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1.1 Context
In 1999 the Irish Government allocated – €27 million to survey all of Ireland’s

territorial waters. The National Seabed Survey involves the acquisition and

processing of – 850,000 km2 of multibeam sonar swath bathymetry, 

sub-bottom seismic reflection, gravity, magnetic and ancillary geological and

water column data in water depths of 50m to 4000m. The area is divided into

Zone 3 (water depths 200m to 4000m), Zone 2 (50m to 200m) and Zone 1

(0m to 50m)1. By 2003, the Geological Survey of Ireland (GSI) had completed

Zone 3 data acquisition and the Marine Institute had mapped a large area

offshore northwest Ireland (especially Donegal Bay) as part of its Zone 2

responsibilities (Fig. 1.1). Mapping in Zone 2 will continue until 2006, by

which time Ireland will be in possession of one of the most comprehensive

seabed data sets in oceanic waters.

Figure 1.1: National seabed survey zones. Courtesy of Geological Survey of Ireland.

1.0 Introduction
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1Although the commitment was to map the entire offshore territorial waters, the zoning was implemented
subsequent to the allocation of funding to enable data acquisition on a phased basis. Zone 1 was not part of the
initial funding allocation for the Seabed Survey.
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During the planning of the National Seabed Survey, it was obvious that the

mapping requirements for Zone 1 (0m to 50m) were more complex than

those in deeper waters. This was because of the technical difficulties in

mapping Ireland’s variable coastline, its economic importance and the

diversity of potential stakeholder interests in Zone 1 waters. As a

consequence, the Geological Survey of Ireland and the Marine Institute

focused on mapping Zones 3 and 2 respectively, where data could be

collected easily and rapidly in spite of the large area. In the meantime, 

the Marine Institute commissioned this feasibility study to cost and prioritise 

a comprehensive mapping programme for Zone 1 as the final phase in the

Government’s commitment to map Ireland’s entire offshore resource.

In this study we have adapted a definition presented by the Canadian Centre

for Marine Communication in their analysis of Canada’s ocean mapping

capability (CCMC, 2002). We assert that:

“Inshore mapping in water depths from 0m to 50m involves the acquisition,

processing, management and dissemination of data associated with the

seabed, sub-seabed and water column using data provided by shipborne,

airborne, spaceborne and fixed or floating sensor systems.”

We emphasise that inshore mapping could also include Ireland’s major lakes

and rivers but we recognise from the outset that a comprehensive inshore

mapping programme that addresses all the issues in the definition above

presents enough of a challenge for any country.

The benefits of a well–planned inshore mapping programme may well be 

worth this challenge. The continued expansion of a range of competing socio-

economic activities close to the shoreline has complicated the task of

sustainable coastal resource utilisation. Integrated Coastal Zone Management

(ICZM) is predicated upon the availability of empirical socio-economic and

scientific data and their subsequent interpretation and integration within a

management framework. Clearly one of the fundamental pre-requisites for ICZM

is an appropriate and evolving scientific database to inform government policy

and day-to-day decisions on coastal management. A comprehensive inshore

mapping programme is the first step in this process. Some of the key products

arising from such a programme could include digital data and maps illustrating:

1. 100% coverage of seabed bathymetry as an aid to navigation;

2. 100% coverage of acoustic backscatter to identify seabed bottom type;

3. sediment thickness for offshore engineering developments;

4. location of potentially economic offshore sand and gravel deposits;

1.0  INTRODUCTION



5. location of important pipelines and cables;

6. marine geology;

7. currents, tides, temperature and salinity measurements in the water;

8. benthic habitats and fishery resources;

9. underwater archaeological heritage; and

10. gravity and magnetic variations to infer sub-sediment geology.

1.2 Scope of the study
This feasibility study is intended to identify and prioritise the mapping

requirements and provide indicative costs for a comprehensive inshore

resource–mapping project. In order to carry out the study a number of key

tasks were identified:

1. Identification of stakeholders – Stakeholders are groups or individuals who

have coastal mapping needs for statutory, research or commercial reasons.

2. Analysis of coastal zone policies – To document the statutory and non-

statutory coastal zone policies of stakeholders and their implementation

methods and status.

3. Analysis of legislation – To include current and forthcoming international and

EU legislation related to the exploitation and management of the coastal zone.

4. Collation of digital coastal data – To provide information on past and

current inshore mapping data and their uses.

5. Technical review of survey needs – To assess appropriate technology in

carrying out an inshore survey.

6. Analysis of survey needs – To provide an overview, with justification 

and priorities, of current and future requirements and funding levels 

in place or envisaged.

7. Map production – To provide a visual synthesis of current and future

mapping needs.

1.3 Approach
A variety of procedures were used in acquiring, analysing and presenting the

information necessary for the study:

1. Consultation with a comprehensive range of stakeholders (Appendix 1)

using a questionnaire (Appendix 2) which sought the following:

• A profile of the stakeholders’ role in the collection and analysis 

of inshore data.

• Information on the nature and use of data collected 

and/or held by the stakeholder.

• Future mapping requirements.

NDP Marine RTDI Desk Study Series   REFERENCE: DK/01/007
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2. Cataloguing of relevant datasets held by the stakeholders.

3. A Geographical Information System (GIS) to display, analyse and present

catalogued themed datasets. The dataset themes are based on analysis of

results from the questionnaire and the relevant catalogued mapping data.

4. A search and analysis of public domain data on international, 

EU and national legislation and policy in relation to the coastal zone.

5. A policy analysis using data acquired from procedures 1 to 4 to quantify

current and future needs.

6. A literature search to identify case histories and best practise in the area

of inshore mapping.

7. A stakeholders’ workshop to present the information obtained, the case

for carrying out an inshore mapping programme and to obtain feedback.

8. Integration of survey needs and priorities based on procedures 5 to 7.

9. Calculation of survey parameters and costs using appropriate technology.

1.4 Report structure
This report with appendices provides the core data, analysis and a prioritised

and costed inshore mapping strategy. Chapter 2 presents a brief description

of the study area, its activities and resources and the potential mapping

requirements required to sustain, conserve or develop these appropriately. 

An analysis of the explicit and implicit mapping requirements of relevant

legislation, plans and policies is presented in Chapter 3. Chapter 4 outlines

the appropriate technology available to map the inshore zone. Case histories

and best practices for inshore mapping in other countries, and the

implications for future mapping in Ireland, are discussed in Chapter 5. 

The indicative costs of carrying out mapping with selected technologies are

discussed in Chapter 6. Chapter 7 provides a discussion of the past and

current mapping activities of stakeholders, based on the outcome of the

consultation process, and the results of the collation of relevant datasets. 

A GIS has been used to display relevant data holdings on a themed basis. 

In Chapter 8 the identified future mapping requirements and priorities are

presented based on stakeholder input and the analysis of legislation and

policies. Finally, conclusions are drawn and recommendations made in

Chapter 9. The database of the catalogued themed data is available from 

the Marine Institute.



2.1 Introduction
The Irish inshore zone is defined for the purposes of this study as the area

lying between 0m (Lowest Astronomical Tide – LAT) and the 50m isobath

(Figure 2.1). The zone varies in width from less than 1 km in some areas of

the southwest, west and northwest coasts, to over 25 km along much of the

east coast. The area encompassed by the inshore zone is approximately

17,500 km2 (Table 2.1). With the exception of a small number off the

southwest coast all offshore islands lie within the principal 50m contour. 

The area between the 0m and the10m contours extends to over 3,100 km2.

The inshore zone is the focus of considerable levels of human activities notably

in the shipping, fishing, aquaculture and leisure industries. It is also likely to

become the focus of much greater activity in the future, with considerable

interest from the renewable ocean energy sector and the aggregates industries.

Figure 2.1: The inshore zone with the 10m and 50m contours marked 1.
Also shown are the coastal sectors (See Table 2.1).

2.0 Irish Inshore Zone and Potential
Mapping Requirements
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1The inshore zone extends from 0m (LAT) to 50m. The 0m contour is not shown in the diagram.
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This chapter provides a general description of the Irish coastline and inshore

zone (Section 2.2). It summarises the economic activities and resources in, 

or impinging upon, the inshore zone (Section 2.3), and, where possible, the

scale and location of future developments. Finally, it outlines the potential

benefits of inshore mapping in meeting the current and future requirements 

of the various activities and resources in the inshore zone.

Appropriate activities are described on the basis of eight coastal sectors (see

Figure 2.1 and Table 2.1). These sectors have been adopted for the purposes

of costing a mapping project for the inshore zone using identified technologies.

The division for these sectors was based on the following criteria:

• types of coastline – geography, human uses;

• requirements for future mapping;

• appropriate technology requirements.

Where possible the division of the coast corresponds with previous attempts 

to divide the coast into ‘management units’, for example in Coastal Zone

Management – A Draft Policy for Ireland (Brady Shipman Martin, 1997).

Table 2.1. Minimum area of the inshore zone within selected water depths for each of eight coastal sectors 
(Refer to Fig 2.1) 2.

Total Area 0–10m 10–50m 0–25m 25–50m
(km2) (km2) (km2) (km2) (km2)

Sector 1
Carlingford L. – Carnsore Point 4608 709 3899 2472 2136

Sector 2
Carnsore Point – Toe Head 2853 351 2502 1174 1679

Sector 3
Toe Head – Kerry Head 2147 570 1578 1109 1039

Sector 4
Shannon Estuary 670 160 510 383 287

Sector 5
Loop Head – Slyne Head 1700 417 1283 937 763

Sector 6
Slyne Head – Benwee Head 1828 444 1384 1060 768

Sector 7
Benwee Head – Rossan Point 1257 187 1070 582 675

Sector 8
Rossan Point – Lough Foyle 2316 285 2031 763 1552

Total 17380 3123 14257 8480 8900

Note: The various water depths are used in calculations of different costing scenarios.

2The depth zone areas for each coastal sector were calculated using bathymetric data sets extracted in a regular
grid format from the ISL BathyGrid Viewer. The data were imported to ArcView 3.3 and displayed as eight separate
themes/layers in point format, the coordinates of each data point having been obtained from ISL BathyGrid Viewer.
By querying each theme it was possible to count the number of data points within each of the specified contour
boundaries for each coastal sector. The areas were then calculated by multiplying the number of data points by the
grid spacing used to extract the bathymetric data. These are likely to be under-estimates as there are no data
points in some areas of the very near-shore zone.
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2.2 Description of the inshore zone
2.2.1 East coast

The east coast, which comprises Sector 1 (Figure 2.1), from Carlingford Lough 

to Carnsore Point (Figure 2.2) is a relatively linear coastline with extensive sandy 

beaches, notably along the Wexford coastline south of Cahore Point, and a 

number of large embayments (Dundalk Bay, Dublin Bay and Wexford Harbour) 

and intertidal estuaries (e.g. Malahide, Baldoyle and Rogerstown). A more 

comprehensive description of the coastline is provided by a number of recent 

publications (Nairn et al., 1995; Brady Shipman Martin, 1997; Boelens et al., 

1999; and Connolly et al., 2001).

The area of seabed within the

50m depth contour is just over

4,600 km2, of which

approximately 700 km2 is less

than 10m deep (including

offshore banks) (Table 2.1). 

The width of the inshore zone

varies from approximately

30km (east of Dublin) to under

7 km, where the 50m isobath

comes relatively close to

Carnsore Point. Within the 50m

contour there are a number of

large offshore banks with water

depths less than 10m depth,

notably the Kish, Codling,

Arklow and Blackwater.

Figure 2.2: East coast (adapted from Boelens et al., 1999).
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2.2.2 South coast

The south coast, which comprises Sector 2 (Figure 2.1), from Carnsore Point

to Toe Head (Figure 2.3), is rocky and indented. Much of the south Wexford

coastline is sandy beach whilst the east Cork and Waterford coastlines

consists of predominantly hard substrates, interspersed with small coves 

and major river estuaries with large intertidal areas, e.g. Waterford Harbour,

Dungarvan Harbour, Youghal Harbour, Cork Harbour, Kinsale Harbour, and

Clonakilty Bay. Further west the coastline is mainly rocky with soft sediments

in small embayments. A more comprehensive description of the southern

coastline is provided by a number of recent publications (Brady Shipman

Martin, 1997 and Boelens et al., 1999).

The area of seabed within the 50m and 10m depth contours is approximately

2,500 and 350 km2, respectively (Table 2.1). Along the Wexford and

Waterford coasts the 50m contour lies approximately 15–20km offshore.

Further along the coast towards Toe Head the width of the inshore zone

decreases to 5–10km and in some areas is less than 3km wide (e.g. Old

Head of Kinsale and Galley Head). With the exception of the area around the

Saltee Islands, the water depth reaches 10m within 2.5km of the shoreline.

All of the major embayments have water depths of less than 10m.

Figure 2.3: South coast (adapted from Boelens et al., 1999).

2.2.3 Southwest coast

The coastline of the southwest, comprising Sectors 3, 4 and 5 (Figure 2.1) is

predominantly rocky and divided into a series of large bays and inlets (Figure

2.4). In the south there is a series of long, narrow inlets (Bantry Bay,

Dunmanus Bay, and Kenmare River). From Tralee Bay to Galway Bay

(excluding Shannon Estuary) there are stretches of more linear coastline,

including some long sandy beaches. However, the shore remains

predominantly rocky with steep cliffs in many areas. North of Galway Bay the 



NDP Marine RTDI Desk Study Series   REFERENCE: DK/01/007

2.0  IRISH INSHORE ZONE AND POTENTIAL MAPPING REQUIREMENTS

13

shoreline is highly indented and characterised by an irregular series of rocky

bays with small sandy beaches. Further descriptions of the southwest coast

are provided by Moore et al. (1997), Brady Shipman Martin (1997), and

Boelens et al., (1999). A central feature of the coastline is the Shannon

Estuary, an important waterway of strategic and conservation importance,

which extends for approximately 100 km from a line between Loop Head 

and Kerry Head to tidal limits above Limerick City.

The area of seabed within the 50m and 10m depth contours is approximately

1,150 and 3,400 km2, respectively (Table 2.1). The 50m contour encroaches

into the middle and outer reaches of many of the major bays in the south-

west (Figure 2.1). The notable exceptions to this are the Shannon Estuary

and Galway Bay – by far the largest bay on the coast.

Figure 2.4: Southwest coast (adapted from Boelens et al., 1999).
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2.2.4 Northwest coast

The northwest coast, comprising Sectors 6, 7 & 8 (Figure 2.1) is heavily

indented and predominantly rocky but has many large bays with fine sandy

beaches (Figure 2.5). There are many small islands, especially in Clew Bay

and off the west coast of Co. Donegal. Important features of this coast

include Ireland’s only fjord (Killary Harbour), Clew Bay and the large sea inlets

of Mulroy Bay and Lough Swilly in Co. Donegal.

The area of seabed within the 50m and 10m depth contours is approximately

900 and 4,500 km2, respectively (Table 2.1). The 50m contour encroaches

into the middle and outer reaches of many of the major bays in the south-

west. A more detailed description of the northwest coastline is provided by

Wood et al. (1996), Brady Shipman Martin, (1997) and Boelens et al. (1999).

Figure 2.5: Northwest coast (adapted from Boelens et al., 1999).

2.3 Coastal development and infrastructure
2.3.1 Coastal demography

The 2002 population census shows that approximately 80% of the total

population (just over 3.9 million) resides in the 15 coastal counties (Central

Statistics Office, 2002a). Furthermore, all of the coastal counties have shown

an increase in population over the last 10 years. The most accurate estimate

for the population in the immediate coastal zone was carried out by Boelens

et al. (1999) – based on the 1996 census3. 
3This assessment was based on the population of District Electoral Divisions lying within approximately 10 km of
the coast taken from the 1996 census (Central Statistics Office, 1997).



This showed that 52% (or 1.8 million) of the population lived within 10 km of

the coast. As with the overall increase in the population of coastal counties

the 10 km strip is also experiencing increases in population. In the 10 years

between 1986 and 1996, increases in population density in the 10 km wide

coastal band to the north and south of Dublin ranged from 5% to 18%

(Boelens et al., 1999). The principal population centres on the coast are

shown in Figures 2.2 to 2.5. The most densely populated areas of the coast

are found in counties Dublin and Wicklow, and the cities of Cork and Limerick

– with densities up to 4000 inhabitants per square kilometre. In parts of the

west and northwest, densities are as low as 20 inhabitants per square

kilometre. Finally, the populations of coastal areas can vary considerably 

on a seasonal basis due to tourism and recreation. At some of the most

frequented resorts, the populations may be up to three times greater in

summer than in winter (Boelens et al., 1999).

In 2002 the Irish Government launched the National Spatial Strategy

(Department of the Environment, Heritage and Local Government, 2002a). 

Its main objective is to achieve more balanced development of the country

along with vibrant urban and rural areas and a better environment. It defines

nine economic ‘gateways’ and a similar number of smaller economic ‘hubs’.

The gateways are existing urban centres which have a critical mass of

population which could sustain third level educational centres, public

transport, housing and leisure facilities – the criteria necessary for further

economic expansion. The State’s five main cities (Dublin, Cork, Waterford,

Galway and Limerick/Shannon) have already been identified as ‘gateways’, 

as well as the coastal towns of Dundalk, Sligo, and Letterkenny. These new

gateways were selected on the basis of their strategic location, and their

potential to grow and to lift development in wider areas. The Strategy states

that for new gateways to lead to development in their respective regions they

need to grow to the current population levels of cities such as Galway and

Waterford (>100,000). Eight of the nine gateways are coastal towns (Figure

2.6). The nine ‘hubs’ are strategically located medium–sized towns whose

population can be drawn on to support the economic activity of the gateways.

Three coastal ‘hub’ towns are identified in the strategy; Wexford,

Ballina/Castlebar and Tralee/Killarney – the latter two are termed ‘linked hubs’.

The coastal area, and in particular the area in the vicinity of major cities and

towns, will see continued population growth and industrial development. 

The development pressures on the coastal zone will increase as a result of

both the physical development but also the social and economic driving

forces behind this growth. There will clearly be a consequential pressure on

the coastal environment, including the inshore zone. This highlights the

importance of the need to develop policies for the integrated management 

of the coastal zone and the consequent need for scientific data, generated

through inshore mapping, to inform those policies.
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Figure 2.6: Coastal Gateways and Hubs as identified by the National Spatial Strategy (Department of the
Environment, Heritage and Local Government, 2002a).

2.3.2 Ports and harbours

Shipping

Approximately 95% of the volume of Ireland’s exports and imports go through its

ports – 45 million tonnes in 2001 (Central Statistics Office, 2002b). The principal

ports on the coast are shown in Figure 2.7 and listed in Appendix 3, together

with the number of vessel movements and volumes of goods. Nationally, Dublin,

Cork and Rosslare are the three most important ports in terms of vessel

numbers, whilst Shannon replaces Rosslare in the top three in terms of goods.

Ports along the east coast accounted for 70% of all vessel arrivals in Irish ports 

in 2001 (Appendix 3). Many of the vessels arriving to east coast ports are

passenger ferries operating on fixed routes to Great Britain and the Continent.

East coast ports, principally Dublin, Rosslare and Drogheda, handled just over

20 million tonnes of goods in 2001 – 43.8% of the national total. On the south

coast the three principal ports, Cork, Waterford and New Ross, accounted for

21% of all vessel arrivals to Irish ports in 2001 and 28% of goods handled

(Appendix 3). Elsewhere, Shannon is the only other nationally important port,

accounting for 23% of goods handled in 2001. The remaining ports on the

southwest and northwest coasts perform significant regional and local functions.



Figure 2.7: Principal goods and fishing ports. Underlined names denote ports important for both. Also shown are
the coastal sectors (Refer to Figure 2.1).

The volume of goods handled by ports increased by almost 60% in the

1990s, and growth is forecast to continue. It is estimated that trade through

the ports will increase by over 50% in volume terms by 2007. This should lead

to further port development via expansion and modernisation of existing port

facilities and/or development of new ports. A recent task force report (Port

Estates Task Force, 2003) on commercial harbours highlighted the future

potential for expansion of what it termed as ‘main trading ports’, i.e. the eight

state-owned ports of Cork, Drogheda, Dublin, Dun Laoghaire, Galway, New

Ross, Shannon/Foynes and Waterford, along with Greenore, Bantry and

Rosslare. Together these ports account for 99% of all goods exported through

ports and 97% of imports. The report also considers the future scope for trade

growth in what it terms as ‘smaller trading ports’ (e.g. Arklow, Dundalk, Fenit,

Kinsale, Sligo, Wicklow and Youghal) to be ‘limited’. Another recently

completed report (Burke Consulting et al., 2003) goes further in identifying

strategic ports, partly within the context of the National Spatial Strategy (see

Section 2.3.1), where future investment should be focused. It identifies these

as Drogheda, Dublin, Waterford, Cork, Shannon/Foynes and Galway.
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The Irish Maritime Development Office (IMDO), Ireland’s state agency dedicated

to the marketing, promotion and development of the shipping service sector,

has been recently adopted the additional function of Short Sea Promotion

Centre in line with EC policy in this area4. Short Sea Shipping is an

environmentally friendly initiative to reduce the number of road miles, reduce

bottlenecks and promote inter-modality and regional development of Short Sea

routes. The promotion of Short Sea Shipping is likely to give rise to increased

trade and traffic in Irish ports – focused on the main ports mentioned above.

All of the major ports have ongoing requirements to carry out dredging to

maintain water depth in shipping lanes, approach channels and alongside

berths. As part of these dredging operations regular hydrographic surveying is

required. However, whilst surveying within the port limits to maintain access is

ongoing, outside the port limits accurate charts are often not available (See

Box 2, Chapter 3). For example, Shannon Foynes Port Company have

recently (Jan 2003) written to the DCMNR to express their concern about the

most recently published chart covering the approaches to the mouth of the

Shannon Estuary. Within five miles of the port limits (a line from Loop Head to

Kerry Head) there is an area on the chart that bears the legend “Unsurveyed”.

The Port Company have expressed the view that this situation “is totally

unacceptable and may have a damaging effect on the reputation, safety and

insurance liability of the Port”.

“Whenever a ship leaves cargo behind that it could have carried if the

captain had a better appreciation for the physical environment, the

shipping company loses potential profit. Pure and simple.” 

Capt. John Pace, Marine Transportation Consultant (CCMC, 2002).

Fishing ports5

Activity in the fishing industry is reasonably well distributed around the coast

with landings reported for over 125 ports. However, the top 20 ports (Figure

2.7) consistently account for 70–80% of domestic landings by value and

tonnage (Central Statistics Office, 2002c) (Appendix 4). The main ports

dominate the national landings of both pelagic and demersal fish, whilst

shellfish landings are more evenly distributed amongst small and medium

ports. The principal ports in terms of total landings (by volume) are Killybegs,

Dunmore East, Castletownbere, Rossaveal and Rathmullan (Appendix 4). 

4Commission of the European Communities COM (2003) 155 Final, 2003/0056 (COD). Programme for the
Promotion of Short Sea Shipping. Brussels, 07.04.2003.
5This section deals only with the distribution of landings and the location of the fishing fleet.
Section 2.4.1 deals with the value of the fishing resource and a description of its distribution.



Dingle and Howth also contribute significantly to the total value of landings.

Aside from the main ports there are many others of local importance, e.g.

Clogherhead, Skerries and Arklow on the east coast; Cobh, Union Hall and

Kilmore Quay on the south coast; Cleggan and Achill on the west coast; and,

Burtonport and Moville on the northwest coast. Howth, Dunmore East,

Castletownbere, Rossaveal and Killybegs are designated as Fishery Harbour

Centres under the Fishery Harbour Centres Acts6, which provide for the

establishment and operation at certain harbours of centres in which to

promote, develop and carry on sea fishing and associated activities

(processing, packing and support industries).

The bulk of fishing activity contributing to the total national landings – particularly

in the pelagic sector – takes place in waters outside the limits of this study.

Nevertheless, the inshore fishing sector accounts for a substantial portion of the

total landings – approximately 20% by value of the1997 landings (Bord Iascaigh

Mhara, 1999). There are over 1,800 vessels less than 15 metres in length in

the sector (representing approximately 83% of the national fleet in numbers) and

accounting for 50% of total ‘onboard’ employment in the fishing sector (Bord

Iascaigh Mhara, 1999). Together, Cork (21%), Galway (24%) and Kerry (14%)

account for almost two-thirds of the inshore fleet, with Donegal (11%), Mayo

(9%) and Wexford (6%) accounting for a further quarter of the fleet.

With increased commercial and fishing traffic in Irish waters congestion and

safety, especially in the vicinity of ports and harbours, is of concern. Poor

navigational charts, especially with respect to bathymetry data, may give rise

to these problems by curtailing vessels to travel on sufficient tides. Accurate

bathymetry from an inshore seabed survey would considerably improve the

data available on shipping channels, bays and harbours and therefore

improve the efficiency of the transport network. Finally, availability and general

improvement of the bathymetric coverage will permit further expansion of the

commercial and fishing port areas and their use.
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Ports/places of refuge

A port (place) of refuge is the nearest safe haven for a ship in trouble. The port

or anchorage is selected on the basis that it has adequate depth to safely

accommodate the ship, as well as shelter from the prevailing winds and swells

to facilitate the timely and controlled transfer of people and cargo to another

ship or to land. In response to an EU request to designate places of refuge7,

the approach to be taken in Ireland will be to assess each incident as it arises.

Bays likely to be designated as places of refuge in response to individual

events include Bantry Bay, Dingle Bay, Clew Bay and Donegal Bay. A report

(Briggs Marine Environmental Services, 1997) considers such factors as

coastal characteristics, booming arrangements and road access as a basis for

decision making/risk analysis. This will be used to identify suitable ports and

bays. Accurate charts, an end-product from an inshore mapping programme,

are a valuable tool in the identification of ports and places of refuge.

2.3.3 Marine tourism and leisure

Marine tourism and leisure, which includes activities such as diving, sailing,

surfing, angling, swimming, coastal walking and boating, is a significant sector

within the overall Irish tourism industry, generating considerable revenues from

both overseas tourists and domestic participants. The value of the water based

tourism and leisure sector to the Irish economy is estimated at €498 million per

annum, and it supports over 14,000 jobs (Marine Institute, 2000). Approximately

56% of adults participate in water-based leisure activity (Marine Institute, 1997),

and Curtis (2003) has estimated that Irish participants in sea angling, boating,

swimming in the sea, and general beach/sea recreational trips value their

activities at approximately €31 million, €54 million, €269 million and €70

million per annum respectively. Based on Bord Fáilte surveys, approximately

15,000 overseas tourists engaged in cruising activity and 117,000 engaged in

angling activity in Ireland in 2001. These figures are in addition to the 88,000

Irish residents that engage in sea angling, and the 130,000 that engage in

sailing and boating in the sea (Marine Institute, 1997). Large numbers of Irish

residents also engage in leisure activities associated with marine wildlife and

habitats. For instance, nearly 16,000 Irish residents participate in whale/dolphin

watching, 31,000 go bird watching in coastal areas, while 85,000 visit nature

reserves in coastal areas (Marine Institute, 1997).

7Directive 2002/59/EC of the European Parliament and of the Council of 27 June 2002 establishing a Community
vessel traffic monitoring and information system and repealing Council Directive 93/75/EEC. Official Journal L 208,
05/08/2002 P. 0010 – 0027.



In the inshore zone the principal infrastructure associated with marine tourism

and leisure consists of a network of marinas (16), pontoons (9) and mooring

sites (39) (Table 2.2). Twelve of the country’s 16 existing marinas are located

on the east and south coast – reflecting the high level of boating activities on

these coasts, particularly in the Dublin and Cork areas (Figure 2.8 and Table

2.2). The west coast from Loop Head around to Lough Foyle is poorly served

by the existing infrastructure.

Figure 2.8: The location of existing marinas and the potential for future development proposed in 
the Marine Institute Development Strategy for Marine Leisure Infrastructure (Marine Institute, 2001).

The Marine Institute RTDI strategy highlights the need for the identification and

assessment of possible harbour improvements and potential locations for the

development of infrastructure to expand the marine tourism and leisure sector

(Marine Institute, 1998). A proposed development strategy for marine leisure

infrastructure (Marine Institute, 2001) includes proposals for priority development

and gives recommendations for the future development of large (>75 berths),

medium (25–75 berths) and small-scale (<25 berths) marina/slipway projects

(Figure 2.8 and Table 2.2). A notable feature of this is the attempt to increase

infrastructure coverage to the west and northwest coasts.
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Table 2.2: Existing coastal infrastructure and identified future priority development locations 
(Source: Marine Institute, 2001). See also Figure 2.8.

Coastal Sector* Existing Infrastructure Identified Priority Development Locations

Marinas Pontoons Mooring Large Medium Small
Sites Scale Scale Scale

1 3 1 0 2 0 8
2 9 1 3 2 0 10
3 3 3 13 0 2 13
4 1 3 2 0 0 2
5 0 0 5 1 1 6
6 0 0 7 1 1 8
7 0 0 3 0 2 10
8 0 1 4 1 2 5

* Refer to Figure 2.1.

The provision of survey data from an inshore mapping programme may allow

people (–130,000 ) that engage currently in sailing and boating in the sea to

extend the areas in which they undertake their activity. The data, for instance,

could be used to develop charted sailing routes around Ireland, detailing

harbours and points of interest, etc. that would be used to promote sailing

activity beyond the traditional sailing centres. Survey data may also be used

to develop the inshore boat angling sector, e.g. by providing information on

reefs, and identifying sandbanks and wrecks. In addition, mapping data will

facilitate improved safety in water based leisure activity by allowing more

accurate charts to be produced.

Finally, there is a recognised need for coastal zone management systems to be

put in place in order to protect the high levels of environmental quality required

to maintain and develop an environmentally sustainable marine tourism and

leisure sector. Such coastal zone management policies will be based partly on

sound scientific data, generated through an inshore mapping programme.

2.3.4 Cables and Pipelines

The inshore zone provides a landfall for a number of strategically important

major cables and pipelines, for example:

• Irish Sea Interconnector Gas Pipeline;

• ESB Interconnector North;

• ESB Interconnector South;

• Fibre Optic Cables; and

• Kinsale Gas Field Pipeline.
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There is likely to be a continued need for pipelines and cable routes in the inshore

zone, particularly as the offshore wind energy industry becomes established (see

Section 2.4.4). Individual developers will need to undertake seabed surveys as

part of their developments. A systematic baseline survey could reduce this need

and developers may only require more localised surveying.

2.4 Renewable resources
2.4.1 Fishing8

In 1999 BIM valued the inshore fishing sector to be worth approximately 

€35 million per annum (Bord Iascaigh Mhara, 1999). Over 3,700 people

(accounting for 50% of total ‘onboard’ employment in the fishing sector) are

employed in the inshore sector, with 11,800 dependants (Bord Iascaigh

Mhara, 1999). The socio-economic contribution of the fishing industry is

critical in some of the most peripheral areas in the country with few alternative

enterprises (Meredith, 1999). The importance of the fishing sector in coastal

communities is reflected in the fact that it is estimated that one job at sea

creates two jobs ashore in processing, transportation, net making,

electronics, boat building and maintenance (Bord Iascaigh Mhara, 1999;

Brophy et al., 1991).

A wide range of both quota and non-quota species are fished in the inshore

zone (Appendix 4). The most important quota species fished in the inshore

zone are herring, prawns (Nephrops) and whitefish. Non-quota species fished

in the inshore zone include shrimp, brown and velvet crabs, lobster, scallops

and whelks. The commercial salmon fishery is carried out in the inshore zone

with approximately 80% of the national salmon catch accounted for by the

draft and drift netting sectors operating inshore.

The 0–50m zone is important for inshore fish stocks and provides spawning

and nursery areas for commercial fish stocks in the North East Atlantic. These

include major spawning areas for mackerel, horse mackerel and blue whiting

off the west of Ireland. The inshore shelf waters off the south and west coast

of Ireland also contain very important nursery areas for haddock, hake,

whiting and megrim and are home to an important network of herring

spawning grounds (Box 1 and Figure 2.9).

8With the exception of small areas off the east coast, the study area (0-50m zone) lies within the boundary of
inshore fishing grounds as defined by Bord Iascaigh Mhara (within the 12 nautical mile limit). Therefore, the
description of the fishing industry and resource is restricted to this area.
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Box 1: The importance of the inshore zone for herring.

Herring is one of the most important commercial species in the Irish fishing industry. 

It supports many fishermen and processing industries. The Irish herring fishery exploits shoals

of herring that migrate inshore to spawn in autumn and winter – laying their eggs on small,

scattered patches of gravel, mainly within the 50m contour – in well defined areas. The

locations of these areas are well known and consistent (Molloy & Kennedy, 2001). In the 

Irish Sea, spawning takes place off the East Coast of the Isle of Man. Along the south coast

spawning areas occur from the Saltees Islands across to Cork Harbour and again off

Baltimore. Off the southwest coast, spawning takes place in Bantry Bay, off the Kerry coast

and off the mouth of the Shannon. Along the west coast, herring spawn in Galway Bay, off

Achill Island and in Donegal Bay. Finally, spawning takes place along the west and north

coasts of Donegal. All these areas are loosely defined as herring ‘‘ssppaawwnniinngg  aarreeaass’’.

Within the spawning areas important herring ‘‘ssppaawwnniinngg  ggrroouunnddss’’ can be better defined. 

These are grounds to which herring shoals return regularly and on which fisheries for 

spawning herring take place. Herring spawning grounds may sometimes be abandoned for

periods possibly because of changes in the population structure or in the size of the

population or because the ground may for some reason become unsuitable. Important herring

spawning grounds are located off the coasts of Wexford and Waterford, between the Saltees

and Keeragh Islands, south of Hook Head and south of Tramore. There are also important

spawning grounds between Capel and Ballycotton Islands and again off Cork Harbour. Other

important spawning grounds occur in Bantry and Dingle bays, off Achill Island, off Glen Bay

and between Inishtrahull and Tory Islands. The important spawning grounds are shown in

Figure 2.9.

Within spawning grounds there are a number of ‘‘ssppaawwnniinngg  bbeeddss’’ – areas in which there are

gravel deposits and on which the herring lay their eggs. They are not clearly defined and may

vary from year to year within a spawning ground. Spawning beds are used intermittently

(Breslin, 1998). For example, if the spawning stock is at a low level then it may not be

necessary for the stock to avail of all the spawning beds during a spawning season.

Investigations of the location and extent of the main herring spawning grounds around Ireland

were carried out by the Marine Institute in 1997/98. These surveys used RoxAnn (an

acoustic ground discrimination system) and ground-truthing to map the extent of herring eggs

on gravel deposits during the spawning season at nine spawning grounds along the south

and southwest coasts (see Chapter 7 – Mapping Activity in the Inshore Zone – 

Figure 7.6).

It is widely acknowledged that it is extremely important to protect all the spawning beds within

a spawning ground even though they are not all in use at any one time. In order to rebuild

herring stocks to a high level it is vital that all the spawning beds are available and in good

condition to ensure optimum spawning conditions (Molloy & Kennedy, 2001). The extraction

of offshore aggregates constitutes a potential threat to herring spawning grounds. However,

the aggregates industries are conscious of the need to avoid/protect important spawning

areas if extraction on a commercial basis commences. Molloy and Kennedy (2001) suggest

that as a first step to avoiding such conflict it would be advisable to designate all the

spawning grounds shown in Figure 2.9 as areas that are in need of special protection and

from which aggregates should not be removed. The Marine Institute have expressed the

desirability of carrying out regular assessments of herring spawning grounds using acoustic

and ground-truthing techniques.



Figure 2.9: Principal herring spawning grounds in the inshore zone (redrawn from Molloy & Kennedy, 2001).

The biological sensitivity of the waters around Ireland has been clearly

demonstrated by various international scientific surveys (groundfish and egg

and larval). Data has been extensively analysed in recent years in a number of

international projects and has produced a clear picture of the importance of

the area for fish spawning and nursery grounds. This data formed an integral

part of the case made by Ireland on the biological sensitive nature of the

waters around Ireland. The EU have now recognised the importance of the

waters around Ireland and have established a new Irish Conservation Box

(ICB) which will be subject to new, as yet unspecified, effort regimes and

various technical measures. The ICB will extend right up to the coast and 

will include inshore waters in the depth range 0–50m (Figure 2.10).
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Figure 2.10: Irish Conservation Box (Green Shade) as proposed by Council Regulation on the management of
fishing effort relating to certain Community fishing areas and resources and modifying Regulation (EC) 2847/93.
Irish EEZ (Green Line); Irish Box (Dashed Line). (Source: Marine Institute)

The inshore fishing sector is described in greater detail below for the east,

south, southwest, west and northwest coasts. Much of the information is

taken from the Bord Iascaigh Mhara review of the inshore fisheries sector

(Bord Iascaigh Mhara, 1999).

East coast (Sector 1)

Quota species fished in the inshore zone along the east coast include sole,

cod, and prawns (Nephrops). Non-quota species fished include velvet crab

and whelks. The area from Carlingford to Dublin is an important prawn and

velvet crab fishery. The whelk fishery supports a substantial fleet operating

between Dublin and Wexford. A recent development is the razor clam fishery

to the north of Dublin, which takes place in very shallow waters close to the

shore. The resource was heavily fished for a short time period and

consequently was virtually fished out.



The inshore area from Dublin south to Wexford is an important source of

mussel seed for the aquaculture industry. Seed is dredged during the months

of June to September for supply to the bottom-mussel industry around the

country. Mussel seed is also dredged in Carlingford Lough. The shallow sand

and gravel banks along the east coast, particularly north of Dublin, provide

important spawning and nursery grounds for many demersal species of

commercial importance (e.g. whiting, haddock and plaice).

South coast (Sector 2)

The principal fishery in this area is that for herring in the 0–10 km zone –

particularly from Carnsore Point to Cork Harbour. The area also accommodates

an important mixed fishery for cod and whiting. Non-quota species fished in the

area include scallops, lobster, and shrimp. Salmon fishing mostly takes place in

the area near Helvick. Further west on the south coast (Cork Harbour to Mizen

Head) the fishery is a mixed one for herring and whitefish.

The south coast is a particularly important area in terms of fish/shellfish

habitat. Important herring spawning grounds are located off the coasts of

Wexford and Waterford, between the Saltees and Keeragh Islands, south 

of Hook Head and south of Tramore. There are also important spawning

grounds between Capel and Ballycotton Islands and again off Cork Harbour

(Figure 2.9). The inshore area between Hook and Helvick Heads are an

important scallop habitat, as is an area south of the Saltee Islands.

Southwest coast (Sector 3)

The southwest coast is predominantly a mixed fishery, particularly important

for herring and whitefish. Many of the vessels along this coast operate both

inside and outside inshore waters. For example, gill-netters fish herring in

season, hake in spring, tuna in summer and small quantities of white fish.

Lobster, shrimp (potting) and salmon are the principal non-quota species

fished in the southwest. The area around Valentia Island and parts of Dingle

Bay are important for scallop fishing, where aquaculture techniques have

recently been used to restock scallop beds. Tralee is an important spider

crab fishery and also supports the country’s most important flat oyster fishery.

West coast (Sectors 5 & 6)

Herring, prawns (Nephrops) and whitefish are the most important quota

species fished along the western seaboard. The area is also important for

non-quota species such as shrimp, velvet crab, lobster (south and north

Connemara), scallop and flat oysters (Clew Bay and Blacksod). The Galway

and Mayo coasts support important salmon fishery resources. Important

herring spawning grounds are to be found along the coast (Figure 2.9). 

The seabed in the Blacksod/Broadhaven area of Co. Mayo is the location 

of habitats important to brown crab recruitment.
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Northwest coast (Sectors 7 & 8)

Herring, haddock, cod, whiting, plaice and ray are the principal quota species

fished in the north-western inshore waters. The non-quota species fished are

brown crab (North Mayo, Burtonport and Malin Head), velvet crab (Lough

Foyle) lobsters (Malin Head), oysters and mussels (Burtonport, Malin Head,

Lough Foyle), and winkles (Malin Head). Burtonport and Lough Foyle are the

main salmon fisheries in the northwest. As with much of the western

seaboard there are important herring spawning grounds off the northwest

coast. The seabed off the Inishowen Peninsula provides important habitats 

for brown crab recruitment.

Mapping benefits for the fishing sector

Declines in fish stocks and the consequent reductions in quotas highlight the

need for enhanced conservation and management strategies for stocks of

both quota and non-quota species. Acoustic techniques are currently in use

in assessing fish/shellfish habitats (Section 7.4.3) and may also be used to

provide information to fishermen in order to localise the most desirable fishing

areas, thus reducing time at sea. For example, data generated from a

multibeam seabed mapping survey on Browns Bank, on the western Scotian

Shelf, provided information on the distribution of mature scallops for Canadian

scallop fishermen (Kostylev et al., 2001). This allowed the same amount of

scallops to be caught whilst cutting the dragging area by 75%, resulting in a

substantial saving for fishermen (Anon, 2000). The survey also allowed fishing

effort to focus on areas without seabed obstacles, thus reducing gear loss,

and to avoid beds of young scallops.

Technical Conservation Measures (TCMs), such as mesh size, closed areas

and closed seasons, will be important tools in future fisheries management

policies. These will supplement existing measures such as Total Allowable

Catch (TAC) and effort regimes. In order to implement effective TCMs it is

essential to identify sensitive fish spawning and nursery areas. An integral part

of this process is the mapping of inshore waters and linking these data with

other biological data to produce an atlas of ‘essential fish habitats’ (EFH)

around our coastal waters. This will compliment work on defining EFH for

more offshore areas. Improved data on seabed habitats and topography

could assist with stock recovery measures, which will ultimately benefit the

fishing sector. For instance, fishermen can be excluded from specific

locations during spawning seasons. It is important to note that habitat

mapping is a tool that can be used for mapping fish habitats however other

factors such as currents/oceanography/hydrography play a vital role in

determining where such fish habitats are located. Finally, mapping of physical

processes and their effect on fish resources will be increasingly important in

determining appropriate scales of management.



2.4.2 Aquaculture

The Irish aquaculture industry contributes significantly to the total value of 

the seafood sector (Appendix 4). In 2001 the sector produced an output of

60,935 tonnes, with a value of €107m. There were over 2,500 people

engaged in the sector. Production of finfish in 2001 amounted to 25,082

tonnes (value €79m) while shellfish farmers harvested 35,853 tonnes (value

€28m). The bulk of activity, in terms of volume and value, is accounted for by

salmon farming and mussel farming, which are conducted in the inshore

zone. Much of the remainder is accounted for by inter-tidal culture of shellfish

(e.g. oysters and clams).

Geographically, the industry is concentrated along the southwest, west and

northwest coasts, with somewhat less activity along the south and east coasts

(Figure 2.11). The main salmon farming areas are located in the bays of the

southwest (Bantry and Kenmare), west (e.g. Kilkieran, Bertraghboy, Killary and

Clew Bay) and northwest (e.g. Lough Swilly and Mulroy Bay). Shellfish

cultivation is more widespread around the coast. Many of the important salmon

farming bays also host significant mussel farming operations. Waterford and

Wexford harbours have large bottom-mussel industries. Galway Bay and

Carlingford Lough have significant oyster cultivation activities.
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Figure 2.11: Location of the main aquaculture areas and species cultivated in Ireland (from: Boelens et al., 1999).

The future development of the bottom-mussel sector is dependant on a

secure supply of adequate mussel seed. The large mussel-seed beds off the

east coast are identified annually by BIM using RoxAnn (a single beam

acoustic system, see Chapter 4). The ability to identify and quantify new and

existing seed-beds will require both once off and annual mapping. Accurate

bathymetric data would provide useful information towards developing

hydrographic models of bays to assist in the calculations of their carrying

capacity and provide a better understanding of harmful algal bloom events,

which have resulted in major closures of shellfish growing areas over the last

number of years. Finally, a report commissioned by the then Department of

the Marine and Natural Resources to examine future strategies for the Irish

aquaculture industry, and published in 2000, stated that there are many

suitable sites still available for the expansion of the industry (Department of

the Marine and Natural Resources, 2000a). Accurate knowledge of factors

such as bathymetry, bottom type and hydrodynamic regime will assist in the

selection of the most appropriate sites for future development.



2.4.3 Seaweed industry

The activities of the Irish seaweed industry are based entirely in inter-tidal

areas and the shallower waters of the inshore zone. The National Seaweed

Forum Report (2000) estimates that the industry contributes €8.9 million per

annum to the economy and employs nearly 700 people either on a full- or

part-time basis mostly in harvesting seaweed. The industry processes

approximately 40,000 (wet) tonnes annually, the bulk of which is comprised of

the brown seaweed Ascophyllum nodosum. A. nodosum harvesting (in the

intertidal zone) is concentrated along the coasts of counties Galway (59% of

total harvested), Donegal (23%), Mayo (12.3%), and Kerry (5%) – where the

resource is most abundant. Other seaweeds harvested include ‘kelps’

(Laminariales, Phaeophyceae) and several species of red algae. The majority

of harvested A. nodosum and kelps are processed for use in the alginate

industry whilst red algae are used primarily for health and snack foods and in

providing body-care products. A major mapping project, carried out in the

mid–1990s, recorded the abundance of kelps along 1200 km of the coast

(Hession et al., 1998). The study concluded that there is a substantial

unused kelp resource and further potential for harvesting of A. nodosum.

Maërl (a calcareous red algae) is greatly valued in agriculture and horticulture

for its use as a fertiliser, soil conditioner and poultry food additive; and more

recently for its use in water filters and in dietary supplements for humans and

livestock. Maërl beds are found near shore in a number of areas along the

west coast of Ireland, notably the southwest bays (Bantry, Roaring Water and

Kenmare Bay), Galway and the Connemara Bays (Figure 2.13). A recent

study examined the distribution and volume of these beds and their potential

for sustainable extraction (de Grave et al., 2000). The study estimated the

national total (surface) area as 37 km2. The deposits in the Galway Bay/Aran

Islands region account for nearly 70% of this. The total national exploitable

resource is estimated to be in the order of 3 x 106 m3. At present, harvesting

of maërl is restricted to a single location – Lonehort Point in Bantry Bay, 

Co. Cork – where the license allows for no more than 8,000 tonnes of 

maërl to be extracted per annum.

The seaweed sector has the potential to expand from a turnover of €8.9

million in 2000 to €25.4 million after 5 years, to €63.5 million after ten years

(National Seaweed Forum, 2000). The National Seaweed Forum report

(National Seaweed Forum, 2000) identified the need for resource surveys

(mapping, identification and quantification) of commercially exploitable

seaweed species (including maërl) as a priority area of research to facilitate

the expansion of the industry.
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There is currently just one seaweed farm operating in Ireland but there are

clear opportunities for future development (National Seaweed Forum, 2000).

Species that offer the best potential and are considered most suitable for

culture include: Alaria spp., Porphyra spp., Laminaria saccharina, Palmaria

palmata (Dulse) and Ulva spp.

2.4.4 Renewable energy

Climate change is firmly recognised as the most significant and threatening

global environmental problem. Through the United Nations Framework

Convention on Climate Change (UNFCCC) industrialised countries have

committed themselves to adopt policies to reduce levels of CO2 emissions. 

In 1997, the Kyoto Protocol introduced legally binding targets to achieve a

5.2% reduction in emissions greenhouse gases by the period 2008–2012, 

as compared with 1990. As the energy sector is one of the main sources of

greenhouse gas emissions, through the combustion of fossil fuels, increased

use of renewable sources of energy is seen as one of the most practicable

means of achieving such reductions.

A commitment to reduce greenhouse gas emissions and increase the

penetration of renewable sources of energy in Ireland has been made in a

series of Government documents. The most recent and relevant of these is

the Government’s National Climate Change Strategy (Department of the

Environment and Local Government, 2000) and its Green Paper on

Sustainable Energy (Department of Public Enterprise, 1999). The former sets

out a framework for achieving greenhouse gas emission reductions while the

latter sets a target for installing additional generation capacity (500MW) from

renewable sources by 2005, to reach a target of 6% of installed capacity. 

In September 2001, the European Parliament approved the ‘Renewables

Directive’9, the purpose of which is to create a common framework to

promote an increase in the contribution of renewable energy sources to

electricity production and to facilitate its access to the internal electricity

market. The directive established individual national targets for future

consumption of electricity from renewable energy sources. Thus, the target of

12% of total primary energy from renewables results in a 22.1% share of

electricity produced from renewable sources. The reference value given for

Ireland is 13.2% of electricity consumption from renewable sources by 2010.

Commissioning of the Ireland’s first offshore wind farm on the Arklow Bank is

currently in progress and the project is expected to begin producing power

before the end of 2003. Wave and tidal energy could feasibly contribute to

Ireland’s installed renewables capacity within a 20 year time horizon.

9DIR 2001/77/EC of the European Parliament and of the Council on the Promotion of Electricity Produced from
Renewable Energy Sources in the Internal Electricity Market.
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Wind energy: The nearshore environment off the Irish coast has significant

potential for the development of wind farms. A detailed assessment of the

offshore wind resource within the 12 nautical mile territorial limit determined the

‘practical’ wind resource as being capable of supplying 40–70% (depending on

turbine rating) of predicted consumption in 2005 (Kirk McClure Morton, 2000).

This assessment of the practical resource assumes a maximum water depth of

20m and a minimum distance from land of 5km and takes consideration of the

climatic conditions, engineering constraints, environmental and legislative

considerations, practicability of construction, grid integration and cost and areas

designated for other uses of the sea. The majority of the ‘practical’ resource is

located on the sand and gravel banks off the east and southeast coasts (e.g.

Kish, Codling, Arklow, Blackwater and Glassgorman Banks) with only small

areas located off the south, west and northwest coasts (Figure 2.12).

The distribution of the practical resource is reflected in the distribution of

foreshore licence applications in relation to investigating site suitability for

offshore wind energy. The majority of licence applications to date

(approximately 35) are for the east and south-east coasts: – Arklow, Bray,

Codling and Greater Codling Banks (Co. Wicklow); Kish Bank (Co. Dublin);

Blackwater Bank (Co. Wexford); and east of Clogher Head (Co. Louth). 

A number of other foreshore licence applications are at various stages of

consideration for areas along the east coast, e.g. Long and Lucifer Banks

(Co. Wexford); Dunany Point (Co. Louth). On the south coast only a small

area – in the vicinity of the Saltee Islands – has been identified as being

‘practical’ for the development of offshore wind farms. Foreshore licence

applications for three areas along the south coast, Power Head (Co. Cork),

Ardmore Bay (Co. Waterford) and Ballyteige Bay (Co. Wexford), are currently

being considered for the purposes of wind farm site suitability investigations.

Other areas subject to licence applications are the mouth of Shannon Estuary

and sites off the coasts of Galway and Donegal. The first foreshore lease for

the development of an offshore wind farm was issued by the then

Department of the Marine and Natural Resources in January 2002. The first

phase of the Arklow Bank Wind Farm is expected to begin producing power

before the end of 2003. When fully commissioned, up to 200 turbines will

span 27 km of the bank and will be located in 5–10m of water, 7–10 km

offshore. The DCMNR is currently (October 2003) considering a second

foreshore lease application for a similarly sized project in an area of 54 km2

on the Codling Bank.
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Figure 2.12: Sites in the inshore zone with renewable energy development potential (Source: Kirk McClure Morton,
2000; Marine Institute).

Wave energy: Unlike the wind industry, which will shortly become a 

commercial reality, the wave energy industry is still very much at the research

and development stage. Nonetheless the potential for this source of renewable

energy is substantial. The practical wave energy resource is estimated at more

than 6000MW10 (ESBI/ETSU, 1996). A development potential of 800MW

(approximately 12% of the current installed capacity) has been identified at prime

sites for shoreline and nearshore devices11 (Marine Institute, 2002). Sites with

greatest potential for development of wave energy are located along the western

seaboard, particularly the northwest (Sectors 6–8) and southwest (Sector 3)

(Figure 2.12)12. The development potential in respect to second generation

floating devices, moored offshore (in waters greater than 40m), is much greater.

10The installed capacity from all sources is currently in the region of 5,000 MW.
11Seabed mounted devices, typically in depths less than 20m.
12Site suitability is governed not only by the potential resource but also other criteria such as proximity to grid
connection and demand.
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Tidal energy: The basic requirement for cost-effective power generation from

tidal streams is a mean spring peak velocity exceeding about 2.25 to 2.5m/s

(4.5 to 5 knots) with a depth of water of 20 to 30m. However, as

technologies develop systems capable of exploiting lower velocity regimes

are evolving. Second generation systems exploiting deeper waters up to 50m

and beyond are also being developed. A small number of sites around the

coast have been initially identified as having the potential for the development

of tidal energy (Figure 2.12). A recently commissioned study by Sustainable

Energy Ireland (SEI) aims to quantify the tidal resource which will identify the

potential capacity of all sites.

Many of the potentially suitable sites for wind and wave energy have already

been identified and in the case of wind energy foreshore licences for the

purposes of site investigations have been issued. In a small number of cases

(Arklow, Codling and Kish Banks) extensive surveys have been carried out in

support of foreshore lease applications. Nevertheless future mapping in the

inshore zone will assist in the selection of the most appropriate sites for

development from a commercial and technical standpoint. The mapping data

will also inform judgements on the preservation of natural resources and

conservation value of some areas of the inshore zone.

2.5 Non–renewable resources
2.5.1 Aggregate (sand and gravel) resources

There are significant aggregate (sand and gravel) resources in Irish territorial

waters (Figure 2.13). Estimates of the total national resource range up to

hundreds of millions of cubic metres (Sutton and Wheeler, 2000; Sutton et

al., 2001). All of this lies within the 50m contour – the operational range of

conventional dredging equipment. Sutton and Wheeler (2000) provide an

account (along with maps) of the aggregate resources in the inshore zone.

Geoghegan et al. (1989) estimated the resource within the 20m contour as

several million cubic metres of gravel and perhaps 100 times that of sand13.

The principal areas are along the east coast in the offshore bars that extend

from Dublin Bay southwards, parallel to the coast, to an area off Carnsore

Point, County Wexford (Sutton et al., 2001). Elsewhere there may be

aggregate resource potential off the Donegal coast between Aranmore Island

and Malin Head. Smaller volumes of material are to be found in bays along

the west coast (e.g. Dingle, Tralee, Galway and Clew bays).

13Irish quarries produced about 34 million tonnes of aggregates in 1996 (Bell, 1999).
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Nearshore sand and gravel banks such as those off Counties Wexford,

Wicklow and Cork have been exploited for some years by local authorities for

beach replenishment and as infill for harbour development. For example, in

1997 an estimated one million cubic metres of sand and gravel were

extracted from Cork Harbour for use as back-fill in a combined tunnelling and

harbour development project. However, despite considerable interest from

commercial companies due to the rapid depletion of land-based resources in

many areas, there has been no extraction of marine aggregates on a

commercial basis. This is due, at least in part, to the lack of protocols relating

to extraction applications. The DCMNR are currently reviewing the licensing

issues and the need to develop a national policy in respect of the extraction

of marine aggregates (Department of the Marine and Natural Resources,

2000b). The Geological Survey of Ireland is involved in ongoing discussions

with the aggregates industry on how best to exploit this substantial resource

(M. Geoghegan, Pers. Comm.).

A recent assessment of the requirements for the development of aggregate

resources (Sutton et al., 2001), identified the following (amongst others):

• Continued and enhanced support for existing areas of research 

including sedimentological studies, environmental modelling, 

bbiioottooppee  aanndd  sseeaabbeedd  mmaappppiinngg;

• Investigation of use of innovative techniques for resource evaluation;

• Development of higher resolution hydrodynamic models leading to

improved predictive capacity and better understanding of coastal systems.

All of these issues can be addressed, at least in part, by an inshore 

mapping programme.



Figure 2.13: Seabed resources in the inshore zone. (Source: De Grave et al., 2000; Sutton et al., 2001; 
Geoghegan et al., 1989).

It is widely accepted that extraction of marine aggregates can impact

significantly on biological communities and populations associated either

directly (benthic communities) or indirectly (demersal fish species) with the

seabed (e.g. Boyd and Rees, 2003). Such activities can impact directly on

commercial fishing activities. For example, in 1999 a proposal to remove

250,000 cubic metres of gravel from the Codling Bank as part of essential

beach protection works at the sea front at Bray, Co. Wicklow raised serious

concerns in relation to the whelk fishery in the area – with the suggestion

being made to move a substantial proportion of the whelk from the dredging

area to an appropriate area before the dredging began. On a wider scale

there is particular concern over the co-location of aggregate resources with

herring spawning grounds on the south and west coasts (See Box 1). Both

the fishing industry and aggregates industry recognise the need for the

availability of information on the resource and its associated communities to

allow for the future development of the marine aggregates sector in a

sustainable manner (Molloy & Kennedy, 2001). Resource mapping will aid in

the decision-making process and conflict resolution in situations where there

is overlap between different interests.
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2.5.2 Oil and gas

With the possible exception of the area in the region of the Kish Bank Basin,

in the Irish Sea, all of Ireland’s identified (Kinsale and Corrib Gas fields) and

future potential oil and gas deposits are located in water depths of greater

than 50m and are therefore outside the remit of the current study. However,

regardless of the location and depth of future finds oil/gas pipelines will pass

through the inshore zone, necessitating detailed surveying of routes. The

availability of baseline information from an inshore mapping programme will

assist in this task.

2.5.3 Other seabed resources

Sandy deposits can contain valuable heavy minerals such as gold, diamonds,

platinum and tin. Such deposits are found on continental shelves worldwide

from the beach to the outer shelf. During the 1980s a series of joint industry

GSI reconnaissance surveys identified several potentially viable deposits

(Geoghegan et al., 1989). The main areas of interest were Mayo (Achill and

Blacksod), Donegal and south of Wicklow Head (Figure 2.13). The resource

in the Wicklow Head area is located above the low water mark. The beaches

of Blacksod Bay were found to be rich in ilmenite, magnetite, sphene and

some gold. An area of 30 km2 in the inshore zone was identified as having

sands with heavy mineral showings.

Coal deposits are known to occur off the east coast in the Kish Bank Basin

area (Figure 2.13). McArdle and Keary (1986) estimated the recoverable

resources at some 215 Mt. The western zone of the deposits, containing 

45 Mt, lies just 7km offshore in depths of less than 50m and is considered to

hold the best possibility for commercial success. Further inshore deposits

may also occur to the east of Wicklow Head, off Cahore Point (Co. Wexford)

and in Donegal Bay (McArdle and Keary, 1986). Finally, the possibility of a

large ore body lying close offshore in the Navan area, and indeed other areas

around the coast adjacent to areas being actively explored onshore, is

considered feasible by Geoghegan et al. (1989). The authors highlight that

research investment may lead to the discovery of further seabed resources in

the inshore, and offshore, zone.
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2.6 Heritage in the inshore zone
2.6.1 Natural heritage

The inshore zone is home to a relatively small, but nevertheless important,

network of protected sites. Although quite a few Natural Heritage Areas

(NHAs) are in the littoral (intertidal) zone, few have been designated in the

sublittoral, and only Lough Hyne in Co. Cork, also a National Nature Reserve,

is noted for it marine nature conservation importance particularly for its subtidal

seabed. The Birds Directive (Council of the European Communities, 1979)

and Habitats Directive (Council of the European Communities, 1992) afford

marine nature conservation protection through the designation of, respectively,

Special Protection Areas (SPAs) and Special Areas of Conservation (SACs).

Although SPAs primarily deal with the protection of birds in the terrestrial and

intertidal environment some sites also cover areas of coastal sea that are

important feeding areas for birds. However no seabed component of these

sites between 0–50m has been considered important for birds.

Selection of marine SACs in Ireland was primarily achieved through the EU

LIFE–funded BioMar project (Picton and Costello, 1998). Sites were selected

specifically for the nature conservation value of the seabed habitats and

species present in them. Marine and ecological data from over 850 sites

around Ireland were analysed and areas of marine nature conservation

importance identified. Subsequently the list was refined and expanded by

Dúchas to the current list of 52 ‘marine’ Candidate Special Areas of

Conservation (Figure 2.14, Table 2.3). The principal subtidal habitats (Annex I

of the Habitats Directive) that occur in the inshore zone are sandbanks;

estuaries; large shallow inlets and bays; and reefs. The Shannon Estuary is

designated principally because it is home to a resident population of

bottlenose dolphins (listed in Annex II of the Habitats Directive). All eight

coastal sectors have SACs (Appendix 5 and Table 2.3), although numerically

sectors 2, 5 and 7 are particularly important.

Many of the marine SACs support a range of human activities (e.g. inshore

fishing, aquaculture and marine leisure). In order to properly manage and

monitor designated areas, and avoid possible conflict between the various

users, management plans are necessary. Benthic habitat maps of marine

SACs will provide the basis for the formulation of such plans. In addition, the

availability of habitat maps for the inshore area can assist in the assessment

of foreshore licence/lease applications relating to a range of activities in the

inshore zone. In this respect a more rounded overall picture of marine

habitats and species may be beneficial, not just confined to designated

nature conservation areas.
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Figure 2.14: Candidate Special Areas of Conservation (SACs) in Ireland with a specific subtidal marine interest. The
numbers refer to SAC names listed in Table A5.1 in Appendix 5. SAC boundaries courtesy of DoEHLG.

Important conservation areas can occur outside of the network of designated

sites. For example, the offshore sand banks along the east coast provide

important feeding grounds for many species of birds and may qualify for

designation as SPAs. Under the Birds Directive, special conservation

measures are required for Annex I species to ensure their survival and

reproduction in their area of distribution. Recent bird survey work completed

on the Kish Bank (Newton and Crowe, 2000) and Arklow Bank (Fehily,

Timoney & Co., 2001) indicates that these areas support important numbers

of foraging Roseate Tern and wintering Red-throated Diver, respectively. Both

Roseate Tern and Red-throated Diver are Annex I species. As these offshore

banks may prove important to the survival and reproduction of these species,

they may qualify for SPA designation. National Parks and Wildlife (DoEHLG)

have indicated that the list of SPAs is likely to be updated, particularly as

important marine sites are identified. This may lead to the designation of one

or more of the east coast banks.



Table 2.3: Number of SACs in the inshore zone of each coastal sector.

Coastal Sector Number of SACs Designated habitats*

Sector 1
Carlingford Lough – Carnsore Point 6 E, S, R

Sector 2
Carnsore Point – Toe Head 9 E, I, R

Sector 3
Toe Head – Kerry Head 7 E, I, R

Sector 4
Shannon Estuary 2 E, S, I, R

Sector 5
Loop Head – Slyne Head 10 I, R

Sector 6
Slyne Head – Benwee Head 4 I, R

Sector 7
Benwee Head – Rossan Point 7 E, I, R

Sector 8
Rossan Point – Lough Foyle 7 E, I, R

* S = Sandbanks which are slightly covered by sea water all the time
E = Estuaries
I = Large shallow inlets and bays
R = Reefs

2.6.2 Maritime archaeology

The inshore zone contains a wealth of underwater archaeological sites such

as shipwrecks, fishtraps, and numerous artefacts associated with coastal

occupation and industrial sites and trade. The Underwater Archaeological Unit

of the DoEHLG is currently completing the Maritime Sites and Monuments

Record (MSMR), consisting of a database of all marine archaeological sites

around the coast (including shipwrecks). The work includes a review of data

on historical wrecks contained in Lloyd’s List. The database will classify

wrecks into zones around the coast. Approximately 6,500 wreck sites have

been recorded so far (Callaghan, 1998), with the vast majority lying in inshore

areas under 50m in depth. This reflects the fact that most of the vessels had

been blown ashore by inclement weather, or have struck submerged rocks or

hazards in inshore areas.

The greatest proportion of wrecks occurs off the east and south-east coast

(Figure 2.15), and the majority date from the period 1850–99. Wrecks over

one hundred years old are afforded State protection via the National

Monuments Acts. Eastern ports such as Dublin and Drogheda have numerous

wrecks in their vicinity (Forsythe, 2002). This is also the case for other busy

ports around the rest of the coast including Waterford, Cork and Galway. 
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Other prospective areas for wrecks include natural hazards, predominantly

submerged rocks or sandbanks, e.g. Tusker rock and the Arklow bank, which is

virtually outlined by stricken vessels (Forsythe, 2002). Wrecks tend to be clustered

in these areas, many of which have had lighthouses or lightships installed over the

years. Indeed the Arklow Bank has one of the highest concentrations of

shipwreck incidents in the Irish Sea (Fehily, Timoney & Co., 2001).

Figure 2.15: Shipwreck sites in the Irish inshore zone. Note: Locations are approximate. (Source: Underwater
Archaeology Unit, DoEHLG).

Developments (e.g. ports, wind farms, marinas etc.) and activities (e.g. port

dredging, shellfish dredging) in the inshore zone require archaeological

assessment as stipulated by the National Monuments Act, 1987 (see Section

3.2.3). As part of the archaeological mitigation for such works archaeological

assessment is required. A detailed desktop historical review and geophysical

survey (side-scan sonar and/or magnetometer survey), intertidal survey or

diver survey (or all three in the case of large dredging programmes) are key

components of such assessments. In the case of dredging, a geophysical

survey involving side-scan sonar and magnetometer survey is usually carried

out in the area to be dredged and the offshore dumpsite. Anomalies identified

during the geophysical survey are then investigated by diver survey.



The requirement for such assessments will continue and the data generated

will add to the knowledge base of archaeological heritage in the inshore zone.

Whilst the Maritime Sites and Monuments Record contains details of wrecks,

in many cases the exact location of wrecks is uncertain. A modern

systematic mapping programme of areas with high wreck numbers will

contribute to the refinement of the MSMR database.

2.7 Coastal erosion
In 1992 a review was carried out by the National Coastal Erosion Committee

of the extent of coastal erosion, on a county basis (Table 2.4). The study

showed that of a total coastline of approximately 5,700 km, almost 3,000 km

is classed as soft substrates and over 1,500 km of this (27% of the total

coastline) is considered to be ‘at risk’ from erosion. Some 490 km were

deemed to be in need of immediate attention. Estimates of the rates of

erosion at Irish coastal sites are generally within the range 0.2–1.6 m/yr

(Carter, 1991), although rates of up to 5m/yr have been recorded in Donegal.

The higher rates tend to be associated with the softest materials, usually

sand dunes, particularly near the mouths of rivers and estuaries. Thus, large

tracts of the east coast are at risk. Boelens et al. (1999) provide a good

overview of the historic records of coastal erosion and the attempts to

address the problem.

Table 2.4: Total, soft and ‘at risk’ coastline length (mainland only) by county
(Source: National Coastal Erosion Committee, 1992)*.

County Length of Coast Soft Coast At Risk
km km km (% of total)

Mayo 1168 802 652 (56)

Galway 689 185 170 (25)

Donegal 650 240 130 (20)

Kerry 684 378 108 (15)

Wexford 264 211 100 (38)

Cork 1118 422 91 (8)

Sligo 195 132 59 (30)

Clare 366 184 53 (14)

Wicklow 61 43 43 (70)

Louth 90 75 39 (43)

Limerick 95 95 30 (32)

Waterford 170 88 22 (13)

Meath 21 21 21 (100)

Dublin 99 54 12 (12)

Leitrim 5 5 5 (100)

Total 5675 2935 1535 (27)

* A more recent assessment of the length of the Irish coastline has been undertaken by Neilson & Costello (1999)
and shows some significant differences from previous calculations. However this cannot be linked to the length of
coastline at risk.
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Global warming is a well-established fact (IPCC, 2001a, b). As a

consequence thermal expansion of the oceans and more rapid melting of

continental glaciers and ice caps are expected to increase average sea level

by 15 to 95 cm by 2100 (WMO, 1998). Approximately 1760 km2 of the Irish

coast could be ‘at risk’ from one or more effects of rising sea level (Carter,

1991). There is a possibility that a combination of coastal erosion and

flooding could cause disruption in major coastal cities and towns. The

damage inflicted in Dublin by a combination of heavy rain and tidal surge in

February 2002 is an indication of this potential. The Shannon estuary and the

coasts of counties Mayo, Galway, Kerry, Donegal, Cork and Clare are also

considered to be vulnerable to sea-level rise, which could lead to the loss of

land areas, coastal amenities and wildlife habitat.

Clearly, the physical impacts of the sea are significant in both environmental

and socio-economic terms and there is evidence that rising sea-levels and

increasing storm frequency and wave energy can increase the rate of erosion

and the incidence of storm and flood – related events. The availability of

accurate data in the inshore zone will assist in the understanding, predicting

and managing coastal erosion by:

• aiding the development of coastal flooding prediction models;

• mapping of the land/sea boundary that will allow more accurate definition of

high and low water to enable better estimates of the extent coastal erosion;

• aiding coastal geomorphologists/engineers in the development of wave

and sediment transport models; and

• providing information on offshore sand and gravel resources (location and

thickness) to identify materials that can be used to respond to coastal erosion.



2.8 Integrated coastal zone management
The continued expansion of a range of competing socio-economic activities

and natural resources close to the shoreline has complicated the task of

sustainable coastal resource utilisation/conservation. Integrated Coastal Zone

Management (ICZM) is a means of protecting coastal ecosystems while

facilitating sustainable economic activities is gaining momentum at both

national and international levels. ICZM is defined as:

A continuous process of administration which seeks, through more

efficient and holisticpmanagement to:

• Establish and maintain the sustainable use and development of the

resources of the coastal zone so as to improve the quality of life and of

human communities dependent on these resources; and

• Maintain the biological diversity and productivity of coastal ecosystems,

and to improve the quality of the coastal environment.

(Brady Shipman Martin, 1997).

ICZM is particularly relevant to areas where the economy depends on forms of

tourism and recreation for which the sea, seashores, marine landscapes and

associated flora and fauna are major attractions. The government published a

draft policy on coastal zone management in 1997 (Brady Shipman Martin,

1997). As yet no central policy or strategy on ICZM has emerged. However,

the Coastal Zone Administration Division of the DCMNR is currently working

towards developing a strategy and legislative framework for ICZM (Department

of the Marine and Natural Resources, 2001) as a response to Council

Recommendation 2000/413/EC on ICZM14. The Recommendation requires

Member States to develop a strategy (or strategies) to implement the

principles of ICZM and to report on proposed strategies for the implementation

of ICZM by 2006.

ICZM is predicated upon the availability of empirical socio-economic and

scientific data and their subsequent interpretation and integration within a

management framework. Clearly one of the fundamental pre-requisites for

ICZM is an appropriate and evolving scientific database to inform government

policy and day-to-day decisions on coastal management. A comprehensive

inshore mapping programme is the first step in this process.
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14Recommendation of the European Parliament and of the Council of 30 May 2002 concerning the implementation
of Integrated Coastal Zone Management in Europe (2002/413/EC). OJ L 148 06.06.2002, p. 24-27.
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The availability of data generated through an inshore mapping programme will

assist in the development and implementation of ICZM by, for example:

• Providing information on the location and extent of habitats important 

for the purposes of both nature conservation and exploitation of

renewable resources;

• Allowing informed decisions to be made in determining policies for competing

interests, e.g. wind energy/aggregate extraction/fish habitats/conservation

objectives in relation to offshore sand and gravel banks;

• Providing local authorities with information to assist in planning projects such

as pier and marina developments and coastal protection works;

• Allowing for the better design and siting of cables, pipelines and discharge

pipes in the inshore zone to minimise environmental disturbance;

• Providing baseline data for tidal surge and flood prediction models;

• Reducing the likelihood of inshore boundary disputes caused by

conflicting interpretations of high water and low water such as those that

currently occur in relation to the location of aquaculture structures; and

• Assist in the identification of suitable sites for disposal of dredge spoil

material associated with various capital (e.g. tunnels, pipelines and

bridges) and maintenance (e.g. ongoing dredging in ports) projects.



2.9 Conclusions
Since 52% of the population lives within 10km of the coastline, the inshore zone

is the focus of a considerable level of activity notably in the shipping, fishing,

aquaculture and leisure industries. It is likely to become the focus of greater

activity in the areas of renewable energy and aggregate extraction. Onshore

coastal activity in certain areas is under threat from coastal erosion and/or rising

sea level. There is development in the inshore zone associated with major

shipping ports along the east, south and west coasts, fishing ports along the

east, south and west coasts and the international provision of ports of refuge

around the coast. Offshore and transnational energy and communications links

are being developed by the laying of pipelines and cables. A growing marine

tourism and leisure industry is distributed around the coast.

Harvesting of renewable resources in the fishing, aquaculture and seaweed

sectors, particularly in the peripheral areas in the country, contributes to the

sustainability of these areas. The nearshore environment has potential for the

development of renewable energy resources such as wind, wave and tidal

power. Non-renewable sand and gravel resources lying in the outer coastal

zone have yet to be exploited and the coal and heavy mineral sands deposits

also exist but are as yet unquantified. A growing number of protected natural

heritage areas lie in the inshore zone. These comprise Natural Heritage Areas,

Special Protection Areas and Special Areas of Conservation. Cultural heritage

areas, lying in the inshore zone, are currently being assessed and will add to

the areas being afforded State protection.

A simple matrix of the principal activities and resources in the various sectors

of the coastal zone (see Figure 2.1) is presented below in an attempt to give

an overview of the level of economic activity and the extent of natural and

cultural resources (Table 2.5). This is used partly to prioritise mapping on a

coastal sector basis (Chapter 8).

NDP Marine RTDI Desk Study Series   REFERENCE: DK/01/007

2.0  IRISH INSHORE ZONE AND POTENTIAL MAPPING REQUIREMENTS

47



NDP Marine RTDI Desk Study Series   REFERENCE: DK/01/007

2.0  IRISH INSHORE ZONE AND POTENTIAL MAPPING REQUIREMENTS

48

Activities & Resources/Sector No.1 1 2 3 4 5 6 7 8

Coastal Towns
Existing gateways2 1 2 – 1 1 – – –
Potential gatieways2 1 – – – – – 1 1
Hubs2 1 – 1 – – – 1 –

Shipping Ports
No of Ports in Top 203 8 5 2 2 2 – 2 –
% of goods handled3 43.9 27.6 3.2 23.4 1.7 – 0.2 –
No. of Strategic ports4 2 2 – 1 1 – – –

Fishing Ports
% of landings (tonnage)5 5.9 17.4 12 0.3 5.7 0.4 43.3 11
% of landings (value)5 12.2 21.5 21 0.4 7.8 0.3 16.9 8.9
No. of ports5 8 8 9 1 4 1 1 6
National Fishery Harbour Centre6 Howth Dunmore E. C’bere – Rossaveal – Killybegs –

Tourism and Leisure7

Existing marinas & pontoons 4 10 6 4 – – – 1
Identified priorities for large 
and medium scale marinas 2 2 2 – 2 2 2 3

Fishing Activity Yes Yes Yes Yes Yes Yes Yes Yes
Herring spawning beds No Yes Yes No Yes Yes Yes Yes

Aquaculture
Finfish No No Yes No Yes Yes Yes Yes
Shellfish Yes Yes Yes Yes Yes Yes Yes Yes

Renewable Energy8

Existing wind Yes No No No No No No No
Potential wind Yes Yes No Yes ? No No No
Potential wave No No Yes Yes Yes Yes Yes Yes
Potential tidal Yes No Yes Yes No Yes Yes Yes

Non–Renewable Resources9

Sand and gravel Yes Yes Yes Yes Yes Yes Yes
Maërl deposits No No Yes No Yes Yes Yes Yes
Coal deposits Yes Possible No No No No No No
Heavy mineral sands No No Yes No No Yes Yes Yes

Natural Heritage
No. of SACs10 6 9 7 2 10 4 7 7

Cultural Heritage
Shipwrecks and other 
underwater monuments11 Yes Yes Yes Yes Yes Yes Yes Yes

Notes:
1: Refer to Figure 2.1

2: As defined in the National Spatial Strategy (Department of the Environment,
Heritage and Local Government, 2002a).

3: As a percentage of goods handled – Statistics of Port Traffic 2001 (Central Statistics Office, 2002b)

4: Possible targets for future investment (Burke Consulting et al., 2003).

5: The % tonnes and values of landings are for the top 39 ports, as reported by the CSO for 2000 (Central
Statistics Office, 2002c) and account for 95.6% and 89.2% of all landings. Smaller ports make up the balance.
The number of ports refers to the number in the top 39 (Central Statistics Office, 2002c). See also Appendix 4.

6: As defined under the Fishery Harbour Centres Act, 1968 (No. 18/1968) and the Fishery Harbour Centres Act,
1980 (No. 22/1980).

7: Refer to Table 2.2. Identified priorities are as proposed by the Marine Institute (2001).

8: Sources – Kirk, McClure Morton, 2000; Marine Institute (unpublished).

9: For further information refer to Figure 2.13. Sources – De Grave et al., 2000; Sutton et al., 2001; 
Geoghegan et al., 1989).

10:Refer to Figure 2.14 and Table 2.3.

11:Refer to Figure 2.15.

Table 2.5: The location and extent of the principal activities and resources on a coastal sector basis 
(Refer to Figure 2.1).
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Table 2.5 shows that the principal activities and resources in the inshore zone

would benefit from (1) accurate bathymetric mapping (coastal towns, ports,

tourism and leisure, renewable energy and cultural heritage) and (2) seabed

classification and habitat mapping (tourism and leisure, fishing activities,

aquaculture, renewable energy and non-renewable resources, and cultural

heritage). An inspection of Table 2.5 shows that resources and activities

around the coast are more concentrated in coastal sectors 1, 2, 4 and 5

than in sectors 3, 6, 7 and 8.
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3.1 Introduction
This chapter examines the legislative imperative for an inshore mapping

programme (international, EU and national) and the plans and policies of the

principal stakeholders in the inshore zone. The overall examination of

legislative and policy requirements is divided into three areas; legislation and

mapping requirements, plans and policies and environmental monitoring and

mapping. Following consultation with stakeholders (Appendix 1) it became

apparent that their mapping requirements could be divided into three broad

categories namely hydrographic mapping, seabed classification and habitat

mapping and archaeological mapping. Legislation, plans and policies have

been reviewed to assess whether they have any requirements, explicit or

implicit, for the development and application of marine mapping to the three

identified broad categories.

Whilst in many instances mapping is not an absolute requirement it will

provide considerable assistance in implementing legislation/policies and in

achieving specific goals. This analysis of legislative and policy needs provides

part of the basis for defining future mapping needs (Chapter 8).

3.2 Legislation and mapping requirements
3.2.1 Hydrographic mapping

The current status of hydrographic data and charts in Irish waters is outlined in

Box 2 (and illustrated in Figure 3.1), together with current arrangements vis a vis

hydrographic surveying. The legal obligations for surveying are outlined below.

SOLAS Convention1

Possibly the most important international convention dealing with maritime safety

is the 1974 International Convention for the Safety of Life at Sea (SOLAS) – to

which Ireland is a contracting party. Chapter V of the convention deals with the

safety of navigation and identifies certain navigation safety services that should

be provided by contracting governments. Regulation 9 (§1) of this chapter,

which came into force in July 2002, requires “Contracting Governments to

undertake to arrange for the collection of hydrographic data and the publication,

dissemination and keeping up to date of all nautical information necessary for

safe navigation”. In particular, contracting governments must, according to

Regulation 9.2, “undertake to co-operate in carrying out, as far as possible, the

following nautical and hydrographic services…:

• to ensure that hydrographic surveying is carried out, as far as possible,

adequate to the requirements of safe navigation;

• to prepare and to issue official nautical charts, sailing directions, lists of

lights, tide tables and other official nautical publications, where applicable,

satisfying the needs of safe navigation;

3.0 Legislative and Policy
Requirements for Mapping
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1International Convention for the Safety of Life at Sea, 1974.
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• to promulgate notices to mariners in order to keep official nautical charts

and publications, as afar as possible, up to date;

• to provide data management arrangements to support these services”.

The convention clearly requires the Irish Government to either establish its

own hydrographic service including nautical charts/publications or make

formal arrangements with another contracting government to provide such

services. Currently, the UK Hydrographic Office (UKHO) publishes and

maintains charts and nautical publications for Irish Waters, without any formal,

financial or statutory support from the Irish Government. Continuance of this

ad-hoc arrangement would not conform to the requirements of Regulation 9

of the SOLAS Convention.

The International Maritime Organisation (IMO) has no mandate to enforce the

SOLAS Convention and it is entirely the responsibility of contracting

governments to undertake to give full and complete effect to the implementation

of the convention.
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Box 2. The Need for Hydrographic Surveying

What is hydrography?

Hydrography is i) the science of surveying the parameters necessary to determine 

the configuration and nature of the seabed, its relationship to the adjoining land, 

and the characteristics and dynamics of the sea; and ii) the production of paper 

and electronic charts based on the data from such surveys.

The importance of hydrography?

Hydrographic data is primarily used to compile charts for use by mariners and others

involved in the development and management of marine resources. The demand for

additional and more accurate hydrographic data has increased significantly over recent

years – driven by advancements in data acquisition as well as electronic charting

technology. This demand comes form a wide range of sectors operating in the inshore

zone, including port and shipping activity, fishing, aquaculture, renewable energy, marine

leisure activities and many other marine-based activities (e.g. design and sitting of coastal

structures, discharge pipes, marine cables and pipelines) for which accurate hydrographic

data is important. The availability of accurate charts has led to conflicts in the interpretations

of high water and low water and the need to accurately define these. Reliable charting will

reduce the likelihood of inshore boundary conflicts such as those that currently occur in

relation to the location of aquaculture structures.

Hydrographic surveying and charts in Ireland

Navigational charts for Irish waters are provided by the United Kingdom Hydrographic 

Office (UKHO), a branch of the Admiralty. Historically, the Admiralty was responsible for

hydrographic surveying and production of charts in Irish waters. The majority of the 80

Admiralty Charts that cover Irish coastal waters are based substantially on 19th century

leadline surveys. There has been no official systematic revision of charts since the 1920s,

as the UKHO has had no formal responsibility for the charting of Irish waters. It has

continued to survey priority areas (e.g. for military purposes) and produce and update

charts using information collected by port authorities, the Commissioners of Irish Lights 

and others.

It has been estimated that 75% of the current charts for Irish waters are deficient (Mooney 

& Prendergast, 1991). Recent studies of the accuracy of Irish charts have shown that there

are significant differences between the data appearing on Irish charts and the actual depths

as recorded with modern survey techniques (Delaney, 1997; Wallace, 2001). Wallace

(2001) compared soundings taken by the Marine Institute survey vessels with information

from a model of the data contained in 17 charts for Irish coastal waters. The results

revealed that:

· 52% of the data (calculated by chart area) were collected before 1860;

· over 10% of the data points covered showed water depths greater than those marked on

the charts;

· approximately 100 areas show significant difference between the chart and modern ships

data; and

· features such as sand banks and deep holes are mapped out of position or are

sometimes missing.

The inshore zone is the area for which accurate charts are most urgently required. New data

will be forthcoming for specific areas within this zone from recent surveys. Examples include

the pilot multibeam survey of Galway Bay conducted by the Marine Institute in 2001, and a

LIDAR survey carried out on behalf of the GSI in Clew Bay in 2002. However, these surveys

represent an almost insignificant proportion of the total area within the inshore zone.
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Figure 3.1: The status of Hydrographic surveys in Irish waters. © British Crown Copyright 2003. Reproduced from
Admiralty Chart Q6090 by permission of the Controller of Her Majesty’s Stationary Office and the UK Hydrographic
Office (www.ukho.gov.uk).

The Civil Liability Convention (CLC)2

The International Convention on Civil Liability for Oil Pollution Damage, 19693,
was adopted to ensure that adequate compensation is available to persons
who suffer oil pollution damage resulting from maritime casualties involving 
oil-carrying ships. The CLC applies to oil pollution damage resulting from
spills (accidental or deliberate) from laden tankers and suffered in the territory
(including the territorial sea) of a Contracting State. The only criterion for its
applicability is, therefore, where the damage occurred. A 1992 Protocol
extends the Convention to cover spills from both laden and unladen tankers,
including bunker oil from such ships.

2The International Convention on Civil Liability for Oil Pollution Damage (CLC), 1969.
3The 1969 Convention is being replaced by its 1992 Protocol.
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The Convention places the liability for such damage on the owner of the ship

from which the polluting oil escaped or was discharged. The ship owner may

be exempted from liability only in a few particular cases. Article III.2.c of the

CLC states that:

No liability for pollution damage shall attach to the owner if he proves that

the damage…was caused by the negligence or other wrongful act of any

government or other authority responsible for the maintenance of lights or

other navigational aids in the exercise of that function.

The Swedish Supreme Court ruled that a nautical chart was a ‘navigational aid’

within the meaning of Article III.2.c of the CLC, and that updating of such charts

was classified as ‘maintenance’. This ruling related to a case in which the

Swedish Hydrographic Office was held legally liable for the consequences of a

defective marking on a chart, following an incident in which a Russian tanker

struck a rock that was marked in the wrong place in a navigation channel.

Box 3. Marine Pollution

With heavy marine traffic and poor weather conditions the probability of either a

grounding or collision increases. The liability for such accidents will obviously depend

on particular circumstances, however, the State will invariably be involved in salvage

and clean-up operations related to marine accidents. The recent sinking of the

Prestige off the Spanish coast and leakage of crude oil highlights that serious marine

pollution incidents are possible in Irish waters or have the potential to affect Irish

waters. News reports from Spain indicate that damages and lost incomes will total

billions of euro, which are consistent with costs of between $1/ US gallon and

$923/US gallon associated with oil spills in the United States (Helton and Penn,

1999). It is therefore in the State’s interest to minimise both the probability of shipping

accidents occurring and when a pollution incident does occur minimise its exposure

to liability for costs.

Under the 1992 Civil Liability Convention oil-tanker owners are liable for costs

associated with oil spill damages but in the event that the damage is due to public

authority negligence in maintaining lights or other navigational aids the tanker owner is

exempt from liability. Given the lack of accurate bathymetry data for Irish coastal

waters the possibility that the government could be held liable for the cost of

damages in the event of an oil spill is real. Therefore, in addition to the implications for

State responsibilities in the fishing, tourism and other sectors, the State may also be

liable for the cost of mitigation and replacement. In light of this, a portion of the cost

of an inshore survey could be viewed as an insurance policy premium against

liabilities that might arise from the Civil Liability Convention.

Regardless of liability for oil spill damages, a clear benefit of undertaking an inshore

survey is the provision of information that may curtail damages associated with marine

pollution incidents. Data from such a survey could be used to minimise pollution

damage, for instance, by allowing containment resources to be deployed at critical

locations, based on tidal flow data etc.
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The Oil Pollution of the Sea (Civil Liability and Compensation) Act, 1998

The Oil Pollution of the Sea (Civil Liability and Compensation) Act, No. 11 of

1988, gives effect in Irish law to the CLC, and makes provision for the

assessment of the liability, and compensation, for oil pollution damage in the

territorial seas and inland waters of the state.

As with the CLC, this Act specifically states that the owner of a ship which has

caused pollution will not be liable for such damage if he proves that the

discharge of oil which caused the damage was due “wholly to the negligence or

wrongful act of any government or other authority responsible for the maintenance

of lights or other navigational aids in the exercise of that function” (Part II, § 8).

United Nations Convention on the Law of the Sea (UNCLOS)

The 1982 United Nations Convention of the Law of the Sea (UNCLOS) is

designed to implement “a legal order for the seas and oceans which will

facilitate international communication, and will promote the peaceful uses of

the seas and oceans, the equitable and efficient utilization of their resources,

the conservation of their living resources, and the study, protection and

preservation of the marine environment”. The convention sets down, inter alia,

the means by which parties to the convention can determine and define the

limits of their territorial sea (Section 2), Exclusive Economic Zone (EEZ)

(Section V) and the extent of their continental shelf (Section VI). The definition

of these three important boundaries is based upon a baseline. For example

the breadth of the territorial sea of a state is established “up to a limit not

exceeding 12 nautical miles, measured from baselines determined in

accordance with this Convention” (Article 3). In turn the exclusive economic

zone “shall not extend beyond 200 nautical miles from the baselines”. For the

purposes of the convention the normal baseline is defined as “low-water line

as marked on large-scale charts”4. Finally, Article 16 of the convention states

that baselines should be shown on “charts of a scale or scales adequate for

ascertaining their position” or, alternatively, a list of “geographical coordinates

of points, specifying the geodetic datum” may be used.

4In areas where the coastline is deeply indented and cut into, or if there is a fringe of islands along the coast in its
immediate vicinity, the method of straight baselines joining appropriate points may be used to draw the baseline.



Clearly, definition of maritime boundaries under UNCLOS requires an

accurate definition of the low-water mark. Accurate charts do not exist for

much of the Irish coastline (See Box 2, Chapter 3) and an accurate definition

of the low-water mark is therefore not possible. Mapping across the

subtidal/intertidal interface would resolve this issue and assist in accurate

definitions of baselines to fulfil the requirements of UNCLOS. There has been

no discussion at government level on baselines. However, there seems to be

three possible ways forward:

• Current baselines could be brought into a modern datum.

• Existing control points could be re-surveyed and baselines brought into a

modern datum.

• A fundamental re-survey of all coastal baselines (including islands out to

12 miles from the coast).

Water Framework Directive (2000/60/EC)5

The EU Water Framework Directive (WFD) came into force in December

2000, establishing a new framework for Community action in the field of

water policy. The aims of the WFD are to establish a framework that will:

• prevent further deterioration and protect and enhance the status of

aquatic ecosystems;

• promote sustainable water use;

• aim at enhanced protection and improvement of the aquatic environment;

• ensure the progressive reduction of pollution of ground water; and

• contribute to mitigating effects of floods and droughts.

The objectives of the WFD will be achieved in Ireland by the implementation

of River Basin Management Plans (RBMPs), within designated River Basin

Districts (RBDs), and designed to establish an integrated approach to

catchment management. To date, five River Basin District Management

Projects have been established in Ireland: Western, Shannon, South Western,

South Eastern and Eastern.

The remit of the Directive extends to inland surface waters, groundwater 

and estuarine and coastal waters. Coastal waters are defined by the Directive

as follows:

“surface water on the landward side of a line which is at a distance of one

nautical mile on the seaward side from the nearest point of the baseline from

which the breadth of territorial waters is measured, extending where

appropriate up to the outer limit of transitional waters” (Article 2, §7).
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5Directive 2000/60/EC of the European Parliament and of the Council of 23 October 2000 establishing a
framework for Community action in the field of water policy. OJ L 327, 22.12.2000, p. 1-70.
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The baseline that defines the outer limit of the area covered by the WFD is

defined for Ireland by the Maritime Jurisdiction Act, 1959 (Straight Baselines)

Order, 19596 (Figure 3.2). Where baselines have not been defined by this

Order (e.g. Carlingford Lough to Carnsore Point) the baseline is low water

mark. However, within the context of the implementation of the WFD the

baseline for this sector of the coast is being revised. In some areas of the

coast, notably Donegal Bay, parts of the Galway and Mayo coasts and

outside the bays in the southwest, coastal waters, as defined by the WFD,

extend beyond the area covered by this study (i.e. 0–50m).

In the context of the full implementation of the Water Framework Directive the

EPA has identified a desire for the creation of hydrodynamic models for use in

water management planning and therefore there may be requirements for

more accurate bathymetry – a crucial element in the development of accurate

models in the near shore environment. Bathymetry is required for the

characterisation of hydromorphological features of waterbodies and is also

necessary for the creation of hydrodynamic models for use in water

management planning under the Directive (Annex II). Annex II (§1.5) states

that Member States may utilise ‘modelling techniques’ to assist in the

assessment of the susceptibility of surface (including coastal) waters to

anthropogenic pressures.

The Department of the Environment and Local Government has issued

‘Guidelines for the Establishment of River Basin Management Systems’

(Department of the Environment and Local Government, 2002c). These

guidelines state that within the context of the implementation of the WFD

‘enhanced monitoring regimes will be developed and implemented for

potential problem areas’ (with regard to eutrophication) in order that ‘water

status can be accurately determined and appropriate management measures

established’. The guidelines state specifically that ‘modelling of estuaries will

be undertaken, where necessary for this purpose’. However, the detailed

requirements are as yet unknown and a national working group is currently

examining the issue.

6S.I. No. 173 of 1959.



Figure 3.2: Outer limit of the proposed inshore mapping area in relation to the baseline used to determine the limits
of the EU Water Framework Directive. Also shown is the baseline proposed for the east coast and the area east of
Malin Head. N.B. The remit of the Water Framework Directive extends one mile beyond the baseline.

In the absence of a directive on Integrated Coastal Zone Management

(ICZM), the WFD is viewed by the EC as part of the mechanism within which

to adopt ICZM. The European Commission is expected to produce detailed

guidelines for Member States, indicating how policies related to coastal zones

can be incorporated into River Basin Management Plans.

N.B. It is likely that additional national legislative measures may be 

necessary in due course to give full effect to the requirements of the 

Water Framework Directive.
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3.2.2 Seabed classification and habitat mapping

OSPAR Convention7

The OSPAR Convention requires the Contracting Parties, inter alia, to carry

out research that is considered necessary to increase our knowledge and

understanding of the marine environment. The Revised OSPAR Joint

Assessment and Monitoring Programme (JAMP) sets out the basis on which

the OSPAR Contracting Parties should work together in fulfilling their

obligations over the period until 2010 (OSPAR, 2002). The objectives of the

JAMP include the carrying out of thematic assessments under the various

OSPAR strategies (five strategies). Under the Strategy on the Protection and

Conservation of the Ecosystems and Biological Diversity of the Maritime Area

the JAMP lists one of the issues to be addressed as ‘the distribution of

habitats and species’. It states that during the period of the JAMP

(2002–2010) a GIS-based habitat map of the convention area will be

prepared to assist in a proper assessment of the ‘status of species and

habitats’ in the OSPAR maritime area.

The Biodiversity Committee (BDC) of OSPAR has agreed on the need 

‘to prepare habitat maps of the OSPAR maritime area, showing the spatial

distribution and extent of habitats according to a consistent classification

system, to meet the needs of OSPAR in the assessment and protection of

marine habitats’. The BDC are currently considering proposals on how to

proceed with habitat mapping activities in the OSPAR maritime area (OSPAR,

2003). These proposals state the requirements for developing both maps of

specific priority habitats (e.g. intertidal mudflats, Zostera beds and Ostrea

edulis beds) and holistic habitat maps. Specifically, in relation to holistic maps,

the proposals state that “OSPAR should encourage the data collation at

national level that is needed to provide international–level information” and

envisages that one of the phases of the process will be the requirement for

new surveys to fill gaps.

Marine habitat mapping is an essential tool for the development of a range of

OSPAR products such as those related to threatened and declining habitats,

the development of EcoQOs (Ecological Quality Objectives) and the

implementation of the JAMP. Clearly, the availability of habitat maps over

varying scales will assist considerably in fulfilling Ireland’s obligations under 

the OSPAR Convention.

7The OSPAR Convention for the Protection of the Marine Environment of the North-East Atlantic.



Habitats Directive (1992)8

The Habitats Directive outlines the conservation measures required by each

member state to list priority habitats and species, identify the areas of each

habitat requiring protection and put in place measures needed to maintain

their conservation importance. This is achieved through the designation of

Special Areas of Conservation (SACs), and management and other

development plans for these areas. Marine mapping programmes will provide

an essential tool, firstly in the identification of priority habitats and their extent

and species distribution; and secondly, following the selection of SACs, for

the development of management plans. Although this process has been

initiated in Ireland, future mapping studies may highlight additional areas of

nature conservation importance which may be designated in the future.

The National Parks and Wildlife Service (NPWS) require information on

habitats in the entire inshore area. However, the immediate requirement is 

for information for designated areas, principally SACs – but also SPAs. 

The current priority is on those SACs with a significant aquaculture industry.

Thereafter the priority is on the basis of levels of human activity/development

pressures and on the least known areas.

Mapping of the Irish marine candidate Special Areas of Conservation (cSACs)

is currently under way with five sites surveyed to date (See Section 7.4.3).

NPWS have indicated that Ireland’s marine SAC list may need to be

expanded to include habitats that are currently poorly represented. The

contribution of this information to future management plans for each site will

allow detailed ‘zoning’ of areas within the SAC for protection.

Article 11 of the Directive highlights the need for ‘surveillance of the

conservation status of the natural habitats and species’…’with particular

regard to priority natural habitat types and priority species’. Marine mapping

may be an appropriate tool to achieve this.
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Birds Directive (Commission of the European Communities, 1979)9

The Birds Directive covers the protection of wild birds and while it does not

directly refer to mapping activities it does, however, specify the need for the

“upkeep and management in accordance with the ecological needs of habitats

inside and outside the protected zones”. For coastal marine sites this includes

areas within the inshore zone. Annex V of the Directive lists research and work

which member states should pay particular attention to and includes “National

lists of species in danger of extinction or particularly endangered species,

taking into account their geographical distribution” and “listing and ecological

description of areas particularly important to migratory species on their

migratory routes and as wintering and nesting grounds”. Mapping of marine

bird distributions and their habitats (feeding and breeding) at a broad level may

contribute significantly to the objectives of the Birds Directive.

The Strategic Environmental Assessment SEA Directive (2001/42/EC)10

In 2001 the European Parliament adopted the SEA Directive, the objective of

which is “to provide for a high level of protection of the environment and to

contribute to the integration of environmental considerations into the

preparation and adoption of certain plans and programmes…which are likely

to have significant effects on the environment” (Article 1). For the purposes of

the Directive ‘plans and programmes’ are those that are “subject to

preparation and/or adoption by an authority at national, regional or local level”

(Article 2a). The Directive states that an environmental assessment shall be

carried out for all plans and programmes prepared for, inter alia, fisheries,

energy, industry, water management and tourism and “which set the

framework for future development consent” (Article 3 §2a).

The Directive entered into force in July 2001 and is due to be adopted into

national legislation by July 2004 – by which time member states are expected

to have identified the types of plans and programmes which would be subject

to environmental assessment pursuant to the Directive. At present the various

government departments and local authorities are considering those areas of

responsibility within their respective remits that may require the preparation of

a Strategic Environmental Assessment.

Annex I of the SEA Directive outlines the information to be provided in an

SEA. This includes information on the “environmental characteristics of areas

likely to be significantly affected” and “the likely significant effects on the

environment”. Therefore, assessments prepared for plans and programmes

that are either wholly or partially within the inshore zone will presumably

require a high level of baseline information on the inshore environment. Such

information could include bathymetry, seabed habitats, hydrodynamics etc.

9Council Directive 79/409/EEC on the Conservation of Wild Birds. Official Journal L 103, 25/04/1979.
10Directive 2001/42/EC of the European Parliament and of the Council of 27 June 2001 on the assessment of the
effects of certain plans and programmes on the environment. Official Journal L 197, 21/07/2001. p. 30-37.



Although the SEA Directive specifically states that an SEA must be carried out

for plans and programmes “which set the framework for future development

consent”, plans and programmes which do not specifically set a development

consent framework may also benefit from such an approach. For example, a

recently completed report (Parsons et al., 2002) recommends that further

development of offshore wind energy should be the subject of an SEA to

identify the most suitable offshore sand and gravel banks for development

and those that may require protection for natural resources or conservation

purposes. Such an assessment would require a significant amount of data

over a relatively large area. The DCMNR are considering the need to

formulate a policy in relation to the extraction of offshore sands and gravels

(Department of the Marine and Natural Resources, 2000b). Within the context

of the need to protect gravel beds that act as spawning grounds for herring in

the inshore zone the aggregates industry and fishing interests have

expressed the need to define exclusion zones and ‘constraint free’ areas for

extraction of aggregates (Molloy & Kennedy, 2001). A strategic environmental

assessment may go a long way towards developing a framework for the

expansion of the marine aggregates industry whilst protecting important

herring spawning areas.

Water Framework Directive (2000/60/EC)

The requirements of the WFD vis a vis hydrographic mapping have been

reviewed above. Although there are no specific requirements within the WFD

for ecological (species, habitat or biotope) mapping, some aspects of the

typology assessment could require broad-scale mapping. Maps will be

required of the distributions of major seabed structural types and associated

biological assemblages, particularly in the context of protected areas, but more

generally for the required characterisation of biological quality elements in tidal

waters relevant to the WFD. The availability of habitat maps for these areas

could feed into ongoing reviews of the typologies, required by the directive.

Rio Convention on Biological Diversity (1992)11

Ireland ratified the Rio Convention on Biological Diversity in 1996, and gave a

commitment to implement it in 1998 (Department of Arts, Heritage, Gaeltacht

and the Islands, 1998). Although there is no national legislative framework for

its implementation, a Biodiversity Action Plan (Department of Arts, Heritage,

Gaeltacht and the Islands, 2002) outlines the need to ‘enhance surveys and

research on marine biodiversity through the implementation of a prioritised

programme of surveys and mapping of marine benthic species and

communities’ in response to Ireland’s commitment to the Rio Convention.
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Council Regulation (EC) No. 1543/200012

Council Regulation 1543/2000 establishes a Community framework for the

collection and management of the data needed to conduct the common

fisheries policy. Member states are responsible for collecting both economic

and biological data. Specifically, Article 4 (§2) states that member states shall

“undertake scientific research at sea to evaluate the abundance and

distribution of stocks…in the case of stocks where such evaluations are

possible and useful”. Annex II of the regulation lists reference species and

fishing areas, i.e. ICES divisions (e.g. VIIa), for which data should be

collected. The species listed include many that are fished in the Irish inshore

zone, for example herring, prawns (Nephrops), scallop and crabs. Seabed

mapping techniques have been used recently in the inshore zone to

determine distribution and abundance of prawns and scallops and the extent

of herring spawning grounds. Such surveys help to fulfil the requirements of

Regulation 1543/2000. Stakeholders have identified an ongoing need for

assessment of these species and indeed an expanded need for mapping of

distribution and abundance of other inshore species.

Council Recommendation 2002/413/EC13

Council Recommendation 2002/413/EC makes recommendations to EU

Member States on a strategic approach to ICZM. Member States are

requested to develop a strategy (or strategies) to implement the principles of

ICZM. The recommendation states that the formulation of national strategies

require, inter alia, a ‘sound scientific basis concerning the evolution of the

coastal zone’. Within such a context the availability of information generated

through a marine mapping programme would greatly assist in the

development of integrated coastal zone management. The timetable for the

Recommendation requires Member States to report on proposed strategies

for the implementation of ICZM by 2006. The Coastal Zone Administration

Division of the DCMNR is working towards developing a strategy and

legislative framework for ICZM (Department of the Marine and Natural

Resources, 2001). A senior civil servant has recently been appointed to

oversee Ireland’s response to the recommendation.

12Council Regulation No. 1543/2000 of 29 June 2000 establishing a Community framework for the collection and
management of the data needed to conduct the common fisheries policy. OJ L 176 15.07.2000, p. 1-16.
13Recommendation of the European Parliament and of the Council of 30 May 2002 concerning the implementation
of Integrated Coastal Zone Management in Europe (2002/413/EC). OJ L 148 06.06.2002, p. 24-27.



3.2.3 Archaeological mapping

The 1992 European Convention on the Protection of Archaeological Heritage

(The Valletta Convention), which is ratified by Ireland, obliges the state to, inter

alia, “facilitate the study of archaeological discoveries by making or bringing up

to date maps, surveys and inventories of archaeological sites”. Ireland also

has a commitment under UNCLOS (Article 303/1) to protect objects of an

archaeological and historical nature found at sea.

The National Monuments Acts, 1930 to 1994, provide a statutory basis for

the protection of the Ireland’s archaeological (including underwater) heritage.

All shipwrecks over 100 years old and archaeological objects situated

underwater are afforded comprehensive protection under Section 3 of the

1987 National Monuments (Amendment) Act. The act stipulates that

developments (e.g. ports, wind farms, marinas etc.) and activities (e.g. port

dredging, shellfish dredging) in the inshore zone require archaeological

assessment. Applications for foreshore licences (under the Foreshore Acts

1933 to 199814) or dumping at sea licences (under the Dumping at Sea Act

1996) are referred by the Department of Communications, Marine and Natural

Resources to the Underwater Archaeology Unit for consideration. The Unit

may recommend conditions be attached to the granting of such licences.

Such conditions can include the requirement to carry out geophysical surveys

(side-scan sonar and/or magnetometer survey).
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3. Fisheries and Foreshore (Amendment) Act, 1998 (No. 54)
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3.3 Plans and policies
The following reviews the relevant plans and policies of the principal

stakeholders in the inshore zone to highlight the means by which a large-

scale inshore mapping programme may assist in the implementation of such

policies. The review is focused on the two government departments, DCMNR

and DoEHLG, and the agencies within their respective remits, with

responsibilities in the inshore zone.

3.3.1 Department of Communications, 

Marine and Natural Resources (DCMNR)

The Department and the agencies under its aegis (such as BIM, the Marine

Institute and the GSI) have responsibility for regulating, protecting and

developing Ireland’s marine and natural resources. The Department has a

wide range of roles and functions in the areas of maritime transport, public

safety, environmental protection and coastal zone and natural resources

management and development. Its key responsibilities include:

• Development of maritime transport and port services;

• Marine safety promotion and enforcement and emergency 

response provision;

• Protection of the marine environment;

• Management and development of the marine coastal zone;

• Management and development of the seafood and inland fisheries sectors;

• Development of marine tourism and leisure;

• Promotion of minerals and hydrocarbons exploration and development; and

• Marine and natural resources research, technology, development 

and innovation.

The Strategy Statement of the Department (Department of the Marine and

Natural Resources, 2001) sets out sectoral policy goals and related

objectives and strategies for each of these areas for the period 2001–2003.

The establishment of a large-scale inshore mapping programme will

contribute significantly towards the achievement of some of these objectives.

Table 3.1 lists such policy objectives/strategies and comments on the benefit

of inshore mapping to their achievement. The DCMNR strategy statement is

currently undergoing review but it is unlikely there will be major changes to the

objectives and strategies needed to implement the sectoral policies.



Marine Institute

The Marine Institute is the national agency in Ireland with a remit “to undertake,

to co-ordinate, to promote and to assist in marine research and development

and to provide such services related to marine research and development,

that in the opinion of the Institute will promote economic development and

create employment and protect the environment.” – Marine Institute Act, 1991

As part of this remit, the Marine Institute is collaborating with the Geological

Survey of Ireland in the management and development of the Irish National

Seabed Survey. The Institute has two multipurpose research vessels 

(RV Celtic Explorer and RV Celtic Voyager) that are fully equipped to survey 

to hydrographic standard in coastal and deepwater areas. The Institute has 

a multidisciplinary team of experts including hydrographers, geologists,

engineers, fisheries scientists, chemists, oceanographers, data processors

and managers that are employed on survey work throughout the year. The

current focus of the Institute’s Seabed Survey activities is in Zone 2 (water

depths 50 to 200m).

The Marine Institute also carries out –150 days of fisheries surveys and 50

days of environmental and oceanographic surveys annually. Its policy is to

facilitate the execution of high-quality interdisciplinary surveys and process,

interpret and manage integrated marine datasets. The Institute is investing in

the development of an integrated marine data repository to support these

objectives. It has an intensive monitoring programme focussed on the

interactions amongst sectors such as aquaculture, fisheries, offshore oil and

gas and aggregates extraction on the one hand, and the marine environment

on the other. One of its services groups, the Irish Maritime Development

Office, is dedicated to the development of the shipping and shipping service

sector. It promotes the idea of a safe environment for ships in Irish waters,

and has an immediate priority of updating navigational charts, particularly in

the 0–50m zone.

The Marine Institute has the following strategic priorities:

• An improved inventory of subtidal habitats and ecological communities;

• Studies to better understand the physical dynamics of Irish coastal

waters;

• Investigations and model factors governing the occurrence of harmful

algal blooms;

• A major programme of exploratory fishing to chart fishing grounds both in

offshore and shallow waters to identify breeding grounds and nursery

areas and to guide trawling activities;
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• Oceanographic information (including bottom topography) to assist

sustainable fisheries development and management;

• Investigations into the potential for developing new fisheries; and

• Stock assessment of existing and potentially commercial exploitable species.

A large scale inshore mapping programme will provide essential data and

products to realise the Marine Institute’s strategic priorities.

Bord Iascaigh Mhara

Bord Iascaigh Mhara (BIM) is the State Agency with responsibility for

developing the Irish seafood industry. Within BIM both the Fisheries and

Aquaculture Development Divisions have responsibilities in the inshore zone.

The remit of the Fisheries Development Division is to promote the sustainable

development of the sea fisheries sector through the pursuit of new fishing

opportunities, conservation measures and the renewal, modernization and

restructuring of the fishing fleet. In recognition of the importance of the inshore

sector to the overall Irish fishing industry BIM carried out a review in 1998 of

the sector. The study pointed out that while ‘a number of species have been

the subject of noteworthy scientific studies’ there was ‘little documented

information on resource distribution and abundance’ and that ‘information on

the status of inshore stocks is required with a view to the provision of advice

on options for the sustainable management of the resource’. It recommended

‘an enhanced stock assessment and research programme for the inshore

fisheries sector’ and ‘enhanced inshore fisheries development programmes’. 

A number of specific priorities have been identified under the Fisheries

Development Programme of the NDP. These include:

• Improved fishery management in the inshore sector; and

• Continued development of fishing opportunities and techniques for non-

quota and under-utilised species. Many of the species fished in the

inshore zone fulfil these criteria.

BIM are currently involved in a number of projects using technologies such as

RoxAnn and multibeam to map recruitment areas and fishing grounds of

species such as scallop and brown crabs (see Section 7.4.3).

BIM’s Aquaculture Development Division provides a support framework for the

development of the aquaculture industry through its Development, Technical

and Environment and Quality Initiatives. Under the technical support

programme specialist technical assistance is provided to the aquaculture

sector in a number of areas, including assistance with site selection and

evaluation, and developing and evaluating new methods of growing fish and

shellfish species and conducting trials for cultivation in new areas. Information

generated through inshore mapping will assist in the identification of new sites

appropriate for development.



Geological Survey of Ireland

The Geological Survey of Ireland (GSI) provides expertise and advice to a

wide variety of stakeholders involved in developments in the inshore area. 

The GSI is interested in hydrographic mapping, oil and gas exploration and

production, aggregates exploration and production, mineral exploration and

coal exploration. In addition, the GSI maintains interests with the fishing,

communications, electricity supply and coastal engineering sectors and

collaborates with Local Authorities, e.g. on environmental issues. The GSI

also collaborates with universities in the areas of geological, geochemical,

geophysical and benthic science.

The GSI was responsible for initiating the Irish National Seabed Survey (NSS).

After the Government approved the NSS under the direction of the GSI, the

GSI commissioned a report from the CCMC to advise on the design and

implementation of an NSS that encompassed all of Ireland’s territorial waters.

By 2003, the GSI had completed the mapping of Zone 3 (200m to 400m).

In collaboration with the Marine Institute (MI) and the Commissioners for 

Irish Lights (CIL), the GSI has started to map some areas in Zone 2 (50m to

200m) and Zone 1 (0m to 50m) using the MI’s RV Celtic Voyager and 

RV Celtic Explorer, and the CIL’s Granuaile. In addition, the GSI has

commissioned Tenix LADS Corporation for airborne bathymetric LIDAR

surveys in some small scale geographical areas of Clew Bay and Killala Bay.

The GSI is a recipient of marine data from State and private enterprise sources,

e.g. Petroleum Affairs Division (DCMNR), and wind energy, aggregates and

communications sectors. Since the commencement of the NSS, the GSI has

established an infrastructure to facilitate NSS data acquisition, processing and

interpretation, the production of value-added map products and the dissemination

of data to customers. The GSI collaborates with the MI in the coordination of

information technology and software facilities so that data gathered on MI 

(and other) vessels can be easily standardised and disseminated.

The GSI has a history and capability in inshore mapping and sees the

completion of surveying in Zones 1 and 2 as forming part of its strategic

goals and business plan.
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Table 3.1: Government policies for the inshore zone and the benefits of inshore mapping (Source: Department of
the Marine and Natural Resources, 2001; Marine Institute, 1998; Bord Iascaigh Mhara, 1999).

† International Maritime Organisation

Sector

Marine Safety

Policy Objectives/
Strategies/Actions

• Support the adoption of high international safety
standards by the IMO† and others.

• Provide and maintain a range of navigational aids.
• Provide an effective Marine Emergency Service.

Comment

The IMO SOLAS convention requires the
provision of an adequate hydrographic service.
Accurate charts can be defined as navigational
aids and will support inshore rescue service.

Marine
Environment

• Develop the capacity of the Coast Guard to deal
with pollution incidents.

• Develop a better understanding of the physical
dynamics of Irish coastal waters.

• Investigate and model factors governing the
occurrence of harmful algal blooms (HABs).

• Improve and extend the inventory of subtidal
habitats and ecological communities.

The availability of accurate bathymetry is vital
for understanding physical dynamics and for
the development of hydrodynamic models. Such
models can be used in dealing with pollution
incidents and in the modelling of HABs.

Habitat mapping in the inshore zone will fulfil
the requirements of a number of international
directives and conventions.

Marine CZM • Facilitate the upgrading of national infrastructure
and the sustainable development of aquaculture,
offshore electricity generation and other
resources, with due regard to impacts on the
environment and other interests.

• Progress the development of coastal 
zone management.

• Develop and support national seaweed
development strategies and actions.

The identification of areas suitable for such
activities will require information that can be
provided by inshore mapping. Strategic
assessment will allow for exclusion zones and
‘constraint free’ areas to be defined.

The implementation of CZM will require good
knowledge of the inshore zone. Inshore
mapping can identify and quantify sub-tidal
seaweed resources.

Seafood • Maximise sustainable fishing opportunities.
• Implement integrated development, conservation

and management strategies for the inshore
fisheries sector.

• Carry out a major programme of exploratory
fishing to chart fishing grounds both in offshore
and shallow waters to identify breeding grounds
and nursery areas and to guide trawling activities.

• Provide oceanographic information (including
bottom topography) to assist sustainable
fisheries development and management.

• Investigate the potential for developing new
fisheries, particularly non-quota and 
under-utilised species.

• Provide stock assessment of existing and
potential commercially exploitable species.

Seabed and habitat mapping in the inshore
zone will provide vital information necessary
for the achievement of sustainable fisheries
management and the development of fisheries
for new species and fishing locations.

Bathymetric data can be used in the charting
of new fishing grounds and in developing
models to further understanding recruitment
and settlement processes of species such as
scallops, lobsters and crabs.

Aquaculture Policy • Create a sustainable critical mass for further
expansion of the sector.

• Provide assistance with new site selection 
and evaluation.

Information generated through inshore mapping
will assist in the identification of new sites.

Marine Tourism
and Leisure

• Support and facilitate the sustainable
development of marine-based tourism 
and leisure.

• Targeted support for development of access
infrastructure and facilities.

The availability of accurate charts may allow
for the expansion of the marine tourism 
and leisure sector. Site selection for new
marinas etc. will be assisted by accurate
hydrographic data

Minerals
Exploration 
and Mining

• Examine the potential for mining offshore.
• Ensure that high quality information in the form

of maps, data, etc. is readily available to
explorationists and potential developers.

High resolution marine geological maps are
required to identify and quantify offshore
minerals. Inshore mapping can expand on the
information already available.



3.3.2 Department of the Environment, Heritage and Local Government

(DoEHLG)

The Department’s overall objective is to promote sustainable development by

leading and co-ordinating the adoption of appropriate balanced policies in

relation to environment and development and to maintain proper regulatory

and monitoring systems for environmental protection. The Department’s

Sustainable Development Strategy (Department of the Environment and Local

Government, 1996) seeks “to ensure that economy and society in Ireland can

develop to their full potential within a well protected environment…”. 

The strategy sets out measures to ensure the sustainable development of a

range of economic sectors, including ‘use of marine resources’. The overall

objective for this sector is “to protect the marine environment, use renewable

resources in a sustainable fashion, and conserve natural resources upon

which coastal and island communities depend”. The establishment of a

mapping project will provide important information to assist in the

implementation of existing, and the formulation of new, sustainable

development practices in the inshore zone.

More recently, the Department has published a document that seeks to 

build on its 1996 Sustainable Development Strategy (Department of the

Environment and Local Government, 1996), setting out priorities for

sustainable development in the period to 2010 (Department of the

Environment and Local Government, 2002b). The document lists as one 

of its priorities the delivery of the National Biodiversity Plan (Department of

Arts, Heritage, Gaeltacht and the Islands, 2002) (see below).

The Department has overall responsibility for the implementation of the Water

Framework Directive. This is seen as a priority that will be ‘pursued vigorously’

(Department of Arts, Heritage, Gaeltacht and the Islands, 2002). Finally, the

Department was jointly responsible (with the former Departments of Arts,

Heritage, Gaeltacht and the Islands and Marine and Natural Resources) 

for the development of a draft policy on Coastal Zone Management (Brady

Shipman Martin, 1997) and is currently working closely with DCMNR in

developing strategies to implement the principles of ICZM in accordance 

with Council Recommendation 2002/413/EC15.

The DoEHLG is responsible for the implementation of National and European 

law for the protection, conservation and management of Ireland’s natural and

archaeological heritage. Within the inshore zone responsibility for the former is

primarily the function of the National Parks and Wildlife Service (NPWS), whilst the

Underwater Archaeology Unit is responsible for marine archaeological heritage.
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National Parks and Wildlife Service (NPWS)

The role of National Parks and Wildlife Service includes:

• Securing the conservation of a representative range of ecosystems and

maintaining and enhancing populations of flora and fauna in Ireland;

• Implementing the Wildlife Act, 1976, the Wildlife (Amendment) Act, 2000,

and the provisions of the EU Habitats Directive and Birds Directive;

• Designation and protection of Special Areas of Conservation (SACs),

Special Protection Areas (SPAs) and Natural Heritage Areas (NHAs);

• Implementation of EU legislation and policies and

• Ratification and implementation of the range of international Conventions

and Agreements relating to the natural heritage.

A particular responsibility of this Division is the designation and protection of

Special Areas of Conservation (SACs), Special Protection Areas (SPAs) and

Natural Heritage Areas (NHAs). Of particular interest to future mapping

requirements is the commitment of NPWS to undertake management plans

for Marine SACs in order to maintain their favourable conservation status. 

The first round of plans for Marine SACs (e.g. Kenmare River, Clew Bay and

Kilkieran Bay) are in draft stage. The availability of accurate habitat information

obtained from an inshore mapping programme will assist greatly in the policy

of developing such plans and in achieving the wider aim of the conservation

of marine biodiversity.

National Biodiversity Plan

Ireland ratified the Rio Convention on Biological Diversity in 1996, and gave a

commitment to implement it in 1998 (Department of Arts, Heritage, Gaeltacht

and the Islands, 1998). This was followed by the development of a framework for

a marine biodiversity action plan, which contained a series of recommendations

(Costello, 2000). Priority was given to the development of a national marine

biodiversity resource database, to which a marine mapping programme would

significantly contribute. Of particular note was the need to produce readily

available electronic atlases (maps) and species inventories and databases.



Sectoral management plans were also recommended including aquaculture,

fisheries, tourism, oil and gas exploitation and transport which would all

require some mapping input, particularly in the shallow coastal area. Finally,

the proposed action plan identified key areas of research required for the

implementation of a marine biodiversity action plan. A number of these

recommendations would benefit from a near-shore mapping programme.

These include the identification of:

• a suite of techniques for monitoring and assessing marine biodiversity 

at genetic, species, biotope and ecosystem levels;

• areas of significant marine biodiversity;

• distribution of rare and endemic species; and

• how connected are populations of important species around Ireland.

The recently published Biodiversity Action Plan (Department of Arts, Heritage,

Gaeltacht and the Islands, 2002) outlined a number of actions which should be

considered in response to Ireland’s commitment to the Rio Convention. Marine

mapping is specifically mentioned in these commitments. Under the marine

and coastal section, action to ‘enhance surveys and research on marine

biodiversity through the implementation of a prioritised programme of surveys

and mapping of marine benthic species and communities’ is recommended.

Underwater Archaeology Unit

The Underwater Archaeology Unit undertakes the management and

protection of Ireland’s underwater (marine and freshwater) cultural resource. 

It is also responsible for compiling the Maritime Sites and Monuments Record

(See Section 2.6.2). In carrying out its tasks the Underwater Archaeology Unit

complies with the frameworks and principles of national policy on the

protection of archaeological heritage (Department of Arts, Heritage, Gaeltacht

and the Islands, 1999), which, in turn, relies heavily on the 1992 European

Convention on the Protection of Archaeological Heritage (The Valletta

Convention), which is ratified by Ireland. The convention obliges the state to,

inter alia, “facilitate the study of archaeological discoveries by making or

bringing up to date maps, surveys and inventories of archaeological sites”.

The unit is responsible for the assessment of archaeological aspects of

proposed developments in the inshore zone and setting of conditions in

relation to such developments (see Sections 2.6.2 and 3.2.3). It undertakes

reconnaissance and assessments of areas that are to be impacted by

development. It also undertakes specific archaeological survey projects,

which include the use of geophysical survey techniques (side-scan sonar and

magnetometer surveys). There is, therefore, clearly a need for ongoing

mapping of underwater archaeological resources in relation to both

developments in the inshore zone and to overall need to record, survey and

protect our rich underwater archaeological heritage.
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Local Authorities

The Mean High Water Mark is the terrestrial limit separating the jurisdiction of

local authorities from that of the Department of Marine and Natural

Resources. Consequently, policies relating to the coastal zone contained in

County Development Plans – the key policy documents setting out the

framework for future development in local authority areas – are primarily

focused on the landward side of this boundary. However, a number of

policies and objectives that feature commonly in County Development Plans

have implications for availability of information for the inshore zone, namely:

• Ports and Harbours – There is a general commitment to maintain and

develop small ports and harbours under the control of local authorities.

Some County Development Plans specifically list piers that are proposed

for major development works within the life of the plan. Such works will

benefit from improved hydrographic data.

• Coastal Protection – Objectives to protect specific areas from coastal

erosion are common in many plans. Beach nourishment works require

information on the availability of offshore aggregates and with rising sea

levels accurate inshore data, both hydrographic and data on sediment

type, are necessary tools for coastal managers/engineers.

• Coastal Zone Management – Local authorities will play a key role in the

future implementation of ICZM strategies. In this regard development

plans acknowledge that they must prepare the way for such initiatives. 

An integrated coastal zone management strategy is currently being

developed for the Shannon Estuary with Clare, Limerick and Kerry County

Councils acting as key stakeholders.

Environmental Protection Agency

The functions of the Environmental Protection Agency (EPA) include, ‘the

monitoring of the quality of the environment, including the establishment and

maintenance of databases of information related to the environment and

making arrangements for the dissemination of such information and for public

access thereto’. The remit of the EPA includes ‘waters’ as defined by the

Local Government Water Pollution Act 1977, which includes tidal waters.

Although not specifically mentioned within the remit of the EPA, as laid out in

the Environmental Protection Agency Act (1992) it appears clear that in the

broad context of establishing baseline data and defining a monitoring

programme that ‘seabed mapping’ is an appropriate tool.



Under Section 65 of the Environmental Protection Agency Act 1992 (the EPA

Act), the EPA is charged with developing and publishing national monitoring

programmes for the environment, and with taking appropriate steps to ensure

that the programmes are implemented. The current development by the EPA

of a national marine monitoring programme, in conjunction with the Marine

Institute, should take into account any marine inshore mapping activities. The

National Environmental Monitoring Programme for Transitional, Coastal and

Marine Waters has been published as a discussion document (EPA, 2003).

The overall objective of the Programme is to “enable the achievement and

maintenance of the integrity of biotic communities and habitats in transitional,

coastal and marine waters, and to ensure protection of the beneficial uses of

these waters and the protection of human health in relation to these uses”.

Within the context of the contribution that can be made by inshore mapping

the ‘Physical Aspects’ section of the National Environmental Monitoring

Programme is of most relevance. It deals with the monitoring of the physical

aspects of transitional, coastal and marine waters – the rationale being that the

availability of physical data is a prerequisite for the correct interpretation of the

results of environmental monitoring data. Furthermore, physical data are

essential for the proper management and protection of the marine and coastal

environment and the sustainable utilisation of natural resources, which are the

ultimate objectives of the National Environmental Monitoring Programme.

Two elements of the National Environmental Monitoring Programme with

implications for inshore mapping, one existing and one proposed new

programme are seen as essential components. They are, respectively:

• The National Seabed Survey; and

• Hydromorphology of Transitional and Coastal Waters.

The first element, the National Seabed Survey, is seen as contributing to the

National Environmental Monitoring Programme by providing data on the

physical nature of the seafloor. The maps generated by the survey are

considered important in contributing to the sustainable development and

management of marine resources, and to the “characterisation and monitoring

of offshore seabed ecology under the Habitats Directive”. Clearly, the

extension of mapping being undertaken by the Seabed Survey into the

inshore zone will further contribute to these goals.

The second element is seen as a proposed mechanism for delivering the

requirements of the Water Framework Directive with regard to the physical

morphology and hydrology of Transitional and Coastal Waters. As outlined in

Section 3.2 (above), implementation of the WFD requires information on

hydromorphological features of transitional and coastal waterbodies including

“Quantity, structure and substrate of each sea bed” in transitional and coastal

waters. Inshore mapping will assist in the delivery of these needs.
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Under the Ecological Integrity and Biodiversity section of the National

Environmental Monitoring Programme the conservation status of Natura 2000

sites (SPAs and SACs) are targeted for monitoring. The monitoring protocol to

be employed in respect of SACs has not been developed to date. However,

information generated through habitat mapping of SACs will form an essential

baseline for any such monitoring.

3.4 Conclusions
The legislative and policy requirements for mapping in the inshore zone are

summarised in Table 3.2. Whilst much of the relevant legislation and policies

do not imply an explicit need for mapping there is, nevertheless, an implied

need. Explicit need is a legislative requirement which specifies mapping is

needed whilst implicit need does not specify mapping but it can only be

satisfied if mapping is carried out. In all of the cases mapping will assist in

achieving the objectives of the legislation.

Table 3.2: Explicit and implicit mapping requirements of selected legislation and policies.

Explicit mapping Implicit mapping
requirements requirements

Legislation B H B H

International Conventions
SOLAS Convention �

Civil Liability Convention �

OSPAR Convention �

UN Law of the Sea (UNCLOS) �

EU Directives/Decisions/Regulations
Birds Directive (1979) �

Habitats Directive (1992) �

SEA Directive �

Water Framework Directive (2000) � �

Council Regulation 1543/2000 (Data Collection) �

Council Recommendation 2002/413 (ICZM) � �

National Legislation
The Oil Pollution of the Sea 
(Civil Liability and Compensation) Act, 1998 �

Policy Documents
National Biodiversity Plan (2002) �

DCMNR Strategy Statement (2001–2003) � �

Marine RTDI Strategy � �

B = Bathymetric mapping H = Habitat mapping



4.1 Introduction
This chapter presents an overview of the different mapping technologies that

should be incorporated into an inshore mapping programme. These are similar

to those used in Zones 2 and 3 of the National Seabed Survey but include

additional mapping technologies that are emerging internationally. The National

Seabed Survey has contributed significantly at an international level to the

practicalities of acquiring, processing and presenting ocean mapping data and

these are being developed and extended to the inshore zone to maintain as

much compatibility as possible with the data sets from Zones 2 and 3.

Section 4.2 is a discussion on the remote sensing techniques that provide

information on the seabed surface (bathymetry and seabed type). Section 4.3

summarises the essential elements of seabed sampling that provide data on

seabed composition and benthic habitats, and also permit the calibration of

the remote sensing data. Section 4.4 describes the geophysical techniques

used to infer the sub-seabed geological structure and composition. Section

4.5 discusses the requirements of water column mapping. In each of these

sections the advantages and limitations of each sensor system (shipborne,

airborne, etc.) are clearly flagged. The chapter finishes with a section (4.6) 

on data warehousing and management.

4.2 Seabed mapping
Any large scale inshore mapping programme is predicated upon the

availability of suitable platforms (shipborne and airborne) on which to deploy

the appropriate sensors. This will place some restrictions on the type of

platform that may be utilised. Some key considerations include sufficient

space (including dry space) and power requirements to run all the

instruments and on-board computers, the capacity for real-time precise

navigation (with appropriate specifications) at all points within the survey area

and the ability to survey water depths, perhaps as shallow as 2m and as

deep as 50m for roughly 6 months of the year during daylight hours. Some of

the work will require shipborne methods and some of the key marine

stakeholders in Ireland (Marine Institute, Navy, Bord Iascaigh Mhara, Irish

Lights) have vessels and expertise suitable for this task in water depths

greater than – 10m. For water depths – 2m to 10m, it is possible to deploy

the important instruments on a shallow-draft vessel of opportunity (<10m in

length) with a 5kVA generator. There are also some specialised craft that have

been designed with drafts of <1m for high-resolution surveys close to the

shore (e.g. Mattinson, 2002). We will describe how some of the work to

survey very shallow water depths (0 – 10m) may have to be carried out using

companies specialising in airborne techniques.

4.0 Inshore Mapping Technologies
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A high-resolution map of the bathymetry is a fundamental requirement for a

wide range of applications associated with mapping marine and freshwater

environments. This provides a baseline data set upon which all other

(possibly time-varying) map data can be viewed. The most effective and

popular method for acquiring bathymetry data is based upon the reflection of

acoustic (sound) waves from the water-sediment interface (e.g. Jones, 1999).

If the velocity of the acoustic wave at all depths in the water column has been

measured or assumed, then the time taken to receive the echo can be

converted into a depth to the seabed. Some characteristics of the returned

echo (backscatter) can indicate variable physical properties of the seabed

that can then be used for seabed classification. There are several generic

bathymetric mapping systems currently available and each has its strengths

and weaknesses in different environments. The main sub-division is between

single beam systems that focus the acoustic energy in a relatively small cone

beneath the ship’s track and swath acoustic systems (e.g. multibeam and

interferometric) that collect information on the seabed bathymetry and

backscatter in a swath perpendicular to the ship’s track.

In complex shallow inshore areas the shipborne methods may be prohibitively

time–consuming and expensive (Section 6.2.1). In these situations an

airborne swath technique in which laser beams are reflected from the water

surface and water-sediment interfaces may be the only viable method to

gather bathymetric data.

4.2.1 International standards

There are several reviews of international hydrographic standards (e.g. Miller

et al., 1997; International Hydrographic Organisation, 1998; Hughes–Clarke,

1999). These summarise the navigational accuracies (position and height)

required for the survey and the coverage and resolution of the bathymetric

information. In some surveys it may be possible to obtain reliable Differential

Global Positioning System (DGPS) data to provide accurate enough

positioning at the survey vessel at all points within the survey. In other surveys

it may be necessary to deploy Real-Time Kinematic (RTK) DGPS corrections,

tidal gauges and subsequent water level calculations (e.g. Orpen, 2002).

The execution of a large-scale inshore mapping programme to the best

modern hydrographic standards is complicated because of the international

recognition that swath bathymetric acoustic systems (e.g. multibeam) are now

driving international marine mapping programmes. The existing International

Hydrographic Organisation (1998) standards contain significant ambiguity

and are drafted for the sole purpose of data collection for nautical charting –

a necessary but insufficient aim of a large-scale inshore resources mapping

programme. The discussion in this section draws heavily upon a report

(Hughes–Clarke, 1999) that attempts to provide practical guidelines based

upon an interpretation of the IHO SP-44, Edition 4 standards issued by the

International Hydrographic Organisation.



The Orders specified by the International Hydrographic Organisation that are

relevant to this feasibility study are:

• Special Order – “specific critical areas with minimum under keel clearance

and where bottom characteristics are potentially hazardous to vessels”

(generally less than 40m depth)

• Order 1 – “harbours, harbour approach channels, recommended tracks,

inland navigation channels, and coastal areas of high commercial traffic

density” (less than 100m depth)

• Order 2 – “areas with depths less than 200m not covered by Special

Order and Order 1”

The depth and horizontal accuracy requirements are generally unambiguous

for large (long wavelength) seabed features but ambiguity exists in interpreting

these requirements for short wavelength features. This is partly addressed by

the IHO in two criteria:

1) Need for 100% Bottom Search (sometimes referred to as

coverage/ensonification), only applicable for Special and Order 1 surveys

2) Requirement to resolve targets of a finite horizontal dimension:

• 1m cubes for Special Order surveys

• 2m cubes inside 40m for Order 1 surveys

• 10% of the water depth “cubes” beyond 40m for Order 1 surveys

These targets need to be “detected” but, within IHO S44, detection is not

clearly defined. For Special Order surveys, no depth is stated, though it is

implicit in the description that Special Order areas (<40m) are likely to be

those that will be a challenge to shipping. The IHO S44 has limited guidelines

for seabed sampling campaigns: “the nature of the seabed should be

determined by sampling or inferred from other sensors (...) up to the depth

required by local anchoring or trawling conditions; under normal

circumstances sampling is not required in depths greater than 200m.” The

density of bottom sampling required would “normally be 10 times that of the

selected line spacing”. Hughes–Clarke (1999) argues that these guidelines

might serve the narrower needs of nautical charting work alone but they fall

short of any systematic attempt to define the composition of the seabed in a

large-scale mapping programme.

Hughes–Clarke (1999) is clearly very critical of the lack of criteria within

existing IHO standards to deal with modern seabed mapping technologies.

He provides a set of guidelines known as the LINZ (Land Information New

Zealand) standards for multibeam technology. Before a choice is made

concerning the mapping technique, the data acquisition standards must be 
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clear and must, as far as possible, be compatible with the NSS which uses

the LINZ standards. Our interpretation of these criteria suggests that, for an

inshore resources mapping programme in water depths 0–50m in Ireland:

• IHO Special Order surveys can only be carried out using appropriate

shipborne swath acoustic systems.

• IHO Order 1 surveys can be carried out using shipborne swath acoustic

systems and extremely closely spaced (several metres apart) single beam

echo sounding systems.

• IHO Order 1 surveys can be carried out with Airborne LIDAR using a 2m

sounding density iiff the LIDAR can ‘detect’ the seabed at depths of 40m.

• IHO seabed sampling standards are inadequate for a programme that

requires an assessment of benthic habitats and marine geological resources.

In an effort to address the last limitation, an ICES Study Group on Acoustic

Seabed Classification (SGASC) held its inaugural meeting at the Institute of

Marine Research, Bergen, Norway in June 2003 (ICES 2003a). Its terms of

reference are to (1) review the existing theory of acoustic scattering from seabed,

(2) define the relevant scales of operation with respect to fisheries conservation,

both from theoretical and application perspectives, (3) review existing and

emerging acoustic seabed classification technologies (e.g. single beam and

multibeam acoustic systems) and assess their capabilities to objectively classify

marine habitats in relation to previously defined scales of operation, (4) review

objective methods of acoustic seabed classification in relation to marine habitats,

including both deterministic and probabilistic methods, and (5) review validation

techniques (i.e., ground-truthing using, for example, bottom grab samples that

are analysed for sediment size and biological species composition and

sophisticated camera systems capable of operating continuously over large

scales). This Study Group is due to present its findings in 2005.

There are therefore issues of ‘best international standards’ that will need 

to be discussed before any implementation of a large-scale inshore

resources mapping programme.

4.2.2 Multibeam and interferometric acoustic swath systems

Sophisticated swath bathymetric acoustic devices are based upon beam-forming

(multibeam) or interferometric principles (e.g. www.kongsberg–simrad.com,

www.reson.com, Blacquiere & van Woerde, 1998; Green, 1999; Bates & Byham,

2001) and have become important tools for systematic hydrographic surveys

(e.g. CCMC, 2002 ), underwater geological mapping (e.g. Courtney & Shaw,

2000) and benthic habitat mapping (e.g. Kostylev et al., 2001). Acoustic swath

systems provide information on the bathymetry and backscatter over a wide area

at either side of the boat’s track, typically 3 to 5 times the water depth beneath

the survey vessel. The resulting maps (e.g. Fig. 4.1) have revolutionised scientific

methodology in aquatic environments in much the same way as satellite remote

sensing achieved for studies over terrestrial environments.



Figure 4.1: An example of the bathymetric detail available from a 10 km square shallow water multibeam survey.
The warm colours represent shallow bathymetry. The image illustrates rocky canyons within sandy seabed.
Courtesy of Reson Offshore Ltd..

From a charting perspective, swath data can exceed hydrographic standards

and can be displayed in a variety of formats. One of the most experienced

organisations using swath systems in shallow water is the US Army Corps 

of Engineers (USACE). Since the early ’90s they have been developing 

and experimenting with shallow-water swath applications. USACE claim 

that ‘properly deployed and operated, the accuracy, coverage, 

and strike detection capability of multibeam systems now exceeds that 

of traditional vertical single beam echo sounding methods’ (see

http://www.usace.army.mil/usace–docs/eng–manuals/em1110–2–1003/

toc.htm). An example of the high-resolution bathymetric detail that can be

achieved is shown in Fig. 4.2.
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Figure 4.2: Bathymetric detail over a shipwreck in 28m of water from a multibeam survey. The warm colours
represent shallow bathymetry. Courtesy of Reson Offshore Ltd.

Multibeam systems also collect information on the strength of the echo

(backscatter) as well as the depth to the seabed. Processing of the

backscatter data can provide detail related to the composition of the seabed

and objects lying on its surface thus allowing for detailed electronic charting.

The latest multibeam systems can now employ high frequencies similar to

conventional side scan sonar instruments (see Section 4.2.6) The

backscatter data can be used to delineate ‘acoustic regimes’ for ground

discrimination (seabed classification) and there are several commercial

software packages available for swath backscatter data e.g. QTC Multi View

(www.marine.questertangent.com) and Triton (www.tritoelics.com). These

classify sediment types and define acoustic diversity for sea floor

discrimination using filtering and clustering tools for data arising from some of

the common multibeam systems. Ideally the digital waveforms and the source

pulse parameters should be stored for retrieval at a later date. This is

important as advances in digital signal processing and acoustic theory are

already improving the accuracy of the bathymetric measurements and

refinement of seabed classification schemes. An example of backscatter for

acoustic ground discrimination is shown in Fig. 4.3.



Figure 4.3: An example of multibeam backscatter data. The variation in the amplitude of the backscatter is
represented by the different shading and allows classification of sediment type. Snippets imagery courtesy 
of Reson Offshore Ltd.

A systematic large-scale inshore mapping programme would require a modest

degree of skilled personnel to acquire high quality data using a swath system. 

A typical system needs significant peripheral instrumentation (sensitive motion

reference units, workstations, media for large data storage and sound velocity

profilers). The multibeam systems tend to be more expensive than interferometric

systems to purchase but the data acquisition costs are comparable. Multibeam

systems do provide more reliable and precise data in areas of complex

topography or in harbours (see Section 5.7). In areas of subdued topography,

interferometric systems can provide hydrographic standard data.

The acquisition of swath bathymetry requires information on the sound

velocity in the water column (Sections 4.5.1) and tidal models (Section 4.5.2).

4.2.3 Single–beam echo sounders

Single-beam echo sounders transmit an acoustic pulse whose time to travel to

the seabed and back to the echo sounder gives the depth of water directly below

the boat’s track, if the velocity of the acoustic wave in water is measured or

assumed. There are many commercial systems available; some conform to IHO

survey standards and most are cheap and easy to install and use. All commercial

and research vessels deploy single beam echo sounders. Any inshore mapping

programme will require some usage of single beam echo sounders but there are

many aspects to be considered. The echo sounders should be tied to accurate

DGPS navigation and the system should be capable of storing the waveform data

digitally to take advantage of developments in acoustic classification methods.
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Single beam echo sounders have been used for acoustic seafloor

classification for over ten years. They can provide ground discrimination along

a profile directly beneath the survey vessel’s track by measuring the (first)

backscattered amplitude, and sometimes the second return of the echo. 

The results are often displayed as profiles of roughness and hardness of the

seabed surface and bathymetric depth beneath the ship’s track. One

advantage over current multibeam systems is that they can operate at several

(usually 2 – 3) frequencies which helps in acoustic ground discrimination.

Seabed classification schemes for single beam sounders are well developed

(e.g. Chivers et al. 1990; Heald & Pace, 1996; Bates & Whitehead, 2001)

and some have provided the basis for the more recent multibeam seabed

classification systems (e.g. GSI and Quester Tangent Corporation (QTC) have

specifically developed software (QTC–MultiView) for multibeam seabed

classification using Kongsberg Simrad EM1002 data collected in Zone 3 of

the National Seabed Survey).

RoxAnn is a single beam analogue system that integrates the signal coda

immediately after the first reflection and uses it as an indicator of the seabed

roughness. The integral over time of the first multiple (i.e. second) echo is

considered to be a measure of seabed hardness. ECHOplus

(www.sea.co.uk) is a digital system similar in principle to RoxAnn. It uses

backscatter information from the tail of the first echo to characterise the

seabed roughness and information from the second echo to characterise

seabed hardness. It can operate at two frequencies which has some

advantages for acoustic ground discrimination as the acoustic properties of

the seabed are a function of frequency.

QTC–View (www.marine.questertangent.com) is a system that uses a large

number of analytic tools to characterise the digital time series of the single

beam echo sounding. It does not require an analysis of the first multiple echo.

In essence, the system clusters the statistical properties of the time series in

a way that allows acoustic discrimination in an unsupervised or supervised

classification depending on the existence of ground-truthing. For the

QTC–VIEW single beam classification system it has been claimed that some

aspects of the backscattered signal are dependent upon the depth of water

(Foster–Smith et al., 2001) and this makes the classification unreliable

(though QTC claim that this is no longer a problem).

Although multibeam sonars have recently captured attention in marine

mapping, single beam systems continue to enjoy a prominent role especially

in shallow coastal areas where the cost of multibeam coverage may be

prohibitive. Single beam systems are cheaper to acquire and maintain than

multibeam systems, and are much better adapted to installation on small

survey launches and vessels of opportunity. The main disadvantage of single

beam systems is that they provide generally < 5% coverage of the seabed 



(Hughes–Clarke, 1999) making it impossible to produce a reliable interpolated

map of seafloor characteristics, if the seabed is particularly heterogeneous –

a fact that cannot be ascertained until after a swath survey. Other issues for

the possible deployment of single beam systems concern the repeatability of

the measurements over an area due to variable sea surface conditions,

survey speed and ship motion. Single beam echo-sounding surveying along

discrete tracks is clearly not an efficient method for collecting bathymetric

data in a systematic inshore mapping programme. However, the

simultaneous collection of multibeam swath acoustic data with multi-

frequency single-beam echo sounding data is probably the optimum solution

for acquiring bathymetric data and classifying seabed-type.

4.2.4 Airborne Bathymetric LIDAR Systems

LIDAR (Light Detection And Ranging) utilises red and green laser light pulses

emitted from an aircraft flying at typical heights of 200m to 400m to

determine water depth. The laser pulses reflect from the sea surface and the

seabed back into receiving optical instruments mounted on a stabilised

platform. The time difference between the sea surface return and seabed

return is used to determine the water depth. The systems can give detailed

bathymetric data very quickly over very large areas at a sounding density of

about 2m to 5m within the survey area (e.g. West et al., 2001; Section 5.6).

‘The time required to map the coast of British Columbia using

conventional shipborne methods is indeterminate’ (Hughes–Clarke,

quoted in CCMC, 2002).

Commercial companies, such as the Tenix LADS (Laser Airborne Depth

Sounder) Corporation (www.tenix.com) claim that the LIDAR technique is the

fastest, most cost-effective tool for accurate bathymetric survey in coastal

waters, being capable of surveying complex areas up to 20 times faster than

survey ships and at 20% of the cost. The LADS system has been audited by

Land Information New Zealand (LINZ). The SHOALS LIDAR system

(www.optech.on.ca) offers the ability to survey shallow waters (accurate to

IHO Order 1), shoreline and topography (ground elevations) simultaneously,

integrating land and water measurements in the same data set. The ability to

tie topographic and bathymetric data to the same datum is becoming a key

priority in the USA (Parker et al., 2003). Data referenced to vertical datums

has kept NOAA and USGS from integrating their data sets for a variety of

important applications associated with coastal resources management. It has

also led to ‘different shorelines for the same location being depicted on the

charting products of NOAA and the mapping products of the USGS, a fact

which has caused confusion among the coastal resource managers who rely

on both sets of products’.
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A typical maximum depth penetration for LIDAR is – 40–50m in clear water,

20–40m in coastal waters, and less than 20m in more turbid inland waters.

This is clearly a disadvantage of LIDAR for an inshore mapping programme in

water depths 0–50m.

Another disadvantage of LIDAR is that there is no commercial system at

present that offers the possibility of seabed characterisation using the laser

coda (‘backscatter’) though Mayer (pers. comm.) has stated that this topic is

the focus of some research in the USA. It has been demonstrated that fusing

LIDAR depths with hyperspectral imagery leads to improved ability to

determine sea bottom type (sand, mud, grass, etc). See Section 4.5.3 for a

related discussion on benthic characterisation using hyperspectral imagery.

4.2.5 Synthetic Aperture Radar bathymetry

The electromagnetic waves sent by a radar transmitter on Earth observation

satellites do not penetrate into water more than a few centimetres, so

underwater bathymetry can only be observed through surface effects.

Locating underwater sand banks by roughness variations of the sea surface

has been used for several hundred years by mariners to avoid running

aground. Similar underwater features become visible on radar images of the

sea surface when there is a current (usually tidal current) that flows over them.

This causes local perturbations to the current which in turn modulates the sea

surface roughness. Since SAR is a roughness sensor, it can be used for

mapping the roughness pattern induced by (tidal) flow over bathymetric

variations (e.g. Vogelsang, 1997; Vogelsang et al., 1997). The radar imaging

has to account for (1) the modulation of the current by the underwater

features, (2) the modulation of the sea surface waves by the variable surface

current and (3) the interaction of the microwaves with the surface waves. It is

then possible to estimate depth directly from the SAR images by calibrating

the image at one depth point. The technique is restricted to water depths less

than about 30m, where the tidal current is reasonably strong and the wind

speed is frequently between 8–16 knots (4–8 m/s). Commercial services (e.g.

www.argoss.nl) claim to offer bathymetric maps from inverted ERS SAR

images at a significantly lower cost than conventional survey techniques.

The depth accuracy can be several tens of centimetres averaged over a pixel

of the order of several tens of metres and would not be considered reliable

enough to satisfy IHO Order 1 standards. There is little possibility of seabed

characterisation using this method.



4.2.6 Side–scan sonar backscatter

Backscatter images of the seabed are part of the data set that is acquired

during a multibeam or interferometric swath survey. There are some sonar

systems (e.g. www.kleinsonar.com, www.geoacoustics.com,

www.reson.com, www.edgetech.com) that acquire backscatter data in a

swath at each side of the boat’s tracks. These side scan sonar systems tend

to be cheaper to purchase than multibeam or interferometric systems but

they still generate large volumes of data and require onboard computers. Until

recently, their main advantage was in the possibility of using high frequencies

(~ 450 kHz) for the accurate resolution of seabed surface features and for

this reason they are more suitable for detailed surveys in special

environments e.g. delineation of shipwrecks, location of small (sub-metre)

objects on the seabed when their transducers are towed in a ‘fish’ some tens

of metres behind the vessel and at depth so that the sensor is closer to the

seabed. The recent development of high–frequency multibeam sonars means

that this utility is no longer restricted to side scan sonars.

The main disadvantages of side scan sonar systems are that they do not

provide bathymetric information and the swath does not give an image of the

seabed directly beneath the ship’s track. If the transmitter (fish) is towed

behind the vessel (particularly in shallow water), there is the possibility of

snagging the fish on upstanding features or on the seabed. Towed fish also

present a difficulty in knowing their geographic position and depth relative to

the vessels navigation system. Additional positioning devices may be required

depending on the survey accuracy required.

4.3 Seabed sampling
An essential approach to mapping the seabed contains an element of

seabed sampling (‘ground truthing’) to calibrate any acoustic measurements

and provide direct evidence of seabed physical and biological properties.

Ground truthing data collected from past studies in an area will be very useful

in planning seabed sampling activities during or after a mapping programme.

The logistics of collecting the remotely sensed (acoustic or laser) data

suggests that some seabed sampling will be required after different regimes

have been inferred from the preliminary acoustic backscatter or laser

bathymetry images in any region. There could however be some seabed

sampling during an acoustic survey when, for example, the vessel is

stationary during the necessary acquisition of sound velocity profile

measurements in the water column for the calibration of acoustic

measurements. Continual assessment of the acoustic and seabed sampling

data sets will enable refinements in the survey design to be established as

the survey progresses. Some of these issues have already been addressed

by the GSI as part of the National Seabed Survey.
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4.3.1 Seabed sampling for marine biology

Previous studies have used a number of different methods for ground truthing

depending on the seabed type and water depth. The methods should follow

accepted marine biological sampling and analysis protocols (Holme &

McIntyre 1984, Davies et al. 2002). International standards for sampling are

also being developed (International Organization for Standardization, 2000;

ICES, 2003a).

Soft substratum seabed can be sampled using quantitative grab samplers

(Day, van Veen, etc) and box corers. Semi-quantitative sampling e.g.

biological or anchor dredges can also be used. Such methods sample the

infaunal component of biota and, to a lesser extent, the epibenthos. Beam

trawls can be used to collect information on the epibenthos more effectively

although they are not entirely quantitative. One consideration when using

dredges or trawls is that the area sampled is relatively large compared to that

from a grab and on more heterogeneous substrata it would be difficult to

target the ground truthing to a particular seabed area. Soft substratum

sediments can also be photographed using sediment profile imagery 

(SPI; www.aquafact.ie ).

A coarser substratum is generally not suited to grab sampling with light 

grabs and requires the use of more robust equipment such as the Hamon

grab. Dredges can be used although they are not quantitative. Beam trawls

can be used to adequately sample the epibenthos.

Hard substratum bottoms are difficult to sample remotely and require the 

use of in situ observations to be made through divers or Remotely Operated

Vehicles with video cameras and still photography to identify the biology.

These cameras can be deployed continuously at depths exceeding those

attainable by divers. Divers are limited by time and the number of samples

that can be taken each day, although trained diving biologists can produce a

more detailed quantitative and semi-quantitative assessment of the biota.

Hard substratum biotopes are primarily identified by their epifauna and flora.

Using video sampling it is possible to identify the conspicuous species; 

more cryptic and smaller taxa may be impossible to identify so making an

assessment of the biotope quality difficult.

Video, still photography and diver sampling on sedimentary substrata are 

also very useful for identifying characteristics of the sediment surface (ripples,

substratum type, evidence of bioturbation, etc). Without specific methods to

sample the infauna little information about the infauna can be gathered.



The selection of the most suitable method for ground-truthing the ecology is

determined by a number of factors:

• Characteristics of the study area (depth, substratum, habitat types, etc).

This will determine the practicalities in using particular methods

• Aim of the study. The detail required to fulfil the aims of the study. Making

an assessment of the potential nature conservation importance of a site

where detailed species information is required may require more species

sampling (infauna assessment and diver surveys) than a broader habitat

assessment where the ‘ecological quality’ of the biotopes is not required.

• Budget for the survey. Ground truthing is an expensive component of a

mapping study both in time and equipment required. In addition to

collecting samples post fieldwork analysis can be expensive. The number

of samples collected may be restricted by cost.

Foster–Smith et al. (2002) identified several criteria for selecting ground

truthing locations:

• The full range of acoustic signals should be sampled.

• The full geographic extent of the survey should be sampled.

• At least 5 samples should be examined in each main biotope or 

habitat type.

• For biotope or habitat types where low prediction success is low,

samples should be concentrated on these areas.

• Samples should be taken from areas where the acoustic signature is

stable and avoid areas of rapid change.

• If single beam profilers are used samples should be taken from the

acoustic tracks to ensure maximum comparability between acoustic and

habitat data.

Clearly there will be a trade-off between the desire to cover the maximum

amount of area during an acoustic survey and the necessity for slow but

accurate ground truthing. The potential for misclassification of biotope types

during ground truthing surveys may result in discrepancies e.g. in precise

navigation/sample location, as the survey progresses. There will be a need

for quality control when classifying habitat and biotope types and this may

only be possible after some processing of data.
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4.3.2 Engineering and geochemical sampling

An aspect of sampling the seabed in an inshore mapping programme is to

provide the physical properties of the seabed surface that can be used to

calibrate the acoustic backscatter. This will facilitate the characterisation of 

the seabed surface and allow the inference of in situ seabed engineering

properties e.g. McGee et al. (2000). For these measurements, it is necessary

to have sediment samples that can be used for subsequent analysis in a

laboratory. The key physical properties are porosity, wet bulk density

(saturated density), assuming that temperature and salinity of water at the

seabed are obtained from conductivity-temperature-density profile

measurements throughout the water column.

The best way to investigate engineering geology in the near shore area 

is to use a combination of geophysical techniques and geotechnical

measurements. Shear strength can give the key information on the response

upon tangential loading of the sediment and it should be determined in

undisturbed samples from fresh core using a cone penetrometer. Some

knowledge of the grain material is also necessary to estimate the bulk and

shear moduli of the sediment. Specifically this requires information on the

carbonate content and the grain size distribution of remaining silicate fraction

from the same sample, in particular the montmorillonite content within the clay

fraction (< 2micrometres) and the grain shape of the coarser grains (grain size

> 20 micrometres). These properties help to define the classification and

suitability of sediments to support offshore structures.

Clearly there is a desire to sample these properties from a variety of acoustic

regimes but this may be prohibitively expensive. The samples could therefore be

restricted to sites close to inshore engineering constructions or industrial plants,

possibly combined with some geochemical analyses e.g. for heavy metals.

4.4 Sub–seabed mapping
4.4.1 Sub-bottom acoustic profilers

Sub-seabed mapping uses the technique of seismic reflection prospecting

developed by the hydrocarbon exploration industry. In the context of shallow

marine mapping, the instrumentation is often called a sub-bottom profiler. 

In many ways a sub-bottom profiler is a sophisticated single beam echo

sounder. The difference is that a sub-bottom profiling system transmits a

powerful acoustic signal that not only gives information on the seabed

bathymetry and type but can penetrate the seabed to provide information on

the sedimentary structure down to – 50m below the seabed directly below

the boat’s track. There are many sub-bottom systems, e.g. Chirped sonar,

Sparker, Boomer (www.geoacoustics.com, www.edgetech.com,

www.oceandata.com). Verbeek & McGee (1995) provide a good summary 

of their specifications, data processing and data calibration techniques.



Hull-mounted transducers are preferable to a towed system because of

potential hazards in shallow water and consequent greater survey speeds but

there may be circumstances where a surface-towed Boomer system may be

useful (e.g. in deeper waters where a large depth of penetration is required).

The data from a sub-bottom profiler gives important information on the

structure and composition of the sediments beneath the seabed, quantifying

volumes of aggregates and sediments and providing information on gas

seeps (Fig. 4.4). A key requirement for acoustic ground discrimination is that

the waveform (time series) should be sampled at sufficiently high frequencies

to characterise the reflection from the seabed. These data have the potential

for characterising the seabed surface in much the same way as single beam

echo sounders and can give information on sub-seabed sediments (e.g.

Wood & Lindwall, 1996; Buckingham, 1998; Mavko et al., 1998; Chotiros,

2000; McGee et al., 2000). They can be interpreted in conjunction with

backscatter information from swath acoustic systems.

The deployment of a system onboard a vessel requires personnel to monitor 

the acquisition and process the digital data. Commercial seismic reflection

processing, interpretation and visualisation packages e.g. CODA

(www.coda.co.uk) are typically used with single channel sub-bottom data.

More sophisticated packages like Globe Claritas (www.gns.cri.nz) or

Landmark Promax (www.lgc.com) can handle multi-channel data. The data

can be easily exported to a GIS. Some sub-bottom profiling systems may not

be able to acquire data at the typical vessel speeds used for the deployment

of acoustic swath systems.

Figure 4.4: An example of sub-bottom seismic reflection profiling for estimating sediment composition and
thickness, and identifying gas seeps. Courtesy of University of Southampton Marine Geophysics Group and
GeoAcoustics Ltd.
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4.4.2 Magnetic and gravity mapping

Magnetic measurements have traditionally been used to map sub-surface

geology and structure and can often provide important information to

distinguish bedrock types and map economic resources on the seabed

(Jones, 1999). They can also be useful in water depths of 0–50m where

there may be archaeological remains of ancient coastal communities that are

now submerged or where there are shipwrecks. These are potential targets

for any bathymetric and/or backscatter mapping but the use of a towed

magnetometer can provide complementary information about archaeological

heritage where there are ferrous objects lying on or below the seabed.

A sensitive magnetometer (e.g. www.geometrics.com, www.marimatech.com)

or magnetic gradiometer (e.g. www.marinemagnetics.com) is towed just below

the water surface at least 30m behind the survey vessel. In very shallow 

(< 10m) waters with many potential hazards the possibility of damaging or

losing the magnetometer increases, though it can be done with appropriate

safeguards (Duffy et al., 2003). The compromise in deploying a magnetometer

in these water depths is the additional time taken to collect the acoustic

bathymetric and backscatter data. The magnetic data must also be corrected

for diurnal variations of the Earth’s magnetic field by deploying a local base

station magnetometer within – 50km of each survey area. Once these are

acquired, the data are then relatively simple to process and import into a GIS.

Gravity data can provide information on the sub-surface density contrasts 

from which sediment thickness and bedrock composition and structure 

may be determined. The deployment of a gravity meter (e.g.

www.lacosteromberg.com, www.tmx.co.uk, www.edcon.com) on vessels

(typically < 30m) that are likely to be used in large scale inshore mapping is

problematic. The gravity meter does not distinguish between changes in the

gravity field due to sub-surface density variations and changes due to the

accelerations (pitch, yaw, and roll) of the vessel. The latter are often much

larger than the former and must be removed by deploying the onboard

instrument on a stable platform (e.g. Jones, 1999). Gravity systems do exist

that could probably provide the data quality adequate for inshore mapping on

a 30m vessel (e.g. RV Celtic Voyager) but they are extremely expensive. Once

the data are acquired there is also an elaborate and often time-consuming

procedure of processing before they can be interpreted in terms of geological

structures. Once processed, the data are simple to store and display in a GIS.

It is doubtful whether the benefits of acquiring shipborne gravity and magnetic

data can compensate for the disadvantages of requiring a towed

magnetometer and the cost of a gravity system capable of coping with vessel

accelerations. The alternative is to use highly sensitive magnetic gradiometers

(www.fugroairborne.com) or tensor gravity meters (www.bellgeo.com)

deployed on an aircraft. This is likely to be a very expensive option.



4.5 Water column mapping
4.5.1 Sound velocity and CTD mapping

An essential requirement of an inshore mapping programme surveyed to

hydrographic standards using acoustic techniques is detailed information on

the sound velocity profile in the water column. If this is not available then the

conversion of two-way travel time to bathymetric depth may be severely

compromised. Measurements of sound velocity can be made quickly (usually

< 15 minutes) and directly using a sound velocity profiler (e.g. www.aml.bc.ca;

www.valeport.co.uk) deployed from the vessel whilst stationary. Sound velocity

profiles can also be estimated using a Conductivity-Temperature-Density (CTD)

profiler (e.g. www.seabird.com, www.falmouth.com) deployed either when the

vessel is stationary or using a hull-mounted device while the vessel is

underway (e.g. www.brooke–ocean.com). These can often provide important

supplementary information to identify, for example, areas of freshwater ingress

into the marine environment or potential sites for different faunal and floral

species. The measurements are also used to estimate salinity in the water

column. CTD profilers may have optional sensors for water sampling 

(e.g. www.GeneralOceans.com) or, for moored instruments, wave and 

tide recorders (e.g. www.seabird.com).

4.5.2 Water current mapping

The Marine Institute (1998) has explicitly highlighted the need to understand the

physical dynamics of Irish coastal waters and the development of indigenous

water circulation modelling capabilities. These models need to be constrained 

by measurements before they can be applied to understand, for example, the

dispersal of larvae of particular species and their vulnerability to pollution, harmful

algal blooms, dispersal patterns of sewerage plumes and other contaminants,

and sedimentary transport processes governing the location of potential

aggregate resources.

The following data are usually required for modelling (e.g. Hartnett et al., 2000):

• Bathymetric information;

• Current velocities;

• Tidal elevations;

• Wind velocities; and

• Dye plumes tracked.

NDP Marine RTDI Desk Study Series   REFERENCE: DK/01/007

4.0  INSHORE MAPPING TECHNOLOGIES

93



NDP Marine RTDI Desk Study Series   REFERENCE: DK/01/007

4.0  INSHORE MAPPING TECHNOLOGIES

94

The quality of the bathymetric information is crucial for hydrodynamic modelling.

Wolanski et al. (1999) have argued that inshore current modelling often predicts

continuous, smoothly varying ecosystem or pollution models. In practice

however, sewerage plumes, oil slicks and other contaminants can be extremely

patchy and this patchiness is known to exist at all scales in all environments

and is an important natural process at ecosystem level. The patchiness in the

flow field is due to chaotic water circulation that can be generated in areas of

complex bathymetry and this has important implications for associated

biological and chemical processes. The authors argue that models are often

based upon inadequate primary data on current flow in bathymetrically complex

environments. Hence it is necessary to have highly resolved spatial and

temporal information pertaining to bathymetry, current speeds and directions.

Depending on the problem under investigation, grid spacing can vary from –

500m to < 20m in the coastal zone. Clearly the importance of information on

currents to validate the hydrodynamic models and their dependence on

bathymetry is a strong reason to include current velocity measurements in a

large-scale inshore mapping programme (see Section 5.7).

Water currents are usually measured from moorings with current meters

suspended under a subsurface buoy on a taut wire or in shallow waters within a

frame. In bathymetrically complex environments, such as some of the bays on

the west coast of Ireland, many current meters would be required to characterise

a flow field that can vary rapidly in time and space. It is also possible to measure

the 3D current flow field at different depths in the water beneath a boat using an

acoustic Doppler current profiler (e.g. www.nortek–as.com, www.sontek.com,

www.ysi.com, www.rdinstruments.com) criss-crossing the area (e.g. Geyer &

Signall, 1990). This improves spatial resolution but does not contribute much to

temporal resolution. Acoustic Doppler current profilers operate at acoustic

frequencies similar to those used for acoustic seabed mapping so it is

necessary to ensure that the different boat-mounted instrument do not interfere

with one another.

Tidal variation data are important for hydrographic mapping (Section 4.2.2). 

Tidal elevations should be logged for – 4 weeks (i.e. 1 lunar cycle) at several

strategic locations in the vicinity of a survey area. This will ensure a tidal data set

that contains the main harmonic coefficients. Wind velocities should be logged

automatically at a weather station during the acquisition of current velocity data.

Due to the shallow depth and wide nature of many bays/estuaries in Ireland

wind-induced water circulation can be quite significant. Wind data can be

specified in hydrodynamic models as one of the major forcing functions that

induce currents. Solar intensity and photoperiod should also be recorded by

the weather station for water quality modelling. If the seabed type is known from

acoustic backscatter information, this can be incorporated into the computer

modelling of cohesive and non-cohesive sediment transport.

At present there is no network of digital tidal gauges in Ireland.



4.5.3 Water quality mapping

Typically water quality measurements may involve suspended sediments,

nutrients (e.g. nitrites, nitrates, phosphates, ammonia, chlorophyll, oxygen) and

faecal coliforms from sewage discharges and heavy metals from mining and

industries. One shipboard technique for direct observation of suspended

sediment in suspension uses an underwater video camera equipped with a

macro-lens. The technique has limitations in rough sea conditions (Eisma et al.,

1990) and may be substituted by sampling the water using a bottle into which

suspended matter settles for subsequent examination on a microscope slide.

In muddy coastal environments a high-frequency single beam echo-sounder

can also be used to assess concentrations of fluid mud in suspension at

scales of centimetres to metres (Wolanski et al., 1997). Some developments

for the mapping of common nutrients using real time towed instrumentation

from small vessels have been reported by Berman & Sherman (2001).

Optical remote sensing is important for environmental monitoring in shallow

waters (e.g. www.waterobserver.org). Satellite multispectral remote sensing is

a well established tool for monitoring water quality (http://seawifs.gsfc.

nasa.gov/SEAWIFS.html). It offers the advantage of continual daily monitoring.

The spatial resolution may be too coarse for some inshore water quality

mapping. Airborne hyperspectral remote sensing systems offer increases in

spatial and spectral resolution (e.g. Wilson, 1997; www.nerc.ac.uk/arsf/).

They can give information on chlorophyll dissolved organic matter, water

surface temperature and other suspended particle loads in the water column

(Fig. 4.5). The thermal infra-red and visible data can help to understand the

mixing of peripheral and deep water especially where flow patterns are likely

to be complex in the vicinity of some rivers. Commercial services (e.g.

www.hdi.ns.ca) offer CASI (Compact Airborne Spectrographic Imager)

hyperspectral imaging spectrometer systems and aerial cameras, thermal

imagers and video systems and they also provide image analysis using airborne

or satellite data. Continual and systematic monitoring with aircraft is likely to be

expensive but could be useful for localised surveys in sensitive areas.

NDP Marine RTDI Desk Study Series   REFERENCE: DK/01/007

4.0  INSHORE MAPPING TECHNOLOGIES

95



NDP Marine RTDI Desk Study Series   REFERENCE: DK/01/007

4.0  INSHORE MAPPING TECHNOLOGIES

96

Figure 4.5: An example of airborne hyperspectral imagery showing suspended sediment load developing during an
inter-tidal cycle. Warm colours indicate high concentrations of suspended sediment. Courtesy of the Airborne
Remote Sensing Facility, Natural Environmental Research Council, UK.

Optically shallow water occurs where the reflectance of the sea bottom 

can be observed from measurements above the water surface (e.g.

www.psicorp.com/cobop). Benthic ecosystems can suddenly find themselves

in optically deep water by increases in water turbidity, increasing concentrations

of suspended sediments, or increasing concentrations of coloured dissolved

matter. The combined information of water column and bottom reflectance in

the measured radiance may be untangled by obtaining hyperspectral data at

high spatial resolution in order to map the spatial variability in the benthic

environment. The hyperspectral data may then give information on, for example,

bottom type and sea vegetation distributions, as well as the constituents in the

water column. The techniques are still in the development phase and may be

restricted to water depths much less than 50m.

4.6 Data warehousing and processing
The technical advances in the ability to collect increasing amounts of

hydrographic (multibeam) and other data sets have provided the impetus to

develop the information and communication technology for storing, visualizing,

analysing and disseminating data. Data warehouse technology is the term

used to characterise a database environment designed for the analysis of

different data sets to be aligned with user needs which can be updated and

maintained for long periods and can be summarised for quick analysis (e.g.

www.system–services.com/dwintro.asp, www.helical.ns.ca).



A large-scale inshore mapping programme will generate huge volumes of

digital data over many years, perhaps of the order of 10 terabytes, and the

management of these data sets will be crucial for the long-term benefits of

the programme. The management of inshore resources depends on the

availability of a user-friendly data-archiving system to provide a repository of all

relevant information (e.g. Frey, 1998). This information should be presented in

a GIS, (selectively) available via the World Wide Web or easily ported to a PC.

The requirements of potential end-users (national/international agencies or

commercial sector) have to be addressed along with the protocols and

systems architecture defining functional relationships amongst the GIS, the

centralised databases, primary data sources and end users. The Geological

Survey of Ireland has developed a particular expertise in the management of

the large data sets from the National Seabed Survey.

The advantages of developing a broad band high capacity ‘marine electronic

highway’ have been articulated by the Canadian Centre for Marine

Communications (Gillespie, 2001). The experience in developing electronic

navigational chart products for inland waters in the USA has been described

by Mann (2002).

In addition to the digital data, storage facilities for the geological, biological 

and chemical sampling programme will have to be established and managed. 

This is the least well developed aspect of the current National Seabed Survey.

4.7 Conclusions
This review has identified the following as the most appropriate technologies

for a large scale inshore resource mapping programme in Ireland:

• Swath acoustic (multibeam and interferometric) systems are 

preferable for hydrographic mapping and seabed classification.

• Multi-frequency single beam echo sounders can complement 

swath techniques for seabed classification.

• Airborne LIDAR is probably the most effective tool for bathymetric

mapping in the shallowest parts of Zone 1.

• Georeferenced digital underwater photography and seabed sampling are

necessary to calibrate the acoustic techniques for seabed classification.

• Sub-bottom seismic reflection profilers are important 

for sedimentological mapping.

• Underway sound velocity and/or CTD measurements provide essential

data for calibrating the acoustic techniques and give important information

on the water column.
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5.1 Introduction
A recent book by Hinrichsen (1999) emphasises the lack of mature inshore

mapping programmes for resource assessment, environmental protection and

sustainable development. This chapter presents a summary of some international

mapping programmes initiated since the publication of Hinrichsen’s book. It starts

with a summary of relevant acoustic surveys in the U.K. and Ireland (Sections 5.2

and 5.3) and is followed by a case study (Section 5.4) that underpins an

ambitious, integrated mapping initiative considered by Canada. It summarises

trends in marine mapping in Norway, Portugal and Spain in Section 5.5. A case

study on hydrographic mapping in Ireland using airborne LIDAR is then presented

in Section 5.6. Section 5.7 deals with some examples of water current mapping

and modelling in areas of complex bathymetry. The chapter ends with Section 5.8

where some special considerations on quality assurance are discussed in the

context of mapping in ports or areas with very shallow and complex bathymetry.

The aim of this review is to provide a snapshot of marine mapping

programmes at a time of rapid technological innovation and emerging 

socio-economic trends. They are designed to highlight different approaches

to inshore mapping and do not attempt to be a comprehensive review. 

The implications of each case study for an inshore mapping programme in

Ireland are summarised at the end of each section.

5.2 Seabed habitat mapping in Ireland and the U.K.
A number of studies aimed at mapping marine habitats (particularly with a

biological component) have been conducted in the UK and Ireland. These 

are summarised in Table 5.1.

5.0 International Case Histories 
and Best Practice
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Table 5.1: Summary of shallow water mapping in Ireland and the UK.

5.2.1 SensMap seabed mapping (Wales and east coast of Ireland)

In Ireland provisional biotope (habitat and associated community) maps were

produced for the near shore area of counties Dublin, Wicklow and Wexford

during the SensMap project (Emblow et al. 1998). The techniques used were

basic but allowed broad scale habitat and biotope mapping. Maps of

bathymetric, tidal stream and substratum information from Admiralty Charts

were entered onto a GIS and examined to determine the extent of seabed

types by examining substratum data and depth. Sites were selected from the

centre of each of these areas in order to identify the biotope(s) present

through ground truthing. A thorough examination of existing biological data

was also made prior to site selection. Ground truthing was undertaken using

a biological dredge and the fauna and flora collected compared to the

standard biotope descriptions (Connor et al. 1997). The maps provide the

likely habitats within an area. These techniques are reasonably reliable in

areas of uniform soft substratum with a high number of ground truthing 

Start date Project name Location Habitat/biotope
classification
method used

Technique used
for primary 
habitat definition

Ground–truthing Literature

1996 SensMap East coast

of Ireland

Connor et al. 1997 Admiralty charts

Existing substratum
information

Biological dredge

Existing biological
information

Emblow et al. (1998)

1996 SensMap West coast 

of Wales

Connor et al. 1997

Bunker &
Foster–Smith 1996

Foster–Smith et al.
1997

Single beam
acoustics

AGDS (RoxAnn) Grab sampling

Dredge sampling

Video sampling

Existing biological
information

Emblow et al. (1998)

1998 DEFRA seabed
mapping

Hastings shingle
Bank, UK

Aggregate extraction
assessment

Swathe side scan
sonar

AGDS (RoxAnn, QTC
View)

Hamon grab

Beam trawls

Granulometry

Video sampling

Brown et al. (2001)

Foster–Smith et al.
(2001)

1996 Various mapping
projects in cSAC
mapping (UK)

UK coastal areas Connor et al. 1997

Bunker &
Foster–Smith 1996

Foster–Smith et al.
1997

Foster–Smith &
Bidewell, (1996),

Foster–Smith &
Davidson (1996)

Foster–Smith, et al.
(1996)

1999 cSAC mapping
(Ireland)

Kenmare River,

Valentia,

Kilkieran Bay,

Clew Bay

Connor et al. 1997

Bunker &
Foster–Smith 1996

Foster–Smith et al.
1997

Single beam
acoustics

AGDS (RoxAnn)

Grab sampling

Video sampling

Granulometry

Diver survey

Existing biological
information

Foster–Smith et al.
(1999)

JNCC (2001)



stations. Rocky or mixed substratum areas are more difficult to map although

the data could be used to focus more detailed mapping surveys on which

management decisions could be based.

The Welsh SensMap partners employed RoxAnn as an Acoustic Ground

Discrimination System (AGDS). This was calibrated with video, grab and

dredge sampling. Previous biological data were collected and examined to

produce final biotope maps. Methods followed those developed during the

BioMar project (Foster–Smith et al. 1997) and advanced under the Broad

Scale Mapping Project (BMAP) (Foster–Smith et al. 1999). The classification

of the biotic component of the seabed follows the biotope classification of

Connor et al. (1997) and the life form classification (Bunker & Foster–Smith

1996 and Foster–Smith et al. 1997). The techniques employed on the

SensMap studies in Wales and further developed by BMAP were and are

being used in the UK to map marine Special Areas of Conservation.

5.2.2 Marine Special Areas of Conservation (SAC) mapping

The main aim of the Habitats Directive (Council of the European Communities

1992) is to promote the maintenance of biodiversity. In particular, it requires

member states to work together to maintain or restore to favourable

conservation status certain rare, threatened, or typical natural habitats and

species. The primary aim of Special Areas of Conservation (SAC) mapping

programmes is to provide information for the development of management

plans. The mapping programmes for marine SACs in Ireland and the UK are

discussed opposite.

Ireland

The BioMar project (Picton & Costello, 1998) identified areas of potential high

marine nature conservation importance in Ireland and these were refined and

expanded to the current list of marine SACs. Some 52 sites have been

identified as predominantly marine (See Appendix 5), and other SACs have a

marine or coastal component but are primarily terrestrial sites. In order to

address management priorities relating to the marine SACs additional

information is needed, this includes:

• Distribution of habitats, biotopes and species within the SAC

• Extent of the habitats and biotopes within the SAC

• Quality of habitats and biotopes – how diverse are the communities

present or how representative are the species present?

• Information on the distribution of rare or uncommon species within the SAC
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To date five marine SACs have been mapped in order to produce habitat and

biotope maps for the development of management plans:

1) Valentia and Portmagee Channel (2001)

2) Kilkieran Bay (2001/2002)

3) Roaringwater Bay (2002)

4) Kenmare River (2002)

5) Clew Bay (2002)

The classification of the biotic component of the seabed follows the biotope

classification of Connor et al. (1997) and the life form classification (Bunker &

Foster–Smith 1996 and Foster–Smith et al., 1997). Seabed and bathymetric

data were collected using the RoxAnn and ECHOplus single beam Acoustic

Ground Discrimination Systems.

The methods being used follow those from the SensMap survey in Wales

and other work developed in the UK (Foster–Smith et al., 1999; Davies et al.,

2002). Seabed classification and bathymetric data were collected using the

RoxAnn and ECHOplus systems. A two-tiered approach was taken for

Valencia and Portmagee Channel and Kenmare River with detailed coverage

(50m track spacing) in areas considered of high nature conservation

importance and more general mapping (250m track spacing) for the rest of

the SAC. Roaringwater Bay and Clew Bay were covered mainly with track

spacing of 150m and some areas of Roaringwater Bay were covered with a

track spacing of 50m.

Video was used as the primary tool for ground truthing the tracks and there

was a focus on habitats and biotopes as only conspicuous species could be

recorded. Grab sampling was carried out in areas of soft sediments (46 per

SAC) and diver surveys were undertaken on hard substrata sites (18 stations

per SAC). An effort was made to record video images from all diver and grab

sampling. Samples were then analysed for infaunal and sediment composition

(granulometric analysis). Post processing of the acoustic and bathymetric data

and ground truthing allowed the production of final maps and reports.

United Kingdom

According to a report of an International Council for the Exploration of the Sea

(ICES) Working Group on Marine Habitat Mapping, the UK has no national

mapping strategy at present (ICES 2003b). However, there has been a large

number of seabed habitat mapping initiatives in UK coastal waters covering

relatively small geographical areas. Some 130 mapping projects relate to

mapping programmes commissioned by the statutory nature conservation

agencies. These were mostly undertaken in Special Areas of Conservation 



(SACs) to help implement the EU Habitats Directive or in other regions of

nature conservation interest. These studies have been conducted by a variety

of contracting survey teams, using a wide range of mapping techniques and

with limited coordination and standardisation between surveys. The Joint

Nature Conservation Committee has recently compiled a comprehensive

database of these studies, with a view to assessing issues about compatibility

of the results of the studies and to collate the maps into a single GIS.

Some of the smaller scale surveys have used the subtidal methods developed

by Foster–Smith et al. (1999), the North Western and North Wales Sea

Fisheries Committee (Cook, 2000) and others. Ground-truthing has generally

been achieved remotely with the use of cameras, videos or grabs, or with

diver survey. In Scotland, Scottish Natural Heritage has commissioned subtidal

mapping surveys of 24 marine SACs since 1993. Until 1999 surveys were

carried out using RoxAnn ADGS and towed video, grab and dredge sampling

and in some cases divers for ground truthing. From 2000 onwards surveys

were carried out using multibeam swath bathymetry, side scan sonar and

single beam ADGS with video, grab, dredge, cores and diver sampling. The

last survey in the Sound of Barra SAC also utilised IKONOS satellite imagery.

Implications of this case study 

for an inshore mapping programme in Ireland

The current Irish SAC surveys provide a picture of the distribution and extent of

habitats and biotopes within the areas of the SACs and will enable management

plans to be produced. There are, however, gaps. In heterogeneous areas

habitats and biotopes can be missed, a problem that was partially addressed by

reducing the track spacing to 50m. The track spacing, even at a width of 50m,

falls far short of 100% coverage of the seabed. In areas where track spacing is

greater than 50m the likelihood of distinct habitats or biotopes being overlooked

is considerably increased.

Filling such gaps can be addressed in two ways, decreasing track spacing or

using multibeam technologies with a wider swath width, deeper water

penetration and shallow water operation. Both options are more expensive

than the current practice. The experience of Scottish Natural Heritage

suggests that Ireland should be moving towards marine habitat mapping with

multibeam swath acoustics, single beam acoustic ground discrimination and

a variety of seabed sampling methods.

Ground truthing will give some idea of the quality of the habitats and biotopes

occurring in the SAC and to a certain extent provide information on the rare

and uncommon species present. The level of information gathered on these

aspects of the SACs is directly related to the amount of ground truthing

carried out. The greater coverage of the seabed will require additional

ground-truthing, which will increase the cost. At some point the site may

become saturated with ground truthing data and little or no new information

will be collected.
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5.3 DEFRA/CEFAS study in the English Channel
The Centre for Environment, Fisheries and Aquaculture Science (CEFAS)

have been involved in a research programme to support one of the policy

needs of the Department for Environment, Food and Rural Affairs (DEFRA) ‘to

protect and improve the marine environment, and conserve and enhance

biodiversity and promote sustainable management and prudent use of natural

resources’. The research programme is essentially a demonstration of the

acoustic techniques, in conjunction with underwater video and biological

sampling, which could be deployed to explore and map seabed habitats. As

much of the seabed around the English and Welsh coastline (and on the east

coast of Ireland) consists of coarse material that is potentially valuable as a

source of aggregate for the construction industry, the programme was

focused on areas where these deposits could influence seabed biological

communities. Some sites in the English Channel were chosen because they

offered a variety of sediment types, some of which were relatively

homogeneous to allow a relatively simple relationship between acoustic

regime, physical habitat and biological assemblage structure (Brown et al.,

2001). Other sites displayed greater small-scale complexity in sediment type

with the potential to force greater biological complexity. Three of the sites

each had an area of 48 km2 while the fourth had an area of 336 km2.

The acoustic equipment was limited to digital side scan sonar and a single

beam echo sounder. The track spacing was typically 400m and allowed full

coverage with the side scan sonar. The main biological sampling tool was

0.1m2 Hamon grab fitted with a light and video camera to record an image of

the seabed prior to the sample collection. Beam trawl surveys were also

conducted to characterise the epifauna. A modified 2m beam trawl with a

heavy chain mat and a 4mm knotless mesh liner was deployed over a 120m

distance across the seabed. In the laboratory, Hamon grab specimens were

recorded at species level and beam trawl macrofaunal species were identified.

The sediment samples were analysed for their particle size distribution.

The side scan sonar images were visually classified according to textural

characteristics (Fig 5.1).



Figure 5.1: An example of side scan sonar images over 4 different seabed types. (1) Inshore fine-medium sand < 20m
(2) Cobbles and gravels (3) Disturbed dredged gravel (4) Slightly gravelly rippled sand >20m .After Brown et al. (2001).

Typically up to 10 distinct acoustic regimes could be identified with

descriptions of sediment type such as:

• Offshore sandy gravel.

• Offshore sandy gravel with sand veneers.

• Large sand waves.

• Mixed heterogeneous sediments.

• Uneven mixed heterogeneous substrates.

• Inshore rippled sand.

• Coarse gravel and cobbles with attached algae.

• Inshore fine medium sand.

• Disturbed gravel – dredged shingle bank.

• Sand, gravel, cobbles and outcrops of bedrock.

The results of the seabed classification using RoxAnn and QTC – VIEW software

on the single beam echo sounder data are given in Foster–Smith et al. (2001).

Implications of this case study 

for an inshore mapping programme in Ireland

The following conclusions can be used to guide an inshore mapping

programme in Ireland:

• Conventional biological and geological surveying based on discrete

sampling stations introduces too much uncertainty in the interpolation

over wide areas of the seabed and ultimately results in an under-

representation of the variability of the seabed characteristics.
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• An integrated approach to seabed mapping using swath acoustic

techniques, underwater photography and grab sampling/beam trawling

are necessary for producing high-resolution biotope maps of an area and

for mapping gravel biotopes at potential aggregate extraction sites.

• Acoustic methods should not be used in isolation and ground truthing

should always be used to confirm interpretations.

• Swath acoustic systems out-performed single beam acoustic systems

using Acoustic Ground Discrimination Systems, mainly because of their

ability to ensonify 100% of the survey area.

• The benthic sampling programme should record macro-infauna and

epifauna to provide the basis for characterising the ecosystem.

• Sediment type and morphology appeared to be the major factors

controlling community composition. The scale of the surveys could not

rule out the possibility of variability due to currents.

These conclusions indicate that Brown et al. (2001) recognise that acoustic

technology is improving so rapidly that the UK mapping methodology needs to

be reviewed regularly. Their choice of acoustic techniques (side scan sonar and

single beam echo sounders) in this case study appears to be governed by the

limitations in their funding and lack of access and expertise with existing acoustic

technology such as multibeam sonar and sub-bottom profiling. On the basis of

this case study, the experience in integrated seabed mapping in the UK is

considerably less developed than that in Canada. This is described opposite.

5.4 Integrated sea floor habitat mapping 
on Browns Bank, Canada
Several federal government departments, led by Natural Resources Canada

(NRCan) and including Fisheries and Oceans and National Defence, have

proposed a long-term, systematic and interdisciplinary data acquisition

programme entitled ‘Canadian Seabed Resource Mapping Program –

SEAMAP’ (CCMC, 2002). The programme is designed to be national in

scope, cover the entire Canadian EEZ and ensure that the resulting data and

information is available to all potential users. The SEAMAP concept was

presented to stakeholders in industry, government and academia through a

series of five workshops held across Canada in 2000 and by 2003 the

concept of SEAMAP was well established with all stakeholders in Canada.

Whilst the Canadian focus is clearly on waters deeper than the 0–50m

considered in this study, SEAMAP…” is in no way intended to exclude or 



diminish the importance of the Great Lakes (Canada’s inland seas), 

St. Lawrence Seaway or the multitude of freshwater lakes and rivers which

dot the Canadian landmass”. Until central funds become available, a series of

demonstration studies will be publicised over the next few years to encourage

support for the SEAMAP programme (Pickrill, pers. comm.). An Integrated

Ocean Management policy within Natural Resources Canada is changing the

focus of habitat survey work towards an integrated approach incorporating all

aspects of the marine environment. The primary driver for the mapping work

is fisheries and oceans management. The methodology underpinning these

studies has been demonstrated in the case study from Browns Bank.

Kostylev et al. (2001) present results of an approach to seafloor habitat

mapping based on an integrated analysis of multibeam bathymetric data,

associated geoscientific information, and benthos data from Browns Bank 

on the southwestern Scotian Shelf, off the Canadian Atlantic coast. Based 

on multibeam bathymetry survey data (Fig. 5.2), sea floor sediment maps

(Fig. 5.3) and statistical analysis of megabenthos determined from

photographs (Fig. 5.4), 6 habitats and corresponding associations of 

benthos have been derived and mapped. The habitats (Fig. 5.5) were

distinguished primarily on the basis of sediment type and water depth.

Additional factors were sea floor geomorphology, habitat complexity, 

and relative current strength.
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Figure 5.2: Brown’s Bank bathymetry based upon multibeam surveying. After Kostylev et al., (2001).

Figure 5.3: Distribution of surficial sediment type, thicknesses and bedforms over Brown’s Bank based upon
multibeam bathymetry, backscatter and seabed sampling data (seafloor photography and sediment sampling).
After Kostylev et al., (2001).



Fig. 5.4: An example of seafloor photography from Brown’s Bank. Sand sub-stratum for (b) deep water. Gravel sub-
stratum for (c) soft coral and sea cucumber, (f) sub-type of Terebratulina community and (g) deposit-feeder. After
Kostylev et al., (2001).

Figure 5.5: Interpreted habitat map of Browns Bank, giving 6 benthic habitats based upon sub-stratum type,
benthic assemblage, habitat complexity, relative current strength and depth. After Kostylev et al., (2001).
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Implications of this case study 

for an inshore mapping programme in Ireland

The key points from this study that are relevant to an Irish inshore mapping

programme are:

• The use of bottom photography instead of relying solely on grab samples

significantly enhanced the speed of analysis and reduced the expense;

the major drawback was a lack of information about benthic infauna and

detailed sediment stratigraphy.

• Sediment type controls species distribution and similar groups of species

commonly occur on similar sub-strata.

• Sea bottom currents, grain size and particle mobility are important

controlling factors on benthic community composition.

• The trends in diversity, distribution, and abundance of megafauna could

be successfully predicted from the interpretation of multibeam data, which

defined the sedimentary habitat over a wide range of scales.

• Regional geomorphology and sediment texture inferred from the

multibeam data allowed the dynamics of water masses to be

characterised and benthic habitats to be interpreted.

The importance of this study for an inshore mapping programme in Ireland

can be summarised as:

• Providing a methodological model for integrating multibeam bathymetric

sonar and sub-bottom profilers for interpretation of sea floor sediments

with advanced sea floor photography to identify the megabenthos.

• The integrated approach provides the basis for extrapolating benthic

habitat characteristics across large areas of sea floor.

• The acquisition and interpretation of the seafloor photography 

and sampling and their statistical analysis were time-consuming 

and expensive.

• Current and tidal measurements are important for predicting 

marine habitats.



5.5 Trends in seabed mapping in Norway, 
Portugal and Spain
Olex (www.olex.no) is a low-cost electronic charting system that automatically

records the seafloor bathymetry and provides crude seabed classification

(soft/hard bottom). It is targeted mainly towards medium sized (fishing)

vessels of opportunity operating with a simple GPS and single beam echo

sounder, but it can also be used for systematic surveys with multibeam

systems. The basic idea is that as vessels of opportunity go about their every

day business, information on the bathymetry and seabed beneath the

vessel’s tracks is used to continually update seabed charts without user

intervention. The system records observations in four dimensions – time,

depth, longitude and latitude (and the possibility of echo strength for seabed

classification). It continually upgrades a database where the sea floor is

divided into squares of about 5m by 5m, reflecting the precision of GPS

estimates of horizontal position. They contain a depth value which has either

been measured or interpolated, or is unknown. Repeated depth

measurements over the same square improve the statistical estimate of its

depth. The squares are organized into cells whose depth is computed from

the mean depth of the squares. These cells are themselves parts of bigger

cells meant for other scaling levels. Eventually a scale is reached where a

rectangular cell covering a specific area along the coastline provides the

basis for an electronic chart.

The advantages of the OLEX system are:

• Large amounts of relatively low-quality hydrographic data can be

accumulated cheaply and continually over time which, with 

appropriate statistical techniques, can provide a valuable data set 

for a complicated coastline.

• Eventually, the amount of electronic charting detail will exceed current

official paper charts.

The disadvantage of the system is:

• In the medium term the standard of the data set will probably not conform

to IHO Order 1. It would appear to be suited for areas not deemed to be

a priority for systematic swath bathymetry and backscatter surveying.

NDP Marine RTDI Desk Study Series   REFERENCE: DK/01/007

5.0  INTERNATIONAL CASE HISTORIES AND BEST PRACTICE

111



NDP Marine RTDI Desk Study Series   REFERENCE: DK/01/007

5.0  INTERNATIONAL CASE HISTORIES AND BEST PRACTICE

112

SUSHIMAP (http://www.imr.no/coral/mapping.php) is an initiative coordinated

by the Institute for Marine Research (IMR) in cooperation with the Norwegian

Geological Survey (NGU), Norwegian University of Science and Technology

(NTNU) and Statoil, and funded by the Research Council of Norway. It aims

to develop a rapid, reliable and cost-efficient procedure for the mapping and

monitoring of seabed habitats by integrating medium- and fine-scale data

using visual and sediment-grab methods with large-scale bathymetric and

backscatter data obtained by multi beam echo sounding.

The Geological Survey of Norway, Institute of Marine Research and the

Norwegian Hydrographic Service are also proposing an integrated mapping

programme for Norwegian Sea and coastal areas. MAREANO

(http://www.imr.no/Dokumenter/ZWBXCRRMQOEHFP.pdf) aims to build a

GIS database, which will include new as well as historical data to elucidate

the physical, chemical and biological characteristics of the seabed along the

Norwegian shelf and parts of the deeper Norwegian Sea. It will provide maps

and information on seabed bathymetry using multibeam technology, marine

habitats, biological diversity and resources, mineralogical resources and

geological features as well as habitat contamination. This information will be

available to a variety of groups, such as environmental managers, fisherman,

and aquaculture and petroleum industries, through a dedicated Internet

system. The MAREANO proposal is linked internationally to the GeoHab

group (www.ngu.no/geohab).

The same ideas are also being used to inform mapping policy in Portugal where

seventeen marine areas have been classified as Sites of Community Importance

(SCI) in the Azores The MAROV project (http://www.horta.uac.pt/projectos/

marov/) will generate detailed maps for the management of a set of SCIs

primarily following techniques described in the Marine Monitoring Handbook

(Davies et al.2002). Future work will include the use of underwater technologies

such as Autonomous Underwater Vehicles (AUV), Remotely Operated Vehicles

(ROVs) and sub-bottom profiling systems to explore habitats.

In Spain, the Spanish Oceanographic Institute started a project in 1994 to

map the entire Spanish continental shelf between 0m and 170m with

acoustic (multibeam) techniques and high resolution seismic reflection (ICES,

2003b). Bathymetry, backscatter and seismic data will be integrated with

other existing data sets into a marine GIS. This programme is projected to

finish in 2014. At a regional scale, sedimentological maps and principal

habitat maps with a special focus on traditional fishing sites on the Basque

continental shelf are underway. The study covers the 0–100m depth range

using acoustic techniques such as AGDS RoxAnn and side-scan sonar. 

Grab sampling and seabed photographic images will be used for calibration.



Implications of this case study 

for an inshore mapping programme in Ireland

The single beam echo sounding system developed by OLEX would probably

not be reliable enough to satisfy IHO Order 1 standards. The trend in Norway,

Portugal and Spain is to move towards systematic swath bathymetry

mapping integrated with video and grab sampling.

The OLEX collaboration with fishermen is an interesting concept that could be

explored in Ireland. It may, for example, be fruitful to investigate the possibility

of acquiring other oceanographic data (currents, biogeochemical,

conductivity, salinity, density of the water column etc.) using automated

sensors on vessels of opportunity. The system could be deployed to acquire

these data over several years with the eventual aim of incorporating results in

electronic charts.

5.6 Airborne bathymetric LIDAR survey in Ireland
The LADS (Laser Airborne Depth Sounder) Mk II system

(www.systems.tenix.com) is fitted on a Dash–8 aircraft with an endurance of

8 hours and transit range of 2000 nautical miles. It operates at a survey

speed of 175 knots at a height of – 350 to 550m and produces a typical

swath width of 240m with laser spot depths of 2x2, 3x3, 4x4, 5x5 or 6x6

metres that can satisfy IHO Order 1 accuracy of position, depth and target

detection. Unlike shipborne acoustic swath systems the LADS swath width is

independent of the water depth. It can collect about 65 km2 per hour and

operate day or night. The data can be processed usually within days of

acquisition and presented in common GIS formats or easily imported into

specialist seabed visualisation software. LADS surveying is claimed to be 20

times faster and 20% of the cost of conventional shipborne surveying.
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Sinclair (2002) presents case studies from the Tenix Lads Corporation in the use

of their airborne LIDAR for shallow water bathymetric surveying in, amongst

others, Norway and Ireland. In these surveys the line spacing was typically 100m

giving a coverage > 200%. This allowed adjacent lines to be flown on different

and tidal states to maximise the data quality in areas that needed further laser

coverage e.g. due to water turbidity. In Norway, white water due to swell around

local rocks made the survey of the low water line difficult and water turbidity

limited maximum accurate survey depths to – 40m. In Finland, the water turbidity

(where Secchi disk depths of 6m were measured) limited IHO Order 1 accuracy

to depths of – 15m. The LADS survey in Ireland was originally planned for the

east coast in June but rainfall-induced turbidity prevented the acquisition of good

quality data. Clew Bay became the site of the survey because of the optical

clarity of its waters and its interesting geology. The survey was conducted at high

tide with tidal control from a station at Westport and a GPS reference station in

Dublin. The spot spacing was 5x5m. Fig. 5.6 shows some of the data from the

Clew Bay survey.

Figure 5.6: The bathymetry of Clew Bay inferred from the Geological Survey of Ireland’s LIDAR survey. Courtesy of
Geological Survey of Ireland.

The LIDAR survey provided 120 km2 of data in 1 day in waters with many

natural obstacles. It is interesting to compare this data acquisition rate with

water-borne swath acoustic systems. A recent survey by NUI, Galway

researchers in Clew Bay waters typically 20m deep collected – 40 km2 in 

7 days in relatively open water. This is consistent with the claim by Tenix that

it is – 20 times faster.



Implications of this case study 

for an inshore mapping programme in Ireland

The key conclusions from this study are that LIDAR mapping has advantages

and disadvantages.

• The LIDAR campaign was successful in surveying 120 km2 in one day in

water depths down to – 20 – 25m.

• Airborne surveys are much less time consuming than shipborne surveys

in areas that are difficult to navigate with a boat, especially in water

depths < 10m. This may lead to a cheaper survey per km2.

• LIDAR can provide IHO Order 1 hydrographic standard data (resolution of

2m by 2m cubes down to 40m) if the water conditions are favourable.

However,

• The success of LIDAR surveys around the coast of Ireland is highly

dependent upon water conditions. Before committing to any programme

of LIDAR measurements it would be prudent to estimate the Secchi

depths of the water in a survey area to ensure appropriate international

hydrographic standards to a specified maximum depth.

• Airborne LIDAR mapping may not be useful for the 25–50m water depths,

or in some areas around the Irish coast (e.g. east coast of Ireland and the

Shannon Estuary) for the 10–25m water depths, if water conditions are

unfavourable. If the optical clarity of the water is particularly poor, LIDAR

may not give appropriate hydrographic standard bathymetric data even in

0–10m water depths.

• At present, LIDAR surveys do not provide information on the seabed type

but it would be important to record digital waveforms in anticipation of

future research and development into seabed characterization using

LIDAR and possibly hyperspectral imagery.

5.7 Water current mapping and modelling
The definition of inshore mapping includes the acquisition, processing,

management and dissemination of data associated with the water column.

Wolanski et al (1999) give two case studies demonstrating the need for

accurate water current mapping to provide constraints on hydrodynamic

models of suspended sediment/plankton, the dispersal of fish larvae and the

turbulent advection of sewerage or pollutants.
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5.7.1 Water current mapping in the Fly River, Papua New Guinea

One case study concerns the Fly River estuary in Papua New Guinea. The

estuary is about 60 km long, is shallow (typically only a few metres deep at

low tide) and has three major channels. The dominant forcing is the tide, the

freshwater inflow and the wind. Current meter data of 2 – 8 week’s duration at

10 sites were available to verify the model. The model explained at least 90%

of the variance at the mooring sites so it can be used to explore the dynamics

of the system. The flow field is very complex. The tides propagate at different

speeds and with a different flood-ebb tide asymmetry in each channel. In each

channel there are strong lateral and along-channel variations, with zones of

extremely strong flushing next to zones of much weaker currents leading to

stagnation zones. At the apex of the delta where the three channels meet, the

resulting currents in the area are chaotic (turbulent).

5.7.2 Water current modelling in Palau

Wolanski et al (1999) also describe how accurate current mapping is

essential for water quality modelling and subsequent monitoring in the

bathymetrically complex Malakal Harbour in Palau. The currents are primarily

tidal and are complex because they are channelled by the bathymetry. As a

result the impacted zone from a sewage discharge varies enormously with

small changes (< 100m) in the discharge point. If the discharge is located just

offshore of a small headland, as is actually the situation in the harbour, the

plume spreads over much of the outer harbour and the southern shipping

channel while the inner harbour remains relatively uncontaminated. The

sewage plume is patchy and intermittent over a coral reef and since it is 2

days old by the time it reaches the reef its impact is likely to be small. If the

discharge occurred just inside the headland the inner harbour and the

northern shipping channel would be contaminated. In both cases the plume

breaks up in patches in the outer harbour.

The key conclusions from these studies are:

• Water currents are strongly steered by the bathymetry of channels

meandering through shoals and can result in turbulent flow.

• It is meaningless to undertake occasional water quality sampling at a few

scattered points without synchronising the sampling with the expected

location of plumes as a function of the tide.

Implications of these case studies 

for an inshore mapping programme in Ireland

• Hydrodynamic models for water quality (and, by implication, biological

species dispersion) studies require accurate bathymetry data in areas with

a complicated coastline.



• Tidal and current data would be very helpful for the acquisition of complex

bathymetric data and for the verification of any hydrodynamic models for

complicated water current systems.

• The establishment of an integrated real-time digital tidal gauge network

should be prioritised when a major inshore mapping programme is initiated.

5.8 Quality assurance in areas of complex, 
shallow bathymetry
Some priority areas within a large scale inshore mapping programme in

Ireland may require very accurate (e.g. IHO S44 (Edition 4) Special Order)

bathymetry, e.g. in ports, shipping corridors, inner bays, estuaries or rivers.

Two international case studies that demonstrate solutions to some of the

challenges of mapping in areas with shallow complex bathymetry are

summarised below.

5.8.1 Very-shallow water mapping of the Thames Channel, UK

The UK Environment Agency has an obligation to keep the River Thames

open for some 150,000 vessels by maintaining a navigable channel to preset

dredge levels (Mattinson, 2002). The Thames main channel is only some

3.5m deep, with scour holes by the weirs of up to 6m depth. On the extreme

upper reaches, a maximum depth of 1.8m is common in the channel centre

and its width is about 30m. The Environmental Agency is collaborating with a

French company, Mesuris (www.smf–europe.fr) who operate a Reson Seabat

8101 multibeam system, inertial navigation and DGPS or GPS–RTK on a

survey vessel with a draught of 0.9m (including the transducer).

Mattinson (2002) lists the advantages of multibeam hydrographic surveying in

these conditions:

• Eight times faster than conventional techniques

• Excellent definition and coverage of river bed and shelf

• Excellent for definition in canalised rivers with vertical sides

• Excellent resolution – 3 – 5cm

• Realistic profiles of river bed from the digital terrain data

• Instant visual picture of the river bed

• Best suited for > 6km of channel

The disadvantages are:

• Not possible to survey in reed beds or under over-hanging trees

• Difficult to collect data in water depths < 1m with shallow slopes

• Vessel must be at least 6m long to hold all the equipment

• Generator must be used to power equipment
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5.8.2 Swath bathymetry surveying in Portsmouth Harbour, USA

Swath systems are either based upon beam forming (multibeam) or

interferometry (Blacquiere & van Woerde, 1998). Mallace (2002) compares

the performance of several different multibeam and interferometric systems

deployed in Portsmouth Harbour in New Hampshire.

The results of these two case studies are incorporated in the general

implications for shallow water mapping below.

Implications of these case studies 

for an inshore mapping programme in Ireland

• Multibeam systems produce accurate, repeatable results with low 

errors whilst interferometric systems are noisier and less accurate

although they still produce digital terrain models that can satisfy depth

sounding accuracy for some bathymetric surveys (e.g. wind farm 

site assessments).

• The speed and efficiency of swath data acquisition results in a survey

cheaper than conventional shallow water hydrographic methods in

estuaries or harbours.

• Swath digital terrain models give total coverage rather than sampled 

data at discrete intervals using conventional techniques. The margins

where water depth is less than 1m are difficult to survey, but for

navigation/dredging purposes they are often not needed.

• Swath data may eventually be integrated into topographic LIDAR or

photogrammetry digital terrain models and could be used to develop

flood hazard models.

• Multibeam systems are more expensive so there will always be a 

trade-off between data quality and survey cost.

• Swath systems are now accepted worldwide as being superior to single

beam echo sounders for hydrographic sounding accuracy.

• Survey quality is crucially dependent on accurate positioning and tidal

information and, without this; depth sounding may never reach the

required standards with even the most sophisticated instrumentation.



5.9 Conclusions
The consequences of this review for a large scale inshore resource mapping

programme for Ireland are:

• International inshore mapping programmes demonstrate the trend towards

bathymetric mapping with multibeam acoustic technology. Swath

bathymetric sonar systems (e.g. multibeam) are now driving international

marine mapping programmes to provide data to international hydrographic

standards, which can be used to generate accurate navigation charts

(both paper and electronic). Acoustic technology for hydrographic

mapping is developing rapidly. International hydrographic standards are

undergoing significant changes in order to keep up with technological

developments. The specifications of a mapping programme for Ireland

should track international developments and guidelines.

• Multibeam and single beam acoustic data can be used for seabed

classification. However, international best practice for acoustic seabed

classification is under review (ICES, 2003a) and it will be 2005 before

protocols can be recommended.

• The multibeam acoustic equipment can be easily supplemented 

with multi-frequency single beam echo sounders and sub-bottom 

seismic profilers. These data sets, when combined with underwater

photography and seabed sampling, can be used to identify the nature 

of the seabed sediments to predict marine habitats and the location of

aggregate resources.

• Airborne LIDAR may be the most cost-effective approach for hydrographic

mapping of shallow waters (0–25m)1, where it can provide bathymetric

data within international standards over much of the area. LIDAR

technology provides the additional benefit of allowing combined mapping

of the terrestrial and intertidal area.

• LIDAR technology does not provide information on seabed type. Thus, 

in areas where seabed classification and habitat mapping are required in

addition to hydrography, multibeam offers the best solution. However,

navigation hazards and operational depth generally prohibits surveying in

waters shallower than 5–7m. In these areas LIDAR offers a viable solution

for systematic mapping.
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1It may not be technically feasible, due to survey conditions and water clarity, to collect LIDAR data to recognised
international standards in the entire 0-25m zone in some coastal areas.
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6.1 Introduction
A strategy for a comprehensive inshore mapping programme can be

elaborated from the review of mapping technologies appropriate for 0–50m

water depths (Chapter 4) and the discussions on international best practice

(Chapter 5). The priority in this chapter is to provide indicative costs of the

technologies that will give the most useful hydrographic and seabed habitat

information. These costs are presented in Section 6.2.

6.2 Costs of inshore mapping
During the literature review and the stakeholder consultation process, it

became clear that airborne LIDAR, swath acoustics, single beam echo

sounding, sub-bottom profiling, seabed sampling, water current mapping 

and networked tidal gauges provide key data sets. There have been several

small-scale swath acoustics, sub-bottom profiling, single beam echo

sounding, airborne LIDAR and seabed sampling surveys in Irish water depths

of 0–50m. This study uses the costs of some of these to provide an

indication of costs for a large-scale inshore mapping programme. Based

upon a reading of international hydrographic standards (Section 4.2.1) and a

detailed evaluation of costs of the most appropriate mapping technologies

(Appendix 6), indicative costs are given in Section 6.2.1. Absolute costs

cannot be established without detailed specifications regarding e.g. survey

areas, data density, final deliverables and levels of ground-truthing.

6.2.1 Indicative costs of mapping in 0–50m water depths

The strategy in this section is to present indicative costs of the technologies 

that will provide the most useful hydrographic and seabed habitat information for

mapping the inshore zone. It should be noted that all costs and times presented

in this chapter are based on the use of a single platform (shipborne or airborne).

The 0–50m water depths have been divided into 3 zones 0–10m, 10–25m and

25–50m based upon the case studies and technical specifications presented in

Chapters 4 and 5, and in recognition of the following:

• The time to acquire multibeam data depends on swath width, which in turn

depends upon average depths of water. In shallow water, the swath widths

are smaller than in deep water so the line spacing has to be smaller to

achieve 100% bottom coverage. This means that the acquisition of

multibeam data will take much longer in Zone 1 than in Zones 2 and 3.

• The time to collect multibeam data in 0–10m water depths is significantly

larger than the time for acquisition in 10–50m waters for the same 

reason above.

• There are several vessels e.g. RV Celtic Voyager, that could operate

efficiently in waters deeper than 10m but could not be used in water depths

0–10m. In these depths, most of the work would require specialist craft

(e.g. Section 5.8.1) that are highly manoeuvrable and can travel rapidly to

and from a work area to an overnight base.

6.0 Costs of Inshore Mapping

NDP Marine RTDI Desk Study Series   REFERENCE: DK/01/007

6.0  COSTS OF INSHORE MAPPING

121



NDP Marine RTDI Desk Study Series   REFERENCE: DK/01/007

6.0  COSTS OF INSHORE MAPPING

122

• Shipborne multibeam and single beam mapping in the 0–10m depth zone

is in reality more likely to give information for 2–10m depths because of

the difficulties in surveying in such shallow water. This is less of a problem

for multibeam data because of the lateral extent of its acoustic swath.

• Airborne LIDAR mapping may not be useful for the 25–50m water depths,

or in some areas around the Irish coast (e.g. east coast of Ireland and the

Shannon Estuary) for the 10–25m water depths, if water conditions are

unfavourable. If the optical clarity of the water is particularly poor, LIDAR

may not give appropriate hydrographic standard bathymetric data even in

0–10m water depths.

It is also recognised that:

• Single beam echo sounding at a line spacing greater than the water

depth will not satisfy IHO Special Order and Order 1 Specifications and

may miss important habitats.

• Some of the major navigational channels and port approaches have

already been mapped using multibeam during transit of the vessels

involved in mapping Zones 2 and 3 of the National Seabed Survey.

0–10m water depths

Table 6.1 summarises the costs and times for the acquisition of multibeam

and sub-bottom reflection profiling data compared with single beam echo

sounding data including limited seabed sampling. The details of the

calculations are given in Appendix 6.

Table 6.1 Indicative times and costs for the acquisition of validated multibeam, sub-bottom and single beam 
echo-sounding data in 0–10m water depths. See Appendix 6 for details.

Sector Single beam Single beam Multibeam and Multibeam and
and AGDS and AGDS sub-bottom sub-bottom

Area (km2) Days Cost (€ 000) Days Cost (€ 000)

1 709 87 516 922 3,688
2 351 43 255 456 1,824
3 570 70 415 741 2,964
4 160 20 116 208 832
5 417 52 303 542 2,168
6 444 55 323 577 2,308
7 187 23 136 243 972
8 285 35 207 370 1,482

Total 3123 385 2,271 4059 16,238

On the assumption that a typical survey season is 185 days, then a figure for

the total number of years, for example for multibeam mapping, would be

4059 ÷ 185 – 22 years.



Table 6.1 implies:

1) For single beam echo sounding:

• The acquisition of ssiinnggllee  bbeeaamm//AAGGDDSS data would take at least – 

22  yyeeaarrss  wwiitthh  aann  aannnnuuaall  ccoosstt  ooff  ––  €11,,113355,,550000.

• This data set is based upon a line spacing of 250m and falls far short

of any acceptable international hydrographic standards.

• The data set includes the same level of seabed sampling used in Irish

Special Areas of Conservation mapping programmes to satisfy benthic

habitat management and calibration of the acoustic signals (see below).

2) For multibeam echo sounding and sub-bottom seismic reflection profiling:

• The mmuullttiibbeeaamm  aanndd  ssuubb--bboottttoomm data would take at least – 2222  yyeeaarrss

wwiitthh  aann  aannnnuuaall  ccoosstt  ooff > – €773388,,000000. The total cost would be –

€1166,,223388,,000000.

• These data would satisfy accepted international hydrographic

standards and give 100% seabed coverage.

• The figures do not include any seabed sampling for calibration or

habitat information (which partially explains why it is cheaper per

annum than the single beam survey).

These figures should be compared with costs for an Airborne LLIIDDAARR data set,

based on information given by the Tenix LADS Corporation (Appendix 6):

• A 22000000  kkmm22 survey in Sectors 3,5,6,7 and 8 could be collected in 

11  sseeaassoonn  ffoorr  aa  ttoottaall  ccoosstt  ooff – €22,,666600,,000000. In the first season it would be

possible to determine where LIDAR data could be collected successfully

in Sectors 1, 2 and 4. If so, an aaddddiittiioonnaall  11112233  kkmm22 of LIDAR data could

be collected in aannootthheerr  sseeaassoonn  ffoorr  aann  aaddddiittiioonnaall  ccoosstt  ooff – €11,,665500,,000000

(assuming a deployment cost of – €150,000 and a cost of €1,330 

per km2).

• The data generated from a LIDAR survey will probably satisfy accepted

international hydrographic standards, providing survey conditions (e.g. sea

surface roughness) and water clarity are favourable.

• Seabed sampling is not included in the cost.

It is the authors’ opinion that inshore mapping in 0–10m water depths using

airborne LIDAR is the best option that could reasonably satisfy acceptable

international hydrographic standards. This would satisfy the hydrographic

community in Ireland but would not be able to address fully the needs of

habitat mapping and management. However the shallow waters would

facilitate relatively easy access for video and/or diver sampling.
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10–50m water depths

Table 6.2 shows the approximate times and costs for the comprehensive

mapping of water depths 10–50m using a vessel such as the RV Celtic

Voyager with access to multibeam, sub-bottom seismic reflection profiling,

single beam echo sounding and appropriate navigational equipment. 

The details are given in Appendix 6.

Table 6.2 Indicative times and costs in 10–50m water depths for the acquisition of 100% coverage multibeam,
sub-bottom and single beam echo-sounding data. See Appendix 6 for details.

Sector Total No. of Days Cost (€ 000)

1 325 2,275
2 188 1,321
3 121 842
4 42 295
5 104 722
6 115 803
7 84 58
8 142 988

Total 1,121 7,830

On the assumption that a typical survey season is – 185 days, the acquisition

of these data for 10–50m water depths would take at least – 66  yyeeaarrss  wwiitthh  aann

aannnnuuaall  ccoosstt  ooff – €11,,330000,,000000. The total cost would be – €77,,883300,,000000. These

data would satisfy international hydrographic standards. The figures do not

include costs and times for seabed sampling – this is addressed below.



Seabed sampling for multibeam surveys

The figures presented above for the multibeam surveys make no allowance

for the costs associated with ground truthing associated with seabed

classification and habitat mapping. These costs will arise from acquisition and

processing of video and grab samples and diver surveys and cannot be

established precisely without detailed specifications regarding the level of

ground-truthing required. The protocols for calibrating acoustic data as a

means to classify the seabed are being reviewed by an ICES working Group

on Acoustic Seabed Classification (ICES, 2003a) which is due to report in

2005. However the SAC surveys carried out on behalf of Dúchas/Marine

Institute in 2001/2002 had the following ground-truthing component:

• 46 grab samples in each site (SAC) analysed for infauna and granulometry

• Video drops

• Additional diver surveys.

No indication is available for the cost of this. According to the estimates in

Appendix 6 the cost of acquiring and processing a single seabed sample is

somewhere in the order of €265 – €975 depending upon the proportion of

diver, grab and video sampling. This may not be a reliable indicator of ground

truthing costs for the proposed multibeam programme.

LIDAR cannot at present give information on seabed type. It would not make

sense to embark on a seabed sampling programme based purely on

bathymetric mapping with LIDAR.

Data Management

Typical costs for the management of the data sets and facilities for a large-

scale inshore mapping programme are an additional 20–25% of the cost of

data acquisition (Donovan, Geological Survey of Ireland, pers. comm.)

Water current mapping/tidal gauge networking

Whilst these data were clearly signalled as important for the hydrographic

community, no information is available about costs to include water current

mapping or the digital networking of the existing tidal gauge system. 

An estimate of these costs is beyond the scope of this feasibility study.
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1Multibeam acoustic equipment supplemented with multi-frequency single beam echo sounders and sub-bottom
seismic profilers.
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6.3 Conclusions
Indicative survey time and costs for mapping the inshore zone are as follows:

• Multibeam mapping1 of entire 0–10m zone – 22 years at a total cost 

of €16.2m.

• Multibeam mapping of entire 10–25m zone – 3.5 years at a total cost 

of €4.4m.

• Multibeam mapping of entire 25–50m zone – 2.5 years at a total cost 

of €3.4m.

• LIDAR survey of entire 0–10m zone – 2 years at a total cost of €4.3m.

• Multibeam mapping of twenty priority bays (0–50m) – 8.1 years at 

a total cost of €6.4m.

The figures above do not include times and costs for biological, chemical and

geological sampling programmes and associated storage facilities. These are

the least developed aspects of the current National Seabed Survey. It is

estimated (Appendix 6) that comprehensive seabed sampling associated with

habitat mapping would require an additional 50% of the above times to

collect the multibeam data. Indicative costs to acquire and process a single

seabed sample are:

• Diver sample €975

• Grab sample €480

• Video sample €265

1Multibeam acoustic equipment supplemented with multi-frequency single beam echo sounders and sub-bottom
seismic profilers.



7.1 Introduction
This chapter presents a review of relevant datasets pertaining to the Irish inshore

zone and outlines the past and present mapping activity of stakeholders in the

inshore zone. The information was compiled via a stakeholder consultation

process, a literature review and a review of a number of existing databases.

7.2 Methodology
7.2.1 Dataset collation

The starting point for collating relevant digital datasets was a review of a

number of databases provided by the Marine Institute, principally:

• Updated EDMED (European Directory of Marine Environmental Data)1

• Marine Institute Data Holdings Database

• Sands and Gravels Database (Sutton and Wheeler, 2000)

In addition, a large number of papers/reports were reviewed and information

on relevant datasets compiled. Finally, consultees were requested during the

consultation process (see Section 7.2.2) to submit details of relevant datasets,

preferably in EDMED format. All relevant datasets from the various sources

were input to a database in the EDMED format using a MS Visual Basic

application and imported into an ArcView GIS designed to display the location

of datasets on a thematic basis (Table 7.1). Each data theme represents a

layer in the GIS and the themes were chosen to reflect existing data holdings

and to outline present and future mapping requirements. The results of the

compilation of relevant datasets are presented and discussed in Section 7.3.

7.2.2 Consultation process

The principal approach taken in defining present mapping activity consisted of

a consultation process with the potential stakeholders (and interested parties)

with jurisdiction over, or operating within, the inshore zone. A questionnaire

(Appendix 2) was circulated to consultees in order to obtain and collate the

following information:

1) Summary of relevant data holdings;

2) Current data collection and mapping activities; and

3) Outline of potential future mapping requirements (discussed in Chapter 8).

7.0 Mapping Activity 
in the Irish Inshore Zone
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1EDMED is a computer-searchable directory of data sets relating to the marine environment. It covers a wide range
of disciplines including marine meteorology; physical, chemical and biological oceanography; sedimentology;
marine biology and fisheries; environmental quality monitoring; coastal and estuarine studies; marine geology and
geophysics etc. Data sets are catalogued in EDMED irrespective of their format (e.g. digital databases or files,
analogue records, paper charts, hard-copy tabulations, geological samples, biological specimens etc). Although the
directory is targeted primarily at data sets that can be made accessible to other users, encouragement is also given
to holders of working data sets, or data of a confidential or restricted availability, to make their data known through
EDMED. For further information on EDMED see http://www.sea-search.net/edmed/welcome.html.
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In addition, stakeholders were asked to identify, where possible, international

case histories and “best practice” within their particular area of interest/expertise.

Questionnaires were circulated to over 70 potential stakeholders (representing

over 50 organisations) in the following types of organisations2:

• Government departments

• State agencies

• Local authorities

• Consultancies

• Third-level institutions

• Industry sectors

The inshore mapping activities of stakeholders are discussed in Section 7.4.

7.3 Relevant data holdings
Over 200 metadata sets have been catalogued from the sources listed in

Section 7.2.1. The distribution of these datasets within the ten chosen data

themes chosen is shown in Table 7.1. Maps outlining the distribution of the

datasets are presented in Appendix 7.

2A full list of stakeholders is provided in Appendix 1.



Table 7.1: Number of datasets collated per data theme. Note: Datasets can be assigned to several themes thus the
total in the table is greater that the actual number of datasets catalogued.

The data are catalogued in a GIS (ArcView). A sample of the way in which the

data are displayed in the GIS is shown in Figure 7.1. Within the GIS, datasets

can be queried and basic information (e.g. dataset name, period, location)

displayed on screen.
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Data Theme Description No. Datasets

Habitat Mapping Only datasets where habitats were mapped over a relatively 13
wide area are included here, e.g. using acoustic techniques and 
ground–truthing. Surveys carried out specifically for the purpose 
of fish/shellfish habitat mapping are included in a separate category.

Baseline Ecological Data This category includes datasets where sampling was carried out 90
using techniques such as grab samples, diver surveys, photographic 
surveys, trawls etc.

Bathymetric Survey Data collected using single/multi beam echosounders over varying scales. 48
Many of these datasets relate to survey work carried out in association 
with developments in the nearshore area, e.g. piers/harbours/marinas,
outfall pipes, or regular surveying associated with dredging 
by port authorities.

Hydrodynamic Modelling 2D and 3D models developed at varying scales. 23
Models can be divided into two categories:
1)  Models designed to study dispersion patterns from specific outfalls.
2)  Large–scale models of bays for, e.g. nutrient modelling.

Fish/Shellfish Habitats Surveys carried out over relatively large areas using acoustic techniques 11
for fish/shellfish habitat and stock assessment.

Seabed Classification Datasets in this data theme include geophysical reconnaissance work 59
carried out by the GSI using seismics (sparker, boomer, sub–bottom profiler) 
and more recent datasets generated using techniques such as RoxAnn,
ECHOplus and multibeam.

Archaeological Assessment These are generally data collected during EIAs in support of foreshore 3
lease/license applications using side–scan sonar and/or magnetometer.

Wave/Tidal Data Once–off studies of current/wave climate as part of developments 21
(e.g. piers, windfarms etc.); and longer–term datasets generated by 
e.g. tidal gauges deployed by harbour authorities.

EIS/Development Datasets generated in support of EIS/environmental studies in support 80
of development works, e.g. mariculture, pipelines, marinas, outfall pipes etc.
Many of these datasets are also reflected in other themes.

Large–Scale/Historical Data Compilations of data over a large scale (e.g. Irish Sea). 41
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Figure 7.1: Sample screen from GIS used to catalogue and display relevant datasets. The example chosen displays
habitat mapping of SACs carried out on behalf of Dúchas in the southwest. The dataset selected (no outline) is the
Valentia Harbour mapping that took place in 2001.

The datasets collated are of varying relevance to this study. For example,

many of the datasets are of limited geographical coverage – bathymetry

surveys carried out in relation to specific pier/marina developments. Other

datasets may have been collected over 20 years ago with no appropriate

quality checks applied.

Within the context of future mapping in the inshore zone only a small number of

the datasets catalogued can be interpreted as being of direct relevance.

Specifically, those that have been carried out most recently, covering a relatively

large area, and using modern data acquisition technologies (e.g. RoxAnn,

multibeam, side-scan sonar etc.) are of interest. Twenty-three such datasets 

are listed in Table 7.2 on a thematic basis (see Table 7.1). Some of the more

important recent mapping activities are discussed further in Section 7.4.
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7.4 Recent and present mapping activity
The most relevant recent inshore mapping activities, within the context of a

future mapping programme, of the various stakeholders are considered below

under the principal data themes, namely:

• Bathymetry surveys

• Seabed classification

• Habitat mapping (including Fish/Shellfish Habitats)

• Archaeological assessment

• Hydrodynamic modelling

7.4.1 Bathymetry surveys

Small-scale bathymetry surveys are carried out by a wide range of

stakeholders, usually as a once-off requirement associated with individual

projects/developments. Such projects/developments may relate to a wide

range of activities, e.g. harbour/marina development works, siting of cables

and pipelines, siting of structures such as wind turbines and aquaculture

structures and the development of hydrodynamic models for pollution

studies. The extent of these surveys is often limited to the immediate vicinity

of the development/activity. Furthermore, due to the specific nature of these

activities bathymetric surveying is often not carried out to appropriate

international standards (e.g. International Hydrographic Organisation, 1998;

LINZ, 2001). Finally, all of the major port companies, and in particular Dublin,

Waterford, Drogheda and Shannon/Foynes, have ongoing hydrographic

surveying needs in order to maintain and upgrade berths and navigation

channels. Regular hydrographic surveys are conducted to assess the need

to carry out dredging operations.

In contrast to the small-scale and ongoing surveying discussed above a small

number of recent surveys are of interest within the context of future inshore

mapping. These are notable either for their adherence to accepted standards

and/or the large areas covered.

Marine Institute multibeam surveys

The Marine Institute conducted a mini-survey in Galway Bay during 2001 as a

calibration and ‘shake-down’ exercise for the R.V. Celtic Voyager (Area 1 in

Figure 7.2) (GOTECH, 2001). Multibeam bathymetry data were acquired

using the Kongsberg Simrad EM1002 echosounder. The data were approved

by the UK Hydrographic Office and this resulted in a ‘Notice to Mariners’

being issued regarding shoals not present on existing Admiralty Charts. The

RV Celtic Voyager and RV Celtic Explorer collect multibeam data during transit

through the inshore zone en route to surveying Zone 2 of the seabed survey.



Clew Bay LIDAR survey

The Geological Survey of Ireland commissioned a Bathymetric Airborne LIDAR

survey of the approaches to Westport Harbour in June 2002 (See Section 5.6).

An area of approximately 120 km2 was surveyed (Area 2 in Figure 7.2). The GSI

have stated their desire to carry out further LIDAR surveys in the inshore zone.

Recent large-scale surveys

Wind farm developers have recently carried out two surveys, covering

relatively large areas of the inshore zone, in support of foreshore lease

applications for the Arklow Bank (Sure Partners Ltd, 2001) and Codling Bank

(Codling Wind Park, 2002) off the east coast (Areas 3 & 4 in Figure 7.2).

Other areas currently being investigated by wind energy developers and

subject to large-scale surveying include the Kish Bank and an area to the

east of Clogher Head (Co. Louth).

Figure 7.2: Recent and large-scale bathymetric surveys in the inshore zone. 1) Marine Institute Galway Bay Survey;
2) Clew Bay LIDAR Survey; 3) Codling Bank Wind Farm EIS; 4) Arklow Bank Wind Farm EIS.
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Other surveys

The majority of the surveys listed below have employed single and/or

multibeam echosounders – primarily for the purposes of seabed/habitat

classification. However the bathymetric data may not have been acquired to

the appropriate standards to allow the data to be used for the production of

navigation charts, e.g. in many cases tidal gauges will not have been

deployed to allow proper calibration. Nevertheless, they are valuable datasets

that may be useful as a baseline for future mapping to international standards.

7.4.2 Seabed classification

Study of selected Maërl beds along the west coast

The Aquatic Services Unit of University College Cork carried out a study on

behalf of the Marine Institute to, inter alia; document the spatial spread and

total volume of the maërl2 resource along the west coast of Ireland between

Donegal and Cork (De Grave et al., 2000). This involved a RoxAnn mapping

survey on 23 selected beds between Cork and Galway that were initially

identified from various publications and historic charts (Figure 7.3).

Geological appraisal of the Kish, Burford, Bray and Fraser Banks Area

A geological appraisal of the Outer Dublin Bay area was carried out in 1998

(Wheeler et al., 2000; 2001). The survey was designed to fill a perceived gap

in baseline geological data as part of an overall appraisal of Irish offshore

sand and gravel resources (Sutton et al., 2001). The proximity of the area to

the potentially large aggregate market that exists in Dublin was one of the

factors that were considered in their choice. The survey area encompassed a

number of sand/gravel banks off the coasts of Dublin and Wicklow (Fraser,

Kish, Burford and Bray banks) and it was mapped in three dimensions using

side-scan sonar ands seismic data. Bathymetric data were also collected

during the survey and compared to existing Admiralty charts to assess

discernible shifts in bank location and altitude.

As part of the wider assessment of coastal seabed sand and gravel

resources the Coastal Resources Centre of UCC compiled a GIS database

of all known information regarding the location and extent of the resource –

‘The Sands and Gravels Database’ (Sutton and Wheeler, 2000). All relevant

metadata sets from this database have been included in a GIS of relevant

data in the inshore zone.

2Maërl is the term used to describe the live and dead gravels formed by a group of unattached coralline red algae
of which Lithothamnion corrallioides and Phymatholithon calcareum are the two main bed-forming species.



Geological Survey of Ireland GEOMAN database

From the late 1970s to the early 1990s the Geological Survey of Ireland, led

by Dr. Ray Keary, carried out a series of surveys (primarily on board the 

RV Lough Beltra) for geological mapping of the coastal seabed. The surveys

used a variety of survey techniques, including echosounders, RoxAnn, 

side-scan sonar, seismic (sparker and boomer), sub-bottom profilers and

ground-truthing. The data from these cruises have been integrated into the

GSI GEOMAN cruise data management programme. All relevant metadata

sets from this collection have been included in a GIS for the inshore zone.

South coast geological cruise

The 2000/2002 South Coast Joint University Geological Survey (Gallagher,

2001; Sutton, 2001) collected boomer, side-scan sonar, multibeam

echosounder and Chirp data from sites off Waterford, Cork, Youghal, Kinsale

and Courtmacsherry (Figure 7.3).

Figure 7.3: Approximate location of recent seabed classification surveys in the inshore zone. Red – Maërl resource
survey (de Grave et al., 2000); Blue – South coast joint university geological cruise (Gallagher, 2001; Sutton, 2001);
Purple – Geological appraisal of east coast sand and gravel banks (Wheeler et al., 2000).

Marine Institute multibeam surveys

The Marine Institute RV Celtic Voyager ‘shake-down’ survey in 2001 (GOTECH,

2001) also collected multibeam backscatter, magnetics and ground-truthing

data (grab-samples) in a number of areas in Galway Bay (Area 1 in Figure 7.2).

The data have been processed and archived at the MI and the GSI.
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7.4.3 Habitat mapping

General habitat mapping

SAC mapping

Over the past two years Dúchas/ NPWS have funded seabed mapping 

using ECHOplus, to fulfill the requirements under the EC Habitats Directive 

to prepare management plans for SACs, in five inshore SACs – in Valentia

Harbour/Portmagee Channel and Kilkieran Bay (completed in 2001) and in

Roaringwater Bay, Kenmare Bay, and Clew Bay (completed in 2002) 

(Figure 7.4). The work consisted of four components:

1) Collection of seabed data and bathymetry using single-beam AGDS 

and the collection of the ground-truthing data including underwater

videography and the collection and preservation of infaunal samples;

2) Analysis of the grab samples to include detailed granulometric analysis

and faunal identification;

3) Diver survey to carry out additional ground-truthing; and

4) Postprocessing of the acoustic, bathymetric and ground-truthing data,

production of the final maps and reports for each SAC.

The aim of this work is to produce habitat maps for the development of

management plans and to aid in future monitoring within the SACs. The data

generated from these mapping surveys are as yet unavailable.

SensMap seabed mapping on the East coast of Ireland

Provisional biotope (habitat and associated community) maps were produced

for the near shore area of counties Dublin, Wicklow and Wexford (Figure 7.4)

during the SensMap project (Emblow et al., 1998). The techniques used were

basic but allow very broad scale habitat and biotope mapping. Maps of

bathymetric, tidal stream and substratum information from Admiralty Charts

were entered onto a GIS and examined to determine the extent of seabed

types present from examining substratum data and depth. Sites were selected

from the centre of each of these areas from which to identify the biotope(s)

present through ground truthing. A thorough examination of existing biological

data was also made prior to site selection. Ground truthing was undertaken

using a biological dredge and the fauna and flora collected compared to the

standard biotope descriptions (Connor et al., 1997). The data have been used

to produce a broad scale map of the likely habitats within an area.

This approach is more accurate in areas of uniform soft substratum with a

high number of ground truthing stations. Although rocky or mixed substratum

areas are more difficult to ground-truth accurately, the data can be used to

plan more detailed surveys.



Figure 7.4: Location of recent large-scale habitat mapping activity in the inshore zone. Grey hatching – NPWS 
SAC mapping 2001/’02; Blue – SENSMAP Project (Emblow et al., 1998).

Fish/shellfish habitat mapping

Mapping of fish and shellfish habitats is currently carried out by both the

Marine Institute and BIM within their respective remits. The location of recent

fish/shellfish habitat surveys is indicated in Figure 7.5.

Within the inshore zone the Fisheries Science Services team of the Marine

Institute carry out both regular and once-off surveys of inshore stocks of both

quota and non-quota fish and shellfish species for the purposes of stock

assessment to fulfill monitoring and research requirements. Survey

techniques include underwater towed camera and RoxAnn/ECHOPlus.

Recent surveys include:

• Dingle Scallop Survey (2001) – A scallop stock assessment was carried

out on this new fishery to assist in the development of a management

plan. The survey was designed to map the currently exploited grounds

(using single beam echosounder with EchoPlus and validation with UWTV)

in an attempt to relate catches to ground type.
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• Nephrops Stock Assessment (2002) – As part of a larger survey, which

covered the Aran Grounds, the Nephrops area within Galway Bay was

surveyed, using UWTV, to assess the stock (burrow density estimation)

and to investigate the effects of trawling on benthos (Lordan et al., 2002).

• Within the inshore zone the pelagic section of Fisheries Science Services

carries out regular assessments of herring stocks – using larval, acoustic

and young fish surveys. In 1997/98 they carried out a survey using RoxAnn

to identify the location and extent of the main herring spawning grounds in

eight areas (Figure 7.6) on the south and south-west coast (Breslin, 1998)3.

Figure 7.5: Location of recent fish/shellfish habitat surveys in the inshore zone. 1) Marine Institute Nephrops stock
assessment (2002); 2) Marine Institute Dingle scallop survey (2001); 3) BIM south coast Scallop habitat survey
(2000); 4) BIM South Wexford habitat survey (2000); 5) BIM Malin Head brown crab haibtat survey (2002); and 6)
Annual BIM mussel-seed survey.

The inshore fisheries section within the Fisheries Development Division of BIM

has responsibility for the establishment of monitoring programmes for all major

inshore stocks4 in order to develop sustainable management practices in

these fisheries. 
3See Box 1 (Chapter 2) for further information on the issue of herring spawning grounds in the inshore zone.
4BIM define inshore stocks as those that are fished within the 12 nautical mile limit, i.e. 12 miles beyond the
baseline as defined by the Maritime Jurisdiction Act, 1959 (Straight Baselines) Order, 1959. Certain parts of the
inshore (0-50m) zone falls outside of this boundary.



Where necessary research is undertaken to fill gap areas and appropriate

data is collected. The development work consists of evaluating fishing

opportunities using systematic or exploratory surveys in new areas or for new

species. The data collected are primarily biological but some physical data on sea

bed classification using acoustic methods (multibeam, RoxAnn) is also acquired

where this is necessary to compliment or aid the interpretation of biological data.

Figure 7.6: Herring spawning grounds surveyed by the Marine Institute (using RoxAnn) in 1997/98. 1) Saltees and
Keeragh Islands; 2) Hook Head; 3) Daunt Rock; 4) Cork Dumping Grounds; 5) Dursey Island; 6) Scarriff Rock; 7)
Dingle Bay; and 8) Slea Head (Source: Breslin, 1998).
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The inshore fisheries group have carried out a number of specific surveys on

seabed classification recently using accoustic methods, namely:

• South Wexford Habitat Survey 2000 (Hook Head and Saltees Islands) –

using RoxAnn and underwater video camera to identify important

spawning, nursery and fishery grounds. These surveys were conducted

to help design a potting survey for juvenile lobster. The purpose of this

work was to investigate the relationship between habitat types and the

occurrence of juvenile lobster in order to help identify suitable locations for

restocking with tank reared juveniles.

• South Coast Scallop Habitat Survey – using multibeam to relate habitat to

catch rates in order to classify scallop habitat and develop predictive

models in the important south coast scallop fishery. Although much of the

work has been carried out in waters deeper than 50m good coverage has

been achieved in shallower waters, notably the Inside Ground and an area

in the vicinty of the Saltee Islands. To date the project has proven

successful and it is likely that the data generated will be made available to

fishermen to assist them in targeting the best areas fishing areas, thus

maximising catches. Such an approach has proven successful in Canada

(see Brown’s Bank case study in Section 5.4), allowing the same amount

of scallops to be caught whilst cutting the dragging area by 75%, resulting

in a substantial saving for fishermen (Anon, 2000). This work is due to

continue in 2003 with co-operation from the Geological Survey of Canada.

• Acoustic Data of Seabed Areas off Inishowen Peninsula (2002) – using

RoxAnn to map habitats relevant to brown crab recruitment. This survey

was conducted using ECHOPlus (a single-beam AGDS) and underwater

video to identify the type of seabed and the depth at which settlement of

brown crab occurs, and to map a representative proportion of these

areas. The relationship between habitat types and the occurrence of

juvenile crustaceans is being investigated to help stratify potting and

suction sampling surveys designed for developing recruitment indices for

brown crab. In 2003 the survey of brown crab recruitment areas will be

continued in the Blacksod/Broadhaven area (Co. Mayo).

Finally, the Aquaculture Division of BIM carry out annual seed mussel surveys

using RoxAnn along the east coast and in Carlingford Lough and Lough Foyle.

Once concentrations of seed mussel are identified they are dredged for re-

planting in bottom-mussel growing areas around the coast. The data generated

during the mussel seed surveys is used exclusively for the location of the

resource and does not appear to be archived centrally in any formal manner.



7.4.4 Archaeological surveying

The Underwater Archaeological Unit (UAU) of DoEHLG is the agency tasked

with the management and protection of the underwater cultural heritage

resource (Kelleher, 2000). The key functions of the UAU include

archaeological survey, planning, inspection, monitoring, licensing, publication

and liaison with the sports diving community and the general public. It is in

the area of survey and planning that the UAU focuses most of its resources

both in the protection of known sites and in the survey of development sites

which are subject to planning applications. UAU assesses about 700

applications per year for proposed developments in the marine, riverine and

lacustrine environments. (Kelleher, 2000)

There is no systematic programme of geophysical survey over known sites at

present. If there is likely to be an impact due to development at a known or

potential site, geophysical survey may be specified as part of an overall pre-

disturbance survey of the site. As part of ongoing monitoring and assessment

of known sites and areas of archaeological potential a number of

interdisciplinary archaeological surveys have been carried out. The first survey

was carried out over the wreck of La Surveillante in Inner Bantry Bay (Breen,

2001) and current work is focussed on a dredge site in Waterford Harbour

and Lough Swilly in Co. Donegal. A typical geophysical survey programme

involves side-scan sonar and magnetometer survey. In certain cases (e.g.

Inner Bantry Bay and Waterford Harbour) a sub-bottom profiler has been

used to map the sub-bottom extent and nature of a wreck site.

7.4.5 Hydrodynamic modelling

Two-dimensional models have been extensively used for water quality

management in Dublin Bay, Cork Harbour, Wexford Harbour, Galway Bay,

Shannon Estuary, Dundalk Bay, Donegal Bay, Killybegs Harbour and other

Irish coastal water bodies. Models are also developed for the purposes of

predicting the likely impact of specific developments, e.g. outfall pipes and

aquaculture installations. As much of this work is privately funded such

models are not in the public domain.

During the development of such models the following data would typically

have been gathered:

• Hydrographic survey

• Wind speed and direction

• Tidal elevations

• Current speeds and directions

• Dye plumes
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Models developed for Cork and Wexford Harbours on behalf of the EPA

provide a good example of the application of 2-D models (Costello et al.,

2001). Wexford Harbour is an open water body with strong wind-induced

currents and large areas of mudflats and beach exposed during low tide. 

The model used small grid spacing and small timesteps to overcome the

numerical difficulties in running models in such locations.

The eutrophication model study of Cork Harbour, using DIVAST, 

is an example consists of three components:

1) Hydrodynamic module – to predict current speed and direction due to

tidal and wind forcing functions;

2) Solute transport module – to simulate the advection and dispersion of

solute material throughout the bay; and

3) Water quality module – to ultimately predict the dynamics of chlorophyll a

in the water body. The module includes the cycles of oxygen, nitrogen,

phosphorous and chlorophyll a. The obvious effects of light and

temperature are also included.

More recently the Aquaculture and Catchment Management team of the Marine

Institute commissioned a 3-dimensional hydrodynamic model of Clew Bay

encompassing both the outer and inner bay. The model is capable of handling

both solute and particulate distribution and sediment transport dispersions.

On a larger scale, a hydrodynamic model of Irish coastal waters was developed

by Aqua–Fact and NUI, Galway on behalf of the Marine Institute (Hartnett et al.,

2000). The model was a modified form of the Princeton Oceanographic Model,

a two-dimensional, depth integrated, finite difference model, designed to

simulate the overall hydrodynamic regime for the entire Irish coast. As part of

the study a database of existing hydrographic information (current speed and

direction, and water surface elevations) was developed. Once again, much of

the data relates to waters depths greater than 50m.



7.4.6 Other important mapping initiatives

Although outside of the inshore zone, a recent mapping project carried out 

on behalf of the Engineering Division of the DCMNR is of direct relevance. 

It involved a LIDAR survey of the coast from Carnsore Point to Dalkey Head. 

The survey covered an approximately 600m swath inland from low tide mark.

Such surveys assist in providing accurate definitions of the land/sea boundary

and the data from the DCMNR survey have been used in flood risk

assessment/climate change studies. The technology used collected

topographical data; however future surveys could use LIDAR techniques that

can collect both topographic and bathymetric data. The Department have

indicated that further such surveys would be beneficial.

The MI national coastline survey has acquired aerial photography of most of

the coastline. The Engineering Division has recently commissioned a project

that will involve taking a series of overlapping high quality geo-referenced

colour digital photographs of the entire coastline from seaward.

The location and relative abundance of the major kelp beds off the west

coast, Malin Head (Co. Donegal) to Galley Head (Co. Cork), have recently

been mapped (Hession et al., 1998). Of the 1,200km of coastline surveyed,

kelps were abundant at 22% of sites, common at 23%, scarce at 11% and

absent from the remaining 56%. The seaweed industry is interested in the

development of remote techniques (e.g. RoxAnn, multibeam) for assessment

of sub-tidal resources of kelps.
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7.5 Conclusions
Consultation with 70 potential stakeholders and additional research has

resulted in over 200 datasets being catalogued and stored in EDMED format.

Analysis of the assembled datasets has allowed them to be assigned to

survey applications or themes. These themes have been used as a basis 

for the construction of a GIS based on ArcView which has allowed for 

further analysis of current mapping activity.

Whilst over 200 datasets have been identified and catalogued only a limited

number have been found to be relevant to the present study. For example, 

a large proportion of the bathymetry surveys catalogued were of a ‘once-off’

nature, limited in geographical coverage, carried out before DGPS was available

and generally did not deploy tidal gauges. Thus they are of limited value within

the context of a future systematic inshore mapping programme. The twenty-

three datasets found to be relevant are of recent origin, cover relatively large

geographic areas and use modern data acquisition technologies. However, the

latter surveys were carried out independently and did not take account of the

long-term benefit of the integration of inshore survey data in order to provide

systematic coverage of the inshore zone.



8.1 Introduction
This chapter presents an analysis of identified future mapping requirements in

the inshore zone based on the following:

• Activities and resources in the inshore zone (Chapter 2);

• Legislative and policy requirements (Chapter 3);

• Current mapping activities (Chapter 7) and stakeholder consultation.

The large-scale and specific priorities are identified through the consultation

process with relevant stakeholders (described in Chapter 7) and the outcome

of a stakeholders’ workshop held in Dublin in February 2003. This workshop

was designed to present the preliminary findings of the study and to attempt

to obtain more focused feedback from stakeholders as to their future

mapping requirements and priorities. This was achieved by conducting

breakout sessions to discuss requirements under two general themes –

hydrography and seabed classification/habitat mapping. The workshop

programme and Rapporteurs’ reports are presented in Appendix 8.

The discussion of future requirements is divided into consideration of the

principal mapping requirements, (Section 8.2) namely:

• Bathymetric mapping including requirements for hydrodynamic modelling

(Section 8.2.1);

• Seabed classification and habitat mapping including fish/shellfish habitats

(Section 8.2.2); and

• Archaeological mapping (Section 8.2.3).

Within each of these three categories, the mapping priorities are derived from

an analysis of the requirements identified in the preceding chapters integrated

with a synthesis of feedback arising from the consultation process. These

priorities (e.g. the hydrographic requirements of the shipping sector) are

followed by a presentation of multi-user mapping priorities (Section 8.2.4) that

integrates diverse stakeholder needs. At the seabed classification/habitat

mapping breakout session of the Stakeholders Workshop the general

consensus (Appendix 8) was that there was a need to prioritise areas with

multiple users/interests (e.g. aquaculture, leisure, inshore fisheries, nature

conservation). Subsequent to the Stakeholders Workshop a further consultation

was targeted at principal stakeholders in an attempt to identify areas for

prioritisation in a mapping programme. Stakeholders were requested to identify

bays of strategic importance to their interests and where possible to rank them

in order of priority for their specific needs. Analysis of the responses allowed an

overall list of bays to be drawn up, which should form the basis for planning an

inshore mapping programme (Section 8.2.4). These priorities do not override

the larger-scale requirements, i.e. achieving good bathymetric mapping

coverage in inshore waters, but are an attempt to focus on requirements for

seabed classification/habitat mapping in areas with diverse needs.

8.0 Mapping Requirements and
Priorities for Irish Inshore Zone

NDP Marine RTDI Desk Study Series   REFERENCE: DK/01/007

8.0  MAPPING REQUIREMENTS AND PRIORITIES FOR IRISH INSHORE ZONE

145



NDP Marine RTDI Desk Study Series   REFERENCE: DK/01/007

8.0  MAPPING REQUIREMENTS AND PRIORITIES FOR IRISH INSHORE ZONE

146

8.2 Mapping requirements and priorities
8.2.1 Bathymetric mapping

General requirements

A wide range of sectors and activities require accurate bathymetry. These

include shipping, fishing, aquaculture, offshore energy, renewable energy,

marine leisure activities and many other marine-based activities – including

the design and sitting of coastal structures, discharge pipes, marine cables

and pipelines; pollution control; search and rescue; and coastal zone

management. Additionally, accurate bathymetry is an integral component in

the generation and verification of hydrodynamic models in shallow waters.

However, accurate and up to date bathymetry for much of the Irish inshore

zone does not exist (see Box 2, Chapter 3). The need for an Irish

Hydrographic Service has been highlighted by a series of reports over the

past 30 years, e.g. Shields et al. (2002), Wallace (2001), Whaley (1995),

Bolton (1981) and O’Sullivan (1974), and will not be repeated here. However,

many of these reports also point out the need for accurate bathymetry as a

first step in updating navigational charts for Irish waters.

Legislative and policy requirements

The legislative requirements for hydrographic mapping are considered in detail

in Section 3.2.1. Two international conventions to which Ireland is a signatory

contain strong imperatives for updating nautical charts for Irish waters to

modern standards. Firstly, under a recently enacted amendment (Chapter V

Regulation 9) to the International Convention for the Safety of Life at Sea

(SOLAS), contracting governments are required to ‘arrange for the collection

and compilation of hydrographic data and the publication, dissemination and

keeping up to date of all nautical information necessary for safe navigation’.

Continuance of the ad-hoc arrangement whereby the UK Hydrographic Office

(UKHO) publishes and maintains charts and nautical publications for Irish

Waters, without any formal, financial or statutory support from the Irish

Government, would not conform with the requirements of regulation 9 of the

SOLAS Convention. Secondly, the International Convention on Civil Liability

(CLC) for Oil Pollution Damage, 1969, adopted to ensure that adequate

compensation is available to persons who suffer oil pollution damage resulting

from maritime casualties involving oil-carrying ships, places the liability for

damage arising from maritime casualties involving oil-carrying ships on the

owner of the ship. However, the ship owner may be exempted from liability 

‘if he proves that the damage’….‘was caused by the negligence or other

wrongful act of any government or other authority responsible for the

maintenance of lights or other navigational aids in the exercise of that function’. 



The Oil Pollution of the Sea (Civil Liability and Compensation) Act, No. 11 of 1988,

gives effect in Irish law to the CLC and makes the same exemptions from liability

on the part of the ship owner. In recently announcing a forthcoming amendment

to this Act1 the Minister for Communications, Marine and Natural Resources

stated that “We will do everything in our power to prevent oil pollution disasters

occurring in our waters”. The availability of accurate navigation charts is a basic

requirement for providing suitable ‘navigational aids’ to avoid such incidents.

The definition of maritime boundaries (e.g. ‘territorial seas’ and Exclusive

Economic Zone) under the UN Convention on the Law of the Sea (UNCLOS)

requires an accurate definition of the low-water mark. Accurate charts do not

exist for much of the Irish coastline and an accurate definition of the low-

water mark is therefore not possible. Mapping across the subtidal/intertidal

interface would resolve this issue and assist in accurate definitions of

baselines to fulfil the requirements of UNCLOS.

Finally, the generation of bathymetric maps would facilitate the implementation

of the EU Water Framework Directive (Directive 2000/60/EC) – in the

characterisation of hydromorphological features of water bodies and for the

creation of more accurate hydrodynamic models for use in water

management planning under the Directive.

National policies, reviewed in Section 3.3 and summarised in Table 3.1,

invariably do not contain specific references to bathymetric mapping.

However, a comprehensive mapping programme will assist in the

implementation of a range of policies relating to the marine sector, e.g.

coastal zone management, marine safety and development of the marine

tourism/leisure and seafood sectors. Whilst international and national

legislation and national policies provide an overall impetus for bathymetric

mapping the specific requirements, in terms of location, were identified

through the consultation process and are outlined below.

Current mapping activity

A wide range of stakeholders carry out small-scale bathymetry surveys, usually

as a once-off requirement associated with individual projects/developments.

Surveys are often limited to the immediate vicinity of the development or

activity and due to their specific nature bathymetric surveying is often not

carried out to appropriate international standards (e.g. International

Hydrographic Organisation, 1998; LINZ, 2001).
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In contrast to the small-scale and ongoing surveying, a small number of

recent surveys are of interest within the context of future inshore mapping

(Figure 7.2) – i.e. the areas may not need to be re-surveyed. However, there

is no systematic programme of bathymetric mapping designed to update

navigational charts. This lack of co-ordinated bathymetric mapping to

acceptable international standards is a clear indication of the need to develop

a comprehensive inshore mapping programme based on the identified

priorities presented below.

Identified bathymetric mapping requirements

A range of sectors and activities require accurate hydrographic data and

navigational charts. These include shipping, fishing, aquaculture, leisure and

environmental monitoring. The identified requirements and priorities for

bathymetric mapping are outlined below.

Renewable resources

Within the stakeholder groups whose remit covers the development and

management of natural resources, requirements for bathymetric mapping

have also been expressed (See also Section 8.2.2). A review of physical and

biological modelling in Ireland revealed that whilst modelling of physical

processes in nearshore and estuarine environments was reasonably well

advanced, modelling tools for biological resource management are lacking

(Lynch et al., 2002). The consultation process carried out in association with

the present study has also identified the need for modelling related to

biological processes. The occurrence of Harmful Algal Blooms (HABs) in

many shellfish growing areas is a cause for concern, due to loss of income,

for the shellfish industry. Understanding the dynamics of HABs is a priority for

the Marine Institute and for the industry. The need to develop hydrodynamic

models to assist in this has been highlighted by a number of stakeholders.

Bathymetry is seen as a baseline dataset in developing such models for

aquaculture areas, e.g. the south-western bays (such as Roaringwater Bay

and Kenmare River), where HAB events are most frequent.

Mapping of physical processes (currents) and their effect on fish resources is

increasingly important in identifying essential fish habitats and determining

appropriate scales of management, e.g. advective control on larval

populations determining connectivity between populations of sedentary

adults, source – sink dynamics and risk from exploitation. The inshore shelf

waters off the south and west coast of Ireland also contain very important

nursery areas for quota species such as herring, haddock, hake, whiting and

megrim. Non-quota species such as scallops, razor clams, brown crabs and

shrimp are an increasingly important component of fish landings. 



The EU have now recognised the importance of the waters around Ireland

and have established a new Irish Conservation Box (ICB) which will be

subject to new, as yet unspecified, effort regimes and various technical

measures. The ICB will extend right up to the coast and will include inshore

waters in the depth range 0–50m (Figure 2.10). The management of both

quota and non-quota species will require data on water column processes to

assist in the understanding of recruitment processes to allow for resource

assessment and management.

Specifically, the following requirements have been identified:

• Accurate bathymetry for hydrodynamic modelling of Valentia and Dingle

Bay to assist in prediction of location and intensity of scallop spatfall.

• Within the context of the management and monitoring of salmon stocks,

the Marine Institute has identified the need for improved hydrodynamic

data for west and north west coasts pertinent to salmon smolt migrations.

• Mapping of physical processes in essential fish habitat areas associated

with potential offshore wind farm and aggregate extraction sites –

principally those along the east coast (see Figure 8.1).

Finally, bathymetric mapping will assist in fulfilling other requirements:

• Identification of new sites for shellfish and finfish aquaculture;

• Development of the inshore boat angling sector, e.g. information

(including hydrography) on reefs, sandbanks and wrecks.

Hydrodynamic modelling and environmental monitoring

In the context of the full implementation of the Water Framework Directive

(which will require the development and initiation of major additional

monitoring activities in estuarine and coastal waters), the EPA has identified a

desire for the creation of hydrodynamic models for use in water management

planning. The Department of the Environment, Heritage and Local

Government has issued ‘Guidelines for the Establishment of River Basin

Management Systems’ (Department of the Environment and Local

Government, 2002c). These guidelines state that within the context of the

implementation of the WFD ‘enhanced monitoring regimes will be developed

and implemented for potential problem areas’ (with regard to eutrophication) in

order that ‘water status can be accurately determined and appropriate

management measures established’. The guidelines state specifically that

‘modelling of estuaries will be undertaken, wwhheerree  nneecceessssaarryy for this purpose’.
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The EPA has provisionally identified water bodies that may require monitoring

under the WFD. Of these, a number have been identified as priority areas due

to their trophic status (‘eutrophic’ or ‘potentially eutrophic’) – as determined

from existing monitoring programmes (EPA, 2001). These are:

1. Rogerstown Estuary 7. Lee Estuary and Lough Mahon 
(Cork Harbour)

2. Broadmeadow Estuary 8. Upper and Lower Bandon 
(Kinsale Harbour)

3. Liffey Estuary 9. Upper Lee (Tralee Bay)

4. Slaney Upper and Lower 10. Cashen and Feale Estuaries
(Wexford Harbour)

5. Barrow and Suir Estuary 11. Killybegs Harbour
(Waterford Harbour)

6. Blackwater Estuary (Youghal Bay)

(see Figure 8.1)

It is possible that these areas will be prioritised for model development and

therefore there may be requirements for more accurate bathymetry1 – a crucial

element in the development of accurate models in the near shore environment

(see Section 5.7). Additionally, the Irish Coast Guard have highlighted the need

for more accurate models to assist in the management of oil spills.

1Models already exist for some of these bays (e.g. Wexford and Cork) and, as such,
these may not be considered priorities.



Figure 8.1: Priorities for hydrographic mapping as identified through the stakeholder consultation process. Green –
Trade and traffic biased port approaches; Red – Main traffic routes of east and south coast; Blue – Prospective
west coast Places of Refuge. Shaded Boxes – East coast sand and gravel banks. The estuaries/bays identified by
yellow circles are possible priority bays based on their trophic status – numbers correspond to bay names in text.
Large underlined numbers refer to coastal sectors as described in Figure 2.1. N.B. The 10m contour is shown in
red and the 50m contour in blue.

The detailed requirements for modelling to fulfil WFD requirements are as yet

unknown. The EPA has commissioned an assessment of the role of

mathematical modelling in the implementation of the Water Framework Directive.

The study will, inter alia, recommend priorities for model application and

development and consider the strengths of various categories of models and

their data needs for calibration and verification. The outcome of this study will

have implications for the requirements to gather data for use in model

applications. A review of physical and biological modelling in Ireland revealed the

shortage of data for both model development and validation (Lynch et al., 2002).
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Coastal zone management

The availability of accurate charts will assist in the development and

implementation of integrated coastal zone management by:

• Providing local authorities with information to assist in planning projects

such as pier and marina developments and coastal protection works;

• Allowing for the better design and siting of cables, pipelines and discharge

pipes in the inshore zone to minimise environmental disturbance;

• Providing baseline data for tidal surge and flood prediction models;

• Reducing the likelihood of inshore boundary disputes caused by

conflicting interpretations of high water and low water such as those that

currently occur in relation to the location of aquaculture structures.

Shipping and navigation

The port companies have identified the need for more accurate baseline

bathymetric data to allow them to maintain approach channels and berths.

However, whilst surveying within the port limits to maintain access is ongoing,

outside the port limits accurate charts are often not available. For example,

Shannon Foynes Port Company have recently (Jan 2003) written to the

DCMNR to express their concern about the most recently published chart

covering the approaches to the mouth of Shannon Estuary. Within five miles

of the port limits (a line from Loop Head to Kerry Head) there is an area on

the chart that bears the legend “Unsurveyed”. The Port Company have

expressed the view that this situation “is totally unacceptable and may have a

damaging effect on the reputation, safety and insurance liability of the Port”.

Finally, in the context of search and rescue and search and recovery

operations accurate charts are required.

The initial consultation process did not yield sufficient information on

bathymetric mapping requirements to allow for specific geographic priorities to

be identified. However, the stakeholders’ workshop resulted in a consensus

being reached on a number of important requirements (see Appendix 8).

These geographical requirements are shown in Figure 8.1 and outlined below:

1) Trade and traffic-biased port approaches:

Based on current levels of port activity (see Section 2.3.2 and Appendix

3) and the likelihood that future increases in port traffic will be centred on

larger existing ports (Port Estates Task Force, 2003; Burke Consulting et

al., 2003) the priority areas are Drogheda, Dublin, Dun Laoghaire,

Rosslare, Waterford, Cork, Shannon/Foynes and Galway. The exact

extents of port approached have yet to be defined.



2) Main traffic routes along the east, southeast and south coasts:

In the absence of accurate information on traffic routes the areas shown

in Figure 8.1 are approximate.

3) Prospective west coast Places of Refuge:

Under EU Directive 2002/59/EC2 member states must identify suitable

places of refuge that provide a safe haven for a ship in trouble. Ireland has

taken the approach of assessing situations on an incident-by-incident

basis. A report (Briggs Marine Environmental Services, 1997) that

considers such factors as coastal characteristics, booming arrangements

and road access as a basis for decision making/risk analysis will be used

to identify suitable ports/bays. In the absence of any specific places of

refuge being named by DCMNR the bays identified in Figure 8.1 (Bantry

Bay, Dingle Bay, Galway Bay, Clew Bay and Donegal Bay) are possible

candidates in the event of such incidents.

4) 0 to 10m depth zone followed by the10 to 25m depth zone:

Stakeholders did not express a clear set of geographic priority for general

bathymetric mapping. However, a pragmatic solution is to prioritise those

areas of the coast with greatest levels of current economic activity and

predicted development (see Chapter 2, Table 2.5). Accordingly the

following coastal sectors (see Figure 2.1) should be prioritised in a future

mapping programme:

• Sector 1 (Carlingford Lough to Carnsore Point)

• Sector 2 (Carnsore Point to Toe Head)

• Sector 4 (Shannon Estuary)

• Sector 5 (Loop Head to Slyne Head)

• Sectors 3, 6, 7 & 8 cannot easily be assigned any order of priority.

Bathymetric mapping in the 0–10 and 10–25m depth zones will also fulfil many of

the requirements outlined above in relation to renewable resources, hydrodynamic

modelling, coastal zone management and for points 1, 2 and 3 (above).

The area between 25 and 50m is considered by stakeholders to be of

secondary priority in terms of bathymetric mapping, except in specific areas

where existing charts specifically state that an area is unsurveyed (e.g.

outside Shannon Estuary).
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8.2.2 Seabed classification and habitat mapping

General requirements

Seabed classification and habitat mapping fulfil requirements in relation to

management and development of both renewable (e.g. fishing, seaweed and

energy) and non-renewable resources (aggregates) and nature conservation

aims. Seabed and habitat mapping in the inshore zone will provide vital

information necessary for the achievement of sustainable fisheries

management, the development of fisheries for new species and the

identification of new fishing locations. The National Seaweed Forum report

(National Seaweed Forum, 2000) has identified the need for resource surveys

(mapping, identification and quantification) of commercially exploitable seaweed

species (including maërl) as a priority area of research to facilitate the expansion

of the industry. Seabed classification is an important tool in the planning and

siting of offshore wind farms and better understanding of habitats will assist in

site selection to minimise their impacts on fish spawning and nursery grounds

and important nature conservation sites. A recent assessment of the

requirements for the development of aggregate resources (Sutton et al., 2001)

identified the need for continued and enhanced support for existing areas of

research including biotope and seabed mapping and sedimentological studies.

In order to properly manage and monitor designated areas (principally SACs),

and avoid possible conflict between the various activities (inshore fishing,

aquaculture and marine leisure), management plans are being developed by

the National Parks and Wildlife Service of DoEHLG. Habitat maps of marine

SACs provide baseline information for the formulation of such management

plans. Finally, the availability of habitat maps for the inshore area can assist in

the assessment of foreshore licence/lease applications relating to a range of

activities in the inshore zone. In this respect a more rounded overall picture of

marine habitats and species, not just confined to designated nature

conservation areas, will be beneficial.

Legislative and policy requirements

The legislative requirements for seabed classification and habitat mapping are

discussed in detail in Section 3.2.2. Three pieces of international legislation

provide an impetus for the development of an integrated habitat mapping

programme. Habitat maps are derived from seabed classification data and

ground-truthing (seabed samples, diver surveys and photography).

The EU Habitats Directive requires the identification of sites for all habitats and

species listed in Annex I and Annex II, respectively; the areas of each habitat

requiring protection; and the measures needed to be put in place to maintain

their conservation importance. This is achieved through the designation of

Special Areas of Conservation (SACs). Marine mapping provides an

appropriate tool to enable identification of the range of physical habitats and 



biological communities that occur within SACs, which constitute baseline

information for the formulation of SAC management plans. Future mapping

studies may highlight additional areas of nature conservation importance that

may be added to the existing SAC network.

Marine habitat mapping is an essential tool for the development of a range of

OSPAR products required under the OSPAR Convention, such as those

related to threatened and declining habitats, and the development of EcoQOs

(Ecological Quality Objectives). OSPAR has agreed on the need to prepare

habitat maps showing the spatial distribution and extent of habitats for

assessment and protection purposes and has adopted a proposal to

proceed with such mapping. The proposal states the requirements for

developing both maps of specific priority habitats (e.g. intertidal mudflats,

Zostera beds and Ostrea edulis beds), and holistic habitat maps. Specifically,

in relation to holistic maps, the proposal encourages data collation at national

level. One of the phases of the process will be the requirement for new

surveys to fill information gaps. Clearly, then, the availability of habitat maps

over varying scales will assist considerably in fulfilling Ireland’s obligations

under the OSPAR Convention.

The Strategic Environmental Assessment Directive aims to provide a high

level of protection of the environment in order to contribute to the integration

of environmental considerations into the preparation and adoption of certain

plans and programmes likely to have significant effects on the environment.

Environmental assessment must be carried out for all plans and programmes

prepared for, inter alia, fisheries, energy, industry, water management and

tourism. Information to be provided in such assessments includes the

environmental characteristics of areas likely to be significantly affected and the

likely significant effects on the environment. Assessments prepared for plans

and programmes that relate to the inshore zone (e.g. renewable energy and

aggregate extraction) will require a high level of baseline information on the

inshore environment. Such information could include bathymetry, seabed

habitats, hydrodynamics etc.

The recently published Biodiversity Action Plan (Department of Arts, Heritage,

Gaeltacht and the Islands, 2002) outlined a number of actions which should

be considered in response to Ireland’s commitment to the Rio Convention.

Marine mapping is specifically mentioned in these commitments. Under the

marine and coastal section, action to ‘enhance surveys and research on

marine biodiversity through the implementation of a prioritised programme of

surveys and mapping of marine benthic species and communities’ is

recommended. Other national policies that will benefit from a comprehensive

mapping programme (See Section 3.3) are those relating to sustainable

fisheries development and environmental monitoring (e.g. the National

Environmental Monitoring Programme for Transitional, Coastal and Marine

Waters; Environmental Protection Agency, 2003).
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Current mapping activity

Recent and current seabed classification and habitat mapping activity in the

inshore zone are discussed in Section 7.4. As with bathymetric mapping there

is no large-scale systematic programme for such mapping, which tends to be

carried out on a once-off and/or small-scale basis often associated with state

agency research and development programmes. In some instances mapping

is carried out directly by the agency in question, although much of the activity

is contracted to independent consultancies.

In 2001 the National Parks and Wildlife Service (DoEHLG) began a programme

of habitat mapping in marine SACs. Five sites have been surveyed (Figure 7.4)

using single-beam echo-sounders in conjunction with acoustic ground

discrimination systems (RoxAnn and ECHOplus), diver survey, grab samples

and photography. The results of this mapping programme are currently being

reviewed with a view to defining future survey requirements (technology and

target areas). Current fish habitat mapping activities are driven by the need to

identify specific fisheries habitat resources – the focus is on identifying specific

habitats for future management/sustainable exploitation. BIM are involved in a

number of ongoing surveys using both multibeam and single-beam technology

to classify shellfish habitats – classification of scallop habitat on the south

coast and mapping of habitats relevant to brown crab recruitment off the

coasts of Donegal and Mayo.

Individual environmental assessments (e.g. EIA) for developments and activities

in the inshore zone are carried out on a regular basis. Seabed classification and

basic habitat mapping are integral parts of such assessments. By their nature

these assessments are site-specific, limited in geographic extent, lack common

standards and are not suitable for integration into a future mapping programme.

Identified mapping requirements

The following general requirements for seabed classification/habitat mapping

were identified during the consultation process.



Nature conservation

The National Parks and Wildlife Service require information on habitats in the

entire inshore area. However, the immediate requirement is for information for

designated areas, principally SACs – but also SPAs. The current priority is on

those SACs with a significant aquaculture industry. Thereafter the priority is on

the basis of levels of human activity/development pressures and on the least

known areas. To date five SACs have been mapped (Roaringwater Bay,

Kenmare River, Valentia Harbour, Kilkieran Bay and Clew Bay) and this work is

currently being reviewed before attempting to prioritise future areas for mapping.

In the absence of identified priorities the following is a list SACs (see also

Figure 8.2) with varying degrees of human activities that are likely to be the

focus of future priorities3:

Dundalk Bay Boyne Estuary Wexford Harbour4

Bannow Bay Tralee Bay Shannon Estuary

Galway Bay Blacksod Bay Broadhaven Bay

Mulroy Bay Lough Swilly

NPWS have indicated that Ireland’s marine SAC list may need to be expanded

to include habitats that are currently poorly represented. In the inshore zone

this effectively applies to sand banks, of which there is only one in the current

SAC list – Long Bank, off the Wexford coast. Mapping of Long Bank and other

banks, principally along the east coast (e.g. Kish, Codling, Blackwater – see

Figure 8.2), may also be a future priority. This is particularly relevant given the

interest of the wind energy and aggregates sectors in these banks.
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3Some of these bays have large intertidal areas e.g. Mulroy and Tralee Bays, Dundalk Bay. The intertidal and
shallow subtidal 0-10m are vital areas for much of our aquaculture e.g. oysters, clams and mussels. The NPWS
mapping of five SACs has large gaps in the shallow areas that will need to be filled.
4Wexford Harbour is included here because of it’s proximity to Long Bank, the only sandbank designated as an SAC.
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Figure 8.2: Priority areas identified for seabed classification and habitat mapping. Red – SACs; Blue – fisheries;
Green – multi-use areas; Yellow Dots – Herring spawning grounds. N.B. Wexford Harbour is included here because
of its proximity to Long Bank, the only sandbank designated as an SAC.

Renewable resources

Declines in fish stocks and the consequential reductions in quotas highlight

the need for enhanced conservation and management strategies for stocks

of both quota and non-quota species. Technical conservation measures

(TCMs), such as mesh size, closed areas and closed seasons, will be

important tools in future fisheries management policies. These will supplement

existing measures such as Total Allowable Catch (TAC) and effort regimes. In

order to implement effective TCMs it is essential to identify sensitive fish

spawning and nursery areas. An integral part of this process is the mapping

of inshore waters and linking these data with other biological data to produce

an ‘atlas’ of ‘essential fish habitats’ (EFHs) in inshore waters. This will

compliment work on defining EFHs for offshore areas. Improved data on

seabed habitats and topography could also assist with stock recovery

measures, which will ultimately benefit the fishing sector. It is important to

note that seabed classification is a tool that can be used for predicting some

fish habitats; however other factors such as currents and temperature also

play a vital role in determining where some fish habitats are located.



The large inshore sand and gravel banks are important herring spawning areas

and feeding and nursery areas for many commercially important demersal

species. With the rapidly decreasing land-based aggregate resources, sand

and gravel deposits are likely to become the focus of supply for the

aggregates industry. The east coast banks have also been the focus of much

attention from the wind energy industry with many of them the subject of

foreshore licences for investigation as to their suitability for citing turbines.

Ireland’s first offshore wind farm, on the Arklow Bank, is soon to be

commissioned. Given the importance of herring to the fishing industry it is

widely acknowledged that it is extremely important to protect herring spawning

beds. In order to rebuild herring stocks it is vital that all the spawning beds are

available and in good condition to ensure optimum spawning conditions.

Seabed classification and habitat mapping of the large east coast banks will

provide information for future policies that will balance the requirements of the

aggregates industry with protection of commercial fisheries.

The Marine Institute has identified the following requirements for seabed

classification and habitat mapping:

• Regular assessment of herring spawning grounds using acoustic and

ground-truthing techniques.

• East coast sand and gravel banks.

• South coast inshore fisheries.

• South-western waters – important habitats for hake, megrim and whiting.

• Aran Grounds – notably important for hake.

(See Figure 8.2)

N.B. – the latter two areas span both the inshore zone (0–50m) and Zone 2

(50–100m) of the seabed survey.

Within BIM the division responsible for the development of inshore fisheries

have increasing requirements for mapping of biological resources and

physical attributes of the seabed. The priority areas for mapping have been

identified as:

• South-east scallop grounds (currently ongoing);

• Brown-crab populations from Mullet Peninsula to Malin Head (currently

ongoing); and

• Recruitment grounds for shrimp along the entire south coast – these are

located in shallow waters and often associated with eel grass (Figure 8.2).
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The future development of the aquaculture industry will require the

identification of new sites. Data on seabed and habitat are an integral part of

this process and furthermore will provide baseline information for future

monitoring. The bottom-mussel sector is dependant on a secure supply of

adequate mussel seed. The ability to identify and quantify new and existing

seed-beds, using acoustic techniques, will require ongoing mapping.

The seaweed industry has identified the need for further mapping of kelp

resources in the inshore zone in many of the bays in counties Mayo and

Donegal. The industry is interested in the development of remote techniques

(e.g. RoxAnn, multibeam) for assessment of sub-tidal resources of kelps. Any

future development of sub-tidal seaweed harvesting will also require high

levels of monitoring, most likely using remote techniques.

Seabed and habitat data for areas considered to be feasible for the

development of offshore renewable energy will firstly assist developers in the

site selection process but will also allow informed decision-making during the

development consent process. The designation of further offshore sandbanks

as marine SACs will require accurate habitat information that allows a

strategic approach to the granting of foreshore licences and leases for wind

farm developments. Mapping of the east coast sand and gravel banks (Figure

8.2), which are currently the focus of most attention by the offshore wind

sector, is a priority. With technological advances, sites on the south and west

coasts may also offer development opportunities.

Non-renewable resources

The aggregates industry considers the large offshore sand and gravel banks

of the east and south east coast as priority areas for resource assessment.

The lack of information on the exact nature and extent (area and thickness) 

of the resource on these banks precludes any informed decisions being

taken as to their relative importance and future uses. There is, however, a

potential for future conflict between aggregate extraction and other interests

such as nature conservation, archaeology, wind energy and fisheries. Sand

banks are listed as an Annex I habitat under the Habitats Directive, i.e. a

habitat whose conservation requires the designation of an SAC. A strategic

environmental assessment, drawing on seabed and habitat information

gathered during a mapping programme, will go a long way towards devising a

framework for the development of the aggregate extraction and offshore wind

energy industries whilst protecting the important habitats and archaeological

resources of the banks.



Other non-renewable resources that occur in the inshore zone include heavy

mineral sands, coal deposits and maërl (see Section 2.5 and Figure 2.13).

No particular mapping requirements have been identified in relation to these

resources, with the exception of maërl deposits. The National Seaweed

Forum has identified the quantification of maërl resources as a priority

(National Seaweed Forum, 2000). Where future mapping activity is focused

on areas with confirmed or potential maërl deposits every effort should be

made to map their distribution and extent.

Integrated Coastal Zone Management

The availability of seabed classification and habitat mapping data generated

through an inshore mapping programme will assist in the development and

implementation of integrated coastal zone management by, for example:

• Providing information on the location and extent of habitats important for

the purposes of both nature conservation and exploitation of renewable

resources;

• Allowing informed decisions to be made in determining policies for

competing interests, e.g. wind energy/aggregate extraction/fish

habitats/conservation objectives in relation to offshore sand and 

gravel banks;

• Assist in the identification of suitable sites for disposal of dredge spoil

material associated with various capital (e.g. tunnels, pipelines and

bridges) and maintenance (e.g. ongoing dredging in ports) projects.

8.2.3 Archaeological mapping

In order to fulfil legislative requirements for the protection of cultural heritage

(Section 3.2.3) mapping is required for applications for developments and

activities in the inshore zone. The Underwater Archaeology Unit of DoEHLG

has also identified a number of areas that have high archaeological potential

(i.e. piers, harbours, fish traps and wreck sites) and should be the focus for

future mapping and assessment of cultural heritage resources (Figure 8.3).
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Figure 8.3: Priority areas for future archaeological mapping as identified by the Underwater Archaeology Unit of DoEHLG.

BIM have also have highlighted the increasing requirement of mapping 

(side-scan sonar and magnetometer) for the purposes of archaeological

assessment in association with shellfish dredging activities. Such mapping

can place a large financial burden on licence-holders who are often small-

scale operators. A systematic mapping programme which includes licence

areas would alleviate this problem. This issue of competing interests is

considered in Section 8.2.4.



8.2.4 Multi-user requirements in selected bays

Sections 8.2.1 to 8.2.3 present the requirements for bathymetric mapping,

seabed classification/habitat mapping and archaeological mapping. Many of

the requirements are geographically non-specific (e.g. mapping of fisheries

grounds) and provide no focus for framing an inshore mapping programme.

In addition there is a considerable degree of geographical overlap in the

requirements of various stakeholders. This section attempts to integrate the

requirements of a range of stakeholders and identify/prioritise areas that can

realistically be surveyed using the technologies identified in Chapter 4. Such

an approach will provide information that will assist in the management and

development of resources (both renewable and non-renewable) whilst

protecting the heritage value of inshore waters. It will also allow the

development policies aimed at minimising conflicts between competing

interests (e.g. conservation vs. fishery or aquaculture goals; and aggregate

extraction vs. fisheries habitats or wind farm development). The availability of

accurate information derived from a mapping programme in these areas will

feed into any future coastal zone management strategies. These priorities do

not override the larger-scale requirements, i.e. achieving good bathymetric

mapping coverage in inshore waters.

At the seabed classification/habitat mapping breakout session of the

Stakeholders Workshop the general consensus (Appendix 8) was that there

was a need to prioritise areas with multiple users/interests (e.g. aquaculture,

leisure, inshore fisheries, nature conservation). Subsequent to the

Stakeholders Workshop a further consultation was targeted at principal

stakeholders in an attempt to identify areas for prioritisation in a mapping

programme. Stakeholders were requested to identify bays of strategic

importance to their interests and where possible to rank them in order of

priority for their specific needs. Analysis of the responses coupled with an

evaluation of high value/density activity in the bays allowed an overall list of

bays to be drawn up, which should form the initial focus for planning an

inshore mapping programme.

Stakeholders representing the following interests identified priority bays

according to their requirements:

Aquaculture Inshore Angling Marine Tourism and Leisure
Inshore Fisheries Seaweed Fisheries Protection
Nature Conservation Marine Archaeology Environmental Protection

Twenty priority bays have been selected – eleven of which are SACs 

(Figure 8.4)5.
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5The five SACs mapped by Dúchas in 2001/02 (Clew, Kilkieran, Roaringwater, Kenmare and Valentia Harbour) have
been excluded from the list of future priorities.
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The prioritisation of these bays is in addition to some of the larger–scale

priorities identified in 8.2.1 to 8.2.3. Bathymetric mapping in the 0–10m

and 10–25m zones is still considered a primary need in order to meet

various legislative and policy requirements and stakeholder needs.

Additionally, seabed classification/habitat mapping of the banks along

the east coast is an important priority.

Figure 8.4: Bays selected as priorities for an inshore mapping programme. Underlined bays indicate an SAC. In the
case of Wexford Harbour the recommended area includes the Long Bank SAC.

Chapter 6 (and Appendix 6) sets out the indicative costs for inshore mapping

in various water depths (0–10m, 10m–25m and 25m to 50m). Using the

same criteria the indicative survey time and costs for the 20 recommended

bays, using multibeam, single-beam echo sounding and sub-bottom profiling,

are presented in Table 8.1.



Table 8.1: Estimated survey time and cost for recommended bays. Note: The areas are not listed in any particular
order of priority.

Name Approximate time in days† Cost € 000†

Wexford Harbour 145 625

Dublin Bay 74 298

Boyne Estuary 7 30

Carlingford Lough 26 104

Dundalk Bay 127 519

Cork Harbour 100 428

Waterford Harbour 72 388

Bannow Bay 16 65

Tralee Bay 142 603

Inner Bantry Bay (including Glengarriff) 53 250

Dunmanus Bay 12 60

Shannon Estuary 250 1126

Galway Bay 105 464

Blacksod Bay 125 526

Broadhaven Bay 20 95

Killary Harbour 6 27

Mannin Bay 14 56

Lough Swilly 72 211

Mulroy Bay 56 234

Lough Foyle 73 298

Total 1,495* 6,407

†: Refer to Appendix 6 for data and assumptions
* Based on 185 survey days per year this equates to just over 8 years survey time.
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8.3 Conclusions
• This chapter has presented an analysis of the mapping requirements in

the inshore zone based upon the information presented in previous

chapters and a consultation process with key stakeholders.

• There are three principal mapping requirements. These are bathymetric

mapping, seabed classification and habitat mapping, and archaeological

mapping. The need to carry out these mapping programmes is driven, to

varying degrees, by national and international legislative and policy

requirements. There are many different stakeholders who are already

engaged in small-scale inshore mapping programmes but their activities

are uncoordinated.

• Bathymetric mapping has been identified as a major priority due to the

legislative imperative for hydrographic mapping to internationally

acceptable standards.

• Shipping sector interests are most concerned with the production of

accurate bathymetric and navigation charts in 0–25m water depths,

especially in the trade and traffic biased port approaches; the main traffic

routes of the east and south coasts; and prospective west coast Places

of Refuge. These areas have been identified as priorities during the

stakeholder consultation process.

• Hydrodynamic modelling of coupled physical, chemical and biological

processes for fish and shellfish management and environmental

monitoring is recognised as being dependent on accurate inshore

bathymetry. The key areas have been identified as priorities

• Seabed classification and marine habitat mapping have been recognised

as being important for nature conservation, fisheries management, the

seaweed industry, location of renewable energy projects and the

identification and quantification of aggregate resources. Where possible

the most important areas have been identified.

• The east coast, south coast, Shannon Estuary and Loop Head to Slyne

Head have been prioritised for bathymetric mapping.

• Twenty priority bays with multiple user interests (11 of which are SACs) have

been identified. A comprehensive multibeam and sub-bottom mapping

programme in these bays would take about eight years to complete.



9.1 Conclusions
• The inshore zone (0–50m water depth) comprises an area of

approximately 17,400 km2.

• Mapping in the inshore zone is the last phase of the National Seabed Survey.

• The mapping priorities in this zone are more complex because of

technical difficulties in mapping in the shallowest waters around a

complicated coastline and because of the diversity of potential

stakeholder interests.

• There is already a broad spectrum of activities (including the shipping, fishing,

aquaculture and leisure industries) in the inshore zone. Renewable energy and

aggregate extraction are likely to be a focus for future development.

• There is a range of international and national legislation that provides

compelling reasons for mapping in the inshore zone. Whilst much of the

relevant legislation does not imply an explicit need for mapping, there are

implied needs, in specific areas for example:

• The SOLAS Convention requires contracting governments to

collect, compile and publish up to date navigational charts. The

majority of the 80 Admiralty Charts that cover Irish coastal waters are

based substantially on 19th century leadline surveys. There has

been no official systematic revision of charts since the 1920s.

• The Civil Liability Convention places a responsibility on the

Government to maintain navigational aids (including navigational

charts). The Government may be held liable for potentially significant

costs (compensation and/or clean-up) if an incident is caused by

negligence in the provision of accurate navigation charts.

• Habitat mapping in the inshore zone will assist Ireland in fulfilling its

requirements and commitments under the OSPAR Convention, 

Habitats Directive, Water Framework Directive and the Rio Convention 

on Biological Diversity.

• A comprehensive inshore mapping programme will assist in fulfilling

national policy aspirations, particularly in relation to:

• Implementation of a coastal zone management strategy;

• Protection of marine habitats; and

• The development of renewable and non-renewable resources.

9.0 Conclusions and
Recommendations
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• A lack of quantifiable data has prevented the completion of a detailed

cost benefit analysis of an inshore mapping programme. However, there

are clear national benefits accruing when market versus non-market

benefits are taken into account. The products of an inshore mapping

programme will impact positively on all existing economic activities within

the inshore area and will support the development and management of

future activities. Hydrographic mapping to international quality standards

will include the following benefits:

• Enhanced shipping traffic safety;

• Improved port and coastal trading efficiency;

• Informed, balanced management and exploitation of national marine,

seabed and energy resources;

• Improved Search and Rescue (SAR) systems; and

• Strengthened pollution response capability;

• There is a growing marine mapping capability in Ireland. A number of

agencies have vessels and survey equipment; others use contractors to

carry out both once-off and annual mapping programmes. The Marine

Institute and Geological Survey of Ireland have developed essential

experience and facilities for acquiring, processing, storing and

disseminating the products of marine mapping. The National Seabed

Survey has established Ireland’s capability in marine mapping.

• Over 200 datasets from surveys carried out in the inshore zone were

identified and catalogued during the study. A large proportion of these

surveys were of a ‘once-off’ nature, limited in geographical coverage,

carried out before accurate navigational control using a Differential Global

Positioning System was available. Thus they are of limited relevance within

the context of a future comprehensive inshore mapping programme.

• The datasets considered to be of relevance (approximately 10% of the

total) are of recent origin, cover relatively large geographic areas and use

modern data acquisition technologies. Nevertheless these surveys were,

in many cases, carried out without taking into account the long-term

benefit of the integration of inshore survey data to common standards in

order to provide systematic coverage of the inshore zone. It may be

difficult to integrate these data sets with data acquired from any

comprehensive inshore mapping programme.



• This report has identified, through a widespread consultation that the

requirement for hydrographic mapping is a systematic survey, using

common standards to resolve grid co–ordinate and mapping discrepancies.

Furthermore, priority areas (Figure 8.1) have been identified as follows:

• Trade and traffic–biased port approaches;

• Prospective west coast Ports of Refuge;

• Main traffic routing areas of the east, south-east and south coasts;

• 0 to 10m zone; and

• 10 to 25m zone.

• The area between 25 and 50m is considered by stakeholders to be a

secondary priority in terms of hydrographic mapping, except in areas

where existing charts specifically state that an area is unsurveyed (e.g.

outside Shannon Estuary).

• A number of stakeholders have identified the need for mapping in the

intertidal zone and across the land/sea divide in order to provide a

seamless join between terrestrial and marine mapping. This will also allow

for accurate definitions of high water and low water marks; thus, reducing

the likelihood of inshore boundary conflicts such as those that currently

occur in relation to the location of aquaculture structures.

• Multibeam and single beam acoustic data can be used for seabed

classification. However, international best practice for acoustic seabed

classification is under review (ICES, 2003a) and it will be 2005 before

protocols can be recommended.

• The priority identified for seabed classification/habitat mapping was the

need to focus on specific bays with multiple users/interests (e.g.

aquaculture, leisure, inshore fisheries and nature conservation), and

therefore with potential for conflicts (e.g. conservation vs. fishery or

aquaculture goals; and aggregate extraction vs. fisheries habitats or wind

farm development). The availability of accurate information derived from a

mapping programme in these areas could feed into any future coastal

zone management strategies.

• An analysis of international inshore mapping programmes demonstrates

the trend towards bathymetric mapping with multibeam acoustic

technology. Swath bathymetric sonar systems (e.g. multibeam) are now

driving international marine mapping programmes to provide data to

international hydrographic standards, which can be used to generate

accurate navigation charts (both paper and electronic). Acoustic

technology for hydrographic mapping is developing rapidly. International

hydrographic standards are undergoing significant changes in order to

keep up with technological developments.
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• The multibeam acoustic equipment can be easily supplemented with 

multi-frequency single beam echo sounders and sub-bottom seismic

profilers. These data sets, when combined with underwater photography 

and seabed sampling, can be used to identify the nature of the seabed

sediments to predict marine habitats and the location of aggregate resources.

• A complete multibeam survey of the 0–50m zone would be both lengthy

and, hence, costly. This is particularly the case in shallow areas with

complex, rocky coastlines. Thus, airborne LIDAR may be the most cost-

effective approach for hydrographic mapping of shallow waters (0–25m)6,

where it can provide bathymetric data within international standards over

much of the area. LIDAR technology provides the additional benefit of

allowing combined mapping of the terrestrial and intertidal area.

• LIDAR technology does not provide information on seabed type. Thus, in

areas where seabed classification and habitat mapping are required in

addition to hydrography, multibeam offers the best solution. However,

navigation hazards and operational depth generally prohibits surveying in

waters shallower than 5–7m. In these areas LIDAR offers a viable solution

for systematic mapping.

• Indicative survey time and costs of various options for mapping the

inshore zone are:

• Multibeam mapping7 of entire 0–10m zone – 22 years 

at a total cost of €16.2m.

• Multibeam mapping7 of entire 10–25m zone – 3.5 years 

at a total cost of €4.4m.

• Multibeam mapping7 of entire 25–50m zone – 2.5 years 

at a total cost of €3.4m.

• LIDAR survey of entire 0–10m zone – 2 years 

at a total cost of €4.3m.

• Multibeam mapping7 of twenty priority bays (0–50m) – 8.1 years 

at a total cost of €6.4m.

• The figures above do not include times and costs for biological, chemical

and geological sampling programmes and associated storage facilities.

These are the least developed aspects of the current National Seabed

Survey. It is estimated that comprehensive seabed sampling associated

with habitat mapping would require an additional 50% of the above times

to collect the multibeam data. Indicative costs to acquire and process a

single seabed sample are:

• Diver sample €975

• Grab sample €480

• Video sample €265

6It may not be technically feasible, due to survey conditions and water clarity, to collect LIDAR data to recognised
international standards in the entire 0-25m zone in some coastal areas.
7Multibeam acoustic equipment supplemented with multi-frequency single beam echo sounders and sub-bottom
seismic profilers.



• Underway sound velocity and/or CTD measurements provide essential

data for calibrating the acoustic techniques and give important information

on the water column.

• An inshore mapping programme will require further resources in relation to

data storage and management. These additional costs are estimated as

being up to 25% of the cost of data acquisition. This expenditure is, to a

degree, once off but there is a recurring cost component, for example in

upgrading hardware and software in the long–term maintenance of data.

9.2 Recommendations
• The priority for hydrographic mapping is the 0 to 10m zone in coastal

sectors 1, 2, 4, and 5. Serious consideration should be given to the early

deployment of airborne LIDAR to achieve this.

• Prior to the commencement of systematic inshore mapping consideration

should be given to the need to provide a seamless join between terrestrial

and marine maps/charts. This would probably require airborne LIDAR

mapping.

• The priorities for seabed classification and habitat mapping are the twenty

identified bays (see Figure 8.2). In addition, given the potential future

development of the offshore aggregates industry and the likelihood of

conflicts between competing interests (e.g. nature conservation, wind

energy and fisheries), consideration should be given to systematic

mapping of the major east coast sand and gravel banks.

• An integrated approach needs to be adopted to seabed classification and

habitat mapping using swath acoustics, sub-bottom profiling and single

beam acoustic ground discrimination systems, water column properties,

underwater photography, grab sampling and beam trawling. These

techniques need to be used to produce high resolution biotope maps.

• As the data collected in the inshore zone (Zone 1) will be integrated with

datasets collected in Zones 2 and 3, consideration must be given to data

compatibility, interpretive and hydrographic standards.

• There are clear issues of best international standards, primarily relating to

hydrography that should be given serious consideration before the

implementation of any large-scale inshore mapping programme. In the

absence of clear international standards, we recommend the use of the

LINZ specifications.

• Prior to any systematic seabed sampling surveys, we recommend that

protocols being developed by the ICES Study Group on Acoustic Seabed

Classification be followed.
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• There is a need to avoid redundancy of effort and foster collaboration

between all agencies that carry out mapping in the inshore zone. In order

to co-ordinate and economise effort on mapping programmes, we

recommend that a high level steering group is formed. An early task of

this group will be to assess the current national capability in marine

mapping and seek commitment on collaboration. Consideration must be

given to including agencies involved in terrestrial mapping in the coastal

zone. The group will need to ensure that there are adequate resources

provided in order to sustain collaboration over a sufficient period in order

to realise the full economic potential of the products of the mapping

programme. In addition, the group should seek to realise the economic

value in the international marketplace of the experience and resources

generated by the mapping programme.

• A well resourced data management facility is required to support the 

work of a high level steering group, fostering collaboration and delivering

the products of a high quality large-scale inshore mapping programme 

to stakeholders.

• A well resourced storage facility for biological, chemical and geological

samples is required to complement data management facilities.

• Data management and storage facilities will require long-term strategic

funding for staff and equipment in the archiving and dissemination of the

products of a mapping programme. In order for the data management

and storage facilities to operate efficiently and to encourage collaboration,

the issue of data ownership, confidentiality and availability needs to be

addressed at an early stage.
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11.1 Appendix 1: List of Stakeholders Consulted

Organisation Division Contact name

EPA Dr. Peter Cunningham

Marine Institute Fisheries Dr. Colm Lordan
Mr. John Molloy

Environment Dr. Francis O’Beirn
Mr. Joe Silke

Aquaculture and Catchment Dr. Russell Poole
Mr. Marcus Mueller

Strategic Planning Dr. Michael Cunningham

DCMNR Engineering Mr. Jim Casey
Coastal Zone Mr. Joe Ryan

Inshore Fisheries/Aquaculture Ms. Bernie Comey
Petroleum Affairs Division Mr. Peter Croker

Exploration and Mining Mr. Piers Gardiner
Irish Coast Guard Capt. Geoff Livingstone

DoEHLG Mr. John Sadlier
NPWS Mr. Ciaran O’Keeffe

Monuments Mr. Fionnbarre Moore

BIM Inshore Fisheries Dr. Oliver Tully
Aquaculture Dr. Terence O’Carroll

Fisheries Mr. Ronan Cosgrove

Irish Navy Cdr. Mark Mellett

GSI Mr. Mick Geoghegan
Mr. Sean Cullen

Mr. Archie Donovan

Commissioners of Irish Lights Capt. Kieran O’Higgins

Heritage Council Dr. Liz Sides

Port Companies Dublin Mr. Barry Coll
Shannon and Foynes Mr. Alan Coghlan

Cork Mr. Denis Healy
Drogheda Capt. Martin Donnelly
Waterford Mr. Michael Clooney

Enterprise Ireland Mr. Brendan Dollard

Central Fisheries Board Mr. Norman Dunlop

Shannon Development Mr. Brian Warner

11.0 Appendices
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11.1 Appendix 1: List of Stakeholders Consulted (Continued)

Organisation Division Contact name

Local Authorities Louth CC Mr. Donal Clarke
Wicklow CC Mr. Con Hogan
Wexford CC Mr. Eamonn Hoare

Waterford CC Mr. Eamonn Mansfield
Cork CC Mr. Brendan O’Sullivan
Kerry CC Mr. Tom Curran

Limerick CC Mr. Gerry Sheerin
Clare CC Mr. Graham Webb

Galway CC Mr. Michael Dolly
Mayo CC Mr. Kieran Lynn
Sligo CC Mr. Gary Salter

Donegal CC Mr. Vincent Lynn
LGCSB Ms. Clare Gilligan

Industry Seaweed – ISIO Mr. Stefan Kraan
Shellfish – ISA Mr. Richie Flynn

Salmon – ISGA Mr. Richie Flynn
CBMF Mr. Niall O’Boyle

Zirconsult Frederick Norman

Consultancies Aquafact Dr. Brendan O’Connor
Marenco Mr. Eric Heuston

Irish Hydrodata Ltd Mr. Jim Walsh

Hydrographic Surveys Mr. Michael Haberlin

Seabed Surveys Ltd. Mr. John Breslin

Universities UCC – CRC Ms. Val Cummins
UCC – CRC Mr. Gerry Sutton

UCC – HMRC Mr. Jimmy Murphy
UUC Dr. Colin Breen
TCD Dr. Jim Wilson

U. N. Wales Dr. Ivor Rees
UCD Dr. Colman Gallagher
UCD Dr. Tasman Crowe
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11.2 Appendix 2: Questionnaire Circulated to Consultees
Marine RTDI–Funded

Feasibility Study on the Establishment of a Large Scale InshorepResource Mapping Project1

Stakeholder Questionnaire

To achieve the objectives of this study, and to formulate and recommend an inshore mapping strategy we

hope to determine the following for each stakeholder:

• Current data collection activities

• Summary of relevant datasets

• Current and future mapping requirements

In order to collate the relevant information in relation to the above we hope you will be able to complete this

questionnaire following consultation with ourselves.

General Information

Organisation Name Division/Section

Contact Name and Details (Person filling this out)

Email:

Function/Role of Organisation (Brief note on function/role of consultee,
e.g. statutory role, research organisation, commercial interests etc)

Is the organisation a:

Data Collector (Y/N)?

Data User (Y/N)?

Data Commissioner (Y/N)?

1This Project (Grant-aid Agreement No. DK/01/007) is carried out with the support of the Marine Institute and the Marine RTDI Measure,
Productive Sector Operational Programme, National Development Plan 2000 – 2006.
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1. Data Collection

Describe your current data collection activities (including regular ongoing activities and once-off events):

Describe briefly the type of data collected (physical, biological, chemical):

For what purpose is the data collected (statutory requirements, monitoring, research, once-off projects)?

Does the collection activity fulfill a statutory requirement (i.e. compliance with European/National legislation)?

Define the scale of the data collection (local, regional, national, European, international):

Give a brief description of the location of the data collection activities (e.g. specific bays, west coast etc.)

How is the data stored (electronic, paper, maps etc.)?

Is the data collection carried out in-house or is it contracted externally?

How is the data collection funded (government, clients, research funding)?

2. Summary of Relevant Datasets

In order to obtain a full picture of existing datasets for the coastal zone (0–50m depth) we wish to gather information on all relevant
datasets commissioned/held by stakeholders.
Please list below datasets which you feel may be of relevance.

1)

2)

3)

4)

5)

6)

7)

8)

please continue on separate sheet if necessary.

Once we have identified relevant datasets these will be catalogued using the EDMED1

(EUROPEAN DIRECTORY OF MARINE ENVIRONMENTAL DATA) forms.

1EDMED is a computer-searchable directory of data sets relating to the marine environment. It covers a wide range of disciplines including marine
meteorology; physical, chemical and biological oceanography; sedimentology; marine biology and fisheries; environmental quality monitoring;
coastal and estuarine studies; marine geology and geophysics etc. Data sets are catalogued in EDMED irrespective of their format (e.g. digital
databases or files, analogue records, paper charts, hard-copy tabulations, geological samples, biological specimens etc). Although the directory is
targeted primarily at data sets that can be made accessible to other users, encouragement is also given to holders of working data sets, or data of
a confidential or restricted availability, to make their data known through EDMED.Fur further information on EDMED see 
http://www.sea-search.net/edmed/welcome.html
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3. Mapping Requirements

Please outline the current and future mapping requirements of your organisation within the context of this feasibility study1.

1Mapping requirements may consist of e.g. Bathymetry, Seabed Imaging, Sub-Bottom Acoustic Imaging, Magnetic Mapping, Current Mapping and
Accoustic Ground Discrimination Systems. See the attached document on inshore resource mapping.
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11.3 Appendix 3: Port Statistics

Table A3.1: Volume of goods handled and vessel arrivals at the principal Irish Ports in 2001.p 

Coastal % of Goods Handled % of
Sector/Port1 No. Vessels2 National Total (000 Tonnes) National Total

Sector 1

Dublin 7,487 43.4 15,782 34.5

Drogheda 675 3.9 1,252 2.7

Rosslare 2,213 12.8 1,990 4.3

Dundalk 193 1.1 304 0.7

Dun Laoghaire 1,110 6.4 184 0.4

Greenore 129 0.7 310 0.7

Wicklow 139 0.8 171 0.4

Arklow 94 0.5 85 0.2

Sector 2

Cork 2,316 13.4 9,446 20.6

Waterford 770 4.5 1,958 4.3

New Ross 435 2.5 1,013 2.2

Youghal 38 0.2 68 0.2

Kinsale 84 0.5 140 0.3

Sector 3

Bantry Bay 174 1.0 1,488 3.2

Tralee Fenit 27 0.2 14 <0.1

Sector 4

Shannon–Foynes 795 4.6 10,708 23.4

Kilrush 3 <0.1 3 <0.1

Sector 5

Galway 439 2.5 798 1.7

Sector 7

Sligo 24 0.1 30 0.1

Killybegs 88 0.5 50 0.1

Total 17,233 45,794

Source: Central Statistics Office (2002b) – Statistics of Port Traffic 2001.
1. Coastal sectors and port locations are displayed in Figures 2.1 and 2.2 to 2.5 (respectively).
2. The figures for vessel numbers include only trading vessels, car ferries and other passenger vessels.
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11.4 Appendix 4: Fisheries and Aquaculture Landings and Value

Table A4.1: Sea fish landings (weight and value) by Irish vessels into Irish ports in 2000. 

Sector/Port Landings Landings(% of Landings Landings (% of
(Tonnes) total tonnage) (000 euros) total value)

Coastal Sector 1

Howth 5,034 2.56 11,229 7.25

Wicklow 2,211 1.12 1,541 0.99

Clogherhead 1,083 0.55 2,537 1.64

Skerries 1,022 0.52 2,217 1.43

Others1 2302 1.17 1441 0.93

Sub Total 11,652 5.9 18,965 12.2

Coastal Sector 2

Dunmore East 16,345 8.30 12,839 8.29

Cobh 8,274 4.20 3,021 1.95

Union Hall 2,578 1.31 4,954 3.20

Kilmore Quay 1,978 1.00 4,324 2.79

Kinsale 1,774 0.90 2,487 1.61

Crosshaven 1,066 0.54 1,431 0.92

Others2 2196 1.11 4,218 2.72

Sub–Total 34,211 17.4 33,254 21.5

Coastal Sector 3

Castletownbere 10,670 5.42 15,052 9.72

Dingle 6,295 3.20 8,247 5.32

Fenit 1,851 0.94 1,018 0.66

Baltimore 1,324 0.67 2,573 1.66

Schull 1,236 0.63 2,138 1.38

Others3 1458 0.74 3711 2.40

Sub–total 22,834 12 32,739 21

Coastal Sector 4

Carrigaholt 590 0.30 549 0.35

Coastal Sector 5

Rossaveal 10,268 5.21 9,949 6.42

Others4 1040 0.53 2168 1.40

Sub–total 11,308 5.7 12,117 7.8

(continued on next page)
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Table A4.1: Sea fish landings (weight and value) by Irish vessels into Irish ports in 2000. (continued)

Coastal Sector 6

Achill 719 0.36 474 0.31

Coastal Sector 7

Killybegs 85,371 43.3 26,207 16.9

Coastal Sector 8

Rathmullan 15,360 7.80 4,017 2.59

Greencastle 2,686 1.36 4,132 2.67

Malin Head 1,233 0.63 1,320 0.85

Burtonport 1,033 0.52 2,202 1.42

Others5 1313 0.67 2158 1.39

Sub–total 21,625 11.0 13,829 8.9

Other ports 8,682 4.41 16,776 10.83

TOTAL 196,992 100 154,930 100

Source: Fisheries Statistics 2000 (Central Statistics Office, 2002c). Refer to Figure 2.1 for location of coastal sectors.
Notes:
1. Arklow, Dun Laoghaire, Courtown and Wexford
2. Ballycotton, Helvick and Duncannon/St. Helens
3. Valentia, Portmagee, Castlegregory and Bantry
4. Galway, Aran Islands and Carna
5. Downings and Moville
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Table A4.2: Estimate of landings in 1997 by vessels (under 15 metres) operating in the inshore fisheries sector.

Species Landed Weight (Tonnes) Value (IR£’000)

Gigas Oyster1 3,359 5,547

Lobster 500 4,349

Flat Oyster2 750 2,171

Blue Mussel1 6,000 1,800

Shrimp 359 1,673

Salmon3 600 1,500

Whelk 2,800 1,232

Demersal Species 909–4,545 1,150–6,500

Crab Claws 300 600

Clam1 182 519

Velvet Crab 272 495

Crawfish 24 330

Edible Crab 300 250

Scallop 80 240

Nephrops 30 150

Spider Crab 154 143

Palourdes1 32 128

Razor–shell 28 84

Sea Urchin 5 9

Total 16,684–20,320 22,370–27,720

Source: Bord Iascaigh Mhara (1999) Irish Inshore Fisheries Sector – Review and recommendations.
Notes:
1. Aquaculture
2. Some from aquaculture
3. Exclusive of aquaculture
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11.5 Appendix 5 – Candidate SACs in the Inshore Zone

Table A5.1: Candidate SACs by coastal sector, county, habitat type and area

Site No.1 Site Name County Habitats2 Area (km2)

Coastal Sector 1

1 Dundalk Bay Louth E 52.5

2 Boyne Coast and Estuary Meath E 2.6

3 Rogerstown Estuary Dublin E 5.9

4 Wicklow Reef Wicklow R 15.3

5 Long Bank Wexford S 33.6

6 Carnsore Point Wexford R 87.0

Coastal Sector 2

7 Lady’s Island Lake Wexford R 5.6

8 Saltee Islands Wexford I, R 157.5

9 Ballyteige Burrow Wexford E 6.8

10 Bannow Bay Wexford E 14.1

11 Hook Head Wexford I, R 168.8

12 Blackwater River Cork/Waterford E 31.9

13 Ballymacoda (Clonpriest and Pillmore) Cork E 4.9

14 Courtmacsherry Estuary Cork E 7.0

15 Lough Hyne Nature Reserve and Environs Cork I, R 4.5

Coastal Sector 3

16 Roaringwater Bay and Islands Cork I, R 142.3

17 Kenmare River Kerry I, R 336.8

18 Valentia Harbour/Portmagee Channel Kerry I, R 26.8

19 Castlemaine Harbour Kerry E 75.9

20 Blasket Islands Kerry R 226.1

21 Tralee Bay and Magheree Peninsula, West to Cloghane Kerry E, I, R102.5

22 Magharee Islands Kerry R 22.6

Coastal Sector 4

23 Kerry Head Shoal Kerry R 57.7

24 Lower River Shannon Limerick/Kerry S, E, I, R 275.1
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Table A5.1: Candidate SACs by coastal sector, county, habitat type and area

Site No.1 Site Name County Habitats2 Area (km2)

Coastal Sector 5

25 Kilkee Reefs Clare I, R 26.4

26 Carrowmore Point to Spanish 
Point and Islands Clare R 28.6

27 Black Head – Poulsallagh Complex Clare R 22.0

28 Inisheer Island Galway R 5.5

29 Inishmaan Island Galway R 7.9

30 Inishmore Island Galway R 7.3

31 Galway Bay Complex Galway I, R 115.9

32 Kilkieran Bay and Islands Galway I, R 212.2

33 Slyne Head Galway R 23.7

34 Kingstown Bay Galway I 0.8

Coastal Sector 6

35 Clew Bay Complex Mayo I 119.7

36 Achill Head Mayo I, R 71.3

37 Mullet/Blacksod Bay Complex Mayo I, R 67.0

38 Broadhaven Bay Mayo I, R 90.3

Coastal Sector 7

39 Killala Bay/Moy Estuary Mayo E 15.9

40 Ballysadare Bay Sligo E 21.4

41 Cummeen Strand/Drumcliff Bay (Sligo Bay) Sligo E 47.8

42 Bunduff Lough and Machair/
Trawalua/Mullaghmore Sligo I 1.5

43 St. John’s Point Donegal I, R 1.7

44 Slieve League Donegal R 39.0

45 Rathlin O’Birne Island Donegal R 8.1

Coastal Sector 8

46 West of Ardara/Maas Road Donegal E, I 63.8

47 Rutland Island and Sound Donegal I, R 33.6

48 Gweedore Bay and Islands Donegal R 58.9

49 Ballyness Bay Donegal E 12.3

50 Tory Island Coast Donegal R 2.7

51 Lough Swilly Donegal E 91.8

52 Mulroy Bay Donegal I, R 32.0

1: Refer to Figure 2.14 in Chapter 2.
2: S = Sandbanks which are slightly covered by sea water all the time
E = Estuaries I = Large shallow inlets and bays R = Reefs
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11.6 Appendix 6: Indicative Time and Costs for Inshore Mapping
Using Airborne LIDAR and Shipborne Acoustics

This appendix provides the details of times and costs for mapping (1) the entire inshore zone and (2) priority

bays, both within water depths less than 50m.

Inshore Zone

The calculation of costs for each of the eight coastal sectors uses the areas estimated in Table A6.1.

Table A6.1: Approximate area of the inshore zone within selected water depths for each of eight coastal sectors

Total Area 0-10m 10-50m 0-25m 25-50m
(km2) (km2) (km2) (km2) (km2)

Sector 1

Carlingford L. – Carnsore Point 4608 709 3899 2472 2136

Sector 2

Carnsore Point – Toe Head 2853 351 2502 1174 1679

Sector 3

Toe Head – Kerry Head 2147 570 1578 1109 1039

Sector 4

Shannon Estuary 670 160 510 383 287

Sector 5

Loop Head – Slyne Head 1700 417 1283 937 763

Sector 6

Slyne Head – Benwee Head 1828 444 1384 1060 768

Sector 7

Benwee Head – Rossan Point 1257 187 1070 582 675

Sector 8

Rossan Point – Lough Foyle 2316 285 2031 763 1552

Total 17380 3123 14257 8480 8900

Airborne Bathymetric LIDAR

The following calculation of time and costs to carry out IHO Order I compliant LIDAR surveying in the inshore

zone is based upon information supplied by the Tenix LADS Corporation – who carried out the LIDAR survey

of Clew Bay in July 2002. The figures given are indicative only and should not be viewed in any way as

a commercial quotation1. The costs are exclusive of VAT. The following assumptions apply.

1Commercial and operation assumptions made by Tenix LADS Corporation remain confidential. The rough order of magnitude prices were provided
in good faith to assist the production of this report.
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Speed and Coverage

Average survey speed is taken at 140 knots with a swath width of 240m for a 5m by 5m sounding pattern.

This gives coverage of – 64 km2 per hour. This number describes the rate at which data are collected on main

line soundings (that is whilst the aircraft is flying on a survey line). During a typical survey, the following

activities take place that must be factored into any calculations:

• Transiting to and from the survey area;

• Collecting main line sounding data at 64 km2 per hour;

• Turning between survey lines (each turn takes 6 minutes and anywhere between 20 and 40 turns is

typical per flight);

• Navigation and depth check calibrations (each flight includes flying benchmark areas for the purpose of

validating system navigation and depth performance)

• Collecting re-fly data (returning to areas that have been previously covered by the aircraft but where gaps

in the data are apparent due to poor environmental conditions at the time it was originally flown).

Line Spacing

The line spacing for the LADS survey is linked to the 240m swath with 10% for overlap.

Hourly and Daily Coverage

A typical example of the daily coverage achievable from the Clew Bay survey performed by Tenix LADS

Corporation for the GSI comprised of the aircraft operating for approximately 9 hours and collecting 120 km2

of data.

Total area (km2) in the 0–10m depth range in each coastal sector

See Table A6.1 reproduced above

Depth Range and Turbidity

Penetration depth for LIDAR surveys is generally quoted as 2.5 times the Secchi depth. Typical Secchi depths

on the west coast of Ireland are 6–12m during the summer months (2 – 3m during blooms). The Clew Bay

LIDAR survey achieved depths of approximately 25m. It may be possible to exceed this depth penetration in

areas of greater water clarity and in some areas an extinction depth closer to the 50m limit may be possible.

However, the assessment of expected depth penetration will depend on a range of factors at the time of

surveying. Tenix LADS have stated that, based on their preliminary assessment during 2002, Sector 1

(Carlingford to Carnsore) would not be considered for surveying due to the poor optical quality of the water on

the east coast of Ireland. It would be possible to survey efficiently from approximately Waterford in the south

then moving westward and around all the way up the west and northwest coasts to Lough Foyle but, given

the generally turbid nature of the water in the Shannon Estuary (Sector 4) it is likely that problems will also be

encountered here. It may be worth considering the acquisition of ship-borne Secchi disc measurements

immediately before and perhaps during a LIDAR survey in the hope of assessing the probability of acquiring

high-quality data. This will have additional cost implications that are not included in this report and does not

appear to be standard practice.
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In the Shannon Estuary and on the east coast, ship-borne multibeam acoustic techniques will probably be the

only viable option in water depths > 10m. It is our opinion that there is insufficient evidence to rule out LIDAR

for hydrographic mapping in these areas in water depths < 10m.

Costs and Schedule

All calculations of coverage per flight and subsequent numbers of flights per area etc are estimates and will

vary in the tender process. It is acknowledged that tenders or quotes from other companies will yield differing

costs. Tenix LADS Corporation provided a price per km2.

If the Irish Coast were split into eight discrete, equal, sections of 1000 km2 then each block would be

expected to take between 6 and 8 weeks to survey using LADS. It should be possible to survey two blocks

(~2000 km2) in a survey season (late spring, summer, early autumn) at times that are favourable to the

acquisition of high-quality data (e.g. stable weather conditions, low rainfall and hence absence of water

turbidity, absence of algal blooms etc.).

It should be noted that the price for such a large job is substantially less than any normal commercial rate and

therefore takes some consideration on the part of the contractor to ensure the most competitive price can be

provided. The best value would be if a cost for the entire area were provided which would make assumptions

such as deployment to Ireland at times convenient for the contractor and no restrictions on which areas were to

be surveyed each year. Flexibility of arrangements will reduce overall costs. The basic concept would be that

the contractor provides a price to complete the job over a certain number of years with an annual payment

schedule. If each discrete area were to be flown separately, then the cost would be substantially higher.

Two options are presented below for a LIDAR survey. Option A is for a comprehensive LIDAR survey over

Sectors 2–8 for water depths 0–25m. Option B is for a survey in Sectors 3,5,6,7 and 8 for water depths 0–10m.

A. This has an effective survey area of – 6000 km2 for water depths of 0–25m and could be surveyed over a

three-year period. The cost quoted is inclusive of an annual deployment cost in the region of €100,000.

The inclusive price for this would be €1,197 per km2

This gives a total of €7,181,516

For a three year contract this equates to an outlay of €2,393, 839 pa

B. A single survey of – 2000 km2 in water depths 0–10m could be completed in one year.

The price for this option is €1,330 per km2

This does not include deployment of €198,790

The total cost for this option for 2000 km2 is €2,660,317

The above figures are based on two general considerations:

• For option A, a higher number of flights per week is achieved which reduces time in the field and therefore

cost. This is due to having a larger physical area of prospective targets that allows greater flexibility in 
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survey planning. Essentially the survey is less restricted by environmental constraints meaning greater

efficiency is achieved in the field.

• Option A has a substantially reduced deployment costs due to the flexibility of the operations – surveying

at the contractors convenience within an agreed timeframe. The per annum cost of this option is about

10% cheaper than the per annum cost of Option B.

The following would be delivered for each discrete survey area:

• Fully validated and quality controlled digital bathymetric data suitable for importation to GIS packages 

(e.g. CARIS).

• A report of the survey describing fully all issues in the survey area from an operational and charting point

of view

Shipborne Acoustics

The indicative times and costs for bathymetric and backscatter surveys using hull-mounted multibeam, 

single beam echo sounders and sub-bottom seismic reflection profiling technology for the 0 – 50m zone 

are outlined in this section. The calculations were carried out in a MS Excel spreadsheet, allowing for certain

variables (e.g. survey speed, swath coverage, down-time) to be adjusted as required. Several factors and

assumptions are explained below. Final figures for the surveys depend upon tendering processes,

mobilisation and ship costs at the time of survey. The following assumptions apply.

Average Depths

Average depths were calculated using median values for each depth range, as follows:

• 0–10m range has a median depth of 5m

• 10–25m range has a median depth of 17.5m

• 25–50m range has a median depth of 38m

Survey Speed

Speeds of up to 8 knots can be achieved on survey lines in water depths between 10–50m. However, in

shallower waters (0–10m) speeds would need to be lower for safety consideration, possibly up to 4 knots. An

average survey speed of – 5 knots (9.265 km/h) knots is assumed for water depths 10–50m and – 3.4 knots

(6.35 km/hr) for water depths 0–10m.

Swath Coverage

The swath coverage is calculated by using the average depths above and a conservative factor of 3.5 times

the water depth (based on a Canadian Centre for Marine Communication report for the Geological Survey of

Ireland in the case of a Kongsberg Simrad EM1002 system). Estimated swath widths for the depth ranges

using the 3.5 factor are as follows:

• 17.5m swath width for 0–10m depth range

• 61.25m swath width for 10–25m depth range

• 133m swath width for 25–50m depth range
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Line Spacing

The line spacing is derived from the estimated swath widths (above), allowing for 10% overlap. For example, 

a swath width of 17.5m implies a line spacing of 15.75m for a 10% overlap.

Down-time

A typical value of down-time (the time when weather conditions are unfavourable for surveying) is assumed to

be 20% for a vessel like the RV Celtic Voyager operating in water depths 10–50m between the months April

to September. Down-time for a smaller vessel operating in water depths 0–10m will probably be higher. 

A value of 30% has been assumed.

Total Line km per depth zone

The total number of line km needed to achieve 100% coverage plus 10% overlap is calculated as the total

area in km2 divided by the line spacing in km. For example, in Sector 1 the area in the 0–10m depth zone is

709 km2. With a line spacing based on a swath width of 17.5m and using a 10% overlap (an effective line

spacing of 0.01575km) the total line km is 45,016. The total line km for the various depth zones in each

coastal sector are presented in Table A6.2.

Hourly and Daily Coverage

The number of line km that can be surveyed per hour is essentially the survey speed, in km/hour. For 10–50m

water depths this results in 222.4 line km per day assuming a 24–hour survey day. This assumes ideal

conditions and does not allow for turning between survey lines and calibration lines. During the Donegal Bay

survey 11,492 line km were surveyed in 1,496 hours, or 62 days and 8 hrs, of cruising (including transit to

and from port). This resulted in – 184 line km per day, a figure taken as the best available estimate for survey

coverage and one which takes account of vessel turns at the end of each line.

This calculation of daily coverage is based on the use of a vessel such as the Celtic Voyager for a 24 hour

day. Such a vessel could not be used in 0–10m water depths. In these depths, 24hr surveying is unlikely to

be feasible for safety considerations. Shallow water swath surveying by WGI Ltd. using shallow draft vessels

indicates that a realistic figure for coverage in shallow waters is – 1km2 per day assuming a 10 hour survey

day (excluding transit to and from the nearest harbour) and typical survey speeds of – 3.4 knots. This figure

for coverage also takes account of vessel turns at the end of each line.

The coverage achievable in the different depth zones is therefore as follows:

Zone Coverage (km2/hr) Coverage (km2/day)

0–10m 0.1 1

10–25m 12.26 288

25–50m 26.62 600
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Survey days for complete coverage

The total survey days is calculated as total line km divided by daily coverage (line km/day)

Total number of survey days

The total number of survey days includes the appropriate down-time factor to account for a full survey season

total downtime. The calculations of total survey times using the assumptions outlined above are presented in

Table A6.2

Survey Costs

The calculation of survey costs for 10–50m water depths is based on figures provided by the Marine Institute

for the Celtic Voyager survey in Donegal Bay. The calculation of 0–10m water depths is based upon

experience within WGI Ltd. These are as follows:

Marine Institute (10–50m) WGI Ltd. (0–10m)

Survey costs 2,000 per day 1,000 per day

Ship costs 5,000 per day 3,000 per day

The survey costs are essentially for personnel involved in the acquisition and processing of the data. The ship

costs are for the crew and use of multibeam, sub-bottom profiler and DGPS navigational equipment. The

costs of surveying each depth zone in each coastal sector are presented in Table A6.3.
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Table A6.2: Calculation of survey time for multibeam mapping and sub-bottom profiling in various depth zones for eight
coastal sectors. See text for explanation of assumptions and calculations.

Depth Swath Line No. of Days

Zone Area Average Coverage Spacing +10% Total Line Line No. of (including

Sector (km2) (km2) Depth (m) (x water Depth) Overlap (m) Km Km/Day Days Downtime)

1 0–10 709 5 3.5 15.75 45016.0 63.5 709 922

1 10–25 1763 17.5 3.5 55.125 31981.9 184 174 209

1 25–50 2136 38 3.5 119.7 17843.9 184 97 116

2 0–10 351 5 3.5 15.75 22285.7 63.5 351 456

2 10–25 823 17.5 3.5 55.125 14929.7 184 81 97

2 25–50 1679 38 3.5 119.7 14028.8 184 76 91

3 0–10 570 5 3.5 15.75 36190.5 63.5 570 741

3 10–25 539 17.5 3.5 55.125 9777.78 184 53 64

3 25–50 1039 38 3.5 119.7 8676.7 184 47 57

4 0–10 160 5 3.5 15.75 10158.7 63.5 160 208

4 10–25 223 17.5 3.5 55.125 4045.35 184 22 26

4 25–50 287 38 3.5 119.7 2401.79 184 13 16

5 0–10 417 5 3.5 15.75 26476.2 63.5 417 542

5 10–25 520 17.5 3.5 55.125 9433.11 184 51 62

5 25–50 763 38 3.5 119.7 6375.91 184 35 42

6 0–10 444 5 3.5 15.75 28190.5 63.5 444 577

6 10–25 615 17.5 3.5 55.125 11156.5 184 61 73

6 25–50 768 38 3.5 119.7 6419.01 184 35 42

7 0–10 187 5 3.5 15.75 11873.0 63.5 187 243

7 10–25 395 17.5 3.5 55.125 7165.53 184 39 47

7 25–50 675 38 3.5 119.7 5636.85 184 31 37

8 0–10 285 5 3.5 15.75 18095.2 63.5 285 370

8 10–25 478 17.5 3.5 55.125 8671.2 184 47 57

8 25–50 1552 38 3.5 119.7 12969.1 184 70 85
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Table A6.3: Calculation of survey costs for multibeam mapping and sub-bottom profiling in various depth zones for eight
coastal sectors. See text for explanation of assumptions and calculations.

Sector Depth Survey Ship Ship Total Total
Zone Area No. Cost/Day Survey Cost/km2 Cost/Day Cost Cost/km2 Cost

(m) (km2) Days (€) Cost (€000) (€) (€) (€000) (€) (€000)

1 0–10 709 922 1000 922 1300 3000 2,766 5,200 3,688 

1 10–25 1763 209 2000 417 237 5000 1,043 828 1,460

1 25–50 2136 116 2000 233 109 5000 582 381 815

2 0–10 351 456 1000 456 1300 3000 1368 5,200 1,824

2 10–25 823 97 2000 195 237 5000 487 828 681

2 25–50 1679 91 2000 183 109 5000 457 381 640

3 0–10 570 741 1000 741 1300 3000 2223 5,200 2964

3 10–25 539 64 2000 128 237 5000 319 828 446

3 25–50 1039 57 2000 113 109 5000 283 381 396

4 0–10 160 208 1000 208 1300 3000 624 5,200 832

4 10–25 223 26 2000 53 236 5000 132 828 185

4 25–50 287 16 2000 31 109 5000 78 381 110

5 0–10 417 542 1000 542 1300 3000 1626 5,200 2,168

5 10–25 520 62 2000 123 237 5000 308 828 431

5 25–50 763 42 2000 83 109 5000 208 381 291

6 0–10 444 577 1000 577 1300 3000 1732 5,200 2,308

6 10–25 615 73 2000 146 237 5000 364 829 510

6 25–50 768 42 2000 84 109 5000 209 381 293

7 0–10 187 243 1000 243 1300 3000 729 5,200 972

7 10–25 395 47 2000 94 237 5000 234 829 327

7 25–50 675 37 2000 74 109 5000 184 381 257

8 0–10 285 370 1000 370 1300 3000 1110 5,200 1482

8 10–25 478 57 2000 113 237 5000 283 829 396

8 25–50 1552 85 2000 169 109 5000 423 381 592

The following would be delivered for each discrete survey area:

• Fully validated and quality controlled digital bathymetric data with 100% bottom coverage suitable for

importation to GIS packages (e.g. CARIS) and satisfying IHO Order 1 specifications.

• Fully validated and quality controlled digital swath backscatter data with 100% bottom coverage suitable

for importation to GIS packages.

• Fully validated and quality controlled digital sub-bottom seismic reflection data suitable for importation to

industry-standard processing and interpretation packages.

• Reports of the surveys describing fully all issues in the survey area from an operational and charting point

of view
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Comparison with single beam echo sounding

An indication of the costs of single beam echo sounding surveys in comparable water depths can be gleaned

from figures associated with mapping of several candidate Special Areas of Conservation (cSAC) by Dúchas

in 2001 and 2002. The bottom coverage for single beam echo sounding is assumed to be 5% of the total

survey area compared with 100% for multibeam echo sounding. The cost per km2 is for 5% bottom coverage

with the cost per km2 for the total survey area in brackets.

Bay Line Spacing Line Length Total Survey Total Bottom Cost Cost
(m) (km) Area (km2) Coverage (€) (€) per km2

A 250 930 155.3 7.77 82,000 10553  (528)

B 250 & 50 1095 115.6 5.78 92,596 16020  (801)

C 250 & 50 164 17.5 0.875 17,789 20330  (1017)

These costs are for surveying only, i.e. the acquisition of seabed bathymetry and characterisation data using

an Acoustic Ground Discrimination System and seabed sampling data including the collection and

preservation of infaunal samples. The costs include crew, equipment and boat hire.

The post-processing of the acoustic, bathymetric and ground truthing data, the production of the final maps

and reports for each cSAC cost €30,733; €28,821; and €13,937 for the three bays, respectively.

Two important points are: the cost of single beam surveying is the same per km2 regardless of the depth (it is

determined by the line spacing as specified by client) and it is not meaningful to compare the cost per km2 for

single-beam versus multibeam as the figures in Table A6.3 do not contain seabed sampling whereas the

single beam figures do.

We have made a rough estimate for single beam mapping of inshore waters between depths 0–10m. We

have assumed an average acquisition rate of 63.5 line km per day, a down-time of 30% (the same figures

used for the multibeam data acquisition rates) and 6.35 line-km for 1 km2 of survey area. (similar to Bay A

above). Using the costs for the cSAC single beam echo sounding (with a line spacing of 250m, acquisition

cost per km2 of 528 and a processing and map production cost of 200 per km2) in Bay A, the costs for

mapping the entire inshore zone with water depths less than 10m are given in Table A6.4. We have not

presented comparable costs for the 10–50m zone because it is likely that this zone will be mapped by a

vessel like the Celtic Voyager which has an integrated multibeam, sub-bottom profiling and single beam echo

sounding system.
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Table A6.4: Costs of single beam echo sounding, acoustic ground discrimination and seabed sampling in 0–10m water
depths for a line spacing of 250m.

Acquisition Processing & Total No.
Depth Area Total No. of Cost Production including 30% Total Cost

Sector Zone (m) (km2) Line km (€000) Cost (€000) down-time (€000)

1 0–10 709 4254 374 142 87 516 

2 0–10 351 2106 185 70 42 255

3 0–10 570 3420 301 114 70 415

4 0–10 160 960 84 32 20 116

5 0–10 417 2502 220 83 52 303

6 0–10 444 2664 234 89 55 323

7 0–10 187 1122 99 37 23 136

8 0–10 285 1698 150 57 35 207

Total 3,123 18,731 1,647 624 385 2,271

Priority Bays

Some bays have been identified during the stakeholder consultation process as being priority targets (See

Section 8.2.4). The costs for surveying these bays with multibeam and sub–bottom profiling equipment are

presented in Table A6.6. These are based on the same assumptions used for the entire inshore zone. The

same products would be delivered and similar restrictions would apply (e.g. lack of coverage in very shallow

waters < 2m deep). It should be noted that (1) one season of airborne LIDAR covering 2000km2 of 0–10m

water depths could be focused to collect data in 0–10m waters in these bays and (2) the data in water

depths 10–50m would probably also include single beam echo sounding and acoustic ground discrimination

if a vessel such as the Celtic Voyager were used.
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Table A6.5: Calculation of survey time for multibeam mapping and sub–bottom profiling in various depth 
zones for priority bays

Swath No. of

Bay Coverage Line Days

(*denotes Depth Area Average (x water Spacing +10% Total Line No. of (including

SAC) Zone (m) (km2) Depth (m) Depth) Overlap (m) Line km Km/Day Days Downtime)

Broadhaven* 0–10 12 5 3.5 15.75 761.9 63.5 12.0 15.6

Broadhaven* 10–25 20 17.5 3.5 55.125 362.8 184 2.0 2.4

Broadhaven* 25–50 38 38 3.5 119.7 317.4 184 1.7 2.1

Mulroy* 0–10 40 5 3.5 15.75 2539.6 63.5 40.0 52.0

Mulroy* 10–25 25 17.5 3.5 55.125 453.5 184 2.5 3.0

Mulroy* 25–50 15 38 3.5 119.7 125.3 184 0.7 0.8

Galway Bay* 0–10 70 5 3.5 15.75 4444.4 63.5 70.0 91.0

Galway Bay* 10–25 105 17.5 3.5 55.125 1904.7 184 10.4 12.4

Galway Bay* 25–50 35 38 3.5 119.7 292.3 184 1.6 1.9

Shannon Estuary* 0–10 160 5 3.5 15.75 10163.5 63.5 160.0 208.1

Shannon Estuary* 10–25 223 17.5 3.5 55.125 4045.3 184 22.0 26.4

Shannon Estuary* 25–50 287 38 3.5 119.7 2401.7 184 13.1 15.7

Cork Harbour (Inner) 0–10 60 5 3.5 15.75 3809.5 63.5 60.0 78.0

Cork Harbour (Inner) 10–25 0 17.5 3.5 55.125 0 184 0.0 0.0

Cork Harbour (Inner) 25–50 0 38 3.5 119.7 0 184 0.0 0.0

Cork Harbour
(incl. approaches) 0–10 10 5 3.5 15.75 634.9 63.5 10.0 13.0

Cork Harbour
(incl. approaches) 10–25 50 17.5 3.5 55.125 907.0 184 4.9 5.9

Cork Harbour
(incl. approaches) 25–50 60 38 3.5 119.7 501.2 184 2.7 3.3

Waterford Harbour 0–10 65 5 3.5 15.75 4126.9 63.5 65.0 84.5

Waterford Harbour 10–25 40 17.5 3.5 55.125 725.6 184 3.9 4.7

Waterford Harbour 25–50 45 38 3.5 119.7 375.9 184 2.0 2.5

Tralee Bay* 0–10 100 5 3.5 15.75 6349.2 63.5 100.0 130.0

Tralee Bay* 10–25 100 17.5 3.5 55.125 1814.0 184 9.9 11.8

Tralee Bay* 25–50 0 38 3.5 119.7 0 184 0.0 0.0

Blacksod Bay* 0–10 90 5 3.5 15.75 5714.2 63.5 90.0 117.0

Blacksod Bay* 10–25 70 17.5 3.5 55.125 1269.8 184 6.9 8.3

Blacksod Bay* 25–50 0 38 3.5 119.7 0 184 0.0 0.0
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Table A6.5: Continued

Swath No. of

Bay Coverage Line Days

(*denotes Depth Area Average (x water Spacing +10% Total Line No. of (including

SAC) Zone (m) (km2) Depth (m) Depth) Overlap (m) Line km Km/Day Days Downtime)

Wexford Harbour* 0–10 100 5 3.5 15.75 6349.2 63.5 100.0 130.0

Wexford Harbour* 10–25 90 17.5 3.5 55.125 1632.6 184 8.9 10.6

Wexford Harbour* 25–50 80 38 3.5 119.7 668.3 184 3.6 4.4

Bantry Bay 0–10 30 5 3.5 15.75 1904.7 63.5 30.0 39.0

Bantry Bay 10–25 90 17.5 3.5 55.125 1632.6 184 8.9 10.6

Bantry Bay 25–50 50 38 3.5 119.7 417.7 184 2.3 2.7

Dublin Bay 0–10 55 5 3.5 15.75 3492.0 63.5 55.0 71.5

Dublin Bay 10–25 15 17.5 3.5 55.125 272.1 184 1.5 1.8

Dublin Bay 25–50 0 38 3.5 119.7 0 184 0.0 0.0

Boyne Estuary 0–10 5 5 3.5 15.75 317.4 63.5 5.0 6.5

Boyne Estuary 10–25 5 17.5 3.5 55.125 90.7 184 0.5 0.6

Boyne Estuary 25–50 0 38 3.5 119.7 0 184 0.0 0.0

Carlingford Lough 0–10 20 5 3.5 15.75 1269.8 63.5 20.0 26.0

Carlingford Lough 10–25 0 17.5 3.5 55.125 0 184 0.0 0.0

Carlingford Lough 25–50 0 38 3.5 119.7 0 184 0.0 0.0

Dundalk Bay 0–10 95 5 3.5 15.75 6031.7 63.5 95.0 123.5

Dundalk Bay 10–25 30 17.5 3.5 55.125 544.2 184 3.0 3.5

Dundalk Bay 25–50 0 38 3.5 119.7 0 184 0.0 0.0

Bannow Bay 0–10 12 5 3.5 15.75 761.9 63.5 12.0 15.6

Bannow Bay 10–25 3 17.5 3.5 55.125 54.4 184 0.3 0.4

Bannow Bay 25–50 0 38 3.5 119.7 0 184 0.0 0.0

Dunmanus Bay 0–10 5 5 3.5 15.75 317.4 63.5 5.0 6.5

Dunmanus Bay 10–25 25 17.5 3.5 55.125 453.5 184 2.5 3.0

Dunmanus Bay 25–50 35 38 3.5 119.7 292.3 184 1.6 1.9

Killary Harbour 0–10 4 5 3.5 15.75 253.9 63.5 4.0 5.2

Killary Harbour 10–25 7 17.5 3.5 55.125 126.9 184 0.7 0.8

Killary Harbour 25–50 1 38 3.5 119.7 8.3 184 0.0 0.1

Lough Swilly 0–10 50 5 3.5 15.75 3174.6 63.5 50.0 65.0

Lough Swilly 10–25 55 17.5 3.5 55.125 997.7 184 5.4 6.5

Lough Swilly 25–50 15 38 3.5 119.7 125.3 184 0.7 0.8
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Table A6.5: Continued

Swath No. of

Bay Coverage Line Days

(*denotes Depth Area Average (x water Spacing +10% Total Line No. of (including

SAC) Zone (m) (km2) Depth (m) Depth) Overlap (m) Line km Km/Day Days Downtime)

Lough Foyle 0–10 55 5 3.5 15.75 3492.0 63.5 55.0 71.5

Lough Foyle 10–25 15 17.5 3.5 55.125 272.1 184 1.5 1.8

Lough Foyle 25–50 0 38 3.5 119.7 0 184 0.0 0.0

Mannin Bay 0–10 10 5 3.5 15.75 634.9 63.5 10.0 13.0

Mannin Bay 10–25 5 17.5 3.5 55.125 90.7 184 0.5 0.6

Mannin Bay 25–50 0 38 3.5 119.7 0 184 0.0 0.0

Note: Broadhaven corresponds roughly with SAC boundaries; Bannow Bay = Baginbun Head to Cullenstown
Mulroy Bay extending out to 50m; Dundalk Bay = Cooley Point to Dunany Point
Galway Bay east of a line running north from Black Head. (This is considerably larger than the SAC)
Shannon Estuary = the entire Estuary within sectoral boundaries (SAC is less than 50% of this)
Cork Harbour (including approaches) extends to 50m
Waterford Harbour extending to 50m; Dunmanus = Sheeps Head to Three Castle Head (<50m only)
Tralee Bay = Kerry Head to Magharees
Blacksod Bay includes all of inner bay and SAC area west of Mullet peninsula
Wexford Harbour extending to 50m and including Long Bank SAC
Bantry Bay east of line running north from Sheep’s Head and waters < 50m
Dublin Bay = Howth Head to Dalkey
Boyne = estuary and approach to 25m depth
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Table A6.6: Calculation of survey costs for multibeam mapping and sub–bottom profiling in various 
depth zones for priority bays.

Bay Survey Survey Ship Total

(*denotes Depth Area No Cost/Day Cost Cost/km2 Cost/Day Ship Cost Cost/km2 Total

SAC) Zone (m) (km2) Days (€) (€) (€) (€) (€) (€) (€000)

Broadhaven* 0–10 12 15.6 1000 15,598 1300 3000 46,794 5199.4 62.4

Broadhaven* 10–25 20 2.4 2000 4,732 237 5000 11,831 828.2 16.6

Broadhaven* 25–50 38 2.1 2000 4,141 109 5000 10,352 381.4 14.5

Mulroy* 0–10 40 52.0 1000 51,994 1300 3000 155,981 5199.4 208.0

Mulroy* 10–25 25 3.0 2000 5,915 237 5000 14,789 828.2 20.7

Mulroy* 25–50 15 0.8 2000 1,635 109 5000 4,086 381.4 5.7

Galway Bay* 0–10 70 91.0 1000 90,989 1300 3000 272,966 5199.4 364.0

Galway Bay* 10–25 105 12.4 2000 24,845 237 5000 62,112 828.2 87.0

Galway Bay* 25–50 35 1.9 2000 3,814 109 5000 9,535 381.4 13.3

Shannon Estuary* 0–10 160 208.1 1000 208,062 1300 3000 624,187 5199.4 832.2

Shannon Estuary* 10–25 223 26.4 2000 52,765 237 5000 131,914 828.2 184.7

Shannon Estuary* 25–50 287 15.7 2000 31,328 109 5000 78,319 381.4 109.6

Cork Harbour 
(Inner) 0–10 60 78.0 1000 77,990 1300 3000 233,971 5199.4 312.0

Cork Harbour 
(Inner) 10–25 0 0.0 2000 0 0 5000 0 0 0.0

Cork Harbour 
(Inner) 25–50 0 0.0 2000 0 0 5000 0 0 0.0

Cork Harbour
(incl. approaches) 0–10 10 13.0 1000 12,998 1300 3000 38,995 5199.4 52.0

Cork Harbour 
(incl. approaches) 10–25 50 5.9 2000 11,831 237 5000 29,577 828.2 41.4

Cork Harbour 
(incl. approaches) 25–50 60 3.3 2000 6,538 109 5000 16,345 381.4 22.9

Waterford Harbour 0–10 65 84.5 1000 84,489 1300 3000 253,468 5199.4 338.0

Waterford Harbour 10–25 40 4.7 2000 9,465 237 5000 23,662 828.2 33.1

Waterford Harbour 25–50 45 2.5 2000 4,904 109 5000 12,259 381.4 17.2

Tralee Bay* 0–10 100 130.0 1000 129,984 1300 3000 389,951 5199.4 519.9

Tralee Bay* 10–25 100 11.8 2000 23,662 237 5000 59,154 828.2 82.8

Tralee Bay* 25–50 0 0.0 2000 0 0 5000 0 0 0.0

Blacksod Bay* 0–10 90 117.0 1000 116,985 1300 3000 350,956 5199.4 467.9

Blacksod Bay* 10–25 70 8.3 2000 16,563 237 5000 41,408 828.2 58.0

Blacksod Bay* 25–50 0 0.0 2000 0 0 5000 0 0 0.0
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Table A6.6: Continued

Bay Survey Survey Ship Total

(*denotes Depth Area No Cost/Day Cost Cost/km2 Cost/Day Ship Cost Cost/km2 Total

SAC) Zone (m) (km2) Days (€) (€) (€) (€) (€) (€) (€000)

Wexford Harbour* 0–10 100 130.0 1000 129,984 1300 3000 389,951 5199.4 519.9

Wexford Harbour* 10–25 90 10.6 2000 21,295 237 5000 53,239 828.2 74.5

Wexford Harbour* 25–50 80 4.4 2000 8,717 109 5000 21,794 381.4 30.5

Bantry Bay 0–10 30 39.0 1000 38,995 1300 3000 116,985 5199.4 156.0

Bantry Bay 10–25 90 10.6 2000 21,295 237 5000 53,239 828.2 74.5

Bantry Bay 25–50 50 2.7 2000 5,448 109 5000 13,621 381.4 19.1

Dublin Bay 0–10 55 71.5 1000 71,491 1300 3000 214,473 5199.4 286.0

Dublin Bay 10–25 15 1.8 2000 3,549 237 5000 8,873 828.2 12.4

Dublin Bay 25–50 0 0.0 2000 0 0 5000 0 0 0.0

Boyne Estuary 0–10 5 6.5 1000 6,499 1300 3000 19,498 5199.4 26.0

Boyne Estuary 10–25 5 0.6 2000 1,183 237 5000 2,958 828.2 4.1

Boyne Estuary 25–50 0 0.0 2000 0 0 5000 0 0 0.0

Carlingford Lough 0–10 20 26.0 1000 25,997 1300 3000 77,990 5199.4 104.0

Carlingford Lough 10–25 0 0.0 2000 0 0 5000 0 0 0.0

Carlingford Lough 25–50 0 0.0 2000 0 0 5000 0 0 0.0

Dundalk Bay 0–10 95 123.5 1000 123,485 1300 3000 370,454 5199.4 493.9

Dundalk Bay 10–25 30 3.5 2000 7,098 237 5000 17,746 828.2 24.8

Dundalk Bay 25–50 0 0.0 2000 0 0 5000 0 0 0.0

Bannow Bay 0–10 12 15.6 1000 15,598 1300 3000 46,794 5199.4 62.4

Bannow Bay 10–25 3 0.4 2000 710 237 5000 1,775 828.2 2.5

Bannow Bay 25–50 0 0.0 2000 0 0 5000 0 0 0.0

Dunmanus Bay 0–10 5 6.5 1000 6,499 1300 3000 19,498 5199.4 26.0

Dunmanus Bay 10–25 25 3.0 2000 5,915 237 5000 14,789 828.2 20.7

Dunmanus Bay 25–50 35 1.9 2000 3,814 109 5000 9,535 381.4 13.3

Killary Harbour 0–10 4 5.2 1000 5,199 1300 3000 15,598 5199.4 20.8

Killary Harbour 10–25 7 0.8 2000 1,656 237 5000 4,141 828.2 5.8

Killary Harbour 25–50 1 0.1 2000 109 109 5000 272 381.4 0.4

Lough Swilly 0–10 50 65.0 1000 64,992 1300 3000 194,976 5199.4 260.0

Lough Swilly 10–25 55 6.5 2000 13,014 237 5000 32,535 828.2 45.5

Lough Swilly 25–50 15 0.8 2000 1,635 109 5000 4,086 381.4 5.7
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Table A6.6: Continued

Bay Survey Survey Ship Total

(*denotes Depth Area No Cost/Day Cost Cost/km2 Cost/Day Ship Cost Cost/km2 Total

SAC) Zone (m) (km2) Days (€) (€) (€) (€) (€) (€) (€000)

Lough Foyle 0–10 55 71.5 1000 71,491 1300 3000 214,473 5199.4 286.0

Lough Foyle 10–25 15 1.8 2000 3,549 237 5000 8,873 828.2 12.4

Lough Foyle 25–50 0 0.0 2000 0 0 5000 0 0 0.0

Mannin Bay 0–10 10 13.0 1000 12,998 1300 3000 38,995 5199.4 52.0

Mannin Bay 10–25 5 0.6 2000 1,183 237 5000 2,958 828.2 4.1

Mannin Bay 25–50 0 0.0 2000 0 0 5000 0 0 0.0

Seabed sampling

Seabed sampling is regarded as a vital part of a mapping programme for the inshore zone because it can

provide calibration of remotely sensed acoustic data (particularly the physical properties of marine sediments)

and important information for the assessment and prediction of benthic habitats. Video and grab sampling

sites are usually selected in order to sample the full range of acoustic ground types, depths and

environmental conditions encountered within the survey areas. Video surveys give an overall view of the

habitat and fauna and flora, if present. Grab samples augment the video data where video cannot provide

adequately detailed information on the sediment type or infauna. Diver surveys provide detailed information on

species and habitat types. The video surveys provide the primary data set for supervised classification in the

post–processing phase of the survey.

EcoServe (Emblow, pers. comm.) has provided some indicative costs of seabed sampling surveys using

established diver, video and grab sampling techniques. These are summarised in Table A6.7 below. These

costs do not cover an interpretation of the engineering and geochemical properties of grab samples as there

are no data available to quantify these. Breslin (pers. comm.) has estimated from his experience of mapping

Special Areas of Conservation in Ireland that seabed sampling takes up – 33% of the total sea time to collect

the data. According to the table below, the post–processing of seabed sampling data could require – 

50 – 75% of the time taken to acquire the seabed data, depending upon the proportion of video, grab

sampling and diver sampling.

Table A6.7 shows that indicative costs for acquiring and processing a single seabed sample for habitat

mapping are approximately:

€975 for diver samples

€480 for grab samples

€265 for video samples

There are no figures available for the cost of long term storage facilities for biological, chemical and geological

seabed samples.
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Table A6.7: Calculation of seabed sampling costs to calibrate or supplement acoustic remote sensing surveys

Rates per day (€)
Indicative costs based on Personnel rate 560
40 seabed samples Travel and subsistence 100

Boat hire 750

Sample collection Travel & Boat Consumables* Total Cost per
subsistence hire (€) cost (€) sample (€)

Diver sampling Person days 40 40 10
Cost (€) 22400 4000 7500 1000 34900 872.5

Video sampling Person days 8 8 4
Cost (€) 4480 800 3000 8280 207 

Grab sampling Person days 12 12 6
Cost (€) 6720 1200 4500 12420 310.5 

Processing Travel & Boat Consumables** Total Cost per
subsistence hire (€) cost (€) sample (€) 

Diver sampling Person days 7 0 0
Cost (€) 3920 0 0 200 4120 103

Video sampling Person days 4 0 0
Cost (€) 2240 0 0 2240 56

Grab sampling Person days 12 0 0
Cost (€) 6720 0 0 6720 168

*Air, compressor fuel, etc.,
** film processing, preservation, materials, etc.
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11.7 Appendix 7: Relevant Datasets
This appendix summarises pre–existing data sets in graphical form based on the responses to the

Stakeholder Questionnaire given in Appendix 2.

Figure A7.1: Relevant Catalogued Habitat Mapping Datasets
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210 Figure A7.2: Relevant Catalogued Habitat Ecological Datasets
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Figure A7.3: Relevant Catalogued Bathymetric Survey Datasets
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212 Figure A7.4: Relevant Catalogued Hydrodynamic Modelling Datasets
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Figure A7.5: Relevant Catalogued Fish/Shellfish Habitat Mapping Datasets
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214 Figure A7.6: Relevant Catalogued Seabed Classification Datasets
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Figure A7.7: Relevant Catalogued Archaeological Assessment Datasets
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Figure A7.9: Relevant Catalogued EIS/Development Datasets
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11.8 Appendix 8: Stakeholders’ Workshop
Programme and Rapporteurs Reports from Breakout Sessions

STAKEHOLDER’S WORKSHOP

Feasibility Study on the Establishment of a Large Scale Inshore Resource Mapping Project

10th February 2003 Dublin Castle

Workshop Programme

10.30 – 11.00 Registration
Tea/Coffee

11.00 – 11.15 Welcome and Introduction
Yvonne Shields – Director, Strategic Planning and Development Services
Marine Institute

11.15 – 11.30 Project Overview
Dr Colin Brown – National University of Ireland, Galway

11.30 – 12.00 The Inshore Zone and Potential Mapping Requirements
Kevin Barton and Aengus Parsons – Waterborne Geophysics Ireland Ltd.

12.00 – 12.30 Mapping Technologies including Best Practice
Dr Colin Brown – National University of Ireland, Galway

12.30 – 13.30 Lunch

13.30 – 13.45 Northern Ireland Inshore Habitat Mapping Project
Dr Matthew Service – Department of Agriculture and Rural Development, Northern Ireland

13.45 – 14.15 Current and Future Mapping Requirements
Kevin Barton – Waterborne Geophysics Ireland Ltd. and
Chris Emblow – Ecological Consultancy Services Ltd (EcoServe)

14.15 – 14.30 Cost Benefit Analysis of carrying out Large–scale Inshore Resource Mapping
Dr John Curtis – Economic and Social Research Institute

14.30 – 15.15 Breakout Session

15.15 – 15.30 Tea/Coffee

15.30 – 16.30 Reports from Breakout Session and Discussion

16.30 – 16.45 Closing Remarks
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Rapporteurs Report: Breakout Session on Habitat Mapping

There were four basic questions that were to be addressed in the session:

• What were priority areas for Surveys and what were the criteria for their selection?

• What are the key requirements (survey methods, infrastructure, and expertise) for the development of

renewable resources?

• What is the most appropriate methodology?

• What are the opportunities for surveying efforts to overlap?

These issues were touched on a number of times throughout the one hour discussion. In addition, there was

tendency to stray from the questions at hand as well as considerable reiteration of points of interest and view.

This summary deals with them on a subject basis.

Question 1

There were no specific areas identified as priority areas by the group as a whole:

Dúchas indicated that selection of cSACs for mapping was driven, to a large degree, by the level of

Aquaculture carried out within the cSAC.

BIM indicated that mapping activities was driven by the need to identify specific fisheries habitat resources

– these focus upon identifying specific habitats for future management or sustainable exploitation.

TCD highlighted the fact that inventory of some priority habitats (under the Habitats Directive e.g. sand

banks) were poorly represented and did not appear to register on the future mapping requirements. In

addition, he highlighted that NI had one individual dedicated to sub tidal mapping that allowed some

degree of co–ordination of effort –whereas, the ROI has numerous programmes involved in mapping with

no true cooperation and a very high risk of redundancy of effort.

Marine Institute commented that much work had been carried out and wondered at the availability of

much of the information for agencies other that those of the target groups. In addition, the priority

information required for inshore fishery (shellfish) resource assessment would be bathymetry, substrate type,

habitat type upon which fishery data or any other types of data can be overlaid.

Seabed Surveys acknowledged that given that up to 90% of the information had been generated with

public funds that it should be freely available.

It was generally agreed that areas where there is a potential for conflicts (e.g. conservation vs. fishery or

aquaculture goals or aggregate extraction vs. wind farm development) are those that should be prioritised for

mapping. This strategy should feed into an overall coastal zone management strategy for the nearshore area.
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Question 2

There were a number of requirements outlined that would answer this question:

BIM stated the need for baseline data that can be used to develop process related models. Bathymetry

would be one such set of baseline data.

GSI reiterated this view and suggested that good quality bathymetric maps should form the basis of all

mapping activities. It was outlined that the GSI have in its possession a large historical data set set based

upon the Decca coordination system.

Question 3

No one methodology was considered preferential over others however, the questions of data quality,

standards of sampling and repeatability of results were raised. Seabed Surveys highlighted the fact that cost

of sampling could constrain numerous organisation based upon their goals. The higher the data coverage, the

greater the price. It was agreed that the best quality should be strived for and that achieving certain standards

should also be a priority. Data sets should be interchangeable among various interfaces.

Question 4

The need to avoid redundancy of effort was greatly emphasised by the Naval Service and suggested the best

way to advance coordination and economising of effort was to have a formal steer from a high level. A service

level agreement among agencies to facilitate data exchange and transfer would be more preferable than

ad–hoc committees with no real authority. In addition, it was recognised that the generation of a database of

all relevant data holdings should be gathered so that priority areas of future effort could be identified. These

priorities should be determined in light of statutory responsibilities, resource needs and coastal zone

management strategies.

Rapporteurs Report: Breakout Session on Hydrography

• While there may be some areas of competition if not potential conflict between the interests of habitat

preservation and the exploitation of national energy and aggregate resources, they share a common

desire for accurate, modern bathymetry.

• Prior to programme deployment careful thought must be given to the establishment of clear goals and

objectives.

• The Workshop represented an excellent attendance of stakeholders. However, while some interests were

notable by their absence, there was strong representation from the scientific community.

• Any programme undertaken will stand or fall on the quality of the end product. The programme plan must

be comprehensive and the surveying methodology to be employed must be to best modern internationally

recognised standards.

• Water level monitoring, tidal and current measurements must be included as essential tools in the

development of future CZM strategies. A useful early step might be the networking of harbour and coastal

tide gauge data for open access.
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• The future of marine navigation is Integration. The key to this development lies in vectorised digital

database nautical charts (ECDIS). Reference the conceptual direction of the Marine Super Highway under

trial in Canada.

• Sovereign state obligations under international convention for the gathering and dissemination of

hydrographic data are undeniable and impose grave responsibilities and liabilities. These need careful

study and evaluation in a formal risk assessment before compiling of any cost benefit studies of mitigating

measures and end rewards. Similarly with Port Operators the legislative requirements, prudent

management, duty of care and liability exposure deserve close examination in regard to the provision,

monitoring and supply of hydrographic and other marine data.

• It was suggested that the priorities for shipping hydrography were, in order:–

1. The resolution of grid co–ordinate and mapping discrepancies through a systematic survey with

assigned prioritisation as follows:–

2. Trade and traffic biased Port approaches surveys

3. Prospective West Coast Ports of Refuge

4. Main traffic routing areas of East, Sough East and South Coasts

5. 0 to10 metre LAT Zone

6. 10 to 25 metre LAT

7. The continuing need for seafloor change monitoring and detection is also worthy of inclusion.

• It was noted that there was a particular synergy of objective prioritisation in the 0 to 10 metre LAT zone

between Shipping Hydrography, Coastal Zone Management and Marine Benthic research requirements.

• It was suggested that such workshops or seminars should encourage networking among stakeholders.

Delegate/Attendee lists should be produced and broadly circulated and an Internet Notice Board would

also help. 

• The availability of best modern standard survey data will enable the production of fully Vectorised Chart

Database information and allow Ireland to join with our EU partners in leading the world in ECDISystems in

the future. The concept of the Marine Electronic Digital Information Highway as proposed and under

development by the Canadian Coast Guard found interest and approval of the Group.

• The issues at stake and benefits include:-

• Enhanced shipping traffic safety;

• Improved Port and coastal trading efficiency;

• Strengthened Pollution response capability;

• Informed, balanced management and exploitation of marine, seabed and energy resources; and

• Improved search and rescue (SAR) information systems.






