 
o f  j , 0 0 0 -4 .0 °° pairs: it seems most probable thatl 
remain during the winter, and that their numbers ; 
considerably augmented by incom ing migrants*; 
There is litt le  factual evidence on popu la tion  c h a n g e  
though land drainage may have some advene impa

J .  j .  M.

Total number ofsquares in which recorded: 981

Number (% ) o f  squares 
No. o f  birds 1 t o t a l

seen in a day Britain Ireland (ind. C.l.) i ‘
« 447 ( j> % ) V7<}7% )
1  i8 i( i)% ) 1 1  (m%) a ia (u X ). ;
J+  178(21%) 40(14%) 110 (11% ).

;.V-
Reft reneet "■ 'V ,
Ft EGG. j. J. m. 1981 A Notebook o f Birds. Macn 

London.
FLECC, J. J. M. and d. t. CLUE. 1973. A W ater’ 

Study. Bird Study 10: 69-79
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Tufted Duck
A y lh y a  Jutigula

The commonest diving duck in B rin  in and Ireland, 
the Tufted Duck is a widespread breeding species, 
while numbers in winter ire gteatly augmented by 
immigrants from northern Europe.

There  ire few fertile fresh waters which do not hold 
Tufted Ducks in winter, this being especially true o f  
drinking water reservoirs and gravel pits in lowland 
areas. Acid waters, and lakes and reservoirs in upland 
areas, are on the whole avoided and only very small 
numbers, less than 5% o f the total, are found on 
brackish or salt water habitats (Owen ti dI 1986). The 
map clearly shows the lowland distribution o f  the 
spccics. with concentrations in the Thames. Ouse and 
Trent valleys, on the reservoirs around London, in 
west central, and NW  England, and on the lochs and 
reservoirs o f  central Scotland. There are important 
waters for Tufted Ducks in central and W Ireland, 
and. particularly, on Lough Neagh in Northern Ire
land.

Flocks o f Tufted Ducks are generally small, rarely 
more than 1,000. B y  becoming tolerant o f  man. 
Tufted Ducks have successfully moved into town and 
city park lakes where they supplement their natural 
diet with food from the public.

The breeding and winter distributions in Britain 
and Ireland are very similar, although the larger 
waters, or those without islands or thick fringing 
vegetation, are not used for nesting.

Tufted Ducks live mainly on animal food, which 
they obtain by diving with occasional upending. The 
preferred depth is down to about 2.5 m. but there 
are many records o f  them feeding down to at least 
jm .  Dives normally last 1 j - 1 0  seconds, and rarely 
more than J j-4 0 . Up to too dives per hour are com
mon. with to second pauses between dives (B H D -

Whilst underwater, the bill is used to pluck larger 
molluscs, such as the zebra mussel and the spire-shell, 
from the bottom or o lf  the leaves o f submerged 
plants. Chironom id and uiher larvae arc taken in large 
Quantities, and are sieved from the bottom mud while 
tne bird maintains its body at an angle o f  about 4 J* . 
Plant seeds are eaten, particularly in autumn.

As males dive to greater depths and so stay dow n 
longer than females, there is some separation o f  the 
sexes in feeding rtocks. Feeding is commoner during 
the day than during the night.

Ringing has shown that the breeding birds o f  Scot
land move to Ireland lor the winter, but those breed
ing in Ireland and in the rest o f Britain ate more 
or less sedentary, at least in normal winters. Immi

grants from Iceland, northern Scandinavia and Russia 
east to about 8o*E, arrive in Britain in late September 
onwards and stay to early spring. In the autumn, 
some Tufted Ducks may move through Britain into 
France, and there is further onward movement in 
spells u f hard weather. Moultina concentrations have 
been recorded at a few places, but the origins o f the 
birds are unknown.

Tufted Ducks have increased enormously in Britain 
in the last hundred years and are still increasing. From 
the first breeding recotd in Yorkshire in 184V. the 
nesting population is now put at over 7.000 pain 
(Owen tl a I 1986). Similarly in Ireland, where the 
first breeding recotd was in I >77 and there are now 
thought to be at least j.000  pairs (Hutchinson 1979). 
The wintering population has similarly increased. The 
mid winter peak has roughly trebled since the early 
1960s, and now stands at just over 60,000 (Owen 
r 1 ol 1980). Although this could be accounted for in 
large part by the growth o f the breeding population, 
because many o f our breeders move out o f  Britain 
for the winter, it seems more likely that there has 
been a genuine growth in numbers o f  immigrants 
coming to replace them. The picture in Ireland ii con
fused by the mid winter presence on Lough Neagh 
o f  over jo.ooo birds in the mid 1960s. The lew com
plete counts since then were 19.000 in January 1978, 
falling to 19,000 tn N ovem ber 1979 and only 8.000 
in the following Novem ber. It is not known whether 
such large numbers still occur there. Elsewhere in 
Ireland, a peak winter population o f  up to 15,000 
has been estimated (Hutchinson 1979).

The N W  European population o f Tufted Ducks ii 
put at over JOO.OOO; there are a further jjo .oo o  in 
the M editerranean-Black Sea region: and at least half 
a million in Asia (Scott 1980).

M . A . O G IL V IE

Total number o f squares in which recorded: 1,04a (5)%)

Num ber (%) o f  squares
No of birds toiitt
iccn in a day Bnlain Ireland (incl. C l.)

1 - 2 }  7«4 (m % ) ) i 4 ( } | % )  1 .0 1 1 ( 5 0 % )  
i N «  4 9 j ( j t % )  ia l( jo % ) 6 j i  (]o%) 
P J +  ) 1 7  ( 10 % ) ( 2 ( 19 % )  4 10 ( 10 % )
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SCOTT. D. 19 8 0 . A Preliminary Inventory of IVtllonJl 

of International Import jnir foe IVattrJowl in Wttt 
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Shoveler
Altai dypeata

Whilst a female Shovcler may briefly escape detection 
amongst female Mallards A. pljlfihynthos, the male 
Shovelcr is clearly distinctive. The snow y breast anJ 
chestnut flanks arc diagnostic, but above all one 
notices the long spatiilaic bill. The lamellae or corru
gations on the inside o f the bill are more pronounced 
lhan in any other northern hemisphere duck, so that 
it is particularly well adapted for filter feeding.

I.tkc most other ducks, the Shovcler is virtually 
absent from the East Anglian chalk and from hilly 
and mountainous areas. The species is particularly 
scarce and local in Scotland and northernmost Eng
land. where there is a paucity o f  low-lying standing 
water. The map understates the extent to which 
Shovelcrs prefer fresh water. Except in Essex, Kent 
and Dublin (here arc few estuaries which hold many 
more than JJ. A number o f  > | > p j r r n i ly c o » u l  concen
trations are on enclosed waters a short distance inland.

The only studies o f  Shovelcrs’ food have taken place 
on some coastal sires and the Ouse Washes— not en* 
tirely typical habitats. In salt water, Hydrobia snails 
are favoured, and in brackish water seeds and insects. 
On the O uie Washes (C jm bridgeshirc/N orlolk) the 
Shovelcr is the most carnivorous dabbling duck, pre
ferring snails, crustaceans and insects, as well as seeds 
(Thomas 1978). Food is usually obtained while swim 
ming rather than by upending. They probably Iced 
both by day and nighi. at least in undisturbed areas.

In Britain and Ireland, as in NW  Europe as a 
whole, gatherings o f  more than a few hundred Shovel- 
ers rarely occur. An exception is l.ough O w cl (Wesi- 
meath). where up to i.OOO have occurred in autumn, 
but fewer stay for the winter. I f  disturbed, these birds 
move to the nearby l.ough Iron (Hutchinson 1979). 
Otherwise. only about a dozen places in Britain and 
Ireland regularly hold over 1 )0  Shovelers between 
November and February, and none more than 400.

The movements o f  British and Irish Shovelets are 
by no means clear. The breeding population, esti
mated at about 1.000 pairs in the Breeding Altai, appar
ently moves to France and Spain in the autumn, to 
be replaced by immigrants from as far cast as western 
Siberia, many o f which in turn m ove un southwards 
later in the winter (O gilvie 19*2, Per deck and Clason
1980). Britain formerly held its highest numbers tn 
February or Match (Atkinson-Willes 1956). but now 
adays there is a clear N ovem ber peak. It is possible 
that the succession o f  mild winters from the mid 1960s 
to mid 1970s precluded the need for return migrants

from Spain and France to stop o tf in Britain, and that 
this habit has persisted (Owen *1 at 1986). In Ireland, 
however, several places still carry their largest 
numbers in February or March, although these birds 
may simply have wintered elsewhete in Ireland.

At the time o f  the N ovem ber peak there are about
9,000 Shovelers in Britain and 8,000 in Ireland. In 
Britain the numbers decline steadily duting the 
winter, only 5.000-7,000 nowadays being present in 
February and March, compared with perhaps
S.ooo-to.ooo in the 1960s. when the spring passage 
was much larger. In Ireland, there may be as few 
as 4.000 by January, although (as mentioned above) 
there is evidence o f an increase tn spring.

Numbers in Britain and Ireland are less significant 
internationally than those o f  most wildfowl. About 
jo ,000 Shovelers were thought to winter in NW 
Europe in the early 1970s. and some 25.000 pairs to 
breed in the region and to winter further south. NW 
Europe therefore probably supported about 100.000 
birds, allowing for non-breeder) (Scott 1980). Recent 
analyses by the IW RB show a continuing increase 
throughout Europe.
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Pintail
A nas acu lJ

The drake Pintail is one o f  (he most striking and eleg
ant o f our dabbling ducks, with it* pointed tail and 
chocolate and white head pattern.

The map clearly shows the Pintails’ preference for 
estuaries, especially the larger ones. The only inland 
squares with uvcr JO birds are around the Ouse and 
Nenc Washes, apart from a few containing isolated 
Aoodlands or large enclosed waters not far from the 
coast. The courses o f  rivets lined with gravel w ork
ings (such as the Trent) arc traced by some o f the 
smaller symbols. A w ay from the most low  lying areas 
Pintails arc virtually absent.

In estuaries small snails o f  the genus Hydrobia are 
apparently by far the most favoured food, although 
seeds arc also comm only taken (Olney while
on the Ouse Washes seeds, notably o f common spike- 
rush, account for over four fifths o f  the diet. In recent 
years the arable land around the Washes has also pro
vided food for many o f  the local Pintails. Cereal stub
bles are preferred in the autumn, waste potato and 
sugar beet thereafter (Thomas 197O, 1981). Field feed
ing is now common in many other areas.

It is not known where the very small breeding 
population o f  Britain and Ireland winters, but from 
September onwards birds from western Siberia and. 
to a lesser extent. Scandinavia and Iceland reach our 
shores. The peak occurs in December in Britain. 
Novem ber or December in eastern Ireland and 
October or Novem ber in western Ireland (Owen rt *1 191ft. Hutchinson 1979). Pintails are highly mobile 
and quickly take advantage o f  temporary floodwater, 
yet are extremely concentrated within their NW  Eur
opean range. In Britain. 70-80%  o f the numbers 
recorded between Novem ber and January by the 
W ildfowl Trust's National W ildfowl Counis are 
usually on just 6 sites. The Mersey and Dee estuaries 
are by far the most important areas.

On the M ersey, the average annual maxima in the 
W ildfowl Counts (including an occasional October 
peak) rose from 1.200 tn the 1960s to 10.600 in (he 
1970s and early 1980s, with a maximum o f  13,800 
in January 1983. On the Dee, a less spectacular

increase began in the mid 1970s. the annual peaks 
rising from 1,000-2.000 to 5.000-0.000. with ihc 
cxccp110n.1l 1 1 .  joo in Novem ber lyDj. The Dee also 
holds large numbers for much longer than formerly. 
These increases, (hough conforming broadly to (he 
national irend (sec below), arc particularly mirked, 
due apparently to favourable habitat changes on (he 
south shore o f  the Mersey and to the creation o f 
reserves in both estuaries.

Movements in response to hard weaihcr are noi 
as clear cut as might be expected, but there n e indica
tions that a shift from northern into southern Europe 
occurred in some rtccni cold winters (Owen <1 4! 
1986. International Waterfowl Research Bureau).

The N W  European wintering population increased 
from about 50.000 in the early 1970s (Aikinson-Willes 
1976) to 71.000 at the end o f the decide (Scott 1980). 
In Britain there was a Dir a He I increase after a period 
o f  relative stability in the 1960s. and the present win
tering population exceeds 25.000 (Owen el al 1986). 
The total numbers in Ireland were thought to peak 
(in Novem ber) at about 7.000 in the 1970s (Hutchin
son 1979).

D. C. SALMON
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Shelduck

The Shelduck iso n lo fth e  most conspicuous w ildfowl 
occurring on British m im ics  in winter. It* large size 
and contrasting black, white and chestnut plumage 
make it iiin d  out Irom other Jucks and wjders with 
which i( often associate*, particularly when it is illu
minated by mellow winter sunshine.

The winter distribution is chiefly coastal, with most 
birds occurring on the muddier estuatics o f  southern 
and eastern England, southern Ireland, around the 
shores o f  (he (rish Sea, and in SW Scotland. Mid 
winter numbers in Scotland depend partly on the 
severity o f  the weather there, some adults returning 
later from their moulting grounds in colder winters. 
Shclducks can occur ai very high densities on some 
estuaries, the map does not show the size and char
acter o f  the concentrations. For example, in some 
winters up to 4.000 have occurred on the Tees estuary, 
on only 140)1? o f  mudflat.

Many o f the birds brccdmg in northern and western 
Scotland arc absent from these areas in winter. 
Although im ill numbers o f  Shctducks in Britain ind 
Ireland nest around pools some tens o f  kilometres 
from the coast, in central and southern England they 
are not as regularly found inland tn summer as they 
ire in winter; the map shows a scattering o f  wintering 
birds on many reservoirs and gravel pits in England.

On estuaries, Sheldocks feed chiefly on areas o f 
more liquid mud, which they sieve through their 
lamellated bills, extracting a variety o f  small snails, 
worms and crustaceans. The most obvious remains 
found in their guts and faeces are the crushed shells 
o f the snail Hydrobia ulvat, but in some estuaries this 
prey is too scarcc to form more than a small propor
tion o f  their daily food intake. In such localities She)- 
ducks rely on abundaut small polychaetc and 
oligochaete worms. At the coast, birds alter their 
feeding method according to (he stage o f  the tidal 
cycle, from scything through the mud at low  water 
to upending in shallow water as the tide coven and 
uncoven the mudflats. Inland, it is likely that fresh
water snails and earthworms arc important, but per
haps aquatic plants and algae arc also taken.

After breeding, most adult Shelduck* from Britain 
and Ireland move to the German section o f  the Wad- 
dcn Sea, where they moult alongside breeding birds 
from the rest o f  western Europe. Several thousands

remain to inoult on ihc Forth, Humber. Wash and 
more especially in Bridgwater Hay. but this habit 
appears to be o f relatively recent origin. Moulted 
birds begin to return to southeastern England m 
October, and large gatherings also assemble on the 
Dee estuary and Morecambe Day. Uy mid winter, 
birds have sptead northwards and westwards Irom 
East Anglia, but others have arrived to replace them. ■ 
These include not only British and Irish breeding ' 
stock but also some immigrants from continental 
European populations. Thus each estuary tends to be 
used by a succession o f  individuals, rather like a - 
winter holiday resort. Birds arrive 011 their eventual ■ 
breeding grounds over a period o f  several months.

After fledging in Ju ly , young Shclducks do not fol- i  
low  their parents to the Waddcn Sea, but disperse ' 
later from  their birthplaces. Ducklings hatched on the ■ 
coast o f  East Lothian. Scotland, have been seen in 
the autumn and winter at several sites along the north
east coast o f  England, and one as far afield as the 
Cam arguc. S France, but many move into the upper 
reaches o f  the Firth o f  Forth. Birds from the same 
brood have been found in several ditfercm wintering 
sites.

In recent winters. Ao.ooo-flj.ooo Shclducks have 
been counted in mid winter in Britain, a considerable ■ 
increase over the jo.ooo level recorded regularly up ■ 
to the early 1970s. This probably results in part from * 
an increase in the breeding population in Britain, but ' 
may also reflect more birds moving westwards from ' 
the Wadden Sea in response to the more frequent f 
severe winters o f  recent years. The Irish wintering ' 
population is between A,500 and H.000 birds. As the ] 
whole western European population is o f  the order 1  
o f only 120,000— 1 jo.ooo birds, the importance o f the * 
British wintering sues is obvious. )

r .  it. E V A N 1
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Wigeon
A tu t p r n r h p r

A medium sired, gregarious J in k , the Wigeon is a 
familiar sight around our coasts and its musical whistl
ing a pleasant evocative sound, com m only heard over 
mutlnm  or at night as the flock leaves the estuary 
to feed on nearby marshes or Hooded pastures.

The nunieriral distribution is more coastal than the 
map suggests. In Britain, in the early 1970s 8t%  o f  
Wigeoni still roosted on the coast and 54% on estuar
ine habitats, although a move to inland habitats had 
taken place tn this century (Owen and Williams 1976). 
In Ireland they have always been more o f  an inland 
species. Though the major concentrations ate on 
estuaries, they also gather in large numbers in the 
flooded pastures o f  the Shannon valley in mid winter. 
There are 9 sites tn Britain holding internationally 
important concentrations o f  more than 5.000, but 2 
are outstanding; Lindisfarnc, Northumberland, with 
an average peak o f nearly jo.ooo in October/ 
November has always been important, and the Ouse 
Washes in East Anglia became so alter protection and 
management o f  part o f the area by voluntary bodies. 
Both sites have held more than 40,000 Wigcons in 
some seasons.

The traditional diet o f Wigeons was eel grass, algae 
and grasses gathered un mudflats and saltings, but 
with the move inland their taste has become more 
catholic. At the Ouse Washes a wide variety o f  foods 
and habitats is used, including stubble grain and 
winter wheat gathered from the sprouting fields in 
late winter. The Hocks, sometimes numbered in thou
sands. are often tightly bunched when grating on land 
but more spread out on water. Wigcons often feed 
by picking floating leaves o ff the water surface or 
by dabbling in <hc shallows. In disturbed areas most 
o f the feeding takes place at night, but elsewhere they 
feed during the d jy  as well. Most birds feed within
■ km o f  the roost although in a few places they fly 
up to 15 km (Owen and Thomas 1979).

The muvcmcnts o f  Wigcons are complex and not 
well understood. Birds winteting in Britain and Ire
land come from Scandinavia and Siberia, and some 
from Iceland. Must birds recovered in Iceland in 
summer come from Scotland and Ireland, but 
Wigcon ringed in Iceland are sometimes found in 
later years in continental Europe, so there is some 
mixing o f the stocks. There is some southward and 
westward movement wiihin Britain and Ireland as 
the winter progresses and probably a movement into 
Ireland from Scotland. The peak count is neatly

always recorded in January, after a mid winter influi 
o f  Continental migrants, which also concentrate on 
the east coast when there is hatd weather in the Neth
erlands and Germ any (Owen el at tySO).

Because Wigeons are generally found in large con
centrations, they are well covered by Wildfowl 
Counts. The average maximum in Britain is estimated 
at about 200.000. with up to 230.000 in some years. 
There is a less recent estimate o f  over 100.000 for 
Ireland (Hutchinson 1979). and the total in NW  Eur
ope has been put at about half a million birds (Owen 
rf al 19116). The numbers in Britain have shown no 
trend overall since 19A0, but there have been changes 
in distribution, largely linked to the creation o f 
reserves. Thus there has been a significant increase 
in numbers on protected sites and a decrease on 
unprotected areas. This has resulted alio in a continua
tion o f  the move from coastal to inland habitats.

Britain and Ireland are crucially important winter
ing areas for NW  European Wigcons. jointly holding 
more than half the total at peak times. A not he t half 
a million or so birds, not entirely isolated from the 
NW  European group, winter around the Mediterra
nean and the Black Sea (Atkinson-Willes 1976).
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Shelduck
Tadonut tadorna

THE Shelduck is one of our muu attractive ■*"‘1 bnghdy 
coloured wildfowl and. during this century, it has increased 
considerably, such lhat it i i  now a familiar tight on iitt of 
Devoo'j esruariei.

Shelduck* feed mainly on unaJI invertebrates. particularly 
Hydrobia, which J te  10 be found on productive mud and sand 
fla il. Their reliance oo (his habitat foe food explains (heir 
breeding distribution which is very much based on estuaries. 
Where birds have penetrated further inland, as they have to the 
» ts i of the Ene estuary and on (he rivers Torridge. Taw. Oner 
and Ate. they will >Hll lly  down 10 (tic estuaries lo feed. On 
the estuaries, alt pairs defend » feeding territory. No territory 
is del ended around the nesi eiccpi for the immediate vicinity. 
Some nests may be very close together, even in the same
burrow. (BWPi.

The ocn 11 usually budt in a hole, often a nbb it burrow, 
bill sometimes a hole in a i n  or a crcvicc in a sea wall. 
Although the majority o f nests in Devon are found in such 
liniauns. there an some ciiff-nestMg pain, such as on the south 
coast near Prawle Point, and some ol (he inland sites are under 
dense thickets o f vegetation rather than in holes. Finding nest 
sites is im  particularly easy and. for this reason, the maturity 
of amhrma) breeding records relate 10 sightings o f small young. 
The difficulty with this is that the young ate led directly to the 
feeding areas by the adult* very soon after they hatch. Thus, 
unless an adult is seen to enter or leave a nesi site or the family 
party is seen en rouit to the estuary, the actual location of (he 
oesl cannot always be established.

Once (he young hints reach (he (ceding area on the estuary, 
the parents su it 10 lose interest in them and. by July, many adults 
are beginning to icave for their moulting area. A i this time, the 
young birds jo in together into large crtchcs which are tended 
by just a few o f the adults which may moult locally. When the 
young fledge they disperse, la Britain as a whole, i l  is known 
that many young move west to southwest to the Irish Sea and 
5W England, while others move south to the Bay o f Biscay. 
There is no informauoa on the dispersal of Devon-bred 
juveniles.

U i i  believed lhat most o f the adult Shelduck from Devon 
move across u> (he Dutch and nonh German coast where they 
congregate to moult in the laic summer along with abuui 100.000 
other birds which comprise must o f the NW European 
population. This is indir atcd by the recovery o f a bird at 
Dartmouth in March 196J which had been ringed in (he 
Heligoland Bight in July 1931. The moulting (lock of

},000~>.000 in Bridgwater Bay, Somerset, is thought to be of 
Irish origin iBH'P).

By September, (here arc very few Shelduck left in Devon 
but. from that time onwards, (hey return ji a steady but rather 
leisurely pace, many not appearing until (he early spring.

In view ol (he dilficultics in locating nesu and the tact that 
broods amalgamate soon after they appear on the estuary, it is 
not easy to establish the number of breeding pairs. A further 
problem is that, in addition to the breeding pain, (here are a 
considerable number ol non-breeding birds, for the ferrules do 
nol breed until they are two years old and the males not until 
they arc four or live iBWP) In 1976. a survey covering i l l  
Devon estuaries except the Tamar located 610 aduli birds 
together with 316 young in early June (Price 1977). The 
Wiklfowt Counts for early spring indicate lhat a further increase 
took place alter that time, with counts o f over 1 .000 birds, but 
since 1980 numbers appear to have stabilised ai around BOO. 
(I is thought (hat (his may represent 200-300 breeding pairs. 
Ai the beginning o f the century. Shelduck only bred in Devon 
in very limited numbers, so il is evident dm  there has been a 
considerable increase since then. ’

(n NW Europe, the Shelduck is principally a coastal species, 
rarely straying more than I-2km out to sea and little farther 
inland. A separate population is (bund inUixl, extending across 
the 5 Palcaretic eastwards from the Black Sea. These birds are 
mostly associated with salt lakes an! marshes in sieppe and semi- 
desert f BWP),

10 Briuin. egg laying starts ai the beginning o f May. The 
normal dutch it S-10 eggs which are laid at daily intervals. 
Incubation is by the female alone and lasts 29-11 days, starting 
when the last egg has been laid. The eggs hatch synchronously 
and both adults then lead the young to the feeding area on the 
local estuary. Only a single brood is reared, but second clutches 
may be laid i f  the tirsi is losi early in incubation. Studies in 
Britain have shown that (he average number o f young reared
lo iledging per pair is only 1.3 iBWP).

11 is likely (hat the main [actor which will resiiKI die 
Shelduck population in future is its require mew lor suificieni 
areas o f inienujal mud on which to feed. The population having 
stabilised recently, it would appear that it is now limited in this 
way. Thus, any tutu re lots of estuarine habitat is likely to have 
an advene affect on the Shelduck population.

D. J. PRICE

PRICE. D t*n . CundlGuoM. Mule SwtmnaaKtduck m Dcvoi l»J». 
O n «  B ut* Jfc  21-1 7 .





Mandarin
ALx gaiericulata

THE male Mandarin i t  one o f nature'* masterptcccs u f u u  
colour w d intricacy of patterning are concerned. The female
i i  quite different uni i> at subdued as her mate is showy. Alter 
breeding, the males moult imo eclipse plumage so that in late 
summer txxh jre  very j  titular in appearance. to the 
wooded waterways which they frequent, they can be extremely 
inconspicuous. especially when they perch high in n e t ,  swing 
quietly tor long periods.

A imail population ot these eiooc ducks is now established 
on the River Plym in the vicinity or Plymbndge Woods. *h tre  
they were first noted in the winter of 1980/81. Breeding o n  
( im  proved in 1984 when (wo broods o l ducklings were seen 
near Plym Bridge. In (983. a brood ot four was found on 8 
Iune and another of su oa 17 August, both on the Plym. In 
addition, the Devon Bird Rtpont for 1982-83 record lightings 
of one o f more jduits at a nambcr of widely scauercti sites in 
the county — at Torquay, on the Torridge estuary at Buie turd, 
on the River Oner. at Slapton. at Shobiuoke Park n o t  Creduoo 
(where there was a pair in March anti April 1983), at Marwood 
H ill near Barnstaple and ai Chaplet on on the River Taw. Some 
of these records were outside the breeding season, but they 
indicate dial there are now a (air number ol free-flying 
Mandarin* in Devon. Furthermore. « is very likely that they 
breed by other secluded stretches oi river besides the Plym, lor 
they can be very elusive and take to cover at the least sign of 
disturbance.

The first recorded breeding in Britain was at London Zoo 
in 18)4. Since then. Mandarins have been kept in many 
waterfowl collections and escapes have bred, so that (here i t  
now a substantia! population in SE England. The Plym Bridge 
birds originated from the Silt ram collection o f M r S. N. S. 
K a ra , who obtained two pinioned pain in 1974, which became 
free-llying after their neu mouh. This was deliberate on the 
pan of Mr h u a  because it atfardol the ducks some protection 
fran  p tn u ic n  vandalism and attempted then. The total 
population was over 20 btrds in the autumn of 1983. The birds 
on the Plym are fairly sedentary, although they often return to 
the ornamental pond at Salt ram where food is always available. 
The on gin of the other Mandarins that have been recorded in 
Devon is not known, though it is likely that they include 
immigrants from outside the county. Thai such immigration 
lakes place is shown by a bird which was ringed as a chick on 
Guernsey in the Channel Islands in July 1980. and recovered 
at Onery St Mary in December the same year.

Davies 11983) draws attention to the precarious stale o f this 
species in its native homelands in E Asia. The clearing o l woods

in Manchuh* and China, due to human population pressures, 
has vo reduced its natural habitat that there are now believed 
to be tewcr pairs in the whole ot China than there are in Bnuin. 
The teral population in Britain has tccently been estimated at 
about 1.000 pairs, second only to Japan which is the ipecies' 
main stronghold and has a population ot some 4.500-J.0U0 pairs.

Mandarins normally not m holes in trees, usually quite high 
up, but they w ill occasionally nesi on the ground in thick 
vegeuuon. Although the nest site is often close to a nvcr. stream 
or pond, it is sometimes w e n t  hutklred metres from the nearest 
water. In Britain, the rtrst eggs are laid in m«d-Apnl. but the 
main laying penod is at the end o l Apnl and beginning of May. 
The usual clutch it  “M 2  eggt. Incubation, by the female alone, 
lasts 28-30 days. The young, which are precocial and self- 
feeding, are cared for by the female who may lead them up to 
2km from the nest to their first feeding area. They (ledge ai 
40-43 days, becoming independent at about the same umc. Only 
a single brood is reared IBWP).

The Mandarin was only officially added to the British List 
in 197), by which time it had been breeding tn the wild inSuney 
for at least 40 years. The population which has built up over 
that time is now of international importance, so that anything 
which can be done to promote the spread o f this attractive and 
harm less duck will help to ensure the survival of the species. 
There is certainly much suitable h ib iu t which it could colonise 
in various pans o f Devon. As a holc-nester it has been known 
to use nestboies put out for such birds as Tiwny Owl. Kestrel. 
Stock Dove and Jackdaw, so the provision o f suitable boxes 
in likely breeding areas, such as where riven wind through 
woods and are overhung with trees, could be o f benefit, 
especially if  there is a shortage o f natural boles.

H. T. TURNER

lijltrim
D A V IE S . A .  K . I 9 U .  A  p ta c  fo r M o t I h m .  A r r i i  I0 : 12-14.

F I G U R E  D3a Breeding Mandarin in Devon (from Sitter
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River Tamar catchment

1. R.Tajnar, Nether Bridge SX 344 866

2. TimbreIham A384 br 367 804

3. ETtdsleigh Cottage, left bank 389 784

4. Horsebridge 400 748

5. Latchley 415 735

6. Gunnislake A390, upstream to gauging station 433 722

7. R. Thrushel, u/s Wrixhill 463 893

a. u/s Hayne, Aracott 422 871

9. R. Wolf, Kellacott 407 876

10. R.Lyd, Track to Widgery Cross 532 857

11. Copse, left bank 482 838

12. Marystjow, road bridge 435 833

13. Li ften Bridge 389 848

14. Lifton Park 385 342

15. Downstream of Lew inflow uuo 833

FIGURE Did Location of sites surveyed on the Tamar catchment for macrophytes by Holmes (1987)



P otam ogeton be rch to ld ii Fieb. Small Pondweed
In ponds and ditches. Scattered over the county and apparently 
rare, though perhaps overlooked. (12)

P otam ogeton x n itens W eber 
[P. perfolialus x gram in eu s)
Th is hybrid has been recorded on one occasion near Beaford.

FIGURE Die Distribution of two rare aquatic plants (P x nitens and 

P berchtoldii) in Devon. This 3hows the importance of the 

Torridge for both species and the Tamar for one.



FIGURE D1f Distribution of 10 fish in the rivers of Cornwall 

and East Devon (1982-1987)-

PRESENT

ABSENT



FIGURE I.

Atlantic u lta n  Salto talar t

Ma<n :
-  Jh* v i lw i  i t  u rn  by iany «  a lytoal iH u it/atiit; 

thr dwliiw  in Uit quality ot Ut* aw atic envsrcrtcnt. f t i  

•p K itt  r r ^ j im  cool Mt«r ot hiqn «attr Qiality.

- Saltan tpam 1« fm r m l t f  Del«*tn Cttofcer-January, 

in tea* Ian rt*> nvirt, liiun fijv* bwn costrvri ifaminq 

tn fKruary. Dx hj<}» 14.0m dia.) a t  laid in thr qrjveU 

in rwrnnq oittri. Ihc i^js a t  ttrtiiiird by th* cock fi«n. 

th* lirqt ult it oftm acccapaniM by viuilly actiw, 

prKKioui u l i  parr lavtrjqe iKvjih ll-lii.), iAim alio 

partakt in tpMtirq.. ll\* e?}i hat in tfo tt* almn it*1;* it 

tottainrt by a yoll tat. I* toil/Ray, Ihr try 

mctq* <>m ttw rwdt ano r«;«lt§ft Iminq territories. Hit 

try 9tom into parr brtorc tiqraunq to »a  at '« l l * . The 

uprity oi saltan suits art 2 y*irt old, with only * uail 

prcjmicn di I «  ! year old uoitt in taut imual 

titration. Di* it;r ranqe of talfen saolts is l2-lfr». 

Siqoificant fro»U occir i it it *  n-Vf e thert it in abunaant 

iooO Kurct. [hi pr«iic Jminq growls utM by the 

Souih-«nt stoclt a t  >nkno«, but do lra«l tcnq 

distmcn to Ihi teat * o n a  tJi* f v o n  and otr Ih* m i  

coatt of GrtmlaM. ft in rettrninq to ipam it ter an abiret 

of I-tea >mter, it. qril», ranqr in ii;t frc* 4-lBlbs. 

Other talion rtt'ra at utdcn <iv> jitrr 1 and J at 

wa. Die wjarity ot talnan die aitw tpi-mx), but icte  

ti#mr th* domt/taa uqratltn at Iflti, to !pa*« a ;eccs>d 

<r r m  Uiiro tiw. ftiltiplt tpainn iith a t  not con*n in 

n w rt of th» iouttv-nwl.



FIGURE 2.

B ran  troui/S t*  trout S*lto tru t ta  L

Main I

- ft* sptcin nhibits t*> eitr»«M of litr hittory 

tlitrqy, lAicJ) result in t u n i t a r y  <fld ncn-*iorjtory •or*. 

Die iti trout const i tut n  Uir m u o/muus c w o o n m t  ino tht 

broMi trout the rtsjceni cp^xreu. Hoover, lh» t m  farrt 

trt iMiinnyjiWiDl* it the try tna oirr sliqr. ftilf it thi 

u o l t  stiqe c m  th* •iqrttanr c a v o w t  bt rtco^utM.

* Trout r r q i i r t  tool »*ter oi r r l i t i v t i f  htqS w t i r  

^ j i l i t y  caistquM itly U iilcr (fo» p o llu tio n ,

d t t t r i i r i t i a n  in  M ttr  Q u ii tr / I » ! m i(  jnd u s u m  Ot Uw 

in te r  rnojrit.

I r w t  in  Ui« v in te r  ic n th i  ( rc «

O c to b e r- fc c M M r. t l *  tqqs  14.i 'm  c i i . )  v t  h i d  in  r t o d t  in  

runm nq N t t r t .  H it  t r y  t t f r q e  i r »  in c  y » v * J  l i t e r  i p p m .  

4 u M i )  i r ^ K - o i y i ,  U v c r * ) *  t i ; r  I .S c » . i .  f l *  jk x ix j feed 

on s m iI  ( r u t i c t i n t  in d  » n « t t  l i r * « .  I h t  M u l ls  c m  

u t i r c  i t  n r l y  i s  2-1 y t v i .  Ow r m d e n t  t /a u t  p o p u la tio n  

r t  M in  in  I r r s n a M t r ,  f m i n i j ,  qroNinq ind  4 j i« n in q  

( jt ro u q ro it  th e ir  l i m .  In  m t r i  o f t lw  i j u t h - ^ i ,  

re s id e n t t / u t  m i l  l i v e  to  M  r e i r t  o ld .  fl> t u q r i l o r y  

c o m a w tf  h i t  t  I r t v w t e r  p u t t  o t 2*1 f* i f\  b r ia r *  i t  

• l y i t n  to  i t *  (or the  t i r i i  t i « *  u  *  s u i t .  rh« our m e n  

i t  « i  v j r m  I re *  10 w d s  to  H  *a u h s  be to re  t h t  l iv h  

r r  tu rn s  to  * jw >  is  i  w id e n ,  i t .  t l  I h t  i t  to o l p u l .  !►  c r

2» M id c n  s t io e . P is t-« p i« H n q  s u r t t n l  is  h iq h  « u n q  « a i l t  

u t  t r o u t  ind  is  i  m u l t  j u l l t p l t  v i* y r 4  ti*J» i r e  c o i m .  

S e i leedipq i t  lo c i)  »nd » i t h in  i n v e r t  n ite r s .  I h t  lood 

v » M ie  i t  p r u i r t l f  l i ' J i  w o  l i r g e  t r u t t ic e in s .



FIGUEE 3.

fiflfltnq Uiyullut L

Nbtn t

-  n»r qrivlinq h «  in rlc n q iiri, but i t  out boor with i 

iM i) fc«ri md smII trcUt in both ft* oorw) (in  i t  

k u p , nitb nuwrout r j f t .  rip Adipose tift i t  prrstnt m  th* 

C M il (in i t  io rttd .

-  The p iy lin q  i t  m i n t i i l l y  * n t i r tM  !p*tiw  tM i t  

I o n  i« cl*jn, cooi. w ll- tx K in iiH  l i i r i .  II f m t  

ftjsnif on bfnthu I w u ,  but w il il to  » m  a) in w cti i t  

U * s j-tice .

-  Grjflinq on qrtvtl jh tllcM  far.nm  IUfth-Nf. 

fc* itDom r f l t  iJ .iM  tf u .t  u t  li id  in 'h ilim  rerli in 

rumirq » « * n .  Ihr (fy Hitch lU cf lu - i )  «*<». 6r<*th i t  

rie io  ma th* fry tin  re*a> 7-12 c i . in tta ir  f i r t t  t e r .  

Die rou’q w tu rt i t  > 4  y**r»i i*- W 'O '* ln ^ (h  20-13 (* .



FIGURE A.

fr c u  fe r i t i t  b r u i I

N u n  s

- f tr tu  i i  t d « p  booirf fiu t wd i i  co q T m td  

l i l i r i l l f .  1>« hud i t  C M p irtiin lr  M ill , «ith mmUi 

m i n i .  II* scitrs  trt im II niUi 'l - td  K i l n  in the 

U ttr i i  line. J041 I in origin i f  bowitft Oif t t x  of tht 

darsit t in ,  i t i  b*s* i t  ionq «it» «<-30 b r w M  r jy v  tnd 

its  cut tin* i t  tt/orqly conclrf. Hit b«k of lh* (isA i t  

dark brow o ’ ytyisA  in c o lo r , rfu lr ih» s id «  o< th t 

Mult <nd pvm ilc Hsh ir*  golien wd silver respectively.

* ftre« inhabit tlM-flcwinq r i n r t ,  l i l e t ,  pews ind 

u m I i .  A s ta iin q  ( 0 t c m  x 'ltn  usually l e n t ,  in sdwoit 

cn the r i m  b n ,  on t diet M ia tic t 1 *  « e ,  w tm  and 

niliiX S.

-  r iv l t i  spurn in (Wf—July o n s i ve^eution, 

c fls i in billow  »it«r i M  H niqnL Ike ydlc* 19 7 s H.Sm 

<1 4 . )  *oKwt to the u rn s  tnd the iff  halm in 3*17 di*s. 

Di» yarq u tu re  J -5  y w s ,  i t ,  Jpprtn. length > H 0  

u .



FIGURE 5.

ftjnro* fN ninus p ta iin u ) L

f c t n  t

- Dw tianoH it  i  w i l l  iitndfr-todird fisn «itn 

^ n ri'b u td  rouxM  dortil <nd itu i (in t. ft» K i l n  x t  
•iou lt io» U r l i l r r i i  lin t a  itort v i  interrupted to tort 
»  iiK w p ltli lin r. th* e*ci ino uoqit u d t i v t to lo irri 
o liv t V oci in« •tn ir il ly  n u li i l i .  lh*r» u *  nuatrous br«*> 

iM b iuk b lo tcm  iltriq the u flr t , riuch v » t U tn  « r «  to 

(ori it r i jM . tounq (isn u t  lic n ttr , H iln  bitcae 

u l a / M  « * in j  the spi*unq ptrioa.

'  Tljm llr  * f i »  of Clfin J»d w ocrittlir 

liiH lo a in q  u i t r i ,  i t  is  i l »  louM in stony ( i t n .  i t  

KDooit *t or («js to  Uir M jritft in u a m t jnd m i r e s  to 

ttx  d « ;w  Mtcr in Uit viniar.

*  Minrexs s p *« ,  b tta t t f l  A p ril ind t i r l y  Ju ly, on 

g r iv t i  s h o ii i just d o c v t / m  ot i  n i f l t .  f t»  y r l ltM  t f t i  

d i i . )  v t  i t t iC M  to  the i ta w *  ind h i t d i  in  S-W 

d ir * .  Di* ytu iq  fciture i f  te r I - J  y t i r s ,  l io u lt  Itng u i i*10  

(».)
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FIGURE 7.

Stow lotfA Hecucheiliit b v b itu lm  I

to tet :

* the tlone lojth i« t i m e r  oooirf. *ith * cyhtw ricil 

interior boov v 4  t H it  t w o  U i ) .  fat held i t  rau ran  vti 

(Jure ire  s n  b w e l t  vouM the •outh. Ihtre i t  no spine 

beneiih Uie eye.

-  the itcne io id i i t  u> infu^itint of itm r strew * <na 
river 1, but it i t  i l t o  iuMid Ui« niu> qri»el shores. A 
nocturnit lish  thai ipmds. the d irt ie r  nioow under ttones 

mb in to n e  ■*w +edt. It <N4i m  bmim in vtrte^ ites , 

u in ly  c ru itu e ifli, intett l ir * ie  1M  w r it .

* Rie itor.e loxh ipn«n (ro« April to Jure. H* pile

yriltH n o t  (ii.fw  d i i .)  ire  thed in t w » i  bitcim  inc trt

lU m iea to ***« ind ttcnei in nffninq niter. Ihe r ^ t  

kjfco in U-li dirt, it tetptnm rn  fro* l?-l4* t. fte  ra n c  

u tu re  >lter M  y t i r t ,  ie . Jfproi. Imqtn B-12 ci, ana My 

Jivt to 7-8 yeirt old.

J j —.'  ̂ , 7^ "T^.
,v  yX \.\x

3TOH[ UOtOI



FIGURE 8.

(el Anguilla an^iiU l I

k i ln  :

-  The eel his to elongated, cylindicai bodr. Hinutr 

Kites are K M  in the skin. It has or* pair o4 pectoral 
(int. but no pelvic tins. Hi* icnq dor i l l  «nd aiul (m l 
*9 0 e aith (hr t o t  (in. The coloration o( th» trrwtwier 
it ig r i l  «uddy-br»n d o ru lly  ind yrllMith/Qolrfen m  the 

tides and vem /ally. As the tei reaches u iu n ty  the hack 

rrutns dirk m  the belly becoKS silvery. The yonq r«l , 

it . t ite r , i f  a lw tt  transparent «/«> it  f ir s t  w tert 

irrtn«jier.

-  The eel i t  comot and in  inhabitant ot i l w s t  i l l  

ty ? n  ot fresm u ter mo estu arin e  em ironaents. The species 

u r m r s  in the t e i  and e x h ib its  a catadrMous l i f e  cycle. *

- Die eel i t  believed to breed in ud-4 t I antic Arinq 

flarch-June. Clear f j? s  t l.t to  dia.I hate only been found in 
the Sargasso Sea. Uii-thaped larvae (lepto-cepnalii arc 

transported to Europe on the ocem currents, taUnq appro*.

J  years. The larvae en a *rp « w e  in Im  coastal natert 

beton w ir in g  the rivers at e lvers. The tresiwater tu g *  

it  the 'rrtiinq grcwinq phase and at the older eel 

natures seiually it  •igrates dcMnstreat, returning to the 

tea. Aiturinq tales M S  years in fresnai'er. Very ten 

aaiure eeit ha*t been cauqnt is  the ocean and certain t i le  

hi it  cry details have to be elucidated. The adult i  jre  
b r lio H  to return to the tptwung ground i  in the Sjrgjtso 

Sea.



FIGURE 9.

Bulihrid Cottus gobio L

Mat n  I

-  Iht bullhead i»  i  M all f r t ifw te r  fish «ith a broad 

l la t t m a  head and a re latively  y x r t  S » r*  0,1 **cft 
pre-optrculu*. Ih* U tira l line cor.tiour* to the caosal (in , 

althtuqn the p r r t  art not v u ifc li oryoid the ;ttond w rta i 

tin . Iht coloration varies t t m t l y  tnd i t  i t  dtpcoMnt on 
the wrrouMing habitat. GcnKally, th* to-w l iir iac e  i t  
brom or gretn iiJH rM i and n tt le d , r t i l t  the ventral lid t  

i i  p a i r .

-  W» bullhead i f  found t» n try  it/ta u /riv e r*  and 
occaficnally large l a i n .  It i t  Minly found in shailcs 
M ltr t , but can tir«ivc in iwty Mter to V M trn . It 

fete can active at night tften it  foraces <wef th* r it t r  bid, 

itn in g  m crustaceans wd insect li/va*. torinq daytiM th* 

builhcad h ien  ander rocks and ia vegetation.

'  Ihr bullhead ipaws I t n  flare mtiy in a cavity 
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FIGURE D6.2a Extent of survey areas of Heath (1989)
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FROM 1963 TO 1987 (SEE 2.1 FOR METHOD)
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FIGURE D6.2c Location and extent of the seven 'key sites' identified 

by Heath (1989) in the Lyd sub-catchment - his sites are 

W1-3 and Ly1-4. W, X, Y and Z are sites identified in 

in Exeter University's studies - see text for details.
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and Myri a lt i  (Alternate-flowered Water-railfoil) are  

unusually abundant. For key see Appendix.
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FIGURE D6.3a Details of otter usage in the Lyd catchment determined 

by Heath (1989).
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FIGURE D6.5a Breeding distribution of kingfisher, grey wagtail and dipper in the Lyd catchment and the Torridge 

Lew system as determined by Heath (1989).
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Major ecological zones in the Tamar and Plymouth Sound

FIGURE D9a Zones of ecological interest identified in the OPRU survey 

and literature review of the Tamar estuary (from OPRU; 1986).
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FIGURE D9b Main areaa on the Tamar where avoceta are obaerved and noted to feed and rooat (from Reay; 1988),



180

160 -

1<0 _

m 120 -  
a
m
M 100 -

*  80 -  
o

w
60 -■

20 -

/

i i | - i -1  i i | i
60 /61  65/66

I 1 | " I" I I I [ \ 1 ~ I 1~| I I l~l~ | I I 
70/Tt 75/76 80/81 85/8650/51 55/56

PEAK NUMBERS OF AVOCETS RECORDED FOR EACH WINTER 

(19^7/MS - 1987/88) FOR THE TAMAR AND EXE ESTUARIES

Source: Penhallurick (1 9 6 9 )
The Devon Bird Report 
Birds in Cornwall 
present study

TEARS

FIGURE D9c Avocets and the Tamar - 19^7 to 1988 (from Reay; 1988).



FIGURE D9d Possible boundary of the Tamar SSSI (Subject to 

survey and consultation with owners and authorities).
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differences from previous surveys and a whether diferences can be 

related to drought affects. For key, see Appendix.
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FIGURE 012b Sketch taken or a 25m diagonal reach of the Torridge downstream of the 

sewage works and river Intake during the drought of 1989 (from Holnea 

In drought report of Halcrow the NRA SWReglon). It ahowa the unatable 

bed covered by fllamentoud alage. At the margins are reeda; note the 

location of P. berehtoldll on the left bank. For key to eymbola see 

Appendix.

SITE LOCATION: Approx 50a downstream of the the A386 Bridge below Torrlftgtooj. 

DATE OF SURVEY: let September 1989
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Goosander

U n lik e  the closely  ( d u c d  R c J -b ic it ic d  M erganser 
\ l .  irrrator, the G o osan d er favou rs fresh w i k i  jn d  
is w iilcsp rcu l inland in B rita in  (though not Iteland) 
in the w inter m onths. occu rrin g  on  m any o f  the larger 
l ik c i  and reservo irs. O n  die coast ii occur* o n ly  
locally  at particu larly  shrltcted  localities.

Since first breeding in Perthshire in i U 71, the G o o 
sander has becom e a w idespread breeding species both 
in Scotland and nurthern England , arid in these areas 
the breeding d istribution  is rcHccted in the num ber 
o f  birds w in terin g. C on siderab le  num bers also occur 
in m ost w inters in W ales, central England and the 
London area. In contrast very  few  are seen in Ireland, 
where breeding com m en ted  du rin g  the 1970s (OrrrJ- 
mg A iIj i , I nth Bird Repent). O n ly  a few  sites in Ur it am 
regularly  hold m ore lhan JO birds, the m ost 1 mm able 
being the U cauly Firth w here up to 1.5cm w ere 
recorded du rin g  <lie A tlas period.

In <heu studies in the nnrth o f  England. M eek and 
Little (19 77) have sh o w n  that G oosan d ers often d o  
not m ove far from  ihcir natal areas 111 w inter, and 
the sam e p ro b ab ly  applies in Scotland. S o  it m ay be 
inferred that perhaps as m an y as three-quarters o f  the 
breeding population o f  Scotland and northern E n g 
land. along w ith  their su rv iv in g  p rogen y (a total o f  
perhaps 5,000, a llo w in g  one offsp rin g per pair), 
w inter in their general breeding area. T h o u g h  G o o 
sanders w intering in southern E ngland doubtless 
include British  birds, particu larly  in cold w eather 
w hen inland w aters further north are frozen, the few  
rin g in g  recoveries suggest that m an y arc fro m  the 
Cuntinent or Seandina via . w iili recoveries in Sw ed en . 
Finland. N W  Russia , the N etherlands and East G e r
m any (M eek and l.ittlc IV?7).

G oosan d ers w ill m ake hard w eather m ovem ents 
w hen their w intering  locations becum c frozen. Th e 
m ost recent ul such influxes occurred in early  Jan u ary  
IV7V (Chandler I9 # 0 . w hen  unusual num bers 
appeared in southern England . These w ou ld  presum 
ably have included B ritish  breeders, though the 
appearances of Sm ew s ,Vf. dIM Iui w ith the G o o 
sanders tn (his influx sh o w s that the source o l m any

o f  the btrds in vo lved  w as the Continental shores o f  
the southern N o rth  Sea. p an icu la ily  the N etherlands.

G o osan d ers feed prim arily  on small fish, preferring 
w ater no deeper than 4 in. At som e localities, birds 
m ay leave the w ater on w hich they roost to Iced by 
day  on  nearby rivers, behaviour w hich can lead to 
the num ber o f  birds being under-recorded. In con
trast (he species' need to m o ve when inland waters 
freeze m akes som e duplication o f  records ov er (he 
w inter period inevitable. H o w e v er , since G oosanders 
arc a conspicuous species and m ake unly lim ned use 
o f  rem ote coastal areas, w here Atlas coverage  may 
h ave been less com plete, a goo d  proportion wit) have 
been recorded. T h e total w in ter population for Britain 
and Ireland in each o f  the 3 years was close to K.000 
w ith  5,000 o f  1 hem being in northern England and 
Scotland. These  num bers com pare w ith  estim ates o f  
the B ritish  w inter population o f  about 5,000 made 
b y  O w e n  n  al ( lySft). suggestin g that there is some 
duplication in the Winter A i Ij i  records, but show ing 
that their figu re  o l 5,000 is certainly not an overesti
m ate.

In com parison , the northw estern  European winter 
total is ov er 100.000 (International W atcifow l 
Research Durcau, unpublished).

I .  j. C1IANDLE*

No. of birds 
seen in a day 

■ “ J 
«-io 
11 +

Number {¥■) of squares

Britain 
4 W (J O % ) JO| (|o%) 
10 1  (ao%)

Ireland 
I <7 }%) 
• (ai% ) o (0%)

TOTAL
(ind. C .l ) 
joa (jo% )
JO * ( j o * * )
10 1  (ao%)

Total num ber o f  s<|uares in which recorded: i .o o l (26%) i .

Referent et 
c h a n d l e r .  » . j .  l y B i . Influxes in to  Britain  and Ire

land o f  Red-necked Grebes and other watcrbirds if 
during winter 19 78 /79 . Bnr. BitJt. 74: j j - B l .  -]s l 

M il* , t . «. and a. U T T i t  19 77 . Ringing studies o f
Bhis  70: M  gC o o s  a tide rs in N orth um berlan d . Bril. 

2 7 J -2 « J .

Bleeding Altai p 92

D15a Winter distribution of Goosander (from Lack; 1 showing the regional importance of Burrator.



KSI TO S Y M B O L S

*b*

0 *1

US I

I l f
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W M t a  Willow 
Crack Villon 
Poilardad Crack Vlllow 
Graf Willow •
Goat Willow *
rolltrdtd Crack Willow 
Crack Willow raquiring pollarding 
Coppiced Crack Willow 
Alder 
Braabla 
Blackthorn 
El*
tldarbarry '
Bawtbora 
Ha pi a 
Poplar 
J^ciaori 
Vtiltf F o p l i r

Natura traa 
Toung traa
Traa* a>oo(it shrubs 
Oanaa scrub/inrubi 
S p a n *  acrub/busb

PEATUBES

iadgaa wltb traa* 
latfgif without traa*

• 31uaping banka 
Solid aartb cliffs 
Soft aartb cliffs

I Artificial banks
■ud banka 

I 3*ad banks
I Bara Sblngla
* Tagatatad sblngla
)■ laads/sadgas on bank

Baad/sadgaa at watar aargln

3 Bank riora doainatad bf harba/rudaral*
Bank flora doainatad by (railti 

1 HI sad flora on tba banks
’ Bride*

Hair *
Pool 
Birria
lapid 1 1
tun

Eaargant plants in ebannal 
Uatar-Iilr

A
10
JIG
SIP

UP

* - #

Arabia Land
la proved Grassland - Racent rcswdlng; poor harba mod g r u a  
Cr*Ml«nd prerlously U p r o i r e d ,  » omm on— on twrba ind gnt*a*ii* pr « M Q t  
PiAtura Show 111* llttla sign Of racanC laproteaant; (pood horb and 
grass c o m m i t  y and llttla or no r j a - g n u  or l a v u i «  w M d *  
Ihlaprofad {vutura; Indicators of ancient grassland prasant 
Ponca
Rad^i roaofad



KET TO SYMBOLS USED fOS PUNTS ON BC3 KJIP9

COMMON NAME j m v n t n n U T Z N  SAME

Pool's Water-cress *p Aplua nodlflorua

Starwort Call Callitriche

Intermediate haa haaulata

Blunt-fruited obt obtusangula

Coonon stag stagnalis

Great Willow-herb • EP Eplloblua hlrsutua

Heap AgrLoony Cup Eupatorlua cannibinua

Meadowsweet Pllip Plllpendula uiaaria

Indian Balsam I-P 8 Iapatiens glandullfera*

Gypsvwort Lyc Lyeopus europaeus

Purple Loosestrife Lyth Lythrua sallcaria

Nettle N Ortlea dioica
Water For-get-«e-not Myo Myosotis scorptoides

Spiked Water-ailfoil. M splc Myrlopttyilua spicatua
lellow Water-lily Nuph Nuptiar lutea
Butterbur Pet Petasltes hybridus
tophibions Bistort P aaph Polygonun aaphibla

Crowfoot Ran Ranunculus
Pan-leaved circ drclnatus
Brook caic calcareus
River f riultans

Lesser Spearwort flaa flaanula
Celery-leaved Buttercup seel sceleratus
Great Tellow-cresa B a Jtorlppa aaphlbia
Water-cress Ho IUstu~ti irrjbrr lctanallac
Water Plgwort Scroph Scraphularla aurlculata
Harsh Woundwort Stach Stachys palustrls
Bittersweet Sol So lamia dulcanra
Coafrey Synptl Syaptiytua officinalis
Blue Water-speedwell T aa Veronica arugal113-aquatlca
BrooKiiM V becca beccabunga
Pink Water-speedwell T cat catenata
H a n h  Poxtall H o p Alopecurus geniculata
Flowering Rush But Butoous uabellatus
Lesser Pond-sedge Ca Carex acutiformls
Tufted Sedge C acuta acuta
Great Tussock-sedg* C pan paniculata
Pendulous Sedge C pend pendula
Reoota Sedge C rea reoota
Crest Pond-aedga Cr rlparia
Coamon Splice-rush Eleo El cocharis palustrls
Canadian Pondweed B can El odea cannadensls
Nuttall*s Pondweed B mitt mittallil
Sm II Sweet-grasa 0 dee Clycerla declinata
Klote-grass (Floating 3-g) cr flultans .
Reed Sweet-grasa G aai
Plicate Sweet-grmsa G pile pllcata
tallow iris I Iris pseudacorns
Sharp-riowered tush J a cut Juneua acutlfloras/artieulatua
Soft Rush j err effusus
Hard Busa J inf lnflexus
Seed Canary-grass Phal R a l a r b  arundlnacea
C o w m  Seed Ptirag Phragaites australis
Qirled Pondweed Pcrisp Potamogeton crlspus
Pennel Pondweed Pect pectinatus
Perfoliate Pondweed Perf perroliatua
Arrowhead Sag Saglttarla sagittirolia

Common Club—rush Sc Sclrpus lacustris
Wood Club-rush Sylw sy lvatlcua
Unbranched Bur-reed Sea Sparfcanlua eaersua
Brancned Bur-reed Sp • erectua
Bulrush (Beedaaca) T lat Typha latlfolia

H o m e d  Pondweed lann Zaimlchellla palustrls



Site Grid Reference

(10) Ok?ment Confluence SS550071

(11) Lockshill* SS552116

(12) Warham SS535151

(13) Biinsham SS517165

(14) Town Mills SS499184

(15) Rothern Bridge SS479197 _.

(31)

R. Okement 

Meldon SX565924

(32) Castle SX584943

(33) Brightley Bridge SX598974

(34) A3072 Bridge, 
Jacobstowe SS592017

(35) Hole Brook SS585053

(36) Iddesleigh Bridge SS567057

(37) Torridge Confluence SS550071

6 Okeinent confluence 0.5 SS550071 7 61 12

7 Kight bank tributary, Locksliill 0.5 SS552116 7 *i5 10

8 nivcr meander, Warham 0.0 SS535151 7 30 10

9 A 386 b r i d g e , Great Torrington 0.5 SS,*99l8/* 7 15 9

10 Wight bank-tributary, Ueare Gifford 0.0 SSV/0215 7 O 12

OKEMENT

1 E Okement Farm 0.5 SS607909 1 2 396 0.7

2 A3072 Bridge* Jacobsto we 0.5 SS592017 1 h 91 3*5~

3 Torridge confluence 0.5 SS550071 1 5 61 10

TABLE D 1 i Site locations of macrophyte surveys on the Torridge system 

downstream of Meldon. The upper list: refers.'to sites 

surveyed in 1986 and the lower ones in 1979 (both by Holmes). 

Data from the former are given in Table Dliii.



r

Di
ll
 

hb
er
op
hy
te
s 

of
 
th
e 

Tb
nn
r 

Ca
tc
hm
en
t 

fYm
 

Ho
ln
es
 

(1
98
7)
 

Fo
r 

kE
y 

se
e 

en
d 

of
 

Ap
pe

nd
ix
 

A
.



* ------- M iV n j i/£jC.----->  * ^ —  O K

I O 1 1 f 2- IS /4 t S 3 \ s a 3 ? > 3 - V 3 o
8 * 6 <  & £  8 t  s *  s £  8 <  & ^  8 L & 8

Hildairarriia rlvularls 32- *1 32 SZ

Leranea fluvla tills !2.1 / 1 Z1 fl BZ
1

Vducherla sp(p.) II 11 l» 11 V -
FVe^wts' sponge il 3 2 V II . Sz

Cladophora ae^grcpila
21 5b 32. 3Z

C. glomerata 11 XI 11 32. 32. 5 2 S I

•Filanmtous yccro1 II s-l Z 3 z\ \\
SUf J-dI; & r

DernHtocarpcn fluvia tills M 11 M  \\ u  W

Verrucaria spp. 32. ' 31 II 32. ^v Vi W \\

ChiloocyphjB polyanthoo If u II II *\ t£ II II I» 1* 11 11 \ \ \ \
(Vrrrf^talun OOnicUBl 11 II \ \ X\

Lunlaria cnniata
'1 11 II 11 n z\

hbrcfentia polynufyin JLV M
eaarglmta l\ *2.\ . |

terdia ocnpreasa . Z\ \\ 1

Pellia erriiviifolia i
P. . eplffrylla // II II U I* w U 3>^ -V2 t

Rlccanlla 111// |

Scapenla uxMLata (Sl *7. \1 3 1 IV >V

SolfTPstcma triste . . . .  . . : ■ \ \ \\ XV a t
1

w

Antilystegiin nxrrLatLle • . . — j III) w ,u

A. rlparli* ; I llil II II • |l 11 \\ a.\
RUrrlla aCUta

1
11 . 1\ \\

BTBchythoclua plunanun \ I \ \ * 5 \\

B. . rlvularla . . . n IV s *

B. . . . rutabulun. :U 11 .11 M . U II - \ V

Bryvm peaxtotriquetnn . - : w \\ \\

(XUelrsti QEpidbtuB .

ClnclldohB fbntinadoldm illI 32 II . 11 . \ \
DichodcnLiua flarcsooB . l1 u 1\

D. pellinldm. 1 1 \\

Flaaldma ii| it
1 . A II U n i l

Fontimlls antlpfretlai . III II
1

2 \ M & 1*2. 3 2 It. \ \ V \
J2J 32 43 ZL • t\ w

HjBPchyinfa ochnacaxi . . ........ s z w + 2 . Z\

Hym-iiiw anrrlqw ; , . — j- i1 ; • 1 . \\ \ \ ..

^ ^ d o m r e i i
1

!••• . 1 1 ;

i i ! ! : \- j- ■
;__L ■1 - 1 i

i .. . t
1
i *

1
•... i i . , j. _

i ) (• - . ‘ - I * ----1--•( • • 1 ' I ! ' 1 i I -
TABLE Dliii Macrophytes of the Torridge system downstream of Meldon. For

interpretation of abundance, see key at the end of Appendix A.



Table Dliii continued

tteoasitrliiB aciculare 

WiynooBtegliin riparioidea 

Schisti diun agwsl 7.11

S ._____________alpioola

Sfcftagun spp.

T h g g r t i t m  a l c p e c u r v t n

Equisetun arrenae 

E. fluviatile

E. paljustre

• r e m s *

f t n e & l i c a  a y l v e a t r i a  

A p l u a  n p d l f l c m n  

C a l l i t r i c h e  h a a i l a t a

C. 3tagBll3

C^lbha palmtrla 

Ffrl Inhliin hlreutun 

E^atoriUB aerolbirun 

FlllpenAila ulnarla : 

foUim palistre 

Ic^BtlenB glapdiliftera ;

; !
L y a i a a r ^ l p  v t f l ^ r i o  j j

Î ythrun aellrkrla \... |
i ! ■ ~ ' i

Haithji atjatijca .. L .  J . _
: 1 ( ( ( i

Hfrimiliw sp(p.) ■ , . .

EVosotla ocorpinldea. ..

hfrriflphyllLtn ̂ ternUloriin

Oenantie croaafca, 

Fetaaltea hytyidua I' t
Pulicarla dyaaTterioi ..! 

termpult^ arjnM lW . I 
R, | fljfrmjla \__

R , H i d  t a n s

i i

R . hederaceLp

R. peltatug hytrld,

ftarlppa nast^aqjatijajB i
i » i l l  

R. . e y l v q g t r l a  J■ i ' i 
fflgliA prixafcens

i-
Sc^ochiilaHa ta
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Table Dliii continued

*V >1ar»iw  A i l n a w w r a

Stactqrs paluatrls 

SteUarla alaine 

Veronica beooabu^ga 

SkLlx spp.

Trees
Other dicotyledons

Afflrgtls stolcnlTera 

AULaia plantare>*aquatJ.ca 

AlcpeoLrus gsiiculatus 

Anthrothanthun oderatua 

Chrex echinata

10

^ 8

J1

C. renota

Dcochacpaia ceapltosa 
Eleocharls pajjustrla 
Eiodea canadensis 

■ (Hyoerla nnltarp 
Ir is  pogjdaoaruB

- *Xraj9 anutlflprm 
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; Ji  effbaus I 
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K

i i
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FtEOarla artndjnaoea' I - 
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‘1 I

Solrpua sylvatlcus 
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SPECIES

RIVER CATCHMENT

T
A
M
A
R

W
O
L
F

W
O
L
F
/
T
H
R
U
S
H
E
L
 

C
O
N
F
.
-
T
H
R
U
S
H
E
L
/
L
Y
D
 

C
O
N
F
.

T
H
R
U
S
H
E
L
/
L
Y
D
 

C
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Y
D
F
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T
A
V
Y

P
L
Y
M

M
E
A
V
Y

T
O
R
R
I
D
G
E

WE
ST
 

O
K
E
M
E
N
T

O
K
E
M
E
N
T

T
A
W

D
A
R
T

ATLANTIC SALMON Salmo salar 7 7 7 7 7 7 7 7 7 7 7
SEA TROUT/BROWN TROUT Salmo trutta J 7 7 7 7 7 7 7 7 7 7 7
RAINBOW TROUT Salmo gairdneri X X X X 7 X X 7 X X 7 7
GRAYLING Thymallus thymallus 7 X 7 7 X X X X X X X X

BREAM Abram is brama 7 X X X X X X X X X X X

MINNOW Phoxinus phoxinus 7 7 7 7 7 X X V X V </ 7
DACE Leuciscus leuciscus J X X X X X X 7 X 7 X X

GUDGEON Gobio gobio X X X X X X X V X X X X

STONELOACH Neomacheilus barbatulus >/ y 7 7 7 X X 7 X 7 7 7
EEL Anguilla anguilla 7 7 7 7 7 7 7 7 7 7 7
THREE-SPINED STICLEBACK Gasterosteus aculeatus X X X X X X 7 7 X X X X

BULLHEAD Cottus gobio 7 7 7 7 7 v/ X 7 X 7 7 7
FLOUNDER Platichthys flesus X X X X X 7 X X X X X X

BROOK LAMPREY Lampetra planeri 7 7 7 7 7 7 X X X X X X

1988* 1988

YEAR OF SURVEYS 1984 1989 1989 1989 1989 1989 1989 1986 1986 1986 1988 1987

TABLE D U v  Distribution of fish within river catctasits. Note the jrar of surrey is often different ftrm that napped in Flsire D1f



DISTRIBUTION OF SURVEY RECORDS (KILOMETRE SECTION) 
HABITAT AND STATUS IN NORTH-LEW 

SPECIES_________________ DEVON (Merritt 1983)_________ VOL? THRUSHEL LTD HOSTS-LEW (TEST)

1. Beautiful Demoiselle 
(Calopteryx vlrgo)

Stoney streams & rivers ,'1,2,3 
Widespread

1,2,3,4, 
5,7,8,9, 
10.11,13, 
16.19.15

1*2»5,7, 
8,9,12

1.2,3,4,
5,6,10,
12,13

3

2. Large Red Damselfly 
(Pvrrhotoma nymphula)

Wide range of wetland 
habitats. Widespread.

6 2,4,5,6, 
13

S

3. Blue-tailed Damselfly 
(lachnura elegans)

Ponds, canals, rivers. 
Widespread and common.

. 5,6

4. Common Blue Damselfly 
(Enallagma cyathigerum)

Ponds, rivers, canals.
Common.

6.9 2 5,6

3. Azure Damseslfly 
(Coenagrion puella)

Wide range of vetland 
habitats. Widespread 
and common.

2 5,6

6. Southern Hawker 
(Aeschna cynaea)

Ponds, lakes. Fairly 3 
wide-spread except in 
uplands.

4,2,11,
9,16,15

7,9,6 9,10.14,
14,16

6

7. Emperor Dragonfly 
(Anax imperator)

Ponds, lakes. Rather 
local.

2 6

8. Golden-ringed Dragonfly 
(Cordulegaster boltonii)

Stoney streams and rivers. 2,3 
Widespread and common.

2,9,19 5,6,7,9,
13

2,6,8,9,
10,12,13,
14

2

9. Broad-bodied Chaser 
(Llbellula depressa)

Ponds. Widespread & not 2,4 
uncommon outside high 
moors.

4,11 4,6 2 5,6

10. Four-spotted Chaser Moorland & heathland pools. 
(Libellule Quadrimaculata) Rather local elsewhere.

15 6,8

11. Keeled Skimmer 
(Orthetrura coerulescens)

Restricted to sphagnum bogs 
and flushes. Nationally 
scarce.

2 6

12. Common Darter 
(Sympetrum striolatum)

Variety of wetland habitats. 
Widespread.

4 6 7,14 5,6

TABLE D6.1z Odonata observed during the surveys of Heath (1989) on 

the Lyd catchment and the Lew system (tributary of the Torridge). The 

numbers in the columns refer to 0.5km lengths where present; for 

locations see Figure D6.3a.



KEY S I T E S  SUMMARY -  WOLF

SITE

Wl MILFORD QUARRY 

V2 COOMBE

W3 SLEW WOOD

SITE

LY1 CATHERLEY
WOOD & HARTS

LY2 LIFTON PARK 
POND

LY3 H F T O N  WOOD

LYft LIFTON OLD 
WORKS

NOTES POTENTIAL IMPACT OF
ROADFORD SCHEME

Disused quarry with ponds, 
woodland, scrub and 
grassland habitats. Small 
heronry. Wet rlver-edge 
flushes.

Possible effects on wet 
rlver-edge areas If water
table lowered.

Large complex of habitats 
Including marshy grassland, 
dry and wet woodland. 
Extensive fringing 
habitats within river 
channel. Grassland area 
Is Exeter University 
Target Area.

Possible effects on 
grssslsnd and wet woodland 
areas If water-table 
lowered and peak spates 
removed.

Large woodland block 
extending up to reservoir 
site. SUU-owned. Cood 
dense cover adjacent to 
river. Remnants of 
ancient upland oakwood and 
heath amongst conlferlzed 
areas. Wet flushes and 
cut-offs in valley floor.

No major threat, providing 
no further clearance work 
Is envisaged below present 
construction site.
Excellent opportunities 
for beneficial management 
by SWW (DUT has submitted 
management recommendstions). 
Cut-off pools could be 
affected but these heavily 
shaded and silted anyway.

KEY SITES SUMMARY - LYD

NOTES POTENTIAL IMPACT OF
OF ROADFORO SCIIEHE

Large woodland site, Probably negligible.
provIdlng important
habitat for birds and
mammals, including otter
which make regular use of
the area. The site is
ancient but canopy is
mainly post-war
regeneration. One
interesting vet woodland
area at eastern end,
remote from river.

Wooded pond with heronry Probably negligible.
and adjacent marshy
grassland. Only site In
the survey for Carex
riparla. a regional rarity.

Large woodland site - Negligible,
ancient but canopy 
severely altered by past 
felllng/re-plantlng. Cood 
site for birds and mammals.

Neglected field, providing SWW-owned7 Cood potential 
dense riverside habitat. for beneficial management. -
Some marshy grassland.

OTHER KNOWN IMPACTS

Dumping of refuse and 
farm wastes

Proposed new A30 route 
cuts through northern 
part.

" Annual mlnk-hunt works 
upstream from Broadwood. 
Access should be denied.

OTHER KNOWN IMPACTS

Undergoing extensive 
coniferlzatlon programme, 
but riverine strip to be 
retained.

Part of site has approval 
for Forestry Ccant Scheme 
Could be conlferlzed.

T A B L E  D6.21 Description of key. terrestrial sites identified by Heath (1989). 

For locations, see Figure D6.2c..



- ft TVER 9RY0PHYTES RECORDED

A - Abundant
B “ Bank
F - Frequent
LB • Lower Bank Sa a p 1 1 n x Site
0 • Occasional
R - Rare
S “ Subaerged/Splash zone

SPECIES

Fontlnalia ancipyretlca S
F.a^ua^oaa S
Brachycheclua rucabulu* S
B. plujoiuii S
B. rlvulare S 
Clnclldotua fontlnaloldes S 
Rhynchoategiua riparoldea S
Hrgrotiypnua lurldua S
Aabljisteitiua fluviatile S
Nardla coapresaa S
5ca pan la undulata S
Orchotrichua rivalare S
Ac roc ladlu4 cuapidacua S
Rlccardia plnguia S
Chlloacyphus polyanthoa LB/S
Atrlchua criapuj S
A.undulatua S
PlagiochlI La porelloldea LB
Conocephalua conlcu* LB
Lunularla cruclaca LB
Plagloaniua undulacu* LB
Rhizo*niu* punctatu* LB
Ho«alia trlchoaanoidea LB 
Dlchodonciua pelLucidu*
(v a r .fagiaoncanua) LB
Leakea polycarpa LB
Eurhfnchliia pridlongua LB
Lophocolea cuapidata B
Rypou* Lindbergli B
Mniua horoua B
Thuldlua taaarlaclnua B
T. delicatulua B
Hookeria luVcens B
Isotheciua nyoauroldss B
Thaanobryui alopecurua* B
Rhodobrjua roseua B
Pallia eplphylla B

WOLF THRUSHEL LYD Jf. LEW y.LEU

1 2 3 4 . I 2 1 2  3 4 I 2 3 I

LF LA 
LA 0

0

LA F

LF A F 
0

LA F 
_ p ©

F LA

F

0

F F 
A A 
F F

F

F <

LA F 0
0
0

A LA F F 
0 LF

F
ft

A 0

0
LF

LA F A 
R

F
R

0
LF LF 
LA F F F 

F
LF 0 
0 R 

F

R
0
LA F F

R

F/LA LF F 0

A 0 
F

F
F

LA
F
0

0 LF

0

LA 0 
0

0

0

F A Pt i

F 0 
0 0 
0

R
0 0 

F
0

0
0

LA 0

0

TABLE D.7i Bryophytes recorded from the Lyd and Torridge Lew systems by Heath (1989).



Description of survey methodology and data presentation 

MACROPHYTE SURVEY METHODS

Macrophytes from 0.5km lengths are surveyed using a checklist of species.

The survey at each site includes the whole river and immediate banksides from 
one side to the other. There are, therefore, separate records for those 
macrophytes found in the river, and similarly for those found on the bank. 
Such a separation of records was an attempt to distinguish between those 
species which occured more or less permanently submerged, albeit their basal 
parts, and those that are subjected to only periodic submergence. The former 
are referred to as ‘river’ records and the latter as ‘bank' records. To make the 
separation of these records objective, I attempted to keep to the following 
guidelines when defining the limits of the River. At the sides of the river all 
parts of the substratum were included which were likely to be submerged for 
more than 85% of the year. The ‘bank’ can be usually defined as that part of 
the side of the river (or islands) which are submerged for more than 50% but 
less than 85% of the time. In general terms, therefore, ‘ river’ records are 
reserved for those macrophyes which occur In the region of the river which is 
rarely uncovered, and those shallow sections which have an upper limit that 
may be exposed for a maximum of 50 days in any year. ‘Bank' records are for 
those plants that occur above the limit of the 'river' plants, and are thus out 
of the water for more than 50 days in any one year, yet will be submerged, or 
partially so, during mean flow periods. The upper limit of the ‘bank’ excludes 
all the areas of the bank which are submerged during the 150 days of each 
year when river flows are at their highest. In most cases such estimates involve 
guesswork, but at least the adoption of a particular submegence level does 
allow a greater flexibility in the interpretation of data and possibly a clearer 
insight into the ecology of individual species and communities at different 
sites.

The macrophyte survey thus only records the presence or absence of species 
on a checklist and limits itself to the channel and base of the banks.

The results from the surveys have been tabulated for information. This shows 
that wherever a species was present within a 0.5km site it has been indicated 
by a double set of numbers, these are either in the column marked ‘R’ for river 
or 'B* for bank. In the case of marginal plants it is not uncommon for the 
species to be recorded in both habitats.

To show which species in each 0.5km were most common, two estimates of 
abundance were given for each of the macrophytes found in each of the 
lengths surveyed. The first figure in each column refers to the relative 
abundance of one species against another; this only gives an indication of 
which species were the most common but does not indicate how abundant



each one was. The second figure of abundance is a subjective assessment of 
abundance based on the percentage of the river bed or bank covered by each 
macrophyte. Both are on scale 1-5.

To interprete the Table of Results an example of the type of information 
presented in the Table is given beow for two adjacent 0.5km sites.

UPSTREAM 0.5km DOWNSTREAM '
River Bank River Bank

Sp A 55 55
Sp B 11 11 11 11
Sp C 32 54
Sp D 32 54 33 55
Sp E 43 45

The figure in each column represents the relative abundance of the species (on
scale 1-5) in either the river or the bank and the second figure represents a
cover valule on a scale:

1 = covering less than 0 .1% of stream or bank
2 = covering between 0 .1-1% of stream or bank
3 = covering between 1-5% of stream or bank
4 = covering between 5-10% of stream or bank
5 = covering more than 10% of stream or bank

In the example above, therefore;

Species A is dominant in both 0.5km lengths in the river, it covers more 
than 1 0 % of the river but does not occur on the bank.

Species B is rare, present in both river and bank habitats in both lengths 
and does not exceed 0 .1% cover.

Species C Present only in upstream 0.5km length, is co-dominant with 
species D on the banks by covering 5-10%, is frequent relative 
to other species within the river and covers between 0 .1-1%.

Species D Present in both upper and lower 0.5km lengths, is again 
dominant on the banks. Although relative to other species it is 
at the same frequency in both sites in the lower site the actual 
areas of the rive it covers is between 1 -5% and not less than 1 % 
as it is in the upper site.

Species E Sub-dominant in the river but the actual cover is less than 5% 
in the upper site and more than 1 0 % in the lower site.
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Do.I , 1 I N T R O D U C T I O N

D6.1.1A As part of the Roadford Operational and Environmental Study, an environmenta I 
assessment of Roadford Reservoir on the downstream macroinvertebrates has 
been undertaken.
The objectives of the macroinvertebrate study are:

1) to analyse the macroinvertebrate data existing for the Rivers Wolf, 
Thrushel, Lyd and Tamar and, together with a literature review, to assess 
what the impacts of the scheme will be in relation to predicted changes in 
water quality, substrate and hydrological aspects, including hydroelectric 
power <HEP> generation.

2) to consider what community changes are likely to occur, identifying 
those species which are most vulnerable and those which will benefit.

3) to consider the relative importance and conservation value of the 
species in the content of their catchment, regional and national
di str i buti o n .

4) to consider the consequence of significant changes in total biomass of 
the macroinvertebrate populations on other river fauna.

These objectives will be addressed within the overall concept of an 
"Environmental Impact Assessment" study 'lEIAJ.

Many environmental factors are known to influence the composition and 
abundance of stream invertebrates. However, temperature, flow, water 
chemistry and their indirect and interacting effects may be considered the 
major factors controlling the macroinvertebrates downstream of reservoirs. 
Substrate is also an important factor but it largely depends on the flow 
regime and local geology (Ward & Stanford 1979; Brooder 1981).

While it is convenient to take a simplistic approach and consider each of the 
major controlling factors separately, it must be remembered that any changes 
in community structure are likely to be the result of a complex interaction 
of several environmental variables.

D o . 1 . i B River flow

Roadford is primarily a water supply reservoir and will be used both as a 
regulation release and direct supply reservoir. Secondarily, demands will be 
placed on the water for recreational, HEP generation and environmental 
purposes, including the use of a fisheries reserve. As a consequence of the 
various operational scenarios, artificial discharge variations will occur. 
These will involve fluctuations of water depth and velocity having 
"unnatural" rates of change, duration and frequencies. Until such time as the 
demand horizon has been met, a considerable range of combinations of release 
duration, magnitude, frequencies and sequences is inevitable.

It is recognized that the effects of Roadford and its operation on the flow 
regime will generally be most marked immediately downstream from the 
reservoir. Changes to the natural flows will result from the introduction of 
a compensation flow (9 Ml/d) and patterns of regulation releases for supply 
and HEP purposes iAnnexes D6.1Ai and D6.1c/d).



\
-2-

Water chemistry

Storage of water in open reservoirs induces physical, chemical and biological 
changes in the stored water. Many factors influence the quality of reservoir 
discharges, but those factors that control stratification, and hence releases 
of different water quality from the various draw-off levels, are particularly 
i m p o r t a n t .

The success of Roadford as a river regulating reservoir hinges on it being 

destratified in the summer period. Control of thermal stratification in the 
water column will suppress important associated problems, reduce anoxic 
conditions, inhibit ammonia production, control iron and manganese resolution 
and limit phosphorus release from the sediment.
The destratification equipment itwo lines and compressors) and the use of 
multilevel draw-offs, together with detailed water quality monitoring of the 
reservoir will enable the best water quality to be released to the River Wolf 
and reduce the chance of non-compliance in the receiving waters. Overall it 
is anticipated that the operation of Roadford as a regulating reservoir will 
be relatively trouble-free.

With the present inflow of nutrients Roadford will be a mesotrophic 
reservoir. The mesotrophic state of Roadford Reservoir must be maintained by 
the adoption of a catchment management policy. The long retention time is a 
valuable asset and should not be negated via increase in nutrient export from 
the catchment.

Sedimentation and channel morphology

Approximately 90*/. of the sediment load will be trapped in the new reservoir, 
at least during the early years. The clear-water reservoir releases may lead 
to erosion of the river bed immediately downstream of the reservoir. Flow 
regulation will reduce flood magnitudes and the ability of the discharge to 
transport sediments. It should be appreciated that channel changes downstream 
of Roadford Reservoir may take a considerable time to be completed, certainly 
not less than 5 years.

During the construction phase of Roadford Reservoir, the sediment loading to 
the River Wolf downstream of the reservoir site increased. Signs of siltation 
were found up to the confluence of the R. Wolf with the R. Thrushel (W14, 
Milford), as the deposits progressively migrated downstream. The effects on 
the invertebrates will continue to be monitored in the early years of 
impoundment, but the impact will be reduced with increasing distance from the 
reservoir site.

Water temperature

The degree of thermal modification in the receiving stream due to 
impoundments depends primarily on the thermal stratification pattern of the 
reservoir, the release depth, the retention time, and reservoir operation 
<Ward & Stanford 1979).

Deep-release reservoirs, where water is drawn from the cold hypolimnion, 
induce fairly consistent thermal changes in the downstream river. The diel 
and seasonal fluctuations in temperature are reduced, the spring rise in
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water temperature is delayed (summer-cold conditions) and the autumn fall in- 
water temperature is delayed (winter-warm conditions).
The influence of surface-rel ease dams on the temperature of the receiving 
waters is similar to that of natural lakes, although reservoir retention 
tiroes are often less. Elevated summer temperatures were observed in 
previously cold-water streams (Fraley 1979; Ward & Short 1978).

The impact of the modified temperature regime will be local to the reservoir 
with temperatures reaching ambient within a relatively short distance.

Mineralization and manganese deposits

During the construction phase of Roadford, a large area of the lower 

reservoir basin was excavated. The natural weathering of the unweathered 
material resulted in elevated levels of e.g. iron, manganese, aluminium and 
sulphates in the drainage waters of the quarry area which, although capped 
and land-scaped, discharged to the River Wolf.
Manganese loading has been oxidized by the natural turbulence of the river 
over the riffles and the oxide deposited on the river bed. Under the present 
conditions, the area most vulnerable will be the first 1.5 km downstream from 
the reservoir. This is seen as a temporary problem associated with the first 
years of operation.

The potential increase in manganese due to thermal stratification and 
associated problems is a separate issue, but one that can be controlled by 
prevention of stratification in the reservoir.
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MAJOR TAXA OF THE LYD SUB-CATCHMENT

Since 1985 quantitative cylinder samples have been taken in spring and autumn 
on those stretches of the Rivers Wolf, Thrushel and Lyd due to be affected by 
the construction and subsequent impoundment of Roadford reservoir. In 
addition five sites were sampled on the River Tamar {Hilton 1986j Ingelrelst 
1987, 1988). Previous surveys using qualitative kick samples were carried out 
in 1982 and 1984 (Logan 1982, 1984).

In June 1989, eight sites -corresponding to the routine cylinder sampling 
sites W9, Wll, W12, W14, T 1, T4, LI and L5- Here chosen to investigate the 

occurrence of macroinvertebrates in pools, tree roots and submerged 
macrophytes (Ingelrelst 1989b) (Annexes Do.li and D6.1Aiv).

The benthic river fauna in the R. Wolf, Thrushel and Lyd is typical of 
similar rivers in the South West. Two species h o w e v e r a r e  of regional 
importance: the stonefly Awphinenura st andfuss i and the caddis Athr i psodes 
bi 1 in eat u s .

From 1985 onwards, 170 taxa were found in the whole of the Lyd catchment 
(including 21 taxa collected in the pools, tree roots and submerged 
macrophytes that were never found in the cylinder samples CAnnex Do.livl).

The quantitative data used for the EIA were collected for the period 
1985-spring 1989 from the sites W4-W14, T3-T5 and L4-L5, plus one site 
sampled in 1987 at the actual dam site (Annexes D6.1a and D 6 .1Aii / iii ) . The 
relative abundances given below are for those sites only:

M o l l u s c a : 6 families, 8 taxa, 1.97. of the benthos abundance in spring and 
6.4% in autumn. Only Potamopyrgus jenkinsi and /l&cyius fluviatilis are well 
r epr esent ed .

O l i g o c h a e t a : 28. IX of the benthos in spring and 377. in autumn. Tubificidae 
are domi n a n t .

E p h e m e r o p t e r a : 6 families, 14 taxa, 25.67. of the benthos in spring and 14.2X 
in autumn. The dominant species are tihithroqena setico 1 or at a , Baetis rhodani 
and Ephemerella ignit a.
In the spring of 1989, highly significant increase of Caen is riv u1 oru» at the 
most heavily silted site (W7), immediately downstream of the dam. Conversely, 
R. s e t i c ol o ra ta decreased downstream of the dam.

PI ec opt er a : 6 families, 18 taxa, 4.87. of the benthos in spring and 3.8X in 
autumn. Leuctra fusca, L . geniculata and C/iioroper/a tor r en t iuw are the most 
a b u n d a n t .

In the spring of 1989, overall decrease of stoneflies downstream of the dam 
down to the confluence with the Kellacott Stream (except at W8) .

£1 mi nthi d a e : 4 species, 4.4/1 of the benthos in spring and 9.8X in autumn. 
Liwnius volcknar i is dominant, then E h  is aenea.

Hydr op sychi dae i 4 species, 2.9X of the benthos in spring and 5.9X in autumn. 
Hydropsyche siltalai is by far the most abundant species, then fi. 
p e 11uc i duI a .
Low occurrence downstream of the dam.
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Polvcentropodi dae: 3 species, 0.15X of the benthos in spring and 0.26X in 
autumn, Po 1 yc en t r opus f 1 a/£>« acu I a t us is the most abundant.
Relatively high density at W7 immediately downstream of the dam.

Rhyacophilidae: 2 species, 0.537. of the benthos in spring and 0.627. in 
autumn. Rhyacophila dorsalis is virtually the only species present.

Other caddi s ; G1 ossosoma t i dae: 2 ta>:a, 2.37. of the benthos in spring, 2.1% in 
autumn. Agapetus is dominant.

Li mnephi 1i d a e : 8 species, 0.12/1 of the benthos in spring and 
0.2571 in autumn.

Lepi dost oroat i dae: 1 species Lepidostoma /)irtu», 0.21% of the 
benthos in spring and 0.21X in autumn.
Confined to the lower reaches of the R. Wolf, to the R. Thrushel and R. Lyd.

Brachycentr i dae: 1 species Br achycenirus subnubilus, 0.15X of 
the benthos in spring and <0.17. in autumn.
Confined to the lower reaches of the R. Wolf, to the R. Thrushel and R. Lyd.

Chi ronomi d a e : 8.3X of the benthos in spring and 4.27. in autumn.

Si mu 1 i i d a e : 15.2". of the benthos in spring and 5.4/1 in autumn.
Low occurrence downstream of the dam.

Hynes (1970) rightly stresses that for no obviously catastrophic reason there 
can be considerable changes in the faunal composition of the benthos from 
year to year. This variability occurs in the Lyd catchment as well 
(Ingelrelst 1987, 1988, Tables 4 and 5) and should not be ignored when making 
use of the abundance data.

Several species collected from pools, tree roots and submerged macrophytes 
were never captured in riffles before, especially among the beetles and water 
bugs. Three new mayflies (Baetidae) were discovered. The damselfly Agriou 
virgo occurred regularly in tree and grass roots. One caddis of local 
importance, Aoicella r e du ct a, was also found in tree roots (Annexes Do.liv 
and D 6 ,IAi v ) .

Other species were more abundant in those biotopes than in riffles such as 
the snails Lymnaea peregra and Potamopyrgus jenkinsi^ the mayflies 
Ephemerella igrtiia and f/abropMebia fusca and the caddis Polycentropodidae,
Limnephi1i d a e , Lepidostomatidae and Brachycentridae.
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D6.1.3 E F F E C T  OF IMPOUNDMENT ON DOWNSTREAM 

M A C R O  I N V E R T E B R A T E S  , AND IMPACT 

A S S E S S M E N T  OF ROADFORD RESERVOIR

D6.I.3A River- - f l o w

The direct effects of flow are in many cases inseparable from the indirect 

effects resulting from changes in the substratum and water quality.

* In the upper reaches of the catchment, the increase and stabilization of low 
discharges during the summer months may bring an increase in the area of 
shallow riffles (this will be the case for instance at sites W10 and W12) 
which generally support greater densities of macroinvertebrates than deeper 
pools (Annex D6.1e). The net result will be a greater overall productivity at 
those sites. At higher flows however, riffle-pool sequences will be engulfed, 
which can result in a reduction in overall population numbers (Trotzfcy ic

Gr egory 1974).

* Natural spates and floods where bedload transport is involved can have a 
dramatic effect, leading to a considerable reduction in abundance of most 
taxa (Hynes 1970; Irvine 1985$ Petran & Koth£ 1978). In the Wolf catchment, 
the floods that occurred during the autumn of 1987 clearly demonstrated the 
above impact. By contrast, both the density and relative abundance of 
Eiminthidae (riffle beetles) and of molluscs increased compared to their 
spring value (Ingelrelst 1988).

A reduction of peat: discharges (spates less severe and frequent) is expected 
downstream of a dam and this is beneficial to the bottom fauna. However, the 
elimination of spates also leads to increased siltation.
Regulation of the Tees by Cow Green Reservoir led to the elimination of daily 
maximum discharges >8 times the annual mean and to a marked decrease in the 
frequency of discharges >5 times the annual mean. This pattern holds true 
throughout the year, despite the fact that 807. of this discharge in some 
winter months is uncontrolled flow down the spillway (Armitage 1976, 1977; 
Crisp 1977).

However, in a preliminary analysis of the flow regime of regulated rivers in 
the U.K., Bussell (1979, in Brooker 1981) showed that this reduction of the 
magnitude of the discharge was measured immediately downstream of the 
impoundment but was not perceptible at lowland sites.
This effect on the Wolf due to regulation by Roadford Reservoir is unlikely 
to persist further down the confluence with the rivers Thrushel or Lyd.

Annex D&.liii presents the annual summary of river flow for a typical year 
(1980) at Combeparf: Farm on the River Wolf, just downstream from the dam. If 
one compares those values with the recommended flows for HEP operation 
(Annexes D&.lAi and D6,lc/d) it appears that the effect of regulation will be 
one of increasing the seasonal (at least in spring and summer) and annual 
daily mean flow (DMF) and increasing the seasonal (at least in autumn and 
winter) flow constancy.

Ward (1976b) reviewed the effects of flow patterns below large dams on stream 
benthos and noted that more seasonal flow constancy could compensate for the 
adverse effects of daily flow fluctuations.
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With the absence or reduction of destructive spates downstream of the dam, 

the tendency will be for greater bank and bed stability, leading to greater 
plant growth and mosses and algae cover. These changes would in general be 
favourable to benthic invertebrates, e.g. Oligochaeta, Chironomidae, grazing 
snails such as £yar/aea, the mayflies Ephemerella igniia and Caenis rivuiorut, 
the caddis Hydropsychidae and the shrimp Caiiaru;.
In the Tees below Cow Green Reservoir, these plants have been put forward as 
a possible reason for striking increases in the numbers of Hais spp. (worms) 
and chironomid midges (Orthocladiinae) after regulation, but also for the 
scarcity of the mayfly Rh i t hr o gen a se&j’coiorata (Armitage 19761.

During the surveys in conjunction with Roadford, the caddis Hydropsyche 
siltalai was consistently found in large numbers wherever samples were taken 
in mosses - Lifton Gauge (L5> on the Lyd in the autumn of 1987 (Ingelrelst 

1988) and Cross i33> on the Torridge in the spring and autumn of 1987 
(Ingelrelst 1989a) .

The most adverse effects of flow regulation are likely to result from large 
and rapid (within minutes) flow variations downstream of HEP generation dams, 
particularly when they are associated with short-term changes in water 
quality and temperature linked with fluctuations in draw-off location. 
Examples abound in the literature, especially from North America, but the 
recommended flows at Roadford Reservoir (Annexes D6.1Ai and D6.1c/d) bear no 
comparison with the flows described for some of those huge schemes. The 
operational strategy is different as well, for most North American schemes 
are deep-release reservoirs. To give an example, Fisher & Lavoy (1972) 
studied the distribution of macroinvertebrates on a bar 425 m long and 70 m 
wide, 10 km below Turner's Fall ds»i in Massachusetts. The bar was completely 
submerged under high flow and exposed during low flow, representing a "tidal" 
amplitude of about 1 m. Few invertebrates, except chironomid midges, were 
recorded in the tidal zone.

Natural spates can rise very quickly but recede more slowly than artificial 
releases, especially in the lower stages. Abrupt increases or reductions in 
discharge must be prevented, the changes should be gradual. Ward (1976b) 
noted that adverse effects of daily flow fluctuations could be overcome by 
more seasonal flow constancy, attributing this phenomenon to a more stable 
substrate.

Stability of the substrate and algal growth increased after impoundment of 
Cow Green Reservoir on the Tees, although very high flows (23.4 cumecs) did 
occur when the reservoir overflowed down the spillway. These high flows do 
not however carry the coarser particles, which settle in the reservoir, and 
consequently do not have a marked scouring effect on the river bottom 
(Armitage 1976).

* Flow perturbations have been shown to cause both immediate and delayed 
(nocturnal) increases in invertebrate drift (Brooker St Hemsworth 1978; 
Corrarino & Erusven 1983, in Irvine 1985; Elliott 1967a,b; Pearson & Franklin 
1968).

Scullion & Sinton (1983) investigated the effects of artificial freshets in 
two impounded rivers in mid-Wales. The releases had insufficient force to 
initiate bed-load movement. A six-fold increase in flow in the River Tywi 
(1.8 to 10.9 cumecs) was maintained for 3 days in May at a riffle 3.2 km 
downstream from Llynne Brianne Reservoir and then reduced to 5.9 cumecs. A 
three- to four-fold increase in flow in the River Elan (1.2 to 4.1 cumecs) 
was maintained for two days in June at a riffle 4.8 km downstream from Caban
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Coch Reservoir and then reduced to 1.4 cumecs.

Total abundance and the densities of many major benthic taxa and species were 
reduced but the differences were not significant. The relative abundance of 
major taxa did not change in the River Elan but in the River Tywi there was a 
relative decrease in the stoneflies and a corresponding increase in the 
chironomid midges. The numbers of drifting invertebrates increased 
substantially but were back to pre-freshet levels four hours later.
The drift was dominated by Chironomidae <65%) and stoneflies (25a ). The 
midges responded immediately to the increase in discharge but stonefly drift 
increased later, during the night.

Irvine (19B5) investigated the effects of successive flow perturbations. The 
discharge in a stream was augmented fivefold and then returned to its 
original state three times between 17:00 and 21:00 in one day. This treatment 
was repeated on four successive days each week for three weeks. Each period 
of increased flow lasted 45 min with 45-stin low flow periods between. Flow 
fluctuations occurred virtually instantaneously.
There was a decline in the density of all major benthic taxa except molluscs, 
a decrease in the relative abundance of worms and an increase in the 
proportion of riffle beetle larvae and chironomid midges. Invertebrate drift 
density increased significantly during the first flow variation after several 
months of stable flows, but the increase was less with each successive 
fluctuation. Many of the invertebrates displaced probably had been resident 
in sloughed off filamentous algae. The three taxa common in attached algae 
(worms, chironomid midges and caddis larvae) were also numerous in the drift. 
At the end of three weeks of varying flows, fluctuations had no effect on the 
density of drifting invertebrates except for terrestrial insects. This was 
attributed to depletion of the benthos, which was partly the result of loss 
of invertebrates to drift, but some taxa probably migrated downwards into the 
substrate (hyporheic zone) to avoid scouring (Poole fc Stewart 1976).

Only a small proportion of the benthos ( <0.017. in Elliott 1967a,b; 0.0277. in 
Irvine 1985) is usually found in the drift. Elliott (1967b) showed that the 
invertebrates were in the drift for a short period of time and travelled only 
a short distance if conditions allowed a quick return to the benthos. He 
concluded that drift was a passive phenomenon, strongly correlated with the 
amount of water flowing down the stream. Other studies however showed that 
invertebrates actively entered the water column (Muller 1963b, in Elliott 
1967b). Kohler (1985) found that active drift was a component of the mayfly 
Baetis food searching behaviour. Active drift would also account for 
increases in drift sometimes observed with decreases in flow (Anderson !< 
Lehmkuhl 1968; Minshall & Winger 1968).

During the first 12 months of the filling phase, which started on 20 October 
1989, the River Wolf downstream of Roadford dam will receive a constant 
compensation flow of 9 Ml/day (0.10 cumecs). Various combinations of higher 
maintained flows and hydrogeneration releases will occur in the following 
12/24-month period. It is clear that the first releases for supply or Htr 
generation will increase the invertebrate drift density, although an 
equilibrium will eventually take place. The loss of invertebrates through 
drift will be compensated by the material (invertebrates and plankton) 
drifting from the reservoir.

# During the construction of a reservoir sediment input into the river
downstream from the works inevitably increases. A representative rate of 
erosion of construction works relative to forest=l is 2000 (grassland 
relative to forest is 10) (Canter 1983). High sediment loads have an adverse 
effect on macrophytes and benthic macroinvertebrates (Armitage 1984; Cline &
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Ward 1984) .

Sediment conservation practices used at Roadford dam site reduced the input 
into the stream. A recommended suspended solids concentration (SSC) of 45 
mg/I which should not be exceeded by construction site run-off was exceeded 
at the dam site by natural flood events for 13% of the time in 1986 and 117. 
in 1987. At Broadwood (site Wll) these figures were 11X of the time in 1986 
and 5/1 in 1987 (FBA 1988), Samples taken between 22/09 and 06/10/19S7 in the 
Wolf catchment revealed obvious signs of siltation of the surface riffle 
gravels within a 300 a reach of the dam site. A substantial quantity of fine 

sediments had accumulated in the intervening pools, consisting mainly of 

medium sand (Petts 1987). The sedimentation study of October 1988 again 
showed elevated concentrations of fines local to the dam site with 
approximately 18X finer than 2mm. Highest concentrations occurred in the 
lower (15-30 cm) layer. Since the 1987 survey the proportion finer than 1mm 
at the local sites has increased from 10% to 133S of the substrate by weight. 
At sites further downstream from the works, and at the control sites, the 
proportion of fines has remained unchanged or has declined over the same 
period. The 1988 survey demonstrated that the construction works have had an 
impact on the spawning gravels for at least 3 km, possibly 5 km, downstream 
of the dam (Petts 1988).

During the macroinvertebrate sampling in the spring of 1989 (routine cylinder 
samples and special habitats survey in pools, tree roots and submerged 
macrophytes Clngelrelst 1989b3), signs of siltation were found up to the 
confluence of the R. Wolf with the R. Thrushel (site W14, Milford).
An impoverished invertebrate fauna typical of slow-flowing, silted areas has 
now developed downstream from the dam down to the confluence with the 
Kellacott Stream (sites W7-W12), and to a lesser extent further down to the 
confluence with the R. Thrushel (sites W13-W14) (Annex D6.lv). There has been 
a decrease in the numbers and diversity of stoneflies, although Leuctra 
cenicuiata and l, fusca were largely unaffected. The density of the mayfly 
Rhithroceria senicolor at a was overall lower but that of the closely related 
Ecdyonurus did not change. The second site downstream of the dam (WS) was 
rich in stoneflies (8 species) and the abundance of Rhithrogena was not 
depleted, but no particular reason could be found. Other faunal changes were 
the absence or notable reduction of the caddis Rhyacophila dorsalis and 
nydropsyche siltalai and of black fly larvae (Simuliidae). Changes were most 
significant at the roost heavily silted site, immediately downstream of the 
dam (W7). There was a significant increase in the numbers of the mayfly 
Caen j 5 rit/tiJoruB (1280 individuals/m2 ) and 19 water-mites (Hydracarina) were 
captured whereas these are otherwise very rare in the samples.

When the reservoir becomes fully operational and regulation releases are made 
to the River Wolf, the upper layer of silt and sand will be washed away to be 
re-deposited in areas of low current velocity. Deeper layers of the substrate 
may remain silted to some extent since that silt will be less easily flushed 
out. Siltation of the substrate is considered a temporary problem as long as 
remedial action is taken in the first 12-18 months of impoundment. Compaction 
of the sediment will otherwise result. The ingress of fine sediments into the 
substrate and the compaction therein are more significant to fish than 
surface silting (FBA 1988). It is detrimental to the benthic fauna by 
clogging interstitial spaces, thus reducing substrate heterogeneity, which in 
turn reduces species diversity.

Most effects of Roadford Reservoir (temporary low flows and siltation, 
temperature changes, flow patterns) will be local to the dam and with
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greatest impact immediately downstream of the reservoir.

During the present conditions of low flows (9 Ml/d) and resulting siltation, 
the input of the relatively small Kellacott Stream already proved to be 
beneficial to the i nver t ebr at es and fish. Spates emanating -from this small 
catchment have resulted in flows of 300 to 400 Ml/d (DMF) at the Wolf 
confluence. The confluence of the R. Thrushel and R. Lyd will further help to 
mitigate any adverse effects of regulation.
It is then unlikely that the operation of Roadford will have any visible 
detrimental effects on the macroinvertebrate populations of the R. Tamar.

D6.1.3B W a t e r  c h e m i s t r y

* Gross deoxygenation and the generation of hydrogen sulphide in the 

hypolimnion of an impoundment will severely affect invertebrates immediately 
downstream of deep-release reservoirs (Davies 1979, in Brooker 1981) but 
generally equilibration will be rapid and the effects local. Low levels of 
dissolved oxygen will commonly be accompanied by relatively high 

concentrations of iron and manganese, both in soluble form and associated 
with particles. Local settlement of the particulate phase may occur and form 
deposits on the river bed, as was observed downstream of Caban Coch Reservoir 
in mid-Wales. Total iron and manganese concentrations were much higher in the 
regulated River Elan than those recorded in natural streams of the catchment. 
Compared to the nearby unregulated River Wye (Brooker & Morris 1980), there 
were fewer caddis, mayflies and beetles or they were absent completely 
(Inverarity et_ al . 1983; Scullion et_ a 1 . 1982).

It is probable that iron and manganese concentrations in Roadford Reservoir 
will be high enough to be troublesome if deoxygenation occurs (Collingwood 
1967). Water in the reservoir however will be artificially mixed and thus 
prevent a n a e r o b i o s i s . Detailed monitoring of water quality in conjunction 
with the operation of the destratification equipment and draw-off levels will 
reduce the risk of deterioration in water quality standards of the receiving 
water s .

* The production of plankton and algae in the reservoir enhances the production 
of fi 1 ter-feeders (e.g. Simuliidae Eblackfliesl and the net-spinning caddis 
Hydropsychidae and Polycentropodidae) downstream of the dam. Deep-release 
reservoirs however may have reduced populations of f i 1 ter-feeders downstream 
of the dam. Ward (1975, in Armitage 1978) suggested that hypolimnial plankton 
was not a reliable enough food source for the build-up of a fauna depending 
on suspended matter. In a study ot differentially regulated sections of a 
Colorado mountain river, Ward (1976a) attributed the low numbers of 
Hydropsychidae below the dam to a reduction of particle size diversity due to 
the clarifying effect of the reservoir.

Microcrustaceans completely dominated numbers and biomass in the drift below 
Cow Green Reservoir on the Tees. Despite that supply of zooplankton from the 
impoundment, filter-feeders were present in relatively 1 o h  numbers but the 
reason for that was not clear. Simuliidae might have been at a competitive 
disadvantage for settlement with the very high densities of Hydra found below 
the dam. Hydropsychidae were rare before and after the reservoir was built. 
Low numbers of Polycentropodidae were possibly due to sampling in riffles 
only (Armitage 1976, 1978, 1979).

The enriching effect of lake outflows does not persist very far because 
plankton usually settles rapidly (Armitage 1979; Keefer & Maughan 1985).



Below Cow Green Reservoir, the greatest losses in zooplankton occurred in the. 

first 400 in below the dam (Armitage 1979). The persistence of plankton.in the 
river will depend on factors such as species size, flow, temperature and the 
presence of vegetation. Cold weather and high flows caused the drift of 
organisms to e>:tend much further downstream than usual {Keefer & Maughan 
1985), Ward C1975, in Brooker 1981) showed that the downstream persistence of 
zooplankton was positively related to the magnitude of the river flow and 
negatively correlated with the species sire.

Below Cow Green Reservoir, macroinvertebrate abundance and biomass were 
greatest about 200 m below the dam. Thereafter both parameters decreased and 

species diversity increased. Diversity was not significantly different 500 m 
below the dam from that in the unregulated tributary Maize Beck (Armitage 
1978). lilies (195&, in Hynes 1970) found large changes in invertebrate 
biomass and species composition in a lake outflow within a distance as little 
as 20 m. Passive fi1ter-feeders were dominant 15 id from the outlet whereas 
215 m below the lake active feeders became dominant.

It has been shown that the merging with unregulated tributaries rapidly 
improves water quality, temperature and food resources. This caused caddis 
populations and diversity downstream from an HEP dam i n Idaho (U.S.A.) to 
increase and approach near normal levels (Brusven 1984; Hunn 8c Brusven 1987).

Downstream of Roadford reservoir, the convergence of three rivers (Thrushel, 
Lyd and Tamar) will mitigate any adverse effects of regulation. Most effects 
of the operation of Roadford will be felt immediately downstream from the 
dam.

Stored water from a reservoir can be of considerable benefit in improving 
water quality should a discharge of farm wastes or chemicals occur in the 
downstream reaches (Armitage 1979; Brooker 1981). The potential adverse 
effects of a sudden discharge of water on the downstream fauna can be weighed 
up against the benefits of diluting the pollutants.

T  e m p e r ' a ‘t u r - e

The development of many stages in the life cycles of macroinvertebrates is 
known to be temperature dependent (Elliott 1972, 1978} and the downstream 
effects of impoundments on temperature regime are likely to be of 
considerable importance in determining benthic communities.

Deep-release reservoirs in temperate, cold countries have drastic effects.
The winter warm releases prevented ice cover formation within 20 miles from 
the outlet of a dam on the Saskatchewan River in Canada (the river freezes up 
from November to April at a control station). The number of species and 
abundance of mayflies and other insects were greatly reduced and the effect 
was still evident 70 miles downstream. While 19 species of mayflies were 
present upstream of the reservoir, none were recorded below the outlet and 
only 7 species were found 70 miles downstream of the dam . Those species 
lacked the environmental stimuli (t* sequence, total degree-days) necessary 
to cue developmental stages and thus could not succesfully reproduce 
(Lehmkuhl 1972).

In regions with a more equable climate, such as Great Britain, the effects of 
winter warm conditions will be less drastic (Ward & Stanford 1979).



Water from Cow Green Reservoir on the Tees is drawn simultaneously from a top 
and bottom draw-off. The release did not have any gross discernible effect, 
although the water downstream of the dam was warmer in winter and colder in 
summer than in the control tributary Maize Beck. It is however possible that 
the timing of the life histories of certain taxa was altered (Armitage 1979).

Boon (1987) investigated the influence of Kielder Water (River North Tyne, NE 
England) on caddis populations downstream from the dam. The reservoir forms 
one of' E u r o p e’s largest man-made lakes (3.6 times Roadford's surface area, 
maximum depth 52 m). The water downstream of the dam is warmer in winter and 
cooler in summer than unregulated streams in the region, with the maximum 

temperature delayed by about 1 month. Seasonal variations are reduced and 
these changes are noticeable for 15-16 km downstream. The growth rates of 
Hydropsyche s i l t a l a i , H. pellucidula and Rhyacophila dorsalis below the dam 
were accelerated during the winter and retarded in the summer, apparently 
correlated with the winter-warm, summer-cool discharges from the reservoir. 
The mean final weight of mature H , pe 1luc idula larvae (unlike n, siltalai or 
R. dorsalis) was 30-55% greater below the dam than above it, and that 
difference was statistically significant.

The blackfly Siouiiun, the freshwater shrimp u a n a r u ;  and Chironominae midges 
replaced Baetidae (mayflies), Elminthidae (riffle beetles) and the caddisfly 
Hydrcpryc/ie downstream of a deep-release and stratified reservoir and this 
was attributed to changes in thermal regime (Hilsenhoff 1971). Similar faunal 
shifts have been reported from other rivers receiving cold water discharges 
with shrimps, chironomid midges and worms generally replacing beetles and 
mayflies (Blanz e_t_ a 1 . 1969, Brown et a 1 . 1967, in Brooker 1981; Lehmkuhl 
1972).

Despite great differences in stream size, macroinvertebrate communities below 
two surf ace-rel ease dams in Montana and Colorado were similarly modified by 
regulation. The total invertebrate density increased, but species diversity 
was reduced. Stoneflies were severely affected, whilst Hydropsychidae 
(caddis) became the most abundant taxon (Fraley 1979; Ward & Short 1978).

Caddisfly production generally increases below surface-release dams due to 
increased food supply (plankton from the reservoir) and favourable water 
temperatures (Henricson & Sjcberg 1984; Parker I Voshell, 1983; Simmons it 
V osh e l 1 1978). By contrast, hypolimnetic releases typically affect 
caddisflies in a negative manner (Hilsenhoff 1971; Zimmermann & Ward 1984).

In stratified reservoirs, surface water releases will have less adverse 
effects on the invertebrate populations than the water drawn from the lower 
layers of the reservoir.

At Roadford, artificial mixing of the water body will allow draw-offs at 
various depths by reducing the temperature differential between the surface 
and lower layers. Artificially mixed water drawn from the surface of Roadford 
Reservoir will probably benefit the community as a whole, at least in terms 
of increased standing crops. This in turn will be beneficial to the fish. 
Increased standing crops would be at the expense of a reduction in species 
diversity. This is thought to be acceptable if it were to benefit the fish 
and considering the fact that those changes will not persist very far 
downstream of the dam (probably not further than the confluence with the 
Thrushel or the L y d ) .
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D6.1.4 M a j o r  t a x a

D6. 1 . 4A M o l l u s c a  (s n a i 1 s and mussel s)

* Gastropoda (snails) are usually enhanced below impoundments with a more 

constant flow regime, even when sh ort-term fluctuations are s u pe ri m p o se d 
(Ward 1976b). Less extreme H o w s  below Cow Green Reservoir on the Tees 

encouraged the development of large populations of molluscs, p ar t i c u l a r l y  

Lymnaea peregra (Armitage 1976). Investigating the effect of flow increases 

on stream benthos, Irvine (1985) noted a decline in the densi ty of all major 

taxa except molluscs.

One effect of im pou ndments on water chemistry is a pronounced smo oth ing  of 

short-term ionic concentrations fluctuations which are typical of natural 

rivers. The fluctua tio ns in outflowing water are smaller than those of the 

water entering the reservoir.

Where soft, n u trie nt- poo r upland water is released from a r e s e rv oi r to 

support low n a t u r a l .f1o w s , e s p e c i a l 1y in summer when ionic c o nc e n t r a t i o n s  in 

river water are likely to be at their highest, considerable dil ut i o n  and 

softening of the natural drainage may occur and influence the d is t r i b u t i o n  of 

some mac roi nve rte bra tes , Mollusca and Amphipoda (shrimps), which have a

minimum re quirement for chemicals such as calcium (Edwards eJL_ al_* 1978;

Edwards & Crisp 1992). Freshwater snails can be separated into two groups 

according to the minimum calcium concent rat ion  they can tolerate (Macan

1977). One group comprises the hard water species, i,e, those s pe c i e s  which 

are never or pra cti cal ly never found in soft water. Fro m the snail standpoint 

water ceases to be soft at a c oncentration of calcium of about 20 mg/1 (20 

parts per million). The second group is made up of all those spe ci es  which 

can tolerate soft water, although they will be found in hard water as well.

Sphae rii dae  were shown to be more abundant than expected below r es er v o i rs  

charact eri red  by a reduced and near constant dow nstream flow. Reduced flows 

and silty stone surfaces are beneficial to these deposit feeders (Armitage et_ 
a 1 . 198/) .

Extence (1981) found Lymnaea resistant to prolonged stranding.

Lymnaea pereijra made up ill of the invertebrate abundance (243 i n d i v i d u a l s / m 2 ) 

below an HEP dam in Sweden where zero discharge was allowed at night on 

average 15 days per month, with a corresponding drop in water level of 3bout 
1 m and vel oc it ie s  of 0-60 cm/sec. Below another dam with average daily flow 

fluctuations of 260-390 cumecs but a water level almost constant, the 
relative abu ndance of L, peregra was 10a (151 ind ./ m2 ) in the littoral area 

and 4a (173 i n d . / m 2 ) in the middle area of the river (Henricson & Sjoberg 

1984). The growth of benthic and filamentous algae increased after regula tio n 

below those two dams and this in turn enhanced the production of grazing

i nvert ebr at e s .

** The rela tiv e abundance of molluscs is 1.9X in spring and 6.4 X in autumn 

(Annexes D 6 . 1A i i / i i i ). Two species, Potamopyrgus jenkinsi and Ancylus 

f 1 tiv i at i 1 i s are collected throughout the Lyd catchment, without being 

abundant. It was common however in tree roots samples and sometimes very 

abundant (T1 and L5) (Annex D6.iAiv). L. peregra is rare in the samples but 

it turned up more frequently - without being common - in samples taken from 

tree roots or submerged macrophytes. S phaeriidae are r are in the Lyd
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ca tc hm e n t  and did not increase in a bun dance downstream of Roadford Reservoir 

due to c o n s t r u c t i o n  works.

D ur ing  the a utu mn of 1987, heavy rain and subsequent major flooding 

c o n s i d e r a b l y  r e d u c e d  the a b und anc e of i n v e r t e b r a t e s , except that of molluscs 

and r if fl e b e e t l e s  (El mi n t h i d a e ) (Ingelrelst 19BS), an effect similar to that 

o b s e r v e d  by Irv i n e (1985).

All the s na il s from the Lyd cat chment are soft water species and indeed mean 

c al c i u m  c o n c e n t r a t i o n s  are < 20 mg/1 (Annex D6.1ii). It is then unlikely that 
any d i lu tio n e f f e c t  will affect the distribution of s nails downs tre am of the 

r e s e r v o i r .

*** O p e r a ti on  of R o a d f o r d  R ese rvoir will result in a greater seasonal flow

c on s t a nc y b e l o w  the dam. Spates will be iess severe and frequent and this 

should bene fit  the m o s s e s and algae due to subsequent greater bed stability. 

This in turn coul d lead to increased numbers of grazing snails.

Poi a t op yr gu s  may well incre ase  in abundance during the filling of the 

re ser voi r, when f low s d o w n s tr ea m  of the dam are low and constant and 

s i lt a t i o n o ccurs. C on v e r s el y,  this will be detrimental to Ancylus.

The r eg u l a t e d  c o n d i t i o n s  and resulting effects should not be detrimental to 

the m o l l u s c s  as a w hole, neither during the first years of filling of the 

rese r v o i r nor when the reservoir will be fully operational (higher maintained 

flows and HEP r e l e ases ).

Do. 1 . 48 O l i y o c h a e t a  (worms)

* A s tr ik ing  i n c r e a s e  in the numbers of Naididae (Hais spp.) occurred after

r e g u la t i o n  b e l o w  Cow Green Reservoir on the Tees (Armitage 1976, 1978, 1979). 

This was a t t r i b u t e d  to the increased standing crop of mosses and algae that 

r e su lt ed  from g r e a t e r  seasonal flow constancy d o w n str eam  of the dam.

The deposit fee de rs  N a i d id ae  and Lumbriculidae were found to be more abundant 

than e x pe cte d d o w n s t r e a m  of r es e rvo irs  with a reduced and near constant flow 
(Armitage et_ aj_. 1987) .

Similar faunal c h a n g e s  were observed in the re gulated River Elan. The 

C h i r o n o m i d a e  and O l ig o c h a e t a  were the dominant taxa in the riffle \537. and 

26X r e s pe c t i v e l y ) .  The River Elan downstream of Caban Coch Reservoir receives 

a con st an t  c o m p e n s a t i o n  flow of 1.4 cumecs and a substantial reservoir 

overspill in the winter. The t em p e r a tu re  regime is altered by deep water 

r e l e a s e s  and the river bed is covered by iron- and m ang ane s e -r ic h deposits 
(Scullion et, al . 1982).

The den si ty  of w o r m s  increased d o w nstr eam  of d ee p- re l e a s e  reserv oir s in 

C ol ora do.  The thermal pattern was typically greatly modified (Zimmermann 5c 

Ward 1984).

The amount of i n f o r m a t i o n  about the effects of reg ula tio n on worms is 

s u r pr i s i n g l y  s c a r c e  from all the papers consulted. Host workers concentrate 

on m ayf l i e s , sto ne fl i e s , the f i 1ter-feeding caddis, C h i r ono mid ae and 
Si mu 1 i i d a e .

** O l i g o c h a e t a  (mainly Tubificidae) are usually the dominant group at the

s a m pl i n g  s i tes  in the Lyd catc hme nt (287. in spring and 377. in autumn, Annexes
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D 6 .IAi i/i i i ) .

D6.1.4C G a m m a r  i c J s e  (freshwater shrimps)

* Gaaaarus pulex was very abundant at the two closest sites (2 m and 240 ro) 

downstream from Cow Green Reservoir on the Tees although it was not found in 

that area in a pre-impoundment survey. Large num be rs  of this species had 

colonized the reservoir and this facilitated their establishment downst rea m 
(Armitage 1978).

Despite big differ enc es in location, limnological conditions in the 

reservoir, release depth, flow m odification and many other factors, Ward & 

Stanford (1979) showed that Amphipoda (shrimps) were invariably enhanced 

below reservoirs, often appearing for the first time in unregulated rivers 

downstream of the regulated inflow. Ward (1974, 1976a) studied some regulated 

sections of the South Platte River, Colorado, and recorded increased 

densities of Amphipoda and Gastropoda ass oci ate d with dense beds of submerged 

macrophytes. Zimmermann !c Ward (1984} however, r evi ewi ng the eff ect s of 

regulation downstream of 15 deep-release dams in Colorado, did not find these 

dense beds and their associated shrimps and molluscs.

Invertebrates such as oa»»arus are expected to develop in rivers where flow 

is stabilized by impoundment (Brooker 1961). S imilarly, Amphipoda were 

usually enhanced beiow reservoirs with a more constant flow, even when 

short-term fluctuations were superimposed (Ward 1976b). Bed load movement can 

result in reduced benthic populations and a more stable substrate should be 

beneficial to the majority of i n v e r t e b r a t e s , nota ble  exceptions being some 

species of Naididae and Tubificidae (worms), which can actually be more 

abundant in areas of shifting substrate than in a stable s ubstrate (Petran &
K o t h 6 1978).

Armitage et_ al_. (1997) reviewed the effects of reduced and near constant flow 

on the zoobenthos downstream of res erv oir s in the U.K. Although Amphipoda 

were slightly more abundant in the reg ulated sites, the difference between 

their observed and predicted abundance (using 5 physico-chemical variables) 
was not si gni fi cant.

oa»»aru5 was favoured downstream of a de e p - r el ea se  reservoir and this was 

attributed to changes in thermal regime (Hilsenhoff 1971). A similar effect 

has been observed in other rivers receiving cold water d ischarges (Blanz et_ 

al > 1969, Brown a_l_. 1967 , in Brooker 1981; Lehmkuhl 1972).

Ward & Stanford (1979) suggested that i n vert ebr ate s such as G. lacustris 

which are able to complete their life cycle under constant thermal con ditions 
(Smith 1973) may be favoured below dams.

£>:tence (1981) found G. pulex relatively sensitive to stranding.

** Gattarus puiex is uncommon in the Lyd catchment but was found at all sites, 

always in small numbers. In the spring of 1989 they were c om p a r a ti ve ly  

abundant immediately downstream of the dam (W7), in a slow-flowing and 

heavily silted environment.

*** The regulated conditions are unlikely to be detrimental to o. p u l e x . Rather, 

they are expected to increase dow nstream of Road for d reservoir.



- 1 6 -

D 6. i. 4 D E p h e m e r o p t e r a  (mayflies)

* M a y fl i e s  are g e n e r a l l y  a dve rse ly affected - red uction in abundance and

sp e c i es  d i v e r s i t y  - d o w n s t r e a m  of d eep-release reservoirs. This is attributed 

part ly to c h a n g e s  in thermal regime (Blanz et_ al_. 1969, Brown et_ aj_. 1967, in 

Brooker 1981; h'iisenhoff 1971; Lehmkuhl 1972; Ward & Stanford 1979). 

T e m p e r a t u r e  r a n g e  c h a n g e s  from 0 .5 -2 1. 0 * C  to 2. 0-1 2.5 *C together with high 

flows r e s u l t e d  in the c o m p l et e failure of a summer g eneration of Baetis below 

Fla mi n g  G or g e  Dam on the Green River, Utah (Pearson e£_ a 1 . 1968, in Brooker 
1 9 S 1 ) .

Zimraermann & Ward (1964) r evi e w e d  the effects of 15 deep-re lea se reservoirs 

in C o l o r a d o  on the d o w n s t r e a m  fauna. The temperature regime was typically 

m odif ied , with diel and seasonal fluctuations greatly reduced and the 

seasonal m a x i m u m  s u b s t a n t i a l l y  delayed. The t emp er a t u r e never reached 0*C in 

c on tra st with the u n r e g u l a t e d  re ac h e s  ice covered for several months of the 

year. The s p e c i e s  d iv e r s i t y  of m a y f lie s was reduced but their abundance 

increased. The d e n s i t y  of m a yf li es  decreased below 2 surface-rel ease dams.

M a y fl i e s  (g raz er s e.g. Baetis and f i 1 ter-feeders e.g. Isonychia) increased 

belo w Lake A n n a  on the North Anna River, Virginia. Acid and metal mine 

d r a i na g e  from a t r i b u t a r y  used to dep re ss  diversity and abundance of the 

z o o b e n t h o s  for a c o n s i d e r a b l e  di sta nc e downstream from the confluence of the 

two rivers. Now the t r i b u t a r y  flows straight into the reservoir which acts as 

a sink for s e d i m e nt  and metals. As the reservoir discharges primarily surface 

water, this has p ro ve d  to be beneficial to the invertebrate communities as a 

whole, and to m a y f l i e s  and M ol l u s c a in particular. Plankton from the 

re s e r v o i r  and an i nc r e a s e d sta nd i n g  crop of benthic algae beiow the dam 

further e n h a n c e d  the m a y f li e s  and consolidated the dominance of caddis 

( H y d r o p s y c h i d a e  and other f i 1 t e r - f e e d e r s ). There is no restriction to the 

d o w n s t r e a m  flow e xce pt for a mi nim um compensation flow of 1.13 cumecs. A 

3 5 -year a v e r a g e  d i s c h a r g e  of the North Anna River was 10.76 cumecs (Simmons & 

Vosheil 1978).

A r mi ta ge  et, al . (1987) used 5 physico-chemical variables to predict the 

p re s e n c e and a b u n d a n c e  of m a c r o i n v e r t e b r a t e  families at 30 regulated sites in 

the U.K. The r e g u l a t i o n  took the form of a reduced and near constant flow. 

H e p t a g e n i i d a e  (= E cd y o n u r i d a e )  were less abundant than expected, due to 

in c r e a s e d  s i l t a t i o n  and algal growth below these dams.

Sand d e p o s i t i o n  in the River Camel however resulted in an increased abundance 

of R h i t h r o g e n a  s e t i c o i o r a t a  (Nuttall 1972).

The e n h a n c e d  g ro w t h  of mo sse s and algae downstream of Cow Green Reservoir on 

the Tees was p r o b a b l y  detr ime nta l to R. s eo ico i or a t a . Hept agen i i d ae decreased 

in 1972 and 1973 but r e t u r n e d to their pr e-i i&poundment level in 1975. They 

were never very a b un da nt  in that section of the Tees but were still abundant 

in the a d j ac en t  t r i b u t a ry , the Maize Beck. Baetidae did not show any definite 

trends w i t h in  that p e r i od  and C a e n i d a e  appeared to have increased in numbers. 

On the w h o l e  there was no r e d u c t io n in the nuaber of species (Armitage 1976,

1978).

Few m a y f l i e s  o c c u r r e d  below Caban Coch Reservoir on the River Elan, 

mid- Wa le s.  It was p a r t i c u l a r l y  d e fici ent  in Baetidae and H e p t a g e n i d a e .  Iron- 

and m a n g a n e s e - r i c h  d e p o s i t s  ac cum u l a t ed  on the bottom of the river have been 

put f o r w a rd  as the p r o b a b l e  major c a u se (Brooker 1981; Scullion et_ ajk 1982; 

I n ve r a r i t y  et_ al . 1983). Similar e ff e c t s  have been observed in rivers 

c o n t a m i n a t e d  by ferric h yd r o x i d e  (Letterman & Mitsch 1978).
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Mayfly po pul ati ons  were usually reduced below HEP danss (Powell 1958, in 

Cushman 1985; Williams & Winget 1979). Trotzky & Gregory (1974) reported a 

decrease in the abundance of R h i t h r o g e n a , whereas Par aieptophiefua increased 

in abundance. The latter burrowed into the s u bstr ate  during adverse periods. 

The river downstream of the dam was subject to rapid variations in flow 

(<8.5-170 cumecs, - 2 5 Y. of bottom left dew atered at low flow, velocity 0. 1-0.5 

m/sec at bottom, with a 4-fold increase in <1 hour).

Pearson & Franklin (1968) found Baetis sp. to be resistant to stranding. 
Jensen !< Jensen (1984) observed the effects of the lowering of the water 

level (-1 m in 1 hour) in a lowland stream in Denmark. Apparently all the 

active species, including 8. r h o d a n i , escaped by swimming towards the middle 

of the channel. Burrowing species such as tp/jeaera danica were more affected 

but many individuals did escape by leaving their burrows before the opening 

was left exposed.

Baetis spp. was absent however below a sh ort-term regulated HEP dam where 

zero discharge occurred at night, about 15 days per month. The ma yfl ies  

C ae nj 5 r ivuioru* and Epheterella ignita were present, albeit in small 

numbers. It was suggested that spec ies  which overwintered as eggs or small 

nymphs deep in the substrate might be better p readapted to these regulated 

conditions since they were exposed to flow f lu ct uat ion s for a c o m pa ra t i v el y 

short time (Henricson & Sjoberg 1984).

t. rivuiorui was absent from the samples from December to March below Cow 

Green Reservoir on the Tees. There was a period of rapid growth from May to 

July and the emergence probably toot: place in June and July. The nymphs most 

probably overw int ere d deep buried into the sub strate (Armitage 1976). E. 

ignita was confined to the summer months and hatched in July and August.

The same life history pattern was reported from the Walla Brooi: on Dartmoor. 

The species overwintered in the egg stage and nymphs were present in the 
benthos from Hay to August (Elliott 1967a).

During periods of low flow, when algal cover was abundant, c. i<?nita was also 

found to be abundant in a canal dow ns tr e a m  of a dam in France, where the 

minimum compens ati on flow of 30,cumecs could suddenly increase to >1000 

cumecs (Gaschignard & Berly 1987).

** Mayflies are well represented in the Lyd catchment (25.6J. in spring and 14. 2 X 

in autumn, Annexes D6.1Aii/iii). The diversity is high with 14 species in 

riffle areas, pius 3 additional species from the pools, tree roots and 

submerged macrophytes.

The most abundant species in spring are Rh ithr o gena s et i c o 1 or at a (40a),

Baetis rhodani (27X) , Ephemerella ignita (13X) and Caenis ri vulorua (9X).

In autumn 3. rhooarti (41a), R* set i color at a (347.) and Ecdyonurus sp. (IS a) 

are the dominant species.

The life cycle of t. ignita in the Lyd catchment is similar to that observed 

below Cow Green Reservoir on the Tees (Armitage 1976) or in the Walla Broot: 

on Dartmoor (Elliott 1967a). They are confined to the summer months, although 

individuals were captured at the end of S eptember and even October (1 ina.) 
and beginning of December (1+1 ind.).

Sand and silt deposition in the River Wolf at those sites in the middle of 

the works (W5-W6, H4) did not appear to be detrimental to /?. s eH Jcoi ora ta or 

tco'yonur u s . However, there was an overall decrease in the ab undance of 

Rhithrogena d ownstream of the dam (sites W7 and W9-W13) due to the low flows
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and s i l t a t i o n  e nc o u n t e r e d  during the construction and pr e - i m po un dm e n t  phase 

of R o a d f o r d  R e s e r v o i r .  Ecdyonurus appeared again largely u na ff ec t e d  (Annex 

D6.lv). U n l i k e  R h i i h r o g e n a, they were captured in small n u m b e rs  from the 

pools, tree r o o t s  and submerged m a cr oph yte s samples.

*** On the River Wolf, a not ewo rth y fact was the app e a r an ce  in the spring of 1989 

of h igh  n u m b e r s  of Caenis r ivulor u* at the most heavily silted site, 

i m m e d i a t e l y  d o w n s t r e a m  of the dam (W7), where 192 i nd iv id u a l s (1280 ind . / m 2 ) 

w e r e  c ap tur ed.  It was present at each of the m o re  d ow ns t r e a m  sites on the 
Wolf as well, but no more than 9 individuals we re  c o lle cte d at one single 

site. The C a e n i d a e  are typical of slow-flowing, silty c on d i t i o n s  (Hynes 

1970).

To c o n cl ud e,  the a b und anc e of mayflie s could increa se d ow ns t r e am  of Roadford 

R es e r v o i r  but the spe cie s d iver sit y will probably be reduced.

Du rin g t he first y e a r s  after impoundment, when only the co m p en sa ti o n  flow 

will be r e l e a s e d ,  speci es ch ara cte ri st i c  of slow-flowing, s i ity/ san dy 

c o n d i t i o n s  will be favoured, such as Caenis rjvuJoru* and Ephemer a  oanica. 

Iron- and m a n g a n e s e - r i c h  depos its  in riffle areas i m me d i a te ly  do wnstream of 

the dam wiil be det rim ent al to H eptageniidae and Baetidae. These are 

c o n s i d e r e d  s h o r t - t e r m  effects only.

When the r e s e r v o i r  beco mes  fully operational, H ep ta g e n i i d a e  are the most 
likely to suffer from regulation, resulting in reduced num ber s of Rhithrogena 

s e a i c o l o r a t a  and Ec dyonurus. Although they are well adapted to life in 

r ap i d l y  flo wi ng  water s, they do not tolerate low flows, and are negatively 

a ff e c t ed  by m a c r o p h y t e s  beds.

Co n v e r s e l y ,  the s um m e r - g r o w i n g  species Epheter e 1 ia i gn it a and Caenis 

r i vu l o r u m  are a s s o c i a t e d  with m a cr o p h yt es  beds and are likely to increase.

D6 . 1 . 4 E  P l e c i o p ' t e r - a  (stoneflies)

* S t o n e f l i e s  were u s u a l l y  severely reduced below impo und men ts where the

d o w n s t r e a m  flow wa s more constant (Ward 1976b; Ward & Stanford 1979). This 

was c o n f i r m e d  for the families Per lod ida e and Chi or oper 1 i d ae by Armitage e_t_ 

al . ( 1987) in their analysis of 30 regulated sites in the U.K. with a reduced 

and near c o n s ta n t  flow. It appeared that the con di ti on s  at these regulated 

sites were also u n s u i t a b l e  for P erl i d a e  and T a e n i o p t e r y g i d a e , although their 

low o c c u r r e n c e  and ab undance barred detailed quant ita tiv e analysis. The 

f a m i li e s  L e u c t r i d a e  (mainly Leuctra fusca) and Ne mouridae (mainly Atphinewura 

s u l c i c o l l i s )  we re however u na ffec ted  by regulation but no pa rticular reason 

c ou ld be found.

A c o n st a n t  c o m p e n s a t i o n  flow (except during r es erv oir  overspill) and iron- 

and m a n g a n e s e - r i c h  dep os i t s  on the river bed below Caban Coch Reservoir in 

m i d - W a l e s  was not d etr imental to the stoneflies, unlike other major taxa 

g r o u p s  such as the mayflies, caddis and beetles. In May their relative 

a b u n d a n c e  was high and they were mainly represented by A t p h i n e m u r a, Leuctra, 

C h i o r o p e r l a  and Isoper la  (Inverarity et. a K  1983). S c u l l i on  et_ aj_. ( 1982) 

found that the s t o n e f l i e s  were slightly more abundant dow nst rea m than 

u p s t r e a m  of the r eservoir. Det ritus-feeders such as L. fusca and Protonemura 

•eyeri w e r e  i m p o r t a n t  co mp o n e n t s of the riffle fauna.
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The abundance of stoneflies generally decreased below HEP g ene rat ion  dams 

(Powell 1958, in Cushman 1985} Williams & Winget 1979). Trotrky & Gregory 

(1974) reported reduced populations of Perlidae below a reservoir with large 

and rapid f l u ct uat ion s in flow, but the abundance of Alloperla 

(C hi or o p e r1idae) increased. This taxon was able to burrow into the subs tra te 

during adverse periods. Other workers observed that, under c ond it io ns  of 

rapid flow fluctuations, certain species able to bu rro w into the s ubs t r a te  

{hyporheic rone) such as the Chi o r o p e r 1 idae increased in r ela t i ve  a bun d a n c e 

(Radford & H a r t 1 and-Rowe 1971, in Ward & Stanford 1979; Ward & Short 1976). 
Leuctra fusca and Aaphinetura $t andf us s i made up 81/1 of the stonefly 

abundance below a short-term regulated reservoir in Sweden (Henricson St Muller

1979). These two species overwintered in the egg stage (diapause) and did not 

resume their development until late spring and it was suggested that 

therefore they avoided the adverse effects of flow fluctuations.

On the other hand, winter growing species such as ieuctra ftippopus, 

Taeniop ter yx Tiebuicsa and Zi’eioura cjnerea suffered from r egulation and their 

numbers decreased.

Leuctridae were abundant during periods of low flow downstream of a dam in 

France. They were characteristic of irregular hydraulic conditions. The 

minimum c o m p e nsa tio n flow of 30 cumecs .could suddenly be in creased to >1000 

cumecs (Gaschignard St Berly 1987).

Ston efl ies  are one of the groups most affected by deep-reiease r es erv oir s 

(Ward & Stanford 1979). The temperature downstream of such a reservoir in 

Montana was relatively constant around 7 ffC compared to a thermal amp litude in 

the unregulated reaches of 0 - l S eC. Stoneflies were reduced from 38 species to 

five (Stanford & Ward 1964). Only two stoneflies iAlioperla and Isoperla 

qu i ti que puuc t at a) were commonly collected below d eep-release res e r v o ir s in 
Col or a d o .

The density D f  stoneflies slightly increased however beiow two 

sur x ac e-r el ease dams (Zimmermann it Ward 1984).

Plecoptera were drastically reduced below a s u r f a c e - r e 1 ease reservoir on the 

North Anna River, Virginia. A minimum compensation flow of 1.13 cumecs was 

required but oth erwise there were no restrictions to the d o w n s tr ea m flow. A 

35-year average d i sch arg e of the river was 10.76 cumecs (Simmons & Voshell 

1976). Similar severe reductions occurred below other surface-rel ease 

re ser voi rs with fluctuating downstream flow. It was partly a t t r ib ut ab l e  to 

higher summer t em per atu res  in these previousiy cold-water streams (Ward S<

Short 1978). An average increase of 3.4*C in a cold water stream below a 

shallow reservoir in Montana resulted in the disappearance of two species. 

Another species however was favoured in the warmer section, as it was not 

recorded from the upper unregulated reaches (Fraley 1979).

Small dif fer en ce s  in temperature however seem to have little effect on the 

inverte bra tes  dow nst rea m of sur f ace-r el ease dams (Saltveit et_ al_. 1987).

St one fli es showed a steady increase in the first five years after impoundment 

of the Tees by Cow Green Reservoir. Rapid flow over a het erogeneous b o t t o m  

prevented accumulation of silt, helped in this flushing process by high 

di sch arg es during winter overspill. The reservoir was well mixed and thus 

problems caused by deep releases did not occur. During the same period there 

was a small decrea se in the number of stoneflies in an unregulated tributary, 

the Maize Beck (Armitage 1978, 1979).

St oneflies are esp eci all y intolerant of introduced sediments and they are 

generally adversely affected by the addition of sand and silt during dam
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c o n s t r u c t i o n  (Ciine & Ward 1984; Saitveit et_ aj_. 1987). Within the 

L eu c t r i d a e ,  H y n e s  (1941) round L. nigra typical of silty reaches, i, 

g e n i c u l a t a  on stony su bst rat um where silt collects and the other species on 

ciean gravel. H ow e v e r , I, nigra, L, geniculata and also A , sulciceliis were 

i m m e d i a t e l y  e l i m i n a t e d  by sand dep osi tio n in the River Camel, i, fusca and 

P r o t o n e m u r a  aey eri  were largely una ffected (Nuttall 1972).

The d i v e r s i t y  of s t o n e f l ie s is high in the Lyd catchment: 19 species were 

r ec orded. Their r e l at iv e  a bu nda nce  is 4.82 in spring and 3.8% in autumn 

(Annex es D 6 . IAii / i i i ) . In spring the most abundant species are Leuctra 
g e n i c u l a t a  (317.), C h l o r o p er la  torrentiua (237.), Isoperla graaaatica (162), L. 

fusca (9%) , Sr achypte r a risi (87.) and Azph i neaur a sul cic oll is (52). In autumn 

the most a b u nd an t  spec ies  are Leuctra fusca (73/1), Prot one aur a aeyeri (82) 

and He* our a a v i c u l a r i s  (5 2) .

One specie s, w h ich is rare (3 i nd iv idu als  in all) and localised in the 

c at ch me n t ,  is of regional importance. Aa phiti e >u r a startdfussi was captured at 

Wll in 198d and at WS and K3 in 1989. Although not listed in the British Red 

Data Bool: or the N a t i o n a l l y  Notable species, it is n ev e r t h e l e s s  of interest 

t hr ou g h  b e ing  s c a r ce  Dr h avi ng few published records.

The o p e r a t i o n  of Roadfo rd Res ervoir should not pose any particular threat to 

t his s t o n ef l y  as it is a s u m m e r -g ro w i n g  species which ov erwinters in the egg 

stage. The fact that it was captured at site W8 in 1989 suggests that the 

early y e a r s  of o p e r a t i o n  of the re servoir and r e sul tin g siltation downstream 

of the dam w o u l d not be detrimental.

The num ber  of s t o n ef l y  species, together with the total number of individuals 

(in p a r e n t h e s e s ) ,  c o l l e ct ed  in the River Wolf during the spring of 1989 from 

u p s t r ea m  to d o w n s t r e a m  was 6 (59) at W4, 5 (29) at W5, 4 (12) at W 6, 2 (10) 

at W 7 , 8 (24) at W S , 1 (1) at W9, I (4) at W10, 2 (2i at Wll, 3 (22) at W12,

6 (37) at W13 and 6 (24) at W14. It is clear that the introduction of silt 

and sand d o w n s t r e a m  from the dam and in the w or k s  area was in general 

d e t r i m e nt al  to the st oneflies, both in terms of a bun dance and species 

di ve rs i t y . The se con d site dow nst rea m of the da m (WS) however presented the 

highest d i v e r s i t y  with 3 dif ferent species, although it is difficult to 

ex p l a in  why. The a bov e figures also show that the recov ery  is rapid, at least 

as far as the s p e c i e s  diversity is concerned.

Leuctra G e n i c u l a t a  appear ed largely unaffected by siltation. Nine individuals 

were c a p t u r e d  at the most heavily silted site, imme dia tel y d ownstream of the 

dam (W7). They were also found to be common in the pools - low velocity, 

silty s ton e s u r f a c e s  - throughout the catchment, £, nigra is rare in the 

c a t c h m e n t  (at ieast from the habitat s investigated) and did not increase 

d o w n s t r e a m  of the dam due to the addition of silt. Silty reaches however were 

not s p e c i f i c a l l y  sampled.

It is p r e d i c t e d  that the dep re ss e d  va l u es  of s pec ies  di versity and abundance 

due to i n cr e a s e d  sil tation will remain low during the early years of 

o p e r a t i o n  of R o a d f o r d  Reservoir, since only the c om pen sat ion  flow of 9 Ml/d 

will be r e l e a s e d .

H ow ev e r ,  L. g e n i c u l a t a  and L. fusca appeared so far largely unaffected and 

will be the d o m i n a n t  species during those first years. Siltation effects 

should be s h o r t - t e r m  and not per manent and will be greatest immediately 

d o w n s t r e a m  of the r e ser voi r (W7-W12). The input of the unregul ate d Kellacott 

S t r e a m  will r e d u c e  the impact of s ilt ation on the  lower Wolf.

Iron- and m a n g a n e s e - r i c h  dep os it s  that settled in ri ffl e areas immediately 

d o w n s t r e a m  of the dam would not be detrimental to the stoneflies.
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Higher maintained flows and HEP release s will help to flush out the 

accumulated fine sediments from riffle areas. The abundance and diversity of 

stoneflies will probably still remain re la t i v e ly  low, because they are also 

very sensitive to large changes in flow and temperature. Deep HEP releases 

would be most detrimental.

However, species which combine the ch ar a c t e ri st ic s  of overwintering as eggs 

or small nymphs and being able to bur row  into the substrate, such as Leuctra 

fusca and C/»./or oper j a torrential - both d istributed throughout the Lyd 

catchment - may well tolerate the r egu lat ed co nd i t i o ns  and increase in 
numbers. Conditions of flow and sub s t r a tu m do wns tre am of the dam should be 

favourable to i. oeru’cuiata, which also passes the winter in the egg stage 

and grows rapidly during late spring/ ear ly summer (Hynes 1941).

D6.1.4F E l m i n t h i d c i e  (riffie beetles)

* Riffle beetles were severely affected by iron- and manganese- ric h deposits 

downstream of Caban Coch Reservoir on the River Elan, some species sometimes 

completely missing from the samples. Li an 1 us voJcksari was probably the most 

tolerant species (Brooker & Morris 1980; Inverarity et_ al_. 1983; Scullion et,. 

a|_. 1992). ‘

The abundance of riffle beetles inc reased in the first five years of 

impoundment of the Tees by Cow Green Reservoir (Armitage 1 9 7 S ) .

Elminthidae were negatively affected by deep-re lea se discharges and this was 

put down principally to changes in thermal regime (Blani et_ a_l_. 1969, Brown 

et a 1 . 1967, in Brooker 1961; Hilsenhoff 1971; Lehmkuhl 1972; Zimmermann S< 

Ward 1934). Trotzky & Gregory (1974) reported reduced populations of Elmidae 

(= Elainthidae) below a deep-release reservoir where in addition large 

fluctuations in flow occurred.

t.'o/ui par aiieiepipeo'us was very abundant in a canal downstream of a 

reservoir in France subjected to wide and rapid fluctuations in flow (sudden 

increases from 30 to >1000 cumecs) (Gaschignard & Berly 19S7). investigating 

the effects of flow fluctuations on stream benthos, Irvine (1985) observed a 

decline in the density of all major taxa except molluscs. The relative 

abundance of riffie beetles increased.

* * The relative abundance of riffle beetles in the Lyd catchment is 4.4/1 in 

spring and 9.6/1 in autumn (Annexes 0 6 . IAii/ iii ) . Four species occur in the 

catchment and i.i»r/iu5 i/oJc*reari is by far the most abundant one (86/1 in 
spring and 32/1 in autumn).

Heavy rain and subsequent major floods during the autumn of 1987 in the Lyd 

catchment reduced the density of the majo rit y of ta>:a to an unu sually low 

level compared to the spring figures. By contrast, both the re lat ive  

abundance and density of E iminthidae and Hollusca were higher (Ingelrelst 

1988). Similar effects were reported by Irvine (1985).

Probably because they live in the interstitial spaces within the substr atu m 

and therefore are not exposed to the full force of the current, the riffle 

beetles appear to be able to wit hstand flow fluctuations. There are several 

instances where their relative a bundance and density increased under such 
condi t i o n s .
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They may i n c r e a s e  in numbers d ow ns tr e a m  from R oadford Reservoir. However 

t h e r e  are likely to be sh or t - t e r m effects due to iron and manganese 

d e p o s i t i o n  in the riffle zones immediately dow ns tr e a m  of the reservoir.

D o . 1.4G T r i c h o p t e r a  (caddisflies)

H yd r o p s y c h i  d a e ;

* It is a well e s t a b lish ed fact that f i 1 ter-feeders are usually favoured 

d o w n s t r e a m  of s urfa ce- wat er rel eas e dams due to the c on tri but ion  of lake 

p l a n k t o n  as food source. Amongst caddis, the n et -sp inn ing  Hydropsy chi dae  and 

Pol y c e n t r o p o d i d a e  are weii documented.

Pa rke r & Voshell *1963) studied the production of 5 species of Hyd ropsychidae 

in the i m p o u n d e d  North Anna River and in the n on- r e g u ia te d South Anna River 

(V irginia). Lake Anna is 17.6 times the area of Roadford R eservoir and is a 

s ha l l o w  (mean depth 6 m, maxi mum  depth 24 mi, su r f ac e- re l e a se  reservoir.

Total p r o d u c t i o n  was highest at the site immediately below the dam, and this 

was a t t r i b u t e d  to the zooplankton released from the reservoir. They concluded 

that the very high de nsities of fi lte r-feeders below the dam reduced the 

q ua l i t y  (sire) of the plankton they fed upon, and co ns e q u e nt ly  limited the 

p r o d u c t i o n  of other f i 1t er- fe ed e r s  downstream.

High p o p u l a t i o n s  of f i11er -fe edi ng caddis below surface-rel ease dams are 

ho we ve r  not a lwa ys present w i m m e r m a n n  & Ward 1984).

Boon (1987) i n v e stig ate d the in fluence of Kieider Water on the River North 

Tyne (NE England) on caddis p opu la t i o n s downstream from the dam. At two 

st ati on s below the dam, the r ela t i v e abundance of Hy dro psyche s i it al ai 

i n c re a s e d  from 62/1 to 94’/. and simultaneously that of H . pe iiuciduia decreased 

from 22/1 to 2/1. Conseq uen tly , and although 9 out of 10 of the species 

r ec o r d e d  b ef or e i mpoundment were still present, the overall species diversity 

was reduced, n, peii uci dui a is more ubiquitous in terms of flow preference 

than s ii tai ai,  which selects faster fiows (Boon 1976). Thus the change 

t o w a r d s  higher mean flows following impoundment favoured H.siitaiai at the 

e x p e n s e  of H. peiiuciduia.

H y d r o p s y c h i d a e  can be regarded as fast-flow s p eci ali sts  and often construct 

their nets on m o s s- co v e r e d  bed rock in rapidly flowing water, where they can 

be very abu nd an t  (Edington & Hil dre w 1991). Moss however is not colonized at 

high d e n s i t i e s  u nl es s  the water velocit y is high, as was dis covered by 

E d i n g t o n  (1966). He d emonstrated that velocities below 10 cm/sec were 

f r e q u e n t l y  i n a d e q u a t e  to sustain f i 1ter-feeders such as the net-spinning 

caddis. In the field H. siitaiai  (then named H. i n s t a b i l i s ) was found in the 

water v e l o c i t y  r a nge 15-100 cm/sec. Likewise in the l aboratory net-spinning 

a c t i v i t y  i nc r e a s e d  markedly between 10 and 20 cm/sec and was maintained at 

v e l o c i t i e s  a bov e this,

The typical order of first a ppe ara nce  from source to mouth in sizeable, 

u n p o l l u t e d  r iv e r s  starts with Dipl ect rou a felix and «. instabilis in the 

h e a d w a t e r s ,  f o l lo ws  with H , s i i t a i a i t then H. pei iuc idu ia and finishes with 

f>, c o & f u i e r n a i i s  and/or C h e u w a to ps y c h e  lepida (Eddington & Hild rew  1981).

B oth Hs sii ia la i  and ti, pei iuc idu ia are univoltine (one g eneration per year) 

with e g g - l a y i n g  in summer. There is a rapid autumn growth period for «,
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peliucidula and the majority of larvae overwinter in the 5th (iasti instar. . 

By contrast, most H, siiiaiai larvae overwinter in the 3rd instar, with a 

rapid growth resuming from March onwa rds  (Hildrew & Eddington 197? for the 

River Usk in South Waies ; Boon 1979 for the River North Tyne}.

Boon (1987) observed that below the dam, the growth rates of both species 

were accelerated or retarded at certain times of the ye ar, appare ntl y 

correlated with the winter-warm, summer-cold discharges from the reservoir. 

The final weight attained by mature H , peiiucjo'uia (unlit:e n, siiiaiai) 

larvae was significantly (30X-55X) greater beiow the dam than above it.

Trotzky & Gregory (1974) studied the m acr oin ver teb rat e fauna below a 

deep-rel e a s e , HEP dam. They found that insect populations g ene ral ly increased 

further downstream from the dam. At one station where the flow near the 

bottom increased four-fold in less than one hour, very few H yd r o p s y c h i d a e  

larvae were found. They suggested that this may have been the result of the 

flushing and scouring effect of severe flow fluctuations due to HEP releases.

Wide f luctuations in discharge and abnormal temperatures were the pro bab le 

causes of a sharp reduction in the abundance and species richness 

(Hydropsychidae were completely absent) of the caddis community below 

Dworshak Dam on the North Fort: Ci earwater River in Idaho. HEP gener ati on 

imposed extreme flow variations, ranging from 41 to 266 cumecs annually, and 

with daily vertical fluctuations of about 2 m. The downstream effects were 

however rapidly ameliorated due to the mitigating influence on d isc har ge and 

temperature of the merging of a larger non-regulated river, only 2.5 km belo w 

the dam. In the lower mainstem caddis densities approached those found above 

the reservoir. Daily fluctuations of the water level of 0.5-1 m tool; place in 
the lower mainstem (Brusven 1964j Hunn & Brusven 1987).

Henricson Sjoberg (1934) studied the zoobenthos below two s h o rt- ter m 

regulated HEP dams in Sweden. Both were surface-rel ease reservoirs.

Average daily flow fluctuations below the first dam ranged from 2S0 to 390 

cumecs. Current speed in the middle of the river varied from 40 to 70 cm/sec. 

Fiit er- fee der s together with scrapers dominated the fauna both in terms of 

density and biomass. The relative abundance of Hydropsychidae was about 27. 

(117 i n d . / m 2 ). No larvae were found in the littoral samples though. It could 

be argued that they do not readily coloni ze shore regions which are in a 

daily state of fluctuation, but the reason for their absence here is pro bab ly 

related to low water velocities, as the water level remained almost constant 
below the dam.

Below the second dam zero di scharge occurred at night on average 15 days per 

month. Average daily flow f luctuations ranged from 50 to 140 cumecs. The 

zoobenthos below the dam was dominated by the same functional feeding group s 

but Hy dro ps yc h i d a e larvae were complet ely  absent, most probably caused by the 
zero discharge.

Hydroelectric operations commenced recently at the Kielder dam on the River 

North Tyne. Generation takes pl^ce for 16 hours every day in winter and 

varies in summer according to storage level. A typical hydrograph during the 

winter of 1985/86 showed a rise in flow from about 2 to 17 cumecs over a 

2-hour period each morning. Boon (1987) suggested that the new flow regime 

might well encourage the dominance of ft, siltalai in the caddis community.

Although some filter-feeding caddis may benefit from regulation from 

surf ace -re lea se reservoirs, most c ad di sfl ies  are negatively affected by 

deep-release reservoir effects (Zimmermann & Ward 1984). Stanford It Ward 

(1981, in Munn & Brusven 1987) found H ydr ops ych ida e absent below such a
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re ser voi r. New speci es were added with increasing distance downstream, and 

they a t t r i b u t e d  their recove ry to improved thermal and food conditions.

r* In the Lyd c a t c hm en t ,  H y d r o p s y c h i d a e  make up 2.9/1 of the river fauna in

spring and 5.9/1 in autumn (Annexes D6.1Aii/iii). This family re presents 35/1 

of the c a d d i s  in sprin g and 5 2 V. in autumn. Hvdropsyche silialai is by far the 

most abu nd a n t  sp e c i e s  (97/1 in spring and 86/1 in autumn).

A typical l on g itu din al di s t ri bu t i o n  can be observed in the Lyd catchment, n. 
p ei l u c i d u l a  ( vir tua lly  the only other species) is absent from the headwaters. 

C, lepida is not re c o r d ed  from the Lyd sub-catchment but does occur in the 

main Tamar .

H. siltalai was c o n s i s t e n t l y  found in large numbers on mos s-covered 

s t o n e s / b e d r o c k  in f as t - f l ow in g  water, for example at Lifton Gauge ( L 5 ) o n  the 

Lyd in the autumn of 1987 (Ingelrelst 198S) and at Cross (33) on the Torridge 

in the spri ng and autumn of 1987 (Ingeirelst 1989a).

The life c y c le of the larvae is similar to that observed in other rivers. In 

the autumn sa mpl es,  H . pe llu c i d ul a larvae are fully grown whilst H. siltalai 

larvae are small. In the spring samples, most H. siltalai larvae are in the 

4th i r>st ar .

*** Selow R o a d f o r d  R ese rvo ir,  the larger zooplankton biomass, greater seasonal 

flow c o n s t a n c y  and higher daily mean fiows, will all favour Hydropsychidae, 

e s p e c i a l ly  n. siitalai. In addition, the new flow conditions will probably be 

p r o f i t a b l e  to ben thi c mosses and algae (greater bed stability), which in turn 

wiii benefit H y d r o p s y c h i d a e  larvae.

Low flow p e r i o d s  however will be detrimental to the larvae. The minimum 

c o m p e n s a t i o n  flow below Roadfor d dam is set at 9 Ml/day, corresp ond ing  to a 

v e l oci ty of 15 cm/sec. This is proba bly  too iow for large p opulations of 

iarvae to develop. However under the enhanced environraenta 1 flow regime 

a ss o c ia te d  with the HEP p ro p o s a l s (Annex D6.1Ai) the minimum flow will be 

higher, set up at 20 Ml/day (velocity = 21 cm/sec) or 34 Ml/day (velocity =
27 c m Js e c ).

To conclude, it is p r e d i c te d that surface-water releases, greater seasonal 

flow c ons ta n c y ,  higher daily mean flows and the flow regime imposed by HEP 

g e n e r a t i o n  will be beneficial tD Hy dro psy chi dae  (n, s i l t a l a i ) larvae and 

their n u m b e r s  would increase.

In the e a rly  years of o p erat ion  of the reservoir, where only the compensation 

flow of 9 Mi/d will be released, low numbers of Hydropsych ida e will occur 
d o w n s t r e a m  of the dam.

P o l v c e n t r o p o d i d a e :

p
* Where as H y d r o p s y c h i d a e  live in fast flowing water, the n et- spinning

Pol y c ent r opod i dae will be found in slow flowing or still water. They are 

e x c l u s i v e l y  p r ed a t o r y  and use their nets to catch live prey, mainly larvae of 

c h i r on om i d  midges, m a y f l i e s and s toneflies and, in the earlier instars, 

fr es h w a t e r s hr im p s  (Edington & H il d r e w  1981).

Out of 100 P. cons per sa nets in a small stream near Cardiff, 95 occurred in 

the range 0 -1 0 cm/sec and 5 in the range 10-20 cm/sec but none was found at
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higher velocities, although extensive stretches ot rapios were present in the 

stream. In the laboratory, nets built in a fIowing-water tank at 10 cm/sec 

disintegrated when the velocity was increased to 25 cm/sec (Edington 1968). 

P ol yce ntr opo did ae larvae wili be captured in small numbers in r if fl e s  b ecause 

suitable, sheltered microhabitats can always be found, provided the flow 

regime maintains habitat diversity. Edington (1965, 1968) d e m on s t r a t e d  that 

siow-tlow species of net-spinning caddis occurred more frequently in rapids 

than fast-flow species in pools.

Po lycentropodidae larvae did not increase in numbers below Cow Green 
Reservoir on the Tees, although that might have been expected. This could 

partly be explained by the sampling in riffles only, for P. fI a v o ta cu i a t  us 

was found rel atively abundant in pools (Armitage 1976, 197S). P o l yc en t ro p o d i d  

larvae were most abundant in s low est-flowing water (10 -26 cm /sec). C y r r / U 5  
trimaculatus has appeared since the dam was built, h'eur ec i ips i s bimacu lat a 

also appeared after impoundment. This species is typically found in lake 

outflows where it catches drifting planktonic o r gani sms  (Edington & H i ldr ew 

1981).

Po lyc entropodidae made up a substantial part of the total m a c r o i n v e r t e b r a t e  

abundance below two short-term regulated HEP dams with surface-water r elease 

in Sweden (Henricson & Sjbberg 1984). tij'iaculata was touch more abundant 

than P. 1 l a v o w a c u i a t u s , and contri buted to 23% of the zoobenthos in the 

iittoral samples and 13% in the samples taken from the middle area below dam 

B, and respectively 207. and 11% of the roobenthos b el ow  dam K. Zero d is cha rge  

was permitted at night on average 15 days per month below dam B, 

corresponding to a lowering of the water level of about 1 m. A v era ge 

variations in current speed ranged from 0 to 60 cm/sec. The r esu lts  show that 

ti. b i tacu 1 ai a is a species tolerant to variations in flow and water current.

Lillehammer & Saltveit (1984) in vestigated the effects of r eg ul at i o n  at two 

sites downstream of a reservoir in Norway. The upper site was situated about

2 km below the dam and the iower site at about 18 km. Both statio ns had a 

swift current and levelled flow. At the upper site, P. iiav ob a c u i a tu 5 was the 

dominant caddis species (-60%) before regulation. After re gu la t i o n  it was 

virtually the only species present (-97%). A strong increase was recorded at 

the iower site as well, where its relative abundance went from ->15% to -53%. 

This was attributed to the large amount of z o o pla nkt on drifting from the 

lake, but the reasons for that overwhe lmi ng d omin anc e in f as t- fl o w i n g  waters 

were not discussed.

in a nearby regulated river with a 84% reduced waterf low, P, f la v o ma cu la t u s  

was also the most abundant caddis species. It was thought to feed mainly on 

Chironomidae, which dominated the fauna composition.

This agrees with Armitage et_ aj_. ( 1987), who found that when reg u l at io n took 

the form of a reduced and near constant flow, P oly cen tr op o d i da e were more 

abundant than expected. The reduced flows offered large areas of suitable 

habitats.

** Polycen tro pod ida e are rare in the Lyd catchment. In spring they made up 1.8% 

of the caddis abundance and in autumn 2.3% (Annexes D 6 .1A i i / i i i ). Two species 
are regularly found: PI ec tr ocnen i a corispers a and Poiycentropus 

i i a v o a a c u l a t u s . In spring their res pective relative abundance is 34% and 63%, 

and in autumn 10% and 90%.

P. cohspersa usually occurs in small headwater streams and is replaced 

do wnstream by P. 1 iavomaculatus (Edington 1968). This typical longitudinal 

distribution can be seen in the Lyd catchment as well, although it is not
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**  *

*

always o b v i o u s  due to the low numbe rs of individuals captured. This in turn 

couid be du e to sampl ing  in riffles, though Po l y c e nt ro po d i d ae  were found to 

be u n c o m m o n  -but r e g u l a r -  in the pools investigated during the spring of 

i ? S 9 .

P . fia^oaacuialui: appear ed to have benefited from the silty and slow-flowing 

c o n d i t i o n s  e n c o u n t e r e d  i mmediately downstream of Roadford dam (W7). Nine 

i n d i v i d u a l s  were c o l l ec te d  during the spring of 1969, together with one 

s pe c i m e n  of C y m u s  trimaculatus, which is u sually found in the lower reaches 

of larger r i v e r s  (it is present in the main Tamar). This spec ies  was also 
c a p tu re d  from the tree roots sample at site W 14 during the spring of 1989.

T he r e  is a t h i r d  family of net-s pin nin g caddis found in British rivers, the 

Phi 1 o p o t a m i d a e , but they are rare in the Lyd catchment and are re stricted to 

the r a p i d s of h e a d w a t e r s  and tributaries. Only two s p e c im en s of Moraaidia 

we r e  found at B o l d v e n t u r e  (Hi), the headwater site on the Wolf (Hennard 

s t r e a m ; .

N e u r e c J e p s i s  bittaculaia, a species usually found in lake outflows, couid well 

appear i m m e d i a t e l y  d own st re a m  of Roadford dam.

The a v a i l a b i l i t y  of food and flow conditions below the dam will p robably 

benefit the P o l y c e n t r o p o d i d a e  in the pools and other s lo w -fl owi ng areas. Even 

in r i f f l e s  a d e c r e a s e  in their ab undance is not expected if they can find 

s he l t e r e d  m i c r o h a b i t a t s .  They should be better preadapted to peri ods  of low 

flow (minimu m c o m p e n s a t i o n  flow of 9Ml/day in s umm er / a u t u m n ) than 

Hydr o psy che  .

Rhy acoph i 1 i d a e :

R h y a c o p h i l a  l ar v a e  are probably the caddis most restricted to c ond iti ons  of 

high cu r r e n t speed (Edington St Hi idr ew 1931). Scott (1958, in Boon 1978) 

found that they were most common in current speeds of 80-90 cm/sec. They are 

f r e e - l i v i n g  p r e d a t o r s  and feed mainly on larvae of ch ironomid midges, 

b i a c k f l i e s  and B ae t i s  (mayfly).

Boon (1978, 1987) s tudied the inf lue nce  of Kielder water on the River North 

Tyne on the d o w n s t r e a m  popu lat ion s of Hydropsychidae, P o l y c e n t r o p o d i d a e  and 

R h ya c o p h i l i d a e .  T h r e e  species, Hy dropsyche siltalai, H. p e l l u c i d u l a and 

R h y a c o p h i l a  d o r s a l i s  accounted for 98/1 of all larvae collected. The abundance 

of R. d o r s a l i s  i nc r e a s e d  after r egulation below the dam, pr oba bl y in response 

to the a l t e r e d  fiow regime (frequent periods of moderately high, stable flows 

and e l i m i n a t i o n  of e xtre mel y low flows) but also in respon se to the increase 

of h y d r o p s y c h i d  larvae. Ap parently correlated with the w i n t e r - w a r m , 

su mm er- coo l d i s c h a r g e s  from the reservoir, the growth rate of the larvae 

b ei o w  the dam was a cc el era ted  in winter and retarded in summer.

Trotzky St G re g o r y  (1974) and Williams & Winget (1979) report ed reduced 

p o p u l a t i o n s  of R h y a c o p hi l a  as a result of fluctuating flows.

R - nuiu'ia was ab sen t below a surface-release dam where zero d isc h a rg e 

o cc urr ed at n ig ht , about 15 days per month. Below another dam with average 

d ai ly flow f l u c t u a t i o n s  of 280-390 cumecs and corresponding fl uc t u a ti on s in 

curre nt s pee d of 4 0 - 7 0  cm/sec, it was present (5 i n d iv i d u a l s / m 2 ) in the middle 

area of the river but not recorded from the littoral sampl es (Henricson & 

Sjob erg  1984).
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* *

* * *

Armitage et a 1 . (1987) analyzed the data tor 30 regulated sites with a 

reduced and near constant flow. R h y a c o p h i 1 idae were less frequent than 

expected. The median water velocity was 25-50 cm/sec and areas of fast flow 
were 1 i mi t e d .

In the Lyd catchment, Rhyacophiiidae \R, dorsalis is virtually the only 

species present) accounted for 6.4% of the caddis in spring and 5.5% in 
autumn (Annexes D 6 , l A i i / i i i ).

When Roadford Reservoir becomes fully operational, the higher daily mean 

flows and greater seasonal flow constancy d o w n s t re am  of the cam would benefit 

the Rhyacophi iid ae caddis. Long periods of low flows (compensation flow of 9 

Ml/d only) will be detrimental, although they were captured during periods of 

very low flow and it is unlikely that they will be eliminated. They were also 

captured from all three habitats -pools, tree roots and subm erg ed 

macrophytes- during the spring of 1989, although very rarely. As their prey 

taxa are likely to increase in numbers (Chironomidae, Simuliidae, 
Hydropsychidae), availability of food will not be a limiting factor.

Other caddis f a m i l i e s ;

The caddis larvae increased in abundance below Cow Green Res ervoir on the 

Tees, due p articularly to 8r achyceuir us subnubilus, the only r e p r e s e n t a t i v e  

of the family Brac hyc ent rid ae in Britain. This caddis is a f i 1ter-feeder and 

its high density at the sites situated 500 m and 900 m below the dam was 

probably due in part to the supply of plankton from the reservoir.

Examination of the gut contents revealed that in the summer months when its 

density reached its peak, B. subnubilus fed mainly on algal filaments 

drifting from the reservoir. This together with a more constant downs tre am 

flow and reduced velocity allowed dense populations to develop (Armitage 

1 9 7 7 , 1 9 7 3 ) .

The persistence of plankton in the river will depend on factors such as flow 

and the presence of vegetation. The downstream p ersistence of zoop lan kto n was 

shown to be positively related to the magnitude of the river flow and 

ne gatively correlated with the species sire (Ward 1975, in Brooker 19 B 1).

The regulated reach of the North Fork Clearwater River (Idaho) below Dworshak 

Dam flows into a larger, unregulated river only 2.5 km below the dam. KEP 

operation results in daily vertical fluctuations of about 2 n in the 

regulated reach and 0.5-1 m in the main stem. The river below the dam 

undergoes extreme flow fluctuations ranging from 41 to 266 cumecs annually. 

Two Sr acnycerit r us species (both f i 1 ter-f eeder s ) were recorded in the 

catchment. B, atericanus was present only above the reservoir. S. 

occideritalis was present above the reservoir, absent in the r egu lated reach 
and present again in the main stem.

Gnly two species of caddis were found in the regulated reach immediately 

below the dam, including o/osfosoia sp. (61o s s o s o a a t i d a e ) , In the lower main 

stem 11 caddis taxa were recorded (10 taxa were found at the station just 

above the reservoir). Taxa that were present above the reservoir, eli minated 

below the dam but present again in the main stem included the Hy dr op s y c hi da e 

and £epidosfo*a sp. (Lepidostomati d a e ).

The sampling sites situated immediately below the dam and in the lower main 

stem were 30 river km apart (Brusven 1964; Munn & Brusven 1987).

The case-bearing L i mn e p h i 1 idae and L ep ido sto mat ida e were completely
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e l i m i n a t e d  at a s t a t io n about 2 km below a reservoir in Norway. At about IS 

km from the dam, two species of L i m ne ph i i i d ae  were present, whereas five 

species were r e c o rd e d  at these two sites before impoundment. Limnephiiidae 

are iarge p a r t i c l e  feeders \shredo'ers and scrapers) and it was thought that 

the i n c r e a s e d  w i n t e r f l o w  after r eg ul a t i o n might have prevented the 

a c cu m u l a t i o n  of iarger food p a r tic les  iLi1 1eharomer & Saltveit 1984).

Cadd is with h eav y or unwield y cases have low mobility and they were shown to 

be s e n s i t i v e  to stranding, Anabolia nervosa (Limnephiiidae) and Silo pailipes 

(Goerioae) for e x a m p l e  had di ffi cul ty in escaping during short-term lowerings 
of the water level in a lowland str e a m  in Denmark (Jensen & Jensen 1984).

B r a c h y c e n t r u s  subnu bi ius appeared in the cylinder samples in 1968 in the 

lower r e a c h e s  of the Wolf (only reco rde d from site W 1 4 ) f in the Thrushel and 

the Lyd. Special h a b i t a t s  samples (pools, tree roots and submerged 

ma cr op h y t e s)  taken during the spring of 1989 revealed that this species was 

common in the Thrushel and Lyd. On the River Wolf it was captured at sites 

W14, W12 and Wii but not at W9.

L e pi d o s to ma  hi rtu m  p r e s ent s a similar d istribution although a few individuals 

were c apt u r e d  in the he adwaters of the Wolf in 1985 (Hilton 1986). The 

special h a b i t a t s  sa m p l e s showed that this species was common in the Thrushel 

and Lyd. On the River wolf, it was captu red  at site Wi4 but not at Wi2, Wll 
or W9.

oic>55o5o»a sp. o cc ur s in the Lyd cat chment but is uncommon. The closely 

rela ted  g e nus  ,4$apetus is much more widespread and abundant. S Ios sosomatidae 

make up 27.7/1 of the caddis abu ndance in spring and 18.6/1 in autumn (Annexes 
D 6 . 1 A i i / i i i } ,

L i m n e p h i i i d a e  are t ypically a ssociated with slow flowing reaches or in 

s he lte red  m i c r o h a b i t a t s  in riffles. They are not conmon in the Lyd catchment 

but this may be due to sampling in rif fle s only. Large limnephiiio specimens 

were r e g u l a r l y  ca ptu re d from the poois, tree roots and submerged macrophytes.

The caddi? Ax hr i psodes biiin eat us was captured at L4 during the cylinder 

sampli ng in 19S9 and at WI4, TI and T4 during the special habitats survey in 

1989. It t u r n e d  up in all 3 biotopes investigated. This Leptoceridae caddis 

is locai in S o u t h e r n  England (Wallace, pers. comm.), If it is present further 

up the River Wolf than site W14, individuals living in tree roots might be at 

risk. Furt her  i nfo rm at i o n  about this species may be needed.

Gl o s s o s o m a t i d a e  are scrapers, usually at thin algal layers. If the percentage 

of moss and algal cover increases below the dam (and it could increase due to 

more seasonal flow con stancy and higher mean flows), Glossosoma and yJgapefu* 

could well d e c r e a s e  below Roadford reservoir.

S- s ub nu bi l u s  c oul d increase do w n st re am  from Roadford dam due to the plankton 

d r i f t i ng  fro m the reservoir.

As a result of the flow regime d own st re a m  of the dam and of the reduction in 

p a r t i c l e  food size, Li mne ph ii i d a e  c add is will probably decrease both in 

a bu nd an c e  and diversity. Those species collected mainly from tree roots and 

s u b m e r ge d m a c r o p h y t e s  such as Pot amophy 1 ax will be more vu lne rab le than those 

spec ies  that were also regular in pools such as tfaiesu5 and C h a e t o p t e r y x .
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D 6 . 1 . 4H C h i  r o n o m i  d a e  (non-biting midges)

* Chironomidae are probably one or the ta>:a roost tolerant of rapid and wide 

fluctuations in flow, even when this results in large areas of channel bed 

being periodically exposed. Ten k ilometres below Turner's Fail HEP dam in 
Massachusetts lies a bar 425 m iong and 70 m wide which is s ubm erged during 

high flow and exposed during low flow. Few insects, ex cept Chironom ida e, were 
recorded in the "tidal" zone (Fisher & Lavoy 1972).
Below a surface-rel e a s e , short-term regulated HEP dam where zero discharge 

occurred at night on average 15 days per month, chironomid m idg es were the 

most abundant tax on (34% of the z oob ent hos  in the middle of the river and 3 1 X 

in the littoral zone) iHenricson & Sjoberg 1984).

Brusven & Trihey (197B, in Cushman 1955) discovered that only those areas of 

the river bed consistently submerged for at least 28 days would support a 

productive benthic community. Midges however were found to r eco io ni z e  readily 

the rewetted areas when flow and river stage increased,

Dworshak Dam on the North Fork Clearwater River in Idaho was built for HEP 

generation and flood control. The aim was to maximize electrical output at 

t i mes of g r e a t e_st ener gy__ d em an d . Thi s__ resu 11ed i n_dai 1 y_vert i c a 1 f 1 u c t u a t i o n s 

of about 2 m below the dam (Brusven 1984). Only 2.5 km from the dam the 

regulated reach flows into the larger, non-regul ate d Middle Fork.

Fewer than 5 species were typically encountered in the highly regulated North 

Fork, However, densities in near-shore, shallow areas were almost twice those 

on the Middle Fork and Main Stem of the river, the C hi rono mid ae being by far 

the most abundant tax on. Grthocladiinae, a subfamily typical of hard-rock 

surfaces and gravels (rinder 1936), r epresented 99)1 of the mi dge s in the 

North Fork below the dam and only 34X above the dam. Armoured substrate 

covered with moss evolved below the dam owing to extreme flow fluctuations. 

Chironominae are more typical of finer sediments of sand and silt and were 

the most abundant subfamily in the North Fork above the dam, in the Middle 

Fork and in the Main Stem. The Ta nypodinae and Diamesinae were either absent 

or minimally represented among the four reaches.

Many other instances can be found where chironomid midges were favoured and 

increased in abundance below reservoirs with fluctuating flows {Trotzky & 

Gregory 1974; Williams & Winget 1979) or in response to s ucc es si v e  flow 

perturbations ilrvine 1985) or large discharge fluctuations into a canal 
(Gaschignard & Berly 19S7).

Chironomidae are also tolerant of changes in thermal regime brought about by 

deep releases from nypoiimnetic r eservoirs (Blanz et_ aj_. 1969, Brown et_ al . 

1967, in Brooker 1981; Hilsenhoff 1971; Lehmkuhl 1972; Zimmermann & Ward 
1984i.

ward (1976b) reviewed the effects of flow on invertebrates d o w n s t r e a m  of 

large dams. Flow constancy below impoundments resul ted  generally in enhanced 

numbers or biomass, even when short-term fluc tua tio ns were superimposed. The 
composition of the benthos was often greatly altered however.

Chironomidae were usually favoured below such dams.

A more even discharge regime led to an increased standing crop of mosses and 

algae and these plants have been put forward as a possible reason for the 

large numbers of Chironomidae (Orthoc1 a d i i n a e ) that appeared after regul ati on 

below Cow Green Reservoir on the Tees (Armitage 1 9 7 6 f 1979). The abundance 

and/or diversity of Chironomidae has been shown to be positively correl ate d
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V C .  1 . 4 1

with the d i s t r i b u t i o n  ot ma cro p h y te s beds (Finder 1986),

Four g r ou p s  ot C h i ro no m i d a e  occurred at higher densities than expected in 

r e g u l a t e d  sites cha ra ct e r i z ed  by a reduced and near constant flow. Three of 

t he se g ro up s  were mainly deposit fee der s (Orthoc 1 a d i i n a e , Diamesinae and 

Ta ny ta r s i n ii  ) and were favoured by the prevailing conditions of reduced flows 

and silty stone surfaces. The fourth group were predators (Tanypodinae). 

A l t h o u g h  a more r est ri c t e d  oc cu r r e n ce  prevented quantitative analysis, a 
fifth group (rrodiamesinae) was present in a greater number of sites than 

e x p e c t e d (Ar mitage et_ a 1 . 1937).

The t u b e - b u i l d i n g  C hi r o n o m i d a e  (Chironominae and Tanytarsini) are commonly 

a s s o c i a t e d  with soft, d epositing substrates (Finder 1986). Their density 

i n c r e a s e d  at s t a t i o n s affected by china-clay wastes (Nuttall & Bieiby 1973) 

or sand d e p o s i t i o n  (Nuttall 1972).

C h i r o n o m i d  lar vae  are wi despread throughout the Lyd catchment. They represent 

3.3/1 of the ben thi c i nv er teb rat e fauna in spring and 4.27. in autumn (Annexes 

D 6. 1A i i / iii).

The m o s s es  and algae will proba bly  increase dow n s tr ea m from Roadford dam due 

to less s ev er e  and frequent spates and subsequent greater bed stability. This 

should be f a v o u r a b l e  io ch ironomid midges.

The u b i q u i t o u s  C h i r o n o m i d a e  are thus expected to increase in numbers 

d o w n s t r e a m  of Ro ad fo r d  reservoir. The family Chi ron omi dae  consists of several 

h u n d r e d s  s p e c i e s  which exhibit a wide range of tolerance to environmental 

c o nd it io n s .  Almost any change in these conditions will probably be favou rab le 

to some of them (Hellawell 1986; Finder 1936).

S i  m u  i i i d a e  (black flies)

Black f lies  are f i i t e r - f e e d e r s  and, like the hydro psy  chid caddis larvae, often 

i n cr ea se  in a b u n d a n c e  below (surface-rel ease) reservoirs owing to the supply 

of pla nkton. Zim m e r m an n & Ward (19S4J reviewed the influence of 15 

o e e p - r e i e a s e  and 2 s u r f a ce -r e i e a se  reservoirs on the d ownstream zoobenthos. 

S i m u l i i d a e  a ve ra ged  nearly 13,000 i n d i v id u a l s / m 2 below the s u rfa ce- rel eas e 

dams whi lst  t h ere  were t ypi cal ly less, than 200 individual s / m 2 at all other 
sites.

F i i t e r - f e e d e r s  o ccu r r ed  in r ela tiv ely  low numbers below Cow Green Reservoir 

on the Tees d e s p i t e  the abundant supply of zooplankton. One possible reason 

for the r e l a t i v e  s c ar cit y of S im ul i i d a e  was the very high de nsities of Hydra 

which would c o m p e t e  with them for settlement. The larvae col lected at the 

time of s a mp li n g  were small (first instars) and would be at a competit ive  

d i s a d v a n t a g e  with e st a b l i sh ed  Hydra p opulations except where fast flows 

p r e v e n t e d  the d e v e l o pm en t  of such p opulations (Arraitage 1976, 1978).

P r o v i d i n g  the s ub s t r a t e  is stable, the current is the major factor in their 

d is t r i b u t i o n .  The larvae clump togethe r in p lac es where co ndi tio ns suit their 

m et h o d  of feeding. They will be found typically on the upper surface of 

b o ul d e r s , near the front, where the current is strong and laminar. Pupae are 

found m a i n l y on back surfaces, where the current is more turbulent and 

weak er,  or in c r e v i c e s  (Maitland & Penney 1967).

In N o r w a y  r e - r e g u l a t i n g  weir s have been constructed d own str eam  from 

i m p o u n d m e n t s  in order to decre ase  the damage caused by sudden red uct ion s in
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fiow. Simuliidae dominate the fauna beiow new weirs. Below older weirs, where 

there is much more growth of moss and aigae, Chironomidae and mayflies are 

more likely to be dominant (Armitage 1984). In Finland and Sweden Wot ton 

■: 1984) reported very high den sities of the blackfiy Siiuiiu» nvsiieri at the 
downstream side of sluice gates and small dams.

Low blackfly densities were found in the regulated River Elan in Wales, the 

maior reason appearing to be the substantial accumulation of iron- and 

manganese-rich deposits on the bed sur fac e (Scullion et, al_. 1982}. Sil tat ion  

of stone surfaces was shown to in terfere with their attachment iFredeen 1959, 
in Scullion et^ al_. 1982) . They were eli minated from streams polluted by 

china-clay wastes (Nuttall & Bielby 1973).

In general, more seasonal flow c onst anc y below reservoirs, even when 

short-term fluctuations were superimposed, resulted in increased num ber s of 

Simuliidae (Ward 1976b).

Pearson & Franklin (1968) found S i m u li id a e  to be sensitive to stranding and 

thus would be eli minated d own str eam  of impoundments where rapid v a r i at io ns  in 

flow leave areas of the stream bed exposed within a short time.
Both food- and oxy ge n- u p t a ke  of black flies are inhibited at slow current 

-velocities.- They -c annot* tol er at e- s t i 1 1 - w a t e r - f o r -1onq-(Hynes -1970 ) -

Simuiiioae were almost totally absent below two s u r f a c e - r e i e a s e , s hor t-t erm  

regulated HEP dams in Sweden (Henricson & Sjoberg 1984). Beiow dam B zero 

discharge was allowed at night, on average 15 days per month. Beiow dam K the 

increased growth of periphyton (benthic algae) and filamentous aigae 

following regulation adversely affected simuiiio larvae, which need clean 

rock surfaces for attachment.

Sinuiiua was favoured downstream of a hypolimnetic release and this was 

attributed to changes in thermal regime (h'ilsenhoff 1 9 7 U .

In the Lyd catchment, Simuiiidae make up 15.2% of the total abundance in 

spring and 5.4/1 in autumn (Annexes D 6 . i Ai i/i i i ) .

Silty conditions dow nstream of the dam are currently detrimental to 

Simuiiidae and this will remain so until the higher maintained flows and HEP 

releases will have washed away the silt and sand that has now accumulated 

downstream of the dam.

Black fly larvae should benefit from the higher mean flows and greater 

seasonal flow constancy brought about by the ope ration of Roadford Reservoir. 

However mosses and aigae should benefit from those conditions too, and thev 

will hinder the settlement of larvae. The expected greater macrophyte cover 

downstream of the dam would then prevent any sizeabl e blackfiy p op ula tio ns 

becoming established, although they should increase in abundance in those 
suitable areas not covered by mosses or algae.
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i) A 5 part of the Roadford Ope rat ion al and Environmental Study, an environmental 

impact a sse ss me n t  of Roadford r es erv oir  on the dow nst rea m m acr oin vertebrates 

was u n d e r t a ke n.

First a s yn th e s i s  of the eff ect s of regulation on the dow nstream aquatic 

e n v i r o nm e n t  was made. The impact of r ese rvo irs  on the downstr eam  
m a c r o i n v e r t e b r a t e s  in general was then reviewed and the impact of Roadford 

re se rv o i r  was discussed. Fin all y a re vie w of the effects of regulation on the 

more co m m o n taxa was made, and again the probable impact of Roadford 

re s e r v o i r  on those taxa was estimated.

ii) In c o n j u n c t i o n  with the prop ose d HEP operation, higher daily mean flows and 

grea ter  seasonal flow c o nst anc y will occur d o w n s t r e a m  of Roadford reservoir. 

The latter has been shown to c o m p e n s a t e  for th e adverse effects of daily fiow 

f i u c tuat ion s.

A r e d u c t i o n  in the severity and fre quency of spates could be favourable to 

the mosses, algae and m ac r o p h yt es  downstream of the dam due to greater bed 

st ability* This would in general be beneficial to the invertebrates.

iii) R o a df o r d  r ese rvo ir is provi ded  with multilevel dr aw-offs which should 

m i ni mi ze  the re le as e  of poor quality water. A e r a t o r s  will be in use during 

the summer to prevent s tr at i f i c a t i o n  and deo>; ygenat i on of the deeper layers 

of the r eservoir, ensur ing  that the reservoir is always mixed.

i v } The i n v e r t e b r a t e s  wiii be less a d vers ely  affected by surface-water releases

than oeep-rel e a s e s . They will p r o ba bi y  benefit from the use of surface water, 

at least in terms of increased abundance/biomass. The use cf the mixed 

r e se r v o i r water drawn from the best water quality level will also benefit the 

i nv e r t e b r a t e  communities.

The use of the scour draw-off should be strictly re gulated as the discharge 

of iarge q u a n t i t i e s  of siit in the river will be highly detrimental to the 

benthic fauna* These deep release s may also include anoxic water and 

u n a c c e p t a b l y  high levels of metals. To minimize the impact on river fauna, 

r e l e as e s  from the scour draw-off should be made in conju nct ion  with 

s p a t e / f lo o d  c o n d it i o n s  in adjacent river catchments.

v) P l a n k t on  from the res ervoir usually settles rapidly in the receiving waters 

and t h e r e f o r e  the e nri chi ng effect will not persist very far downstream of 

the dam. Overall the greatest impact of the o pe r a t i on  of Roadford will be on 

the River Wolf imm edi at el y  d o wn st r e a m  of the embankment. The addition of 

water from the u nr eg u l a t e d Rivers Thrushel and Lyd could rapidly mitigate any 

ad v e r se  e ff e c t s  of regulation.

vi) The i n v e r t e b r a t e s  from the cylinder samples or those collected during the 

special h a b i t a t s  - pools, tree r oots  and submerged m a c r o ph yt es  - survey in 

the spring of 1969 are typical of similar rivers in the South West.

D 6. 1.5 SUMM ARY AND CONCLUSIONS

Two s p e c i e s  howe ver  are of regional importance: a ston efl y Aaph i neaur a 

s t an d f u s si  and a cad dis  Athr ip so d e s  bi 1 in eat u s .
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Low flows (9 Mi/d) and siity conditions will characterize the early y e a r s  of 

operation of Roadford Reservoir. This will g e ne ra ll y  be de trimental to the 
benthic invertebrates.

However, several taxa appear to be largely un aff ect ed or even thrive under 

such conditions. The most notable example is the mayfly Caenis r i v u i o r u» 

whose density in the spring of 1939 reached 12S0 i n d i v i d u a l s / m 3 at the most 
heavily silted site {W7), immediately d own st r e a m  of the dam. The caddis 

rolycehiropus i I avot acu I at us and the water -mi tes  {Hydracarina) also showed a 
significant increase in abundance at site W 7.

Sphaeriidae {bivalves) are another taxon characteristic of areas with a 

reduced flow and silty stone surfaces, although they have not increased 

downstream of the dam.

The mayfly Ecdyonurus s p . { H e p t a g e n i d a e )  appear unaffected by the changes. 

The closely related Rhithrogen a seaicolorata however decreased in abund anc e 

immediately dow nstream from the reservoir.

Stoneflies are in general very sensitive to introduced s e d i me nt s and low 

flow 5. They .have decre.ase.d_in abundance, and di-versity- downst r earn - of -1 he - dam. 

Leuctra geniculata and L. fusca are however unaffected and will be the 

dominant stoneflies during the early years of operation of the reservoir.

L. nigra is another species usually found in slow-flowing, silty r ea ch e s  but 

it is rare in the Lyd catchment and has not increased d o w n str eam  of the dam.

The first years of operation of Roadford Reservoir will be detrimental to 

taxa requiring fast flows and/or clean stone surfaces such as the caddis 

Hydropsychidae and the b lac J:f lies {Sirou1 i i d a e ),

Higher maintained flows and HEP releases in the following y e ars  of op eration 

of the reservoir will flush out the accumulated sand and silt from riffle 

areas. Siltation of the substrate and its ass oci ate d problems can th erefore 

be considered temporary only.

Some invertebrates are better adapted to withstand the pat ter n of pulsed HEP 

releases during the winter months and have been seen to be u naf fec ted  or to 
increase downstr eam  of HEP reservoirs.

Some are able to burrow into the substrate during adverse conditions, such as 

the mayfly Par a i e p t o p h 1ebi a subaarqiTiata and the stoneflies Chlorop eri a 
torrentiua and Leuctra fusca.

Others are sum mer -gr owi ng species which overwinter in the egg stage or as 

small nymphs buried deep in the substrate, such as the m ayf l i e s Caenis 

r ivuiorua and Ep hemerella i gn it a and the s t o ne fli es Leuctra fusca and L . 

genicui at a .

On the other hand, winter-gro win g species such as L . hippopus will be 

adversely affected,

Leuctridae {stoneflies) and Elminthidae {riffle beetles) are c ha ra cte ris tic  

of irregular hydraulic conditions.

Large cased caddis {Lim nep hi1 idae) that were col lected mainly from tree roots 

and submerged veg eta tio n such as Pot aa op h y 1 ax are expected to decrease in 

abundance or even be eliminated downstream of the dam. Those species that 

were also regular in pools such as Halesus and C h a e topteryx villosa may 

remain unaffected.
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The p a t t er n  ot HEP rel eas es during the winter months will probably reduce t.he 

d i v e r s i t y  of spe ci es  d own st re a m  of the dam ? but the overall abundance is 

e x p e c t e d  to increase.

A ut um n and winter spates associated with the u nre gulated River Wolf would 

under e x t r e m e  c o n d i t i o n s  s ig nif ica ntl y reduce the total abundance and 

d i v e r s i t y  of the invertebr ate s. The dam will stabilize the flow regime during 

the a u t u m n  and winter, it is thought that the pattern of HEP releases wiii 

p r o b a b l y  be less d etrimental to the benthic i nv ert ebr ate s than the natural 
wi nte r s p a t e s  sin ce peak flows will not e>:ceed 320 Ml/d and water veloci ty 

will be less than 0,7 m/sec. Under the harshest c onditions the maximum change 
in water h ei gh t  will be 40 cm but for the majority of times the change will 

be a p p r o x i m a t e l y  25 cm. The flows that would be required to initiate scour of 

the river bed would be in the order of 11.6 cumecs.

Hi ghe r d a i l y  mean flows and greater seasonal flow con stancy will occur 

d o w n s t r e a m  of the dam when the reservoir will be fully operational. If 

c ou p l e d  with s ur f a c e  water releases, this will generally be favourable to the 

fi 1 1 e r - f e e d e r s  such as the caddis Hydropsychidae, P oly cen tr op o d i d ae  and 

B r a c h y c e n t r i d a e .

The e x p e c t e d  i ncr e a se d standing crop of benthic mosses, algae and macrophytes 

d o w n s t r e a m  of the dam due to the stabilized flow regime will generally be 

f a v o u r a b l e  to the invertebrates. This will however be detrimental to the 

fi 1 t e r - f e e o i n g  S im ui i i d a e  iblackflies) and to the m ayf lie s H e p t a q e n i i d a e . 

C o n d i t i o n s  will be f avo ura ble  in those suitable areas not colonized by 

m ac r o p h y t e s .

Tole r a n t  and u b i q ui t o u s  taxa such as the chironomid midges are expected to 

i n c r e a s e  in density.

The i n c r e a s e d  a b un da nc e  will be at the expense of a reduction in species 

d i v e r s i t y  if habi tat  div ersity is lessened through fiow regulation.

The Wolf a lon e is likely to be impacted in any significant way in the ca 3 km 

above K e l l a c o t t  Stream. In this intensively surveyed stretch from 1985-193? 

(riffles at sites W7-W12) only two species, the caddis C y m u s  tritscuiaius 

and Silo n i q r i c o r n i s , were found confined to this area. They were rare 

ho w e v er  and b oth  c a p t u r e d  on only one occasion. During the first years of 

o p e r a t i o n  of the r ese rvoir I'compensat i on flow oniyj, C y m u s  is expected to 
i n c r e a s e  d o w n s t r e a m  of the dam.

The p r o b a b l e  r e d u c t io n in species diversity is thought to be acceptable 

w e i g h e d  up ag ain st the expected increase in abundance and considering the 

fact that t h ose  chang es will normall y be restricted to those reaches 

i m m e d i a t e l y  d o w n s t r e a m  from the reservoir (probably not further than the 

c o n f l u e n c e  with the River Thrushel or the River Lydi.

A l t h o u g h  s p e c i e s  d ive rsi ty and a bundance may change, the overall total 

b i o m a s s  is u n l i k e l y  to cha nge  significantly and the effect on the other river 

fauna is li kel y to be minimal. Dippe rs may be the most sensitive since they 

d e p e n d  d i r e c t l y  on specific aquatic macroin ver teb rat es for their food.

The r e c o m m e n d a t i o n s  made and o per ati ng rules agreed upon should if necessary 

be r e v i e w e d  f r om  t ime to time, in light of what shall be learned from a 

c aref ul ch em i c a l  and biological surveillance during the filling phase and 

after i m p o u n d m e n t .
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Figure D6.1e
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a n n e x  D6 . 1i : LOCATION OF SAMPLING SITES: RIVERS WOLF, THRUSHEL AND LYD

SITES N.G.R.

RIVER WOLF

W1 Eworthy SX 454954
W2 Northcombe sx 455954
W3 Brockscombe SX 459948
W4 (4) Germansweek sx 445943
W5 (7) Hennard sx 427924
W6 (8) Combepark sx 424906
W7 D/S Dam 1 sx 419898
W8 D/S Dam 2 sx 418897
W9 D/S Dam 3 sx 417895 *
W10 D/S Dam 4 sx 417892
Wll (9) Broadwoodwidger sx 414889 *
W12 Rexon sx 407876 *
W13 Cookworthy sx 405876
Wl 4 (16) Milford sx 403864 *
HI (1) Boldventure sx 438955
H2 (2) Wi therdon sx 428952
H3 Seccombe sx 424938
H4 (6) Grinacombe sx 427923
Kl (10) Buddie sx 403899
K2 (11) Upcott sx 401900
K3 Neathwood sx 406877

RIVER THRUSHEL

TI (14) Hayne sx 419869 *
T2 (15) Barbaryball sx 404859
T3 D/S confluence sx 402859
T4 (17) Tinhay sx 394854 *
T5 (20) Lifton STW sx 393851

RIVER LYD

LI Sydenham bridge sx 428839 *
L2 (18) U/S dairy sx 400851
L3 (19) D/S dairy sx 398850
L4 (21) Lifton Park sx 392850
L5 (22) Lifton Gauge sx 389844 ★

Site codes: W:

T:
L:

River Wolf 
H: Hennard Stream 
K: Kellacott Stream 
River Thrushel 
River Lyd

The numbers were attributed following a downstream sequence 
(Old site numbers in parentheses)

* Sites investigated during the special habitats survey (spring 1989) 
(pools, tree roots and submerged macrophytes)
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Annex D6.1ii

RIVER WOLF,THRUSHEL AND LYD: CHEMICAL DETERMINAND VALUES 
(MEAN,RANGE AND STANDARD DEVIATION) 

FROM APRIL 1906 TO OCTOBER 1987

m tm tm ItfitHHU HiHfMUl m m ttm

Conducti Suspwded

sirs pH Ca Ka Nitrate Oiho- vity solids EGO Oissclvt̂

ag/l fcy/i *5/] ftg/1 N pte-phste (20X) <105'0 ATU fcygen

ag/l P us/ca eg/1 ag/1 0 I satn

m m ttm tittum tH tttttittm tttftmitt ftftmtltf mtttt+ttt ttf+H-mtt

RIVES UCLF

f

t

f

t

t

t

♦

t

4. 6eracns-frx * i.<? * 7.8 * 3.2 * 10.0 * 2.2 • 0.02 ♦ 123 « 26 * 1.5 • 91

♦ 6.̂ -7.3 • 6.2-9.4 * 1.6-4.6 * 6.0-12.0 * 1.1-3.9 * 0.01-0.10 » 66-140 ♦ 1-351 ♦ 0.3-5.2 « 65-98

♦ 0.3 * 0.8 * 0.6 » 1.2 * 0.7 • 0,02 * 11 * 77 ♦ 1.1 ♦ 3

o. Grinacuce » 7.0 * 8.4 * 3.3 » 11.0 * 1.5 * 0.03 * 129 * 31 ♦ 2.7 * 90

* 6.4-7.3 ♦ 6.2*12.2 * 1.£-5.0 * 9.0-13.2 * 0.9-2.2 * 0.01-0,11 * 97-180 * 2-317 « 0.3-22.0 ♦ 78-97

* 0.3 t 1.1 * 0.E t 1.1 * 0,4 t 0,03 • 16 • 70 * 4.7 » 4

S. Ccabê a/’L * 7.2 t t * 10 t

♦ 6.5~.< i t « 2-77 ♦

* 0.3 f i ♦ 15 t

24. Dei sitf * 7.1 i f « 22 * B9

* 6.0-3.4 t f ♦ 1-574 * 72-105

* 0.4 f A ♦ 60 ♦ 6
9. BrDdd*coi«ic!c«' * 7.1 * 9.7 * 3.- * 11.1 * 1.7 * 0.03 * 133 * 22 * 1.5 ♦ 90

* 5.S-B.4 * 8.0-14.6 * 2.1-7.( * 8.1-15.1 t 0.6-2.7 * 0.01-0.07 ♦ 104-202 ♦ 0-417 * 0.3-3.2 ♦ 66-115

* 0.3 * 1.3 * i.! * 1.4 * 0,6 t 0.yJ * 13 * 53 t 0.7 * 0
16. ttiltcri » 7,3 t 11.5 * 4.: * 11,4 * 1.7 * 0.03 * 150 * 26 * 1.8 » 92

* 5.?-r.5 ♦ 8.7-14.2 * 2.2-S.5 * 8.3-13.6 * 0.S-2.7 * 0.01-0.10 « 107-156 ♦ 1-798 * 0.4-4.6 « 58-107

* 0.3 * 1.5 * 1.0 * 1.3
i

* 0.6 * 0.02 t 16 * 76 * 0.9 ♦ 8

RI\W THSSSL t

* 4

t

4

4

12. Kenneis * 7.3 *■ 15.6 * 4.6 * 11.0 * 1.8 * 0.05 « 171 ♦ 34 ♦ 2.0 « 91

* e.5-7.0 t 7.3-20.0 * 1.8-t.s • 6.2-13.9 * 0.7-2.9 t 0.01-0.15 « 86-220 * 1-475 * 0.6-3,8 ♦ 83-96

♦ 0.3 * 2.7 * 1.2 * 1.6 • 0.6 * 0.03 * 29 * 94 ♦ 0,6 ♦ 4

15. B-srbarytsii ♦ 7.3 f < * 27 i

* e.2-6.3 ♦ ( • 1-1083 t

* 0.3 t * 91 t

17. Tlnhay * 7.4 ♦ 15.3 t 4.6 * 11.3 ♦ 1.9 ♦ 0.04 * 170 « 26 f 1.8 * 93

* 6.3-6.5 « 10.0-19.1 « 2.4-6.3 * 8.3-14.2 * 0.8-2.8 * 0.01-0.09 * 120-215 * 0-722 * 0.2-3.6 « 85-104

♦ 0.4 ♦ 2.3 * 1.1 * 1.4 * 0.6 * 0.02 * 25 * 73 ♦ 0.6 ♦ 4

RIVER LYD

t

t
t

♦

♦

♦

♦

*

22. Li#ton (Uû e ♦ 7.4 * 15.8 * 4.0 * 10.0 * 2.0 * o . o a * 15S t 17 * 1.8 ♦ 96

♦ 6 . 3 - 6 . 5 « 9 . 2 - 1 8 . 6 « 2 . 3 - 5 . ? « 7 . 0 - 1 2 . 0 * 1 . 2 - 3 . 1 « 0 . 0 3 - 0 . 1 9 * 106 -18 3 * 0 -4 3 9 *  0 . 3 - 3 . 3 * 90-104

* 0.4 
i

* 2 . 0 « 0 . 7 • 1 . 0
&
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ANNEX D6 .1iv

Taxa found during the special habitats survey (spring 1989) that were 
never captured in the Lyd sub-catchment (riffles) before.

Tree Submerged
Pools roots macrophytes
* * * * *  * * * * *  * * * * * * * * * * *

EPHEMEROPTERA
Baetis niger * *
Centroptilum pennulatum * * *
Procloeon bifidum * * *

ODONATA
Agrion virgo * *

HEMIPTERA
Hydrometra stagnorum *
Velia sp. (nymph) * *
Gerris sp. (nymph) * * *
Notonecta sp. (nymph) *
Sigara dorsalis *

COLEOPTERA
Brychius elevatus *
Haliplus fluviatilis *
Haliplus lineatocollis *
Potamonectes depressus elegans * *
Oreodytes septentrionalis *
Hydroporus tessellatus * * *
Stictotarsus duodecimpustulatus * * *
Helephorus aquaticus *

TRICHOPTERA
Polycentropus irroratus * *
Limnephilus lunatus *
Adicella reducta *

DIPTERA
Anopheles claviger gp *



A N N E X  D 6 . l v :  I m p a c t  o f  l o w  f l o w s  a n d  s i l t a t i o n  o n  t h e  d i s t r i b u t i o n  a n d  a b u n d a n c e  

o f  m a c r o i n v e r t e b i a t e s  d o w n s t r o a n  o f  R o a d f o r d  R e s e r v o i r  - S p r i n g  1 9 8 9

0/S
work;

1

Dam

I
K e  1 l a c o t  t 

S t r e a m

T A X A 1 1
S I T E S W  4 W5 W6 W7 W8 W9 W 1 0 Wll Wl 2 Wl 3 Wl 4 | T3 T4 T5 1 L>4 L5

< 11 * » » * * * 11 i * * * * * * * • * * ft ft * * * 111 | * * * * * * * * * 1 ft * * * ft *

M O L L U S C A
1
1

1
1

P o t a m o p y r g u s  j e n k i n s i 2 25 1 2 2 I 2 4 1 1 6 6
A n c y l u s  f l u v i a t i l i s 4 1 3 1 17 4 i i • 1 1 1i 1

O L I G O C H A E T A 50 82 1 58 69 105 139 82 58 459 24 40
i| 136 i 30 49

1| 290 ■ 534

H Y D R A C A R IN A I 9 1
1
1i

1
11

E P H E M E R O P T E R A
1
1

1
I

B a e t i s  r h o d a n i 51 21 26 3 28 30 41 49 74 46 91 | 54 61 57 8 32
R h i t h r o g e n a  s e m i c o l o r a t a 133 84 88 74 7 21 6 76 23 71 | 100 96 41 1 78 139
E c d y o n u r u s  sp. 2 1 9 2 2 2 2 1 1 1 2 1 2 1
E p h e m e r e l l a  i g n i t a 5 40 5 3 9 5 1 1 1 2 1
C a e n i s  r i v u l o r u m 14 3 1 192 8 5 2 2 9 1 8 1 6 7 18 1 14 1

P L E C O P T E R A
1
1

1
1

B r a c h y p t e r a  risi 13 1 5 7 4 1 1 1 | 1 1 1 1
A m p h i n e m u r a  s u l c i c o l l i s 7 3 5 1 2 | 1 2 1 1
L e u c t r a  g e n i c u l a t a 9 5 13 21 13 | 40 45 9 1 24 1
L e u c t r a  h i p p o p u s 3 6 1 I 1
L e u c t r a  f u s c a 3 1 6 8 4 4 11 1 1 2 1
I s o p e r l a  g r a m m a t i c a 2 2 4 1 2 1 3 1 4 8 2 1 2
C h l o r o p e r l a  t o r r e n t i u m 26 15 1 3 2 1 4 

(
7 2 1 * 3

C O L E O P T E R A
1
1

1
1

L i m n i u s  v o l c k m a r i 4 20 37 39 17 75 21 20 55 15 | 6 B 19 7 1 ? 13
E l m i s  a e n e a 1 3 15 9 5 1 1 3 2 2 1 4

1
I 3

T R I C H O P T E R A I
1

1
R h y a c o p h i l a  d o r s a l i s 3 1 1 1 2 1 2 1 2 5 1 1 2 3
A g a p e t u s  sp. 14 2 0 2 1 2 4 2 2 1 6 2 3 1 8 9
P o l y c e n t r o p u s  t l a v o m a c u l a t u s 9 1 1
H y d r o p s y c h e  s i l t a l a i 1 3 3 1 1 1 9 33 1 1 26
L e p i d o s t o m a  h i rturn 1 1 3 3 1 6 2
S e r i c o s t o m a  p e r s o n a t u m 1 9 7 33 3 1 2 6 | 2 8 3 1 4

I
4

D I P T E R A
I
I

I
I

Chi r o n o m i d a o 50 15 26 148 26 43 9 50 57 20 19 1 37 47 17 33 51
S i o u 1 i i dae 11 44 455 14 5 2 25 10 220 j 3 6 0 1838 110 1 34 6 8

IU1
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a n n e x  0 6 . 1  Hi

R O A D F O R D  R E L E A S E S  TO THE R I V ER WOLF:

&} C o m p e n s a t i o n  r e l e a s e  - A c o m p e n s a t i o n  r e l e a s e  of 9 Hl/d will be ma de  from 
R o a d f o r d  R e s e r v o i r  at aii times.

b) R e g u l a t i o n  r e l e a s e s  - R e g u l a t i o n  r e l e a s e s  -from Roadf ord  are r e q u i r e d  to s uppo rt 

th e  l i c e n s e d  a b s t r a c t i o n s  f r o m  the R i v e r  Tamar at Gunnislake. The i n c r e a s e  in 

d i s c h a r g e  to the m a x i m u m  r e l e a s e  for a b s t r a c t i o n  of 171.8 Ml/d <148 Mi/d + 102 

a l l o w a n c e  for t r a n s m i s s i o n  l o s s e s  and 9 Hi/d co mpe nsa t i on) will f o l l o w  the n atural 

h y o r o g r a p h .  The r e d u c t i o n  in d i s c h a r g e  will fol low  the d e s ce n d i n g  arm of the 

n a t u r a l  h y d r o g r a p h .

U n d e r  ail n orm al  c i r c u m s t a n c e s  the r e l e a s e  of water f r o m  the r e s e r v o i r  should not 

e x c e e d  320 Ml/d, w i t h  a r a t e  of c h a n g e  of 0. 9 cumecs in any half hour.

D i s c h a r g e s  e x c e e d i n g  3 20 M l / d  may be ma de  s h o u ld  they be r e q u i re d to com ply  with 

the R e s e r v o i r  Act 1975, for f i s h e r i e s  w ate r bank pur pos es and for scour purpo ses . 

The m a x i m u m  r a t e  of d i s c h a r g e  for r e s e r v o i r  safety p r o v i s i o n  is 11.58 cumecs.

c? H y o r o e i e c t r i c  P o w e r  G e n e r a t i o n  r e l e a s e s  - The c o m pe ns a t i o n  r e l e a s e  from 

R o a d f o r d ,  pl us  any r e l e a s e s  made for w at er s u p p l y  p u rp os es  will pa ss  t h ro ug h the 

H E P  t u r b i n e s  if the s t o r a g e  c a p a c i t y  is a b o v e  the lower h y d r o g e n e r a t i o n  control 

c u r v e .  S p e c i f i c  r e l e a s e s  for h y d r o g e n e r a t i o n  will only be made if the s t o r a g e  

c a p a c i t y  in R o a d f o r d  is a b o v e  the upper h y d r o g e n e r a t i o n  control curve.

S p e c i f i c  r e l e a s e s  for h y d r o g e n e r a t i o n  will be made d ur in g  the w in t e r  m on th s  in 

a c c o r d a n c e  wi th an e n v i r o n m e n t a l  a p p r o a c h  for the ope rat ion al p r o c e d u r e  (S ambrook 

1 9 B 9) . The p a t t e r n  of r e g u l a t i o n  r e l e a s e s  will not be m a n i p u l a t e d  so as to 

m a x i m i z e  t he i n c o m e  f r o m g e n e r a t i o n  of e l e c t r i c i t y  to the d e t r i m e n t  of the f i sh er y  

and the a q u a t i c  e n v i r o n m e n t .  C ontrol c u r v e s  will be us ed to p r e v e n t  e x c e s s i v e  

d r a w d o w n  of the r e s e r v o i r .

HEP - E n v i r o n m e n t a l  p r o p o s a l s :

T h e s e  p r o p o s a l s  o u t l i n e  an a l t e r n a t i v e  op era t i o n al  st rat eg y b ase d on an e co lo gic al 

and e n v i r o n m e n t a l  v i e w p o i n t .

The i n t e r a c t i o n  b e t w e e n  d i s c h a r g e ,  s u b s t r a t e  c o m p o s it io n and s e d i m e n t  m o v e m e n t  can 

h a v e  an i m p o r t a n t  i n f l u e n c e  on the b i o t a  of the stream. The River Wolf is a 

s a l m o n i o  r i v e r  and s u p p o r t s  p o p u l a t i o n s  of Atlantic Sa lmo n and the m i g r a t o r y  and 

r e s i d e n t  c o m p o n e n t  of the i n d i g e n o u s  trout. Any c o mbin ati on of the di r e c t and 

i n d i r e c t  e f f e c t s  of d i s c h a r g e  can i n f l u e n c e  the spawning site c h o i c e  of the adult 

f is h, s u r v i v a l  of t h e  i n t r a g r a v e l  s t a g e s ,  e m er ge n c e  of the s a l m o n i d  fry and the 

g r o w t h ,  s u rv i v a l  and b e h a v i o u r  of the o l d e r  stages.

The l o n g - t e r m  o b j e c t i v e  of the o p e r a t i o n  of an e n vi r o n m e n t a l l y  s e n s i t i v e  flow 

r e g i m e  is to m a i n t a i n  and i m p r o v e  the n a t ur al  p rod uc ti o n  Df the w i l d  s a l m o n i d s  in 

t h e  r e c e i v i n g  wa t e r s.  In o r der to fulfil t h i s  o bj ec ti v e  in any year , s p e c i fi c 

d i s c h a r g e s  must be a v a i l a b l e  t h r o u g h o u t  the year to aiiow c o m p l e t i o n  of the 

n a t u r a l  li fe  c y c l e  of s a l m o n  and trout.

T he  d i s c h a r g e  and v e l o c i t y  v a l u e s  s h o u ld  be regarde d as " g u i d e l i n e s "  a g a ins t w hic h 

t he e f f e c t s  of r e g u l a t i o n  f low s can be i n v e st i g a t e d  and the p r e c i s e  p a t t e r n  of 

rei e a s e s  a gree d.
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a ) N ovember and D e c e m b e r  !finne>: D 6. 1 c ) : O p e r a t i o n  ot the piant will c o m m e n c e  1 

November each year and run d u r i ng  the high tariff period of 0 7 : 3 0  - 2 0 : 0 0  

hours, M ond ay to Friday.

Increase in d i s c h a r g e  frons the r e s e r v o i r  to the maxi mum  r e l e a s e  of 320 Ml/ d 

shali occur over a p e r i o d  of not less than 2 hours.

n a -i: i mum rate of r is e  of the d i s c h a r g e  p r o p o s e d  is 0.53 c u m e c s  in any half ho ur 

period. H y d r o g e n e r a t i o n  r e l e a s e s  will i nv o lv e  a steady p r o g r e s s i v e  b u i l d - u p  to 

the peak and will not be stepped.

D e c r e a s e  in d i s c h a r g e  from the m a x i m u m  r e l e a s e  will follow the d e s c e n d i n g  arm 
of a natural h y d r o g r a p h .  This will r e s u lt  in a m in im u m  d i s c h a r g e  in the w e e k d a y  

period of 60 Ml/d. D u r i n g  the we e k e n d,  w hen  g en e r a t i o n  is not e c o n o m i c a l ,  a 

m i n i m u m  f i ow of 34 rll/d is req u i r ed .

b) Jan uar y and F e b r u a r y  (Annex D6.1d): O p e r a t i o n  of the p la nt  will c o m m e n c e  i 

Ja n u a ry  each year and run d ur i n g  the h igh tariff period of 0 7 : 3 0  - 2 0 : 0 0  h o u r s ,  

Monday to Friday.

increase in d i s c h a r g e  from the r e s e r v o i r  to the ma xim um r e l e a s e  of 320 HI/d 

=h*ll occur over a p e r i o d  of not less than 2 hours.

Ma xi mu m  rate of r i se  of the d i s c h a r g e  p r o p o s e d  is 0.87 c u m e c s  in any half h ou r  

period. H y d r o g e n e r a t i o n  r e l e a s e s  will i n v o l v e  a ste ady  p r o g r e s s i v e  b u i l d - u p  to 

the peak and will not be stepped.

De cre as e in d i s c h a r g e  from the m a x i m u m  r e l e a s e  will follow the d e s c e n d i n g  a r m  

c-f a natural h yd r o g r a p h .  The m i n i m u m  d i s c h a r g e  in the w ee k da y  p e r i o d  shall be 

34 rii/d. Dur ing  the w ee k en d  a m i n i m u m  flow of 20 Ml / d is r e q u ir e d .

c 1 M a r c h ; A m in i m u m  d i s c h a r g e  of 20 Ml/d is r e q ui re d.

d) April and M a v : A m i n i m u m  d i s c h a r g e  of 34 Ml/d is required.

The peak demand p er i o d  for water s u p p l y  p u r p o s e s  has been p r e d i c t e d  as May to 
5c-ci t ember .

R eg u l at io n  r e l e a s e s  for su ppl y p u r p o s e s  will be made and s u p e r i m p o s e d  on the 

mi n i m um  flow of 34 Hi/d to a m a x i m u m  of 171.3 Ml/d i 148 Ml/d f 10'/. a l l o w a n c e  

for t r a n s m i s s i o n  l os se s and 9 Ml/d c o m p e n s a t i o n  release). P a t t e r n s  of r e l e a s e

ii follow the r ul e s  ag ree d with the r e p r e s e n t a t i v e s  of the Tamar and 

T ri b u t a r i e s  F i s h e r i e s  A s s o c i a t i o n  (T T F A ) . The b u i l d - u p  to the m a x i m u m  flow 

should be such as to a v oid  danger to anglers.

e.» June to O c t o b e r : The a gr e e m e nt  with TTFA must be adhered to d u r i n g  the 

period of any r e g u l a t i o n  r e l e a s e s  tor s up pl y p ur po s e s . F o l l o w i n g  the d e s c e n d i n g  

arn. of a natural h y d r o g r a p h  wili r esu lt in a m i n i m u m  flow of 34 Ml/d. This 

mi ni mu m  is r e q u ir e d  when r e l e a s e s  occur on c o n s e c u t i v e  days. Wh en  c o n s e c u t i v e  

dr i iy r el e a s e s  are not bein g m ade (block r e l e a s e  of several d a y s  or weeks) th en 

the c o mp e n s a t i o n  flow of 9 Ml/o is a c c e p t a b l e  as the mini mum  flow.

Note: Even if s u f f i c i e n t  water is not a v a i l a b l e  for c o n t i n u o u s  HEP g e n e r a t i o n  

then the higher m a i n t a i n e d  flow will a p ply in order to meet the 

envi r o n m en ta l r e q u i r e m e n t s .

if no specific r e l e a s e s  for h y d r o g e n e r a t i o n  are b e i ng made then the m i n i m u m  

r e l e as e s  will be made:

N o v e m b e r : 60 Ml/d

December; 34 M 1 / d

Ja n u a ry  and Fe bruary: 20 Ml/d

March: 20 Ml/d

April and May: 34 Ml/d

June to OctGber: C o n s e c u t i v e  days: 34 Ml/d
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O th e r  days: 9 M 1 / d

C o m p e n s a t i o n  f l o w  and r e g u l a t i o n  r e l e a s e s  fr om  R oad for d R e s e r v o i r  in the earl y 

y e a r s  of o p e r a t i o n .

The f o l l o w i n g  p r o p o s a l s  must be seen as g u i d e l i n e s  only which s h o u ld  be r e v i ew ed  

and m o d i f i e d  in th e l i g h t  of e x p e r i e n c e :

a) In the 13 m o n t h s  f o l l o w i n g  i m p o u n d m e n t  (September 1989 - S e p t e m b e r  1990} the

s t o r a g e  c a p a c i t y  in t h e  r e s e r v o i r  is u n l i k e l y  to be s u f f i c i e n t  to enab le

r e l e a s e s  e q u i v a l e n t  to the h i g h e r m a i n t a i n e d  flows, let a l o n e  r e l e a s e s  for HEP

o p e r a t i o n .  O n l y  the c o m p e n s a t i o n  flow of 9 M l /d  will be r e le as ed .

b» In th e s e c o n d  y e a r  { O c t o be r 1990 - S e p t e m b e r  1991) the p r e c i s e  pa tte rn of 

h i g h e r  m a i n t a i n e d  f l o w s  will be c o n s i d e r e d .  A meeting will be h e l d in early 

O c t o b e r  1990 b e t w e e n  r e p r e s e n t a t i v e s  of the NRA, S o u th  West Water pic and TTFA 

to a g r e e  to a d e t a i l e d  p r o g r a m m e  of r e g u l a t i o n  releases. The actual v o l u me  of 

w at e r  in t h e  r e s e r v o i r  and the p r e d i c t e d  v o l u m e  will be key f a c t o r s  in d e c i d i n g  

th e p a t t e r n  of r e l e a s e s .  If h y d r o g e n e r a t i o n ,  in a dd it ion  to the higher 

m a i n t a i n e d  f l o w s ,  s h o u l d  be c o n s i d e r e d  p o s s i b l e  then the diur nal  f lu c t u a t i o n s  

ma y be u sed  c o m m e n c i n g  on 16 D e c e m b e r  1990.

c) In the  t h i r d  year ( O c t o b er  19 9 i - S e p t e m b e r  1992J the p a t t e r n  of r e g u l a t i o n  

r e l e a s e s  will a g a i n  be c o n s i d e r e d .  T h e s e  will inc lud e a r a n g e  of higher 

m a i n t a i n e d  f l o w s  and may i n c l u d e  a v a r i a t i o n  on the full h y d r o g e n e r a t i o n  

r e l e a s e s  p r o p o s e d .  D i u r n a l  f l u c t u a t i o n s  a s s o ci a t e d  viith h y d r o g e n e r a t i o n  

r e l e a s e s  may b e g i n  on 1 N o v e m b e r  1991, by agreement.

o') in the f o u r t h  y e ar  (Octob er 1992 - S e p t e m b e r  1993), u n der a v er ag e 

c o n d i t i o n s ,  t h e r e  s h o u l d  be s u f f i c i e n t  v o l u m e  of w at er in the r e s e r v o i r  to 

a l l o w  the f i r s t  c o m p l e t e  annual p a t t e r n  of higher m a i n t a i n e d  f lo ws  and 

h y o r o g e n e r a t i o n  r e l e a s e s .  Diurnal f l u c t u a t i o n s  couid c o m m e n c e  on 1 Novemb er 

i 9 9 3.

Th e p r o p o s e d  p a t t e r n  of r e l e a s e s  for h y d r o g e n e r a t i o n  and h i gh e r  m ai n t a i ne d 

f l o w s  for th e p r o c e e d i n g  12 m o n t h s  will be r e v i e we d on an annual basis. A 

m e e t i n g  will be c o n v e n e d  with the r e p r e s e n t a t i v e s  of the T TFA  in early O c to b e r  

e v e r y  year.

In the e ve n t  of a f a i l u r e  to a gre e t h e r e  wiii be a p r o c e s s  of a rbi tra tio n.
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a n n e x  D 6 .lAi i

ABUNDANCE OF MACROINVERTEBRATES AT THOSE SAMPLING SITES 
AFFECTED BY ROADFORD RESERVOIR: 1985 TO 1989, SPRING

The total abundance and relative abundance (last 2 columns) are 
for all sites and years combined.

Component members of species groups

Baetis scambus gp: 
Rhithrogena semicolorata gp: 
Caenis luctuosa gp:
Nemoura cambrica gp: 
Potamophylax latipennis gp: 
Pilaria discicollis gp: 
Chelifera gp:
Hemerodromia gp:
Wiedemannia gp:

scambus and B. fuscatus
semicolorata and R. germanica (= haarupi 
luctuosa (= moesta) and C . macrura 
cambrica and N. erratica 
latipenni s and P . cingulatus 
defined in Brindle (1967)

Brindle (1964)

B.
R.
C.
N.
P. 
as 
)
) Follows 
)



TTXh

SITE Wl

85 66 67 88 89

Tjua /n rm
IVjlycolis felira 

nvyjxata vitta

MmCCR
M X U 1X A

totancpyrgus jenkinsi 13 1

tynrooa porogra 
Planorbis crista

tacylus fluviatilis 19

Zmitoicfcs nitidis 1

3fhaoriun sp.
Pisidim sp.

CLUDQFd̂
imirtnsFA 

GIoGsifhxiia oartplanata 
tbldbcblla stacjvslis 
Erpobdella octoculata 
Tnxheta s^viridis

Hmvoram
CRJBP'CEA 

Asellus roridiarus 
&mans pulex

EH B O O T H S

ftwtis scantas <p 
riratani 

Baetis nutiajs 
Cfentrcptilun luteolun 
Ihithrogcra samoolorata cp 
ilqptagorda sulphiroa 
Dcĉ u u t l e  q>.
Î ralc|jto(hlobiA afciranjimta 
Ibbn^hldua fusca 

E^merolla ignita 9

Efhcnora chnica 

Gxnis lirrtuofia gp 
G icn is r iv u lo ru s  28

3 1 2  

142 69 301 28 50

1 2

23 71 19 46 SI
3 2 2 7

IS 26 106 36 133

4 1 1 4  2

17

6 14

nm nm
Bracfyptora riai 2 8 13

tathinsiura standfus&i

Mfhinonora suldoollis 6 3 2 2 7

Naroura cmbrica <p 1

Leuctra sp. 1 3

Leuctra geniculata 4 23
Lactra irennLs 1

SITC Vb 

85 86 87 89

1 4

29 1

1 1 
1

98 133 78 82

15 35 7 21 

2 1 1
50 53 98 84

1 4

1

1 8 23 1 

4 3 1 3  

2

3 1

STIE WG 

85 86 87 88 09

I 3

1 1

113 271 166 98 158

5 3 3 18 3

1 4

6 4 10 7 

4
8 54 2 13 26

4 10 3

67 58 98 65 08

4 2 18 1

6 1

1 U
2 3

1

8
69 5

16 1

SHUNS 1385-09



or« sm:< 2-1 ) SHE W7 site VJB SITE W) J SITE W10 STK Wll

87 89 88 69 89 | 89 85 86 87 88 89 |
«M Ht It* IH « * 1 • •ft to ftft ft *** 1 h i  in

1 | 1 5

25 1 6 2 2 2

3 1 17 17 1 1

2 1 |

189 69 26 105 139 I 82 433 105 70 17 58 |

1 1 1 2 1

1 3 |

4 1 1 7 1 3 5

1 2 2 8 1 1 |

19 1 | 1

1 |

3 13 3 2 4 13 2 8 1 |

4 1 6
6 3 6 28 30 i u 10 50 44 31 49 |

12 13 5 | 3 2 3 11 2 3 |

1

85 4 74 7 1 21 15 40 79 1 6 |

1
9 3 2 2 t 2 15 4 6 2 2 |

1 3 2

40 27 5 | 3 45 23

2 1

192 1 8 5 | 2 20 4 2 I

6 7 1 4 2 1
1 1
5 2 3

1
1 1 1 |

9 2 5 2 3
1

stie wi2 
89

459

14
2

76

3
1

13

VICE 1



m
STIE Vfl.3 

69 05

snt wh 
06 87 80 09

STTL' T3 

09 05
SITE T<1 

86 87 80

unawam
tolycolis felina

Ibagocata vitta

MWOCDV 1

MXLLEXZA

rotarrtp/ix̂ K jenkinsi 2 81 1 2 33 6 10
lynraea peregra

Plmoihis crista 2
Ancylus Qimatilis 5 1
Zcnitoidos niticio 1
3 fhaeri.ua sp. 1
P i s i d i u *  sp. 1 1

dimaiwrnv 24 215 79 95 1 0 1 40 L36 575 150 121 43

lannncA
GlOGSifhcnLa carpLanata 1 1 1 2 1
ItaldlVlllfl S tiK JY ll 1 3 1 1 5 1
Erpcbcfalla octoculata 5 1 1 5 3 1
Trochota aiviritiia 1 1 1 4 1 1

tim v c T iR im

CHEITCIA
Asellus meridians 2 2 1
Gammius pulex 3 2 6 2 4 2 3 1

K l J M I C F m

D a o tia  scsntous < p 7 5
I & o t i s  th o c b n i 46 34 45 7 1 1 91 54 73 84 28 7

nuticus 4 7 1 1 8 11 13 3 9 4

OEntrcptiiura luteoUm

Wuthrogcna senicolorata 9 23 » 31 28 5 71 100 19 50 113 19
Heptagmia sulffurea

Bo^cmzus sp. 31 2 6 1 i a 1 9
F a r a lc p tc p h l  c i l i a  SLtrmrgimta
Habixfhlchia fusca 6 4 1 21 5 3
t̂ fiamnilLa iguta 221 97 5 1 62 57

Qhesmra dnica
G>cnis luctusa g? 2

Qvaiis tiuilorun 1 117 3 34 8 6 21 4 5

P L D X F i m

Bradiyptera risi 1 1 1 1 1 1 1
A n p h in a m ra  standfissi

fti^hinoiura sulciooLlis 1 1 1 2 1 1
Ncraxira canbrica cp

Iructra sp. 6 1 2
Leuctra geniculata 21 13 1 8 13 40 4 9 11 12
Lcuctra in eo R L S 4 1 1

ST O U C  1 9 0 5 - 0 9



SHE IS s tie  i/i STIE L5 | TO |  PEL.

85 66 87 88 89 65 86 67 88 89 85 86 87 66 69 [ m s j AlUO.(\)

2 | 3

1
1
1

1 | i 1

1 3 4 I 22 i o.i
i

11 4 13 1 S 2 1 6 14 IS 50 6 1 335
i
1 1-2

1 j 1 1
| 2 1

7 1 3 1 4 1 1 7 12 1 | 152 | 0.6
1 1 1 4 1

, j 3 1
2 1 | 15 | 0.1 

■
263 150 43 £0 49 231 218 113 10S 290 no 94 •» 139 534 | 7617

1
| 28.1 
1

3 1 1 1 3 1 1 25
1
t 0.1

3 i i s j 0 .1

43 25 3 1 2 2 9 1 1 2 i 159 0 .6

1 1 i 36 1 0-1 i
1 21

1
1 0 .1  

1

1 6
1
1

3 3 4 2 3 2 3 1 4 1 j 136 | 0 .5  

1

2 1 2 1 32
1
1 0 1

50 60 64 29 57 19 15 27 2 8 35 20 U 2 34 32 j 1876 j 6 .9

23 5 6 3 2 10 3 2 1 6 3 4 2 7 |  234 |  0 .9

1 |  1 1
16 23 33 19 41 10 72 75 48 78 44 58 81 58 139 |  2605 | 1 0 .3

2 1 1 i * 1
44 3 1 6 2 33 7 2 44 B 2 1 1 311 1 1 1

' j 2 1
31 2 1 3 j 136 | 0 .5

39 1 30 1 3 3 ia 2 19 4 59 1 j 692 j 3 .3

2 j 5 1

1 2 1
40 6 15 16 4 14 15 1 1 1 |  642 |  2 .4  

1

1 |  103
1
j 0 .4

1 2 1
1 2 1 1 1 j 61 j 0 .2

j 2 1
4 19 5 5 1 1 59 |  0 .2

2 4 4 4 9 22 21 1 5 24 12 10 5 5 1 |  399 i i -5
1 1 16 1 o .l



Tax*
SITE Wl

85 86 07 88 89

Leuctra hifpqpus 
Iructra nigra 
Leuctra fusca 
Isoperla gramtatica 
terla hipxictata 
Chlorcperla tjomntiuu 
Chlorcperla tnpunctata

CEflEPIUtt 
Onxx̂ t£s samurkii 
tyrinjs sp.
Orectochilus viUocLis 
l̂ drofhilidM larva 
Itydraena gracilis 
Holcfftorus btwipalpis 
i blcpfiorm grandis 
rlnrin aa«a
Bjolus parallel cpipodLo 
Limnius voldarari 
m l inn im  cp .
Culirmius bixrailatus

htEAlmiHA 
Sialis lutaria

•naaDPintA 
Ryocqfhila pfa 
Hyaac^hila cbnsali3 
Ryaocfhila n n b  
Gloasocaratiche pip 
GloBSOfiara sp.
Ayjpetus sp.
Plectromania ccnspersa 
Fblycoitrcp.j5 flavanaculatiB 
cyme trimaculatus 
Tinodcs dives 
Î pe rudjcta 
Pjytharyia p cilia 
ftydrtpsvehiebe pps 
fydrcpsycta pelluddila 
Itydrcp^ho siltalai 
LijmephilidsG 
l i f f i q h i l i < tw  pp a  
Rucas arrulatus 
Rjtancffr/Lax latipmis op 
Rjtancgfylax Lstipcmis 
fotantphyLax cLnjilatus 
ttolesua sp.
Halesus tadiatus 
Oiaotcptecyx villoua 
Ocfcntocomn alhioome 
W_hripsocbs sp.

4 3 

1
3

12 3 10 2 

36 4 2 9 28

1
1 1 1 

1 1 
1

9 1

8 4 2 4

1

1 1  8 3

1 1 2 30 14

1
9 1

13 4 1

4 2 1

srrc v6 
85 86 87 89

1 6
1

17 2 2 2

4 5 15

2
2 2

1

12 2 1 3

10 5 20
1

2 4

3 1 2
1 1

2
6 6

5ITC W3 
85 86 87 88 89

ftt« **» *** M»

2 1 
12 1 7 14 4

7 2 7

1 1

6 3 2 7 15 

12 7 6 43 37

2 2 2 1 

£
3 1 

23 2 1 28 a

1 1
17 2 2 2 3

SJTtlKJ 1985-89



C m  STTE(24) SITE W7 sm; ve SHE ve STEEWIO | SHE Wll SITE WL2
87 89 68 69 89 89 | 85 86 87 88 89 89

1 1

1 1 8

4 1 1 2 25 2 6 1

10 1 1 35 4 12

1

1

1 2 1
1

9 5 1 | 16 2 1 3
6 1 3 1 1 1

5 39 13 17 75 21 | 50 4 11 9 20 55
2
3 1

1

1 1 2 | 1 6 1

1 1 |
1

2 2 1 1 2 1 76 8 33 2 4
1 1

9 1

1
4

1 2 3 1 1
2 3 8 3 7 1

2 1

1

2

2 1

IU1001

VKT. 3



U W A

SITE W13 | 

89 j 85

srre wi4 

86 87 88 89

SITE 13 

89 85

SITE T'J 

66 87 88

Leuctra hippcpus 1

Leuctra nigra 1
Liictja fusca 8 1 22 4 4 2 1 13

Is o p e rla  grarorotica 3 | 2 2 4 6 1 6 2
fferLa bipxctata 1

Chlorcporla torraTtiun 3 | 26 3 3 3 2 4 3 3 12
Chlorcperla triprclata

CEUEFUHA

Oreod/tas saoxorkii I
CtyrirLE sp. 1 1
Orectochilus villccus 1 1 3 1 1
Itydn^hilich© larva

l^iraais gracilis 1

Iblcfhorus brevipalpia

Ifelcfhorus qranrbs

Elmis acnea 2 | 3 1 2 4 2

Gsolis parallelepipeds 1 1

Limnius voLcknari 47 2 5 17 15 68 103 4 6 20

OulinrutG sp. 1

OulinniiE b±e«xnLatus 1

m M £ FIQ V i

qiaiit lutaria

U O a C F Q M

Ttyaocfhila ppo 2 2

Ryaocfhila cbrsalis 5 3 1 6 2 2 11 5 3 5

ItT/e>ocf̂ iila rnndi 1

Glocsosamticba p f a 4 2

GloesoGoia sp. 1 1 2

Acppetm sp. 2 i 3 1 2 23 2 6 7 2 7 17

Plectnxncma axsporsa 1 1 4 1

tolyocntrcpjs flavamculatus 1 2

c y m s  trinaculatus

Tinxfcs dives

Lypo redjcta

R>yc±niyia pusilLa 1

l̂ drqpsychicfctt p 4 » 1

>^drtpsyd» pfilliridila 1 1

l^drcp^fo siltalai 13 8 3 5 1 9 32 7 16 24

Linntyhi li<bo

Llimqfii 1 idio p p a

Erusrn amjlatug

Rrt^Bt^tr/lax Lalipxius cp 2

IXX^siEfiyLax Latipcmis

Fbtanr^hyLax cinjilatus

Itedesus 5p.

Halesus tadiatus 1

Chaatopteiyx villosa

Qdntocerun albiaomo

Athrifcodbs q>. 1 1 5

SIHING 1985-09



srre is SITE LA SITE LS TO | I£L.
1 85 e6 67 88 89 j 85 86 87 88 B9 j 05 86 87 88 89 TOS | WMD. (\)
I AAA** * III III III 1 »»»» | *********

1 17 1 0-1
1 3 10

1 I | 3 12 2 I 6 9 1 116 j 0.4
1 7 5 1 X 2 j 2 1 2 4 4 2 2 203 1 0-7

1 1 1 | 2 4 U
1 ^ 5 2 1 5 6 5 4 4 | 2 4 2 1 3 300 1 1.1

1 1 1 | 3

2
6

4 1 1 22 1 o.i
1 1

1 | 1 1 | 1 16 ) 0.1
1
1

1 7 2 4 1 1 3 | 3 5 138 | 0.5
1 2 2 | 1 2 23 I o.i

1 7,1 23 10 21 1 1 22 7 5 15 7 j 20 1 7 14 13 1029 1 3.8
4

1 7

1

1 1 | 2 1 U
1 3 1 7 1 | 6 3 4 2 i 6 1 5 3 3 132 | 0.5

1
2 3 10 1 31 1 0.1

| 3 4 6 1 3 4 1 4 4 5 1 11 61 1 0.2
1 9 2 5 24 3 j 32 30 4 15 8 | 30 16 16 7 9 533 1 20
t 1 1 1 14 j 0.1

26 1 0-1
, 1

| 1 a 9 26 j 0.1
1
1

1 2
1 1 1 1 1 j 1 2 22 1 0.1

| 69 16 20 10 1 i 08 29 43 IS 17 | 40 28 79 39 26 772 1 2.0
j 1 2 3

2 2
1 1 13

2
3
1
2

1 2
4

1 1 3
a 1 3 4 | 9 1 | 1 2 3 3 54 1 0.2

p /a : 4



T7\XA

SITE W1
85 06 07 08 09

A thripcctte  dnrjreus 
Athripxxfcs Aibifrtm; 

Atiiripcoclis bilinootm 

Truknodja bicolor 

Triaaicxbs ccnspevsus 

Goericbo p. pi 

Silo pallipoa 

Lcpidbctcna hirtun 

Bradtyantrvs airvhilus 

SoriocGtcm ponvcnatim

EHFimA 
Lurmia sp.

Pali d a  rivosa 

Dicranota sp.

Eloccjhila sp.

Pilaris disci collis <35 
Gcroryia q>. 

QjratcpoTXiidbo 
Chircrcnucbo

Ehpidicfeo p p a  

Chelifera <p 
Hm orodronut cp 
Wiocfcnnmia gp 
Atherix jhis 
Atherix imxtpnata

16

1 2  2 1

1 4

3 9 14 3 
1

2

1
6 3 2 29 50 

1 4 23 11 

1 1
2

1 1 
1

SHE v e  
85 06 87 09

1 3 2

1 2

9 16 3 15

3 6 U  44 

1

SITCVJ6 
85 C6 87 Ofl 89

3 9 1

21 4 12 7

1 3  1 1 4
7 15 1 13 26 

16 3 18 455 
1
1 1

3

3 5 3 5

SHtttE 1985-89



dvi stie^ ) SITE WJ STIE WB stievo | sm: wio SITE Wll | SITE VD2

87 89 80 89 89 j 89 85 86 87 88 09 I 89
ft « ft ft ft ft ft ft ft ft ft ft III ft** 1 <u <•* • ft ft1*1 Oft Ml ft *A 1 *•* **»

43

3 1
1

33 1 3 1 1 2 4 11 7 5 6

1

2 1

9 1 3 | 1 5 2 | 7

2 1-58 30 26 43 1 9 26 9 6 336 50 1 57
4 6 14 5 | 2 1 5 11 61 1 25

2 4 3

15 I 1 1
7 1 1 | 1

3 1 1 | 1

r/«j; s



STIE WL3 srre wi4 SITE 13 S H E  T'l
T7tfA 89 85 86 87 88 89 80 85 86 07 88

ALhripccxhs cine reus 1

ALhrifrxxi^i albifrcns 1 4

AthripGocfcs bilinoatiE 2

Triacrocfcs bicolor 14

Triacrcchs cxrcpersus
Gcera<±ia p f n

Silo pollipos

Lepidoetara hirtun 2 3 3 1

Bradiyorntrus sitnfailis 13 4
Sonocctam ponxnatijD 2 3 4 1 2 3 1 1

nOTOVk

Limcnia sp.

JXxlida riwea

Dicranota cp. 1 2 11 1

EUooc^hiLa sp.

Pilaria discicollis qp

Gcncnyia qp. 1

Cteratcpogcnicbe 1 10 3 1 2 2 56 1 1 1
Qurcronicbs 20 BA 51 1 124 19 37 237 37 72 39
Suiuliicha 10 101 17 2 113 220 360 74 33 232 7
Eitpidicfae p.pa 14 7
Owlifera <p 1
ifcncrodrcraia cp 1 1 3 3 1
WioctnBrraa gp 1 2
Atherix ibis 1 1 1
Atharix enrginata

SHUN3 1985-89



STIE T5 SITE IA SITE L5 | TO I m ,.
05 86 87 88 89 | 85 86 87 88 89 j 85 86 87 88 89 j TWS j A IU O .H )

| 1
t

f
6 1 7 |  19 1 0 1

10 13 1 | 11 1 88 | 0 .3

1 15 j 0 .1
13 2 1 & |  0 .1

1 j 1 1
2 2 2 2 I 6 2 1 58 1 0 .2

1 1 2 1 4 15 5 6 1 2 1 1 2 1 54 j 0 .2
9 1 j 3 12 1 41 1 0 .2

3 2 2 3 3 | 6 4 2 4 1 6 26 9 4 |  234 |  0 .9  

1

i 4
1

\

1 5 I
4 1 3 1 3 1 | 5 4 1 77 i 0 -3

1 2 1
1 | 3 1

| 1 1
5 4 2 1 2 1 2 2 2 2 2 |  147 | 0 .5

71 45 13 29 1 45 39 19 21 33 1 14 20 27 107 51 j 2262 |  8 .3
41 7 5 53 110 j 3 2 4 34 ) 20 5 7 37 68 | 4132 |  15.2

2 4 3 I 4 2 1 I 53 1 0-2
2 | 4 1 | 6 1 j 40 1 0 .1

1 1 1 1 | 1 1 1 32 I 0-1
2 1 | 7 1
4 2 1 |  33 1 0 .1

1 | 1 1 2 1

I
cr>

IVCE 6
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A N N E X  D 6 .l A i  i i

ABUNDANCE OF MACHOINVERTEBRATES AT THOSE SAMPLING SITES 
AFFECTED BY ROADFORD RESERVOIR: 1985 TO 1988, AUTUMN

The total abundance and relative abundance (last 2 columns) are 
for all sites and years combined.

Component members of species groups:

Baetis scambus g p : 
Rhithrogena semicolorata gp: 
Nemoura cambrica gp: 
Potamophylax latipennis gp: 
Tipula montium gp:
Pilaria discicollis gp: 
Chelifera gp:
Hemerodromia gp:
Wiedemannia gp:

B. 
R. 
N. 
P . 
T. 
as 
)

scambus and B. fuscatus
semicolorata and R. germanica (= haarupi 
cambrica and N. erratica 
latipennis and P. cingulatus 
montium, T. couckei and T. lateralis 
defined in Brindle (1967)

Follows Brindle (1964)



S H E  W) srreve S H E  W>
T7WV 85 66 87 88 85 86 87 88 65 86 87 68 |

TRKXAnHA

Plana riidto 1 |
Itolycolis fclina

n m c t A 3

KlilOCA

K*airc(yrgui jenkinsi 1 2 116 2S 3 2 3 5
lyrmaoa porogra

PUrodois

/reylus fluviatilis 1 1 1 58 9 J 3 |
Zcnitoicfcs nitidts 1 1

^taeriim sp. 1

pisidim sp. 1 3 2 3 1 1

ctiaoowajv 9 86 67 143 302 54 19 37 229 112 12 27 |

m n m M A
llaniclcpGis rmrgimta
Glossiphonia corplarata 1 |
Halcixfclla stayialis 1
rrprhrMla fn-tnnilata 1 2 10 1 |
Trodwta abviridis 1 2 1 |

wnvcrcim

a u n j e a
Asellus nsriduns

Gamarus pulex 6 1 1 37 41 3 37 |

OTEMJCPnEA
Daotis scantis cp
Baetis vonus 1
Bwtis dxxbni 11 7 4 13 15 10 12 66 17 10 2 19 |
Baetis niiticus 4 1 8 3
Qntroptilim luteolu*

Ituthrogcna senacolorata gp 6 6 2 8 26 1 2 34 5 7 |
Ifcptagcnifl sulphjrea

ta^orunjs q x 5 3 7 13 17 2 4 15 3 2 2 34 |
Paralepfccjhlchia alrrapjirHta 1 2 1
E^honuralla icjuta 1 1
tyxjrera cfanica

Q » u s  riwilorun

H a x F i m
Protcnorura praeoax

Prcptcnaiura ur^jri
/trfhineciira qilHmliig
Mmirella picteti

Naroma avicularls 1 5 2 5
ttarrxira canbrica <p 1
Lcurtra sp.

W J H K J  1 3 8 5 - 8 B



cm  srre(24) SHE W7 s h e  vo SITE VO | s n E  vao )
87 88 68 88 1 68 |

• 0 i * » » •»» I I I I  1

1 1
1

1 2 11 1 U  1

47 36 45 1 40 1

1
1

l 2 3 1 4 I
1 1 i  i

l 16 1 2 1 6 1

1 9 10 1 D  1

10 3

l 26
i

13 3 1 fl 1
2

2



r

SITE W13 srre  wi4 srre  T3 STIETI
UttA oe 85 86 87 88 88 85 86 87 88 |

i r a a i o m
PIorviriidM
rtolyoelin fe liru

2 1

KU1EC*
totaflcpyrjis jenkinsi 10 3 1 84 1 2
lyirroai perogra 1 1 1
Plano th is alius
tacylus flu vdatilis 1 1 3 2 4 1
Z m itoida n itid is
^haoriun sp.
Pisidiun sp. 1 1 1 3

c u o o cre m 2 46 208 52 95 77 170 78 32 47 |

1 n n m w *
IfcimclcjTiiii nanjimta
GlossifiTcnia curplanata 1 4 1 1 3 1  |
Ib ld x h lla  stagnalis 1 2 3 5 |
ErpctadalLa octoculata 1 2 14 1 8 |
Tnxhata atw ind iis 1 2

Hravorarcv

OUSBCDV
Asellus ncridiams U
Gammnis pulex 1 9 5 11 3 1 9 5 1

EJilH'fliX’IEHA
scanfcus op 8 1

ftwtlg v o m s
footis  rtrxbni 0 14 48 1 U 19 21 36 9 I
Bxytis suticus 2 1
CtTrtrcptilim lutoolun
Fhithrogou sonicolorata op 2 5 1 4 4 10 63 6 9 ]
H^Xngtma sulpfnnoa 1  |
D x^ n u u s sp. 1 3 7 1 1 3 3 1
teralcptcchlebiA aiu n rg im ta 1 1
Efchcroreila ig iita 0 3
E^hencra dmica 1
Cbcnis rivulorun 1 1

h u o t h v i
ProtcnaTura praoacw 1  |
Protmaiura meyeri
^ h ix o iu ra  su ld c o llis 1
tkmirelln p ic te ti
Nemoura avicularis 1
Noioura on b rica  >p
Leuctra sp. 1  j

rtJIU-N 1505-08



stie is SITE LA SHE 15 |J TO | KL.

85 66 87 68 85 86 67 66 85 86 87 86 |j IMS j AllfD.(\)
«•* ft* * ft ft i • ft* *»» »*» 1| »*** | liiOllla

| 1
1 j 1

1 3 2 I1 I2 | 0.1

104 2 2 4 21 1 3 1 14 19 4 1| 449 | 4.0
1 | 5

| 1
6 3 1 2 14 1 3 || 236 1 2.1

1 j 3
1 2 1 5

4 | 26 | 0.2

375 69 U S  126 273 71 120 96 90 267 14 156 || 4167 | 37.0

1 | 1
16 2 5 1 9 1 || 46 { 0.4

1 1 i 21 j 0.2
21 2 G 3 10 2 3 5 2 3 1| 123 1 1-1

1 1 U | 0.1

| 2

1 U 1 o.i
10 2 2 1 19 2 3 6 6 20 9 1| 300 j 2.6

1 1 1 11 1 0-1
1 | 2

20 30 2 13 5 34 1 7 4 26 3 16 || 663 | 5.9
6 2 5 1 3 1 | 40 | 0.4

j 1
14 4 12 16 53 4 6 46 70 14 1 62 || 544 1 4 8

1 |1 2
10 4 3 10 14 1 6 2 4 1 10 j| 291 | 2.6
5 1 1 |1 19 | 0.2

1 1 2 1 t1 18 | 0.2
2 1 1 1 |I 10 1 0-1
3 1 i 6 1 o.i

2 | 3
1 30 1 33 | 0.3

| 1
| 1

1 1 1 20 j 0.2
| 1
| 1

Irt?: 0



UWA 85
s ra : w i 
86 87 88 | 85

SHE W> 
86 87 88 j 85

STIE VJ6 
B6 87 88 |

Ixuctra gouculata 2
Louctra inccnis 2 1
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rtorLa h ip irctata
Chlorcperla torrm tiun 3

OXimUTA
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tyrinus q?. 3
Oroctochilus villosus 1  | 1 1
l^draana g ra cilis 2 1  |
Ifcl c^horus bravip&lpis
Itelocfes sp. 1  |
ElmLs acrca 2 1 2 j 5 4 6 2 1 1 1  1 7 |
Esolus parallelepipede 1  1
liim ius voldomri 1 4 2 | 5 10 24 21 | 1 43 12 45 j
Oulimnius sp. 1
Oaliitnius tLfcercuiatus

rocM tnnw
S ia l is  lu taria
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tfyaccfh ila  ppa
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GlossoGcnatidw pi pa
Gloasosara sp. 1 1 |
Njipotus sp. 4 2 2
Plectrocnenria aenspersa 1
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C&nbocenm aJhicomo 1
Athripcocfcs sp.
Athripnodbs dnoraus
AthripRocts bilinoatm 9
Triaenodcs hicolor
Triacrodbs ocreperae
Coora piloGa
Silo  padlipcs 1 6 1 5 1 3 3 | 1 |
S ilo  nigricocnis
Upidastam hirtuu
Bradtycmtrus sdcrtbilm
SeriooGtam pereCTiatun 9 4 1 4 3 | 1 3
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Dolidicpcza alhipcs
Tipula sp. 2
Tipula (savtschmkia) tufina
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Liixmia sp. 1
fntxxta vitripuTU.3
Ifrtiria  riwGa 1  1
Trictyphcra sp.
Dicranota sp. 1 18 8 11  | 9 7 2 3 | 3 4
Eloeqfhila sp. 1 1  | 1 1  j 1 2
P ilaria  disciooLlia <p 1  |
toriacnn qp.
Dixa p ±*ru la 1
Diairalea sp. 1
CoratcpaynicJM 1  | 9 1 1 2 1
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Wiocfcmirrua cp
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Atiurix uunjirtita
Tiibanidaa
Iiimcjiioi'a sp.
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Ot±fibooenin albicomo
Athripoxbs sp. 1
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T r ia c m ts  ccnspersus 2
Goora piloaa 2 1
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So ri eastern pcrsonatun 4 4 3 | 1 3 1

D m m
Dolichcpeza albipes
Tipula ip . 1
Tipula (SavtsdicnkiA) rufira
Tipula (Vanntotipula) noitiun <p
Lxnmid sp. 2
totocha v itrip o ru s
fodicia riwGa 1
TridjyjhiTU sp. 1
OicnrotA sp. 16 3 3 3 1 2 4 1 2 2 1
□ oocfh ila  sp. 1 4 2 1 |
P ilaria  d is d c o ll is  gp
ftariocnn sp.
Dixa pLfcomla
Thauralea sp.
Cbratcpogcniche 1 2 1 1 | 4 3 1 j 10 2
(hinraidcfao 1 22 13 9 5 7 j 6 3 2 4 1 15 6 3 2 j
«;i«niliifhA 2 65 93 2 j 3 26 2 | 17 10 1 j
Drpidictw pLpa 1 1
Chelifora gp
HaiBTOdxtraia <35 1
WiectiTLimia cp 1 1
Cblidrpodidbo
Attorix ib is 2 3 1 j 1 3 3 4 1 |
Atherix iranjiruta 1 1 j
T^fcanidio 1 |
Ljjmc{ir>ra sp. 1
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ANNEX D6. lAiv: ABUNDANCE OF MACROINVERTEBRATES AT SELECTED SITES ON THE 
RIVERS W O L F , THRUSHEL AND LYD: 1985 TO 1969, SPRING

85-89: cylinder samples

89P,89R,89G: kick samples for the special habitats survey in pools (P), 
tree roots <R ) and grass (G) (submerged macrophytes) 

Categories of abundance: r: 1-3 individuals (rare)
o: 4-10 individuals (occasional) 
c: 11-50 individuals (common) 
a: 51-100 individuals (abundant) 

v a : >100 individuals (very abundant)

The total and relative abundance (last 2 columns) ere for the cylinder 
samples, all sites and years combined.

Component members of species groups:

Baetis scambus gp: 
Rhithroaena semicolorata 
Caenis luctuosa gp: 
Nemoura cambrica gp: 
Potamophylax latipennis 
Tipula montium gp: 
Pilaria ciscicollis gp: 
Anopheles claviger gp: 
Chelifera gp:
Heme rodromia g p : 
Wiedemannia gp:

B. scambus and B. fuscatus
gp: R. semicolorata and R . germanica (= haarupi)

C. luctuosa (« moesta) and C. macrura 
N. cambrica and N. erratica

g p : ?. latipennis and P . cingulatus
T. montium, T. couckei and T. lateralis
as defined in Brindle (1967)
A. claviger and A. alceriensis 
)
) Follows Brindle (1964)
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Rithrogena scnrioolorata <p 7 15 40 79 1 * 1 II 76 1
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E1 INTRODUCTION 

E1.1 Roadford

Roadford Lake is located 3 miles to the north of the A30, approximately 12 
miles northeast of Launceston and 14 miles west of Okehampton. A new 
junction, planned for 1992, will give access to the improved A30, 1V6 miles 
south of the dam. Access from the north is effected by narrow country 
lanes.

Roadford is the second largest area of inland water (298 ha) in South West 
Water’s region, surpassed only by Colliford Lake on Bodmin Moor (364 ha).

At the Public Inquiry in 1980, the Inspector’s report indicated that initially, 
provision would be made for only a few recreations compatible with the 
rural character of the countryside, such as fishing, walking and passive 
enjoyment of the lake's special character. At the southern end of the lake 
there would be some non-statutory footpaths and around Germansweek at 
the norther end; the continuity of a number of existing rights of way would 
be maintained by the formation of some new linking public rights of-way 
(Figure E1).

While noting the potential of the reservoir for recreational development, it 
was decided to provide at an early stage only limited car parking together 
with toilet facilities. Further recreational facilities would be considered as 
and when necessary in the light of proven demand within the constraints 
imposed by finance, the surrounding road system, the adjoining farm 
activity and with due regard to the views of the local community.

The Roadford Water and Land Use Consultative Group (RWLUG) was 
formed following that Inquiry "to advise South West Water Authority as to 
the nature and scale of the use to which the land and the water at Roadford 
Reservoir will be put for recreational facilities, taking into account the views 
of all those with a legitimate interest in the regime of the reservoir and its 
surroundings".

This Group includes representatives of Parish, District and County Councils, 
governing bodies of sport, conservation and special interest groups and 
meets regularly. It has recognised that many visitors will be attracted to 
Roadford regardless of the earlier stated intentions of low key provision of 
facilities. With this In mind, South West Water employed PIEDA 
Consultancy to provide a development framework for recreation and leisure 
at Roadford. In drawing up this document, PIEDA addressed the policies 
of land and consulted with County and District Councils, the South Western 
Council for Sport and Recreation and the Westcountry Tourist Board. It is 
intended that any development would be of the highest quality and would 
not compromise the atmosphere and environment that are the essence of 
the site. The development framework has been discussed with the two 
District planning authorities and the RWLUG.
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E1.2 Burrator

Burrator Reservoir lies within the Dartmoor National Park, near Yelverton 
approximately 11 miles northeast of Plymouth. It is easily accessible from 
the B3212 and is encircled by a single track road.

South West Water’s landholding extends to 2,225 ha, with 61 ha of water 
at top water level. 1,659 ha of moorland are licensed to the Dartmoor 
National Park Authority (DNP) under a ten year Management Agreement to 
study herbage, secure public access to open land, manage Ancient 
Monuments (over 90 recorded) and Intervene in the agricultural use of the 
land. The remaining 505 ha of land immediately surrounding the water is 
managed directly, mainly as forestry by South West Water.

Limited facilities for informal and active recreation are provided at Burrator. 
There is no designated public area but there are seven waymarked forest 
paths and there is general access over 2,145 ha of land. Six small car 
parks accommodate 40 cars with 200 additional spaces in informal parking 
areas. There is a public toilet block below the dam. Ice creams and 
snacks are available from mobile vending units at the dam and at 
Norsworthy Bridge. Horse riding takes place on the open moorland and 
various tracks including public bridlepaths. Birdwatchers have access to 
5.3 km of shoreline. Access to the extreme eastern edge of the reservoir 
is not permitted. Approximately 14 ha of water and a similar area of land 
are designated as a Special Protection Zone to protect bird life.

Turning to active recreation, 5.3 km of shore is currently available for bank 
anglers fishing for brown and rainbow trout in the "Budget" (low key) 
fishery. A local scout group has a licence for scouting activities with use 
of 0.6 ha of land. Diving, canoeing and climbing licences are issued 
occasionally on an ad hoc basis and there are one or two orienteering 
events held annually. The local Parish Council is sensitive to active 
recreation on the water. A joint Working Party SWW/DNP reported on 
recreational use of Burrator and associated lands in 1980 and concluded 
that there were some aspects of sailing and rowing that were unacceptable. 
DNP would be willing to see trials of such quiet watersport activities. Wind 
conditions render the site unsuitable for advanced sailing although it could 
be used as a training facility when drawn down.

A local family retains and exercises sporting rights on land on the eastern 
side of the reservoir.

South West Water has been carrying out a study of the recreation and 
amenity facilities at its sites throughout the region. Burrator has been 
highlighted as one where facilities for informal and active recreation should 
be improved although as in the case of Roadford, no firm proposals are 
available for study. The site is designated Landscape Type VII (Major 
Conifer Plantation) and is subject to DNP’s policies.
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E1.3 Meldon

Meldon Reservoir also lies within the Dartmoor National Park within the 
landscape classification ’High Moorland’. It is 4 miles south west of 
Okehampton and 27 miles west of Exeter. It is accessible from a junction 
off the A30.

South west Water’s landholding is smalt 75 acres of land and water, with 54 
acres of water at top water level. The former Devon Trust for Nature 
Conservation (now Devon Wildlife Trust) has a 21 year lease that expires in 
1994, to manage 14.32 acres of land as a Nature Reserve. There is no 
public access to the Reserve.

A public car park (60- 70 cars) and toilets adjoin the reservoir, provided by 
Dartmoor National Park Authority.

There is some use for picnicking and the public has access to 
approximately 1.4 miles or 2,500 yards of bank in approximately 16 acres 
of land. There is a viewing point by the Dam (foot access only).

Organised active recreation takes place on . 40 acres of water. Club 
watersports activity Is mainly sailing and boardsailing. Military training is 
confined to canoe exercises. Training in sailing, boardsailing and canoeing 
is organised by a local hotel which markets specialist activity holidays. The 
only infrastructure to support watersports is a primitive slipway, close to the 
Dam.

Fishing for wild brown trout and rainbow trout stocked as fry is available 
free of charge for holders of a current NRA rod licence.

South West Water’s view of Meldon is that, given its High Moorland status, 
its steep sides, the high rainfall and exposed position, it should remain an 
area for low key activity.

The site is under the day to day management of South West Water’s 
Roadford Ranger.

E2 EXISTING RECREATIONAL USE

E2.1 Roadford

There are five small car parks and the main 120 space Dam car park. This 
houses a public toilet block in an adjacent meadow and there is a shop and 
tea room, and childrens’ play and picnic areas. It is too early for a pattern 
of usage to emerge but early indications are that 500 to 1,000 visitors are 
attracted each Sunday to view the reservoir. Most walk across the dam 
before returning to their cars. Conservative estimates based on visitor 
surveys at other sites are that 250,000 public access visits are likely to 
occur annually. These will probably take place between 10 am and 6 pm. 
Sunday afternoons and bank holidays will be the busiest times. July and 
August will probably attract peak visitor numbers.
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There are two existing statutory bridlepaths adjacent to the northern 
reaches of the reservoir. Initial indications are that these are little used. 
Proposals from within the RWLUG for permissive bridleways at the southern 
end of the reservoir are under consideration.

In addition to the re-routed statutory bridlepaths there are two statutory 
footpaths at the Southweek Arm. Permissive waymarked paths start at 
either side of the dam. One is surfaced, suitable for the disabled.

E2.2 Burrator

The use by the general public of lay-bys and forest walks is very high. The 
formal car parks are often full but the parking capacity of 240 is rarely 
reached except on bank holidays. The estimated annual visits were as high 
as 868,000 per annum in 1975 based on 20% visits occurring in July and 
August and the Dartmoor National Park parking survey of 2,800 persons per 
day during the period. This is more than twice the number of annual visits 
received currently at any other South West Water recreation site. The site 
is busy all year round, especially on Sunday afternoons, even when wet. 
Visitors mostly arrive between 10 am and 6 pm. Afternoons and early 
summer evenings are the most popular, in summer 50% of visits are from 
holidaymakers; 90% of visits are from local residents for the remainder of 
the year. An average of 12 coaches visit each week. There is no general 
public access to the shoreline but the water can be seen from the 
surrounding road.

The seven forest walks which radiate from, and return to, the perimeter road 
are used ail year round. DNP runs guided walks from Norsworthy Bridge 
for part of the year. Possibly 130,000 people go for a walk of greater than 
2 miles.

It is estimated that in 1987, 3,000 visits were made for birdwatching. 
September to March is the most popular time and visitors generally arrive 
before mid-day.

The trout fishery is zoned for fly fishing and spinning. Day and season 
permits are available and between 2,000 and 4,500 annual visits are made. 
The season last from 15 March to 30 September, from sunrise to midnight. 
March, July and August are the busiest months, accounting for 15% of total 
visits. Local anglers tend to fish for 2 to 3 hours in the late evening whilst 
holiday anglers fish for 5 to 6 hours during the day.

Between 20 and 30 visits for diving are made and 50 to 100 canoeing visits 
annually. These activities are most likely to take place between April and 
September. There are no established patterns of usage.

E2.3 Meldon

The car park is used as a starting off point for walking across Dartmoor. 
Surveys in 1987 indicated probably a maximum annually of 16,300 general 
visits of which 3,000 walked over 2 miles. In the summer there can be up
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to 100 cars, especially on Sundays. 75% of annual visits probably occur 
in July and August. There has been a noticeable increase in visits since the 
reservoir was signposted from the new A30 trunk road junction in 1990.

There is limited educational use of the Nature Reserve which could be 
expanded.

The Meldon Sailing Club’s membership has dwindled to less than a dozen. 
Their licence permits a maximum of 30 craft on the water; the usage in the 
past has been confined to weekends in the summer months. Army 
canoeing takes place mainly between June and September - a maximum of 
10 canoes at any one time on no more than three days a week. There are 
probably 500 canoe launchings annually. The use by hotel guests 
undertaking watersports training totals around 1,200 annual visits, mainly 
for boardsailing.

Visitors who fish for trout account for perhaps 100 annual visits. They are 
mainly in the 30-50 age group. There is a noticeable absence of 
pensioners, probably because of the difficult terrain and most activity taking 
place in the evening.
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E3 PROPOSED FUTURE RECREATIONAL USE

E3.1 Roadford

Permissive footpaths around the water’s edge will not be established until 
the reservoir is full. Access in the northern and eastern reaches is currently 
confined to staff only, since the Resident Engineer perceives a real danger 
to the public from saturated ground where the reservoir has yet to take 
shape. See Figure E1.

A natural brown trout bank fishery is planned, with autumn stocking of 
fingerlings when water conditions are appropriate. Provided this stocking 
takes place by the Autumn of 1991, the fishery will open in the spring of 
1993. The season will operate from mid-March to mid-October from one 
hour before sunrise to one hour after sunset. Bank fishing will be zoned to 
avoid conflict with sensitive conservation areas and angling effort is likely 
to be concentrated in the middle reaches.

As outlined in 1.1 above, detailed consultations and discussions within the 
RWLUG and with planning authorities are required before any activities or 
facilities additional to those specified at the Public Inquiry can be 
developed. For the purposes of this report, activities and facilities that have 
been acceptable at other comparable South West Water recreation sites 
have been highlighted and the impact that drawdown is likely to have upon 
them is shown in Table E1.

E3.2 Burrator

The Dartmoor National Park Authority has identified the reservoir and its 
surrounding area as one that is heavily used and where management to 
maintain the attractiveness and enhance enjoyment of it should receive high 
priority. The consultation draft for the second review of the National Park 
Plan identifies the need for early preparation and implementation of a 
recreation management plan.

In South West Water’s recent review of its recreation provision, Burrator has 
been highlighted as a site where improvements for active and informal 
recreation are a priority. Any major improvements would need to be part 
of a coherent strategy for the site, as part of a regional plan. In advance 
of detailed discussions and consultations with the local planning authority 
(DNP) and other interested bodies, it is not possible to link specific 
additional activities or facilities with Burrator. Table E2 highlights activities 
that have been acceptable at other comparable recreation sites and 
indicates the likely effects of drawdown upon them.

E3.3 Meldon

There are no plans to develop new facilities or encourage additional 
activities. The site has been identified as one requiring improved 
interpretation and re-signing. The slipway poses an ongoing maintenance
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problem and improvements could be made to facilities provided for 
watersports participants.

South West Water Pic provides a diverse range of leisure and recreation 
activities throughout its region. It is committed to improving the quality and 
range of that provision where this does not bring about undue conflict or 
compromise its conservation duties. Within this framework, it is already 
clear that certain water based activities are not acceptable eg power- 
boating and jet skiing. These have not been considered in Table E1 and 
E2.

E3.4 General
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E4 DRAWDOWN

E4.1 Roadford

Two example years have been used for the purposes of this study, 1987 is 
used as an ’unremarkable year’ and 1989 as a ’dry year’.
References in the following paragraphs to ’unremarkable’ and ’dry' years 
relate therefore to years simitar to the illustrative example years, 1987 and 
1989.

in an unremarkable year, water level would decline gradually from July, 
giving no more than 3m of drawdown by the end of September, when levels 
would begin to rise, with full recovery by early November. This degree of 
drawdown at maximum would result in a water area of 260 ha and lengths 
of slope of exposed shoreline up to 50m extending to 200m in creeks.

In a dry year top water level would be maintained until early June. The 
level would drop by 4m over the following 2 months then by early 
September a further decline to 9.1m of drawdown would leave a reduced 
water area in the region of 173 ha, maintained until the middle of October. 
Lengths of slope of shoreline exposed in the Dam area would be around 
85m with up to 290m in the Westweek Arm and up to 430m in the 
Southweek Arm. By the end of October, the water level would improve by 
1m, returning to drawdown of around 5m at the end of December.

See Figures E2 and E3.

E4.2 Burrator

E4.2.1 Existing Situation

At present in a typical year, reservoir levels fluctuate throughout the year 
from full capacity to not more than 1.9m of drawdown (80% full) giving 
a minimum water area of 53 ha. Only between mid August and mid 
October is the level likely to drop below that level with a peak of 3.4m 
drawdown (58% full) at the end of September, and a water area of 47 ha.

In a one in 10 year summer drought, the reservoir is likely to be drawn 
down steadily to around 3.2m by July. From July to mid October this level 
of drawdown is maintained, with a peak of 4.0m (45 ha water area) at the 
end of July. The reservoir level recovers rapidly to return to top water level 
in early November.

The drawdown experienced in 1989 is illustrated in Figure E4.

E4.2.2 Halcrow Case

In an unremarkable year, water levels would fluctuate more frequently than 
at present from mid January to mid May but drawdown would not often 
exceed 1m, reducing the water area to 59 ha (92% full). In May, drawdown 
would fall to 2.5m improving to under 1m throughout June, after which
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levels would be likely to plummet. Drawdown of 6.6m (32 ha water area) 
could be experienced in August, recovering to 5m in early September 
before dropping to 6.6m until early October. The reservoir would rapidly 
return to capacity by mid October, with small fluctuations in level to the 
year end (the maximum drawdown of 1.5m in early December), providing 
average rainfall occurred in the month.

In a dry year drawdown of 1.9m could be experienced in early January, 
then an improvement to fluctuations not exceeding 1.2m. A sharp decrease 
from the middle of May to in the order of 4.2m of drawdown in early 
summer, with a further drop in level to 5m drawdown In late July and a 
drawdown peak of around 9.6m in early September. Water level would 
make a sharp recovery in the month and the reservoir would remain full to 
the year end, apart from a 'blip* to 2.5m drawdown in early December, 
followed by a rapid recovery.

E4.3 Meldon

Four cases have been examined in relation to Meldon:

1976 - ’very dry year’
1986 - ’wet year1
1987 - ’unremarkable'
1989 - ’dry year’

throughout the following paragraphs, references will be made in those 
terms.

Hydrograph 9 in Volume 6 of this report illustrates the storage level in 
Meldon Reservoir in each of these 4 years under the HOC rules.

E4.3.1 Very Dry Year

The historical position shows drawdown levels fluctuating to no more than 
4m from January to June. Thereafter, the water level would plummet, 
reaching 10m of drawdown in early July and a peak of 18m in mid 
September, with a rapid recovery to TWL by the end of that month.

The Halcrow case wouid, in fact, result in improved levels from January to 
May, with the reservoir virtually full. Thereafter the historic pattern would 
be followed until the mid September peak where levels might drop to 23m 
of drawdown and recovery to full capacity might take an additional week.

E4.3.2 Wet Year

In a typical wet year, Meldon is shown to be full for most of the year, with 
no more than 3m of drawdown occurring for one week in March and one 
week in late October.
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The Halcrow case would mimic the historic pattern apart from a drawdown 
over three weeks in July reaching no more than 4m and a similar 
occurrence in late September/early October.

E4.3.3 Unremarkable Year

In a year such as 1987, Meldon has historically experienced sporadic 
drawdown not exceeding 3m between January and early August and from 
mid October to December. The reservoir is generally full in February and 
April. Levels drop in August but never exceed 4m of drawdown.

The Halcrow case would be likely to result in the reservoir being full from 
October to May. Fluctuations In levels from May to the end of July would 
be less than those experienced historically, but in August and September 
levels could drop sharply to give 7m - 8m of drawdown before a rapid 
recovery.

E4.3.4 Dry Year

The reservoir fluctuates between full capacity and 4m of drawdown from 
January to mid June in a dry year. Rapid drawdown to a maximum of 17m 
in early September is followed by an equally rapid recovery to 7.4m within 
two weeks and sustained for a further three weeks before a quick return to 
full capacity. By the middle of November the reservoir level will tend to 
fluctuate, reaching no more than 4m drawdown.

The Halcrow case would result in full capacity from January to mid May. 
Thereafter, the drawdown pattern would be likely to mimic historical 
patterns until mid October, when the reservoir is likely to remain full.
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E5 IMPACT OF INCREASED DRAWDOWN ON RECREATION USES

E5.1 Roadford

It is not possible at this stage to accurately predict the effect of drawdown 
on the enjoyment of informal visitors. Early observations indicate that 
repeat visits to view the changing water levels in the new reservoir are 
being made.

it is probable that a shoreline environment similar to that at Wimbleball Lake 
will emerge, with very little vegetation on exposed banks. Observations at 
Wimbleball during the drought year of 1989 indicated no decrease in visitor 
numbers. Surprisingly, the majority of visitors were content to remain in the 
picnic field even though the lake had disappeared from view.

A users survey (1985/86) of reservoir-based recreation clubs, undertaken 
by Sunderland Polytechnic, indicated that 20% of those respondents who 
were casual users considered that drawdown did reduce their enjoyment. 
However, several respondents commented that drawdown actually increased 
their enjoyment owing to seeing the reservoir in a variety of states.

The reservoir is certain to be visually unattractive in dry years when large 
expanses of mud are exposed as a consequence of drawdown. The use of 
an appropriate herbaceous colonist to reduce the visual impact of these 
expanses should be explored. Depending on the period over which the 
drawdown occurs and the length of the time that mud remains exposed, 
there is also a potential danger to walkers straying from nominated 
footpaths. Children in particular are tempted to walk across such mudflats 
and whilst at small reservoirs the problem is relatively easy to contain, there 
could be serious management problems on a water the size of Roadford 
with the large numbers of casual visitors envisaged. Imaginative zoning and 
education of visitors will need to be employed.

In dry years, there will be some temptation to horse riders to leave 
bridleways in order to ride closer to the water’s edge or to take their horse 
for a drink. This potential problem will need to be managed by a process 
of education and zoning as described above.

During a dry year, there would be fluctuating levels during the crucial time 
of March - end of May (the period when it can normally be expected that 
birds will raise one brood successfully) and any adverse effect on breeding 
would impair the enjoyment of birdwatchers. From observations of reed 
breeding species at other reservoirs, it would appear that species breeding 
in reed stems are unlikely to be affected and the Introduction of Phraamites 
(reed) in areas such as the Westweek Arm might provide additional valuable 
habitat. The impact on wildlife is fully addressed in Annex D.

The bank fishery will undoubtedly be affected by drawdown as access to 
the shore becomes increasingly difficult. In initial years, stocking will be on 
an annual basis in late Autumn and it is unlikely that drawdown will hamper 
that operation. Inconvenience to anglers, particularly handicapped anglers
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is likely to be the main consequence of either operating regime in dry years 
and use of the fishery can be expected to decline as the water becomes 
less attractive.

Burrator’s attraction appears to prevail throughout very dry years and, in 
fact, increased visits were noticed during 1989. The shoreline is colonised 
with Littorella uniflora which produces a green sward thus reducing the 
visual impact of drawdown. Since there is at present no general public 
access to the shoreline, the water is observed from a distance which 
softens the Impact of drawdown. Oscillating drawdown at Burrator has 
become accepted as part of the annual cycle. Should a round reservoir 
walk be introduced, levels no lower than those experienced in 1989 would 
be desirable for aesthetic and safety reasons.

Probably the greatest impact of the proposed operating rules would be on 
the aquatic and bird life; although these are not special, it would have a 
knock-on effect for visitors with natural history interests. This is addressed 
in Annex D.

Burrator is not a first class fishery and data are not readily available on 
effects on catches during previous drought years. Estimated rod days over 
a ten year period appear to indicate lessening of effort in the 1984 drought 
year as shown below.

Table 1

E5.2 Burrator

Year Estimated Rod Days
1980 3,238
1981 4,028
1982 3,168
1983 2,532
1984 2,070
1985 1,296
1986 3,117
1987 4,550
1988 3,305
1989 3,174

The Ranger’s observations are that, with a degree of drawdown anglers 
enjoy the freedom to fish areas not normally available, there was only a 
small decline in fishing effort in the drought year of 1989, when lowest 
storage was 1.546MI reducing the surface area to 35 ha (37% full).

Monthly stockings are effected from fish transportation lorries via the 
slipway. It was possible to carry out this operation during the 1989 drought 
year, although any lower level would be likeiy to cause difficulties.
Diving is not likely to be affected by drawdown. Canoeing groups launch 
in the Sheepstor dam area and are able to launch in a dry year.
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The case for future operation of Burrator presents drawdown scenarios not 
previously experienced. In an unremarkable year, drawdown levels would 
be accelerated and prolonged. At such a relatively small water body with 
unequalled popularity as a public amenity, there is a case for Imposing a 
maximum drawdown level during a typical year, when water resources are 
secure. A minimum net storage of 2.000MI (47% net capacity) would ensure 
a maximum drawdown of less than 4.5m and guarantee a water area of 
greater than 45 ha. Lowest recorded levels prior to 1989 were 
2.123MI (1984) and 1.946MI (1976).

In a dry year the levels would be maintained in the region of 4.5m 
drawdown from May to July, with lower levels between July and end 
September. Again, if it were feasible, a maximum drawdown level would 
help to lessen the visual impact and permit water based recreation to 
continue. A minimum net storage of 1.500MI (35% net capacity) would 
ensure a maximum drawdown of around 6m, guaranteeing a surface area 
of greater than 35 ha.

E5.3 Meldon

The impacts on the low key activities at Meldon are set out in Table E3..
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TABLE E1
IMPACT OF DRAWDOWN ON ROADFORD RECREATION AND AMENITY

Year Type Activity/Facility Effects of Drawdown Remedy

Unremarkable Accommodation Some visual impact if 
directly by water’s edge 
July to end of October

Site accommodation 
with view of water 
body, not shoreline

Cycle Track Temptation to cylce by 
water’s edge

Good signing/ 
interpretation

Boardsailing

Canoeing

Rowing

Sailing

Water would be up to 50m 
further away during busy 
season July - end 
September. Water body 
reduced to 260 ha. Wider 
bodies of exposed mud in 
creeks

Site slipway in location 
least affected.
Consider floating 
pontoon with steps.

Restrict areas for 
beginners

Visitor Centre May provoke questions. 
No impact on enjoyment

Interpret and explain 
purpose of operation 
cycle

Dry Accommodation Visual impact if directly by 
water’s edge, increasing 
with drawdown, June to 
January

Site Accommodation 
with view of water 
body, not shoreiine

Cycle Track Temptation to cycle by 
water’s edge - June - 
January

Good signing/ 
interpretation

Boardsailing

Canoeing

Rowing

Sailing

Water would be 10m-60m 
away June - mid July and 
up to 400m away July to 
September. Water body 
reduced to 173 ha. Wider 
bodies of exposed mud in 
creeks. Large areas of 
exposed mud, dangerous 
if boats beached

Site slipway in location 
least affected.
Consider floating 
pontoon with steps. 
Restricted areas for 
beginners. Redefine 
areas of water 
allocated to different 
groups as conditions 
change

Visitor Centre May provoke questions. 
No impact on enjoyment

Interpret and explain 
purpose of operation 
cycle

Cycle Track Temptation to cycle by 
water’s edge - June - 
January

Good signing/ 
interpretation
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TABLE E2
IMPACT OF. DRAWDOWN ON BURRATOR RECREATION AND AMENITY

Year Type Activity/Facility Effects of Drawdown Remedy

Unremarkable Accommodation Negligible until end June. 
Visual impact July 
increasing through to end 
September

Careful siting of 
buildings to ensure 
maximum views of 
water body. North west 
or south west

Boardsailing Reduced water body Restrict to training 
Redefine areas of

Rowing August and September: 
difficult to launch and

water allocated to 
groups as conditions

Sailing recover change

Visitor Centre Questions likely.
No impact on enjoyment

Interpret and explain 
operational cycle

Dry Accommodation Negligible until May. Visual 
impact May to end July

Careful siting of 
buildings to ensure

increasing dramatically 
August and September

maximum views of 
water body. North west 
or south west

Boardsailing ) Reduced water body 
May to end September.

Restrict to training 
Redefine areas of

Rowing ) August and September 
sometimes unsafe or

water allocated to 
groups as conditions

Sailing ) impossible to launch and 
recover

change, halt activities 
when safety reasons 
dictate

Visitor Centre Questions likely.
No impact on enjoyment

Interpret and explain 
operational cycle
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TABLE E3
IMPACT OF DRAWDOWN ON MELDON RECREATION AND AMENITY

Year Type Activity/Facility Effects of Drawdown Remedy

Very Dry Watersports July-September. Steep 
sides and stony base 
would make for extreme 
difficulties

Stop inexperienced 
users. Stop all 
activities at peak

Walking

Fishing

)
)
)
)

People tempted to get 
close to dangerous banks 
at extreme drawdown

Monitor and Increase 
patrols if necessary. 
Interpret operational 
cycle

Nature Reserve Island dries out, creating 
interest for non-typical 
species

Possible bund. Is a 
remedy necessary?

Wet Watersports Negligible

Walking )
)
)

Negligible

Fishing

Unremarkable Watersports Negligible

Walking )
)
)

Negligible

Fishing

Nature Reserve Negligible

Dry Watersports July to September. Some 
difficulties caused by 
steep sides

Stop inexperienced 
users

Walking

Fishing

)
)
)

People tempted to get 
close to dangerous banks

Monitor and patrol. 
Interpret opeational 
cycle

Nature Reserve Some drying out not as
severe as very dry year
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Figure E2
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Figure E 3

AERIAL VIEW OF PARTIALLY FILLED RESERVOIR 
reservoir at 7 %  of net capacity (Roadford)
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