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Foreword

The Minister of State at the Department of Communications, Marine and Natural Resources
Mr. John Browne T.D.

The over riding objective of my Department has been to preserve the salmon resource in its own right
and for the coastal and rural communities that it helps to support. The economic goals for a
sustainable commercial salmon fishery based on quality and value rather than volume and the
development of salmon angling as an important tourism product are both fully compatible with the
primary objective. In this regard, the work of the National Salmon Commission and its Standing
Scientific Committee is of vital importance. Their advice relies on clear and robust scientific evidence of
the status of the salmon stock. In furthering the salmon management agenda, the Central Fisheries
Board, with funding under the National Development Plan, undertook this project to quantify the
freshwater salmon habitat asset in Ireland. The project has delivered vital information on the salmon

resource.

The information provided by this project is already being used to contribute to the scientific process in
determining salmon conservation limits and determining juvenile salmon production. The successful
completion of this project has been achieved through collaboration between State Agencies such as the
Central and Regional Fisheries Boards, the Marine Institute, the Environmental Protection Agency and
the Ordnance Survey of Ireland and consultants Compass Informatics Ltd. The results will contribute to
the continued rational management of Ireland's important wild salmon resource. The data produced will
be used by these and other State agencies, which have an input into the management of the resource.

| am particularly proud that Ireland leads the way in utilizing information technology to manage its
salmon fishery. | am confident that the information delivered in this report, in combination with other
initiatives being advanced by my Department, will support the sustainable long-term future of salmon in
Ireland. | wish to congratulate the Central Fisheries Board on their project and the delivery of this
report.

John Browne T.D.
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CEOQO's Statement

Chief Executive Officer, Central Fisheries Board
John O’Connor

In recent years significant progress has been made in the management of the salmon resource In
Ireland and the Central Fisheries Board has been to the fore with the Regional Fisheries Boards and the
Department of Communications, Marine and Natural Resources in delivering this new management
regime. The completion of this new and innovative study to determine the wetted area of potential
salmon habitat in Ireland, together with the carcass tagging and logbook scheme, is one of a suite of
measures introduced in recent years for the improved management of salmon in Ireland. This new study
allows, for the first time, salmon conservation limits to be set for each river and is consistent with the
North Atlantic Salmon Conservation Organisation (NASCO) advice that management measures for wild
North Atlantic salmon stocks are aimed at maintaining wild salmon escapement above conservation

limits for each salmon stock.

| wish, on behalf of the Central Fisheries Board, to pay tribute to the seven Regional Fisheries Boards
who contributed greatly to this study, and to the Environmental Protection Agency, the Ordnance

Survey of Ireland and Compass Infomatics for their collaboration in this project.

| am confident that the ouptuts of this study will greatly enhance the management of wild salmon in

Ireland and make a real contribution to its long-term sustainability.

e

John O’'Connor



Executive Summary

The objectives of this project were:

1. To measure the quantity of potential salmon producing habitat (wetted river and lake surface areas)
on a national, Fisheries District and individual river system basis.

2. To determine and to measure the Quality/Structure (Gradient) of potential salmon producing
habitat on a national, Fisheries District and individual river system basis.

3. To determine the extent of salmon ‘anadromy’. The extent of ‘anadromy’ is a measure of the area
of rivers and lakes in a catchment that can be effectively accessed by salmon entering that
catchment from the sea and that is therefore available for spawning and consequently can be
utilised for the production of juvenile fish.

4. To quantify the extent of impaired habitat from a water quality perspective for juvenile salmon

production.

A series of complex datasets (including river catchment topography, riverine gradient, lakes,
catchments & Fisheries Districts) with national coverage were required for the development of an
integrated, GIS based, data model for the quantification of the freshwater salmon habitat asset and for
the determination of the quantity of habitat available to migratory salmonids.

261 discrete migratory salmonid ‘Fishery Systems' were identified nationally of which 173 are recorded
as being ‘salmon and seatrout’ and 88 as being ‘seatrout only’.

The estimated total wetted area of river and stream (fluvial) habitat in Ireland is 182.4 million m2. The
173 salmon systems were estimated to contain 160.5 million m? of fluvial habitat of which 113.0 million
m? of useable habitat are available. A total of 40.1 million m? of potential fluvial salmon habitat is

located above the four major hydro-electric schemes.

A further 1,056 million m? of lake habitat was identified in the 173 salmon systems of which 446 million
m? are available for migratory salmonid production.

Fisheries Districts were ranked by the quantity of accessible fluvial habitat. The Waterford District has
the greatest accessible fluvial habitat (24.3 million m? of the 17 national Fisheries Districts or 21.5% of
the national total. Individual salmon river systems were also ranked by the quantity of accessible fluvial
habitat. The River Suir in the Waterford District has the largest quantity of accessible fluvial habitat in
the country (8.8 million m? or 7.8% of the national total. 52% of the total accessible fluvial habitat is
contained within 10 river systems.

Data are presented on both salmon and sea trout ‘Fishery Systems’ and sea trout only ‘Fishery Systems'
on a District basis. For example the Leannan River in the Letterkenny District accounts for 22% of the

accessible fluvial habitat in the District.
Habitat quality data using the Amiro (Amiro,1993) and Rosgen (Rosgen,1994) gradient classification

systems are presented. For example, in the Kerry Fisheries District 48% of the potential salmon

producing habitat has a gradient of < 0.5% (Amiro Class 1).
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Poor water quality impacts on the potential of rivers to produce salmon. The Environmental Protection
Agency monitor water quality at over three thousand sites nationally from which a preliminary
estimation of the area of channels with inadequate water quality which has been integrated into this
report. The percentage of habitat area with impaired water quality on a District basis is presented. Data
are presented on the quantity of habitat with a value of Q3 (moderately polluted) or less and a value of
Q3/4 (slightly polluted) or less. Habitat with a Q value of Q3/4 or less has been identified as an
impediment to optimal juvenile salmon production. A Q value of Q3 or less indicates a more severe
impairment. Nationally, 4.5% of potential salmon habitat is estimated to have a Q value of Q3 or less
and 17.3% of the habitat recorded a Q value of Q3/4 or less.

This report was developed using data provided by Ordnance Survey Ireland, the Environmental
Protection Agency and the Central and Regional Fisheries Boards. The project represents a significant
innovation in freshwater fishery habitat assessment in Ireland. It is recommended that further field data
(stream width and confirmation of the extent of anadromy) are collected to confirm or improve the
geographical information base, the results of which may alter the estimations presented in this report.
In addition it should be noted that the EPA water quality assessment is carried out on an onging

triannual basis and is subject to change over time in response to changing pressures on water quality.

The outputs of this wetted area study, combined with the Bayesian Hierarchical Stock and Recruitment
Analysis (BHSRA), are being used in conjunction with the previous catch based model to provide high

quality scientific catch advice for the National Salmon Commission.



1. Introduction

The North Atlantic Salmon Conservation Organisation (NASCO) adopting ‘the precautionary approach’
to fisheries management in 1998 advised that management measures for salmon stocks in the NASCO
Convention Area should be aimed at maintaining salmon escapement above pre-agreed conservation
limits (CLs). The CL for Atlantic salmon is defined by NASCO as “the spawning stock level that

produces maximum sustainable yield”.

Previously the Salmon Task Force Report (1996) recommended that the management of Irelands salmon
stocks be based on achieving spawning escapement targets for each individual river stock and

maintaining those stocks above pre-determined conservation limits.

In 1999, the National Salmon Commission was established to advise the Minister on the management,
development and conservation of stocks of wild salmon and sea trout. In particular, it was established
to advise the Minister on the setting of national and District total allowable catches (TACs) and quotas.

To assist in the provision of scientific advice for the setting of TACs and quotas, a Standing Scientific
Committee was established. The Scientific Committee provides catch advice on a Fisheries District
basis. The advice is predicated on the precautionary principle of allowing sufficient spawning

escapement into a District to achieve a pre-determined escapement goal.

Currently (2003) the escapement goals or conservation limits for the 17 Irish Fisheries Districts are
determined using a pseudo stock and recruitment model (Potter et al., 1998) based on historical catch
data reported in these Fisheries Districts since 1970. The 17 Irish Fisheries Districts are in essence
administrative entities for the management of commercial and recreational fishing and for the provision
of statistics regarding fishing activity and fish caught. The boundaries of these Districts are statutorily
defined and consist of the rivers, lakes and estuaries and an area of sea extending twelve miles from
the shore (since 1999 fishing has been restricted to within 6 miles of the statutorily defined District
boundaries). At present commercial exploitation of salmon is predominantly by drift nets (85%
nationally) in a mixed salmon stock environment. By its nature this means that salmon from many
individual river populations from within the District as well as from other Districts are reported in the

District catch statistics.

The catch based pseudo stock and recruitment model is a robust model, in that it is populated with
high-density data. However, because of the mixed stock nature of the predominant fishing activity i.e.
drift netting, it is not sensitive to the spawning requirements or the inherent productive capacity of the
individual river systems within the Districts. In order to provide advice for river specific conservation

limits, recommended by both NASCO and the Salmon Task Force, an alternative approach is necessary.

Ideally river specific stock and recruitment analysis would be the most accurate way to determine river
specific conservation limits. However, given that river specific stock and recruitment studies are
resource-intensive and take a long time scale to cover several generations and a wide range of stock
levels, it will, for the foreseeable future, be necessary to transport CLs from data-rich rivers to data-

poor rivers (Prevost et al., in press).

The immediate technical challenge will be to provide a standardised approach for measuring the

physical resource, to provide a basis for allowing the transport of biological reference points derived on
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the existing rivers with stock and recruitment studies. A review (Crozier et al., 2004) of the application
of recent technologies in this respect indicates that tools are evolving quickly which offer the ability to
carry out this task more readily and cost effectively than heretofore. It is now possible to carry out
physical habitat measurement at various levels of a theoretical hierarchy of complexity, in some cases
without the need for field survey, other than for verification purposes (e.g. map based variables and
more recently, digital aerial photography).

An intermediate habitat variable such as wetted area may presently be the only viable approach for
quantifying production area for widespread transport of stock and recruitment relationships. This
project will show that this kind of information can readily be obtained (without the need for extensive
field based survey) and can be related to biological production information from most stock and
recruitment data sets.

Despite limitations in using intermediate level variables such as wetted area, it is felt that these are not
more constraining than many of the other limitations imposed in the transport process by areas such as
lack of biological data and unrepresentative stock and recruitment data sets. Given this background, it
has been recommended (Crozier et al., 2004) that the use of Bayesian techniques (which address
several sources of variability simultaneously) will allow the use of a variable such as wetted area to
simply scale catchments for transport purposes. This is especially so for development of national (or
higher level) conservation requirements, where presently interim pseudo stock/recruitment methods are
being used by the National Salmon Commissions Standing Scientific Committee and more generally by
the ICES working group.

The objectives of this project were:

1. To measure the quantity of potential salmon producing habitat (wetted river and lake surface
areas) on a national, Fisheries District and individual river system basis.

The length of river and stream channels in the State has been measured from Ordnance Survey maps
and is in excess of 70,000 km. The width of the channels however is not recorded on maps. Estimation
of the wetted surface therefore requires a measure of stream width and how it varies along river
systems. Previous work undertaken by the Marine Institute, Central Fisheries Board and Compass
Informatics (McGinnity et al., 1999) has shown that a useful surrogate for exhaustive field surveys of
river width can be achieved through the statistical analysis of map data. This is based on the
relationship between stream width, and other geographical factors including the length of upstream

river, upstream catchment area, stream order and local gradient.

The key information components of the work package are detailed GIS data sets on the stream
channels and gradient which were sourced from the Ordnance Survey of Ireland. The method produces
an estimate of the width for each channel section that can be stored in a GIS map database within the
existing Central and Regional Fisheries Boards GIS systems. This provides a database with appropriate
front-end and map output capability for the reporting of salmon habitat wetted area statistics for all the

river catchments in the country.



2. To determine and to measure the quality, in terms of structure (gradient), of potential salmon
producing habitat on a national, Fisheries District and individual river system basis.

Stream gradient is known to be the principal determinant of juvenile salmon production (Amiro, 1993).
Channel gradient is not explicitly recorded on existing maps. However, the Ordnance Survey derives
gradient information during its analysis of aerial photography for the production of maps. A previous
study (McGinnity et al., 1999) produced specialist software that can convert this data into a GIS
gradient database. The work package provides a detailed database and map of gradient for analysis in
a GIS. Based on previous analysis of the Ordnance Survey data it is estimated that the average length
of channel for which an individual measure of gradient can be produced is less than 10 metres. This
provides a database with appropriate front-end and GIS map output capability for the reporting of
salmon habitat gradient statistics for all the rivers in the country. Gradient statistics are presented using
the Amiro (1993) eleven category class system and also the Rosgen (1994) four category class system.

3. To determine the extent of salmon ‘anadromy’

The extent of ‘anadromy’ is a measure of the area of rivers and lakes in a catchment that can be
effectively accessed by salmon entering that catchment from the sea and that is therefore available for
spawning and consequently can be utilised for the production of juvenile fish. Therefore areas above
impassable barriers to migration of salmonids must be identified and subtracted from the overall
habitat area estimation. Local information on candidate barriers to migration was obtained from

experienced Regional Fisheries Board staff throughout the country.

This preliminary analysis was validated using widely distributed juvenile fish stock information (2,614
electrofishing sites) collected throughout Ireland. These data were collated into a national database that
was interrogated for this project. The presence or absence of juvenile salmon (usually fry) was
investigated above any suspected obstacle.

4. To quantify the extent of impaired water for juvenile salmon production.

The EPA Biological River Monitoring Programme carries out a triennial survey of the biological elements
of water quality at over 3,300 monitoring stations on the main river channels. These surveys derive a
biological quality rating or ‘Q value’ of waters at each monitoring station. Recent studies carried out by
the Central Fisheries Board (T. Champ, pers. comm.) correlating the presence or absence of individual
fish species to water quality (Q values) indicate that there is a relationship between juvenile salmon
distribution and water quality Q values. This project develops a GIS database that identifies
stretches/river of inadequate water quality for salmon based on the EPA river ‘Q value’ assessment
system. The project delivers a database with appropriate front-end and GIS map output capability for

reporting stream areas likely to be compromised for juvenile salmon production.
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2. Data Preparation and Modelling

2.1 Preparation of Datasets

A series of complex data sets (including catchment topography, river networks, river gradient, lake
areas, catchments & Fisheries Districts) with national coverage were required for the development of an
integrated, GIS based, data model for the analysis of anadromy and the quantification of the freshwater
salmon habitat asset. Most of these datasets have been developed from basic digital map data
produced by the Ordnance Survey of Ireland (OSI) as extracts from the 1:50,000 scale ‘Discovery Series’
database. This database is derived by photogrammetrical analysis of digital aerial photography.
Specifically designed software was required to transform the OSI data into the formats required for the

project.

In parallel with this project, a long term GIS development project has been established by the
Environmental Protection Agency (EPA) the purpose of which is to develop an integrated data
‘warehouse’ of environmental and geographical datasets to support the implementation of the EU
Water Framework Directive. These data sets are organised in a formal data model whose design is
based on an EU Guidance Document (“Guidance Document on Implementing the GIS Elements of the
WFD") developed by the EU Water Framework Directive Common Implementation Strategy Working
Group GIS.

The EPA, as a project participant, provided key data from their data warehouse for initial use and
further development by the project. These data sets were in incomplete form but were already a
significant enhancement of the original OSI materials. The project has furthered the development of
these data sets by performing quality improvement edits and the derivation of key statistical

descriptors or attributes.

The GIS software utilised by the project was the
ESRI ArcView 3.2 system, customised with the
Avenue programming language. The data are
held in Shape file and Grid file formats.

These improved data sets conform with or
exceed the specification of the EU WFD GIS
data model and will be utilised by both the
Central Fisheries Board and the EPA in their
GIS systems. A diagram of the GIS data model
and software functions used for this project is

presented in Figure 1.

2.1.1. Digital Terrain Model

A Digital Terrain Model (DTM) is a computer
generated ‘3 dimensional’ representation of
topography, shown as a smooth and

continuously variable matrix of elevation values

stored in grid squares. The Environmental
Protection Agency had previously developed a Example of a Digital Terrain Model used for Hydrometric
DTM with national coverage, utilising a grid area 21 showing the Currane system



This study used data analysed in a GIS platform

square size of 20 metres. The data set is presented as 37 sub-grid areas, each representing an EPA

Hydrometric Area.

The EPA DTM was adopted by the project and was enhanced by the development of subsidiary
datasets on; 1) the direction of water flow across the DTM surface; 2) the accumulated area of flow to
each point on the DTM (‘flow direction’ and ‘flow accumulation’ sub-grids respectively). This latter
function enables the calculation of the upstream catchment area for all river reaches. Such catchment
area determination is a requirement for the subsequent calculation of the width, based on a statistical

formula, of each river reach (section 2.2.2).

The derivation of the ‘flow direction’ and ‘flow accumulation’ sub-grids from the DTM for each
Hydrometric Area was performed by the custom GIS automated function “derive hydrological grids”,
(Figure 1).

2.1.2 Rivers data set
The river data set utilised in the project was sourced from the EPA. This was developed from original
Ordnance Survey data (1:50000 scale) and contained added information on stream order and corrected

segment orientation (downstream). The data are organised into Hydrometric Area data sets.

Further refinements to this EPA data set were carried out by the project to provide data suitable for
river network analysis and ultimately the calculation of the extent of anadromy. This data set underpins
the mapping of anadromy in the 261 Fishery Systems and is also known in the EPA WFD GIS data
warehouse as the WFD RiverSegment (RWSEG) Class.

Quantification of the Freshwater Salmon Habitat Asset in Ireland




Quality improvement refinements included:
Basic editing functions:
e Manual removal of any gaps in mapped river lines;
e Removal of any unnecessary breaks or ‘nodes’ along river segments between confluences;
e Removal of any residual line flow direction errors;
e Accurate connection to lakes;
e  Automated calculation of statistics
1. length of channel upstream of each river segment;
2. area of catchment above each river reach;

3. gradient of each river segment based on DTM analysis

2.1.3 River Channel Gradient

River channel gradient is an important determinant in the calculation of channel width (section 2.2.2).
Whereas a general estimate of channel gradient can be determined by the ‘overlay’ of the river system
(RiverSegment Class) on the DTM in a GIS, this is not of great accuracy.

The Ordnance Survey has developed a more detailed estimate of gradient in data sets as part of their
photogrammetrical analysis (‘Discovery Series’ maps) of aerial photography. Whereas these data convey
greater gradient accuracy, they are not in a format that is ready to use within a GIS. Software was

developed by the project to:
1) convert these data into a GIS usable format (custom GIS automated function “u28 to GIS") (Figure 1).

2) assemble the component data sets into Hydrometric Area packages (custom GIS automated
function “HA U28") (Figure 1).

3) Map these data onto the RiverSegment Class to produce sub-reach gradient variation (average
sub-reach length ~ 15 metres) along each RiverSegment reach as the RiverSubReach Class. This
was performed by the custom GIS automated function “Create RiverSubReach” (Figure 1).

2.1.4 Fisheries District Map

The Fisheries District Map was developed from a GIS catchment map held in the Central Fisheries
Board GIS. This catchment map was originally developed from the Ordnance Survey “Rivers and their
Catchment Basins” paper map of 1958, whose boundaries were transposed onto the 1:50000 scale

Discovery Series maps.

Fisheries District boundaries largely conform with the arrangement of river catchments, however the
boundaries along the coast between Districts are often located at prominent coastal features (e.g.
headlands). These are listed in the Table “Coastal Extent of Fisheries Districts and Names of the
Principal Rivers in each District”, SI (329) 1982. Thus, certain coastal catchment areas (which are shown
on the original Ordnance Survey map as areas coded by a letter rather than a ‘catchment number’)
were sub-divided to conform with the Fisheries District extents. The modified catchment delineations
and catchment Fisheries District codes are recorded in the OS_Catchment_District Class. The
amalgamated Fisheries District boundaries are recorded in the Fisheries District Class data set.



Figure 1 GIS Data Model and Software Functions for Quantification of Salmon Habitat Asset
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Figure 2 Hierarchy of Habitat Assessment functions performed within each Fisheries District.
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2.1.5 Identification of Fishery Systems

The RiverSegment Class data set contains 3,169 river elements that discharge to the sea. Very many of
these are small first or second order streams draining very small catchment areas, however some 201
within the jurisdiction of the Fisheries Districts are large enough systems to be shown as discrete

catchments on the OSI “Rivers and their Catchment basins” (1958) map.

Staff from the Central Fisheries Board, in conjunction with staff from the Regional Fisheries Boards,
identified those river systems that were considered to hold biologically significant salmon and/or sea
trout populations. These were subsequently coded in the GIS system as discharge points at the coastal
High Water Mark together with a fishery type designation (one of two types : ‘salmon and sea trout’ or
‘seatrout only’). Some 261 Fishery Systems have been identified of which 173 are recorded as ‘salmon

and sea trout’ and 88 as ‘sea trout only’.

It should be noted that a catchment might contain several distinct river systems, each with their own
outfall to the sea (High Water Mark). For example, the Suir catchment is tidal for a distance in excess of
30 kms above Waterford City. Within this zone some nine Fishery Systems have been identified, each
flowing individually to tidal waters, in addition to the main River Suir Fishery System. The tidal limit of
the major salmon catchments (showing 4th order streams or greater) are shown in Fig 3.

Within each Fishery System additional locations have been recorded to identify: 1) impassable barriers;
2) points above which the channels are not utilised by salmon; 3) points above which the Fishery System
is considered to be ‘non self sustaining’ due to the presence of impounding dams and electricity

generating facilities.

2.1.6 EPA Q Value Mapping
The EPA Biological River Monitoring Programme carries out a triennial survey of the biological elements
of water quality at in excess of 3,300 monitoring stations on the main river channels. These surveys

provide a biological quality rating or ‘Q value’ of waters at each monitoring station. Within their GIS the

Algae growing on salmon spawning beds can affect the survival of salmon eggs and fry and may reduce
oxygen levels in the water during the hours of darkness
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Figure 3 Salmon Fishery Systems
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EPA has developed a facility to map
the river stretches which correspond
to the different Q value classes by a
form of interpolation between the
monitoring stations along the river
network (RiverSegment Class).
These data, on Q value area extent,
are recorded in the EPA
RiverQValue Class and are used to
provide an estimate of wetted area

within each Q value class, recorded

in the field {g_value} in the

RiverSubReach Class (section 2.2.6). Bank tramppling caused by cattle reduces the amount of
habitat available to salmon due to increased siltation and loss
of pool areas

2.2 Analysis of Datasets

2.2.1 Calculation of River Segment Catchment Area

The calculation of the catchment contribution area to each reach was performed by the custom GIS
automated function “catchment area” (Figure 1). This function uses the values in the fields {midpoint_x}
and {midpoint_y} in the RiverSegment Class rivers data set to determine a location half way along the
length of the reach. It then estimates the catchment area size at the location corresponding to this mid
point in the ‘flow accumulation’ grid data set. The result was recorded in the field {us_area} of the
RiverSegment Class data set.

2.2.2 Calculation of River Sub-Reach Width
The length of river and stream channels in the State measured from Ordnance Survey maps exceeds
70,000 km. The width of the channels however is not recorded on maps. Estimation of the wetted

surface therefore requires a measure of stream width and how it varies along river systems.

Previous work undertaken by the
Marine Institute, Central Fisheries
Board and Compass Informatics in
North Mayo (McGinnity et. al., 1999)
has shown that a useful surrogate for
exhaustive field surveys of river width
can be achieved through the
statistical analysis of map data. This
is based on the relationship between
stream width and other geographical
factors including: 1) the length of
upstream river; 2) upstream
catchment area; 3) stream order; 4)
local channel gradient. The study
estimated the width of some 7,300

km of channel in North Mayo, or

approximately 10% of the national

Recording channel width to estimate area resource.
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The statistical formula (Table 1) developed in the North Mayo scenario was used in this project to
estimate river width for all channels in each Fisheries District. Field based measurements of river width
at 277 sites had been used in the development of this formula, however, this survey did not include
channels with a stream order (Strahler,1952) greater than 5. Thus the formula can not be reliably used

where channel stream order exceeds 5.

In the application of this formula throughout the Fisheries Districts, those channels with a stream order
greater than 5 were given the same stream order component value as the 5th order channels. This will
result in the partial underestimation of river width in 6th or greater order channels given that some
845km of channels (circa 1%) are 6th order or higher.

The estimation of wetted width for all channels in each Fisheries District was performed by the custom
GIS automated function “predict width” (Figure 1). This function used values in the fields {order};
{us_len}; {us_area} in the RiverSegment Class river reach data set and the values in the field {Rosgen} in
the RiverSubReach Class river sub-reach data set. The out put value of the estimation of river width
was recorded in the field {wet_width} in the RiverSubReach Class.

Table 1. Model for Log(10) wetted width

Term Estimate Std Error T Ratio Prob>[t]
Intercept -0.600894 0.177077 -3.39 0.0008
Lgorder_tot * 0.4258969 0.087832 4.35 <.0001
Lgcat_area ® -0.118969 0.059373 -2.00 0.0461
Order2 © -0.00773 0.051184 -0.15 0.8801
Order3 0.0377428 0.055776 0.68 0.4992
Order4 0.1421142 0.075417 1.88 0.0606
Order5 0.2615957 0.098387 2.66 0.0083
ClassRO2 ¢ 0.1990257 0.078854 2.52 0.0122
ClassRO3 0.2896542 0.073056 3.96 <.0001
ClassRO4 0.2411348 0.072912 3.31 0.0011

~ log(10) of the total length of channel upstream of the reach
® log(10) of the catchment area upstream of the reach

¢ stream order categories up to 5th order

® sub-reach gradient classification: -

ClassRO1 < 2% ;

ClassRO2 2% - <4%;

ClassRO3 4% - <10%;

ClassRO4 >= 10%

Summary of Fit

Rsquare 0.649326
Rsquare adj 0.637505
Observations 277

Note: The model used in the current analysis of stream width was determined in a previous project McGinnity et al.,
(1999) using the measured wetted channel width at 277 locations from the North-West of Ireland. Consequently a
certain amount of caution must be exercised in the application of this data in developing a national model. Itis
recommended that new data from other geographical regions be collected and input to increase the robustness of
the current geographical model.



2.2.3 Calculation of Extent of Anadromy within Fishery Systems

The habitat area of each Fishery System within each catchment and subsequently within each Fisheries
District was determined using network analysis on the combined RiverSegment and Lakes Class data
sets. This network analysis utilises software components previously developed by Compass Informatics
(McGinnity, et al., 1999).

The geographical starting point for the network analysis of each Fishery System was the point located
at the coastal High Water Mark, recorded in the SeaPoint_FB Class. This point data set recorded the
Fishery Identification Code (1 to 261) for each system and the Fishery Type (“salmon and sea trout” or

“sea trout only”).

Limits to anadromy or salmon utilisation of channels were determined dynamically during the network
analysis by cross-reference to locations previously determined and recorded in the Barrier Class data
set. This Barrier data set recorded the location of: 1) impassable barriers; 2) points above which the
channels are not utilised by Salmon; 3) points above which the Fishery System is considered to be ‘non

self sustaining’ due to the presence of impounding dams and electricity generating facilities.

Mapping of the extent of anadromy within the Fishery Systems was performed by the custom GIS

automated function “map anadromy” (Figure 1), performed individually for each Fisheries District.

The results of the analysis carried out were recorded in the RiverSegment and Lakes Classes - the
Fishery Identification Code for each system is recorded in the field {cfb_code}; the Fishery Type is
recorded in the field {cfb_type}; the channel or lake type is recorded in the field {riv_type} or {lake_type}
and the position of the Barrier Class points along the rivers is recorded in the field {barr_meas}.

The categories of values in the fields {riv_type} and {lake_type} subsequent to the network analysis are:

“n.a.” on 1st order streams and lakes drained by 1st order streams

“SAL”" where the river reach or lake is part of an accessible “Salmon and Seatrout” system
“ST” where the river reach or lake is part of an accessible “Seatrout only” system

"(nss)” where the river channel or lake is above an impoundment which creates a “non self

sustaining”section of a Fishery System
“Complete”  where the river channel or lake is above an impassable barrier.
“no SAL” where the river channel or lake is not utilised by salmon

"

not” a river channel or lake not considered a significant producer of anadromous salmonids.

2.2.4 National juvenile salmonid
electro-fishing database.
Electro-fishing information from
approximately 1,500 sites were
entered into the CFB national
database as part of the project.
All electro-fishing sites contained
within the database were geo-
referenced and mapped within the
CFB GIS (Fig 4). The GIS was
subsequently interrogated to
confirm the presence or absence
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Figure 4 CFB fish database output showing Fisheries Districts with electrofishing site locations
(1982-2003) where the extent of salmon anadromy was tested (n=2614)
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Electro-fishing survey in a headwater stream

of salmon above candidate barriers identified by the Regional Fisheries Boards using the ArcView®

query analysis tool. First order streams were not considered in this analysis.

2.2.5 Calculation of Wetted Area in Fishery Systems

The estimation of wetted area for all channels in each Fisheries District was performed by a sub module
of the custom GIS automated function “predict width” (Figure 1). This function uses values in the fields
{length} & {wet-width} in the RiverSubReach Class river sub-reach data set in a simple multiplication
function and the computed value was recorded in the field {wet_area} in the RiverSubReach Class.

2.2.6 Calculation of EPA Q value
proportions of Wetted Area

The EPA Biological quality rating or ‘Q
value’ along the river network is
recorded in the RiverQValue Class data
set. The custom GIS automated function
“RiverSubReach Q Value” determines the
Q value for each sub-reach in the
RiverSubReach Class by geographical
cross-reference to the corresponding

element of the RiverQValue Class. The

results are recorded in the field {g_value}
Adult brown trout (top) and juvenile salmon of the RiverSubReach Class.
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2.2.7 Mapping anadromy on a Fisheries District basis
The maps are developed by the custom GIS automated function “District Anadromy Maps” which
utilises the RiverSegment, RiverSubReach, Lakes, Seapoint_FB, Barrier and OS_Catchment_District

Classes.

A summary map of each Fisheries District showing the designation of rivers and lakes, tidal limits and
barriers in each Fishery System is presented in Appendix 35. The maps indicate the extent of
anadromy within each Fishery System, the Fishery System type and the fluvial and lacustrine habitat
designations. Impassable barriers are indicated as red squares.

Impoundments created to divert water can block the upstream migration of salmon

Channel sections upstream of impassible barriers are shown in light blue and are included in the
calculation of the total wetted area (accessible and inaccessible combined). In some tributaries, even
though there are no identifiable barriers, local Fisheries Board information suggests that these
tributaries are not utilised by salmon, limited channel size being the most likely explanation. These

tributaries are indicated in green and are included in the total wetted area estimates.



Four river catchments, the Shannon, Erne, Lee, and Liffey have large hydropower installations. Although
these installations are technically passable (fish passes) by adult salmon, they are not considered to
have self-sustaining salmon populations (O’Farrell et al, 1997; Anon, 2001). These rivers have been
defined as non self-sustaining (‘nss’ in this report) and are indicated in orange in the map output,
Appendix 35. Two statistics with regard to wetted area are provided in tables for these rivers, (a) the
habitat up to the hydopower installation and (b) all habitat within the catchment.

Natural barrier to salmon migration on the River Eske
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Catchments upstream of large hydropower stations, like the Erne at Ballyshannon, are not considered
self-sustaining salmon systems

2.2.8 Selected GIS Map Outputs
A number of GIS generated map outputs are included in the report to demonstrate the range of fishery
related map data which will be available nationally in due course. Examples of these outputs included in

this report are:

e Rosgen Gradient classification (Letterkenny District) Figure 5.

e Amiro Gradient classification (Ballinakill District) Figure 6.

e EPA biotic Q value index (River Suir catchment) Figure 7 .

e Verification of the extent of salmon anadromy using electro-fishing data (Laune Catchment) Figure 8.
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2.2.9 Construction of data output tables

Summary tables of wetted area estimates were developed dynamically by the custom GIS automated
function “District Habitat tables” which utilises the RiverSegment, RiverSubReach, Lakes,
Seapoint_FB, and OS_ Catchment_ District Classes. A summary of the hierarchy of Habitat
Assessment functions performed for each Fisheries District is presented in Figure 2.

Each catchment is identified by the catchment name and number as shown on the OSI “Rivers and their
Catchment Basins” (1958) map, the catchment surface area and the EPA Hydrometric Area code. These
quantitative estimates of salmon riverine habitat data are ranked by Fisheries District in Table 3, and

ranked on an individual fishery system basis in Table 4.

Statistics are provided on the quality of the accessible fluvial habitat. These quality elements relate to
channel gradient (Rosgen and Amiro classifications) and to biological quality (EPA Q values) and are
outlined in Table 2. Each system is identified by: 1) the Fishery System Identification Code and Fishery
Type; 2) the OSI catchment name and number; 3) the OSI river name; 4) the EPA Hydrometric Area
code, and EPA River Code if applicable.

The percentage of habitat with impaired water quality on a District basis is presented in Table 5. Data

are presented on the quantity of habitat with a value of Q3 or less and a value of Q3/4 or less.

Table 2. Summary of Fluvial Habitat Quality elements
Box 1 shows the Rosgen and Amiro gradient classification schemes
Box 2 shows the EPA Biological Quality Rating (Q value)

Box 1 - Gradient Classification Schemes Box 2 - Biological Quality Rating
Gradient Classification Gradient EPA Q value Designation
Scheme Biological Quality

Rating (Q value)
Rosgen Class 1 > 10% 1 Seriously Polluted
Rosgen Class 2 4 -10% 2
Rosgen Class 3 2-4% 2-3 Moderately Polluted
Rosgen Class 4 <2% 3

3-4

Amiro Class 1 <0.5% 4 Slightly polluted
Amiro Class 2 >05<1% 4-5
Amiro Class 3 >1<15% 5 Unpolluted
Amiro Class 4 >15<2%
Amiro Class 5 >2 <25%
Amiro Class 6 >25<3%
Amiro Class 7 >3=<3.5%
Amiro Class 8 >3.5<4%
Amiro Class 9 >4 <4.5%
Amiro Class 10 >4.5<5%
Amiro Class 11 > 5%
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Estimates of Fluvial and Lacustrine Habitat
The data presented in the following Tables and Appendices contain estimates of fluvial and lacustrine
habitat (both as accessible and inaccessible extents and in relation to water quality and gradient for the

rivers) of the Fishery Systems.

The units of mapping employed in the GIS to derive these habitat estimates are metres (m™) for linear
extents and square metres (m? for surface areas. Consequently the areas of habitat presented in the
Tables are nominally in m?.

It should not be inferred from the Tables that such habitat estimates have been reliably estimated
at this level of detail.

The principal limitations to accuracy of the habitat estimates are:

1. The accuracy of the length of river channels recorded on the Ordnance Survey 1:50,000 scale maps;
The accuracy of the surface area of lakes recorded on the Ordnance Survey 1:50,000 scale maps;

3. The accuracy of stream gradient recorded in the Ordnance Survey photogrammetry datasets
(section 2.1.3)
The accuracy of the mathematical formula used to predict the width of the rivers (section 2.2.2)

5. The accuracy and completeness of the recording of the limits of anadromy within the Fishery

Systems (section 2.2.3)

The greatest improvement in the accuracy of the habitat estimates can be gained, in the first instance,

from further field investigations to improve:

1. The prediction of stream width
2. The mapping of the extent of anadromy and actual salmonid utilisation of the river channels and

lakes



3. Results

A total of 261 discrete migratory salmonid ‘Fishery Systems’ were identified nationally of which 173 are
recorded as ‘salmon and seatrout’ and 88 as ‘seatrout only’. Summary tables with estimates of total

river wetted area and the accessible wetted area for each Fisheries District are presented, Table 3.

The estimated total wetted area of river and stream (fluvial) habitat in Ireland is 182 million m? of which
160 million m? is in 173 identified salmon systems. Within these systems, the analysis has estimated
that 70.6% or approx 113 million is accessible to salmon. A total of 40.1 million m? of potential fluvial

salmon habitat is located above the four major hydro-electric schemes.

Fisheries Districts are ranked by the quantity of accessible fluvial habitat for salmon in Table 3. The
Waterford District has the greatest accessible fluvial habitat (24.3 million m?) of the 17 national Fisheries
Districts or 21.5% of the national total. Individual salmon systems are ranked by the quantity of
accessible fluvial habitat in Table 4. The River Suir in the Waterford District has the largest quantity of
accessible fluvial habitat in the country (8.8 million m? or 7.8% of the national total. The top ten rivers

contain 52% of the total accessible fluvial salmon habitat in Ireland, Table 4.

Data on the proportion of impaired habitat from a water quality perspective in each District are
presented, Table 5. Nationally, 17.3% of accessible habitat in salmon systems is at least ‘slightly
polluted’ (Q3/4) while 4.5% of salmon habitat is at least ‘moderately polluted’ (Q3).

A total of 1,056 million m? of lacustrine habitat was identified on a ranked District basis in the 173
salmon systems (Table 6). 446 million m? of this habitat is available for migratory salmonid production.
The Galway District accounts for 40% of the accessible habitat. Lacustrine habitat is ranked based on
accessibility on an individual fishery system basis, Table 7. Not surprisingly, the Corrib system has the
largest quantity of accessible lacustrine habitat.

Statistics are presented on fluvial and lacustrine habitat for each fishery system on a District basis in
Tables 8-24. Data is presented on both salmon and sea trout ‘Fishery Systems’ and sea trout only

‘Fishery Systems’ on a District basis.

The GIS was interrogated to confirm the presence or absence of salmon fry above candidate barriers
identified by the Central and Regional Fisheries Boards using the ArcView® query analysis tool. First
order streams were not considered in this analysis. Only three locations were identified where fry were
present upstream of designated impassable barriers. It is evident from the data that two barriers were

passable and it was noted that salmon fry recorded above the third barrier had been stocked.

Appendices 1 to 34 present an overall summary of information for each river within each Fisheries
District. At the OS catchment level, statistics are presented on the extent of the total and accessible
riverine and lacustrine habitat for all identified catchments. At the Fishery System level statistics are
presented on the extent of the total and accessible riverine and lacustrine habitat, Q value data at

fishery system level and gradient at the fishery system level.
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Quantification of the Freshwater Salmon Habitat Asset in Ireland
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Quantification of the Freshwater Salmon Habitat Asset in Ireland
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Fluvial habitat accessible to salmon in the Dundalk Fisheries District

Quantification of the Freshwater Salmon Habitat Asset in Ireland
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Fluvial habitat accessible to salmon in the Dublin Fisheries District

Quantification of the Freshwater Salmon Habitat Asset in Ireland
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Fluvial habitat accessible to salmon in the Waterford Fisheries District

Quantification of the Freshwater Salmon Habitat Asset in Ireland
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4. Discussion

This report provides, for the first time, a comprehensive quantification of the freshwater salmon habitat
resource in Ireland. The information indicates that salmon have access to and utilise the majority of the
country’s rivers and lakes. The data generated is already being successfully used by the Standing
Scientific Committee of the National Salmon Commission to provide precautionary catch advice to
managers. The committee combines the outputs of the analysis carried out in the project with the
outputs of the Bayesian Hierarchical Stock and Recruitment Analysis (BHSRA) developed by Prevost et
al., (in press) as a way of determining salmon conservation limits or escapement goals for Irish rivers
(Prevost et al., 2003). The BHSRA is a new statistical approach to setting and transporting biological
reference points such as CLs to salmon rivers with little or no stock dynamic information. In Prevost et
al., (2003) data from 13 stock and recruitment sets from monitored rivers in the North East Atlantic have
been integrated to construct a model that can be used to transport stock and recruitment properties
from data rich to data poor river systems. To facilitate this transportation exercise two pieces of
information are required namely the latitude of the river (in this instance the mid point of river
catchment) and the river systems accessible wetted area in m?. The outputs of the wetted area study,
combined with the BHSRA analysis, are being used in conjunction with the previous catch based model
to provide high quality catch advice for the National Salmon Commission.

The determination of conservation limits using the approach described above uses basic outputs from
the project namely, latitude values, estimates of the sizes of the rivers and lakes and an assessment of
the amount of that habitat available to salmon. While the ability to satisfy these basic requirements is
new and significant, the higher resolution data generated in the project particularly the ability to
describe the quality of the habitat resolves an important methodological deficit. This new approach
offers an opportunity to provide the scientifically based information necessary for effective fisheries
management that has heretofore not been available to managers. In this regard the outputs of the
project provide the fisheries scientist or the fisheries manager with the realistic opportunity to predict
juvenile salmon production based on examining and understanding the relationship between fish
production and habitat quality. Consequently, to undertake accurate stream production estimates
knowledge of the key drivers of that production is required. These drivers can be listed as stream
gradient, water chemistry, water quality and habitat quality. This project delivers two of these key
production parameters namely stream gradient and water quality status. It must be remembered here
that gradient is a surrogate of biologically more meaningful hydromorphological entities such as stream
riffles, glides and pools (Amiro, 1991). McGinnity et al., (1999), as a prototype for this project,
successfully used the desk based approach to estimate the potential of rivers in County Mayo to

produce salmon smolts.

The significance of having an ability to estimate freshwater production is that it goes some way, in
combination with knowledge of marine survival, to provide fisheries managers with an estimate of
fishery abundance prior to its exploitation. This is in contrast to the retrospective models that are

currently used.

In addition to its value for fisheries management, the information and novel use of GIS based
quantitative techniques presented in this report are considered to have fundamental value for effective
implementation of Water Framework Directive River Basin Management projects currently being
established.



Further improvement of the project will require an assessment and mapping of the status of the
physical habitat quality of Irish rivers. Physical habitat is impacted by a range of anthropogenic activities
in salmon producing rivers such as forestry, agriculture and urban development. These activities have a
negative impact on the potential of the habitat to sustain salmon. While no physical habitat quality
data exists presently, the EU Water Framework Directive requires that surveillance monitoring of the
morphological condition of Irish rivers be undertaken. When this data becomes available it should be
integrated in this project improving our ability to predict juvenile fish production. Similarly, information
on water chemistry, specifically stream alkalinity data, linked to this project would also improve

predictive capacity.

The estimates of wetted area produced in this project are derived from a model developed in a
previous project (McGinnity et al., 1999) and are based solely on the measurement of river sites in
County Mayo. While these estimates are considered robust, it is recommended that regional models
be developed that account for topographical, geological and meteorological variation in the Irish
landscape. The project also provides estimates of lake surface area. In order to determine the potential
of these lakes to produce juvenile salmon additional bathymetric information is required as it is known
(Pepper et al., 1985, Matthews et al., 1997) that juvenile salmon production in lakes is primarily
confined to the littoral euphotic zone generally defined by those areas of the lake that have a depth of

two metres or less.

The project identified a significant amount of the freshwater habitat as not being capable of sustaining
natural salmon populations because of presence of large hydropower stations. To bring this significant
resource into production, fish passage difficulties, particularly relating to smolt migration, need to be
resolved. The project also identified that rivers in the east, southeast and south are impacted by poor
water quality. This is not unexpected given the concentration of urban development on the east coast
and that of intensive agricultural activity in the south of the country. The implementation of the EU
Water Framework Directive and changes to the EU Common Agriculture Policy provide some promise
of improving water quality conditions in the future. It is likely, however, that demographic trends will
continue on their current trajectory and thus it will be increasingly difficult to allocate scarce water
resources between freshwater fisheries and the utilities required to sustain industrial and population
development. However, this should not be a reason to allow any further deterioration in the freshwater

fisheries source and appropriate safeguards must be put in place.

In the past because of issues of scale i.e 75,000 kilometers of rivers and streams and 5,000 lakes,
technological limitations and the financial costs associated with undertaking high resolution habitat
surveys such a project as has been described here was not possible. It is only with the development of
information technology, geographical information systems and remote sensing that the quantification of
the freshwater fisheries resource could be provided on a national scale. The integration of water
quality and physical data describing the freshwater resource undertaken in this project has been
innovative and provides the basis for the rational management of Irelands salmon resource. The
continuing development of new technology will provide opportunities to improve the scientific basis of

fisheries management.
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Quantification of the Freshwater Salmon Habitat Asset in Ireland
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Quantification of the Freshwater Salmon Habitat Asset in Ireland
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Appendix 35

Fisheries District Maps (1-17)

Quantification of the Freshwater Salmon Habitat Asset in Ireland n







Map 1 Dundalk Fisheries District

Fishery Fishery River

Code Type

1 ST Castletown (River)
2 SAL Flurry (River)

3 SAL Castletown (River)
4 SAL Fane (River)

5 SAL Glyde (River)

6 SAL Dee (River)

P
A
A"
/
o,

Designation of Rivers and Lakes

iliﬁ N Salmon/Seatrout ¢ (Tidal Limit)
L Seatrout only @ (Tidal Limit)

" Non self sustaining Salmon

Above Barrier Excluded from

y Analysis of
A5 Not utilised by Salmon Accessible

1st Order not shown

\k ——T "rr- Bl .~ Not considered a significant producer of Salmonids Habitat
S

e r"lh_J'I [ ] Impassable Barrier
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Map 2  Drogheda Fisheries District

Fishery Fishery River

Code Type

7 ST Termonfeckin
8 SAL Boyne (River)
9 ST Nanny (River)
10 ST Delvin (River)

Designation of Rivers and Lakes

iﬁ Fav Salmon/Seatrout @ (Tidal Limit)
L Seatrout only @ (Tidal Limit)
" Non self sustaining Salmon
Above Barrier Excluded from
N'l.'l A5 Not utilised by Salmon ﬁzzlssiisbg
( Bl .~ Not considered a significant producer of Salmonids Habitat

1st Order not shown

[ | Impassable Barrier



Map 3 Dublin Fisheries District

Fishery Fishery River

Code Type

1 ST Ballough (Stream)

12 ST Ballyboghil

13 ST Broad Meadow (River)
14 ST Tolka (River)

15 SAL Liffey (River)

16 ST Dodder (River)

17 ST Shanganagh

18 SAL Dargle (River)

19 ST Newtownmountkennedy
20 ST Newcastle [Wicklow]
21 SAL Vartry (River)

Designation of Rivers and Lakes

iliﬁ N Salmon/Seatrout ¢ (Tidal Limit)
L Seatrout only @ (Tidal Limit)
" Non self sustaining Salmon
Above Barrier Excluded from
Analysis of

A5 Not utilised by Salmon Accessible
- ™" Not considered a significant producer of Salmonids Habitat

1st Order not shown

[ | Impassable Barrier




Map 4  Wexford Fisheries District

Fishery Fishery River

Code Type

23 ST Three Mile Water
24 ST Potter's (River)

25 ST Redcross (River)
26 SAL Avoca (River)

27 ST Inch (River)

28 SAL Owenavorragh (River)
29 ST Blackwater (River)
30 ST Sow (River)

31 SAL Slaney (River)

32 ST Duncormick

Designation of Rivers and Lakes

iliﬁ N Salmon/Seatrout ¢ (Tidal Limit)
L Seatrout only @ (Tidal Limit)
" Non self sustaining Salmon
Above Barrier Excluded from
Analysis of

A5 Not utilised by Salmon Accessible
- ™" Not considered a significant producer of Salmonids Habitat

1st Order not shown

[ | Impassable Barrier




Map 5  Waterford Fisheries District

.--l,---"I --\-b‘.._r"l-. IHL '\-\.l -
- I P Fishery Fishery River
|_|/ Code Type
33 SAL Corock (River)
34 SAL Owenduff (River)
. - 35 SAL Pollmounty (River)
_-:' 36 SAL Aughnavaud (River)
e 37 SAL  Barrow (River)

e 38 SAL Nore (River)
39 SAL Black Water
40 ST Pil (River)
41 SAL Lingaun (River)
42 SAL Glen (River)
43 SAL Suir (River)
44 SAL Clodiagh (River)
45 ST Dawn (River)
46 ST Whelanbridge (River)
47 ST Ballymoat (Stream)
48 ST John's River
49 ST Annestown (Stream)
50 SAL Mahon (River)
51 SAL Tay (River)
52 ST Dalligan (River)
53 SAL Colligan (River)
54 ST Brickey (River)

Designation of Rivers and Lakes

iliﬁ Fav Salmon/Seatrout i (Tidal Limit)
L Seatrout only @ (Tidal Limit)
i .~ Non self sustaining Salmon
Above Barrier Excluded from
Analysis of

A5 Not utilised by Salmon Accessible
- ™" Not considered a significant producer of Salmonids Habitat

1st Order not shown

[ | Impassable Barrier
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Lismore Fisheries District

Fishery Fishery River

Code Type
55 SAL Licky (River)
56 ST Goish (River)
57 SAL Finisk (River)
58 SAL Glenshelane (River)
59 SAL Blackwater (River)
60 SAL Bride (River)
61 SAL Tourig (River)
62 SAL Womanagh (River)
e
g, N
o -\—P"\.L__.-'_ i
|
55
) = T
v
58 -'ﬁ'“'-\. - e
~_ . B _.F.
R
g/
Bl =
a2 ‘J-
~Designation of Rivers and Lakes
iliﬁ Favd Salmon/Seatrout i (Tidal Limit)
L Seatrout only @ (Tidal Limit)

-

e

* Non self sustaining Salmon

Above Barrier
A5 Not utilised by Salmon
Bl .~ Not considered a significant producer of Salmonids

1st Order not shown

Excluded from
Analysis of
Accessible
Habitat

Impassable Barrier



Map 7  Cork Fisheries District

Fishery Fishery River

Code Type
63 ST Dungourney (River)
64 ST Owennacurra (River)
65 ST Glashaboy (River)
66 SAL Lee (River)
67 ST Owenboy (River)
68 ST Stick (River)
69 SAL Bandon (River)
70 SAL Ardigeen (River)
71 ST Roury (River)
72 SAL llen (River)
73 SAL Keal (Stream)
74 ST Leamawaddra (River)
75 ST Bawnaknockane (River)
I 76 SAL Four Mile (Water)
N ﬂ""“ﬁ-’-‘?“ 77 SAL  Mealagh River
______..--"" '!2 s — 78 SAL Owvane (River)
e o \\ ™ 79 SAL  Coomhola (River)
: B (;) 80  SAL  Glengarriff (River
. )-’"-. 81 SAL Ardrigole (River)
.f‘ e
R S
[
e
-l-'__;-'nn.-""- - __i____,-" _'5&
) e N
i ", Ve e M . — - 'l.""
T SR EiveE -1

(] -

i, il

Designation of Rivers and Lakes

iliﬁ Fav Salmon/Seatrout i (Tidal Limit)
L Seatrout only @ (Tidal Limit)
i .~ Non self sustaining Salmon
Above Barrier Excluded from
Analysis of

A5 Not utilised by Salmon Accessible
- ™" Not considered a significant producer of Salmonids Habitat

1st Order not shown

[ | Impassable Barrier



Map 8  Kerry Fisheries District

Fishery Fishery River

Code Type

82 SAL Kealincha (River)

83 SAL Lough Fadda (Stream)
84 SAL Croanshagh (River)
85 SAL Owenshagh (River)
86 SAL Cloonee (River)

87 SAL Sheen (River)

88 SAL Roughty (River)

89 SAL Finnihy (River)

90 SAL Blackwater (River)

91 SAL Tahilla (River)

92 SAL Sneem (River)

93 SAL Owreagh (River)

94 ST Staigue (River)

95 ST Gowla (River)

96 ST Coomnahorna (River)
97 SAL Currane (River)

98 SAL Inny (River)

99 SAL Emlaghmore (River)

100 SAL Caol

101 SAL Carhan (River)

102 SAL Ferta (River)

103 SAL Behy (River)

104 SAL Caragh (River)

105 SAL Cottoners (River)
106 SAL Laune (River)

107 SAL Maine (River)

108 SAL Emlagh (River)

109 SAL Owenascaul (River)
110 ST Owenalondrig (River)
111 SAL Milltown (River)

112 SAL Feohanagh (River)
113 ST Owennafeana (River)
114 SAL Owenmore (River)
115 SAL Scorid (River)

116 ST Owencashla (River)
117 SAL Lee (River)

Designation of Rivers and Lakes

iliﬁ Fav Salmon/Seatrout i (Tidal Limit)
L Seatrout only @ (Tidal Limit)
i .~ Non self sustaining Salmon
Above Barrier Excluded from
Analysis of

A5 Not utilised by Salmon Accessible
- ™" Not considered a significant producer of Salmonids Habitat

1st Order not shown

[ | Impassable Barrier



Limerick Fisheries District

Fishery Fishery River

Code Type

118 SAL Brick (River)

119 SAL Feale (River)

120 SAL Galey (River)

121 SAL Ballyline (River)
122 SAL Glencorbly (River)
123 SAL White (River)

124 ST Ahacronane (River)
125 SAL Deel (River)

126 SAL Maigue (River)

127 ST Ballincurra (Creek)
128 SAL Shannon (River)
129 ST Crompaun (River)

130 SAL Owenagarney [Ratty] (River)
131 SAL Fergus (River)

132 SAL Cloon (River)

133 SAL Doonbeg (River)

134 SAL Skivileen (River)

135 SAL Annageeragh (River)

136 ST Aughaveema

137 SAL Annagh (River)

138 ST Cloonbony (River)

139 ST Ballyvaskin (River)
140 ST Freagh (River)
141 ST Moy (River)

142 SAL Inagh (River)
143 SAL Aughyvackeen (River)

Designation of Rivers and Lakes

iliﬁ N Salmon/Seatrout i (Tidal Limit)
L Seatrout only @ (Tidal Limit)
" Non self sustaining Salmon
Above Barrier Excluded from
Analysis of

A5 Not utilised by Salmon Accessible
- ™" Not considered a significant producer of Salmonids Habitat

1st Order not shown

[ | Impassable Barrier




Map 10  Galway Fisheries District

Fishery Fishery River

Code Type

144 SAL Aille (River)

145 SAL Kilcogan (River)

146 SAL Clarinbridge (River)

147 SAL Corrib (River)

148 SAL Knock (River)

149 SAL Owenboliska

150 ST Owenriff [South Galway]
151 ST Crumlin (River)

Designation of Rivers and Lakes

iﬁ Fav Salmon/Seatrout @ (Tidal Limit)
L Seatrout only @ (Tidal Limit)
" Non self sustaining Salmon
Above Barrier Excluded from
" Analysis of
A5 Not utilised by Salmon Accessible

Bl ™. Not considered a significant producer of Salmonids Habitat

1st Order not shown

[ | Impassable Barrier



Map 11  Connemara Fisheries District

Fishery Fishery River

Code Type

152 SAL Cashla (River)

153 ST stream (L Carrafinla)
154 SAL stream (L. Nafurnace)
155 SAL Screeb

156 ST stream (L. Inverbeg)
157 ST Invermore (River)
158 ST stream (L. Skannive)
159 ST Gowlabeg (River)
160 ST Owengowla

161 SAL Owenmore (River)

158 153 L\l\\f
g R AN

'fDesignation of Rivers and Lakes

iliﬁ N Salmon/Seatrout ¢ (Tidal Limit)
[ L Seatrout only @ (Tidal Limit)
" Non self sustaining Salmon
1 i . " Above Barrier Excluded from
Analysis of

A5 Not utilised by Salmon Accessible
- ™" Not considered a significant producer of Salmonids Habitat

1st Order not shown

[ | Impassable Barrier
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Map 12  Ballinakill Fisheries District

Fishery Fishery River

Code Type

162 SAL Ballinaboy (River)
163 SAL Owenglin (River)
164 SAL Cleggan (River)
165 SAL Traheen (River)

166 SAL Dawros (River)

167 SAL Culfin (River)

168 SAL Erriff (River)

169 SAL Bundorragha (River)
170 ST Owennadornaun
171 SAL Carrownisky (River)
172 SAL Bunowen (River)
173 SAL Owenwee (River)
174 ST Carrowbeg (River)

Designation of Rivers and Lakes

iliﬁ N Salmon/Seatrout i (Tidal Limit)
L Seatrout only @ (Tidal Limit)
" Non self sustaining Salmon
Above Barrier Excluded from
Analysis of

A5 Not utilised by Salmon Accessible
- ™" Not considered a significant producer of Salmonids Habitat

1st Order not shown

[ | Impassable Barrier



Y Bangor Fisheries District
Loy
J|r -""nll"'u-"..l'-l L,
e - 5 " — g
ity -‘Pt':}_q_.-“ j_.,-ll_r_ -_\"s.h_ i 1III-l-ﬂ-r.:' - i, 'Elﬁﬂ"--.h . Fishery Fishery River
H:u o . = J:..-.--._,.-'l" RN SR, d Code Type
7} /.J" ’ ' - 175 ST Moyour (River)
176 ST Owennabrockagh
177 ST Rossow (River)
5 178 SAL Newport (River)
189 ) 179 SAL Srahmore (River)
HaE 180 ST Carrowsallagh (River)
- 181 SAL Owengarve (River)
. 182 ST Bunnahowna (River)
5 183 SAL Cartron (River)

184 ST Bellagarvaun

185 SAL Owenduff

186 SAL Owenmore (River)
187 SAL Glenamoy (River)
188 SAL Muingnabo (River)
189 ST Gweedaney

Designation of Rivers and Lakes

iliﬁ N Salmon/Seatrout i (Tidal Limit)
L Seatrout only @ (Tidal Limit)
" Non self sustaining Salmon
Above Barrier Excluded from
Analysis of

A5 Not utilised by Salmon Accessible
- ™" Not considered a significant producer of Salmonids Habitat

1st Order not shown

[ | Impassable Barrier




Map 14 Ballina Fisheries District

Fishery Fishery River

Code Type

190 ST Belderg (River)

191 ST Glenulra (River)

192 ST Bellananaminnaun (River)

193 SAL Ballinglen (River)

194 SAL Cloonaghmore (River)
195 SAL Moy (River)

196 SAL Brusna (River)

T 4 1 . 197 ST Bellawaddy (River)
i o ] } -"5 198 SAL Leaffony (River)
-'_‘:..EI__ .-__.-' " - - 199 ST Owenykeevan (River)
u

S 200 SAL Easky (River)
et 201 SAL Dunneill (River)

Tt

A5 Not utilised by Salmon Accessible
- ™" Not considered a significant producer of Salmonids Habitat

1st Order not shown

~d . > o "t Designation of Rivers and Lakes
- _— i B = by
e - LS 'ﬁ Fav Salmon/Seatrout @ (Tidal Limit)
{- L Seatrout only @ (Tidal Limit)
l| " Non self sustaining Salmon
|
Above Barrier Excluded from
Analysis of
|
A

[ | Impassable Barrier



Map 15 Sligo Fisheries District

Fishery Fishery River

Code Type

201 SAL Dunneill (River)

202 SAL Ballysadare (River)
203 SAL Garvoge (River)

204 ST Willsborough (Stream)
205 SAL Drumcliff (River)

206 SAL Carney (River)

207 SAL Grange (River)

Designation of Rivers and Lakes

iﬁ Fav Salmon/Seatrout @ (Tidal Limit)
L Seatrout only @ (Tidal Limit)
" Non self sustaining Salmon
Above Barrier Excluded from
Analysis of

A5 Not utilised by Salmon Accessible
- ™" Not considered a significant producer of Salmonids Habitat

1st Order not shown

[ | Impassable Barrier



Map 16 Ballyshannon Fisheries District

-.,._H-E:f R EH_:‘_F.F Jf]/

Fishery Fishery River

Code Type

208 SAL Duff (River)

209 SAL Drowes (River)
210 SAL Erne (River)

211 SAL Abbey (River)

212 SAL Ballintra (River)
213 SAL Laghy (Stream)
214 SAL Eske (River)

215 SAL Eany (Water)

216 SAL Oily (River)

217 SAL Bungosteen (River)
218 ST Glenaddragh (River)
219 SAL Glen (River)

220 SAL Owenwee (River)

2
K
-
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Designation of Rivers and Lakes

iﬁ Fav Salmon/Seatrout @ (Tidal Limit)
L Seatrout only @ (Tidal Limit)
" Non self sustaining Salmon
Above Barrier Excluded from
" Analysis of
A5 Not utilised by Salmon Accessible

Bl ™. Not considered a significant producer of Salmonids Habitat

1st Order not shown

[ | Impassable Barrier



Map 17 Letterkenny Fisheries District

Fishery Fishery River

Code Type

221 SAL Bracky (River)

222 SAL Owentocker (River)
223 SAL Owenea (River)

224 ST Duvoge (River)

225 SAL Gweebarra (River)
226 SAL Owennamarve (River)
227 ST Dunglow (River)

228 SAL Gweedore (River)
229 SAL Clady (River)

230 SAL Owencronahulla

231 SAL Glen (River)

232 ST Owenawillin

233 ST Owentully

234 SAL Glenna (River)

235 SAL Tullaghobegly (River)
236 SAL Ray (River)

237 SAL Derryart (River)

238 SAL Faymore (River)

239 ST Duntally (River)

240 SAL Lackagh (River)

241 ST Big (Burn)

242 ST Bunlin (River)

243 ST Loughkeel (Burn)
244 ST Burnside (River)
245 ST Glenvar (River)

246 SAL Drumhallagh (River)
247 ST Glenalla (River)

248 SAL Leannan (River)
249 SAL Swilly (River)

250 SAL Isle (Burn)

251 SAL Burnfoot

252 SAL Mill (River)

253 SAL Crana (River)
254 ST Aghaweel (River)
255 SAL Owenerk (River)
256 SAL Clonmany (River)
257 SAL Straid (River)
258 SAL Donagh (River)
259 SAL Glennagannon (River)
260 ST Ballyboe (River)
261 SAL Culoort (River)

Designation of Rivers and Lakes

iliﬁ N Salmon/Seatrout i (Tidal Limit)
L Seatrout only @ (Tidal Limit)
i .~ Non self sustaining Salmon
Above Barrier Excluded from
Analysis of

A5 Not utilised by Salmon Accessible
- ™" Not considered a significant producer of Salmonids Habitat

1st Order not shown

[ | Impassable Barrier
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